Error! Reference source not found.
Error! Reference source not found.

Contained herein are abstracts from relevant research papers with links to the full articles online

CONTENTS

21
FA & Bone Marrow Transplantation


352
FA & Dental


383
FA & Dietary


414
FA & Endocrine


485
FA & ENT


496
FA & Gene Therapy


507
FA & General


568
FA & Genetic Analysis


869
FA & Heterozygotes


9910
FA & HPV


10211
FA & Leukaemia


11012
FA & Liver


11613
FA & Misc


12314
FA & NeUrosurgery


12815
FA & Opthalmology


13016
FA & PGD HLA IVF


13517
FA & Pregnancy and fertility


13618
FA & Psychological Aspects


13719
FA & Radial Ray


14020
FA & Radiosensitivity


14321
FA & Renal and urology


14522
FA & Reverse mosaicism


14723
FA & SCC Cancers


16224
FA & Skin


16525
FA & Therapeutic Haematology


16626
FA & TNF


17827
FA & Vaccination


17928
HPV Selected



 

1 FA & Bone Marrow Transplantation
Yabe, M., H. Yabe, et al. (2007). "In vitro effect of fludarabine, cyclophosphamide, and cytosine arabinoside on chromosome breakage in Fanconi anemia patients: relevance to stem cell transplantation." Int J Hematol 85(4): 354-61.


Designing stem cell transplantation (SCT) conditioning regimens for Fanconi anemia (FA) has proved difficult because of hypersensitivity to the DNA cross-linking agents. We performed chromosome fragility tests with 56 FA patients and with 50 non-FA patients with severe aplastic anemia or myelodysplastic syndrome. We evaluated peripheral blood lymphocyte specimens cultured for 72 hours and treated with mitomycin C, diepoxybutane (DEB), cyclophosphamide (CY) metabolites, cytosine arabinoside (Ara-C), and fludarabine (Flu) metabolite (9-beta-D-arabinofuranosyl-2-fluoroadenine [2-F-Ara-A]). The DEB and CY metabolite tests were highly sensitive and specific for FA (P<10(-4)) for both tests), and the number of aberrations per cell for DEB correlated with that for the CY metabolite test (P < 10(-4)) but did not correlate with the number of aberrations per cell for the Ara-C and 2-F-Ara-A tests. The difference in breakage frequencies between FA and non-FA patients for cultures treated with 2-F-Ara-A was not statistically significant. Most of the breakages observed in cells treated with 2-F-Ara-A-and Ara-C were chromatid breaks. It may be possible to determine the appropriate CY dose in the preconditioning regimen for SCT in FA patients on the basis of the in vitro effects on fragility, and Flu or Ara-C may be a safer drug than high-dose CY for conditioning in FA patients.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17483082
Wagner, J. E., M. Eapen, et al. (2007). "Unrelated donor bone marrow transplantation for the treatment of Fanconi anemia." Blood 109(5): 2256-62.


Bone marrow transplantation (BMT) is the only known cure for the hematologic manifestations of Fanconi anemia (FA). Potential benefits of unrelated donor BMT for FA, however, have been severely limited by graft rejection and treatment-related mortality with resultant poor survival. Therefore, we evaluated the impact of potential prognostic factors on hematopoietic recovery, graft-versus-host disease (GVHD), and mortality in 98 recipients of unrelated donor BMT who received transplants between 1990 and 2003. Probabilities of neutrophil (89% vs 69%; P = .02) and platelet (74% vs 23%; P < .001) recovery were higher after fludarabine-containing regimens than nonfludarabine-containing regimens. Risks of acute GVHD (relative risk [RR], 4.29; P < .001) were higher with non-T-cell-depleted grafts. The day-100 mortality rate was significantly higher after nonfludarabine-containing regimens than fludarabine-containing regimens (65% vs 24%, respectively; P < .001). Corresponding 3-year adjusted overall survival rates were 13% versus 52% (P < .001). In addition, mortality was higher in recipients who were older (> 10 years), who were cytomegalovirus (CMV) seropositive, and who received more than 20 blood product transfusions before BMT. Based on these results, significant practice changes are suggested: use of a fludarabine-containing conditioning regimen in the context of T-cell-depleted marrow allografts, and earlier referral for transplantation prior to excessive transfusions in patients with marrow failure.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17038525
Robin, M., S. Marque-Juillet, et al. (2007). "Disseminated adenovirus infections after allogeneic hematopoietic stem cell transplantation: incidence, risk factors and outcome." Haematologica 92(9): 1254-7.

We analyzed the factors and outcome of patients with disseminated adenovirus infection (dAdV) after allogeneic hematopoeitic stem cell transplantation (HSCT). Thirty patients with dAdV were identified among 620 allogeneic HSCT recipients. Primary diseases were leukemia (n=17), Fanconi anemia (n=12) or others (n=1). Source of stem cells was unrelated in 28 and related in 2 patients. The graft consisted of peripheral blood (n=3), bone marrow (n=12) and unrelated cord-blood (UCB, n=15). Risk factors for dAdV in unrelated HSCT recipients were previous Fanconi disease (p=0.03) and GVHD (p=0.02) in children, and cord blood source of stem cells (p=0.029) and GVHD (0.024) in adults.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17666361
Locatelli, F., M. Zecca, et al. (2007). "The outcome of children with Fanconi anemia given hematopoietic stem cell transplantation and the influence of fludarabine in the conditioning regimen: a report from the Italian pediatric group." Haematologica 92(10): 1381-8.


BACKGROUND AND OBJECTIVES: Hematopoietic stem cell transplantation (HSCT) still represents the only treatment potentially able to prevent/rescue the development of marrow failure and myeloid malignancies in patients with Fanconi anemia (FA). While in the past HSCT from an HLA-identical sibling was proven to cure many patients, a higher incidence of treatment failure has been reported in recipients of an unrelated donor (UD) or HLA-partially matched related allograft. DESIGN AND METHODS: We analyzed the outcome of 64 FA patients (age range, 2-20 years) who underwent HSCT between January 1989 and December 2005. Patients were transplanted from either an HLA-identical sibling (n=31), an UD (n=26), or an HLA-partially matched relative (n=7). T-cell depletion of the graft was performed in patients transplanted from an HLA-disparate relative. RESULTS: The 8-year estimate of overall survival (OS) for the whole cohort was 67%; it was 87%, 40% and 69% when the donor was an HLA-identical sibling, an UD and a mismatched relative, respectively (p<0.01). The outcome of recipients of grafts from an UD improved over time, the probability of survival being 10% and 72% for patients transplanted before and after 1998, respectively (p<0.05). The OS probability of children who did or did not receive fludarabine in preparation for the allograft was 86% and 59%, respectively (p<0.05). INTERPRETATION AND CONCLUSIONS: These data, useful for counselling, provide support to the concept that a relevant proportion of FA patients undergoing HSCT can now be successfully cured, even in the absence of an HLA-identical sibling, especially if the conditioning regimen includes fludarabine.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=18024375
Gluckman, E., V. Rocha, et al. (2007). "Results of unrelated cord blood transplant in fanconi anemia patients: risk factor analysis for engraftment and survival." Biol Blood Marrow Transplant 13(9): 1073-82.


We retrospectively analyzed results of unrelated cord blood transplantation (UCBT) in 93 Fanconi anemia (FA) patients. Median age at transplantation was 8.6 years (1-45). The units transplanted were HLA-A, -B, or -DRB1 identical in 12 cases, 1 HLA mismatch in 35 cases, and 2 or 3 HLA differences in 45 cases. The median number of nucleated cells (NC) and CD34+ cells infused of recipient weight was 4.9x10(7)/kg and 1.9x10(5)/kg, respectively. Participating centers selected the preparative regimen of their choice, in 57 patients (61%), it included Fludarabine. Graft-versus-host disease (GVHD) prophylaxis consisted mostly of cyclosporine with prednisone. Cumulative incidence (CI) of neutrophil recovery was 60+/-5% at day +60. In multivariate analysis, Fludarabine containing regimen and NC infused>or=4.9x10(7)/kg were associated with higher probability of recovery. CI of grade II-IV acute and of chronic GVHD (aGVHD, cGVHD) was 32%+/-5% and 16%+/-4%, respectively. Overall survival (OS) was 40%+/-5%. In multivariate analysis, factors associated with favorable outcome were use of Fludarabine in the conditioning regimen, number of NC infused>or=4.9x10(7)/kg, and negative cytomegalovirus (CMV) serology in the recipient. In conclusion, factors easily modifiable such as donor selection and a Fludarabine-containing regimen can considerably improve survival in FA patients given a UCBT. These data are the basis for designing prospective protocols.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17697970
Gluckman, E. and J. E. Wagner (2007). "Hematopoietic stem cell transplantation in childhood inherited bone marrow failure syndrome." Bone Marrow Transplant.


Aplastic anemia is a rare disease in children that is most commonly idiopathic and less often a hereditary disorder. Hereditary bone marrow failure (BMF) syndromes, however, should be considered both in children and in adults before any attempt at treatment. Precise diagnosis is important because it will modify prognostic treatment options and the results of bone marrow transplantation. In this review, we will report recent results of treatment of Fanconi anemia and other hereditary BMF syndromes.Bone Marrow Transplantation advance online publication, 17 December 2007; doi:10.1038/sj.bmt.1705960.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=18084332
Farzin, A., S. M. Davies, et al. (2007). "Matched sibling donor haematopoietic stem cell transplantation in Fanconi anaemia: an update of the Cincinnati Children's experience." Br J Haematol 136(4): 633-40.


Our results for 18 patients undergoing matched sibling donor stem cell transplant for Fanconi anaemia at Cincinnati Children's Hospital Medical Center were published in 1994. The present report updates our results in 35 consecutive patients. Thirty patients transplanted for marrow aplasia received cyclophosphamide 5 mg/kg for 4 d and 400 cGy thoraco-abdominal irradiation. Five patients with clones involving chromosome 7, myelodysplastic syndrome or leukaemia received a more aggressive regimen with total body irradiation. Horse antithymocyte globulin was administered in the pretransplant period to promote engraftment and in the post-transplant period for additional graft-versus-host disease (GVHD) prophylaxis. The median age at bone marrow transplantation was 7.6 years. Median day of engraftment was day +12 (range 9-49), eight patients developed acute GVHD and four chronic GVHD, one limited and three extensive. Twenty-nine of 35 patients (89% actuarial survival at 10 years) had survived with a median follow up of 10.2 years; two children had developed secondary malignancy. All surviving patients had normal blood counts with full donor engraftment. These data indicate excellent long-term outcomes and serve as a reference for newer radiation-free preparative regimes that may reduce the risk of late secondary malignancy.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17367413
Chewning, J. H., H. Castro-Malaspina, et al. (2007). "Fludarabine-based conditioning secures engraftment of second hematopoietic stem cell allografts (HSCT) in the treatment of initial graft failure." Biol Blood Marrow Transplant 13(11): 1313-23.


Graft failure is associated with a high mortality rate. To date, regimens invoked for second transplants have resulted in inconsistent engraftment with high transplant-related mortality (TRM). We here report 16 consecutive patients, aged 4-59 years, who received second HSCT (HSCT-2) at a median of 45 days following primary or secondary failure of an initial unmodified (N = 3) or T cell-depleted (TCD) (N = 13) HSCT (HSCT-1). HSCT-1 was administered after myeloablative total body irradiation (TBI)- or alkylator-based conditioning for acute leukemias (N = 7), MDS (N = 6), CML (N = 2), and Fanconi anemia (N = 1). All patients experienced 1 or more infectious complications between HSCT-1 and HSCT-2, and 10 patients had active infections at the time of HSCT-2. Cytoreduction regimens used for HSCT-2 included fludarabine (Flu) in combination with cyclophosphamide (CTX) (N = 9), or thiotepa (Thio) (N = 5). In addition, 1 patient received Flu alone and 1 patient Thio combined with CTX. Antithymocyte globulin (ATG) (N = 11) or Alemtuzumab (N = 3) was added pretransplant to prevent rejection. For HSCT-2, donors included HLA-matched (N = 3) or mismatched (N = 8) related, or matched (N = 2) or mismatched (N = 3) unrelated donors. The primary graft donor was used in 6 of 16 cases. The grafts administered were unmodified peripheral blood stem cell transplantation (PBSCT) (N = 5) or bone marrow transplantation (BMT) (N = 3), TCD PBSCT (N = 8). All patients achieved engraftment at a median of 12 days and evaluable patients achieved complete donor chimerism. Six patients are alive with a median follow-up of 49 months, including 4/9 conditioned with Flu/CTX. In this series, outcome was statistically superior for younger patients (<or=20 years). In summary, second HSCT using the combination of a fludarabine- and ATG-based, nonmyeloablative regimen and higher numbers of CD34+ progenitor cells has been associated with acceptable toxicity and allowed consistent engraftment with hematopoietic reconstitution in patients with previous graft failure. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17950918
Bonfim, C. M., C. R. de Medeiros, et al. (2007). "HLA-matched related donor hematopoietic cell transplantation in 43 patients with Fanconi anemia conditioned with 60 mg/kg of cyclophosphamide." Biol Blood Marrow Transplant 13(12): 1455-60.


Cells from Fanconi anemia (FA) patients are hypersensitive to alkylating agents and radiation traditionally used as conditioning regimens for marrow cell transplantation, and patients experience serious toxicities. To reduce toxicities, we used progressively lower doses of cyclophosphamide (CY) for conditioning. Here, we report the results in 43 FA patients who received marrow transplantation from HLA-matched related donors (37 siblings and 6 other relatives). Conditioning consisted of 15 mg CY/kg/day for 4 days along with Mesna. Methotrexate and cyclosporine were given for graft-versus-host disease (GVHD) prophylaxis. Forty patients (93%) are alive with a median follow-up of 3.7 (range 0.6 to 7.9) years. One patient with primary graft failure was successfully retransplanted. Three of 4 patients with late graft failures were retransplanted, and 2 of those are alive; 1 died before a second marrow graft. Twelve patients including 3 with rejection had cytogenetic abnormalities in their marrow cells before transplantation. Acute grade II-III and chronic GVHD (aGVHD, cGVHD) were seen in 17% and 28.5% of patients, respectively. These results confirm and extend our previous observations that conditioning with 60 mg CY/kg allows for sustained engraftment of HLA-matched related marrow grafts in most FA patients and is associated with low toxicity, low incidences of aGVHD and cGVHD, and excellent long-term survival.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=18022575
Balci, Y. I., Y. Akdemir, et al. (2007). "CD-34 selected hematopoetic stem cell transplantation from HLA identical family members for fanconi anemia." Pediatr Blood Cancer.


Hematopoetic stem cell transplantation, even from an HLA 6/6 identical family member is associated with an increased frequency of complication in fanconi anemia (FA). The increased susceptibility for chromosomal breaks has been suggested as a contributory factor for increased risk of toxicity, graft versus host disease (GVHD) and increased incidence of post-transplant solid tumors. Therefore, non-irradiation based preparative regimens usually containing fludarabine and T-cell depletion of HLA geno-identical bone marrow cells have increasingly been used in patients with FA. Here, we report three children with FA who underwent CD-34 selected HSCT from HLA-identical family donors with reduced intensity fludarabine-based regimen. Pediatr Blood Cancer (c) 2007 Wiley-Liss, Inc.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=18000858
Ayas, M., A. Al-Jefri, et al. (2007). "Allogeneic stem cell transplantation in Fanconi anemia patients presenting with myelodysplasia and/or clonal abnormality: update on the Saudi experience." Bone Marrow Transplant.


In the literature, there is an abundance of promising data on the outcome of allogeneic stem cell transplantation (SCT) in patients with Fanconi anemia (FA); however, the data on the outcome of FA patients who present with myelodysplasia and/or abnormal clone are sketchy as the entity itself is a rare one, although, it is believed that the presence of any of these factors confers a worse prognosis on the outcome of the transplant. This is an update of our experience in 11 such patients who underwent SCT at King Faisal Specialist Hospital and Research Center; 10 from the matched and related donors and 1 from a partially matched unrelated cord blood unit; the conditioning was with the same regimen consisting of cyclophosphamide (total of 20 mg/kg), anti-thymocyte globulin (total dose 160 mg/kg of the equine product or 52 mg/kg of the rabbit product) and total-body irradiation at 450 cGy. Ten patients remain currently alive, well and with no evidence of disease, with a median follow-up of almost 4 years.Bone Marrow Transplantation advance online publication, 5 November 2007; doi:10.1038/sj.bmt.1705903.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17982499
Al-Anazi, K. A., M. D. Aljurf, et al. (2007). "Hepatotoxicity induced by horse ATG and reversed by rabbit ATG: a case report." J Med Case Reports 1: 35.


ABSTRACT: BACKGROUND: The use of antilymphocyte agents has improved patient and graft survival in hematopoietic stem cell and solid organ transplantation but has been associated with the development of short-term toxicities as well as long-term complications. CASE PRESENTATION: We report a young female with Fanconi anemia who received antithymocyte globulin as part of the conditioning regimen prior to her planned allogeneic hematopoietic stem cell transplant at King Faisal Specialist Hospital and Research Centre in Riyadh. She developed sudden and severe hepatotoxicity after receiving the first dose of horse antithymocyte globulin, manifested by marked elevation of serum transaminases and mild elevation of serum bilirubin level. Immediately after withdrawal of the offending agent and shifting to the rabbit form of antithymocyte globulin, the gross liver dysfunction started to subside and the hepatic profile results returned to the pre-transplant levels few weeks later. The patient had her allogeneic hematopoietic stem cell transplant as planned without any further hepatic complications. After having a successful allograft, she was discharged from the stem cell transplant unit. During her follow up at the outpatient clinic, the patient remained very well and no major complication was encountered. CONCLUSION: Hepatotoxicity related to the utilization of antithymocyte globulin varies considerably in severity and may be transient or long standing. There may be individual or population based susceptibilities to the development of side effects and these adverse reactions may also vary with the choice of the agent used. Encountering adverse effects with one type of antithymocyte agents should not discourage clinicians from shifting to another type in situations where continuation of the drug is vital.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17598911
Yabe, H., H. Inoue, et al. (2006). "Allogeneic haematopoietic cell transplantation from alternative donors with a conditioning regimen of low-dose irradiation, fludarabine and cyclophosphamide in Fanconi anaemia." Br J Haematol 134(2): 208-12.


A pilot study was undertaken using a fludarabine-based conditioning regimen to improve haematopoietic cell transplantation (HCT) from alternative donors in 27 Fanconi anaemia (FA) patients. Patients were conditioned with 150-180 mg/m2 of fludarabine, 40 mg/kg of cyclophosphamide, 5-10 mg/kg of antithymocyte globulin, and 300-450 cGy of thoracoabdominal/total body irradiation. One patient who received unrelated cord blood transplantation failed to engraft, another patient died of sepsis. The 1-year overall survival was 96.3% (95% CI, 89-100). This conditioning regimen exerted an immunosuppressive effect that enabled durable engraftment in alternative donor HCT without severe toxicity.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16846479
Torjemane, L., S. Ladeb, et al. (2006). "Bone marrow transplantation from matched related donors for patients with Fanconi anemia using low-dose busulfan and cyclophosphamide as conditioning." Pediatr Blood Cancer 46(4): 496-500.


Seventeen patients with Fanconi anemia (FA) underwent allogeneic bone marrow transplantation (BMT) from matched related donors (MRD) between January 1999 and June 2003. Median age at BMT was 11 years. Conditioning regimen consisted of low-dose cyclophosphamide (CY; 40 mg/kg) and busulfan (BU; 6 mg/kg) with the addition of lymphoglobulin (20 mg/kg) in two patients. Graft-versus-host disease (GVHD) prophylaxis included cyclosporine A (CsA) and methotrexate (MTX; 5 mg/m(2) at day 1, 3, 6). All patients engrafted (for an absolute neutrophil count >0.5 x 10(9)/L) after a median time of 12 days (range 10-16 days). Fourteen patients (82%) had sustained grafts, whereas three others (18%) rejected grafts between day +39 and +80 after transplantation. Two of them are still alive after successful second PBSC transplantation and one died. Acute and chronic GVHD occurred in 23% and 13% of patients, respectively. With a median follow-up of 16 months (range 3-53 months), survival rate was 72% and Karnofsky score was at least 90%. The low-dose BU/CY regimen, in FA patients allografted from an HLA-matched related donor, allowed engraftment with relative low toxicity. Early graft failure (GF) remains a problem and may require modification of this regimen.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16333862
Tan, P. L., J. E. Wagner, et al. (2006). "Successful engraftment without radiation after fludarabine-based regimen in Fanconi anemia patients undergoing genotypically identical donor hematopoietic cell transplantation." Pediatr Blood Cancer 46(5): 630-6.


BACKGROUND: To potentially reduce late effects of malignancy, chronic graft-versus-host disease (GVHD), endocrinopathy, and infertility in patients with Fanconi anemia (FA) undergoing HLA-matched related donor hematopoietic cell transplantation (HCT), we developed a regimen using fludarabine (FLU), cyclophosphamide (CY), and anti-thymocyte globulin (ATG) followed by infusion of T-cell depleted (TCD) bone marrow (BM) or unmanipulated umbilical cord blood (UCB). GVHD prophylaxis consisted of cyclosporine and short course methylprednisolone. PROCEDURE: Between April 2000 and June 2003, 11 patients (10 aplastic anemia (AA), 1 myelodysplastic syndrome (MDS)) underwent HCT using this regimen. Stem cell sources were BM and UCB in eight and three patients, respectively. RESULTS: All patients demonstrated primary engraftment. Median days to neutrophil and platelet engraftment were 11 days (range 9-21) and 38 days (range 19-381), respectively. No patient developed GVHD after primary HCT. The patient with MDS relapsed with AML and a maternal donor recipient experienced secondary graft failure. For the nine FA patients with AA who underwent HLA-identical sibling donor HCT, the Kaplan-Meier estimates of overall survival and event-free survival (EFS) at 2 years are 100% and 82%, respectively, at a median follow-up of 2.9 years (range 1.9-4.8). CONCLUSIONS: In summary, a FLU-based, non-irradiation approach is effective for FA patients with AA undergoing HLA-identical sibling donor HCT.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16078221
Si, Y., S. Ciccone, et al. (2006). "Continuous in vivo infusion of interferon-gamma (IFN-gamma) enhances engraftment of syngeneic wild-type cells in Fanca-/- and Fancg-/- mice." Blood 108(13): 4283-7.


Fanconi anemia (FA) is a heterogeneous genetic disorder characterized by bone marrow (BM) failure and cancer susceptibility. Identification of the cDNAs of FA complementation types allows the potential of using gene transfer technology to introduce functional cDNAs as transgenes into autologous stem cells and provide a cure for the BM failure in FA patients. However, strategies to enhance the mobilization, transduction, and engraftment of exogenous stem cells are required to optimize efficacy prior to widespread clinical use. Hypersensitivity of Fancc-/- cells to interferon-gamma (IFN-gamma), a nongenotoxic immune-regulatory cytokine, enhances engraftment of syngeneic wild-type (WT) cells in Fancc-/- mice. However, whether this phenotype is of broad relevance in other FA complementation groups is unresolved. Here we show that primitive and mature myeloid progenitors in Fanca-/- and Fancg-/- mice are hypersensitive to IFN-gamma and that in vivo infusion of IFN-gamma at clinically relevant concentrations was sufficient to allow consistent long-term engraftment of isogenic WT repopulating stem cells. Given that FANCA, FANCC, and FANCG complementation groups account for more than 90% of all FA patients, these data provide evidence that IFN-gamma conditioning may be a useful nongenotoxic strategy for myelopreparation in FA patients.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16946306
Rubinstein, P. (2006). "Why cord blood?" Hum Immunol 67(6): 398-404.


Cord blood, donated by mothers after the birth of their children, has become an accepted source of related and unrelated hematopoietic stem cells for marrow reconstitution. We estimate that some 7-8000 unrelated-donor cord blood transplants have been performed worldwide since 1993. The development of cord blood as a source of hematopoietic stem cells for transplantation started with the early recognition of the presence in cord blood of colony-forming cells by Knudtzon in 1974. The first cord blood transplant from a human leukocyte antigen (HLA)-identical sib to a young patient with Fanconi anemia was performed by Gluckman in 1988 and opened the way for the subsequent development of a bank for donations for unrelated patients by our group at the New York Blood Center. It is now widely recognized that two transplant-dependent variables exert strong influence on the chance for long-term recipient survival: the hematopoietic stem and progenitor cell dose and the HLA match grade. Hence, despite the generally milder graft-vs-host disease after mismatched cord blood transplantation, large and ethnically diverse inventories of cord blood are needed to permit better HLA matches and long-term survivals. In this review, a number of issues that are relevant to the history and development of an effective system for cord blood banking are discussed.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16728260
Deeg, H. J., M. O'Donnell, et al. (2006). "Optimization of conditioning for marrow transplantation from unrelated donors for patients with aplastic anemia after failure of immunosuppressive therapy." Blood 108(5): 1485-91.


In 87 patients with aplastic anemia who failed to respond to immunosuppressive treatment, we determined the minimal dose of total body irradiation (TBI) required when added to antithymocyte globulin (ATG, 30 mg/kg x 3) plus cyclophosphamide (CY, 50 mg/kg x 4) to achieve engraftment of unrelated donor marrow. TBI was started at 3 x 200 cGy, to be escalated or deescalated in steps of 200 cGy depending on graft failure or toxicity. Patients were aged 1.3 to 53.5 years (median, 18.6 years). The interval from diagnosis to transplantation was 3 to 328 months (median, 14.6 months). Donors were HLA-A, -B, -C, -DR, and -DQ identical for 62 patients, and nonidentical for 1 to 3 HLA loci at the antigen or allele level for 25. The dose-limiting toxicity was diffuse pulmonary injury. The optimum TBI dose was 1 x 200 cGy. Nine patients did not tolerate ATG and were prepared with CY + TBI. Graft failure occurred in 5% of patients. With a median follow-up of 7 years, 38 (61%) of 62 HLA-identical, and 10 (40%) of 25 HLA-nonidentical transplant recipients are surviving. The highest survival rate with HLA-identical transplants was observed at 200 cGy TBI. Thus, low-dose TBI + CY + ATG conditioning resulted in excellent outcome of unrelated transplants in patients with aplastic anemia who had received multiple transfusions.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16684959
de Medeiros, C. R., M. A. Bitencourt, et al. (2006). "Allogeneic hematopoietic stem cell transplantation from an alternative stem cell source in Fanconi anemia patients: analysis of 47 patients from a single institution." Braz J Med Biol Res 39(10): 1297-304.


We transplanted 47 patients with Fanconi anemia using an alternative source of hematopoietic cells. The patients were assigned to the following groups: group 1, unrelated bone marrow (N = 15); group 2, unrelated cord blood (N = 17), and group 3, related non-sibling bone marrow (N = 15). Twenty-four patients (51%) had complete engraftment, which was not influenced by gender (P = 0.87), age (P = 0.45), dose of cyclophosphamide (P = 0.80), nucleated cell dose infused (P = 0.60), or use of anti-T serotherapy (P = 0.20). Favorable factors for superior engraftment were full HLA compatibility (independent of the source of cells; P = 0.007) and use of a fludarabine-based conditioning regimen (P = 0.046). Unfavorable factors were > or = 25 transfusions pre-transplant (P = 0.011) and degree of HLA disparity (P = 0.007). Intensity of mucositis (P = 0.50) and use of androgen prior to transplant had no influence on survival (P = 0.80). Acute graft-versus-host disease (GVHD) grade II-IV and chronic GVHD were diagnosed in 47 and 23% of available patients, respectively, and infections prevailed as the main cause of death, associated or not with GVHD. Eighteen patients are alive, the Kaplan-Meyer overall survival is 38% at approximately 8 years, and the best results were obtained with related non-sibling bone marrow patients. Three recommendations emerged from the present study: fludarabine as part of conditioning, transplant in patients with < 25 transfusions and avoidance of HLA disparity. In addition, an extended family search (even when consanguinity is not present) seeking for a related non-sibling donor is highly recommended.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17053839
Bitan, M., R. Or, et al. (2006). "Fludarabine-based reduced intensity conditioning for stem cell transplantation of Fanconi anemia patients from fully matched related and unrelated donors." Biol Blood Marrow Transplant 12(7): 712-8.


Reduced intensity conditioning has been suggested as a desirable therapeutic modality for the treatment of patients with malignant and nonmalignant indications, but it seems particularly attractive for patients with Fanconi anemia due to their increased sensitivity to chemoradiotherapy. Between November 1996 and September 2003, 7 patients (1 male and 6 female; age range, 3-31 years; median age, 9.5) were conditioned with a fludarabine-based protocol for stem cell transplantation without radiation. In vivo T-cell depletion was accomplished with anti-thymocytic globulin or Campath-1H (alemtuzumab). Graft-versus-host disease prophylaxis consisted of low-dose cyclosporine alone. Eight transplantations were carried out for 7 patients using bone marrow, peripheral blood, and/or cord blood as sources of stem cells. All patients received transplants from HLA-A, -B, -C, and -DR matched donors, 5 from family members and 2 from matched unrelated donors. One patient did not engraft her first matched unrelated donor and underwent a second transplantation from another matched unrelated donor, after which she engrafted well. All 7 patients are alive and well, fully reconstituted with donor cells, and with 100% performance status. In conclusion, fludarabine-based preparative protocols are well tolerated, facilitate rapid engraftment with minimal toxicity, and should be considered an essential component of choice for patients with Fanconi anemia.
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Zanis-Neto, J., M. E. Flowers, et al. (2005). "Low-dose cyclophosphamide conditioning for haematopoietic cell transplantation from HLA-matched related donors in patients with Fanconi anaemia." Br J Haematol 130(1): 99-106.


Allogeneic haematopoietic cell transplantation (HCT) is effective therapy for Fanconi anaemia (FA). FA patients do not tolerate conditioning with 200 mg/kg of cyclophosphamide (Cy), typically used in aplastic anaemia. We previously published results of studies in which Cy doses were gradually reduced from 200 to 100 mg/kg. Here we update results of the initial studies and report data on 30 new patients conditioned with Cy either at 80 mg/kg (n = 7) or at 60 mg/kg (n = 23), given over 4 days before HCT from human leucocyte antigen-matched related donors. Methotrexate and cyclosporine were given for graft-versus-host disease (GVHD) prophylaxis. All seven patients given Cy at 80 mg/kg and 21 of 23 given Cy at 60 mg/kg had sustained engraftment, while two patients, both with clonal cytogenetics abnormalities, experienced graft failure. Grades 2-3 acute GVHD rates were 57% and 14% for patients given the higher and lower Cy doses, respectively (P = 0.001). Four patients given Cy at 80 mg/kg and 22 given Cy at 60 mg/kg were alive at a median of 47 (44-58) months and 16 (3-52) months, respectively. Cy at 60 mg/kg has acceptable toxicities, low rates of GVHD, and is sufficient for engraftment of related grafts in most FA patients.
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Allogeneic bone marrow transplantations (BMT) from HLA-matched siblings have been successfully used for treatment of patients with high-risk hematological malignancies, genetic immunodeficiencies, metabolic disorders, or marrow failure syndromes. Unfortunately, most of patients lack matched related donors. Over the past decade clinicians have explored the suitability of umbilical cord blood (CB) as an alternative source for hematopoietic stem cell transplantation. Since the first related cord blood transplantation (CBT) was performed successfully for a child with Fanconi Anemia in 1988, there have been many children undergoing CBT from related donors. The further experience suggests that CB donation is a safe procedure for both mother and newborn. Subsequently, several quality CB banks were established worldwide with requirement of specific issues including donor recruitment, CB collection and processing, histocompatibility testing, infectious and genetic disease testing, transportation of CB, and protection of confidentiality of donors and recipients. The clinical data showed that unrelated donor CBT had comparable survival results to unrelated donor BMT CB offers many potential advantages such as it is readily available, its collection causes no harm to the donor and minimal HLA-disparity is acceptable. However there are some disadvantages due to the volume and cell dose of each collected CB is limited, thus methods to enhance the number or quality of stem cells in CB are needed. At present the world's experiences suggest that CB is an acceptable alternative to bone marrow.
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Rosenberg, P. S., B. P. Alter, et al. (2005). "Secular trends in outcomes for Fanconi anemia patients who receive transplants: implications for future studies." Biol Blood Marrow Transplant 11(9): 672-9.


Transplantation protocols for patients with Fanconi anemia are being modified continuously. However, it is unclear how outcomes have changed over time. We determined historical adverse event rates from long-term follow-up of 117 Fanconi anemia patients in the Hopital Saint Louis transplant cohort, who received low-dose cyclophosphamide- and irradiation-based conditioning, in combination with other modalities, between 1976 and October 2002. In high-risk patients with mismatched donors, the peritransplantation mortality rate during 0 to 6 months declined significantly over time (P = .003), from 28%/month (95% confidence interval [CI], 9%-87%/month) during 1985 to 1989 to 3.3%/month (95% CI, 0.8%-13.3%/month) during 2000 to October 2002. The corresponding proportion of patients who developed severe acute graft-versus-host disease also declined significantly over time (P = .003). In low-risk patients with matched sibling donors, the peritransplantation mortality rate was consistently low, 1.4%/month (95% CI, 0.3%-5.3%/month), during 1990 to October 2002. Sample sizes to detect 2-fold reductions from rates and risks observed since the mid-1990s are larger than recently reported case series. To demonstrate further advances in survival, transplant centers may need to coordinate their protocols and engage in multicenter collaborative studies.
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Piccin, A., A. O'Marcaigh, et al. (2005). "Outcome of bone marrow transplantation in acquired and inherited aplastic anaemia in the Republic of Ireland." Ir J Med Sci 174(3): 13-9.


BACKGROUND: Severe Aplastic Anaemia (SAA) and Fanconi Anaemia (FA) are rare haematological disorders characterised by pancytopenia and bone marrow hypoplasia. AIMS: We performed a retrospective study of all patients who underwent BMT for SAA and FA at St James's Hospital, Dublin, and at OLHSC, Crumlin, between 1985 and 2002. METHODS: The medical records of 63 patients, 50 with acquired SAA and 13 with FA, were reviewed. RESULTS: The median age at the time of transplant was 14 years (range 3-43 years). The actuarial survival (OS) (n = 63) was 76% at 17 years. The transplant related mortality (TRM) was 22% (n = 14). The most common cause of death was infection (46%). The survival was significantly better in patients receiving their transplant after 1995 (p = 0.002). Outcome was superior in those receiving less than 20 red cell transfusions prior to transplant: OS 91% (< 20 Units) versus 62% (> or = 20 Units). CONCLUSIONS: These national results are comparable to those of published international series and support the use of BMT in the treatment of SAA and FA. The known adverse effect of prior transfusion was confirmed.
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Motwani, J., S. E. Lawson, et al. (2005). "Successful HSCT using nonradiotherapy-based conditioning regimens and alternative donors in patients with Fanconi anaemia--experience in a single UK centre." Bone Marrow Transplant 36(5): 405-10.


Seven children with Fanconi anaemia (FA) (five female, two male), who had not undergone transformation, received nine haemopoietic stem cell transplantation (HSCT) between 2000 and 2004. Conditioning regimen was: fludarabine 25-30 mg/m2/day for 5 days, antilymphocyte globulin 12.5 mg/kg/day for 3 days and cyclophosphamide 5-7.5 mg/kg/day for 4 days. Radiation was not used. One male patient who had multiple HSCT and one female who was retransplanted, received slightly different conditioning regimens. Four patients received fully matched unrelated umbilical cord blood (UCB), two matched unrelated peripheral blood stem cell (PBSC) grafts, and three haploidentical T-cell-depleted (TCD) PBSC grafts. None of the patients had any significant conditioning-related toxicity or severe infections. All engrafted within 2-3 weeks. One patient rejected her first HSCT after 10 weeks and had a second successful transplant from the same donor. One male patient rejected his TCD haploidentical HSCT from his mother, and subsequently had a successful fully matched unrelated UCB transplant. Rejection rate was 22%. Acute and chronic graft-versus-host disease (GVHD) was seen in 77 and 22% patients. In all, 57% patients developed autoimmune complications, all of which have resolved. All patients are well with stable or full donor chimerism after a median follow-up of 37 months (range 13-54).
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Lunn, R. A., N. Sumar, et al. (2005). "Cytokine profiles in stem cell transplantation: possible use as a predictor of graft-versus-host disease." Hematology 10(2): 107-14.


Graft-versus-host disease (GvHD) complicates many allogeneic stem cell transplants (alloSCT), and several factors are known to be associated with the development of GvHD besides human leucocyte antigen (HLA) incompatibility. We investigated whether changes in serum levels of soluble IL-2 receptor (sIL-2Ralpha), tumour necrosis factor-alpha (TNF-alpha), transforming growth factor-beta (TGF-beta), vascular endothelial growth factor (VEGF) and soluble Fas (sFas) correlated with the development of GvHD in patients undergoing SCT, and might thus be potentially of use to anticipate the development of GvHD, allowing early modification of immunosuppressive therapy.sIL2Ralpha and sFas levels were significantly raised in allograft, autograft (allo and auto) and non-graft groups compared to the normal controls (HC), but there was no statistical difference between the three patient groups. TNF-alpha was raised in the auto and allo groups and the non-graft patients compared to the HC group (median 4.37 pg/ml), but only reached significance in the allo group (median 6.02 pg/ml; p = 0.008) when this was compared with the non-graft patients. There was no significant difference in TGF-ss levels between any of the groups.The median serum VEGF levels were decreased in allo and auto patients compared to HC, (31 and 62 pg/ml versus 90 pg/ml, respectively), with a significant difference in the auto group (p = 0.007). VEGF levels were significantly lower in the auto versus the allo group (p = 0.008) and also in the auto versus the non-graft group (median 104 pg/ml; p = 0.011). When the allo group was divided into patients who developed GvHD and those who did not, serum VEGF levels were significantly higher in those with GvHD (p = 0.028).
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The first cord blood (CB) transplant was performed in 1988 in a patient with Fanconi anemia. The donor was his HLA-identical sister who was known by pre-natal diagnosis to be HLA identical and not affected by the Fanconi mutation. The CB was collected and cryopreserved at birth. The transplant was successful without GvHD and the patient is currently alive and free of disease more than 15 years after transplant, with full hematologic and immunologic donor reconstitution. At the time of the first transplant, little was known about the biologic properties of CB cells and it was thanks to the pioneering work of H. E. Broxmeyer and E. A. Boyse, who studied the progenitor cell content of CB, and of A. D. Auerbach, who realized the pre-natal diagnosis of Fanconi anemia, that this transplant was possible. Since this first transplant, many questions have been answered but others are still open for further research. For example: would a single CB unit contain enough stem cells to permanently engraft children and adults? Would maternal cell contamination in fetal blood engraft and give severe GvHD? What are the immunologic properties of CB cells? How does it interfere with GvHD, GvL and immune reconstitution? Is the immune immaturity of CB lymphocytes able to overcome the HLA barrier and authorize HLA-mismatched transplants? Is it possible to establish CB banks for unrelated and related transplants? What would be the criteria for collection, quality control and cryopreservation?
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George, B., V. Mathews, et al. (2005). "Fludarabine-based conditioning for allogeneic stem cell transplantation for multiply transfused patients with Fanconi's anemia." Bone Marrow Transplant 35(4): 341-3.


A fludarabine-based protocol (fludarabine (25 mg/m(2)/day x 6 days), cyclophosphamide (10 mg/kg/day x 2 days) and ATG (ATGAM 10 mg/kg/day x 4 days)) was used in four multiply transfused Fanconi's anemia (FA) patients aged 5-15 years to reduce rejection during allogeneic bone marrow transplantation (BMT). Graft-versus-host disease (GVHD) prophylaxis consisted of cyclosporine and mini methotrexate. The graft source was G-CSF-stimulated bone marrow or peripheral blood stem cells (PBSC) in two patients each. All patients engrafted with median time to ANC>500/mm(3) being 14 days (range: 12-17) and unsupported platelet count >20 ,000/mm(3) being 13 days (range: 11-18). One patient had secondary graft rejection on day 56 and expired on day 69 due to fungal pneumonia. One patient who developed acute myeloid leukemia on day 56 underwent successful induction with cytosine and daunorubicin followed by peripheral blood stem cell (PBSC) rescue on day 70 and is presently in remission with complete donor chimerism and grade I GVHD. At a median follow-up of 13 months (range: 4-21), three patients (75%) are well with complete donor chimerism. Addition of fludarabine to the conditioning regimen for BMT in FA can provide additional immunosuppression for engraftment without increasing toxicity.
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Dvorak, C. C., W. J. Steinbach, et al. (2005). "Risks and outcomes of invasive fungal infections in pediatric patients undergoing allogeneic hematopoietic cell transplantation." Bone Marrow Transplant 36(7): 621-9.


Invasive fungal infections (IFI) are the leading cause of infectious mortality in adult patients undergoing hematopoietic cell transplantation (HCT) after myeloablative conditioning, but the extent of this problem in the pediatric population is unclear. We retrospectively examined risk factors for IFI among 120 consecutive pediatric patients undergoing allogeneic HCT at a single center. The incidence of proven or probable IFI in pediatric patients during the first year after allogeneic HCT was 13%, comparable to the rate reported in adult patients; however, unlike IFI in adult patients, the majority of IFI in children occurred within the first month after transplantation. The primary risk factors for IFI were duration of neutropenia, age greater than 10 years, transplant for severe aplastic anemia or Fanconi anemia, and high-dose corticosteroid administration for 10 days or longer. IFI were more likely to be successfully treated (42%, 5/12 patients) in pediatric HCT recipients when compared to previous reports of adult recipients. Nonrelapse mortality was estimated at 17% (20/120 patients) after allogeneic HCT, of which 35% (seven patients) were directly attributed to IFI. Thus, IFI is a significant cause of nonrelapse mortality in children undergoing allogeneic HCT and more effective strategies are needed to prevent and treat IFI.
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Ayas, M., A. Al-Jefri, et al. (2005). "Stem cell transplantation for patients with Fanconi anemia with low-dose cyclophosphamide and antithymocyte globulins without the use of radiation therapy." Bone Marrow Transplant 35(5): 463-6.


In all, 22 patients with confirmed Fanconi anemia (FA) underwent stem cell transplantation (SCT) from HLA-matched, related donors at KFSHRC. Median age at SCT was 7.6 years (range, 2.5-14.6 years). Conditioning regimen consisted of cyclophosphamide (CY) 15 mg/kg/day intravenously (i.v.) for 4 consecutive days, in addition to equine antithymocyte globulins (ATG) given i.v. at 40 mg/kg/day for four doses pre-SCT. No radiation therapy was given. For graft-versus-host disease prophylaxis, we used cyclosporin at the standard doses; ATG was added at 20 mg/kg/dose i.v. on days 2, 4, 6, 8, 10, and 12 post-SCT (total of six doses). All patients engrafted and are alive and transfusion independent with a median follow-up time of 20.2 months (range, 3.3-59 months). One patient however developed a decrease in her WBC and platelet count. Her work-up revealed slightly hypocellular bone marrow, and a series of chimerism studies over 1 year confirmed that she has stable mixed chimerism; she remains transfusion independent. We conclude that low-dose CY without radiation therapy can be used satisfactorily in the conditioning of patients with FA undergoing related SCT.
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Yabe, H., H. Inoue, et al. (2004). "Unmanipulated HLA-haploidentical bone marrow transplantation for the treatment of fatal, nonmalignant diseases in children and adolescents." Int J Hematol 80(1): 78-82.


Fetomaternal microchimerism has been demonstrated, and immunologic tolerance to unshared HLA antigens between mother and offspring may be suggested. We used T-cell-repleted bone marrow transplantation (BMT) from their HLA-haploidentical mothers to treat 6 patients with fatal nonmalignant diseases. The number of mismatched HLA loci in the graft-versus-host disease (GVHD) direction was 3 in 4 patients and 2 in 2 patients. The number in the host-versus-graft direction was 3 in 4 patients, 2 in 1 patient, and 1 in 1 patient. Microchimerism of inherited paternal antigens was demonstrated in 5 donors, and microchimerism of noninherited maternal antigens was detected in 3 recipients. GVHD prophylaxis consisted of short-course methotrexate, tacrolimus, and mycophenolate mofetil (3 patients) or short-course methotrexate, tacrolimus, and methylprednisolone (1 patient). Engraftment was achieved in 5 patients who had received preconditioning, and T-cell engraftment was confirmed in 1 patient with severe combined immunodeficiency. Acute GVHD developed in 3 patients: grade 1 in 2 patients and grade 2 in 1 patient. Chronic GVHD was observed in 5 patients: localized type in 3 patients and extended type in 2 patients. Five patients were alive 11 to 30 months after BMT and 1 patient died of chronic GVHD. Unmanipulated haploidentical BMT from a maternal donor may be the treatment of choice of poor-prognosis nonmalignant diseases.
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Maschan, A. A., P. E. Trakhtman, et al. (2004). "Fludarabine, low-dose busulfan and antithymocyte globulin as conditioning for Fanconi anemia patients receiving bone marrow transplantation from HLA-compatible related donors." Bone Marrow Transplant 34(4): 305-7.


Allogeneic hematopoietic stem cell transplantation (SCT) from unaffected donors remains the only modality for the correction of hematological abnormalities in Fanconi anemia (FA) patients. We performed four HLA-matched related donor SCT using a novel irradiation and cyclophosphamide-free conditioning regimen. The protocol included fludarabine 150 mg/m(2), busulfan 4 mg/kg, and antithymocyte globulin 90 mg/kg. Graft-versus-host disease (GVHD) prophylaxis was cyclosporin A, MTX, and daclizumab. The engraftment and occurrence of full stable donor hemopoiesis was rapid in all cases with minimal short-term toxic complications. There were no infections or febrile episodes during the inpatient phase. Three patients developed acute GVHD grade I-II involving gut and skin and one patient progressed to extensive chronic GVHD. The preparative conditioning regimen is safe and associated with low organ toxicity and effective immunosupression for the stable engraftment in FA patients undergoing SCT with matched related donors.
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Li, X., Y. Yang, et al. (2004). "Continuous in vivo infusion of interferon-gamma (IFN-gamma) preferentially reduces myeloid progenitor numbers and enhances engraftment of syngeneic wild-type cells in Fancc-/- mice." Blood 104(4): 1204-9.


Fanconi anemia (FA) is characterized by bone marrow (BM) failure and cancer susceptibility. Identification of the cDNAs of many FA complementation types allows the potential of using gene transfer technology to introduce functional cDNAs as transgenes into autologous stem cells and provide a cure for the BM failure in FA patients. Previous studies in FA murine models and in a phase 1 clinical trial suggest that myelopreparation is required for significant engraftment of exogenous, genetically corrected stem cells. Since myeloid progenitors from Fancc-/- mice and human Fanconi anemia group C protein (FANCC) patients have increased apoptosis in response to interferon gamma (IFN-gamma) in vitro, we hypothesized that IFN-gamma may be useful as a nongenotoxic, myelopreparative conditioning agent. To test this hypothesis, IFN-gamma was administered as a continuous infusion to Fancc-/- and wild-type (WT) mice for 1 week. Primitive and mature myeloid lineages were preferentially reduced in IFN-gamma-treated Fancc-/- mice. Further, IFN-gamma conditioning of Fancc-/- recipients was sufficient as a myelopreparative regimen to allow consistent engraftment of isogenic WT repopulating stem cells. Collectively, these data demonstrate that Fancc-/- hematopoietic cell populations have increased hypersensitivity to IFN-gamma in vivo and that IFN-gamma conditioning may be useful as a nongenotoxic strategy for myelopreparation in this disorder.
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Guardiola, P., G. Socie, et al. (2004). "Acute graft-versus-host disease in patients with Fanconi anemia or acquired aplastic anemia undergoing bone marrow transplantation from HLA-identical sibling donors: risk factors and influence on outcome." Blood 103(1): 73-7.


To assess whether Fanconi anemia (FA) patients might be at risk for acute graft-versus-host disease (AGvHD) despite using low-intensity conditionings, we retrospectively analyzed the incidence of AGvHD and its impact on outcome in 37 FA patients and 73 patients with acquired aplastic anemia (AAA) that received transplants at Saint Louis Hospital from HLA-genotypic identical siblings with similar conditionings (thoraco-abdominal irradiation plus cyclophosphamide 20 [FA] or 150 mg/kg [AAA]). Despite being younger, FA patients had an increased risk of grades II to IV AGvHD (relative risk [RR], 2.00; P =.021), especially in younger patients (RR, 7.93; P =.014). The risks of requiring systemic corticosteroids to treat AGvHD and experiencing cortico-resistant AGvHD were significantly increased in FA patients. Although non-FA and FA patients had similar 10-year outcomes, acute and chronic GvHD had a biphasic effect on FA patient outcome with an additional cluster of lethal events starting by 5 years after transplantation. This late survival fall, restricted to FA patients, was closely related to head and neck carcinomas (15-year incidence: 53%). FA patients represent a group at risk regarding AGvHD when using irradiation-based conditionings. The impact of AGvHD on survival may not be limited to the early posttransplantation period and may be a major risk factor for head and neck carcinomas and late mortality in FA patients.
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Bouchlaka, C., T. B. Othman, et al. (2004). "Fanconi anemia: contribution of molecular analyses to the identification of bone marrow graft donors and the study of chimerism in grafted patients." Genet Test 8(3): 268-75.


We report on the effectiveness of molecular studies regarding Fanconi anemia (FA) for a better selection of bone marrow graft donors and for post-transplant follow up. Ten unrelated FA patients and their families were analyzed by microsatellite markers. In 9 cases, the cytogenetic investigation of potential human leukocyte antigen (HLA)-identical related donors was normal, and the molecular analyses confirmed that they were also either normal or heterozygous carriers. For 1 patient, cytogenetic analysis of an HLA-identical sibling donor yielded ambiguous results with a relatively high number of chromosomal breakages using cross-linking agents. However, genotyping of this potential donor demonstrated his heterozygous state. Nine patients have received allogeneic bone marrow transplantation from HLA-matched related donors. Microsatellite analysis showed complete chimerism (CC) in all cases. The median follow up was 54 months (range 8-144 months). One patient out of 9 with CC rejected her graft without prior detection of a transitional mixed chimerism. Among these patients, 1 died 25 months after the transplantation of a chronic graft-versus-host-disease (GVHD). We conclude that, when the cytogenetic studies are not conclusive, molecular analyses are crucial to distinguish heterozygous carriers from asymptomatic FA Tunisian patients. Molecular analyses also allowed the evaluation of hematopoietic chimerism after allogeneic bone marrow transplantation and might be of value to identify patients with a high risk for graft rejection.
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Ayas, M., A. Al-Jefri, et al. (2004). "Allogeneic stem cell transplantation in patients with Fanconi's anemia and myelodysplasia or leukemia utilizing low-dose cyclophosphamide and total body irradiation." Bone Marrow Transplant 33(1): 15-7.


Five patients with confirmed Fanconi's anemia (FA) and myelodysplasia and/or leukemia underwent stem cell transplantation (SCT) from related donors at KFSHRC. The median age at SCT was 12.6 year (range, 6.2-15 years). Conditioning regimen consisted of cyclophosphamide (CY) 5 mg/kg/day i.v. for 4 days, total body irradiation (TBI) 450 cGy in a single dose. Graft-versus-host disease (GVHD) prophylaxis was with cyclosporine and antithymocyte globulins (ATG). The median time to engraftment (defined as ANC>/=0.5 x 10(9)/l) was 16 days (range, 12-26 days). The median time to a self-sustaining platelet count of >/=20 x 10(9)/l was 27 days (range, 12-40 days). All patients engrafted. Two patients developed acute GVHD; one of the gut (grade 3) and the other of the skin (grade 1), and one patient developed chronic GVHD of the liver. Four are alive and well with no evidence of the disease; one patient died of bacterial sepsis after controlling her GVHD and clearing her pulmonary aspergillosis and CMV infection. We conclude that the use of low-dose CY plus TBI in patients with FA and MDS/AML undergoing SCT is adequate; the regimen is well tolerated and may be curative for such patients. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=14578932
Rossi, G., G. Giorgiani, et al. (2003). "Successful T-cell-depleted, related haploidentical peripheral blood stem cell transplantation in a patient with Fanconi anaemia using a fludarabine-based preparative regimen without radiation." Bone Marrow Transplant 31(6): 437-40.


Haematopoietic stem cell transplantation (HSCT) represents the treatment of choice for severe bone marrow failure in patients with Fanconi anaemia (FA). When the donor is a compatible relative, the chance of being cured with an allograft is in the order of 70%. However, for FA children lacking an HLA-identical sibling, the results of HSCT from an alternative donor are less satisfactory because of a higher risk of graft rejection, graft-versus-host-disease (GVHD) and regimen-related toxicity. We report on a 12-year-old girl with FA, who was treated by T-cell-depleted (TCD) peripheral blood HSCT from her haploidentical uncle, using a novel fludarabine-based preparative regimen without radiation. She had rapid engraftment with no toxicity and no GVHD. Progressive recovery of both numbers of lymphocyte and of proliferative response to polyclonal activators occurred over time. At 18 months after transplantation, she is well with 100% donor chimerism and has recovered normal immune function.
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Kurre, P., M. Pulsipher, et al. (2003). "Reduced toxicity and prompt engraftment after minimal conditioning of a patient with Fanconi anemia undergoing hematopoietic stem cell transplantation from an HLA-matched unrelated donor." J Pediatr Hematol Oncol 25(7): 581-3.


Given the profound sensitivity of patients with Fanconi anemia to conventional conditioning regimens before hematopoietic stem cell transplantation (HSCT), we developed a minimally toxic regimen consisting of 2 Gy total body irradiation, 90 mg/m2 fludarabine, and postgrafting immunosuppression with cyclosporine and mycophenolate to treat FA patients undergoing HSCT from HLA-matched unrelated donors. With over 10 months follow-up, our first patient has complete and sustained engraftment. Graft-versus-host disease was limited to mild skin and liver and moderate gut manifestations. We conclude that the approach is well tolerated and ideally suited to reduce regimen-related toxicities while achieving sustained engraftment.
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de la Fuente, J., S. Reiss, et al. (2003). "Non-TBI stem cell transplantation protocol for Fanconi anaemia using HLA-compatible sibling and unrelated donors." Bone Marrow Transplant 32(7): 653-6.


Allogeneic haemopoietic stem cell transplantation (SCT) is the only curative option for severe bone marrow (BM) failure in patients with Fanconi anaemia (FA). We have developed a non total body irradiation (TBI) conditioning protocol consisting of fludarabine (120-150 mg/m(2)), low dose of cyclophosphamide (40 mg/kg) and antilymphocyte globulin (45 mg/kg). Graft-versus-host disease (GVHD) prophylaxis was with cyclosporin alone for sibling allografts but also included Campath-1 H (days 1-5 post SCT) for the unrelated allografts. We have performed two sibling and two unrelated BM transplants with a follow-up of 11-51 months. All patients experienced minimal toxicity and were discharged from hospital 28-32 days post SCT. Neutrophil and platelet engraftment occurred from days 11 to 19 and 15 to 34, respectively. All patients achieved stable full donor haemopoiesis with normalisation of the peripheral blood count despite one of them having myelodysplasia (MDS) with 8% blasts prior to the SCT. The only site of acute GVHD was in the skin (grade I-II) and only one patient progressed to limited chronic GVHD. This protocol is associated with reduced toxicity and prompt engraftment in FA patients with AA and/or MDS undergoing SCT using sibling or unrelated donors.
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Boyer, M. W., T. G. Gross, et al. (2003). "Low risk of graft-versus-host disease with transplantation of CD34 selected peripheral blood progenitor cells from alternative donors for Fanconi anemia." J Pediatr Hematol Oncol 25(11): 890-5.


OBJECTIVES: Transplant results for Fanconi anemia with alternative-donor bone marrow transplantation currently entail a high incidence of graft failure and graft-versus-host disease (GVHD). The authors sought to improve outcome in this disease category with alternative donors with a 5-6/6 antigen match by transplantation of highly purified peripheral blood progenitor cells (PBPC) using the Isolex 300i v2.5 device as a means of T-cell depletion to lessen the risk of GVHD. METHODS: All Fanconi anemia patients (n = 8) received the same preparative regimen that included total body irradiation (450 cGy), Cytoxan (20 mg/kg), ATGAM, and fludarabine (120 mg/m2). The cell dose of CD34+ cells was a median of 11.4 x 10(6)/kg; the cell dose of CD3+ cells was a median of 1.9 x 10(4)/kg. Primary engraftment was rapid in all patients, with neutrophil recovery occurring at a median of day 10 and platelet count more than 50,000 on day 27. Two patients subsequently had secondary graft failure. Despite lack of cyclosporine GVHD prophylaxis, only two patients developed acute GVHD (both grade I), and no patients developed chronic GVHD. Three patients died: one at day 59 secondary to disseminated fungal infection, the second at day 196 during a second transplant, and the third at day 202 due to graft failure. With a median follow-up of 12 months, the overall survival was 58 +/- 18%. CONCLUSIONS: Transplantation of CD34-selected PBPCs from alternative donors results in a very low risk of GVHD in patients with Fanconi anemia.
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Abdelkefi, A., T. Ben Othman, et al. (2003). "Rejection of the second allogeneic graft in a child with Fanconi anemia reversed by antilymphocyte globulin and donor lymphocyte infusion." Hematol J 4(6): 452-3.


Rejection after allogeneic bone marrow transplantation for Fanconi anemia (FA) is a complication with a high risk of mortality. We describe a patient who, following a second episode of rejection after a second allogeneic stem cell transplantation, was successfully treated with antilymphocyte globulin, followed by donor lymphocyte infusion. At three and a half years after donor lymphocyte infusion, she is alive with a Karnofsky score of 90%. Her molecular chimerism is of donor origin. Thus, donor lymphocyte infusion can be considered as a therapy option for rejection after allogeneic bone marrow transplantation for FA.
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In 1989 E. Gluckman reported the successful cord blood transplantation in a boy with Fanconi anemia. Since then more than 1500 allogeneic cord blood transplantations have been performed worldwide. This has been possible because non-profit cord blood banks have been established that provide cryopreserved cord blood products from unrelated donors. However, cord blood transplantation is associated with specific risks that have sofar limited its more widespread use. Its main problem is the limited stem cell dose that is associated with a long aplasia and a high rate of engraftment failure. Therefore, cord blood is used as the stem cell source in only about 1 - 2 % of stem cell transplantations in childhood. The main advantage of cord blood transplantation lies in its low risk for graft-versus-host-disease (GvHD), one of the major causes for posttransplant morbidity and mortality particularly with unrelated stem cell donors. The low risk for GvHD is attributed to the low number of transplanted T cells and their functional immaturity. Another advantage of cord blood transplantation lies in the immediate availability of the cord blood units. Based on the experiences with allogeneic cord blood transplantation the indications for cord blood donation will be discussed.
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Transient treatment with cytokines appears to improve hematopoietic function in Fanconi anemia; however, the effectiveness or adverse effect of long-term treatment is not known. The mitomycin C-treated Fancc(-/-) mouse provides a valuable model to address long-term efficacy of such treatment. Fancc(-/-) mice injected with granulocyte colony-stimulating factor, erythropoietin, or both cytokines showed a delay in mitomycin C (MMC)-induced bone marrow (BM) failure compared to untreated mice. However, long-term cytokine exposure followed by MMC challenges did not protect mice from the reduction of peripheral blood counts or the number of early myeloid progenitors. These results suggest that cytokine treatment may be beneficial only in the short-term, while long-term treatment is not protective for BM aplasia.
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We describe here the case of an 8-year-old girl with Fanconi anemia (FA) whose hematopoiesis was successfully restored by unrelated umbilical cord blood (UCB) transplantation. The patient became resistant to androgen therapy, and developed intracranial hemorrhage and dyserythropoiesis. Her hematopoietic recovery after the transplantation was excellent and a complete chimerism has been durably maintained. UCB should be considered as a stem cell source for transplantation when a patient with FA does not have an HLA-identical unaffected sibling donor.
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McCloy, M., A. Almeida, et al. (2001). "Fludarabine-based stem cell transplantation protocol for Fanconi's anaemia in myelodysplastic transformation." Br J Haematol 112(2): 427-9.


Allogeneic stem cell transplantation (SCT) represents the treatment of choice for severe bone marrow (BM) failure in patients with Fanconi's anaemia (FA). However, for FA patients developing leukaemic or myelodysplastic transformation, the results of SCT are much less encouraging. We present a 17-year-old girl with myelodysplastic transformation of FA (refractory anaemia with excess blasts) and oculocutaneous albinism, who was treated by sibling SCT using conditioning with fludarabine, cyclophosphamide (CY) and anti-lymphocyte globulin (ALG). She had rapid engraftment with no toxicity and no graft-versus-host disease (GVHD). Twenty-two months after SCT, she had 100% donor chimaerism on Southern blot analysis.
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Dufour, C., R. Rondelli, et al. (2001). "Stem cell transplantation from HLA-matched related donor for Fanconi's anaemia: a retrospective review of the multicentric Italian experience on behalf of AIEOP-GITMO." Br J Haematol 112(3): 796-805.


Twenty-seven consecutive Italian patients with Fanconi's anaemia (FA) underwent stem cell transplantation (SCT) from an HLA-matched related donor in 10 Italian centres of the Associazione Italiana Ematologia ed Oncologia Pediatrica (AIEOP), Gruppo Italiano di Trapianto di Midollo Osseo (GITMO). Twenty-two patients (81.5%) were conditioned with low-dose (median 20 mg/kg) cyclophosphamide (Cy) and thoraco-abdominal or total body irradiation (median dose 500 cGy), five patients (18.5%) with high-dose Cy (median 120 mg/kg). Graft-vs.-host disease (GVHD) prophylaxis was carried out with cyclosporin A in 26 cases; methotrexate (MTX) was added in eight cases. One patient received MTX alone. The median follow-up was 36 months. Ninety-two percent of patients (25 out of 27) engrafted, grade II and III acute GVHD occurred in 28% and 8% of patients, respectively, with chronic GVHD in 12.5%. Conditioning-related toxicity was mild: 4% of patients had grade III mucositis, 7.4% had grade II haemorrhagic cystitis, 14.8% had grade III liver toxicity and 11.1% had grade III renal toxicity. Transplant-related mortality at 12 months was 19.2%, survival at 36 months was 81.5%, with a median Karnofsky score of 100%. No late tumours occurred after a mean follow-up of the survivors of 5 years. None of the studied variables significantly affected the survival, including conditioning regimen, acute GVHD and clinical non-haematological phenotype. Among the studied variables, only conditioning regimens containing high-dose Cy and the presence of genital abnormalities were significantly (P < 0.05) associated with an increased rate of acute GVHD. Our study demonstrates that the Italian FA patients undergoing SCT from an HLA-matched related donor have a very good outcome. These patients, when compared with others of different ethnic origin who underwent allogeneic bone marrow transplantation, showed a less severe non-haematological phenotype, raising the possibility that this milder phenotype may have, at least in part, contributed to the outcome. Our data may provide a useful tool for further studies aiming to correlate genotype with phenotype.
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Ayas, M., H. Solh, et al. (2001). "Bone marrow transplantation from matched siblings in patients with fanconi anemia utilizing low-dose cyclophosphamide, thoracoabdominal radiation and antithymocyte globulin." Bone Marrow Transplant 27(2): 139-43.


Nineteen patients with Fanconi anemia (FA) and bone marrow failure underwent bone marrow transplantation (BMT) from matched siblings. Median age at BMT was 8.7 years. Conditioning consisted of low-dose cyclophosphamide (CY 5 mg/kg x 4 days) and thoracoabdominal irradiation (TAI 400 cGy). Graft-versus-host disease (GVHD) prophylaxis was cyclosporin A (CsA) in 13 patients and CsA plus methotrexate in 6 patients. Antithymocyte globulin (ATG) was added in the pretransplant as well as the post-transplant period. All patients received high-dose acyclovir from day 2 pre-BMT to day 28 post BMT, and intravenous immunoglobulins (IVIG), 500 mg/kg weekly from day 7 pre-BMT to day 90 post BMT. No fungal prophylaxis was given. All patients engrafted, (median, 14 days for an absolute neutrophil count > or =0.5 x 10(9)/l; median, 37 days for platelet count > or =20 x 10(9)/l). Fourteen (74%) patients are alive with sustained engraftment and are transfusion independent. Three (16.6%) patients developed acute GVHD; none developed chronic GVHD. Five (26%) patients developed invasive fungal infections, and two (10%) developed fatal CMV disease. We believe the addition of ATG may have contributed to the increased incidence of severe life-threatening fungal and viral infections in our series.
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Martinez-Jaramillo, G., L. Espinoza-Hernandez, et al. (2000). "Long-term proliferation in vitro of hematopoietic progenitor cells from children with congenital bone marrow failure: effect of rhGM-CSF and rhEPO." Eur J Haematol 64(3): 173-81.


We have characterized the proliferation kinetics of hematopoietic cells in long-term marrow cultures (LTMC) from five normal children and seven children with congenital bone marrow failure (four with Fanconi anemia [FA] and three with congenital pure red cell aplasia [PRCA]). Total nonadherent and adherent cells, as well as nonadherent progenitors, were determined weekly in the presence or in the absence of rhGM-CSF (10 ng/ml) or rhEPO (3 U/ml). As compared to normal LTMC, hematopoiesis was drastically reduced in cultures from FA patients. Myeloid and erythroid progenitor cells reached undetectable levels after only 3 and 1 weeks of culture, respectively. This was observed even in cultures supplemented with rhGM-CSF, in which no response to this cytokine occurred. In LTMC from PRCA children, the growth of erythroid and multipotent progenitors was also drastically reduced. Myelopoiesis, on the other hand, showed normal levels during the first three weeks of culture; however, from week 4, there was a significant decrease in the levels of both progenitor and mature cells, reaching undetectable levels several weeks before normal cells did. Response to rhGM-CSF and rhEPO was transient and deficient. Our results suggest that in FA, alterations at the level of primitive progenitor cells are so severe that myeloid, erythroid and multipotent progenitors are unable to proliferate in LTMC, even in the presence of rhGM-CSF. In patients with PRCA the erythroid arm of hematopoiesis is preferentially affected and addition of rhGM-CSF and/or rhEPO to these cultures had little or no effect on erythroid cell production. Interestingly, myelopoiesis in this culture system was deficient as well and response to rhGM-CSF was defective, suggesting that the myeloid lineage is also altered in congenital PRCA.
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MacMillan, M. L., A. D. Auerbach, et al. (2000). "Haematopoietic cell transplantation in patients with Fanconi anaemia using alternate donors: results of a total body irradiation dose escalation trial." Br J Haematol 109(1): 121-9.


Allogeneic haematopoietic cell transplantation (HCT) is the only therapeutic modality capable of correcting the haematologic manifestations of Fanconi anaemia (FA). However, HCT from alternative donors has been associated with poor survival. Between June 1993 and July 1998, 29 FA patients (median age 12.1 years; range 3.7-48.5 years) were enrolled in a prospective phase I-II dose escalation study. All patients were treated with cyclophosphamide 40 mg/kg, total body irradiation (TBI) 450 cGy or 600 cGy and antithymocyte globulin (ATG), followed by HCT from an alternative donor. Graft-versus-host disease (GVHD) prophylaxis consisted of cyclosporin A for 6 months, short course methylprednisolone (2 mg/kg/day) between days +5 and +19 and marrow T-cell depletion by counterflow elutriation. The probability of developing grade III-IV toxicity was 17% (95% CI 3-31%). For the 25 marrow recipients, the probability of neutrophil engraftment (ANC 0.5 x 109/l by day 45) was 63% (95% CI 42-82%). Probabilities of grade II-IV acute GVHD and chronic GVHD were 32% (95%CI 10-54%) and 0% respectively. With a median follow-up of 18 months, the probability of survival for the entire cohort at 1 year was 34% (95% CI 17-51%). The presence of lymphocyte somatic mosaicism [i.e. the presence of diepoxybutane (DEB)-insensitive cells] was associated with a significantly increased risk of graft failure. Disappointingly, the use of higher dose TBI and post-transplant ATG did not improve engraftment. More effective peritransplant immunosuppression, especially in FA patients with somatic mosaicism, was required to overcome the barrier of graft rejection. New conditioning regimens adapted to each individual's alkylator sensitivity are needed to improve the outcome of alternative donor HCT for FA.
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Guardiola, P., R. Pasquini, et al. (2000). "Outcome of 69 allogeneic stem cell transplantations for Fanconi anemia using HLA-matched unrelated donors: a study on behalf of the European Group for Blood and Marrow Transplantation." Blood 95(2): 422-9.


Allogeneic stem cell transplantation is the only treatment that can restore a normal hematopoiesis in Fanconi anemia (FA). In this retrospective multicenter study, we analyzed the results of this approach using HLA-matched unrelated bone marrow donors, and tried to identify covariates predicting the outcome of the transplant. From January 1985 to June 1998, 69 FA patients were transplanted with unrelated HLA-matched donors. Patients' characteristics before and after transplant were provided by the European group blood and marrow transplant registry and were analyzed in collaboration with the European Fanconi Anemia Registry. The 3-year probability of survival was 33%. Extensive malformations, a positive recipient cytomegalovirus serology, the use of androgens before transplant, and female donors were associated with a worse outcome. Primary graft failures were observed more frequently when female donors were used, mainly because the grafts contained lower nucleated cell doses per kilogram of recipient body weight compared with grafts coming from male donors. The probability of grade III-IV acute graft-versus-host disease (GVHD) was 34%. Elevated serum alanine/aspartate transaminases before transplantation; limb, urogenital tract, or nephrologic malformations; and non-T-cell-depleted grafts were predictors of severe acute GVHD. This study shows the dramatic impact of preexisting congenital malformations on the outcome of FA patients transplanted with HLA-matched unrelated donors. If the use of T-cell depletion has led to a dramatic reduction of acute GVHD incidence, no significant outcome improvement was observed with this approach, mainly because of an increased risk of graft failure. (Blood. 2000;95:422-429)
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Elhasid, R., M. W. Ben Arush, et al. (2000). "Successful haploidentical bone marrow transplantation in Fanconi anemia." Bone Marrow Transplant 26(11): 1221-3.


A 10-year-old girl with Fanconi anemia and severe aplastic anemia underwent a haploidentical BMT from her mother due to lack of a matched family donor. T cell depletion was done by positive selection of CD34 cells with immunomagnetic beads. Due to graft rejection a second haploidentical BMT from the father was successfully undertaken. No immunosuppression was given after the transplant. Immunological reconstitution took approximately 6 months, with no GVHD or severe infections. Such a transplant, containing a large purified CD34 cell fraction with a minimal number of added T cells, should be considered as the treatment of choice for patients with Fanconi anemia if no HLA matched donor is available.
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Boulad, F., A. Gillio, et al. (2000). "Stem cell transplantation for the treatment of Fanconi anaemia using a fludarabine-based cytoreductive regimen and T-cell-depleted related HLA-mismatched peripheral blood stem cell grafts." Br J Haematol 111(4): 1153-7.


We have employed a new cytoreductive regimen to transplant two patients with Fanconi anaemia (FA), using T cell-depleted two HLA-allele disparate related peripheral blood stem cell transplants (PBSCTs). Patient 1, a 5-year-old male with FA and aplastic anaemia, initially received an HLA two-antigen mismatched unrelated cord blood transplant and failed to engraft. He received fludarabine (Flu) and cyclophosphamide (Cy), followed by a CD34(+) E-rosette(-) (CD34(+)E(-)), T cell-depleted, granulocyte colony-stimulating factor (G-CSF)-mobilized PBSCT from his HLA B-DRB1 mismatched father. He received anti-thymocyte globulin (ATG), steroids, FK506 and G-CSF after transplant for rejection and graft-versus-host disease (GVHD) prophylaxis. The patient is now 23 months after SCT with no evidence of GVHD and with full haematopoietic and immune reconstitution. Patient 2, a 10-year-old boy with FA and myelodysplastic syndrome, received single-dose total body irradiation (SDTBI), Flu and Cy followed by a CD34(+)E(-), T-cell-depleted, G-CSF-mobilized PBSCT from his HLA B-DRB1 mismatched sister. He also received ATG, steroids, FK506 and G-CSF after transplant. The patient is now 12 months after SCT in complete remission with no evidence of GVHD. Absolute neutrophil counts (ANC) of > 1 x 10(9)/l were achieved on day 11 and day 10 post transplant respectively. Both patients are fully engrafted. In summary, we report two successful T-cell-depleted stem cell transplants from mismatched related donors for the treatment of Fanconi anaemia, using a fludarabine-based cytoreduction. Both patients experienced minimal toxicity, rapid engraftment and no GVHD.
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Although patients with Fanconi's anaemia (FA) exhibit a heightened sensitivity to DNA cross-linking agents, modified doses of CY continue to be used in their conditioning prior to BMT. We measured the pharmacokinetics and metabolism of CY in six children with FA using an established high performance thin layer chromatography technique. CY doses ranged between 5 and 20 mg/kg (median 10 mg/kg). The median CY clearance was 0.6 l/h/m2 (range 0.4-1.1 l/h/m2), t1/2 was 8.1 h (range 6.7-9.5 h) and volume of distribution was 0.19 l/kg (range 0.16-0.34 l/kg), respectively. These results contrast with those previously reported from a comparable group of non-FA children in whom the median CY clearance was 3.2 l/h/m2 (range 2-5 l/h/m2) (P = 0.035), t1/2 was 2.4 h (range 2-3.8 h) (P = 0.035) and volume of distribution 0.5 l/kg (range 0.26-0.95 l/kg) (NS). Unlike the control group in whom the presence of inactive metabolites of CY was common, metabolites could not be found in any FA patient. The enhanced sensitivity of children with FA to CY may in part result from altered drug metabolism.
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Medeiros, C., J. Zanis-Neto, et al. (1999). "Bone marrow transplantation for patients with Fanconi anemia: reduced doses of cyclophosphamide without irradiation as conditioning." Bone Marrow Transplant 24(8): 849-52.


Fanconi anemia (FA), a rare autosomal recessive disease, frequently evolves to bone marrow failure and acute myeloid leukemia, and BMT is the treatment of choice for patients with FA. However, their exquisite hypersensitivity to DNA cross-linking agents is associated with severe complications and several investigators have been looking for the ideal preparatory regimen. We have been involved in a program of progressively decreasing doses of cyclophosphamide (CY) as conditioning therapy, in an attempt to identify the lowest dose of CY capable of maintaining the graft with minimum complications. Here, we describe our experience of allogeneic BMT offered to 16 patients with FA and an HLA-compatible sibling donor, conditioned with 100 mg/kg of CY. The actuarial survival is 88% at approximately 37 months. Mucositis >/= grade II was the most common complication (94%), followed by bacteremias (38%). Veno-occlusive disease and hemorrhagic cystitis did not occur. Sustained engraftment was obtained in 94% of patients, and acute and chronic GVHD was diagnosed in 13% and 7%, respectively. The lowest dose of CY for transplant in FA patients is yet to be determined, but further reductions seem possible.
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Aker, M., G. Varadi, et al. (1999). "Fludarabine-based protocol for human umbilical cord blood transplantation in children with Fanconi anemia." J Pediatr Hematol Oncol 21(3): 237-9.


PURPOSE: A novel conditioning regimen of fludarabine monophosphate (FLM), anti-T-lymphocyte globulin (ATG), and low-dose cyclophosphamide with no irradiation for human umbilical cord blood transplantation (HUCBT) for the treatment of Fanconi anemia (FA) is described. PATIENT AND METHODS: A 12-year-old girl with FA received a human umbilical cord blood transplant from a fully matched sibling donor. After the HUCBT, the patient was given granulocyte colony stimulating factor in combination with erythropoietin. Pretransplant conditioning consisted of FLM (30 mg/m2/d) from day -10 to day -5, cyclophosphamide (10 mg/kg/d) on day -7 and -6, and rabbit ATG (ATG-Frasenius, 10 mg/kg/d) from day -4 to day -1. Cyclosporin A (3 mg/kg/d) was administered from day -1 as graft-versus-host disease prophylaxis. Cord blood from a sibling donor was used as a source of hematopoietic stem cells. RESULTS: Engraftment was normal and sustained. The regimen was well tolerated with very mild toxicity and no major transplant-related complications or >grade II graft-versus-host disease. Chimerism was 100% donor origin as determined by restriction fragment length polymorphism. CONCLUSIONS: It is possible to achieve sustained engraftment and only mild toxicity in FA after HUCBT with a conditioning regimen of FLM, ATG, and cyclophosphamide with no irradiation. These preliminary results with this novel conditioning protocol are encouraging and should be evaluated in a larger group of patients with FA undergoing HUCBT.
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Zwaan, C. M., M. H. Van Weel-Sipman, et al. (1998). "Unrelated donor bone marrow transplantation in Fanconi anaemia: the Leiden experience." Bone Marrow Transplant 21(5): 447-53.


Fanconi anaemia (FA) is an accepted indication for treatment with allogeneic HLA-identical BMT. Most patients, however, lack a suitable HLA-identical donor. In our centre, six FA patients were transplanted with a matched unrelated donor. Due to hypersensitivity to DNA cross-linking agents, a low-dose cyclophosphamide (CY) and thoraco-abdominal irradiation (TAI) regimen is recommended for conditioning in FA. We added Ara-C upfront and anti-T cell antibodies to enhance engraftment and to prevent GVHD, in combination with T cell depletion in four out of six of the first transplants. One patient did not engraft. In three patients rejection was observed. In three of these four patients a second BMT, using full bone marrow grafts, resulted in successful engraftment. The other patient died before a second BMT could be performed. The incidence and severity of acute GVHD was low: only one patient with grade III acute GVHD was seen. Two out of four surviving patients suffered from chronic GVHD. Four patients survived (median survival time 43 months after BMT), three with good and one with acceptable quality of life. Two patients died, one patient due to adenoviral reactivation with multi-organ failure, and one due to sepsis complicated by ARDS. In conclusion, MUD BMT is feasible in FA patients with bone marrow failure in whom no HLA-identical sibling donor is available. In our study group, the major problem was graft rejection, despite the administration of a combination of graft enhancing anti-T cell antibodies. Multicentre studies are needed to determine a more intensive, but still tolerable, conditioning regimen.
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Tezcan, I., M. Tuncer, et al. (1998). "Allogeneic bone marrow transplantation in Fanconi anemia from Turkey: a report of four cases." Pediatr Transplant 2(3): 236-9.


Bone marrow transplantation (BMT) is currently the treatment of choice for patients with Fanconi anemia (FA) if a suitable donor is available. Four children with FA underwent allogeneic BMT from HLA-identical siblings during the period from 1995 to 1996. Pretransplant conditioning was Cyclophosphamide (Cy) (20 mg/kg) + Thoracoabdominal irradiation (TAI) (500 cGy) +/- Antithymocyte globulin (ATG) (2 mg/kg/day x 3). Cyclosporin A (CsA) was used as GvHD prophylaxis. The time of neutrophil (ANC>500) and platelet (>50,000) recovery were at 11-14 and 17-25 days, respectively. One patient with a pretransplant history of multiple transfusions experienced graft rejection and died at day +29 with infection and bleeding. Although three patients sustained engraftment one developed donor originated acute lymphoblastic leukemia (ALL) 18 months after BMT and died with CNS hemorrhage and infection at +25 months following 7 months of chemotherapy. None of the patients developed grade 3-4 acute GvHD. Cytotoxicity included grade II mucositis in all and severe gastroenteritis in one patient. During a follow-up period of 10 months and 2 years, two patients are well with normal blood count, recovering immune function and have a Karnofsky score of 90%.
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Socie, G., A. Devergie, et al. (1998). "Transplantation for Fanconi's anaemia: long-term follow-up of fifty patients transplanted from a sibling donor after low-dose cyclophosphamide and thoraco-abdominal irradiation for conditioning." Br J Haematol 103(1): 249-55.


We describe the long-term follow-up of 50 Fanconi's anaemia patients who were transplanted from a related donor with a median follow-up of >6 years. The survival estimate was 74.4% at 54 months and 58.5% at 100 months. All patients were conditioned with low-dose cyclophosphamide and thoraco-abdominal irradiation. Acute graft-versus-host disease (GvHD) of grade II or more developed in 26 patients and chronic GvHD developed in 30/43 (69.9%) patients. The survival of patients without chronic GvHD (n = 13) was 100%. In addition to chronic GvHD, 20 pre-transplant transfusions was shown to have an adverse impact on survival by multivariate analysis (relative risk = 7.08, P = 0.0003). Prospective follow-up of growth and endocrine function could be performed in 31 patients. Of 20 boys, six have already reached normal puberty within the expected time. Among the 11 girls, three were at the pubertal age at the time of analysis. Growth retardation was common, whereas late complications (e.g. peripheral hypothyroidism, cataract) were rare. However, the most important long-term complication was the occurrence of cancer in seven patients (8-year projected incidence 24%). Among the 32 survivors, 27 (84.5%) had a normal and four a moderately reduced performance status, and all achieved complete engraftment with donor cells. Therefore transplantation was able to cure these patients who remain at high risk for developing late complications. Clearly, a genetic predisposition and chronic GvHD could have led to the development of these cancers. However, we cannot completely rule out irradiation as a cofactor in the genesis of these cancers, and therefore no longer use irradiation for the conditioning of Fanconi's anaemia patients.
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Scagni, P., P. Saracco, et al. (1998). "Use of recombinant granulocyte colony-stimulating factor in Fanconi's anemia." Haematologica 83(5): 432-7.


BACKGROUND AND OBJECTIVE: Granulocyte colony-stimulating factor (G-CSF) has been shown to improve the neutropenic status of patients with bone marrow failure. The side effects in prolonged treatment still need to be determined. DESIGN AND METHODS: We have studied the efficacy and the long-term side effects of G-CSF in four patients with Fanconi's anemia and severe neutropenia. RESULTS: Three patients responded with an increase in their absolute neutrophil count; neither improvement in platelet count and hemoglobin concentration nor effect on transfusion requirements was seen. CFU-GM and BFU-E were undetectable before, during and after treatment. Responders showed an important reduction in number and severity of infections, with a marked improvement of clinical status. The fourth patient developed acute myeloid leukemia after 4 weeks of G-CSF treatment. During maintenance, one patient was treated with G-CSF for 18 months, until she received bone marrow transplantation, without presenting side effects. In the second responding patient G-CSF treatment was stopped because of appearance of immature cells in peripheral blood and myeloid blasts in bone marrow. The third responding patient presented immature peripheral myeloid cells during the third year of G-CSF treatment: disappearance of immature cells was observed after G-CSF reduction. In two cases FISH analysis revealed monosomy 7 after G-CSF treatment. INTERPRETATION AND CONCLUSIONS: G-CSF use results in an improvement of clinical status, but long term administration may cause adverse experiences and requires a close hematological monitoring.
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Guardiola, P., G. Socie, et al. (1998). "Allogeneic stem cell transplantation for Fanconi Anaemia. Severe Aplastic Anaemia Working Party of the EBMT and EUFAR. European Group for Blood and Marrow Transplantation." Bone Marrow Transplant 21 Suppl 2: S24-7.


Fanconi anaemia is a hereditary disorder characterised by chromosomal breaks increased by cross-linking agents. Bone marrow transplantation is the treatment of choice when a HLA identical sibling donor has been identified. The use of low-dose cyclophosphamide with thoraco-abdominal irradiation for the conditioning regimen of FA patients has lead to a dramatic improvement of survival, with a long-term survival of 75% at our institution. However, if most patients are completely cured of their haematological disease, there is concern about an increased frequency of secondary tumours, mostly head and neck squamous cell carcinomas of poor prognosis. Results of BMT using alternative donors (HLA mismatched related and unrelated donors) have also improved during the last decade. A better selection of the donor via high-resolution techniques for class-II HLA matching, and more recently the use of T cell depleted grafts are probably the main explanations. Despite a short follow-up and the small number of patients analysed, transplants using HLA matched family cord blood give some promising results. On the other hand, first results with unrelated cord blood remind that this approach is clearly an experimental one that has to be evaluated through international registries and prospective studies. New approaches including autologous stem cell transplantations and gene therapy are currently explored.
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Solh, H., K. Rao, et al. (1997). "Bone marrow transplantation in patients with Fanconi anemia: experience with cyclophosphamide and total body irradiation conditioning regimen." Pediatr Hematol Oncol 14(1): 67-72.


Eleven patients with Fanconi anemia (FA) underwent bone marrow transplantation (BMT) between March 1985 and May 1990 in a single institution. Ten patients received bone marrow from healthy full human leukocyte antigen (HLA) matched siblings and one patient from her father (one antigen mismatch). Ten patients were conditioned with cyclophosphamide (Cy) at a dose of 5 mg/kg per day for 4 days followed by total body irradiation (TBI) for a total of 600 cGy over 3 days. Six of the 11 patients are alive and have normal reconstitution of their bone marrow. Median follow-up was 72 months (range 42-84). Three of the 10 patients who received Cy and TBI (two HLA compatible, one antigen mismatch) had graft failure. Five patients developed at least grade III acute graft-versus-host disease (GVHD). The rates of graft failure and GVHD are, however, still significantly high. Modification of the conditioning regimen and GVHD prophylaxis is needed to improve the outcome. 
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O'Donnell, J., I. Roberts, et al. (1997). "Successful second bone marrow transplant for Fanconi's anaemia following escalation of conditioning." Br J Haematol 98(3): 772-4.


Allogeneic bone marrow transplantation represents the treatment of choice for severe bone marrow failure in patients with Fanconi's anaemia (FA). In view of the increased sensitivity to alkylating agents documented in this condition, much attention has focused on reducing the conditioning chemotherapy. We present a 13-year-old girl in whom sibling allogeneic BMT after conditioning with low-dose cyclophosphamide only resulted in graft rejection. However, a second transplant using the same donor proved successful following a more intensive conditioning regimen. This case demonstrates the phenotypic variability of FA, and highlights the need for tailoring the conditioning regimen for a given patient.
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Massumoto, C., J. R. Moraes, et al. (1997). "Unrelated peripheral blood stem cell transplantation for Fanconi anemia." Bone Marrow Transplant 19(3): 299-300.


The Brazilian unrelated bone marrow donor program began in 1993 and an unrelated matched donor was found for a Fanconi anemia patient without a sibling match. An 11-year-old female recipient received FTBI (6.0 Gy) and cyclophosphamide (40 mg/kg) as conditioning. The 41-year-old female unrelated donor received G-CSF at 5 micrograms/kg x 5 days, and on day 6 and 7 postmobilization, peripheral blood stem cells were harvested. Engraftment was seen on day 19 post-BMT and she remains alive and well on day 191+. This case supports the potential role of harvesting G-CSF-stimulated PBSC for unrelated bone marrow transplantation.
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Maschan, A. A., O. I. Kryzanovskii, et al. (1997). "Intermediate-dose busulfan and cyclophosphamide as a conditioning regimen for bone marrow transplantation in a case of Fanconi anemia in myelodysplastic transformation." Bone Marrow Transplant 19(4): 385-7.


We report an 11-year old female with myelodysplastic (refractory anemia with excess of blasts) presentation of Fanconi anemia. After failure of initial chemotherapy with low doses of 6-mercaptopurine and prednisolone she underwent allogeneic bone marrow transplantation (BMT) from her HLA-matched sibling. Busulfan 8 mg/kg and cyclophosphamide 40 mg/kg were used as conditioning. The post-transplant course was uneventful with fast trilineage engraftment and mild cutaneous acute GVHD. She is alive 17 months after BMT with full hematological reconstitution without evidence of MDS.
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Kapelushnik, J., R. Or, et al. (1997). "A fludarabine-based protocol for bone marrow transplantation in Fanconi's anemia." Bone Marrow Transplant 20(12): 1109-10.


Allogeneic bone marrow transplantation (BMT) is an effective therapy for Fanconi's anemia (FA). However, mortality and transplant-related complications are usually high due to increased sensitivity to the alkylating agents and radiation commonly used for pre-transplant conditioning. Fludarabine monophosphate is a purine analogue that has been proven effective as a conditioning agent for chronic lymphocytic leukemia patients. We report a child with FA in leukemic transformation with thrombocytopenia and 20% myeloblasts who underwent successful BMT following conditioning with fludarabine/ATG/cyclophosphamide. The regimen was well tolerated, no transplant-related complications were observed, and engraftment was rapid. The child is currently 10 months post-BMT, in excellent clinical condition with a normal blood count, 100% chimerism and no sign of graft-versus-host disease (GVHD). We suggest that this fludarabine-based regimen may be effective in the conditioning of standard, as well as transforming, FA patients for BMT.
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Rackoff, W. R., A. Orazi, et al. (1996). "Prolonged administration of granulocyte colony-stimulating factor (filgrastim) to patients with Fanconi anemia: a pilot study." Blood 88(5): 1588-93.


This report examines the effect of filgrastim (granulocyte colony-stimulating factor, [G-CSF] in 12 patients with neutropenia [absolute neutrophil count [ANC] < 1,000/mm3]) caused by Fanconi anemia (FA). Two of 14 patients who were evaluated for study entry were ineligible because of unsuspected cytogenetic abnormalities in their bone marrow (BM). G-CSF was started at 5 micrograms/kg/d. All patients had an increase in their ANC at week 8 (mean increase = 15,664/mm3). The median ANC during therapy was 5,030/mm3. Eight of 10 patients who completed 40 weeks on study maintained an ANC > 1,500/mm3 on G-CSF given every-otherday. Four patients had an increase in their platelet count by week 8 without transfusion (maximum increase = 23,000 to 45,000/mm3); however, platelet counts fell toward baseline levels as the G-CSF dose was reduced. BM CFU-MK were increased at week 8 in three of four evaluable patients. Four patients who did not receive red blood cell transfusions had an increase in their hemoglobin level of at least 2.0 g/dL. A fifth patient had a red blood cell transfusion in week 2 and then had a similar increase in hemoglobin level without subsequent transfusion. Eight of 10 patients who completed 40 weeks of treatment showed increases in the percentage of BM CD34+ cells measured by flow cytometry. The same proportion showed increases in peripheral blood CD34+ cells. Increased BM cellularity and myeloid hyperplasia were constant findings and were associated with increased expression of the proliferating cell nuclear antigen. Adverse experiences were mild fever (1 patient) and a new BM cytogenetic abnormality at week 40 (1 patient). This study shows that prolonged administration of G-CSF exerts a stimulatory effect on the BM of FA patients and may be used to maintain a clinically adequate ANC in these patients. G-CSF has beneficial effects on multiple hematopoietic lineages in some patients and may be a good candidate for use in combination cytokine protocols for FA patients with progressive aplastic anemia. G-CSF use results in an increase in circulating CD34+ cells, a finding with important implications for future gene transfer protocols.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=8781414
Flowers, M. E., J. Zanis, et al. (1996). "Marrow transplantation for Fanconi anaemia: conditioning with reduced doses of cyclophosphamide without radiation." Br J Haematol 92(3): 699-706.


Nine patients with Fanconi anaemia (FA) were conditioned for HLA-identical sibling bone marrow transplant (BMT) with reduced dose of cyclophosphamide (Cy) without radiation or antithymocyte globulin (ATG). The total dose of Cy was 140 mg/kg (n = 2) or 120 mg/kg (n = 7). The median patient age was 8 years (range 4-19). Graft-versus-host disease (GVHD) prophylaxis was with methotrexate and cyclosporine (n = 8) or cyclosporine alone (n = 1). All patients had sustained engraftment and two developed grade>/= II acute GVHD. Cy toxicity included grade >/= 2 mucositis seen in all evaluable patients and haemorrhagic cystitis in two patients. The Kaplan-Meler survival estimate is 89% with a median follow-up of 285 d (range 56-528). For the purpose of comparison, this report also reviews and updates long-term follow-up data on 32 previously reported FA patients conditioned with 140-200 mg Cy/kg without radiation. The lowest dose of Cy (without radiation or ATG) after which HLA-identical sibling marrow transplant can be successfully performed in FA patients has yet to be determined, but it appears that uniform and sustained engraftment can be achieved with a Cy dose of as low as 120 mg/kg.
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Davies, S. M., S. Khan, et al. (1996). "Unrelated donor bone marrow transplantation for Fanconi anemia." Bone Marrow Transplant 17(1): 43-7.


Patients with Fanconi anemia (FA) commonly develop bone marrow failure, which may evolve to myelodysplasia or acute myeloid leukemia (AML). Treatment of these patients is complicated by their marked hypersensitivity to DNA cross-linking agents. In this report we describe the results of allogeneic unrelated donor bone marrow transplantation in seven FA patients, using a low-dose cyclophosphamide (40 mg/kg) and TBI (400-450 cGy) conditioning regimen. Two patients had bone marrow failure with normal chromosomes and no dysplasia prior to transplant. The remaining five had clonal chromosomal abnormalities. One patient had refractory anemia with excess blasts in transformation and two had early AML with 20 and 25% blasts, respectively. Two patients died early (before day 28) without hematological evidence of engraftment, one of veno-occlusive disease and one of infection (fungal). Four of the remaining five patients achieved sustained engraftment after the first marrow infusion; one patient had secondary graft failure requiring repeat marrow infusion but subsequently achieved engraftment. Of five evaluable patients, three had mild (grades I-II) acute GVHD and two had grade IV GVHD, which was fatal in both cases. Two of three evaluable surviving patients have chronic GVHD controlled with immunosuppression. Three patients survive 9 months to 3 years post-unrelated donor BMT: two who had early leukemia and one with severe aplasia at the time of transplant. These data indicate that unrelated donor BMT can be performed successfully in FA patients using cyclophosphamide 40 mg/kg and TBI 400 to 450 cGy, even after evolution to early leukemia. However, significant problems with both GVHD and engraftment remain. Future studies will evaluate the role of T cell depletion in improving the results of unrelated donor marrow transplantation in FA patients.
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Zanis-Neto, J., R. C. Ribeiro, et al. (1995). "Bone marrow transplantation for patients with Fanconi anemia: a study of 24 cases from a single institution." Bone Marrow Transplant 15(2): 293-8.


Although bone marrow transplantation (BMT) can eliminate the hematologic manifestations of Fanconi anemia (FA), patients are unusually susceptible to complications associated with the use of cyclophosphamide (CY) in the conditioning regimen. To investigate modifications of the conditioning regimen, we reviewed the records of 24 patients with FA who received an allogeneic BMT. All patients presented with severe pancytopenia. One patient was transplanted with overt leukemia as well. Donors were HLA-identical siblings in 22 cases and 1- and 2-antigen mismatched relatives in two cases, respectively. All conditioning regimens included CY 200 mg/kg in 10 patients; 140 mg/kg with or without antithymocyte globulin in 12 and 20 mg/kg with 400 cGy total body irradiation in two. GVHD prophylaxis comprised methotrexate and/or cyclosporine. Only one of 21 evaluable patients did not show signs of engraftment. Toxicities included grade III/IV mucositis in 20 patients, severe dermatitis in four and veno-occlusive disease in four. Acute GVHD (> or = grade II) occurred in nine of 22 patients. Four patients developed chronic GVHD. With a median follow-up time of 24 months, 14 of the 24 patients are alive with normal hematopoietic function. Eight of the 10 patients with matched sibling donors who were conditioned with CY 140 mg/kg are alive and well. We conclude that BMT is an effective treatment for FA. Conditioning regimens using lower doses of CY are associated with manageable toxicity and can potentially increase the survival rate of patients with HLA-matched donors.
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Lopez, K. D. and E. C. Guinan (1995). "GM-CSF clinical trials: pediatric aplastic anemia and Fanconi's anemia." Pediatr Nurs 21(4): 345-9.


Two clinical trials were undertaken to evaluate the effect of human recombinant granulocyte-macrophage colony stimulating factor (GM-CSF) in pancytopenic pediatric patients with aplastic anemia and Fanconi's anemia. In the aplastic anemia trial, 9 out of 12 patients had some improvement when treated with GM-CSF. In the Fanconi's anemia trial, 6 of 7 patients showed some improvement when treated with GM-CSF. For both groups, improvement in white blood cell count and absolute neutrophil count were the most common response. Side effects observed during these studies were fever, rash, urticaria, and flu-like symptoms. Nursing care of both groups focused on the effects of pancytopenia, as well as the potential adverse effects of GM-CSF. Patient education focused on teaching drug preparation and storage, subcutaneous injection, and potential side effects.
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Ikushima, S., S. Hibi, et al. (1995). "Successful allogeneic bone marrow transplantation in a case with myelodysplastic syndrome which developed following Fanconi anemia." Bone Marrow Transplant 16(4): 621-4.


We report the case of a 14-year-old boy with myelodysplastic syndrome (MDS/RAEB) which developed following Fanconi anemia. The patient received BMT from an HLA-identical sister. Based on the in vitro CY-sensitivity test, 100 mg/kg of CY was administered for conditioning combined with 6 Gy TBI. Mucosal symptoms such as stomatitis, diarrhea and hematuria were severe, but manageable, and engraftment was successful. The patient has maintained normal trilineage hematopoiesis with > 90% Karnofsky score for 30 months with disappearance of a clonal chromosomal abnormality (47,XY, +i(lq)) which was detected before BMT.
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Gluckman, E., A. D. Auerbach, et al. (1995). "Bone marrow transplantation for Fanconi anemia." Blood 86(7): 2856-62.


Fanconi anemia is a genetic disorder associated with diverse congenital abnormalities, progressive bone marrow failure, and increased risk of leukemia and other cancers. Affected persons often die before 30 years of age. Bone marrow transplantation is an effective treatment, but there are few data regarding factors associated with transplant outcome. We analyzed outcomes of HLA-identical sibling (N = 151) or alternative related or unrelated donor (N = 48) bone marrow transplants for Fanconi anemia performed between 1978 and 1994 and reported to the International Bone Marrow Transplant Registry. Fanconi anemia was documented by cytogenetic studies in all cases. Patient, disease, and treatment factors associated with survival were determined using Cox proportional hazards regression. Two-year probabilities (95% confidence interval) of survival were 66% (58% to 73%) after HLA-identical siblings transplants and 29% (18% to 43%) after alternative donor transplants. Younger patient age (P .0001), higher pretransplant platelet counts (P = .04), use of antithymocyte globulin (P = .005), and use of low-dose (15 to 25 mg/kg) cyclophosphamide plus limited field irradiation (P = .009) for pretransplant conditioning and cyclosporine for graft-versus-host disease prophylaxis (P = .002) were associated with increased survival. Bone marrow transplants are effective therapy for Fanconi anemia. The adverse impact of increasing age and lower pretransplant platelet count on transplant outcome favors earlier intervention, especially when there is an HLA-identical sibling donor.
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Philpott, N. J., J. C. Marsh, et al. (1994). "Successful bone marrow transplant for Fanconi anaemia in transformation." Bone Marrow Transplant 14(1): 151-3.


We present a patient who was diagnosed as suffering from Fanconi anaemia at the age of 36 years. At the time of diagnosis his bone marrow showed features of pre-leukaemic transformation. He received an allogeneic bone marrow transplant (BMT) from his HLA-identical sibling. The post-transplant course was unremarkable with evidence of trilineage engraftment at day +32 and no acute or chronic GVHD. He is well with sustained engraftment and no haematological evidence of Fanconi anaemia 18 months post-transplant.
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Kohli-Kumar, M., C. Morris, et al. (1994). "Bone marrow transplantation in Fanconi anemia using matched sibling donors." Blood 84(6): 2050-4.


Eighteen patients with Fanconi anemia (FA) with evidence of bone marrow (BM) aplasia underwent allogenic BM transplants (BMT) from matched sibling donors (MSD). Median age at BMT was 7.6 years. Conditioning consisted of low-dose cyclophosphamide (CY; 5 mg/kg x 4 days) and thoracoabdominal irradiation (TAI; 400 cGy). Graft-versus-host disease (GVHD) prophylaxis included cyclosporin A and prednisone. In addition antithymocyte globulin (ATG) was administered in the pretransplant period to promote engraftment and in the posttransplant period for additional GVHD prophylaxis. Engraftment occurred rapidly (median, 12 days for an absolute neutrophil count > or = 0.5 x 10(9)/L; median, 22 days for platelet count > or = 50 x 10(9)/L). Seventeen patients have sustained engraftment and are transfusion-independent, with Lansky scores of 100% at median follow-up of 27 months. One patient developed graft failure 4 months after initial engraftment and required a second BM infusion. None of the patients developed acute GVHD; 3 patients (16%) developed chronic GVHD. BMT is a feasible option for FA patients having an MSD and should be performed at a young age and early in the course of the disease, before the development of complications. We believe the addition of ATG to the transplant regimen of low-dose CY, TAI, and cyclosporin was responsible for improvement in the survival of FA patients undergoing BMT. The regimen was well tolerated and was associated with a low incidence of complications including GVHD.
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Kemahli, S., D. Canatan, et al. (1994). "GM-CSF in the treatment of Fanconi's anaemia." Br J Haematol 87(4): 871-2.


We have used recombinant human (rh) GM-CSF in two 12-year-old Fanconi's aplastic anaemia patients. They had not received any previous therapy except blood transfusions. Each patient was given three 21 d courses of rh-GM-CSF, the first two at a dose of 3.5 micrograms/kg/d and the third at 7 micrograms/kg/d s.c. There were significant increases in WBC and absolute neutrophil counts after the first week of rh-GM-CSF which lasted as long as the treatment was continued. Following the cessation of treatment, WBC and ANC dropped rapidly. We conclude that rh-GM-CSF can be used in FAA, especially in severely neutropenic cases.
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Guinan, E. C., K. D. Lopez, et al. (1994). "Evaluation of granulocyte-macrophage colony-stimulating factor for treatment of pancytopenia in children with fanconi anemia." J Pediatr 124(1): 144-50.


Fanconi anemia is a congenital syndrome characterized by multiple specific physical anomalies, progressive marrow failure, and a predisposition to acute leukemia. We studied the toxicity and efficacy of daily subcutaneous administration of recombinant human granulocyte-macrophage colony-stimulating factor (GM-CSF) in patients with Fanconi anemia and pancytopenia. The toxicity of GM-CSF at the doses and schedule used was minimal. Six of seven patients entered had an increase in the neutrophil count of 7- to 25-fold, which was maintained during the course of study. Despite increases in the reticulocyte count, increases in hemoglobin concentration were rare. No improvement in platelet count was evident in any patient. No patient has evidence of leukemia after up to 19 months of continuous GM-CSF exposure, and all five surviving patients remain responsive to treatment. Although the optimal dose, schedule, and choice of cytokine for patients with marrow failure and Fanconi anemia are not established by this preliminary study, the data indicate that (1) GM-CSF may be able to palliate at least the neutropenia and potentially the neutropenic complications of the disease, (2) this effect can be sustained for more than 1 year, and (3) rapid evolution of acute leukemia is unlikely to be a frequent outcome of such treatment. The clinical impact of GM-CSF or other cytokines in patients with Fanconi anemia and pancytopenia remains to be established by further studies.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=8283365
Gluckman, E. (1994). "European organization for cord blood banking." Blood Cells 20(2-3): 601-8.


Cord blood transplant has been performed in children with malignant and nonmalignant hematological disorders. Most often, the donor was an HLA-identical or a partially mismatched sibling. The results seem to demonstrate that one cord blood contains enough hematopoietic stem cells to reconstitute the marrow in a child, the incidence of graft vs. host disease (GVHD) has been very low in matched transplants, and the immune reconstitution has not been different from a bone marrow transplant. In Paris, seven children have received an HLA-identical sibling cord transplant; five are alive and well, and two had no engraftment. Several questions remain: results in adults, use of cord blood for mis-matched or matched unrelated transplants, standardization of methods of collection, cryopreservation, and banking. A European cord blood banking group has been created to coordinate this research.
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Yabe, M., H. Yabe, et al. (1993). "Bone marrow transplantation for Fanconi anemia. Adjustment of the dose of cyclophosphamide for preconditioning." Am J Pediatr Hematol Oncol 15(4): 377-82.


PURPOSE: Five patients with Fanconi anemia have been treated by bone marrow transplantation. PATIENTS AND METHODS: They were conditioned with cyclophosphamide (CY) (20-150 mg/kg), antilymphocyte globulin, and thoracoabdominal irradiation (4-6 Gy). The dose of CY for preconditioning was adjusted individually, based on the in vitro effect of CY metabolites on the chromosomes of patients with Fanconi anemia. Four patients received marrow from human leukocyte antigen (HLA)-identical siblings, and one received marrow from his HLA phenotypically identical father. RESULTS: All patients achieved engraftment, and acute graft-versus-host disease (GVHD) grade II or more was not observed. Three developed chronic GVHD. All patients are surviving 2-5 years after grafting, with hematological improvement. CONCLUSIONS: These results indicate that the individual dose adjustment of CY used for preconditioning may prevent graft failure and severe acute GVHD.
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Socie, G., E. Gluckman, et al. (1993). "Bone marrow transplantation for Fanconi anemia using low-dose cyclophosphamide/thoracoabdominal irradiation as conditioning regimen: chimerism study by the polymerase chain reaction." Blood 82(7): 2249-56.


Since 1976, patients grafted at the Hopital Saint-Louis for Fanconi anemia (FA) without evidence of leukemic transformation have been given a uniform conditioning regimen that consisted of low-dose cyclophosphamide (Cy) and thoracoabdominal irradiation (TAI). The use of low-dose Cy raised the question of whether it is sufficient for the establishment of a complete hematopoietic chimerism in all patients. We therefore initiated a study of chimerism early during hematopoietic reconstitution after bone marrow transplantation (BMT) and thereafter in transplanted FA patients. Minisatellite probes were used after DNA amplification by the polymerase chain reaction (PCR). From July 1989 to October 1992, 24 consecutive patients underwent BMT for FA, 19 of whom were assessable for chimerism. Our results using this sensitive technique showed that, among these 19 patients, all but one successfully engrafted. Engraftment was complete early after BMT in 12. The persistence of a small proportion of recipient's cells was detected in six. This partial hematopoietic chimerism was demonstrated to be only transient in at least five of the six patients. The one patient who failed to engraft showed a recipient-type profile for circulating cells early posttransplantation, indicating autologous bone marrow recovery. A second graft in this patient was also rejected. For both transplantations, the patient was grafted from a matched, unrelated donor. Therefore, 17 of 17 patients successfully grafted and with complete follow up data presented complete hematopoietic chimerism, within the sensitivity limit of the method used. In conclusion, lowering the Cy dose in the conditioning regimen of patients with FA could still allow complete engraftment to occur, at least in patients with an identical sibling donor.
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Kohli-Kumar, M., N. T. Shahidi, et al. (1993). "Haemopoietic stem/progenitor cell transplant in Fanconi anaemia using HLA-matched sibling umbilical cord blood cells." Br J Haematol 85(2): 419-22.


There have only been a few reports documenting the use of umbilical cord blood as a source of stem cells for haemopoietic reconstitution. We report our experience with a child with Fanconi anaemia (FA) who underwent a stem cell transplant using umbilical cord blood cells from his HLA matched sibling. Although the engraftment was somewhat slow, it was complete and comparable to other transplants performed in FA patients using HLA matched sibling marrow. There was no graft-versus-host disease. The post-transplant period was uncomplicated and, at a follow-up of 36 months, this child is well with normal blood counts and immune function.
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Gluckman, E. (1993). "Bone marrow transplantation in Fanconi's anemia." Stem Cells 11 Suppl 2: 180-3.


Fanconi's anemia (FA), a disease characterized by malformations and progressive pancytopenia, can be successfully cured by allogeneic bone marrow transplantation. Due to the sensitivity of FA cells to alkylating agents, a modified conditioning regimen including low-dose cyclophosphamide (20 mg/kg) and 5 Gy thoracoabdominal irradiation has been used. We report here our experience with bone marrow transplantation in a series of 49 patients. In HLA-identical sibling transplants, the long-term survival was 75%. Results with matched unrelated transplants are limited by the small number of patients.
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Umbilical cord blood collected and cryopreserved at birth contains enough hematopoietic progenitor stem cells for engraftment. HLA identical sibling cord blood transplant has been performed for the first time, in a child with Fanconi anemia. Three years latter, this child is alive with a complete donor type bone marrow. Since this first attempt, several other patients with other diseases have been transplanted successfully. Cord blood banking is a safe and easy procedure. Due to the high proliferative capacity of neonatal hematopoietic progenitors and to the relative immunological functional immaturity of neonatal lymphocytes cord blood cells could be used for matched unrelated or partially mismatched transplants.
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Flowers, M. E., K. C. Doney, et al. (1992). "Marrow transplantation for Fanconi anemia with or without leukemic transformation: an update of the Seattle experience." Bone Marrow Transplant 9(3): 167-73.


Between March 1973 and August 1990, 17 patients with Fanconi anemia (FA) underwent bone marrow transplantation in Seattle. Marrow donors were HLA identical siblings (n = 14), phenotypically HLA identical parents (n = 2) and a one antigen mismatched parent (n = 1). Patients with no evidence of leukemic transformation (n = 12) were conditioned with 140-200 mg/kg cyclophosphamide (CY). Of five patients with leukemic transformation, four received CY (120 mg/kg) plus 12 Gy fractionated total body irradiation and one patient received busulfan (14 mg/kg) and CY (100 mg/kg). All patients engrafted; however, one patient whose sibling donor's cells showed variable results when assayed for chromosome instability required two additional marrow infusions. Toxicity associated with the conditioning regimen included severe oral mucositis (n = 14), hemorrhagic cystitis (n = 11) and diffuse erythroderma (n = 3). Seven of the 12 patients without leukemic transformation are surviving 1-17 years (median = 5 years) after transplant, with an estimated survival probability at 5 years of 65% (95% CI 0.31; 0.85). Two patients developed squamous cell carcinoma of the tongue greater than 10 years post-transplant. One of these patients died at 10.3 years as a result of the malignant process, and the other is disease free more than 12 years post-transplant. Of the five patients with leukemic transformation, one is alive at 8 years. These data demonstrate that marrow transplantation can offer long-term survival for patients with FA, engraftment can be achieved with reduced doses of CY in FA patients, and less toxic preparative regimens are needed for FA patients who have developed leukemic transformation.
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Di Bartolomeo, P., G. Di Girolamo, et al. (1992). "Allogeneic bone marrow transplantation for Fanconi anemia." Bone Marrow Transplant 10(1): 53-6.


Five patients (age range 7-14 years) received allogeneic bone marrow transplantation (BMT) for Fanconi anemia (FA). All patients showed progressive pancytopenia associated with congenital malformations. Diagnosis was confirmed by studies of cellular hypersensitivity to the clastogenic effect of the DNA crosslinking agent diepoxybutane. The conditioning regimen consisted of low dose cyclophosphamide (5 mg/kg x 4) and fractionated total body irradiation (167 cGy x 3). For graft-versus-host disease prophylaxis one patient was given cyclosporin alone while the remaining four patients received a combination of cyclosporin and two doses of methotrexate. Marrow was given unmanipulated from HLA-identical siblings. All patients are alive 18-67 months after grafting with Karnofsky scores of 100% and normal hemopoiesis of donor origin. Modifications in transplant protocols such as those here described have resulted in a decreased risk of severe transplant-related complications. These results confirm that BMT is a curative therapy in FA patients and should be considered as a first choice treatment if an HLA-identical donor is available.
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Socie, G., M. Henry-Amar, et al. (1991). "Increased incidence of solid malignant tumors after bone marrow transplantation for severe aplastic anemia." Blood 78(2): 277-9.


From May 1980 to December 1989, 107 consecutive patients with non-constitutional severe aplastic anemia underwent bone marrow transplantation at our institution using cyclophosphamide and thoraco-abdominal irradiation as conditioning regimen. During the same period, 40 patients with Fanconi anemia were also grafted after a similar conditioning, giving a total series of 147 patients. With a mean follow-up of 64 months, four male patients developed a solid malignant tumor, a number that leads to an 8-year cumulative incidence rate of 22% (eg, relative risk to general population = 41, P less than .001). These results should be considered as a warning to clinicians who follow these successfully grafted long-term patients.
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Ortega, J. J., T. Olive, et al. (1990). "Bone marrow transplantation in Fanconi's anemia. Results in 5 patients]." Sangre (Barc) 35(6): 433-40.


Fanconi's anaemia (FA) is a form of congenital bone marrow failure characterised by progressive pancytopenia and course usually fatal. Bone marrow transplantation (BMT) offers a chance to restore haemopoiesis, as in bone marrow aplasia of any other aetiology. Five children (4M, 1F) with FA were subjected to BMT. Their ages ranged between 4 and 13 years. The time elapsed between diagnosis and BMT ranged between 6 months and 10 years. Three patients had been previously treated with prednisolone and oxymetholone. The donor age ranged from 20 months to 25 years. The correlation donor sex/recipient sex was female/male in 4 cases (siblings, 3; mother, 1) and male/female in the remainder (one brother). All the siblings involved were HLA-identical, with a negative mixed lymphocyte culture; the mother shared 5 antigens with a different DR. The conditioning regimen was that proposed by Gluckman. BMT was performed by infusion of 2.2 to 5.3 x 10(8) bone marrow cells per kg. Cyclosporin A was used in the prophylaxis of graft versus cells host disease (GVHD), associated to methotrexate in one case and to prednisone in another. One patient showed no signs of GVHD; the onset of GVHD took place between days +8 and +18, and was grade II-III in the other four. Three patients had limited chronic GVHD. Four patients are alive and in good clinical conditions at 11 to 63 months post-BMT. The remainder, who had stage III GVHD, died on day +45. The favourable results of BMT in FA have been confirmed, so this procedure should be considered as the best choice in the treatment of FA.
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Gluckman, E., A. Devergie, et al. (1990). "Transplantation of umbilical cord blood in Fanconi's anemia." Nouv Rev Fr Hematol 32(6): 423-5.


It has been shown that human umbilical cord blood contains stem/progenitor cells comparable in number to that of adult bone marrow. We report here the first successful cases of transplantation of umbilical cord blood cells. The patients were suffering from Fanconi's anemia, complicated by severe aplastic anemia. During pregnancy, it was shown that the mother was carrying a sibling unaffected by the disease and with HLA identical to the patient. Cord blood was collected and frozen in liquid nitrogen at birth. After conditioning with low-dose cyclophosphamide (20 mg/kg) and thoraco-abdominal irradiation (5 grays), the patients received a cord blood transplant of thawed cells. Three patients have been transplanted without any immediate side-effect. One has not enough follow-up, but two patients are alive and well with complete donor hematologic reconstitution and no chronic graft versus host disease. Potential developments of this technique are an extension of applicability with regard to other diseases that might be transplanted and whether such transplants can be performed in adults. The relative immaturity of the lymphoid system at birth may be advantageous in decreasing the graft versus host reaction if these cells are used in a mismatched transplantation. Cord blood cell banks may be useful for transplants in patients lacking an HLA-identical donor.
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Gluckman, E. (1990). "Radiosensitivity in Fanconi anemia: application to the conditioning for bone marrow transplantation." Radiother Oncol 18 Suppl 1: 88-93.


Fanconi anemia is characterised by pancytopenia, malformations and chromosomal breaks probably related to a congenital defect of DNA repair mechanisms. The evolution is always fatal unless, the patient receives a bone marrow transplant from an HLA identical sibling. According to preliminary work on sensitivity of FA cells to alkylating agents and to in vivo radiosensitivity tests, we used a modified conditioning regimen with cyclophosphamide 20 mg/kg and 5 Grays thoraco-abdominal irradiation. Nineteen patients are reported. The actuarial survival is 74% with a median follow-up time of 4 years (range 6 months to 6 years). GVH was the main complication (58%). It was responsible directly or indirectly for 4 deaths. These results show that BMT in FA is successful in the large majority of cases. The decrease of the dose cyclophosphamide allowed a good engraftment without major toxicity. Studies are in progress for using this type of protocol in situations without a HLA matched sibling donor.
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Hows, J. M., M. Chapple, et al. (1989). "Bone marrow transplantation for Fanconi's anaemia: the Hammersmith experience 1977-89." Bone Marrow Transplant 4(6): 629-34.


Twenty-one patients with Fanconi's anaemia (FA) were treated by allogeneic bone marrow transplantation (BMT). Two, transplanted before 1980, received high dose cyclophosphamide conditioning and both died. Subsequently 19 patients received conditioning with low dose cyclophosphamide 5 mg/kg x 4 and total body irradiation 200 cGy x 3. Ten of 19 received HLA identical sibling marrow (ID-BMT) and nine marrow from alternative donors (MM-BMT). Marrow was T cell depleted in 9/19 cases. Sustained engraftment was observed in 13 cases (eight ID-BMT, five MM-BMT). Nine patients developed greater than or equal to grade II acute graft-versus-host disease (GVHD) (six ID-BMT, nine MM-BMT). Chronic GVHD occurred in 5/11 evaluable patients. Overall survival of the low dose cyclophosphamide group was 9/19 (47%) at a median follow-up of 1257 days post-BMT (110-1825). Six of 10 (60%) survived after ID-BMT compared with two of nine (22%) after MM-BMT. We conclude that allogeneic BMT using a low dose cyclophosphamide protocol is a satisfactory treatment for FA patients who have a normal HLA identical sibling. The results of MM-BMT have been poor, and must improve before these transplants can be generally recommended for treatment of FA.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=2684308
Gluckman, E., A. Devergie, et al. (1983). "Radiosensitivity in Fanconi anaemia: application to the conditioning regimen for bone marrow transplantation." Br J Haematol 54(3): 431-40.


Fanconi anaemia, an autosomal recessive constitutional aplastic anaemia, seems to be related to a DNA repair mechanism defect. Bone marrow transplantation is sthe only treatment which can cure these patients. Previous attempts at BMT have shown an increased sensitivity to Cyclophosphamide used for the conditioning. Such a sensitivity has also been observed in vitro when Fanconi anaemia cells were incubated with alkylating agents. We have tested the in vivo radiosensitivity and cell repair after skin contact radiotherapy to calculate the irradiation dose which could be tolerated by FA patients. Eight patients have been tested and the results confirmed the suspected increased radiosensitivity in the majority of patients. Following these results, four patients were conditioned with low dose Cyclophosphamide (20 mg/kg) associated with 5 Grays thoraco-abdominal irradiation. All had a take and no major complication of the conditioning regimen. All are alive in good condition from day 51 to day 330 after transplant. Oesophagitis was one major unexpected complication. This study confirms the possibility of curing FA patients with BMT when the conditioning regimen is modified according to the pathophysiology of the disease.
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Gluckman, E., A. Devergie, et al. (1980). "Bone marrow transplantation in Fanconi anaemia." Br J Haematol 45(4): 557-64.


Five patients with Fanconi anaemia have been treated by bone marrow transplantation from HLA identical donors. Only one patient survived for more than 3 years. She is now perfectly healthy with complete haematological reconstitution with chimaerism and disparition of chromosomal abnormalities. In contrast, four patients died of acute severe GVHD soon after grafting. In addition, all had signs of severe cyclophosphamide toxicity. This evolution could be explained by a special sensitivity of FA cells to alkylating agents and may indicate the need to modify the conditioning regimen in FA patients.
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2 FA & Dental
Tekcicek, M., B. Tavil, et al. (2007). "Oral and dental findings in children with Fanconi anemia." Pediatr Dent 29(3): 248-52.


PURPOSE: The purpose of this study was to investigate the oral and dental findings in children with Fanconi anemia (FA). METHODS: The study included 26 FA patients who came to the hospital (Hacettepe University Faculty of Medicine, Pediatric Hematology Unit) from the central region of Anatolia (17 [65%] mole, 9 [35%] female; mean age = 10.0 +/- 5.2 years (range = 2-18; median = 9 years]). Oral and radiological examinations and salivary collection were performed at the Department of Pediatric Dentistry of Hacettepe University Faculty of Dentistry. RESULTS: Among 26 FA children: (a) 16 (62%) had never visited a dentist; (b) 6 (23%) had visited a dentist once; and (c) 4 (15%) had visited a dentist regularly. Furthermore: (a) only 5 children (19%) brushed their teeth regularly; (b) 7 (27%) had never brushed their teeth previously; and (c) the other 14 (54%) had brushed their teeth rarely. The prevalence of dental caries was 35% in this study's patients. Gingival examination revealed that 9 (35%) children had gingivitis and the other 17 (65%) had normal gingival health status. Examination of the oral cavity revealed that: (a) 3 children (12%) had a coated tongue; and (b) 1 (4%) had papillary atrophy. No leukoplakia or other precancerous lesion was detected in this patient group. Salivary flow rate was less than 0.7 ml/minute in 56% of the patients. No patients had a salivary pH less than 5. Salivary buffering capacity of less than 5, however, was detected in 5 patients (33%). Radiological evaluation revealed that the most common congenital dental abnormalities were: (1) microdontia (44%); (2) congenitally missing teeth (26%); (3) transposition (9%); and (4) supernumerary teeth (4%). CONCLUSION: These results demonstrate that poor oral hygiene, dental decay, gingivitis, and congenital dental abnormalities--including generalized microdontia, supernumerary teeth, transposition, and congenitally missing teeth--are common oral and dental findings in this group of Turkish children with Fanconi anemia.
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de Araujo, M. R., M. de Oliveira Ribas, et al. (2007). "Fanconi's anemia: clinical and radiographic oral manifestations." Oral Dis 13(3): 291-5.


BACKGROUND: Fanconi's anemia (FA) is a rare autosomal recessive disorder characterized by progressive bone marrow failure, congenital abnormalities, and predisposition to malignancies. There are 11 genetic subtypes characterized by complementation groups - FA- A, B, C, D1, D2, E, F, G, I, J, and L. OBJECTIVE: To evaluate and describe clinical, oral and radiographic manifestations of patients with FA. METHODS: A quantitative analysis of clinical manifestations, oral lesions and panoramic radiographs was performed in 33 patients. RESULTS: Clinical manifestations included melanin skin pigmentation, skin vascular and ocular anomalies. Melanin pigmentation on oral mucosa, traumatic lesions, gingival bleeding, dental biofilm and gingival alterations were the main oral manifestations that were found. Oral and clinical manifestations were not dependent on patient's sex. No significant statistical difference between females and males was detected. Dental anomalies were not remarkable either at clinical or at radiographic examinations. Although several dental anomalies were observed in patients with FA, the correlation between this disease was not established from this study. Panoramic radiographs showed agenesis, taurodontism, radicular anomalies such as dilaceration, tapering, and foreshortening. CONCLUSION: This study suggests that gingival alterations are associated with defective oral hygiene but not with hematologic conditions. It also helps elucidate oral manifestations of FA. These patients are living longer and need special dental care.
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Acikgoz, A., F. O. Ozden, et al. (2005). "Oral and dental findings in Fanconi's anemia." Pediatr Hematol Oncol 22(6): 531-9.


Fanconi's anemia is an autosomal recessive disorder characterized by progressive pancytopenia and congenital malformation of the skeleton. This study investigated the oral health status of 15 children with Fanconi's anemia, including oral lesions, gingival and periodontal status, and dental abnormalities. All children in the group were found to have a tendency to develop tooth decay and were in need of dental treatment. Two had aggressive periodontitis. In one patient supernumerary teeth were found, while in another teeth were congenitally missing. The increased tendency toward periodontal disease in patients with Fanconi's anemia may be due not only to the anemia, leukopenia, and defective detoxification of oxygen radicals that are characteristic of the disease itself, but also to medications applied during intense immunosuppressive treatment, such as prednisolone.
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Otan, F., G. Acikgoz, et al. (2004). "Recurrent aphthous ulcers in Fanconi's anaemia: a case report." Int J Paediatr Dent 14(3): 214-7.


Fanconi's anaemia (FA) is an autosomal recessive disorder that is clinically characterized by aplastic anaemia, congenital malformations of the renal, cardiac, skeletal and skin structures, and an increased predisposition to malignancies. Patients with FA often present with bleeding and infection, which are symptoms related to thrombocytopenia and neutropenia. There are few reports of the oral manifestations of FA. We describe oral aphthous ulcerations in two siblings with FA. There was a rapid improvement and healing of ulcers after blood transfusions and increased haemoglobin levels. This may support the role of severe anaemia in oral ulcerations.
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Yalman, N., E. Sepet, et al. (2001). "The effect of bone marrow transplantation on systemic and oral health in Fanconi's aplastic anemia." J Clin Pediatr Dent 25(4): 329-32.


Fanconi's anemia (FA) is an autosomal-recessive disorder characterized by a progressive pancytopenia, diverse congenital abnormalities and increased predisposition to malignancy. Sixteen children with FA, aged between 4 to 16 were divided into two groups according to treatments. Nine children had bone marrow transplantation and seven children were treated with steroid and/or anapolan. The changes in dental caries, caries-associated microflora, salivary status and periodontal health were investigated in children with FA. Data were analyzed by one-way ANOVA. A statistically significant difference was found in hematological findings between children who have received bone marrow transplantation (BMT+) and the others, who have not received (BMT-). There was no significant difference in dental caries experience, salivary flow rate, buffering capacity, mutans streptococci and Lactobacilli levels between the study groups. A statistically significant difference was found in gingival index, plaque index, bleeding on probing, probing depth scores between the patients with FA in BMT(+) and BMT(-) groups (p<.05). In conclusion, besides systemic control, additional preventive measures during their whole life to maintain oral health is necessary in these children.
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Nowzari, H., M. G. Jorgensen, et al. (2001). "Aggressive periodontitis associated with Fanconi's anemia. A case report." J Periodontol 72(11): 1601-6.


BACKGROUND: Fanconi's anemia is an autosomal recessive disease associated with chromosomal breakage as well as pancytopenia, skin pigmentation, renal hypoplasia, cardiac defects, microcephaly, congenital malformations of the skeleton, hypogonadism, and increased risk of leukemia. The present report describes the periodontal clinical and microbiological status of an 11-year old male having Fanconi's anemia. METHODS: Polymerase chain reaction analysis to detect human cytomegalovirus (HCMV), Epstein-Barr type 1 virus, and herpes simplex virus (HSV) was performed on paper-point samples pooled from either 3 periodontal sites with advanced attachment loss or 3 gingivitis sites with no clinical attachment loss. Anaerobic bacterial culture examination was performed on the pooled periodontitis sample. RESULTS: The patient suffered from pancytopenia, allergy, asthma, hearing impairment, and mental retardation. Dentition consisted of 7 primary teeth, 11 erupted permanent teeth, and 14 unerupted permanent teeth. Most erupted teeth showed severe gingival inflammation with some gingival overgrowth and various degrees of periodontal attachment loss. Genomes of HCMV and HSV were detected in the pooled periodontitis sample and HCMV in the pooled gingivitis sample. The periodontitis sample but not the gingivitis sample revealed HCMV mRNA of major capsid protein, suggestive of active viral infection. The periodontitis sample also yielded Actinobacillus actinomycetemcomitans (1.1% of total isolates), FusobActerium species (7.9%), Campylobacter species (2.2%), Peptostreptococcus micros (3.4%), and Candida albicans (0.3%). CONCLUSIONS: Oral features of Fanconi's anemia may include increased susceptibility to periodontitis. It is likely that underlying host defense impairment coupled with periodontal infection by HCMV and A. actinomycetemcomitans contribute to the severe type of periodontitis associated with Fanconi's anemia.
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Scimeca, P. G., A. G. James-Herry, et al. (1996). "Atypical PFAPA syndrome (periodic fever, aphthous stomatitis, pharyngitis, adenitis) in a young girl with Fanconi anemia." J Pediatr Hematol Oncol 18(2): 159-61.


PURPOSE: To describe a case of atypical, severe, periodic fever, aphthous stomatitis, pharyngitis and adenitis syndrome (PFAPA syndrome) in a patient with Fanconi anemia. Important aspects about the PFAPA syndrome and Fanconi anemia are reviewed. PATIENTS AND METHODS: An 8-year-old girl with Fanconi anemia was noted to have a pattern of periodic fever, stomatitis, and pharyngitis consistent with the diagnosis of PFAPA syndrome, a generally benign disorder. After prednisone treatment for the syndrome, life-threatening intestinal ulceration and perforation developed, which was successfully treated. CONCLUSION: In patients with underlying hematologic disease such as Fanconi anemia, PFAPA syndrome may be associated with severe clinical problems in contrast to otherwise normal children with the disorder.
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Opinya, G. N., J. T. Kaimenyi, et al. (1988). "Oral findings in Fanconi's anemia. A case report." J Periodontol 59(7): 461-3.


A case of fanconi's anemia was referred to the Dental School from the Department of Pediatrics. The patient was a 24-year-old male and a product of a consanguineous marriage. His chief complaint was loose and falling teeth, which has started at the age of 16 years. The first teeth to fall out were the first permanent molars followed by mandibular and maxillary anteriors. General examination showed that the patient was of normal intelligence and small for his age. He had no palmar plantar hyperkeratosis and was not diabetic. A total of 19 teeth remained in the mouth, most of them with grade three mobility. The remaining molars and first maxillary premolars had grade three furcation involvement. Most of the teeth had periodontal pockets more than 10 mm deep. Full mouth intraoral periapical radiographs and orthopantomographic views showed severe horizontal bone loss uncommensurate with the patient's age. In view of the patient's history and severe bone loss at an early age, the diagnosis was juvenile periodontitis associated with Fanconi's anemia.
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3 FA & Dietary
Pincheira, J., M. Bravo, et al. (2001). "Fanconi anemia lymphocytes: effect of DL-alpha-tocopherol (Vitamin E) on chromatid breaks and on G2 repair efficiency." Mutat Res 461(4): 265-71.


The high frequency of chromosomal breaks in Fanconi anemia (FA) lymphocytes has been related to the increased oxidative damage shown by these cells. The effect of 100 microM DL-alpha-tocopherol (Vitamin E) on the level of chromosomal damage in mitosis was studied in lymphocytes from five FA patients and from age matched controls, both under basal conditions and when G2 repair was prevented by 2.5 mM caffeine (G2 unrepaired damage). In addition, the effect of this antioxidant on G2 duration and the efficiency of G2 repair was also evaluated in the sample. alpha-Tocopherol (AT) decreased the frequency of chromosomal damage (under basal and inhibited G2 repair conditions) and the duration of G2 in FA cells. This antioxidant protective effect, expressed as the decrease in chromatid breaks, was greater in FA cells (50.8%) than in controls (25%). The efficiency of the G2 repair process (G2 R rate) defined as the ratio between the percentage of chromatid breaks repaired in G2 and the duration of this cell cycle phase was lesser in FA cells (10.6) than in controls (22.6). AT treatment slightly increased this G2 R rate, both in FA cells and controls. These results suggest that an increased oxidative damage and a lower G2 repair rate may be simultaneously involved in the high frequency of chromatid damage detected in FA cells.
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Ostrakhovitch, E. A. and I. B. Afanas'ev (2001). "Oxidative stress in rheumatoid arthritis leukocytes: suppression by rutin and other antioxidants and chelators." Biochem Pharmacol 62(6): 743-6.


The enhanced production of superoxide ion and peroxynitrite by bloodstream neutrophils and of superoxide ion by monocytes from rheumatoid arthritis (RA) patients was registered. It was suggested that NADPH oxidase together with NO synthase were the major sources of superoxide ion in RA neutrophils, while in RA monocytes superoxide ion was produced by NADPH oxidase and mitochondria. Among the different free radical inhibitors studied (antioxidant enzymes, SOD and catalase; free radical scavengers, bioflavonoid rutin and mannitol; and the iron chelator desferrioxamine), SOD and rutin were the most efficient suppressors of oxygen radical overproduction by RA neutrophils, while mannitol and desferrioxamine were inactive. Thus, in contrast to Fanconi anemia (FA) leukocytes (Korkina LG et al., J Leukocyte Biol 1992;52:357-62), iron-catalyzed hydroxyl radical formation was unimportant in RA leukocytes, which mainly produced superoxide ion. Natural non-toxic bioflavonoid rutin (vitamin P) inhibited oxygen radical overproduction in both RA and FA in an equally efficient manner and therefore may be considered as a useful supporting pharmaceutical agent for the treatment of "free radical" pathologies.
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Pagano, G. and L. G. Korkina (2000). "Prospects for nutritional interventions in the clinical management of Fanconi anemia." Cancer Causes Control 11(10): 881-9.


The evidence associating Fanconi anemia (FA) phenotype to in-vitro and ex-vivo oxidative stress is reviewed. A cancer-prone genetic disease, FA is characterized by delayed bone marrow failure with a progression to aplastic anemia. It is diagnosed by excess chromosomal instability induced by two clastogens, either diepoxybutane (DEB) or mitomycin C (MMC). Clinical symptoms vary in a broad range including a life-threatening hematological impairment, and an extended set of developmental abnormalities, growth retardation and skin pigmentation. Cancer-proneness in FA results in excess incidence of non-lymphoblastic leukemias, and of some defined solid tumors. The relationships of oxidative stress with FA phenotype rely on a consistent body of evidence that includes: (1) excess formation of DNA oxidative damage (both in vitro and in vivo); (2) cellular protection by hypoxia, low molecular-weight antioxidants, antioxidant enzymes, and thioredoxin overexpression; (3) impaired expression and/or activity of antioxidant enzymes, and (4) the redox-dependent action mechanisms of MMC and DEB. This evidence points to a re-appraisal of FA phenotype, suggesting a causative role for oxidative stress in disease progression towards malignancies and/or bone marrow depletion. A well-established literature reporting epidemiological and experimental data provides the nutritional bases for cancer control. Thus, the present state-of-the-art in the related fields of oxidative stress, nutrition, cancer-proneness and FA phenotype, altogether implies the need to undertake the most appropriate efforts to counteract oxidative stress in the clinical management of FA patients.
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Korkina, L. G., E. V. Samochatova, et al. (1992). "Release of active oxygen radicals by leukocytes of Fanconi anemia patients." J Leukoc Biol 52(3): 357-62.


The release of oxygen radicals by blood and bone marrow leukocytes of patients with Fanconi anemia (FA) has been studied. It was found that the nonstimulated FA leukocytes and those stimulated by concanavalin A, SiO2, latex, and opsonized zymosan produced enhanced levels of luminol- and lucigenin-dependent chemiluminescence (CL) in comparison with normal leukocytes. At the same time, the ratio of the intensity of lucigenin-dependent CL to that of luminol-dependent CL was significantly smaller for FA leukocytes than for normal leukocytes. From these findings and from the effects of antioxidative enzymes and free radical scavengers on CL, it was concluded that FA leukocytes release enhanced amounts of oxygen radicals and that these free radicals contain enhanced amounts of hydroxyl or hydroxyl-like radicals more active than superoxide ion. It was proposed that elevated reactivity of the oxygen radicals released by FA leukocytes may be a major factor in the development of Fanconi anemia; this proposal is supported by the first positive results of treatment of FA patients with rutin (a nontoxic natural free radical scavenger and chelator).
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Porfirio, B., G. Ambroso, et al. (1989). "Partial correction of chromosome instability in Fanconi anemia by desferrioxamine." Hum Genet 83(1): 49-51.


The action of the iron chelator desferrioxamine (DFO) on the cytogenetic pattern of cultured lymphocytes from Fanconi anemia (FA) patients was investigated. The addition of 10(-4) M DFO throughout the culture time resulted in a 50% reduction of the spontaneous chromosome breakage of FA cells. In addition, the clastogenic action of diepoxybutane on FA lymphocytes was also partly counteracted by DFO. The above findings support the assumption that one of the mechanisms involved in the pathogenesis of FA might be an impaired capacity of the cells from such patients to remove active oxygen species. The relationship between intraleukocyte chelatable iron pool and free radical formation in FA subjects is discussed.
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Pohl, H. and J. A. Reidy (1989). "Vitamin C intake influences the bleomycin-induced chromosome damage assay: implications for detection of cancer susceptibility and chromosome breakage syndromes." Mutat Res 224(2): 247-52.


Supplementation with 1 g of vitamin C (ascorbic acid) per day decreased the amount of chromosome damage induced in lymphocytes by an exposure to bleomycin during the last 5 h of cell culture. We did not see such changes in lymphocytes from control individuals samples at the same time but not taking vitamin C supplements. This bleomycin assay has been proposed as a test for cancer susceptibility. A similar assay for genetic instability may be useful in detecting heterozygotes for chromosome-breakage syndromes (for example, Fanconi anemia or ataxia telangiectasia). Even though our sample size is small and our results should be interpreted cautiously, statistically significant effects were found with vitamin C supplementation. It would, therefore, be prudent to consider dietary and perhaps other lifestyle factors when interpreting of results from this bleomycin assay and related assays for genetic instability.
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Pincheira, J., M. Bravo, et al. (1988). "[Fanconi's anemia: effect of treatment with a vitamin complex and with nicotinamide]." Rev Med Chil 116(8): 788-92.
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Pincheira, J., M. Bravo, et al. (1988). "Fanconi's anemia lymphocytes: effect of caffeine, adenosine and niacinamide during G2 prophase." Mutat Res 199(1): 159-65.


In this investigation peripheral blood lymphocytes from 3 Fanconi's anemia (FA) patients, 2 FA heterozygotes and 4 normal subjects were treated with caffeine and/or adenosine, and/or niacinamide during G2 prophase. Caffeine dramatically increased breakage levels in homozygote and heterozygote cells. Niacinamide and adenosine decreased the amount of chromosomal aberrations detected in FA homozygote and heterozygote lymphocytes treated and untreated with caffeine during G2 prophase. Caffeine sensitivity of heterozygote lymphocytes is proposed as a new clinical test to explore heterozygosis in individuals of FA families.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=2966295
Darroudi, F., H. Targa, et al. (1988). "Influence of dietary carrot on cytostatic drug activity of cyclophosphamide and its main directly acting metabolite: induction of sister-chromatid exchanges in normal human lymphocytes, Chinese hamster ovary cells, and their DNA repair-deficient cell lines." Mutat Res 198(2): 327-35.


We have utilized an in vivo drug metabolism technique (i.e. injecting the chemical into rat and isolating plasma with metabolites from blood) for detecting the genotoxicity of indirectly acting cyclophosphamide and its directly acting metabolite phosphoramide mustard in cultures of human peripheral blood lymphocytes of normal individuals, Fanconi's anaemia (FA) and aplastic anaemia (AA) patients, wild-type Chinese hamster ovary cells (CHO) and its DNA repair-deficient mutant 43-3B cells. In addition, the influence of dietary carrot on the clastogenic activity of these 2 chemicals in all the different cell types was studied. The genotoxicity was assessed by the ability of the metabolites of these agents to induce sister-chromatid exchanges in the treated cells. A dose-dependent increase in the frequencies of sister-chromatid exchanges was observed in all cell strains following treatment with activated metabolites of cyclophosphamide or phosphoramide mustard. The sensitivity of lymphocytes from normal donors, FA and AA patients to these 2 chemicals was similar. In CHO cell lines the induced frequency of sister-chromatid exchanges was slightly higher after treatment with the metabolites of cyclophosphamide than with phosphoramide mustard. The mutant 43-3B cells responded with higher frequencies of SCEs when compared to the wild-type CHO cells, about 1.5-2-fold, at low doses. Pretreating of rats with fresh carrot juice effectively inhibited the increase in the frequencies of sister-chromatid exchanges induced by cyclophosphamide in wild-type and mutant CHO cells (P less than 0.01), and to a lesser extent in human lymphocytes (p less than 0.05). In contrast, no inhibitory effect was observed in any of these cell types in combination of dietary carrot for direct acting phosphoramide mustard on the frequency of induced sister-chromatid exchanges. The possibility that dietary carrot exerts its antimutagenic effect by affecting the processes of enzymatic activation of cyclophosphamide is discussed.
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4 FA & Endocrine

Sherafat-Kazemzadeh, R., S. N. Mehta, et al. (2007). "Small pituitary size in children with Fanconi anemia." Pediatr Blood Cancer 49(2): 166-70.


BACKGROUND: Fanconi anemia (FA) is a genetic disorder associated with multiple congenital anomalies, bone marrow failure, and pituitary hypofunction including hypogonadism, thyroid dysfunction, and growth hormone (GH) deficiency. PROCEDURE: Among 44 patients with FA referred to Cincinnati Children's Hospital Medical Center (CCHMC) between 1975 and 2005, 33 had neuroimaging studies, including 11 cranial magnetic resonance imaging (MRIs). Two separate measurements per patient from these MRIs were used to evaluate pituitary height compared to on-site control data of similar measurements of cranial MRIs on 22 age and gender-matched children without any pathology involving the hypothalamic-pituitary system. Growth pattern and endocrine studies were reviewed to assess potential correlation with pituitary size. RESULTS: When compared to the age-gender matched on-site control sample, the mean pituitary height of FA patients was significantly smaller (P < 0.0001; mean +/- SE from mixed effects model with age and gender as covariates: 3.96 +/- 0.32 vs. 5.76 +/- 0.24). Upon further adjusting for the effect of the small head size by including bi-parietal diameter (BPD) as a covariate, the difference remained statistically significant (P = 0.0013). Findings on the growth pattern and endocrinological measurements are as follows: 50% of patients with small pituitary gland were short. GH and adrenal function tests were normal in all tested patients. Thyroid, pubertal status, and glucose regulation were abnormal in 30, 50, and 75% of patients tested. CONCLUSIONS: Children with FA tend to have unsuspected small pituitary glands beyond what is expected from the effects of their stunted growth. Further studies are required to reveal the clinical implications of this finding.
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Lamine, F., Z. Turki, et al. (2007). "Growth hormone deficiency and pituitary stalk interruption in Fanconi anemia." Ann Endocrinol (Paris).


Fanconi anemia is a rare disorder inherited by recessive autosomic transmission belonging to the group of chromosomal instability syndromes. It is characterized by progressively developing medullary aplasia, various congenital malformations and especially a high risk of cancer, particularly acute myeloblastic leukemia and certain solid tumors. The association is quite common in patients with endocrine disease which constitutes an additional factor of morbidity and must be diagnosed and treated. We report a case of Fanconi anemia revealed by severe delay in statural growth and primary amenorrhea with a 21-year-old girl. The diagnosis was suggested by asymptomatic pancytopenia caused by a medullary hypoplasia and confirmed by a cytogenetic investigation using cross-linking agents that showed a large number of chromosomal breaks. Hormonal exploration revealed hypopituitarism with complete growth hormone (GH) deficiency and hypogonadotrophic hypogonadism caused by interruption of the pituitary stalk. The aim of this case report is to illustrate the importance of early exploration of retarded growth which, in some patients, can reveal potentially serious, and treatable, disease.
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Giri, N., D. L. Batista, et al. (2007). "Endocrine abnormalities in patients with Fanconi anemia." J Clin Endocrinol Metab 92(7): 2624-31.


BACKGROUND: Fanconi anemia (FA) is an inherited disorder with chromosomal instability, bone marrow failure, developmental defects, and a predisposition to cancer. Systematic and comprehensive endocrine function data in FA are limited. OBJECTIVE: We studied a cohort of FA patients enrolled in the National Cancer Institute's Inherited Bone Marrow Failure Syndrome study. STUDY DESIGN AND PATIENTS: Retrospective review of the medical records of 45 FA patients (ages 2-49 yr), 23 of whom were intensively evaluated at the National Institutes of Health. Anthropometric measurements, GH, IGF-I, IGF binding protein-3, thyroid, gonadal hormone, lipid levels, glucose homeostasis, brain imaging, and bone mineral density were obtained in these latter patients. RESULTS: Endocrine abnormalities were present in 73%, including short stature and/or GH deficiency (51%), hypothyroidism (37%), midline brain abnormalities (17%) (these patients had very short stature and 60% were GH-deficient); abnormal glucose/insulin metabolism (39%); obesity (27%); dyslipidemia (55%); and metabolic syndrome (21%). Patients with any endocrine abnormality were shorter than those without; only GH deficiency correlated significantly with short stature (P = 0.01). In addition, 65% of peripubertal or postpubertal patients had gonadal dysfunction. Ninety-two percent of the patients 18 yr or older had osteopenia or osteoporosis. CONCLUSIONS: Endocrine dysfunction is widespread in children and adults with FA; we expand the FA phenotype to include early onset osteopenia/osteoporosis and lipid abnormalities. Despite the reputation of FA as a progressive, lethal disease, proper management of the full spectrum of FA-related endocrinopathy offers major opportunities to reduce morbidity and improve quality of life. Our findings emphasize the need for comprehensive endocrine and metabolic evaluation and long-term follow-up in patients with FA.
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Shalitin, S., M. Phillip, et al. (2006). "Endocrine dysfunction and parameters of the metabolic syndrome after bone marrow transplantation during childhood and adolescence." Bone Marrow Transplant 37(12): 1109-17.


Endocrine dysfunction and parameters of metabolic syndrome were assessed in 91 patients aged 4.3-32.5 years who underwent allogeneic or autologous BMT in childhood. Final short stature, found in five of the 35 patients who attained final height, was associated with the underlying disease (specifically, Fanconi anemia) (P=0.0013), previous cranial irradiation (P=0.0007), type of conditioning irradiation (P<0.05) and allogeneic BMT (P=0.05). Growth hormone deficiency (n=10) was associated with previous cranial irradiation (P<0.005) and conditioning total body irradiation (P<0.001). Twelve patients had primary hypothyroidism, one had hyperthyroidism and one papillary thyroid carcinoma. Hypothyroidism was associated with neck/mediastinal (P<0.005) and conditioning irradiation (P<0.05). Primary gonadal failure was found in 24 of the mature patients (62.5% females). Hypogonadism was associated with the underlying disease (especially hematological malignancies) (P<0.05), pretransplant treatment (P<0.05), irradiation conditioning (P<0.001), older age (P<0.005) and advanced pubertal stage at BMT (P<0.05). Obesity (body mass index >2 s.d.) was found in 4.4% and type II diabetes and impaired glucose tolerance in 3.3% each. Dyslipidemia was found in 27.9% of the 43 patients tested. These findings emphasize the need for long-term follow-up of endocrine and metabolic parameters in young patients after BMT in order to offer proper treatment and improve quality of life.
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Larder, R., D. Karali, et al. (2006). "Fanconi anemia A is a nucleocytoplasmic shuttling molecule required for gonadotropin-releasing hormone (GnRH) transduction of the GnRH receptor." Endocrinology 147(12): 5676-89.


GnRH binds its cognate G protein-coupled GnRH receptor (GnRHR) located on pituitary gonadotropes and drives expression of gonadotropin hormones. There are two gonadotropin hormones, comprised of a common alpha- and hormone-specific beta-subunit, which are required for gonadal function. Recently we identified that Fanconi anemia a (Fanca), a DNA damage repair gene, is differentially expressed within the LbetaT2 gonadotrope cell line in response to stimulation with GnRH. FANCA is mutated in more than 60% of cases of Fanconi anemia (FA), a rare genetically heterogeneous autosomal recessive disorder characterized by bone marrow failure, endocrine tissue cancer susceptibility, and infertility. Here we show that induction of FANCA protein is mediated by the GnRHR and that the protein constitutively adopts a nucleocytoplasmic intracellular distribution pattern. Using inhibitors to block nuclear import and export and a GnRHR antagonist, we demonstrated that GnRH induces nuclear accumulation of FANCA and green fluorescent protein (GFP)-FANCA before exporting back to the cytoplasm using the nuclear export receptor CRM1. Using FANCA point mutations that locate GFP-FANCA to the cytoplasm (H1110P) or functionally uncouple GFP-FANCA (Q1128E) from the wild-type nucleocytoplasmic distribution pattern, we demonstrated that wild-type FANCA was required for GnRH-induced activation of gonadotrope cell markers. Cotransfection of H1110P and Q1128E blocked GnRH activation of the alphaGsu and GnRHR but not the beta-subunit gene promoters. We conclude that nucleocytoplasmic shuttling of FANCA is required for GnRH transduction of the alphaGSU and GnRHR gene promoters and propose that FANCA functions as a GnRH-induced signal transducer.
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Wajnrajch, M. P. (2005). "Physiological and pathological growth hormone secretion." J Pediatr Endocrinol Metab 18(4): 325-38.


Growth hormone (GH) secretion is normally episodic, with discrete bursts of GH super-imposed on a minimal basal level of production. This pattern of GH production yields a dynamic state between a low baseline and intervening peaks, posing a challenge for the clinician attempting to understand the 'true GH status' in a specific patient. This pulsatile pattern is maintained throughout the day, but there are clear differences between different segments of the day, with approximately two-thirds of the total daily secretion produced at night. The dynamic nature of GH production has led many investigators to suggest that when evaluating short stature, parameters of spontaneous GH production be applied rather than the GH response to artificial stimulation. GH secretory patterns in healthy control populations are compared to those in patients with several conditions seen by the pediatric endocrinologist (classical GH deficiency, GH neurosecretory dysfunction, acute lymphoblastic leukemia, hypothyroidism, small for gestational age, Russell-Silver syndrome, constitutional delay of growth and puberty and Fanconi's anemia) and variables used for analysis of these patterns are described. Inferences made from comprehensive evaluations of the GH axis in Fanconi's anemia provide unique insight into general GH pathophysiology.
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Massa, G. G., C. Heinrichs, et al. (2002). "Hypergonadotropic hypogonadism in a boy with Fanconi anemia with growth hormone deficiency and pituitary stalk interruption." J Pediatr 140(2): 277.
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Wajnrajch, M. P., J. M. Gertner, et al. (2001). "Evaluation of growth and hormonal status in patients referred to the International Fanconi Anemia Registry." Pediatrics 107(4): 744-54.


OBJECTIVES: 1) To determine the extent of short stature in patients with Fanconi anemia (FA); 2) to determine the extent and nature of endocrinopathy in FA; 3) to assess the impact on height of any endocrinopathies in these patients; and 4) to study the correlation, if any, between height, endocrinopathy, and FA complementation group. STUDY DESIGN: Fifty-four patients with FA, 30 males and 24 females from 47 unrelated families, were prospectively evaluated in a Pediatric Clinical Research Center. The patients ranged in age from 0.1-31.9 years, with the mean age at assessment 8.6 years. RESULTS: Endocrine abnormalities were found in 44 of the 54 FA patients tested (81%), including short stature, growth hormone (GH) insufficiency, hypothyroidism, glucose intolerance, hyperinsulinism, and/or overt diabetes mellitus. Twenty-one of 48 (44%) participants had a subnormal response to GH stimulation; 19 of 53 (36%) had overt or compensated hypothyroidism, while 8 of 40 participants had reduced thyroid-hormone binding. Two patients were diabetic at the time of study; impaired glucose tolerance was found in 8 of 40 patients (25%), but most surprisingly, hyperinsulinemia was present in 28 of 39 (72%) participants tested. Significantly, spontaneous overnight GH secretion was abnormal in all patients tested (n = 13). In addition, participants demonstrated a tendency toward primary hypothyroidism with serum tetraiodothyronine levels at the lower range of normal, while also having thyrotropin (thyroid-stimulating hormone) levels at the high end of normal. Sixteen patients were assigned to FA complementation group A, (FA-A), 12 to FA-C, and 5 to FA-G; 10 of the 12 participants in FA-C were homozygous for a mutation in the intron-4 donor splice site of the FANCC gene. Patients in groups FA-A and FA-G were relatively taller than the group as a whole (but still below the mean for the general population), whereas those in FA-C had a significantly reduced height for age. GH response to stimulation testing was most consistently normal in participants from FA-G, but this did not reach statistical significance. The tendency toward hypothyroidism was more pronounced in participants belonging to complementation groups FA-C and FA-G, whereas insulin resistance was most evident in patients in FA-G, and least evident in those in FA-C. Short stature was a very common finding among the patients with a mean height >2 standard deviations below the reference mean (standard deviation score: -2.35 +/- 0.28). Patients with subnormal GH response and those with overt or compensated hypothyroidism were shorter than the group with no endocrinopathies. The heights of those participants with glucose or insulin abnormalities were less severely affected than those of normoglycemic, normoinsulinemic participants, although all were significantly below the normal mean. The mean height standard deviation score of patients with entirely normal endocrine function was also >2 standard deviations below the normal mean, demonstrating that short stature is an inherent feature of FA. CONCLUSION: Endocrinopathies are a common feature of FA, primarily manifesting as glucose/insulin abnormalities, GH insufficiency, and hypothyroidism. Although short stature is a well-recognized feature of FA, 23 patients (43%) were within 2 standard deviations, and 5 of these (9% of the total) were actually above the mean for height for the general population. Those patients with endocrine dysfunction are more likely to have short stature. These data indicate that short stature is an integral feature of FA, but that superimposed endocrinopathies further impact on growth. The demonstration of abnormal endogenous GH secretion may demonstrate an underlying hypothalamic-pituitary dysfunction that results in poor growth.
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Dupuis-Girod, S., E. Gluckman, et al. (2001). "Growth hormone deficiency caused by pituitary stalk interruption in Fanconi's anemia." J Pediatr 138(1): 129-33.


Fanconi's anemia can be associated with growth retardation. We describe biologic growth hormone deficiency, isolated or associated with thyrotropin abnormality, and pituitary stalk interruption syndrome on magnetic resonance imaging of 5 patients with Fanconi's anemia. Growth hormone treatment produced catch-up growth in all cases. These findings suggest a common genetic origin.
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Schoof, E., J. D. Beck, et al. (2000). "Growth hormone deficiency in one of two siblings with Fanconi's anaemia complementation group FA-D." Growth Horm IGF Res 10(5): 290-4.


Fanconi's anaemia (FA) shows great variability in phenotypic symptoms. We report on two FA siblings of German ancestry with the very rare form of the complementation group FA-D. Both presented with a similar phenotype and mild disease severity but with different growth. In the sister, growth velocity was normal, puberty and menarche occurred spontaneously. Her final height was within her parental target height. The younger brother had a reduced growth velocity, height SDS values below -5.5 SDS, a markedly retarded bone age, and delayed puberty. At the age of 12.9 years, growth hormone deficiency (GHD) was diagnosed and treatment with growth hormone was initiated. Our cases emphasize the heterogeneity of symptoms in FA even in siblings with the same genotype. In FA-children with severe growth retardation, GHD must also be considered.
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Butturini, A., S. Bernasconi, et al. (1994). "Short stature, Fanconi's anaemia, and risk of leukaemia after growth hormone therapy." Lancet 343(8912): 1576.
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Watanabe, S., S. Mizuno, et al. (1993). "Leukemia and other malignancies among GH users." J Pediatr Endocrinol 6(1): 99-108.


The number of reported cases of leukemia developing in growth hormone (GH) users worldwide has reached 31. Twelve Japanese cases are briefly reviewed; five each of AML and ALL, and one each of CML and malignant histiocytosis. The underlying diseases of these patients consisted of 8 idiopathic disease, 3 tumors and one Fanconi's anemia. Leukemia occurred during GH treatment in 9 cases and after cessation of GH in 3. The longest interval from the cessation of GH therapy was 10 years. GH administration from a younger age tended to be linked to myeloid type. Risk factors and possible mechanisms of leukemogenesis by growth hormone are discussed, and proposals for the future have been made by the Foundation for Growth Science in Japan.
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Stahnke, N. (1992). "Leukemia in growth-hormone-treated patients: an update, 1992." Horm Res 38 Suppl 1: 56-62.


Since 1988 the number of growth hormone (GH)-treated patients has markedly increased worldwide. To date, leukemia has been observed in 31 patients during or following GH therapy and related malignancies in 2 further patients. Leukemia occurred in 10 patients in Japan, 10 in the USA, and 10 in Europe, and in 1 patient in Canada. In 29 patients GH therapy had been started in 1975 or later. The onset of leukemia was 1984 or later in 28 patients with a mean time between the start of GH therapy and leukemia onset of 5.0 (0.2-18.8) years. Patients had received both pituitary and recombinant GH in moderate doses. In 15 patients definite additional leukemia risk was evident: Fanconi anemia in 2, myelodysplastic syndrome in 1, Bloom's syndrome in 1, radiation for brain tumor (+chemotherapy) in 9, chemotherapy in 2. The leukemic patients without a strong additional risk do not represent a definitely higher leukemia incidence worldwide, except for Japan where the occurrence is higher than expected.
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Shinohara, O., S. Kato, et al. (1991). "Growth after bone marrow transplantation in children." Am J Pediatr Hematol Oncol 13(3): 263-8.


Growth of the patients with hematological malignancies, aplastic anemia, Fanconi's anemia, and Wiscott-Aldrich syndrome who had been treated with bone marrow transplantation (BMT) was studied. Fourteen out of 21 patients showed suppression of linear growth after BMT. Recovery of the growth velocity after 1-2 years tended to occur if BMT was performed at younger age. Six of eight patients with chronic graft-versus-host-disease (CGVHD) had impaired growth after BMT, whereas eight of 13 (61%) without CGVHD did. Provocative tests for growth hormone (GH) performed 5-72 months after BMT revealed three boys who showed poor response to more than two different stimuli. Two of these three boys had prolonged suppression of growth. Neither the age at BMT, difference in disease, nor presence of posttransplant growth retardation gave significant difference in the response of GH to provocative tests. It was concluded that approximately two-thirds of marrow-grafted children experienced transient decrease in growth velocity after BMT.
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Wada, E., M. Murata, et al. (1989). "Acute lymphoblastic leukemia following treatment with human growth hormone in a boy with possible preanemic Fanconi's anemia." Jpn J Clin Oncol 19(1): 36-9.


The patient had a low birth weight and was born with appearance anomalies including microcephalus, microphthalmia, hypoplastic mandible, double chin due to cutaneous fold, micropenis. Ability to move and intelligence appeared to develop normally, but growth was markedly retarded. In June 1982, at the age of 2 yr 4 mo, the patient underwent tolerance tests whereby a deficiency of human growth hormone (GH) was proved by poor GH secretion response. GH was administered until April 1985 when acute lymphoblastic leukemia developed. The patient's younger brother, born in 1986, had similar birth anomalies and was diagnosed as having Fanconi's anemia. It therefore seems possible that our patient developed his acute leukemia through the stimulatory effect which GH had on a predisposition to leukemia.
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Berkovitz, G. D., W. H. Zinkham, et al. (1984). "Gonadal function in two siblings with Fanconi's anemia." Horm Res 19(3): 137-41.


2 siblings with Fanconi's anemia, 1 male and 1 female, aged 22 and 24 years, respectively, were evaluated at the Johns Hopkins Hospital because of short stature and hypogonadism. Plasma levels of somatomedin-C were normal in both patients, suggesting that the production of biologically active growth hormone was normal in these subjects. In addition, measurements of serum gonadotropins and plasma androgens in our patients, along with data accumulated from previous studies in the literature, show that abnormal sexual development in patients with Fanconi's anemia is due to hypergonadotropic hypogonadism.
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Nordan, U. Z., J. R. Humbert, et al. (1979). "Fanconi's anemia with growth hormone deficiency." Am J Dis Child 133(3): 291-3.


The association of Fanconi's anemia (FA) and growth hormone (-gh) deficiency is not commonly reported. These children may have the typical features of the FA syndrome, or may exhibit much variability in clinical and hematological findings. In a single family, members may have FA with or without GH deficiency. The genetic basis for this heterogeneity is unknown. We describe here two siblings with FA, one of whom had dwarfism due to GH deficiency. Combined treatment with GH and androgen (oxymetholone) resulted in strikingly greater acceleration of growth than did the use of GH alone. Pancytopenia was not influenced by hormone therapy.
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Aynsley-Green, A., M. Zachmann, et al. (1978). "Endocrine studies in Fanconi's anaemia. Report of 4 cases." Arch Dis Child 53(2): 126-31.


Four boys with Fanconi's anaemia and growth hormone (GH) deficiency are reported. Case 1 had isolated GH deficiency and responded to HGH and to oxandrolone treatment. Case 2, his brother, had milder haematological and dysmorphic manifestations and maintained a low-normal growth rate without treatment in spite of laboratory evidence of GH deficiency. Case 3 had multiple hypothalamopituitary defects, including deficiencies of GH, ACTH, and gonadotrophins. Case 4 had isolated GH deficiency and responded moderately well to HGH treatment. 3 of the 4 patients had bilateral cryptorchidism, 2 with increased plasma gonadotrophins, indicating primary testicular failure. We conclude that GH deficiency, isolated or combined with other hypothalamopituitary defects, and primary testicular failure with cryptorchidism are frequent but not constant features of Fanconi's anaemia.
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Gleadhill, V., J. M. Bridges, et al. (1975). "Fanconi's aplastic anaemia with short stature. Absence of response to human growth hormone." Arch Dis Child 50(4): 318-20.


A patient with idiopathic marrow hypoplasia associated with short stature and other anomalies (Fanconi's anaemia) is described: treatment with human growth hormone for one year did not accelerate his growth rate or significantly affect his anaemia: androgen treatment considerably improved both features. Endocrine studies suggest that though he had poor and insufficient production of endogenous growth hormone to insulin-induced hypoglycaemia, the major defect in this syndrome is determined more at the end-organ than at the pituitary or gonadal level.
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Santos, F., S. H. Selesnick, et al. (2002). "Otologic manifestations of Fanconi anemia." Otol Neurotol 23(6): 873-5.


OBJECTIVES: To identify and define the otologic manifestations in patients with Fanconi anemia. DESIGN: Retrospective case series. SETTING: Tertiary referral center. PATIENTS: Sixty-nine patients in all age groups who received a diagnosis of Fanconi anemia with or without otologic presentation. METHODS: Medical records, audiograms, and tympanograms of all patients were reviewed. Data were analyzed and compared with the literature. RESULTS: Of 69 patients with Fanconi anemia, many had morphologic anomalies affecting the structures of the ear and the head and neck. Conductive hearing loss, external auditory canal stenosis, and auricular malformation were among the most common. CONCLUSIONS: Fanconi anemia is a clinically heterogenous disorder. Conductive hearing loss, external auditory canal stenosis, and auricular malformations are the most common otologic presentations but are not present in the majority of patients.
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Santos, F., S. H. Selesnick, et al. (2002). "Otologic manifestations of Fanconi anemia." Otol Neurotol 23(6): 873-5.


OBJECTIVES: To identify and define the otologic manifestations in patients with Fanconi anemia. DESIGN: Retrospective case series. SETTING: Tertiary referral center. PATIENTS: Sixty-nine patients in all age groups who received a diagnosis of Fanconi anemia with or without otologic presentation. METHODS: Medical records, audiograms, and tympanograms of all patients were reviewed. Data were analyzed and compared with the literature. RESULTS: Of 69 patients with Fanconi anemia, many had morphologic anomalies affecting the structures of the ear and the head and neck. Conductive hearing loss, external auditory canal stenosis, and auricular malformation were among the most common. CONCLUSIONS: Fanconi anemia is a clinically heterogenous disorder. Conductive hearing loss, external auditory canal stenosis, and auricular malformations are the most common otologic presentations but are not present in the majority of patients.
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Wang, W. (2007). "Emergence of a DNA-damage response network consisting of Fanconi anaemia and BRCA proteins." Nat Rev Genet 8(10): 735-48.


Fanconi anaemia (FA) has recently become an attractive model to study breast cancer susceptibility (BRCA) genes, as three FA genes, FANCD1, FANCN and FANCJ, are identical to the BRCA genes BRCA2, PALB2 and BRIP1. Increasing evidence shows that FA proteins function as signal transducers and DNA-processing molecules in a DNA-damage response network. This network consists of many proteins that maintain genome integrity, including ataxia telangiectasia and Rad3 related protein (ATR), Bloom syndrome protein (BLM), and BRCA1. Now that the gene that is defective in the thirteenth and last assigned FA complementation group (FANCI) has been identified, I discuss what is known about FA proteins and their interactive network, and what remains to be discovered.
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Tischkowitz, M. and I. Dokal (2004). "Fanconi anaemia and leukaemia - clinical and molecular aspects." Br J Haematol 126(2): 176-91.


Fanconi anaemia (FA) is an autosomal recessive chromosomal instability disorder, which is characterized by congenital abnormalities, defective haemopoiesis and a high risk of developing acute myeloid leukaemia and certain solid tumours. It can be caused by mutations in at least eight different genes. Molecular studies have established that a common pathway exists, both between the FA proteins and other proteins involved in DNA damage repair such as NBS1, ATM, BRCA1 and BRCA2. This review summarizes the general clinical and specific haematological features and the current management of FA. Recent molecular advances will also be discussed in the context of the cellular and clinical FA phenotype, with particular emphasis on the haematological aspects of the condition.
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Akkari, Y. and S. Olson (2004). "Fanconi Anemia: A Decade of Discoveries." J Assoc Genet Technol 30(2): 48-53.


In 1967, Guido Fanconi, a Swiss pediatrician, described Fanconi anemia (FA) in two siblings with similar physical anom-alies and bone marrow failure.1 A few years earlier, Schroeder and colleagues had described an increase in spontaneous chromosome breaks in blood samples from patients afflicted with what was then called familial panmyelopathy,2 now known to have been FA. Since then, the field of FA research has undergone an amazing revolution, especially in the last decade. Because of its relation-ship to DNA repair and association with a susceptibility to neo-plastic transformation, FA has gained much attention, particularly following the elucidation of some of the genes that are mutated in FA patients. In 2002, the discovery of a connection between FA, breast cancer, and other well-known DNA repair diseases sparked numerous publications on the subject. In this review, we discuss the clinical and genetic aspects of FA.
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Tischkowitz, M. D. and S. V. Hodgson (2003). "Fanconi anaemia." J Med Genet 40(1): 1-10.


Fanconi anaemia (FA) is an autosomal recessive disease characterised by congenital abnormalities, defective haemopoiesis, and a high risk of developing acute myeloid leukaemia and certain solid tumours. Chromosomal instability, especially on exposure to alkylating agents, may be shown in affected subjects and is the basis for a diagnostic test. FA can be caused by mutations in at least seven different genes. Interaction pathways have been established, both between the FA proteins and other proteins involved in DNA damage repair, such as ATM, BRCA1 and BRCA2, thereby providing a link with other disorders in which defective DNA damage repair is a feature. This review summarises the clinical features of FA and the natural history of the disease, discusses diagnosis and management, and puts the recent molecular advances into the context of the cellular and clinical FA phenotype.
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Kutler, D. I., B. Singh, et al. (2003). "A 20-year perspective on the International Fanconi Anemia Registry (IFAR)." Blood 101(4): 1249-56.


Fanconi anemia (FA) is an autosomal recessive disorder characterized by cellular hypersensitivity to DNA cross-linking agents and cancer predisposition. Recent evidence for the interactions of ataxia-telangiectasia mutated protein ATM and breast cancer susceptibility proteins BRCA1 and BRCA2 (identified as FANCD1) with other known FA proteins suggests that FA proteins have a significant role in DNA repair/recombination and cell cycle control. The International Fanconi Anemia Registry (IFAR), a prospectively collected database of FA patients, allows us the unique opportunity to analyze the natural history of this rare, clinically heterogeneous disorder in a large number of patients. Of the 754 subjects in this study, 601 (80%) experienced the onset of bone marrow failure (BMF), and 173 (23%) had a total of 199 neoplasms. Of these neoplasms, 120 (60%) were hematologic and 79 (40%) were nonhematologic. The risk of developing BMF and hematologic and nonhematologic neoplasms increased with advancing age with a 90%, 33%, and 28% cumulative incidence, respectively, by 40 years of age. Univariate analysis revealed a significantly earlier onset of BMF and poorer survival for complementation group C compared with groups A and G; however, there was no significant difference in the time to hematologic or nonhematologic neoplasm development between these groups. Multivariate analysis of overall survival time shows that FANCC mutations (P =.007) and hematopoietic stem cell transplantation (P = <.0001) define a poor-risk subgroup. The results of this study of patients registered in the IFAR over a 20-year period provide information that will enable better prediction of outcome and aid clinicians with decisions regarding major therapeutic modalities.
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Tumorigenesis can be viewed as an imbalance between the mechanisms of cell-cycle control and mutation rates within the genes. Genomic instability is broadly classified into microsatellite instability (MIN) associated with mutator phenotype, and chromosome instability (CIN) recognized by gross chromosomal abnormalities. Three intracellular mechanisms are involved in DNA damage repair that leads to mutator phenotype. They include the nucleotide excision repair (NER), base excision repair (BER) and mismatch repair (MMR). The CIN pathway is typically associated with the accumulation of mutations in tumor suppressor genes and oncogenes. Defects in DNA MMR and CIN pathways are responsible for a variety of hereditary cancer predisposition syndromes including hereditary non-polyposis colorectal carcinoma (HNPCC), Bloom syndrome, ataxia-telangiectasia, and Fanconi anaemia. While there are many genetic contributors to CIN and MIN, there are also epigenetic factors that have emerged to be equally damaging to cell-cycle control. Hypermethylation of tumor suppressor and DNA MMR gene promoter regions, is an epigenetic mechanism of gene silencing that contributes to tumorigenesis. Telomere shortening has been shown to increase genetic instability and tumor formation in mice, underscoring the importance of telomere length and telomerase activity in maintaining genomic integrity. Mouse models have provided important insights for discovering critical pathways in the progression to cancer, as well as to elucidate cross talk among different pathways. This review examines various molecular mechanisms of genomic instability and their relevance to cancer.
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Alter, B. P. (2003). "Cancer in Fanconi anemia, 1927-2001." Cancer 97(2): 425-40.


BACKGROUND: Fanconi anemia (FA) is an autosomal recessive disease associated with an abnormal response to DNA damage. Although FA is well known for the association of aplastic anemia and characteristic birth defects, leukemia and solid tumors also occur at a high rate in this group of patients. A review of all reported cases is informative with regard to the specific types of cancer, the ages at which they occur, and the cumulative probability of their development. METHODS: Medline and bibliographies of publications were searched for articles containing "Fanconi's anemia" or "aplastic anemia" and all cases of FA from 1927 through 2001 were included in the database. Cancer cases were identified within these reports. Descriptive statistical analyses were performed using Stata7 software. RESULTS: One thousand three hundred cases of FA were identified. Nine percent had leukemia (primarily acute myeloid leukemia), 7% had myelodysplastic syndrome, 5% had solid tumors, and 3% had liver tumors. Patients with cancer were older than the cancer-free patients at the time of diagnosis of FA. The median age for cancer (including leukemia) was 16, compared with 68 in the general population. The most frequent solid tumors were aerodigestive and gynecological carcinomas. In approximately 25% of patients with cancer, the malignancy preceded the diagnosis of FA. CONCLUSIONS: If the competing risks of aplastic anemia and leukemia could be removed, the estimated cumulative probability of development of a solid tumor in FA patients is 76% by the age of 45 years. Carcinogenic pathways and cancer prevention, surveillance, and treatment can be studied to advantage in this genetic model of human cancer.
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We review the genes and proteins related to the homologous recombinational repair (HRR) pathway that are implicated in cancer through either genetic disorders that predispose to cancer through chromosome instability or the occurrence of somatic mutations that contribute to carcinogenesis. Ataxia telangiectasia (AT), Nijmegen breakage syndrome (NBS), and an ataxia-like disorder (ATLD), are chromosome instability disorders that are defective in the ataxia telangiectasia mutated (ATM), NBS, and Mre11 genes, respectively. These genes are critical in maintaining cellular resistance to ionizing radiation (IR), which kills largely by the production of double-strand breaks (DSBs). Bloom syndrome involves a defect in the BLM helicase, which seems to play a role in restarting DNA replication forks that are blocked at lesions, thereby promoting chromosome stability. The Werner syndrome gene (WRN) helicase, another member of the RecQ family like BLM, has very recently been found to help mediate homologous recombination. Fanconi anemia (FA) is a genetically complex chromosomal instability disorder involving seven or more genes, one of which is BRCA2. FA may be at least partially caused by the aberrant production of reactive oxidative species. The breast cancer-associated BRCA1 and BRCA2 proteins are strongly implicated in HRR; BRCA2 associates with Rad51 and appears to regulate its activity. We discuss in detail the phenotypes of the various mutant cell lines and the signaling pathways mediated by the ATM kinase. ATM's phosphorylation targets can be grouped into oxidative stress-mediated transcriptional changes, cell cycle checkpoints, and recombinational repair. We present the DNA damage response pathways by using the DSB as the prototype lesion, whose incorrect repair can initiate and augment karyotypic abnormalities.
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There exist numerous genetic disorders, marked by chromosome instability, that are strikingly associated with various cancers. Both the chromosomal instabilities and neoplastic outcomes are related to abnormalities of DNA metabolism, DNA repair, cell-cycle governance, or control of apoptosis. Among these diseases are ataxia telangectasia and Nijmegen breakage syndrome, with increased incidences of lymphomas. Bloom syndrome, Werner syndrome, and Rothmund-Thompson syndrome, each characterized by a DNA helicase defect, are associated with early incidences of different cancers. Other diseases combining the phenotype of chromosomal instabilities and neoplastic development are Fanconi anemia and breast cancers associated with mutant BRCA1 and BRCA2 genes. The cloning of the encoding genes and the characterization of their products have resulted in partial understanding of the pathways of cellular DNA surveillance and maintenance of genomic rectitude. The exact pathways fully linking the genetic defect mechanisms to the eventual development of various neoplasias remain to be elucidated, but progress in defining the molecular genetics of these entities suggests that many of them are disorders of DNA recombination. Each defect involves a separate protein in these complex pathways.
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Vlachos, A., G. W. Klein, et al. (2001). "The Diamond Blackfan Anemia Registry: tool for investigating the epidemiology and biology of Diamond-Blackfan anemia." J Pediatr Hematol Oncol 23(6): 377-82.


Diamond-Blackfan anemia (DBA) is a heterogeneous genetic disorder characterized by red cell aplasia and congenital anomalies. One of what appears to be multiple DBA genes has been cloned. Affected individuals in the same family may vary dramatically as to the degree of anemia, response to corticosteroids, and the presence of congenital anomalies. The epidemiology of DBA has been gleaned largely from literature reviews. This approach is limited because of the two-fold disadvantage of the reporting bias inherent in the literature and the lack of an active patient database. The Diamond Blackfan Anemia Registry of North America (DBAR) is designed to overcome these disadvantages to study the epidemiology and biology of DBA. The DBAR is a comprehensive database of patients with DBA who are enrolled after informed consent is obtained. Identification of patients is made through outreach to pediatric and adult hematologists and the Diamond Blackfan Anemia Foundation. The patients and/or their families complete a detailed questionnaire. A review of medical records and telephone interviews are performed to complete and clarify the information provided. To date, 354 patients have been enrolled in the DBAR. Using this database, important epidemiologic, clinical, and laboratory observations have been made with regard to the clinical presentation, the inheritance of DBA, the genetics of congenital malformations, the therapeutic outcome, including the efficacy of hematopoietic stem cell transplantation, and the recognition of DBA as a cancer predisposition syndrome. In particular, the database is an essential substrate for DBA gene discovery.
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Frikha, M., S. Mseddi, et al. (1998). "[Fanconi disease: study of 43 cases in southern Tunisia]." Arch Pediatr 5(11): 1200-5.


BACKGROUND: To report the epidemiologic, clinical, biological features and course of Fanconi's anemia in southern Tunisia. PATIENTS AND METHODS: During a period of 12 years we observed 43 cases. For each patient, careful clinical, biological (hemogram, myelogram, bone marrow biopsy, hemoglobin electrophoresis, karyotype) and radiological (skeleton X-rays, abdominal echography and intravenous urography) examinations were performed. All the patients who were at a pancytopenia stage were given androgens. None had a bone marrow allograft. RESULTS: There were 24 girls and 19 boys. The mean age at diagnosis was 10 years and 9 months. The familial character was present in 53% of the cases. The most frequent initial complaint was anemic syndrome (69%). In ten cases (24%), the diagnosis has been established during a familial investigation. Malformations were present in all cases (abnormal pigmentation: 86%; skeletal maturation retardation: 83%; facial dysmorphy: 76%; statural hypotrophy: 65%; bone abnormalities: 53%; renal malformations: 44%). Anemia was present in 88% of the cases, thrombocytopenia and neutropenia in all cases. Bone marrow was hypoplastic or aplastic in all cases on biopsies. Spontaneous chromosomal breaks were found in 79% of the studied cases. Fetal hemoglobin was increased in 80% of the studied cases with a mean level of 20.5%. Actuarial survival rate at 5 years was 48%, but long survival durations were rare (eight out of 43 patients). DISCUSSION: This disease, rare in the world, seems to be frequent in southern Tunisia. A normal karyotype (with classical techniques), found in five patients, could not discard the diagnosis; for this reason, the use of sensitizing agents should improve the sensitivity of the test. Besides, an increased level of fetal hemoglobin enabled us to suggest the diagnosis in some cases. Androgenotherapy increased the survival duration to more than 5 years in eight patients. However, bone marrow allograft remains the only possibility of cure.
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Butturini, A., R. P. Gale, et al. (1994). "Hematologic abnormalities in Fanconi anemia: an International Fanconi Anemia Registry study." Blood 84(5): 1650-5.


We analyzed data from 388 subjects with Fanconi anemia reported to the International Fanconi Anemia Registry (IFAR). Of those, 332 developed hematologic abnormalities at a median age of 7 years (range, birth to 31 years). Actuarial risk of developing hematopoietic abnormalities was 98% (95% confidence interval, 93% to 99%) by 40 years of age. Common hematologic abnormalities were thrombocytopenia and pancytopenia. These were often associated with decreased bone marrow (BM) cellularity (75% of cases studied). Clonal cytogenetic abnormalities developed in 23 of 68 persons with BM failure who had adequate studies. Actuarial risk of clonal cytogenetic abnormalities during BM failure was 67% (47% to 87%) by 30 years of age. Fifty-nine subjects developed myelodysplastic syndrome (MDS) or acute myelogenous leukemia (AML). Actuarial risk of MDS or AML was 52% (37% to 67%) by 40 years of age. Risk was higher in persons with than in those without a prior clonal cytogenetic abnormality (3% [0% to 9%] v 35% [0% to 79%]; P = .006). One hundred twenty persons died of hematologic causes including BM failure, MDS or AML and treatment related complications. Actuarial risk of death from hematologic causes was 81% (67% to 90%) by 40 years of age.
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Giampietro, P. F., B. Adler-Brecher, et al. (1993). "The need for more accurate and timely diagnosis in Fanconi anemia: a report from the International Fanconi Anemia Registry." Pediatrics 91(6): 1116-20.


OBJECTIVE. The objective of this study was to address the need for early diagnosis of Fanconi anemia (FA), an autosomal recessive chromosomal instability syndrome characterized by a unique cellular hypersensitivity to DNA cross-linking agents, such as diepoxybutane, and by a high risk of malignancies. METHODS. We analyzed data from 370 FA patients enrolled in the American Registry of the International FA Registry. Of these individuals, 220 had congenital malformations; the rest were ascertained based on hematologic abnormalities only or on clinical evaluation and screening following the diagnosis of an affected family member. The probands noted to have congenital malformations at the time of diagnosis were classified into two groups on the basis of their clinical presentation: (1) patients manifesting both congenital malformations and hematologic abnormalities (159 individuals); (2) patients manifesting congenital malformations only (61 individuals). RESULTS. The mean age of diagnosis was 6.6 years and 1.1 years for Groups 1 and 2, respectively. Thus, the majority of FA patients with congenital malformations were not diagnosed until after the onset of hematologic abnormalities. We also report central nervous system, gastrointestinal, and skeletal malformations which previously have not been included as part of the FA phenotype. Our review of the patients enrolled in the International FA Registry indicates that the FA phenotype is more variable than recognized previously. CONCLUSIONS. Testing for sensitivity to diepoxybutane to rule out a diagnosis of FA needs to be applied more widely in patients with congenital malformations. All siblings of affected probands also should have testing, because a lack of concordance of phenotype in affected siblings makes clinical diagnosis unreliable even within sibships. A more timely diagnosis of FA in the preanemic phase is needed to implement appropriate therapy and to enable parents to make informed reproductive decisions.
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Rogers, P. C., F. Desai, et al. (1989). "Presentation and outcome of 25 cases of Fanconi's anemia." Am J Pediatr Hematol Oncol 11(2): 141-5.


Twenty-five children with Fanconi's anemia (FA) who attended the Paediatric Haematology Clinic of Red Cross Children's Hospital over the past 20 years were retrospectively reviewed. There was a female predominance with 17 girls and 8 boys in the group. The clinical features and laboratory data are enumerated. An unusually high prevalence of gastrointestinal anomalies (20%) was found. Seventeen children received an adequate trial of androgen therapy and in 12 the initial hemoglobin concentration increased by more than 2 g/dl or return to normal. Most patients subsequently required intermittent courses of androgens but three were able to stop treatment and maintain a normal hemoglobin concentration for from 3.5 to 20 years. Ten patients remain alive, of whom five had less severe hematological problems and did not require any treatment. The mean period of follow-up of the survivors is 8.7 years. Thirteen patients have died, with a mean time of 5.5 years from diagnosis to death. Of the deaths, two were due to malignant disease and one resulted from cerebral hemorrhage. The other 10 children died of confirmed or suspected infections. Treatment options of FA are discussed.
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Ameziane, N., A. Errami, et al. (2008). "Genetic subtyping of Fanconi anemia by comprehensive mutation screening." Hum Mutat 29(1): 159-66.


Fanconi anemia (FA) is a recessively inherited syndrome with predisposition to bone marrow failure and malignancies. Hypersensitivity to cross-linking agents is a cellular feature used to confirm the diagnosis. The mode of inheritance is autosomal recessive (12 subtypes) as well as X-linked (one subtype). Most genetic subtypes have initially been defined as "complementation groups" by cell fusion studies. Here we report a comprehensive genetic subtyping approach for FA that is primarily based on mutation screening, supplemented by protein expression analysis and by functional assays to test for pathogenicity of unclassified variants. Of 80 FA cases analyzed, 73 (91%) were successfully subtyped. In total, 92 distinct mutations were detected, of which 56 were novel (40 in FANCA, eight in FANCC, two in FANCD1, three in FANCE, one in FANCF, and three in FANCG). All known complementation groups were represented, except D2, J, L, and M. Three patients could not be classified because proliferating cell cultures from the probands were lacking. In cell lines from the remaining four patients, immunoblotting was used to determine their capacity to monoubiquitinate FANCD2. In one case FANCD2 monoubiquitination was normal, indicating a defect downstream. In the remaining three cases monoubiquitination was not detectable, indicating a defect upstream. In the latter four patients, pathogenic mutations in a known FA gene may have been missed, or these patients might represent novel genetic subtypes. We conclude that direct mutation screening allows a molecular diagnosis of FA in the vast majority of patients, even in cases where growing cells from affected individuals are unavailable. Proliferating cell lines are required in a minority (<15%) of the patients, to allow testing for FANCD2 ubiquitination status and sequencing of FANCD2 using cDNA, to avoid interference from pseudogenes.
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Xia, B., J. C. Dorsman, et al. (2007). "Fanconi anemia is associated with a defect in the BRCA2 partner PALB2." Nat Genet 39(2): 159-61.


The Fanconi anemia and BRCA networks are considered interconnected, as BRCA2 gene defects have been discovered in individuals with Fanconi anemia subtype D1. Here we show that a defect in the BRCA2-interacting protein PALB2 is associated with Fanconi anemia in an individual with a new subtype. PALB2-deficient cells showed hypersensitivity to cross-linking agents and lacked chromatin-bound BRCA2; these defects were corrected upon ectopic expression of PALB2 or by spontaneous reversion.
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Tamary, H. and B. P. Alter (2007). "Current diagnosis of inherited bone marrow failure syndromes." Pediatr Hematol Oncol 24(2): 87-99.


Prompt and accurate diagnosis is required for optimal treatment and genetic counseling of patients with inherited bone marrow failure syndromes (IBMFS). However, the diverse clinical picture of these syndromes and their rareness is often associated with diagnostic difficulties. Recently, an improved diagnostic approach is possible by the cloning of many of the causative genes. Fanconi anemia (FA) patients belong to at least 12 complementation groups, of which 11 genes have been cloned. An approach combining an induced chromosomal breakage test, detection of FANCD2-L by Western blot analysis, complementation group analysis, and detailed mutation analysis enables unraveling the causative mutation in the majority of patients. With the use of such strategies, genotype/phenotype correlations in FA are evolving. In dyskeratosis congenita mutations in DCK1, TERC, and TERT genes have been identified, but mutations have been found in less than half of these patients. In patients with Shwachman-Diamond syndrome, mutations in the SBDS gene were found in approximately 90% of patients. In Diamond-Blackfan anemia the RSP19 gene is mutated in 20-25% of patients. Heterozygote ELA2 mutations are found in 60-80% of severe congenital neutropenia patients. All patients with congenital amegakaryocytic thrombocytopenia have mutations in the thrombopoietin receptor gene c-Mpl.
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Smogorzewska, A., S. Matsuoka, et al. (2007). "Identification of the FANCI protein, a monoubiquitinated FANCD2 paralog required for DNA repair." Cell 129(2): 289-301.


Fanconi anemia (FA) is a developmental and cancer-predisposition syndrome caused by mutations in genes controlling DNA interstrand crosslink repair. Several FA proteins form a ubiquitin ligase that controls monoubiquitination of the FANCD2 protein in an ATR-dependent manner. Here we describe the FA protein FANCI, identified as an ATM/ATR kinase substrate required for resistance to mitomycin C. FANCI shares sequence similarity with FANCD2, likely evolving from a common ancestral gene. The FANCI protein associates with FANCD2 and, together, as the FANCI-FANCD2 (ID) complex, localize to chromatin in response to DNA damage. Like FANCD2, FANCI is monoubiquitinated and unexpectedly, ubiquitination of each protein is important for the maintenance of ubiquitin on the other, indicating the existence of a dual ubiquitin-locking mechanism required for ID complex function. Mutation in FANCI is responsible for loss of a functional FA pathway in a patient with Fanconi anemia complementation group I.
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Sims, A. E., E. Spiteri, et al. (2007). "FANCI is a second monoubiquitinated member of the Fanconi anemia pathway." Nat Struct Mol Biol 14(6): 564-7.


Activation of the Fanconi anemia (FA) DNA damage-response pathway results in the monoubiquitination of FANCD2, which is regulated by the nuclear FA core ubiquitin ligase complex. A FANCD2 protein sequence-based homology search facilitated the discovery of FANCI, a second monoubiquitinated component of the FA pathway. Biallelic mutations in the gene coding for this protein were found in cells from four FA patients, including an FA-I reference cell line.
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Reid, S., D. Schindler, et al. (2007). "Biallelic mutations in PALB2 cause Fanconi anemia subtype FA-N and predispose to childhood cancer." Nat Genet 39(2): 162-4.


PALB2 was recently identified as a nuclear binding partner of BRCA2. Biallelic BRCA2 mutations cause Fanconi anemia subtype FA-D1 and predispose to childhood malignancies. We identified pathogenic mutations in PALB2 (also known as FANCN) in seven families affected with Fanconi anemia and cancer in early childhood, demonstrating that biallelic PALB2 mutations cause a new subtype of Fanconi anemia, FA-N, and, similar to biallelic BRCA2 mutations, confer a high risk of childhood cancer.
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Rao, V. B., L. Kerketta, et al. (2007). "Differentiation of Nijmegen breakage syndrome from Fanconi anemia." Genet Mol Res 6(3): 622-6.


Nijmegen breakage syndrome (NBS) is a rare auto-somal recessive condition with chromosomal instability. Clinical and biological overlap between Fanconi anemia and ataxia telangiectasia has been reported. We report two cases of NBS born to consanguineous parents. Case one had NBS and Falconi anemia clinical features but relatively little chromosome breakage. The second case had mild NBS features, while cytogenetic evaluation with mitomycin C induction showed chromosome damage. Chromosomal analysis of bone marrow cells revealed tetraploidy, which indicates progression towards leukemia. On the basis of clinical and cytogenetic evaluation, these two cases were confirmed as NBS. However, detailed molecular studies are essential for accurate diagnosis and management of this disease.
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Kalb, R., K. Neveling, et al. (2007). "Hypomorphic mutations in the gene encoding a key Fanconi anemia protein, FANCD2, sustain a significant group of FA-D2 patients with severe phenotype." Am J Hum Genet 80(5): 895-910.


FANCD2 is an evolutionarily conserved Fanconi anemia (FA) gene that plays a key role in DNA double-strand-type damage responses. Using complementation assays and immunoblotting, a consortium of American and European groups assigned 29 patients with FA from 23 families and 4 additional unrelated patients to complementation group FA-D2. This amounts to 3%-6% of FA-affected patients registered in various data sets. Malformations are frequent in FA-D2 patients, and hematological manifestations appear earlier and progress more rapidly when compared with all other patients combined (FA-non-D2) in the International Fanconi Anemia Registry. FANCD2 is flanked by two pseudogenes. Mutation analysis revealed the expected total of 66 mutated alleles, 34 of which result in aberrant splicing patterns. Many mutations are recurrent and have ethnic associations and shared allelic haplotypes. There were no biallelic null mutations; residual FANCD2 protein of both isotypes was observed in all available patient cell lines. These analyses suggest that, unlike the knockout mouse model, total absence of FANCD2 does not exist in FA-D2 patients, because of constraints on viable combinations of FANCD2 mutations. Although hypomorphic mutations arie involved, clinically, these patients have a relatively severe form of FA.
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Dorsman, J. C., M. Levitus, et al. (2007). "Identification of the Fanconi anemia complementation group I gene, FANCI." Cell Oncol 29(3): 211-8.


To identify the gene underlying Fanconi anemia (FA) complementation group I we studied informative FA-I families by a genome-wide linkage analysis, which resulted in 4 candidate regions together encompassing 351 genes. Candidates were selected via bioinformatics and data mining on the basis of their resemblance to other FA genes/proteins acting in the FA pathway, such as: degree of evolutionary conservation, presence of nuclear localization signals and pattern of tissue-dependent expression. We found a candidate, KIAA1794 on chromosome 15q25-26, to be mutated in 8 affected individuals previously assigned to complementation group I. Western blots of endogenous FANCI indicated that functionally active KIAA1794 protein is lacking in FA-I individuals. Knock-down of KIAA1794 expression by siRNA in HeLa cells caused excessive chromosomal breakage induced by mitomycin C, a hallmark of FA cells. Furthermore, phenotypic reversion of a patient-derived cell line was associated with a secondary genetic alteration at the KIAA1794 locus. These data add up to two conclusions. First, KIAA1794 is a FA gene. Second, this gene is identical to FANCI, since the patient cell lines found mutated in this study included the reference cell line for group I, EUFA592.
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Borriello, A., A. Locasciulli, et al. (2007). "A novel Leu153Ser mutation of the Fanconi anemia FANCD2 gene is associated with severe chemotherapy toxicity in a pediatric T-cell acute lymphoblastic leukemia." Leukemia 21(1): 72-8.


Fanconi anemia (FA) is an autosomal recessive disease characterized by pancitopenia, congenital malformations, predisposition to cancers and chromosomal instability. We report the clinical and molecular features of a patient initially identified as a potential FA case only because of chemotherapy toxicity during the treatment of a T-lineage acute lymphoblastic leukemia (ALL). Cells from this patient showed a moderate chromosomal instability, increasing sensitivity to DNA crosslinking agents but normal response to ionizing radiation. The analysis of FA proteins demonstrated a marked reduction of FANCD2 (>95%), but normal levels of FANCA or FANCG. Interestingly, this defect was associated with a homozygous missense mutation of FANCD2, resulting in a novel amino-acid substitution (Leu153Ser) at residue Leu153, which is highly conserved through evolution. The FANCD2(L153S) protein, whose reduced expression was not due to impaired transcription, was detected also in its monoubiquitinated form in the nucleus, suggesting that the mutation does not affect post-translation modifications or subcellular localization but rather the stability of FANCD2. Therefore, the hypomorphic Leu153Ser mutation represents the first example of a FANCD2 defect that might promote clonal progression of tumors, such as T-ALL, and severe chemotherapy toxicity in patients without any clinical manifestations typical of FA.
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Bhatia, A., S. Dash, et al. (2007). "Fanconi anemia presenting as acute myeloid leukemia: a case report." Indian J Pathol Microbiol 50(2): 441-3.


Fanconi anemia is an autosomal recessive disorder characterized by phenotypic abnormalities, increased chromosomal breaks and predisposition to various hematological and non-hematological malignancies. We present case report of a paediatric patient with Fanconi anemia presenting as acute myeloid leukemia. The presence of dysplastic features in this marrow suggests the possibility of a prior stage of myelodysplasia progressing to leukemia.
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Antonio Casado, J., E. Callen, et al. (2007). "A comprehensive strategy for the subtyping of patients with Fanconi anaemia: conclusions from the Spanish Fanconi Anemia Research Network." J Med Genet 44(4): 241-9.


BACKGROUND: Fanconi anaemia is a heterogeneous genetic disease, where 12 complementation groups have been already described. Identifying the complementation group in patients with Fanconi anaemia constitutes a direct procedure to confirm the diagnosis of the disease and is required for the recruitment of these patients in gene therapy trials. OBJECTIVE: To determine the subtype of Fanconi anaemia patients in Spain, a Mediterranean country with a relatively high population (23%) of Fanconi anaemia patients belonging to the gypsy race. METHODS: Most patients could be subtyped by retroviral complementation approaches in peripheral blood T cells, although some mosaic patients were subtyped in cultured skin fibroblasts. Other approaches, mainly based on western blot analysis and generation of nuclear RAD51 and FANCJ foci, were required for the subtyping of a minor number of patients. Results and CONCLUSIONS: From a total of 125 patients included in the Registry of Fanconi Anaemia, samples from 102 patients were available for subtyping analyses. In 89 cases the subtype could be determined and in 8 cases exclusions of common complementation groups were made. Compared with other international studies, a skewed distribution of complementation groups was observed in Spain, where 80% of the families belonged to the Fanconi anaemia group A (FA-A) complementation group. The high proportion of gypsy patients, all of them FA-A, and the absence of patients with FA-C account for this characteristic distribution of complementation groups.
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Alter, B. P. (2007). "Diagnosis, genetics, and management of inherited bone marrow failure syndromes." Hematology Am Soc Hematol Educ Program 2007: 29-39.


The inherited bone marrow failure syndromes are traditionally considered to be pediatric disorders, but in fact, many of the patients now are diagnosed as adults, and many diagnosed as children now live to reach adulthood. The most common of these rare disorders include Fanconi anemia, dyskeratosis congenita, Shwachman-Diamond syndrome and amegakaryocytic thrombocytopenia, which often develop aplastic anemia and may evolve into myelodysplastic syndrome and acute myeloid leukemia; and Diamond-Blackfan anemia, severe congenital neutropenia, and thrombocytopenia absent radii, single cytopenias that rarely if ever become aplastic but have increased risks of leukemia. In addition, the first three syndromes have high risks of solid tumors: head and neck and anogenital squamous cell carcinoma in Fanconi anemia and dyskeratosis congenita, and osteogenic sarcoma in Diamond-Blackfan anemia. Diagnosis of a marrow failure syndrome requires recognition of characteristic physical abnormalities when present, and consideration of these disorders in the differential diagnosis of patients who present with "acquired" aplastic anemia, myelodysplastic syndrome, acute myeloid leukemia, or atypically early cancers of the types seen in the syndromes. Ultimate proof will come from identification of pathogenic mutations in genes associated with each syndrome.
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Alter, B. P., P. S. Rosenberg, et al. (2007). "Clinical and molecular features associated with biallelic mutations in FANCD1/BRCA2." J Med Genet 44(1): 1-9.


Patients with biallelic mutations in BRCA2 are in Fanconi anaemia group D1. We analysed the severity of the mutations in 27 cases, classified according to their association with breast cancer in heterozygotes, and their predicted functional effect. Twenty mutations were frameshifts or truncations, three involved splice sites, five were missense variants of unknown severity and two were benign polymorphisms. Five patients had VACTERL-H association. Leukaemia was reported in 13 patients, and solid tumours in 15; 6 patients had two or more malignancies. The cumulative probability of any malignancy was 97% by age 5.2 years. IVS7+1G-->A and IVS7+2T-->G were associated with AML, and 886delGT and 6174delT with brain tumours. However, patients with other alleles remained at very high risk of these events. Missense mutations formed a distinct cluster in a highly conserved region of the BRCA2 protein. The small group of patients with biallelic mutations in BRCA2 is distinctive in the severity of the phenotype, and early onset and high rates of leukaemia and specific solid tumours, and may comprise an extreme variant of Fanconi anaemia. Several of the alleles were not associated with cancer in presumed carriers, and thus counselling presents more uncertainties than usual.
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Steele, J. M., L. Sung, et al. (2006). "Disease progression in recently diagnosed patients with inherited marrow failure syndromes: a Canadian Inherited Marrow Failure Registry (CIMFR) report." Pediatr Blood Cancer 47(7): 918-25.


BACKGROUND: Inherited bone marrow failure syndromes (IMFSs) are genetic disorders characterized by defective single-lineage or multi-lineage hematopoiesis. IMFS patients are at risk for severe cytopenias, development of marrow cytogenetic abnormalities (MCA), myelodysplasia (MDS), and malignancy. The rate of disease progression and proportion of patients at risk for these complications is currently unclear. We examined recently diagnosed IMFS patients to determine distribution of diagnoses, disease progression and development of significant outcomes. METHODS: The CIMFR is a prospective multi-center study established in 2001 to register all IMFS patients in Canada. Analysis was restricted to patients diagnosed after November 30, 1997. Summary statistics were used to depict the study population while survival was described using the Kaplan-Meier method. RESULTS: 74 CIMFR patients were considered recently diagnosed. Median age at diagnosis was 2.7 years (range, birth to 40.6). Annual follow-up data were available for 53 (72%) patients. The five most prevalent diagnoses were Fanconi anemia (FA), Shwachman-Diamond syndrome (SDS), Diamond-Blackfan anemia (DBA), dyskeratosis congenita (DKC), and Kostmann's neutropenia (KS). Eighteen (24%) patients were unclassifiable. Twenty-eight (53%) follow-up patients had disease progression as indicated by new or worsening cytopenias, new marrow changes, or initiation of transfusion support and/or medical therapy. Fourteen (19%) fulfilled minimal diagnostic criteria for myelodysplasia. Eleven patients had hematopoietic stem cell transplantation (HSCT) by first follow-up. Five patients have died. Survival at 36 months is 89.8 +/- 5.7%. CONCLUSIONS: IMFS patients are often diagnosed at a young age. The relative distribution of diagnoses is similar to previous reviews of published cases; however, 25% of patients are currently unclassifiable. Disease progression has occurred in approximately 50% of follow-up patients. Early mortality is noted. Continued prospective observation of these patients is warranted.
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Huck, K., H. Hanenberg, et al. (2006). "Delayed diagnosis and complications of Fanconi anaemia at advanced age--a paradigm." Br J Haematol 133(2): 188-97.


Fanconi anaemia (FA) is a rare recessive DNA repair disorder clinically characterised by congenital malformations, progressive bone marrow failure and a high propensity for developing malignancies at an early age, predominantly acute myeloid leukaemia (AML) and squamous cell carcinoma. It is conceivable that a number of patients with hypomorphic mutations are not diagnosed as FA until severe complications in the treatment of a malignancy occur. Here, we report on a patient with FA-A, diagnosed only at the age of 49 years due to persistent pancytopenia and myelodysplastic syndrome/AML induced by a first cycle of chemotherapy for bilateral metachronic breast cancer. This exceptional case clearly demonstrates that, in instances of long-lasting mild pancytopenia or development of malignancies, especially at an unusually young age, FA should be ruled out, irrespective of the patient's age and features, especially before inflicting severe genotoxic stress.
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Holden, S. T., J. J. Cox, et al. (2006). "Fanconi anaemia complementation group B presenting as X linked VACTERL with hydrocephalus syndrome." J Med Genet 43(9): 750-4.


BACKGROUND: The VACTERL with hydrocephalus (VACTERL-H) phenotype is recognised to be a severe manifestation of autosomal recessive Fanconi anaemia. Several families have been described in which the VACTERL-H phenotype segregates as an X linked syndrome. The mutations which cause X linked VACTERL-H syndrome are not known. OBJECTIVE: To determine if mutations in FANCB, which are known to cause Fanconi anaemia complementation group B, are a cause of X linked VACTERL-H syndrome. METHODS: A three generation pedigree with X linked VACTERL-H syndrome was investigated. X inactivation was tested in carrier females, and fibroblasts from an affected male fetus were analysed for increased sensitivity to diepoxybutane. FANCB coding exons and flanking splice sites were screened for mutations by direct sequencing of polymerase chain reaction (PCR) fragments amplified from genomic DNA. cDNA from affected fetal fibroblasts was analysed by PCR and direct sequencing using specific exonic primers. RESULTS: A FANCB mutation which results in a premature stop codon by causing skipping of exon 7 was identified. Chromosomes from the affected fetus showed increased sensitivity to diepoxybutane, and carrier women were found to have 100% skewed X inactivation in blood. CONCLUSIONS: Mutations in FANCB are a cause of X linked VACTERL-H syndrome. The data presented are of relevance to the genetic counselling of families with isolated male cases of VACTERL-H and Fanconi anaemia.
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Hinz, J. M., P. B. Nham, et al. (2006). "Four human FANCG polymorphic variants show normal biological function in hamster CHO cells." Mutat Res 602(1-2): 34-42.


Fanconi anemia (FA) is a rare cancer predisposition disease caused by mutations in at least 12 genes encoding proteins that cooperate to maintain genomic integrity. Variants of FA genes, including FANCG, have been identified in human population screening, but their potential reduction in protein function and role in cancer susceptibility is unclear. To test for possible dysfunction, we constructed plasmids containing four FANCG polymorphisms found in the human population and introduced them in the Fancg-deficient (fancg) KO40 line derived from AA8 hamster CHO cells. Expression of wild-type human FANCG provided fancg cells with complete phenotypic correction as assessed by resistance to the DNA crosslinking agent mitomycin C (MMC), thus providing a sensitive test for detecting the degree of complementation activity for the FANCG variants. We found that all four variants conferred levels of mitomycin C resistance as well as restoration of monoubiquitination of Fancd2, a key indicator of a functional FA protein pathway, similar to those observed in wild-type transfectants. Under the same conditions, the L71P amino acid substitution mutant, identified in an FA patient, gave no complementation. Using this novel system for determining FANCG functionality, we detect no decrement in function of the human FANCG polymorphic variants examined.
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Bechtold, A., R. Friedl, et al. (2006). "Prenatal exclusion/confirmation of Fanconi anemia via flow cytometry: a pilot study." Fetal Diagn Ther 21(1): 118-24.


OBJECTIVE: To explore the potential of flow cytometry in the prenatal exclusion or confirmation of Fanconi anemia (FA). METHODS: Indications for prenatal diagnosis were (1) FA-negative family history, but suspicious ultrasound findings such as radial ray aplasia, (2) FA-positive family history, but without knowledge of the affected gene and/or mutation. Amniotic fluid (AF) cell cultures and umbilical cord (UC) blood cultures were assayed for typical cell cycle changes (G2-phase accumulations) without and with mitomycin C (MMC) treatments using single- and dual-parameter (BrdU-Hoechst) flow cytometry. RESULTS: Single-parameter flow cytometry correctly identified 2 positive and 9 negative cases on the basis of MMC sensitivity of cultivated AF cells. Likewise, 8 negative and 2 positive cases were correctly predicted using bivariate flow cytometry of 72-hour UC blood cultures. In contrast, bivariate flow cytometry applied to AF cells grown in the presence of bromodeoxyuridine (BrdU) yielded false-positive and false-negative results. CONCLUSIONS: Single-parameter flow cytometry of AF cell cultures and bivariate flow cytometry of UC cell cultures have the potential to correctly predict the affected status in cases at risk for FA, whereas bivariate flow cytometry proved unreliable when applied to BrdU-substituted AF cell cultures. Cases with a low a priori risk (e.g. sonographic finding of radial ray abnormalities and negative family history) would benefit most from flow cytometry as a rapid and economical prenatal screening procedure.
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Soulier, J., T. Leblanc, et al. (2005). "Detection of somatic mosaicism and classification of Fanconi anemia patients by analysis of the FA/BRCA pathway." Blood 105(3): 1329-36.


Fanconi anemia (FA) is characterized by congenital abnormalities, bone marrow failure, chromosome fragility, and cancer susceptibility. Eight FA-associated genes have been identified so far, the products of which function in the FA/BRCA pathway. A key event in the pathway is the monoubiquitination of the FANCD2 protein, which depends on a multiprotein FA core complex. In a number of patients, spontaneous genetic reversion can correct FA mutations, leading to somatic mosaicism. We analyzed the FA/BRCA pathway in 53 FA patients by FANCD2 immunoblots and chromosome breakage tests. Strikingly, FANCD2 monoubiquitination was detected in peripheral blood lymphocytes (PBLs) in 8 (15%) patients. FA reversion was further shown in these patients by comparison of primary fibro-blasts and PBLs. Reversion was associated with higher blood counts and clinical stability or improvement. Once constitutional FANCD2 patterns were determined, patients could be classified based on the level of FA/BRCA pathway disruption, as "FA core" (upstream inactivation; n = 47, 89%), FA-D2 (n = 4, 8%), and an unidentified downstream group (n = 2, 4%). FA-D2 and unidentified group patients were therefore relatively common, and they had more severe congenital phenotypes. These results show that specific analysis of the FA/BRCA pathway, combined with clinical and chromosome breakage data, allows a comprehensive characterization of FA patients.
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New, H. V., C. M. Cale, et al. (2005). "Nijmegen breakage syndrome diagnosed as Fanconi anaemia." Pediatr Blood Cancer 44(5): 494-9.


BACKGROUND: Fanconi anaemia (FA) and Nijmegen breakage syndrome (NBS) are rare chromosomal instability disorders with overlapping clinical features. It has recently been shown that, like FA, NBS is also associated with increased chromosomal sensitivity to DNA cross-linking agents. PROCEDURE: We report a family that was initially diagnosed with FA on the basis of increased sensitivity to DNA cross-linking agents. They were atypical in that there were associated severe infection problems. In view of these features we performed immune function studies together with molecular analysis of the FA genes and subsequently the NBS1 gene. RESULTS: Two children in the kindred have died, one from sepsis, and the other with a plasma cell malignancy. A third child underwent bone marrow transplantation because of recurrent infections. All affected members had severe immunological abnormalities. The genetic defect was shown to be a novel mutation in the NBS1 gene, so the diagnosis was revised to that of NBS. CONCLUSIONS: This family illustrates the importance of awareness of the lack of specificity of DNA cross-linking agent tests for FA, particularly in situations where the clinical features are atypical. In addition, one of the cases represents the first use of bone marrow transplantation for NBS that we are aware of; this treatment may have a future role for other patients with the syndrome.
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Morgan, N. V., F. Essop, et al. (2005). "A common Fanconi anemia mutation in black populations of sub-Saharan Africa." Blood 105(9): 3542-4.


Fanconi anemia (FA) is a genetically heterogeneous chromosomal instability syndrome associated with multiple congenital abnormalities, aplastic anemia, and cancer. We report that a deletion mutation in the FANCG gene (c.637_643delTACCGCC) was present in 82% of FA patients in the black populations of Southern Africa. These patients originated from South Africa, Swaziland, Mozambique, and Malawi. The mutation was found on the same haplotype and was present in 1% of controls from the black South African population. These data indicate that the birth incidence of FA in this population is higher than 1 in 40 000, which is much higher than previously supposed, and suggest that the FANCG deletion is an ancient founder mutation in Bantu-speaking populations of sub-Saharan Africa. Diagnostic screening is now possible by means of a simple DNA test.
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Magdalena, N., D. V. Pilonetto, et al. (2005). "Frequency of Fanconi anemia in Brazil and efficacy of screening for the FANCA 3788-3790del mutation." Braz J Med Biol Res 38(5): 669-73.


Fanconi anemia (FA) is an autosomal recessive genetic disease characterized by progressive bone marrow failure, susceptibility to cancer and multiple congenital anomalies. There is important clinical variability among patients and the knowledge of factors which might predict outcome would greatly help the decision making regarding the choices of treatment and the appropriate time to start it. Future studies of the possible correlation between specific mutations with specific clinical presentations will provide the answer to one of these factors. At our Center we standardized a rapid and precise screening test using a mismatch PCR assay for a specific mutation (3788-3790del in exon 38 of gene FANCA) in Brazilian FA patients. We present the results obtained after screening 80 non-consanguineous FA patients referred from all regions of Brazil with a clinical diagnosis of FA supported by cellular hypersensitivity to diepoxybutane. We were able to detect the 3788-3790del allele in 24 of the 80 (30%) FA patients studied. Thirteen of the 80 (16.25%) were homozygotes and 11 of the 80 (13.75%) were compound heterozygotes, thus confirming the high frequency of the FANCA 3788-3790del mutation in Brazilian FA patients. The identification of patients with specific mutations in the FA genes may lead to a better clinical description of this condition, also providing data for genotype-phenotype correlations, to a better understanding of the interaction of this specific mutation with other mutations in compound heterozygote patients, and ultimately to the right choices of treatment for each patient with improvement of the prognosis on future studies.
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Litman, R., M. Peng, et al. (2005). "BACH1 is critical for homologous recombination and appears to be the Fanconi anemia gene product FANCJ." Cancer Cell 8(3): 255-65.


We showed in this study that cells deficient of the BRCA1-associated BACH1 helicase, also known as BRIP1, failed to elicit homologous recombination (HR) after DNA double-stranded breaks (DSBs). BACH1-deficient cells were also sensitive to mitomycin C (MMC) and underwent MMC-induced chromosome instability. Moreover, we identified a homozygous nonsense mutation in BACH1 in a FA-J patient-derived cell line and could not detect BACH1 protein in this cell line. Expression of wild-type BACH1 in this cell line reduced the accumulation of cells at G2/M phases following exposure to DNA crosslinkers, a characteristic of Fanconi anemia (FA) cells. These results support the conclusion that BACH1 is FANCJ.
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Levran, O., R. Diotti, et al. (2005). "Spectrum of sequence variations in the FANCA gene: an International Fanconi Anemia Registry (IFAR) study." Hum Mutat 25(2): 142-9.


Fanconi anemia (FA) is an autosomal recessive disorder that is defined by cellular hypersensitivity to DNA cross-linking agents, and is characterized clinically by developmental abnormalities, progressive bone-marrow failure, and predisposition to leukemia and solid tumors. There is extensive genetic heterogeneity, with at least 11 different FA complementation groups. FA-A is the most common group, accounting for approximately 65% of all affected individuals. The mutation spectrum of the FANCA gene, located on chromosome 16q24.3, is highly heterogeneous. Here we summarize all sequence variations (mutations and polymorphisms) in FANCA described in the literature and listed in the Fanconi Anemia Mutation Database as of March 2004, and report 61 novel FANCA mutations identified in FA patients registered in the International Fanconi Anemia Registry (IFAR). Thirty-eight novel SNPs, previously unreported in the literature or in dbSNP, were also identified. We studied the segregation of common FANCA SNPs in FA families to generate haplotypes. We found that FANCA SNP data are highly useful for carrier testing, prenatal diagnosis, and preimplantation genetic diagnosis, particularly when the disease-causing mutations are unknown. Twenty-two large genomic deletions were identified by detection of apparent homozygosity for rare SNPs. In addition, a conserved SNP haplotype block spanning at least 60 kb of the FANCA gene was identified in individuals from various ethnic groups.
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Levran, O., C. Attwooll, et al. (2005). "The BRCA1-interacting helicase BRIP1 is deficient in Fanconi anemia." Nat Genet 37(9): 931-3.


Seven Fanconi anemia-associated proteins (FANCA, FANCB, FANCC, FANCE, FANCF, FANCG and FANCL) form a nuclear Fanconi anemia core complex that activates the monoubiquitination of FANCD2, targeting FANCD2 to BRCA1-containing nuclear foci. Cells from individuals with Fanconi anemia of complementation groups D1 and J (FA-D1 and FA-J) have normal FANCD2 ubiquitination. Using genetic mapping, mutation identification and western-blot data, we identify the defective protein in FA-J cells as BRIP1 (also called BACH1), a DNA helicase that is a binding partner of the breast cancer tumor suppressor BRCA1.
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Levitus, M., Q. Waisfisz, et al. (2005). "The DNA helicase BRIP1 is defective in Fanconi anemia complementation group J." Nat Genet 37(9): 934-5.


The protein predicted to be defective in individuals with Fanconi anemia complementation group J (FA-J), FANCJ, is a missing component in the Fanconi anemia pathway of genome maintenance. Here we identify pathogenic mutations in eight individuals with FA-J in the gene encoding the DEAH-box DNA helicase BRIP1, also called FANCJ. This finding is compelling evidence that the Fanconi anemia pathway functions through a direct physical interaction with DNA.
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Fei, P., J. Yin, et al. (2005). "New advances in the DNA damage response network of Fanconi anemia and BRCA proteins. FAAP95 replaces BRCA2 as the true FANCB protein." Cell Cycle 4(1): 80-6.


Fanconi anemia (FA) proteins function in a DNA damage response pathway that appears to be part of the network including breast cancer susceptibility gene products, BRCA1 and BRCA2. In response to DNA damage or replication signals, a nuclear FA core complex of at least 6 FA proteins (FANCA, FANCC, FANCE, FANCF, FANCG and FANCL) is activated and leads to monoubiquitination of the downstream FA protein, FANCD2. One puzzling question for this pathway is the role of BRCA2. A previous study has proposed that BRCA2 could be identical to two FA proteins: FANCD1, which functions either downstream or in a parallel pathway; and FANCB, which functions upstream of the FANCD2 monoubiquitination. Now, a new study shows that the real FANCB protein is not BRCA2, but a previously uncharacterized component of the FA core complex, FAAP95, suggesting that BRCA2 does not act upstream of the FA pathway. Interestingly, the newly discovered FANCB gene is X-linked and subject to X-inactivation. The presence of a single active copy of FANCB and its essentiality for a functional FA-BRCA pathway make it a potentially vulnerable component of the cellular machinery that maintains genomic integrity.
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Federman, N. and K. M. Sakamoto (2005). "The genetic basis of bone marrow failure syndromes in children." Mol Genet Metab 86(1-2): 100-9.


The bone marrow failure syndromes consist of a number of rare diseases, in which there is ineffective hematopoiesis by the bone marrow. Subsequently, absent or decreased production of a single cell line, single cytopenia, or of all cell lines, and pancytopenia, develops. The mechanisms of hematopoiesis and the defects that result in bone marrow failure are beginning to be better understood. This paper will review the genetic and molecular basis of several important bone marrow failure syndromes in children, Fanconi anemia, Shwachman-Diamond syndrome, Diamond-Blackfan anemia, congenital amegakaryocytic thrombocytopenia, dyskeratosis congenita, and severe congenital neutropenia, and the recent discoveries that have enhanced our understanding of the pathogenesis of these diseases.
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Faivre, L., M. F. Portnoi, et al. (2005). "Should chromosome breakage studies be performed in patients with VACTERL association?" Am J Med Genet A 137(1): 55-8.


The VACTERL association is characterized as a non-random pattern of defects including at least three of the following cardinal features: vertebral anomalies, anal atresia, cardiovascular malformations, tracheoesophageal fistula, renal and limb anomalies, and is postulated to be a very heterogeneous disorder. These defects can also be seen as part of the Fanconi anemia (FA) spectrum. Although VACTERL with hydrocephaly has clearly been associated with FA, the indication for chromosome breakage studies is not clear in VACTERL without hydrocephaly. We report on three unrelated patients with the VACTERL phenotype and the confirmed diagnosis of FA. Together with the data of 13 similar cases extracted from a European genotype-phenotype correlation study for FA and those from the four reported cases of the literature, we show that (i) in a series of individuals proven to have FA, 5% (13/245) also have the VACTERL phenotype, (ii) all have radial ray anomalies and 12 of these 13 subjects show at least 1 other feature of FA (cafe au lait spots, growth retardation, microcephaly, dysmorphism), and (iii) the VACTERL phenotype appears to be over represented in the FA complementation groups D1, E, and F. Since the diagnosis of FA is important for genetic counseling and early therapeutic intervention in patients, we conclude that chromosomal breakage studies should be performed, not only in cases of VACTERL with hydrocephaly, but also in cases VACTERL with radial-ray anomalies and especially if the individual has additional FA associated manifestations such as skin pigmentation abnormalities, growth retardation, microcephaly, or microphthalmia.
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Evdokimova, V. N., R. K. McLoughlin, et al. (2005). "Use of the glycophorin A somatic mutation assay for rapid, unambiguous identification of Fanconi anemia homozygotes regardless of GPA genotype." Am J Med Genet A 135(1): 59-65.


A 7-year-old girl was hospitalized with pancytopenia requiring blood transfusion. She and an older brother with suspicious symptoms were referred for laboratory testing to confirm a clinical diagnosis of Fanconi anemia (FA). Blood samples from these two children and one parent were examined with the GPA somatic mutation assay. The patient's total GPA somatic mutation frequency of 1.4 x 10(-4) was determined despite the confounding effects of her recent transfusion, and was greater than 10-fold higher than that of a population of pediatric controls, consistent with the known FA phenotype. Her brother was not informative for the standard GPA assay, which requires heterozygosity for the MN blood group, but was analyzed with a modified assay that measured only allele loss mutation. His mutation frequency, 6.8 x 10(-4) was also supportive of a diagnosis of FA. Both analyses also showed evidence of ongoing mutation through terminal erythroblast differentiation, a characteristic of patients with DNA repair syndromes which further confirmed the diagnoses. These conclusions were confirmed with traditional DEB-induced chromosome breakage studies. The quantitative and qualitative aspects of the GPA assay relevant for applying this test for FA diagnosis, and perhaps for carrier detection, are discussed.
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Davies, S. M., G. A. Radloff, et al. (2005). "GST genotype may modify clinical phenotype in patients with Fanconi anaemia." Br J Haematol 131(1): 118-22.


In the search for genetic modifiers of the Fanconi anaemia (FA) phenotype, we examined the role of polymorphism in three glutathione s-transferase genes (GSTT1, GSTM1 and GSTP1) in 356 FA patients enrolled in the International Fanconi Anaemia Registry (IFAR). Cellular sensitivity to 1,2:3,4 diepoxybutane was significantly increased in GSTT1 deleted compared with GSTT1 positive cases (median chromosomal breaks 11.1 vs. 8.3, P < 0.01) but there was no effect on clinical manifestations of FA. GSTM1 genotype significantly influenced time to bone marrow failure in complementation group FA-C, (median age 3.0 years vs. 7.0 years, P < 0.01). GSTP1 genotype did not influence FA phenotype.
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Chen, F., G. J. Peng, et al. (2005). "[FANCA gene mutation analysis in Fanconi anemia patients]." Zhonghua Xue Ye Xue Za Zhi 26(10): 616-8.


OBJECTIVE: To screen the FANCA gene mutation and explore the FANCA protein funetion in Fanconi anemia (FA) patients. METHODS: FANCA protein expression and its interaction with FANCF were analyzed using Western blot and immunoprecipitation in 3 cases of FA-A. Genomic DNA was used for MLPA analysis followed by sequencing. RESULTS: FANCA protein was undetectable and FANCA and FANCF protein interaction was impaired in these 3 cases of FA-A. Each case of FA-A contained biallelic pathogenic mutations in FANCA gene. CONCLUSIONS: No functional FANCA protein was found in these 3 cases of FA-A, and intragenic deletion, frame shift and splice site mutation were the major pathogenic mutations found in FANCA gene.
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Chandra, S., O. Levran, et al. (2005). "A rapid method for retrovirus-mediated identification of complementation groups in Fanconi anemia patients." Mol Ther 12(5): 976-84.


Fanconi anemia (FA) is a rare autosomal recessive disorder that results from mutations in at least 11 different genes. Recent studies have demonstrated that clinical progression of the disease may be influenced by inter- and intragenic variations, emphasizing the importance of identifying the complementation groups. In the present study we have employed bicistronic retrovirus vectors that coexpress FA-specific cDNAs for complementation groups A, C, F, and G, together with the enhanced green fluorescence protein (EGFP), allowing for specific analysis of transduced EGFP+ cells within bulk cultures by flow cytometry. In addition, the assay relies on the correction of the characteristic FA-associated G2/M arrest after treatment of cells with DNA-damaging agents, which is analyzed by flow cytometry. Results obtained with this assay matched the complementation groups known for 12 control lymphoblast cell lines tested. We report here the results obtained for 48 FA patients with unknown complementation groups using this new assay. Complementation groups were identified for 24 patients. We have identified mutations in the genes corresponding to the assigned complementation group in 23 samples. This assay has now been established in a standardized fashion for complementation assignments in FA patients and the subsequent directing of rapid mutation analysis in those patients.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16084127
Callen, E., J. A. Casado, et al. (2005). "A common founder mutation in FANCA underlies the world's highest prevalence of Fanconi anemia in Gypsy families from Spain." Blood 105(5): 1946-9.


Fanconi anemia (FA) is a genetic disease characterized by bone marrow failure and cancer predisposition. Here we have identified Spanish Gypsies as the ethnic group with the world's highest prevalence of FA (carrier frequency of 1/64-1/70). DNA sequencing of the FANCA gene in 8 unrelated Spanish Gypsy FA families after retroviral subtyping revealed a homozygous FANCA mutation (295C>T) leading to FANCA truncation and FA pathway disruption. This mutation appeared specific for Spanish Gypsies as it is not found in other Gypsy patients with FA from Hungary, Germany, Slovakia, and Ireland. Haplotype analysis showed that Spanish Gypsy patients all share the same haplotype. Our data thus suggest that the high incidence of FA among Spanish Gypsies is due to an ancestral founder mutation in FANCA that originated in Spain less than 600 years ago. The high carrier frequency makes the Spanish Gypsies a population model to study FA heterozygote mutations in cancer.
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Fanconi anemia (FA) is a rare autosomal recessive disorder of hematopoiesis, with at least 11 complementation groups. FANCA, a gene for group A, accounts for the majority of FA patients. Previous studies of FANCA mutations revealed high allelic heterogeneity, frequent occurrence of large deletions, and interpopulation differences. However, systematic mutational analysis, including gene dosage assay to detect large deletions, has not been documented for Asian populations. A newly developed TaqMan quantitative PCR-based gene dosage assay, combined with sequencing of exons and cDNA fragments, allowed for detection of 48 mutant alleles of FANCA in 27 (77%) of 35 unrelated Japanese FA families with no detectable mutations in FANCC or FANCG. We identified 29 different mutations (21 nucleotide substitutions or small deletions/insertions and eight large deletions), at least 20 of which were novel. The FANCA mutational spectrum of the Japanese was different from that of other ethnic groups so far studied. This is the largest scale of mutation analysis of FANCA in the Japanese population. Characterization of these mutations provided new information regarding the mutagenesis mechanisms and structure-function relationship of FANCA. Specifically, our data suggest that diverse mechanisms including nonhomologous recombination as well as Alu-mediated homologous recombination are involved in the generation of large deletions in FANCA.
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The breast cancer susceptibility gene BRCA2 has recently been identified as identical to the Fanconi anemia (FA) gene FANCD1. Here we expand the clinical implications of this discovery. Notably, we identified 6 children in 5 kindreds exhibiting the co-occurrence of BRCA2 mutations, FA, and early onset acute leukemia. Leukemia occurred at a median of 2.2 years of age in the BRCA2 patients in contrast to a median onset of 13.4 years in all other FA patients in the International Fanconi Anemia Registry (IFAR; P <.0001). Breast cancer was noted in 4 of the 5 kindreds. Of the 6 children with leukemia, 4 were treated with bone marrow transplantation and 2 are alive at 3 and 9 months after treatment. Our results suggest that BRCA2 testing should be considered in all patients with FA in whom the complementation group cannot be defined or in whom leukemia is diagnosed at or before 5 years of age.
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Fanconi anemia is an autosomal recessive syndrome characterized by diverse clinical symptoms, hypersensitivity to DNA crosslinking agents, chromosomal instability and susceptibility to cancer. Fanconi anemia has at least 11 complementation groups (A, B, C, D1, D2, E, F, G, I, J, L); the genes mutated in 8 of these have been identified. The gene BRCA2 was suggested to underlie complementation group B, but the evidence is inconclusive. Here we show that the protein defective in individuals with Fanconi anemia belonging to complementation group B is an essential component of the nuclear protein 'core complex' responsible for monoubiquitination of FANCD2, a key event in the DNA-damage response pathway associated with Fanconi anemia and BRCA. Unexpectedly, the gene encoding this protein, FANCB, is localized at Xp22.31 and subject to X-chromosome inactivation. X-linked inheritance has important consequences for genetic counseling of families with Fanconi anemia belonging to complementation group B. Its presence as a single active copy and essentiality for a functional Fanconi anemia-BRCA pathway make FANCB a potentially vulnerable component of the cellular machinery that maintains genomic integrity.
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Fanconi anemia (FA) should be included among the genetic diseases that occur at high frequency in the Ashkenazi Jewish population. FA exhibits extensive genetic heterogeneity; there are currently 11 complementation groups reported, and 8 (i.e., FANCA, FANCC, FANCD1/BRCA2, FANCD2, FANCE, FANCF, FANCG, and FANCL) genes have been isolated. While patients may be from widely diverse ethnic groups, a single mutation in complementation group FA-C, c.711 + 4A > T (commonly known as IVS4 + 4A > T prior to current nomenclature rules) is unique to FA patients of Ashkenazi Jewish ancestry, and has a carrier frequency of greater than 1/100 in this population. In addition, a mutation (c.65G > A) in FANCA (FA-A is the most common complementation group in non-Jewish patients) and the mutation c.6174delT in FANCD1/BRCA2 are also unique to the Ashkenazi Jewish population. Therefore, the study of Fanconi anemia can lend insight into the types of cancer-predisposing genetic diseases specific to the Ashkenazi.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=15516848
Donahue, S. L., R. Lundberg, et al. (2004). "Intermediate DNA repair activity associated with the 322delG allele of the fanconi anemia complementation group C gene." J Mol Biol 342(5): 1443-55.


Fanconi anemia (FA) is an autosomal recessive disorder associated with pancytopenia and cancer susceptibility. The disorder is heterogeneous, with at least nine complementation groups having been identified. Several recent studies have suggested that defective plasmid DNA end-joining is a consistent feature of FA cells. It was therefore surprising to discover a strain of fibroblasts from an FA patient that possessed wild-type plasmid DNA end-joining activity. Unlike other FA strains, these fibroblasts have wild-type levels of homologous DNA recombination activity and are relatively insensitive to restriction endonuclease-induced death. Interestingly, while end-joining in a number of FA fibroblast strains belonging to complementation groups A, C, and D2 was approximately 70% precise, end-joining in this latter strain of fibroblasts was more than 95% imprecise. Analysis revealed that these latter cells harbored an allele of the FA C gene, referred to as 322delG, that encodes an amino-terminal truncated protein. The relative rarity of this allele precluded the analysis of other FA fibroblast strains; however, studies revealed that overexpression of this allele in normal cells recapitulated the DNA end-joining phenotype seen in the 322delG FA fibroblast strain. These results indicate that DNA end-joining in fibroblasts expressing the 322delG allele of the FA-C gene in fibroblasts is highly imprecise; however, the DNA repair efficiency of these cells is more normal than that commonly associated with FA fibroblasts. This conclusion is intriguing, since a number of reports have suggested that patients harboring this allele exhibit a milder clinical course than do individuals with other alleles of the FA-C gene.
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Callen, E., M. D. Tischkowitz, et al. (2004). "Quantitative PCR analysis reveals a high incidence of large intragenic deletions in the FANCA gene in Spanish Fanconi anemia patients." Cytogenet Genome Res 104(1-4): 341-5.


Fanconi anaemia is an autosomal recessive disease characterized by chromosome fragility, multiple congenital abnormalities, progressive bone marrow failure and a high predisposition to develop malignancies. Most of the Fanconi anaemia patients belong to complementation group FA-A due to mutations in the FANCA gene. This gene contains 43 exons along a 4.3-kb coding sequence with a very heterogeneous mutational spectrum that makes the mutation screening of FANCA a difficult task. In addition, as the FANCA gene is rich in Alu sequences, it was reported that Alu-mediated recombination led to large intragenic deletions that cannot be detected in heterozygous state by conventional PCR, SSCP analysis, or DNA sequencing. To overcome this problem, a method based on quantitative fluorescent multiplex PCR was proposed to detect intragenic deletions in FANCA involving the most frequently deleted exons (exons 5, 11, 17, 21 and 31). Here we apply the proposed method to detect intragenic deletions in 25 Spanish FA-A patients previously assigned to complementation group FA-A by FANCA cDNA retroviral transduction. A total of eight heterozygous deletions involving from one to more than 26 exons were detected. Thus, one third of the patients carried a large intragenic deletion that would have not been detected by conventional methods. These results are in agreement with previously published data and indicate that large intragenic deletions are one of the most frequent mutations leading to Fanconi anaemia. Consequently, this technology should be applied in future studies on FANCA to improve the mutation detection rate.
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Bouchlaka, C., S. Abdelhak, et al. (2004). "Molecular study of Fanconi anemia in Tunisia." Tunis Med 82(5): 402-10.


Fanconi anemia (FA) is an autosomal recessive rare disease characterized by progressive pancytopenia, congenital malformations and predisposition to acute myeloid leukemia. Fanconi anemia is genetically heterogeneous, with at least eight complementation groups of FA (FAA to FAD2). In order to characterize the molecular defects underlying FA in Tunisia, fourty-one families were genotyped with microsatellite markers linked to known FA gene. Haplotype analysis and homozygosity mapping showed that 92% of these families belong to FAA group. We demonstrated the effectiveness of the molecular analysis for a better selection of bone marrow graft donor and for the evaluation of chimerism after bone marrow transplantation. This study also allows genetic counselling for FA family members.
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Yagasaki, H., T. Oda, et al. (2003). "Two common founder mutations of the fanconi anemia group G gene FANCG/XRCC9 in the Japanese population." Hum Mutat 21(5): 555.


Fanconi anemia (FA) is a rare autosomal recessive disorder of hematopoiesis with eight complementation groups (FA-A, B, C, D1, D2, E, F and G). To date, seven of the FA genes have been identified. Although extensive analyses in Western countries revealed that the subgroup prevalence and mutational spectrum vary depending on the ethnic background, not much data is available on Asian populations. In the present study, 45 unrelated FA families in Japan were screened for FA gene mutations and 10 families with biallelic pathogenic mutations of FANCG/XRCC9, the gene for FA-G, were identified. A splice mutation IVS3+1G>C was detected in all 9 Japanese families, among whom 4 were homozygous and 5 were heterozygous. Among the heterozygotes, three carried 1066C>T in the second allele. In addition, a family homozygous for 1066C>T with Korean ethnicity was identified. Haplotype analysis by means of 9 microsatellite markers spanning the FANCG locus indicates that IVS3+1G>C and 1066C>T are in complete association with distinct ancestry haplotypes. Our data suggest that IVS3+1G>C arose in the Japanese ancestors at a relatively early time, whereas 1066C>T later on migrated from Korea. The two founder mutations with distinct origins account for most of FANCG mutant alleles in the Japanese population.
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Savino, M., A. Borriello, et al. (2003). "Spectrum of FANCA mutations in Italian Fanconi anemia patients: identification of six novel alleles and phenotypic characterization of the S858R variant." Hum Mutat 22(4): 338-9.


Fanconi anemia (FA) is an autosomal recessive disorder characterized by genomic instability, bone marrow failure, congenital malformations, and cancer predisposition. FA is a genetically heterogeneous disease with at least seven genes so far identified. The role of FA proteins is unknown although they interact in a common functional pathway. Here, we report six novel FANCA sequence changes and review all the mutations identified in Italy. Except for two missense substitutions, all are expected to cause a premature termination of the FANCA protein at various sites throughout the molecule. The premature terminations are due to nonsense and splice site mutations, as well as small insertions and deletions, and large genomic rearrangements. The expected truncated proteins were not detectable on Western blot analyses. The FANCA-S858R variant is instead expressed at lower level than that seen in normal cell lines and is associated with a non-ubiquinated FANCD2 protein, strongly suggesting that the amino acid substitution is a disease-causing mutation. The spectrum of FA mutations is widely in agreement with the heterogeneous ethnic origin of the Italian population.
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Deviren, A., N. Yalman, et al. (2003). "Differential diagnosis of Fanconi anemia by nitrogen mustard and diepoxybutane." Ann Hematol 82(4): 223-7.


Fanconi anemia (FA) is an autosomal recessive inherited disorder which is associated with a variety of congenital anomalies. These include morphometric abnormalities involving mainly the head and face, skeletal malformations particularly of the radial ray, growth retardation, abnormal skin pigmentation, deafness, and renal, ocular, genital, and cardiac defects. The cardinal clinical feature is a severe progressive pancytopenia. The overall aim of our study was to compare two different alkylating agents that would permit rapid and unequivocal detection of FA. A total of 271 patients underwent nitrogen mustard (NTM) and diepoxybutane (DEB) tests in our laboratory; baseline chromosomal breakage was studied for all of them. After the results of the chromosomal breakage studies, 72 patients were diagnosed as affected and 136 patients as unaffected by FA. We also studied 63 family members of FA patients. According to our study, NTM seems more specific to identify chromosomal breakages in FA parents than DEB.
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Bouchlaka, C., S. Abdelhak, et al. (2003). "Fanconi anemia in Tunisia: high prevalence of group A and identification of new FANCA mutations." J Hum Genet 48(7): 352-61.


Fanconi anemia (FA) is a rare autosomal recessive disease characterized by progressive pancytopenia, congenital malformations, and predisposition to acute myeloid leukemia. Fanconi anemia is genetically heterogeneous, with at least eight distinct complementation groups of FA (A, B, C, D1, D2, E, F, and G) having been defined by somatic cell fusion studies. Six genes (FANCA, FANCC, FANCD2, FANCE, FANCG, and FANCF) have been cloned. Mutations of the seventh Fanconi anemia gene, BRCA2, have been shown to lead to FAD1 and probably FAB groups. In order to characterize the molecular defects underlying FA in Tunisia, 39 families were genotyped with microsatellite markers linked to known FA gene. Haplotype analysis and homozygosity mapping assigned 43 patients belonging to 34 families to the FAA group, whereas one family was probably not linked to the FANCA gene or to any known FA genes. For patients belonging to the FAA group, screening for mutations revealed four novel mutations: two small homozygous deletions 1693delT and 1751-1754del, which occurred in exon 17 and exon 19, respectively, and two transitions, viz., 513G-->A in exon 5 and A-->G at position 166 (IVS24+166A-->G) of intron 24. Two new polymorphisms were also identified in intron 24 (IVS24-5G/A and IVS24-6C/G).
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Auerbach, A. D., J. Greenbaum, et al. (2003). "Spectrum of sequence variation in the FANCG gene: an International Fanconi Anemia Registry (IFAR) study." Hum Mutat 21(2): 158-68.


Fanconi anemia (FA) is a genetically heterogeneous autosomal recessive syndrome associated with chromosomal instability, hypersensitivity to DNA cross-linking agents, and predisposition to malignancy. The gene for FA complementation group G (FANCG) was the third FA gene to be cloned, and was found to be identical with human XRCC9, which maps to 9p13. The cDNA is predicted to encode a polypeptide of 622 amino acids, with no sequence similarities to any other known protein or motifs that could point to a molecular function for FANCG/XRCC9. We used single strand conformational polymorphism analysis (SSCP) to screen genomic DNA from a panel of 307 racially and ethnically diverse unrelated FA patients from the International Fanconi Anemia Registry (IFAR) for variants in FANCG. Twenty-seven abnormal SSCP patterns were found; 18 of these variants appear to be pathogenic mutations while nine are likely to be nonpathogenic polymorphisms. Direct sequencing of genomic DNA from seven FA-G probands with one mutant allele not detected in the SSCP study and three additional probands assigned to the FA-G complementation group by retroviral correction with FANCG resulted in the detection of nine additional pathogenic mutations and two common SNPs. Conditions for rapid screening for these mutations by DHPLC for use in a clinical laboratory setting were established. The most common FANCG mutations in the IFAR population were: IVS8-2A>G (seven Portuguese-Brazilian probands), IVS11+1G>C (seven French-Acadian probands), 1794_1803del10 (seven European probands), and IVS3+1G>C (five Korean or Japanese probands). Our data suggest that the Portuguese-Brazilian, French-Acadian, and Korean/Japanese mutations were likely to have been present in a founding member of each of these populations.
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Shimamura, A., R. Montes de Oca, et al. (2002). "A novel diagnostic screen for defects in the Fanconi anemia pathway." Blood 100(13): 4649-54.


Fanconi anemia (FA) is an autosomal recessive chromosomal instability syndrome characterized by congenital abnormalities, progressive bone marrow failure, and cancer predisposition. Although patients with FA are candidates for bone marrow transplantation or gene therapy, their phenotypic heterogeneity can delay or obscure diagnosis. The current diagnostic test for FA consists of cytogenetic quantitation of chromosomal breakage in response to diepoxybutane (DEB) or mitomycin C (MMC). Recent studies have elucidated a biochemical pathway for Fanconi anemia that culminates in the monoubiquitination of the FANCD2 protein. In the current study, we develop a new rapid diagnostic and subtyping FA assay amenable for screening broad populations at risk of FA. Primary lymphocytes were assayed for FANCD2 monoubiquitination by immunoblot. The absence of the monoubiquitinated FANCD2 isoform correlated with the diagnosis of FA by DEB testing in 11 known patients with FA, 37 patients referred for possible FA, and 29 healthy control subjects. Monoubiquitination of FANCD2 was normal in other bone marrow failure syndromes and chromosomal breakage syndromes. A combination of retroviral gene transfer and FANCD2 immunoblotting provides a rapid subtyping assay for patients newly diagnosed with FA. These new FA screening assays would allow efficient testing of broad populations at risk.
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Hanenberg, H., S. D. Batish, et al. (2002). "Phenotypic correction of primary Fanconi anemia T cells with retroviral vectors as a diagnostic tool." Exp Hematol 30(5): 410-20.


OBJECTIVE: The aim of this study was to develop a rapid laboratory procedure that is capable of subtyping Fanconi anemia (FA) complementation groups FA-A, FA-C, FA-G, and FA-nonACG patients from a small amount of peripheral blood. MATERIALS AND METHODS: For this test, primary peripheral blood-derived FA T cells were transduced with oncoretroviral vectors that expressed FANCA, FANCC, or FANCG cDNA. We achieved a high efficiency of gene transfer into primary FA T cells by using the fibronectin fragment CH296 during transduction. Transduced cells were analyzed for correction of the characteristic DNA cross-linker hypersensitivity by cell survival or by metaphase analyses. RESULTS: Retroviral vectors containing the cDNA for FA-A, FA-C, and FA-G, the most frequent complementation groups in North America, allowed rapid identification of the defective gene by complementation of primary T cells from 12 FA patients. CONCLUSION: Phenotypic correction of FA T cells using retroviral vectors can be used successfully to determine the FA complementation group immediately after diagnosis of the disease.
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Adachi, D., T. Oda, et al. (2002). "Heterogeneous activation of the Fanconi anemia pathway by patient-derived FANCA mutants." Hum Mol Genet 11(25): 3125-34.


Fanconi anemia (FA) is an autosomal recessive disorder of hematopoiesis characterized by hypersensitivity to DNA crosslinkers such as mitomycin C (MMC). There is growing evidence for a model of the FA pathway, wherein a nuclear multiprotein complex of five FA proteins (FANCA, C, E, F and G) regulates activation of FANCD2 into a monoubiquitinated form, which, collaborating with the BRCA1 machinery, affects cellular response to DNA damage. However, the role of the FA pathway in defective DNA damage response caused by various mutant forms of FA proteins has not been fully assessed. In the present study, 21 patient-derived FANCA mutants with a missense or a small in-frame deletion were expressed in FANCA-deficient fibroblasts and examined for complementation of MMC sensitivity and for reconstitution of the FA pathway: FANCA phosphorylation, interaction with FANCC, FANCF and FANCG and nuclear localization and FANCD2 monoubiquitination. The altered FANCA proteins complemented MMC sensitivity at different grades: five proteins (group I) behaved like wild-type FANCA, whereas the other proteins were either mildly (group II, n=4) or severely (group III, n=12) impaired. Group I proteins showed an apparently normal reconstitution of the FA pathway, thus they may be pathogenic by reducing endogenous expression or possibly benign polymorphisms. Reconstitution of the FA pathway by group II and III mutants closely correlated with cellular sensitivity to MMC. The different activation of the FA pathway may partly account for the phenotypic variation seen in FA patients.
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Fanconi anemia (FA) is a rare, genetically heterogeneous autosomal recessive disorder associated with progressive aplastic anemia, congenital abnormalities, and cancer. FA has a very high incidence in the Afrikaner population of South Africa, possibly due to a founder effect. Previously we observed allelic association between polymorphic markers flanking the FA group A gene (FANCA) and disease chromosomes in Afrikaners. We genotyped 26 FA families with microsatellite and single nucleotide polymorphic markers and detected five FANCA haplotypes. Mutation scanning of the FANCA gene revealed association of these haplotypes with four different mutations. The most common was an intragenic deletion of exons 12-31, accounting for 60% of FA chromosomes in 46 unrelated Afrikaner FA patients, while two other mutations accounted for an additional 20%. Screening for these mutations in the European populations ancestral to the Afrikaners detected one patient from the Western Ruhr region of Germany who was heterozygous for the major deletion. The mutation was associated with the same unique FANCA haplotype as in Afrikaner patients. Genealogical investigation of 12 Afrikaner families with FA revealed that all were descended from a French Huguenot couple who arrived at the Cape on June 5, 1688, whereas mutation analysis showed that the carriers of the major mutation were descendants of this same couple. The molecular and genealogical evidence is consistent with transmission of the major mutation to Western Germany and the Cape near the end of the 17th century, confirming the existence of a founder effect for FA in South Africa.
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Pearson, T., S. Jansen, et al. (2001). "Fanconi anemia. a statistical evaluation of cytogenetic results obtained from South African families." Cancer Genet Cytogenet 126(1): 52-5.


Fanconi anemia (FA) is a rare autosomal recessive genetic disorder showing progressive bone marrow failure, and various phenotypic abnormalities. The lymphocytes show an increased sensitivity to the clastogenic agents diepoxybutane (DEB) or mytomycin C (MMC), measured as chromosomal aberrations. Statistical analysis of chromosome aberration yield showed that: (i) differentiation between obligate carriers and the control group was not possible; (ii) homozygotes were clearly distinguishable from heterozygotes as well as from controls by analyzing only 20 metaphase spreads per person; (iii) most of the FA patients had only one cell line present as measured by distribution of chromosomal damage among cells analyzed; (iv) and when the DEB sensitivity of a patient was high, the amount of cells without damage was low.
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OBJECTIVE: Fanconi anemia (FA) is an autosomal-recessive cancer susceptibility syndrome with seven complementation groups. Six of the FA genes have been cloned (corresponding to subtypes A, C, D2, E, F, and G) and the encoded proteins interact in a common pathway. Patient-derived mutations in FA genes have been helpful in delineating functional domains of FA proteins. The purpose of this work was to subtype FA patient-derived cell lines in our repository and to identify FA gene mutations. METHODS: We subtyped 62 FA patients as type A, G, C, or non-ACG by using a combination of retroviral gene transfer and immunoblot analysis. Among these FA patients, we identified six FA-G patients for further analysis. We used a strategy involving amplification of FANCG/XRCC9 exons and direct sequencing to identify novel FANCG mutations in cell lines derived from these FA-G patients. We functionally analyzed FANCG mutant alleles by transducing the corresponding cDNAs into a known FA-G indicator cell line and scoring correction of MMC sensitivity. RESULTS: Our results demonstrate a wide range of mutations in the FANCG gene (splice, nonsense, and missense mutations). Based on this mutational screen, a carboxy terminal functional domain of the FANCG protein appears to be required for complementation of FA-G cells and for normal assembly of the FANCA/FANCG/FANCC protein complex. CONCLUSION: The identification of patient-derived mutant alleles of FA genes can provide important insights to the function of FA proteins. FA subtyping is also a necessary precondition for gene therapy.
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Fanconi anemia (FA), an autosomal recessive disorder characterized by a progressive pancytopenia associated with congenital anomalies and high predisposition to malignancies, is a genetically and clinically heterogeneous disease. At least eight complementation groups (FA-A to FA-H) have been identified. Previously, we studied mutations of the FANCA gene, responsible for FA-A, and found pathogenic mutations in 12 of 15 unclassified Japanese FA patients. Here, we further studied an additional 5 FA patients for sequence alterations of the FANCA gene and found pathogenic mutations in 2 of them. We further analyzed mutations of the FANCC and FANCG genes, responsible for FA-C and FA-G, respectively, in the remaining 6 FA patients. Although there was no alterations in the FANCC gene in these 6 patients, two novel mutations of the FANCG gene, causing aberrant RNA splicing, were detected in 2 FA patients. One was a base substitution from G to C of the invariant GT dinucleotides at the splice donor site of intron 3, resulting in the skipping of exon 3, as well as the skipping of exons 3 and 4. The other was a base substitution from C to T in exon 8, creating a nonsense codon (Q356X). This mutation resulted in the exclusion of a sequence of 18 nucleotides containing the mutation from the mRNA, without affecting the splicing potential of either the authentic or the cryptic splice donor site. Collectively, 14 of the 20 unclassified Japanese FA patients belong to the FA-A group, 2 belong to the FA-G group, and none belongs to the FA-C group.
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Fanconi anaemia (FA) is a genetically heterogeneous disease with at least eight complementation groups (A-H). In the present study, we investigated the molecular basis of the disease in 13 unrelated Israeli Jewish (non-Ashkenazi) patients with FA. All 43 exons of the Fanconi anaemia A (FANCA) gene were amplified from genomic DNA and screened for mutations by single-strand conformation polymorphism and DNA sequencing. We identified four ethnic-specific mutations: (1) 2172-2173insG (exon 24), the first 'Moroccan mutation': (2) 4275delT (exon 43), the second 'Moroccan mutation'; (3) 890-893del (exon 10), the 'Tunisian mutation'; and (4) 2574C > G (S858R), the 'Indian mutation'. The tetranucleotide CCTG motif, previously identified as a mutation hotspot in FANCA and other human genes, was found in the vicinity of 2172-2173insG and 890-893del. According to our study, the four mutations account for the majority (88%) of the FANCA alleles in the Israeli Jewish (non-Ashkenazi) FA population. A screening of 300 Moroccan Jews identified three carriers of the first 'Moroccan mutation', but we did not find any carrier of the second 'Moroccan mutation' among 140 Moroccan Jews, nor any carrier of the 'Tunisian mutation' among 50 Tunisian Jews. Two 'Indian mutation' carriers were identified among 53 Indian Jews. All carriers within each ethnic group had the same haplotype, suggesting a common founder for each mutation.
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Fanconi anemia (FA) is an autosomal recessive disease characterized by congenital anomalies, aplastic anemia, and a susceptibility to leukemia. There are at least 8 complementation groups (A through H). Extensive analyses of the FA group C gene FANCC in Western countries revealed that 10% to 15% of FA patients have mutations of this gene. The most common mutation is IVS4 + 4 A to T (IVS4), a splice mutation in intron 4, which has been found only in patients of Ashkenazi Jewish ancestry. When we screened 29 Japanese patients (20 unrelated patients and 4 families) using polymerase chain reaction-single strand conformation polymorphism, we found 8 unrelated patients homozygous for IVS4. This is apparently the first non-Ashkenazi-Jewish population for whom this mutation has been detected. The Ashkenazi Jewish patients homozygous for IVS4 have a severe phenotype, in comparison with other FA patients. Our analyses of Japanese patients indicate no significant difference between IVS4 homozygotes and other patients with regard to severity of a clinical phenotype. Thus, ethnic background may have a significant effect on a clinical phenotype in FA patients carrying the same mutation. (Blood. 2000;95:1493-1498)
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Fanconi anemia (FA) is a clinically and genetically heterogeneous disorder. Clinical care is complicated by variable age at onset and severity of hematologic symptoms. Recent advances in the molecular biology of FA have allowed us to investigate the relationship between FA genotype and the nature and severity of the clinical phenotype. Two hundred forty-five patients from all 7 known complementation groups (FA-A to FA-G) were studied. Mutations were detected in one of the cloned FANC genes in 169 patients; in the remainder the complementation group was assigned by cell fusion or Western blotting. A range of qualitative and quantitative clinical parameters was compared for each complementation group and for different classes of mutation. Significant phenotypic differences were found. FA-G patients had more severe cytopenia and a higher incidence of leukemia. Somatic abnormalities were less prevalent in FA-C, but more common in the rare groups FA-D, FA-E, and FA-F. In FA-A, patients homozygous for null mutations had an earlier onset of anemia and a higher incidence of leukemia than those with mutations producing an altered protein. In FA-C, there was a later age of onset of aplastic anemia and fewer somatic abnormalities in patients with the 322delG mutation, but there were more somatic abnormalities in patients with IVS4 + 4A --> T. This study indicates that FA patients with mutations in the FANCG gene and patients homozygous for null mutations in FANCA are high-risk groups with a poor hematologic outcome and should be considered as candidates both for frequent monitoring and early therapeutic intervention. (Blood. 2000;96:4064-4070)
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FANCG was the third Faconi anaemia gene identified and proved to be identical to the previously cloned XRCC9 gene. We present the pathogenic mutations and sequence variants we have so far identified in a panel of FA-G patients. Mutation screening was performed by PCR, single strand conformational polymorphism analysis and protein truncation tests. Altogether 18 mutations have been determined in 20 families - 97% of all expected mutant alleles. All mutation types have been found, with the exception of large deletions, the large majority is predicted to lead to shortened proteins. One stop codon mutation, E105X, has been found in several German patients and this founder mutation accounts for 44% of the mutant FANCG alleles in German FA-G patients. Comparison of clinical phenotypes shows that patients homozygous for this mutation have an earlier onset of the haematological disorder than most other FA-G patients. The mouse Fancg sequence was established in order to evaluate missense mutations. A putative missense mutation, L71P, in a possible leucine zipper motif may affect FANCG binding of FANCA and seems to be associated with a milder clinical phenotype.
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Homozygosity for a frameshift mutation at codon 1213 of FANCA gene was identified in a Turkish patient. Immunoprecipitation-western blot analysis showed the complete absence of the FANCA protein band. This novel mutation, a deletion of T at position 3639 in exon 37 (3639delT), is responsible for the disease and causes premature termination of translation 32 aa downstream. The deletion is (i) the T residue of 2 overlapping TGAGGC and CCTG hot spot motifs, (ii) flanked by several direct repeats, (iii) surrounded by the highly GC rich region that have frequently been identified at the site of human DNA deletions. The patient is the third living child of a first degree cousin marriage. The major abnormalities of the patient at the age of 6 months were growth retardation, microcephaly, hypoplastic right thumb, distal displacements of both thumbs and pelvic displacement of left kidney. Hematological presentation of the disease started before the age of 4 years.
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Fanconi anaemia (FA) is a genetically heterogeneous autosomal recessive disorder associated with chromosomal fragility, bone-marrow failure, congenital abnormalities and cancer. The gene for complementation group A (FAA), which accounts for 60-65% of all cases, has been cloned, and is composed of an open reading frame of 4.3 kb, which is distributed among 43 exons. We have investigated the molecular pathology of FA by screening the FAA gene for mutations in a panel of 90 patients identified by the European FA research group, EUFAR. A highly heterogeneous spectrum of mutations was identified, with 31 different mutations being detected in 34 patients. The mutations were scattered throughout the gene, and most are likely to result in the absence of the FAA protein. A surprisingly high frequency of intragenic deletions was detected, which removed between 1 and 30 exons from the gene. Most microdeletions and insertions occurred at homopolymeric tracts or direct repeats within the coding sequence. These features have not been observed in the other FA gene which has been cloned to date (FAC) and may be indicative of a higher mutation rate in FAA. This would explain why FA group A is much more common than the other complementation groups. The heterogeneity of the mutation spectrum and the frequency of intragenic deletions present a considerable challenge for the molecular diagnosis of FA. A scan of the entire coding sequence of the FAA gene may be required to detect the causative mutations, and scanning protocols will have to include methods which will detect the deletions in compound heterozygotes.
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Fanconi anemia (FA), an autosomal recessive disorder characterized by a progressive pancytopenia associated with congenital anomalies and high predisposition to malignancies, is a genetically and clinically heterogeneous disease. At least eight complementation groups (FA-A to FA-H) have been identified with their relative prevalence varying among the ethnical backgrounds. Recently, responsible genes, FANCA and FANCC, have been cloned. This report describes mutations of the FANCA gene, which we studied by direct sequencing of cDNA with confirmation on genomic DNA in 15 unclassified Japanese FA patients. A total of 19 sequence alterations were identified, of which 10 (six missense and four silent alterations) were likely to be nonpathogenic polymorphism. The remaining nine alterations, of which eight were novel mutations, were assumed to be pathogenic and consisted of two missense mutations and seven mutations resulting in truncation of gene product, demonstrating a wide allelic heterogeneity. The pathogenic mutations were found in 12 patients (80%); they were either homozygous or compound heterozygous in 10 patients, apparently heterozygous in two patients and none in three patients. We conclude that the sequence variability is intrinsic to the FANCA gene and that the relative prevalence of the FA-A subtype is unusually high in Japanese FA patients.
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Fanconi anemia (FA) is an autosomal recessive disorder characterized by pancytopenia, predisposition to cancers, and a diverse variety of congenital malformations. At least eight complementation groups, A through H, have been described. Recently, the FA-A gene (FAA) has been isolated, and a large number of distinct mutations reported in ethnically diverse FA-A patients. Here, we report on the mutation analysis of five FA patients by single-strand conformation polymorphism. Out of five patients, at least three were found to have mutations in the FAA gene. The first patient was a compound heterozygote with a 1-bp deletion and a single-base substitution. The second patient had a heterozygous 2-bp deletion, which introduces a premature termination codon, and the third patient had a heterozygous splice donor site mutation in intron 27.
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Fanconi anemia (FA) is an autosomal recessive disorder exhibiting chromosomal fragility, bone-marrow failure, congenital abnormalities, and cancer. At least eight complementation groups have been described, with group A accounting for 60%-65% of FA patients. Mutation screening of the group A gene (FANCA) is complicated by its highly interrupted genomic structure and heterogeneous mutation spectrum. Recent reports of several large deletions of FANCA, coupled with modest mutation-detection rates, led us to investigate whether many deletions might occur in the heterozygous state and thus fail to be detected by current screening protocols. We used a two-step screening strategy, in which small mutations were detected by fluorescent chemical cleavage of the FANCA transcript, and heterozygosity for gross deletions was detected by quantitative fluorescent multiplex PCR. We screened 26 cell lines from FA complementation group A for FANCA mutations and detected 33 different mutations, 23 of which were novel. Mutations were observed in all 26 cell lines and included 43 of a possible 52 mutant alleles (83%). Of the mutant alleles, 40% were large intragenic deletions that removed up to 31 exons from the gene, indicating that this may be the most prevalent form of mutation in FANCA. Several common deletion breakpoints were observed, and there was a highly significant correlation between the number of breakpoints detected in a given intron and the number of Alu repeats that it contained, which suggests that Alu-mediated recombination may explain the high prevalence of deletions in FANCA. The dual screening strategy that we describe may be useful for mutation screening in other genetic disorders in which mutation-detection rates are unexpectedly low.
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Fanconi anemia (FA) is an autosomal recessive disease characterized by progressive pancytopenia, congenital malformations, and predisposition to acute myeloid leukemia. At least five complementation groups (FA-A-FA-E) have been identified. The relative prevalence of FA-A has been estimated at an average of approximately 65% but may widely vary according to ethnic background. In Italy, 11 of 12 patients analyzed by cell-fusion studies were assigned to group FA-A, suggesting an unusually high relative prevalence of this FA subtype in patients of Italian ancestry. We have screened the 43 exons of the FAA gene and their flanking intronic sequences in 38 Italian FA patients, using RNA-SSCP. Ten different mutations were detected: three nonsense and one missense substitutions, four putative splice mutations, an insertion, and a duplication. Most of the mutations are expected to cause a premature termination of the FAA protein at various sites throughout the molecule. Four protein variants were also found, three of which were polymorphisms. The missense mutation D1359Y, not found in chromosomes from healthy unrelated individuals, was responsible for a local alteration of hydrophobicity in the FAA protein, and it was likely to be pathogenic. Thus, the mutations so far encountered in the FAA gene are essentially all different. Since screening based on the analysis of single exons by genomic DNA amplification apparently detects only a minority of the mutations, methods designed to detect alterations in the genomic structure of the gene or in the FAA polypeptide may be helpful in the identification of FAA mutations.
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Fanconi anemia (FA) is a genetically heterogeneous autosomal recessive syndrome associated with chromosomal instability, hypersensitivity to DNA crosslinking agents, and predisposition to malignancy. The gene for FA complementation group A (FAA) recently has been cloned. The cDNA is predicted to encode a polypeptide of 1,455 amino acids, with no homologies to any known protein that might suggest a function for FAA. We have used single-strand conformational polymorphism analysis to screen genomic DNA from a panel of 97 racially and ethnically diverse FA patients from the International Fanconi Anemia Registry for mutations in the FAA gene. A total of 85 variant bands were detected. Forty-five of the variants are probably benign polymorphisms, of which nine are common and can be used for various applications, including mapping studies for other genes in this region of chromosome 16q. Amplification refractory mutation system assays were developed to simplify their detection. Forty variants are likely to be pathogenic mutations. Seventeen of these are microdeletions/microinsertions associated with short direct repeats or homonucleotide tracts, a type of mutation thought to be generated by a mechanism of slipped-strand mispairing during DNA replication. A screening of 350 FA probands from the International Fanconi Anemia Registry for two of these deletions (1115-1118del and 3788-3790del) revealed that they are carried on about 2% and 5% of the FA alleles, respectively. 3788-3790del appears in a variety of ethnic groups and is found on at least two different haplotypes. We suggest that FAA is hypermutable, and that slipped-strand mispairing, a mutational mechanism recognized as important for the generation of germ-line and somatic mutations in a variety of cancer-related genes, including p53, APC, RB1, WT1, and BRCA1, may be a major mechanism for FAA mutagenesis.
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Fanconi anemia is a rare autosomal recessive disease characterized by developmental defects of the thumb and radius, childhood onset of pancytopenic anemia and increased risk of leukemia. At least five complementation groups (A-E) have been defined but only the FAC gene has been cloned. Cells can be assigned to complementation group C by direct mutation analysis. To facilitate the search for additional FA genes and to measure the frequency of complementation groups, we have established new genetically marked immortalized FA-A and FA-D fibroblast cell lines and show their usefulness as universal fusion donors. These reference FA cell lines facilitated somatic cell fusion analysis and enabled us to assign the complementation group in 16 unrelated FA patients from North America. The majority of patients, belong to FA complementation group A (69%), followed by FA-C (18%), FA-D (4%) and FA-B or FA-E (9%).
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Fanconi anemia (FA) is a genetically heterogenous disease involving at least five genes on the basis of complementation analysis (FAA to FAE). The FAA gene has been recently isolated by two independent approaches, positional and functional cloning. In the present study we describe the genomic structure of the FAA gene. The gene contains 43 exons spanning approximately 80 kb as determined by the alignment of four cosmids and the fine localization of the first and the last exons in restriction fragments of these clones. Exons range from 34 to 188 bp. All but three of the splice sites were consistent with the ag-gt rule. We also describe three alternative splicing events in cDNA clones that result in the loss of exon 37, a 23-bp deletion at the 5' end of exon 41, and a GCAG insertion at the 3' portion also in exon 41. Sequence analysis of the 5' region upstream of the putative transcription start site showed no obvious TATA and CAAT boxes, but did show a GC-rich region, typical of housekeeping genes. Knowledge of the structure of the FAA gene will provide an invaluable resource for the discovery of mutations in the gene that accounts for about 60-66% of FA patients.
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Fanconi anemia (FA) is a genetically and phenotypically heterogeneous disorder defined by cellular hypersensitivity to DNA cross-linking agents; mutations in the gene defective in FA complementation group C, FAC, are responsible for the syndrome in a subset of patients. We have performed an analysis of the clinical effects of specific mutations in the FAC gene. Using the amplification refractory mutation system assays that we developed to rapidly detect FAC mutations, at least one mutated copy of the FAC gene was identified in 59 FA patients from the International Fanconi Anemia Registry (IFAR). This represents 15% of the 397 FA patients tested. FA-C patients were divided into three subgroups based on results of a genotype-phenotype analysis using the Cox proportional hazards model: (1) patients with the IVS4 mutation (n = 26); (2) patients with at least one exon 14 mutation (R548X or L554P) (n = 16); and (3) patients with at least one exon 1 mutation (322delG or Q13X) and no known exon 14 mutation (n = 17). Kaplan-Meier analysis shows that IVS4 or exon 14 mutations define poor risk subgroups, as they are associated with significantly earlier onset of hematologic abnormalities and poorer survival compared to exon 1 patients and to the non-FA-C IFAR population. There was no direct correlation between the degree of cellular hypersensitivity to the clastogenic effect of diepoxybutane and severity of clinical phenotype. Sixteen of the 59 FA-C patients (27%) have developed acute myelogenous leukemia. Thirteen of these patients have died; AML was the cause of death in 46% of the expired FA-C patients. This study enables us to define this clinically heterogeneous disorder genotypically to better predict clinical outcome and aid decision-making regarding major therapeutic modalities for a subset of FA patients.
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Data were analyzed from 419 Fanconi anemia (FA) patients enrolled in the American Registry of the International Fanconi Anemia Registry (IFAR) to determine whether Fanconi anemia (FA) patients without major congenital malformations (CM) have distinguishing characteristics that can lead to an earlier diagnosis. These included 377 patients reported by physicians to the IFAR and 42 patients examined by us. The number of FA patients in each group without CM was 128 and 16, respectively; one third of all patients lacked CM. We found that height, weight, and head circumference were < or = 5th centile in 26.6%, 18.0%, and 8.6% of FA patients without CM referred to the IFAR, and in 43.8%, 25.0%, and 43.8% of FA patients without CM examined by us. Minor anomalies were reported in 9.4% of FA patients without CM referred to the IFAR and 100% of FA patients without CM examined by us. Most FA patients without CM have alterations in growth parameters, skin pigmentation abnormalities, or microphthalmia. Increased awareness of the complete spectrum of FA by clinicians will enable an earlier diagnosis to be made.
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We report on the results obtained in 6 Fanconi's anaemia families (FA) (parents, brothers and sisters) affected by at least one of the symptoms usually observed in FA. The 6 FA families were studied from 1974 to 1990, all having located in Madrid (Spain) but with different ethnic origin: 3 families are of Spanish descent and the other 3 are gipsy families. All showed characteristics of the disease, including malformations, stunted growth, microcephaly, skin hyperpigmentation, high incidence of chromosomal breaks in lymphocyte cultures, and hematological and biochemical abnormalities: pancytopeny, increased fetal hemoglobin levels and significantly decreased superoxide dismutase (SOD) activity. (Ref. 17.)
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Fanconi anemia (FA) is an autosomal recessive disorder characterized clinically by progressive pancytopenia, diverse congenital abnormalities, and a predisposition to malignancy, particularly acute myelogenous leukemia (AML). Hypersensitivity of FA cells to the clastogenic effect of crosslinking agents such as diepoxybutane (DEB) is used as a diagnostic criterion, because phenotypic heterogeneity makes clinical diagnosis difficult. Studies of genetic heterogeneity have shown that there are at least five different complementation groups, FA-A through FA-E. Overall, FA-A is the most prevalent group, accounting for 60%-65% of all FA. The FAA gene, which maps to chromosome 16q24.3, was recently isolated and methods for molecular diagnosis of FA-A are currently being developed. The first FA gene to be isolated (FAC) maps to chromosome 9q22.3; FA-C accounts for 10%-15% of FA. A variety of mutations and polymorphisms have been described in FAC. The most common of these is IVS4 +4 A-->T, which is the only FAC mutation found in Ashkenazi Jewish FA patients and their families. This mutation has not been found in any affected individual of non-Jewish ancestry. The carrier frequency of the IVS4 mutation was found to be 1 in 89 (1.1%; 95% confidence interval 0.79% to 1.56%) in an Ashkenazi Jewish population, whereas no carriers were identified in an Iraqi Jewish population, which represents the original gene pool of the Jews. We have developed amplification refractory mutation system (ARMS) assays for FAC mutations, which provide a means of rapid, nonradioactive genetic testing. These assays have been used to assign FA patients to Group C, to provide rapid carrier testing and prenatal diagnosis for FA-C families.
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During the last 14 years, 65 unrelated patients were diagnosed as having constitutional aplastic anemia (CAA). In 52 of 65 patients the diepoxybutane (DEB) test was positive. Comparison of several hematological and clinical parameters in Fanconi anemia (FA) (DEB+) and non-Fanconi anemia (non-FA)(DEB ) patients disclosed no statistically significant differences. The study indicated that in Turkey there were no peculiarities in associated congenital abnormalities in FA and non-FA. The rate of consanguinity was 78% in FA and 46% in non-FA, suggesting that also among the non-FA group recessively inherited disorders are hidden. The mean age at diagnosis in FA was 7.7+/-4.4 (1.8-12) and in non-FA 7.8+/-3.8 (2-15) years. Nine out of 52 FA and five out of 13 non-FA patients died during the follow-up period. Five of the 52 FA patients developed malignancies, three of them had acute myeloblastic leukemia (AML), one a squamous cell carcinoma of the gingiva, and another a hepatocellular carcinoma. Peliosis hepatica occurred in three of the FA and one of the non-FA patients. A total of seven patients stayed in remission without any medication. The remaining 58 patients were given 2-5 mg/kg of oxymetholone and 5 mg prednisolone treatment. Because of sustained remission, oxymetholone therapy was terminated in four of the 45 FA and two of the 13 non-FA patients. Detailed examination of the pedigrees of all of patients indicated the presence of multiple congenital anomalies. In seven of 52 FA and one of 13 non-FA patients there was increased risk for AML and/or other cancers among family members.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=9212176
Yamashita, T., N. Wu, et al. (1996). "Clinical variability of Fanconi anemia (type C) results from expression of an amino terminal truncated Fanconi anemia complementation group C polypeptide with partial activity." Blood 87(10): 4424-32.


Fanconi anemia (FA) is an autosomal recessive disease characterized by congenital anomalies, aplastic anemia, and cancer susceptibility. Mutations within the FA complementation group C (FAC) gene account for approximately 14% of diagnosed FA cases. Two mutations, one in exon 1 (delG322) and one in exon 4 (IVS4 + 4 A to T), account for 90% of known FAC mutations. The delG322 mutation results in a mild FA phenotype, while the IVS4 + 4 A to T mutation results in severe FA phenotype. To determine the molecular basis for this clinical variability, we analyzed patient-derived cell lines for the expression of characteristic mutant FAC polypeptides. All cell lines with the delG322 mutation expressed a 50-kD FAC polypeptides, FRP-50 (FAC-related protein), shown to be an amino terminal truncated isoform of FAC reinitiated at methionine 55. All cell lines with the IVS4 + 4 A to T mutation lacked FRP-50. Overexpression of a cDNA encoding FRP-50 in an FA(C) cell line resulted in partial correction of mitomycin C sensitivity. In conclusion, expression of an amino terminal truncated FAC protein accounts, at least in part, for the clinical heterogeneity among FA(C) patients.
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The clinical and cytogenetic data of the first patient proven to belong to the fifth Fanconi anemia complementation group are described. The Turkish boy presented with psychomotoric retardation, growth retardation, retarded bone age, brachycephaly, hypotelorism, epicanthus, syndactyly, brachydactyly, renal dystopia, and cryptorchism. In addition, an asymmetrical skeletal anomaly was seen with a double distal phalanx of the left thumb and hypoplasia of the right thumb. Typical hematological features of the disorder developed, at the age of 2.5 years, about 1 year after diagnosis. Cytogenetic studies confirmed the clinical diagnosis and revealed a spontaneous chromosomal instability and hypersensitivity to the cross-linking agents diepoxybutane and Trenimon. The findings in the patient, who is considered to be the standard for the fifth Fanconi anemia complementation group, are compared with data reported for other patients affected with Fanconi anemia.
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Savoia, A., M. Centra, et al. (1996). "Molecular characterization of Fanconi anaemia group C (FAC) gene polymorphisms." Mol Cell Probes 10(3): 213-8.


Fanconi anaemia (FA) is a genetically heterogeneous disease with defects in at least five genes. The gene for complementation group C (FAC) has been cloned and mapped to chromosome 9q22.3 in the interval between D9S280 and D9S287. Linkage analysis is a rapid tool for the exclusion of FA families from complementation group C. The currently available markers are informative microsatellites flanking FAC and an intragenic restriction fragment length polymorphism (RFLP). In this paper, the identification of three CA polymorphic repeats localized in introns-1a, 2 and 3 and one rare variant in exon 2 are reported. The new microsatellites will enable more accurate analysis not only of FA but also in families affected by multiple self-healing squamous epitheliomata (ESS1) and nevoid basal cell carcinoma (NBCCS), since the genes of both syndromes have been mapped in the same interval as FAC.
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Lo ten Foe, J. R., M. T. Barel, et al. (1996). "Sequence variations in the Fanconi anaemia gene, FAC: pathogenicity of 1806insA and R548X and recognition of D195V as a polymorphic variant." Hum Genet 98(5): 522-3.


Fanconi anaemia (FA) is a rare autosomal recessive disorder associated with diverse clinical symptoms, increased chromosomal instability and a marked hypersensitivity to crosslinking agents. At least five complementation groups have been defined, the gene for group C (FAC) being the only FA gene cloned thus far. Several sequence variations have been detected in FA patients, whose assignment to group C, however, had not been ascertained by complementation studies. Using a functional assay, in which we tested the capacity of a variant sequence to correct the defect in FA-C lymphoblasts, we provide evidence for the pathogenic status of 1806insA and R548X and for non-pathogenicity of D195V.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=8882868
Joenje, H. (1996). "Fanconi anaemia complementation groups in Germany and The Netherlands. European Fanconi Anaemia Research group." Hum Genet 97(3): 280-2.


Fanconi anaemia (FA) is an autosomal recessive chromosomal instability disorder with extensive genetic heterogeneity. We determined the genetic subtypes in 28 ethnically and clinically unselected FA patients from Germany and The Netherlands, by complementation analysis. All five currently known complementation analysis. All five currently known complementation groups (FA-A to FA-E) appeared to be represented in the sample studied. The distribution of subtypes differed markedly in the two countries: FA-A patients were most prevalent in Germany (13/22, 59%), whereas in The Netherlands, the majority of patients were FA-C (4/6, 67%). This geographical inhomogeneity has implications for mutation-screening strategies in European FA patients.
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Gibson, R. A., N. V. Morgan, et al. (1996). "Novel mutations and polymorphisms in the Fanconi anemia group C gene." Hum Mutat 8(2): 140-8.


Fanconi anemia (FA) is an autosomal recessive disorder associated with hypersensitivity to DNA cross-linking agents and bone marrow failure. At least four complementation groups have been defined, and the FA group C gene (FAC) has been cloned. We have screened 76 unrelated FA patients of diverse ethnic and geographic origins and from unknown complementation groups for mutations in the FAC gene either by chemical cleavage mismatch analysis or by single-strand conformational polymorphism (SSCP). Five mutations were detected in four patients (5.3%), including two novel mutations (W22X and L496R). Nine polymorphisms were detected, seven of which have not been described previously (663A-->G, L190F, IVS6 + 30C-->T, I312V, V449M, Q465R, and 1974G-->A). Six of the nine polymorphisms occurred in patients or controls from the Tswana or Sotho chiefdoms of South Africa and were not found in 50 unrelated European controls. Restriction site assays were established for all 8 pathogenic mutations identified in the FAC gene to date and used to screen a total of 94 unrelated FA patients. This identified only one other group C patient, who was homozygons for the mutation IVS4 + 4A-->T. This study indicates that the proportion of FA patients from complementation group C is generally likely to be less than 10%. Guidelines for the selection of FA patients for FAC mutation screening are proposed.
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Dokal, I., A. Chase, et al. (1996). "Positive diepoxybutane test in only one of two brothers found to be compound heterozygotes for Fanconi's anaemia complementation group C mutations." Br J Haematol 93(4): 813-6.


Fanconi's anaemia (FA) is an autosomal recessive disorder characterized by diverse congenital abnormalities, the development of progressive bone marrow failure, and an increased predisposition to malignancy, particularly acute leukaemia. The FA phenotype is so variable that diagnosis on the basis of clinical manifestations alone can be difficult. The modern diagnosis of FA no longer rests entirely on the constellation of clinical and haematological abnormalities first described by Fanconi, but depends on finding elevated chromosomal breakage after incubation of peripheral blood lymphocytes with the chemical clastogens diepoxybutane (DEB) or mitomycin-C (MMC). The cloning of the gene for FA complementation group C [FAC] provides an opportunity to test the validity of the "DEB test' which in recent times has become the main arbiter as to whether a patient is classified as FA or non-FA. We report on two brothers with similar clinical and haematological features who have both been identified as compound heterozygotes for the FAC mutations L554P and delta G322, but only one of the brothers has a positive DEB test. On the basis of the DEB test one would be classified as FA and the other as non-FA. The time has come to re-evaluate the diagnostic criteria of "Fanconi's anaemia'.
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Zatterale, A., R. Calzone, et al. (1995). "Identification and treatment of late onset Fanconi's anemia." Haematologica 80(6): 535-8.


We diagnosed Fanconi's anemia (FA) in a 34-year-old lady, daughter of consanguineous parents, from a small Southern Italian town. The patient was pancytopenic when she was 31, and was found to be aplastic at the age of 34. Spontaneous chromosomal breakages were not evident in peripheral blood lymphocyte cultures but the diepoxybutane (DEB) test, carried out during the aplastic phase, was clearly positive. Danazol treatment significantly improved her hematological condition, yielding a Hb peak value of 13.4 g/dL. Four years later moderate pancytopenia has recurred. This case demonstrates that even adult pancytopenic patients may have FA and that a test detecting chromosomal hypersensitivity to cross-linking agents is the only key to a correct diagnosis, which in turn is essential to avoid improper treatment.
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Verlander, P. C., A. Kaporis, et al. (1995). "Carrier frequency of the IVS4 + 4 A-->T mutation of the Fanconi anemia gene FAC in the Ashkenazi Jewish population." Blood 86(11): 4034-8.


Fanconi anemia (FA) is a genetically and phenotypically heterogeneous autosomal recessive disorder defined by a cellular hypersensitivity to DNA cross-linking agents. One of the FA genes, FAC, has been cloned and the genomic structure of the coding region has been characterized. We have developed amplification refractory mutation system (ARMS) assays for five known mutations in FAC, and have applied these assays to determine the carrier frequency of the IVS4 + 4 A-->T (IVS4) mutation in an Ashkenazi Jewish population. We tested 3,104 Jewish individuals, primarily of Ashkenazi descent, for the two most common FAC mutations, IVS4 and 322delG. Thirty-five IVS4 carriers were identified, for a carrier frequency of 1 in 89 (1.1%; 95% confidence interval 0.79% to 1.56%); no 322delG carriers were found. To determine if the IVS4 mutation was confined to the Ashkenazi Jewish population, we tested 563 Iraqi Jews for IVS4, and no carriers were found. Because the IVS4 mutation has only been found on chromosomes of Ashkenazi Jewish origin and is the only FAC mutation found on these chromosomes, we suggest that a founder effect is responsible for the high frequency of this mutation. With a carrier frequency greater than 1% and simple testing available, the IVS4 mutation merits inclusion in the battery of tests routinely provided to the Jewish population.
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Whitney, M. A., P. Jakobs, et al. (1994). "The Ashkenazi Jewish Fanconi anemia mutation: incidence among patients and carrier frequency in the at-risk population." Hum Mutat 3(4): 339-41.


Fanconi anemia (FA) is an autosomal recessive disease for which at least four complementation groups exist. Recently the gene that corrects the defect in Fanconi anemia complementation group C cells (FACC) has been cloned. We have previously identified a common mutation in the FACC gene, which accounts for a majority of FA cases in Ashkenazi Jewish individuals. We here describe the use of allele-specific oligonucleotide (ASO) hybridization to determine the frequency of this mutation among additional Jewish FA patients and to determine the carrier frequency in the Jewish population. The common IVS4 + 4A-->T allele was found on 19/23 (83%) Jewish FA chromosomes, indicating that it is indeed responsible for most cases of FA among Ashkenazi Jews. The carrier frequency was 2/314 for Jewish individuals and the mutant allele was not detected in 130 non-Jewish controls.
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Verlander, P. C., J. D. Lin, et al. (1994). "Mutation analysis of the Fanconi anemia gene FACC." Am J Hum Genet 54(4): 595-601.


Fanconi anemia (FA) is a genetically heterogeneous autosomal recessive disorder characterized by a unique hypersensitivity of cells to DNA cross-linking agents; a gene for complementation group C (FACC) has recently been cloned. We have amplified FACC exons with their flanking intron sequences from genomic DNA from 174 racially and ethnically diverse families in the International Fanconi Anemia Registry and have screened for mutations by using SSCP analysis. We identified eight different variants in 32 families; three were detected in exon 1, one in exon 4, one in intron 4, two in exon 6, and one in exon 14. Two of the eight variants, in seven families, did not segregate with the disease allele in multiplex families, suggesting that these variants represented benign polymorphisms. Disease-associated mutations in FACC were detected in a total of 25 (14.4%) of 174 families screened. The most frequent mutations were IVS4 + 4 A-->T (intron 4; 12 families) and 322delG (exon 1; 9 families). Other, less common mutations include Q13X in exon 1, R185X and D195V in exon 6, and L554P in exon 14. The polymorphisms were S26F in exon 1 and G139E in exon 4. All patients in our study with 322delG, Q13X, R185X, and D195V are of northern or eastern European or southern Italian ancestry, and 18 of 19 have a mild form of the disease, while the 2 patients with L554P, both from the same family, have a severe phenotype. All 19 patients with IVS4 + 4 A-->T have Jewish ancestry and have a severe phenotype.
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Macdougall, L. G., J. Rosendorff, et al. (1994). "Comparative study of Fanconi anemia in children of different ethnic origin in South Africa." Am J Med Genet 52(3): 279-84.


A comparative study of clinical, hematologic, and cytogenetic findings was made in 40 black and 35 white children with Fanconi anemia. The black children were Bantu-speaking Negroid stock of diverse tribal origin. The white children were predominantly Afrikaans stock of Dutch/German/French Huguenot origin. All of the patients had IFAR scores of 2 to 4+ and over 80% in each group had increased spontaneous and/or mutagen-induced chromosomal breakage (CB-positive). There were no significant clinical differences between black and white patients or between CB-pos and CB-neg patients, with the exception of white children in whom significantly more CB-pos patients had thumb and radial anomalies than the CB-neg patients. The age-at-onset of hematologic manifestations was the same for all groups, but more black than white CB-pos patients were severely anemic at the time of diagnosis. Response to androgen and steroid therapy occurred in only 33% of black children compared with 86-90% of white children; 81% of black patients died during the 18 year study period compared with 30% of white children, but the age at death was similar. More sophisticated studies are required to determine whether these differences are genetically determined or related to cultural, educational, and socio-economic differences between the two ethnic groups.
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Gibson, R. A., A. Hajianpour, et al. (1993). "A nonsense mutation and exon skipping in the Fanconi anaemia group C gene." Hum Mol Genet 2(6): 797-9.


Fanconi anaemia (FA) is an autosomal recessive disorder associated with bone-marrow failure and hypersensitivity to DNA cross-linking agents. At least four complementation groups have been defined, and a cDNA which corrects the defect in group C cells (FACC) has recently been isolated. We have screened the FACC coding sequence for mutations in FA patients and found one patient to be homozygous for a nonsense mutation in exon 6 of the FACC coding sequence (R185X). Exon 6 was spliced out of a proportion of this patient's transcripts, providing further support for the proposal that nonsense mutations may alter splice site selection. Alternatively spliced transcripts which lacked exon 13 were detected in both patients and controls.
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FA is a progressive bone marrow aplasia genetically transmitted by a recessive autosomal gene or genes. In our laboratory, cytogenetic diagnosis is based on evaluation of the chromosomal breakage of mitotic cell derived from patient blood-cell cultures and sensitized by nitrogen mustard (NM). We have observed, in parallel with this test, fluctuations of the cell cycle of PHA- stimulated peripheral blood lymphocytes from FA patients as compared with controls. FA cells treated with NM show a dramatic and significant increase in G2/M phase after 72 hr in vitro culture, compared with untreated or control cells (normal controls and non-FA patients). This test is rapid and simple, as it consists in staining cells with a DNA dye (propidium iodide), followed by a flow cytometry analysis of the cell cycle phases. Our results in twelve patients are correlated with the cytogenetic results.
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We have investigated the prevalence of homozygous and heterozygous Fanconi anemia (FA) in the Afrikaans community of the southern Transvaal Province. The minimum birth incidence of FA in white, Afrikaans-speaking South Africans was estimated to be 1 in 22,000, with the calculated heterozygote prevalence being approximately 1 in 77. Alternatively, based on a point prevalence of 1 in 26,000, the carrier rate may be estimated as 1 in 83. It is postulated that this unusually high frequency of the gene for FA is attributable to founder effect.
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Glanz, A. and F. C. Fraser (1982). "Spectrum of anomalies in Fanconi anaemia." J Med Genet 19(6): 412-6.


The frequency of various anomalies was compared in probands with Fanconi anaemia and their affected sibs. As probands are usually ascertained because of a 'characteristic' array of physical anomalies, the frequencies of these specific anomalies may be overestimated in probands, whereas their affected sibs may provide a more accurate estimate. The frequencies of growth retardation, skin hyperpigmentation, radial ray deformities, radial ray reduction deformities, hypogenitalia, and supernumerary thumbs were significantly lower in the affected sibs of probands than in probands. Since 25% of the affected sibs had no dysmorphic features, absence of dysmorphism is not sufficient to rule out the diagnosis.
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Walsh, T. and M. C. King (2007). "Ten genes for inherited breast cancer." Cancer Cell 11(2): 103-5.


Inherited breast cancer is associated with germline mutations in ten different genes in pathways critical to genomic integrity. BRCA1 and BRCA2 mutations confer very high risks of breast and ovarian cancer. p53 and PTEN mutations lead to very high breast cancer risks associated with rare cancer syndromes. Mutations in CHEK2, ATM, NBS1, RAD50, BRIP1, and PALB2 are associated with doubling of breast cancer risks. In addition, biallelic mutations in BRCA2, BRIP1, and PALB2 cause Fanconi anemia. The convergence of these genes in a shared role reveals underlying biology of these illnesses and suggests still other breast cancer genes.
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Tischkowitz, M., B. Xia, et al. (2007). "Analysis of PALB2/FANCN-associated breast cancer families." Proc Natl Acad Sci U S A 104(16): 6788-93.


No more than approximately 30% of hereditary breast cancer has been accounted for by mutations in known genes. Most of these genes, such as BRCA1, BRCA2, TP53, CHEK2, ATM, and FANCJ/BRIP1, function in DNA repair, raising the possibility that germ line mutations in other genes that contribute to this process also predispose to breast cancer. Given its close relationship with BRCA2, PALB2 was sequenced in affected probands from 68 BRCA1/BRCA2-negative breast cancer families of Ashkenazi Jewish, French Canadian, or mixed ethnic descent. The average BRCAPRO score was 0.58. A truncating mutation (229delT) was identified in one family with a strong history of breast cancer (seven breast cancers in three female mutation carriers). This mutation and its associated breast cancers were characterized with another recently reported but unstudied mutation (2521delA) that is also associated with a strong family history of breast cancer. There was no loss of heterozygosity in tumors with either mutation. Moreover, comparative genomic hybridization analysis showed major similarities to that of BRCA2 tumors but with some notable differences, especially loss of 18q, a change that was previously unknown in BRCA2 tumors and less common in sporadic breast cancer. This study supports recent observations that PALB2 mutations are present, albeit not frequently, in breast cancer families. The apparently high penetrance noted in this study suggests that at least some PALB2 mutations are associated with a substantially increased risk for the disease.
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Rahman, N., S. Seal, et al. (2007). "PALB2, which encodes a BRCA2-interacting protein, is a breast cancer susceptibility gene." Nat Genet 39(2): 165-7.


PALB2 interacts with BRCA2, and biallelic mutations in PALB2 (also known as FANCN), similar to biallelic BRCA2 mutations, cause Fanconi anemia. We identified monoallelic truncating PALB2 mutations in 10/923 individuals with familial breast cancer compared with 0/1,084 controls (P = 0.0004) and show that such mutations confer a 2.3-fold higher risk of breast cancer (95% confidence interval (c.i.) = 1.4-3.9, P = 0.0025). The results show that PALB2 is a breast cancer susceptibility gene and further demonstrate the close relationship of the Fanconi anemia-DNA repair pathway and breast cancer predisposition.
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Rahman, N. and R. H. Scott (2007). "Cancer genes associated with phenotypes in monoallelic and biallelic mutation carriers: new lessons from old players." Hum Mol Genet 16 Spec No 1: R60-6.


Autosomal dominant cancer predisposition genes for common cancers such as breast cancer and colorectal cancer have been well recognized for over a decade. Monoallelic mutations in these genes are associated with high risks of adult-onset cancer. In recent years, it has become apparent that biallelic mutations in some of these genes, such as BRCA2, MSH2 and MLH1, result in distinctive phenotypes, including childhood cancer predisposition. Conversely, it has also become evident that some genes which cause autosomal recessive cancer predisposition syndromes such as Fanconi anaemia and ataxia-telangiectasia are associated with modestly increased risks of adult cancers in monoallelic mutation carriers. These observations raise interesting implications with respect to the identification and phenotypic characterization of cancer predisposition genes.
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Howlett, N. G. (2007). "Fanconi anemia: Fanconi anemia, breast and embryonal cancer risk revisited." Eur J Hum Genet 15(7): 715-7.
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Grant, S. G., R. Das, et al. (2007). "Elevated Levels of Somatic Mutation in a Manifesting BRCA1 Mutation Carrier." Pathol Oncol Res 13(4): 276-83.


Homozygous loss of activity at the breast cancerpredisposing genes BRCA1 and BRCA2 (FANCD1) confers increased susceptibility to DNA double strand breaks, but this genotype occurs only in the tumor itself, following loss of heterozygosity at one of these loci. Thus, if these genes play a role in tumor etiology as opposed to tumor progression, they must manifest a heterozygous phenotype at the cellular level. To investigate the potential consequences of somatic heterozygosity for a BRCA1 mutation demonstrably associated with breast carcinogenesis on background somatic mutational burden, we applied the two standard assays of in vivo human somatic mutation to blood samples from a manifesting carrier of the Q1200X mutation in BRCA1 whose tumor was uniquely ascertained through an MRI screening study. The patient had an allele-loss mutation frequency of 19.4 x 10-6 at the autosomal GPA locus in erythrocytes and 17.1 x 10-6 at the X-linked HPRT locus in lymphocytes. Both of these mutation frequencies are significantly higher than expected from age-matched disease-free controls (P < 0.05). Mutation at the HPRT locus was similarly elevated in lymphoblastoid cell lines established from three other BRCA1 mutation carriers with breast cancer. Our patient's GPA mutation frequency is below the level established for diagnosis of homozygous Fanconi anemia patients, but consistent with data from obligate heterozygotes. The increased HPRT mutation frequency is more reminiscent of data from patients with xeroderma pigmentosum, a disease characterized by UV sensitivity and deficiency in the nucleotide excision pathway of DNA repair. Therefore, this BRCA1-associated breast cancer patient manifests a unique phenotype of increased background mutagenesis that likely contributed to the development of her disease independent of loss of heterozygosity at the susceptibility locus.
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Friedenson, B. (2007). "The BRCA1/2 pathway prevents hematologic cancers in addition to breast and ovarian cancers." BMC Cancer 7: 152.


BACKGROUND: The present study was designed to test the hypothesis that inactivation of virtually any component within the pathway containing the BRCA1 and BRCA2 proteins would increase the risks for lymphomas and leukemias. In people who do not have BRCA1 or BRCA2 gene mutations, the encoded proteins prevent breast/ovarian cancer. However BRCA1 and BRCA2 proteins have multiple functions including participating in a pathway that mediates repair of DNA double strand breaks by error-free methods. Inactivation of BRCA1, BRCA2 or any other critical protein within this "BRCA pathway" due to a gene mutation should inactivate this error-free repair process. DNA fragments produced by double strand breaks are then left to non-specific processes that rejoin them without regard for preserving normal gene regulation or function, so rearrangements of DNA segments are more likely. These kinds of rearrangements are typically associated with some lymphomas and leukemias. METHODS: Literature searches produced about 2500 epidemiology and basic science articles related to the BRCA pathway. These articles were reviewed and copied to a database to facilitate access. Meta-analyses of statistical information compared risks for hematologic cancers vs. mutations for the components in a model pathway containing BRCA1/2 gene products. RESULTS: Deleterious mutations of genes encoding proteins virtually anywhere within the BRCA pathway increased risks up to nearly 2000 fold for certain leukemias and lymphomas. Cancers with large increases in risk included mantle cell lymphoma, acute myeloid leukemia, acute lymphocytic leukemia, chronic lymphocytic leukemia, and prolymphocytic leukemia. Mantle cell lymphoma is defined by a characteristic rearrangement of DNA fragments interchanged between chromosomes 11 and 14. DNA translocations or rearrangements also occur in significant percentages of the other cancers. CONCLUSION: An important function of the BRCA pathway is to prevent a subgroup of human leukemias and lymphomas that may involve non-random, characteristic gene rearrangements. Here, the genetic defect in BRCA pathway deficiencies is a chromosomal misrepair syndrome that may facilitate this subgroup of somatic cancers. Inactivation of a single gene within the pathway can increase risks for multiple cancers and inactivation of a different gene in the same pathway may have similar effects. The results presented here may have clinical implications for surveillance and therapy.
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Frank, B., K. Hemminki, et al. (2007). "BRIP1 (BACH1) variants and familial breast cancer risk: a case-control study." BMC Cancer 7: 83.


BACKGROUND: Inactivating and truncating mutations of the nuclear BRCA1-interacting protein 1 (BRIP1) have been shown to be the major cause of Fanconi anaemia and, due to subsequent alterations of BRCA1 function, predispose to breast cancer (BC). METHODS: We investigated the effect of BRIP1 -64G>A and Pro919Ser on familial BC risk by means of TaqMan allelic discrimination, analysing BRCA1/BRCA2 mutation-negative index patients of 571 German BC families and 712 control individuals. RESULTS: No significant differences in genotype frequencies between BC cases and controls for BRIP1 -64G>A and Pro919Ser were observed. CONCLUSION: We found no effect of the putatively functional BRIP1 variants -64G>A and Pro919Ser on the risk of familial BC.
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Berwick, M., J. M. Satagopan, et al. (2007). "Genetic heterogeneity among Fanconi anemia heterozygotes and risk of cancer." Cancer Res 67(19): 9591-6.


Fanconi anemia (FA) is a rare autosomal recessive disease characterized by a greatly increased risk of cancer among those diagnosed with the syndrome. The question as to whether FA heterozygotes are at increased risk for cancer is of great importance to those at risk for being a carrier. To address this question, we formed a cohort of grandparents of probands identified through the International Fanconi Anemia Registry. We obtained informed consent, a short questionnaire, and either blood or buccal swab DNA. After diagnosis of the proband was confirmed and complementation studies or DNA sequencing on the proband were completed, mutation analyses of the putative carriers and noncarriers was carried out. Standardized incidence ratios (SIR) were calculated to compare the observed cancer incidence of the grandparents and other relatives with the expected rates of cancer, using the Surveillance, Epidemiology, and End Results registries and the Connecticut Cancer registry. In the 944 study subjects who participated (784 grandparents and 160 other relatives), there was no suggestion of an increase in overall cancer incidence. On the other hand, a significantly higher rate of breast cancer than expected was observed among carrier grandmothers [SIR, 1.7; 95% confidence interval (95% CI), 1.1-2.7]. Among the grandmothers, those who were carriers of FANCC mutations were found to be at highest risk (SIR, 2.4; 95% CI, 1.1-5.2). Overall, there was no increased risk for cancer among FA heterozygotes in this study of Fanconi relatives, although there is some evidence that FANCC mutations are possibly breast cancer susceptibility alleles.
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Baris, H. N., I. Kedar, et al. (2007). "Prevalence of breast and colorectal cancer in Ashkenazi Jewish carriers of Fanconi anemia and Bloom syndrome." Isr Med Assoc J 9(12): 847-50.


BACKGROUND: Fanconi anemia complementation group C and Bloom syndrome, rare autosomal recessive disorders marked by chromosome instability, are especially prevalent in the Ashkenazi* Jewish community. A single predominant mutation for each has been reported in Ahshkenazi Jews: c.711+4A-->T (IVS4 +4 A-->T) in FACC and BLM(Ash) in Bloom syndrome. Individuals affected by either of these syndromes are characterized by susceptibility for developing malignancies, and we questioned whether heterozygote carriers have a similarly increased risk. OBJECTIVES: To estimate the cancer rate among FACC and BLM(Ash) carriers and their families over three previous generations in unselected Ashkenazi Jewish individuals. METHODS: We studied 42 FACC carriers, 28 BLM(Ash) carriers and 43 controls. The control subjects were Ashkenazi Jews participating in our prenatal genetic screening program who tested negative for FACC and BLM(Ash). All subjects filled out a questionnaire regarding their own and a three-generation family history of cancer. The prevalence rates of cancer among relatives of FACC, BLM(Ash) and controls were computed and compared using the chi-square test. RESULTS: In 463 relatives of FACC carriers, 45 malignancies were reported (9.7%) including 10 breast (2.2%) and 13 colon cancers (2.8%). Among 326 relatives of BLM(Ash) carriers there were 30 malignancies (9.2%) including 7 breast (2.1%) and 4 colon cancers (1.2%). Controls consisted of 503 family members with 63 reported malignancies (12.5%) including 11 breast (2.2%) and 11 colon cancers (2.2%). CONCLUSIONS: We found no significantly increased prevalence of malignancies among carriers in at least three generations compared to the controls.
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Vahteristo, P., K. Yliannala, et al. (2006). "BACH1 Ser919Pro variant and breast cancer risk." BMC Cancer 6: 19.


BACKGROUND: BACH1 (BRCA1-associated C-terminal helicase 1; also known as BRCA1-interacting protein 1, BRIP1) is a helicase protein that interacts in vivo with BRCA1, the protein product of one of the major genes for hereditary predisposition to breast cancer. Previously, two BACH1 germ line missense mutations have been identified in early-onset breast cancer patients with and without family history of breast and ovarian cancer. In this study, we aimed to evaluate whether there are BACH1 genetic variants that contribute to breast cancer risk in Finland. METHODS: The BACH1 gene was screened for germ line alterations among probands from 43 Finnish BRCA1/2 negative breast cancer families. Recently, one of the observed common variants, Ser-allele of the Ser919Pro polymorphism, was suggested to associate with an increased breast cancer risk, and was here evaluated in an independent, large series of 888 unselected breast cancer patients and in 736 healthy controls. RESULTS: Six BACH1 germ line alterations were observed in the mutation analysis, but none of these were found to associate with the cancer phenotype. The Val193Ile variant that was seen in only one family was further screened in an independent series of 346 familial breast cancer cases and 183 healthy controls, but no additional carriers were observed. Individuals with the BACH1 Ser919-allele were not found to have an increased breast cancer risk when the Pro/Ser heterozygotes (OR 0.90; 95% CI 0.70-1.16; p = 0.427) or Ser/Ser homozygotes (OR 1.02; 95% CI 0.76-1.35; p = 0.91) were compared to Pro/Pro homozygotes, and there was no association of the variant with any breast tumor characteristics, age at cancer diagnosis, family history of cancer, or survival. CONCLUSION: Our results suggest that the BACH1 Ser919 is not a breast cancer predisposition allele in the Finnish study population. Together with previous studies, our results also indicate that although some rare germ line variants in BACH1 may contribute to breast cancer development, the contribution of BACH1 germline alterations to familial breast cancer seems marginal.
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Seal, S., D. Thompson, et al. (2006). "Truncating mutations in the Fanconi anemia J gene BRIP1 are low-penetrance breast cancer susceptibility alleles." Nat Genet 38(11): 1239-41.


We identified constitutional truncating mutations of the BRCA1-interacting helicase BRIP1 in 9/1,212 individuals with breast cancer from BRCA1/BRCA2 mutation-negative families but in only 2/2,081 controls (P = 0.0030), and we estimate that BRIP1 mutations confer a relative risk of breast cancer of 2.0 (95% confidence interval = 1.2-3.2, P = 0.012). Biallelic BRIP1 mutations were recently shown to cause Fanconi anemia complementation group J. Thus, inactivating truncating mutations of BRIP1, similar to those in BRCA2, cause Fanconi anemia in biallelic carriers and confer susceptibility to breast cancer in monoallelic carriers.
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Mathew, C. G. (2006). "Fanconi anaemia genes and susceptibility to cancer." Oncogene 25(43): 5875-84.


Fanconi anaemia (FA) is a rare recessive disorder associated with chromosomal fragility, aplastic anaemia, congenital abnormalities and a high risk of cancer, including acute myeloid leukaemia and squamous cell carcinomas. The identification of 11 different FA genes has revealed a complex web of interacting proteins that are involved in the recognition or repair of DNA interstrand crosslinks and perhaps other forms of DNA damage. Bi-allelic mutations in BRCA2 are associated with a rare and highly cancer-prone form of FA, and the DNA helicase BRIP1 (formerly BACH1) is mutated in FA group J. There is little convincing evidence that FA heterozygotes are at increased risk of cancer, but larger studies are needed to address the possibility of modest risk effects. Somatic inactivation of the FA pathway by mutation or epigenetic silencing has been observed in several different types of sporadic cancer, and this may have important implications for targeted chemotherapy. Inhibition of this pathway represents a possible route to sensitization of tumours to DNA crosslinking drugs such as cisplatin.
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Brooks, G. A., J. E. Stopfer, et al. (2006). "Childhood cancer in families with and without BRCA1 or BRCA2 mutations ascertained at a high-risk breast cancer clinic." Cancer Biol Ther 5(9): 1098-102.


BACKGROUND: Germline mutations in the BRCA1 and BRCA2 genes are associated with breast cancer, ovarian cancer and other malignancies. Biallelic mutations of BRCA2 are a cause of Fanconi anemia and characteristic childhood cancers. We undertook this study to evaluate the contribution of familial BRCA mutations to childhood cancer in hereditary breast cancer families. PATIENTS AND METHODS: We compared the prevalence of childhood cancers in 379 families with BRCA1 or BRCA2 mutations and 426 families without mutations. All families were ascertained at a high-risk breast cancer clinic. Our study included first- through fourth-degree relatives of BRCA mutation carriers and cancer-affected individuals with negative testing for BRCA mutations. The primary endpoint was any case of childhood cancer (diagnosed < age 21). RESULTS: 20 cases of childhood cancer occurred in 379 families with BRCA1 or BRCA2 mutations and 35 cases of childhood cancer occurred in 426 families with negative mutation testing (p = 0.12). Nine childhood cancers occurred in 240 families with BRCA1 mutations, and 11 childhood cancers occurred in 141 families with BRCA2 mutations (p = 0.1). 13 of 18 families with childhood cancer and BRCA1 or BRCA2 mutations (72%) and 13 of 31 families with childhood cancer and negative mutation testing (42%) met the Birch criteria for Li-Fraumeni like syndrome (LFL). CONCLUSIONS: In this retrospective analysis, heterozygous BRCA1 and BRCA2 mutations were not a risk factor for childhood cancer in hereditary breast cancer families. These data support the current practice of delaying BRCA mutation testing until adulthood.
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Barroso, E., R. L. Milne, et al. (2006). "FANCD2 associated with sporadic breast cancer risk." Carcinogenesis 27(9): 1930-7.


Several components of the Fanconi anaemia (FA) family of proteins allow the formation of the DNA repair complex foci formed by proteins such as BRCA1/2 and RAD51. Because the genes that participate in the DNA repair pathway have been described as low-penetrance breast cancer susceptibility genes, we postulated that variants in FA genes could also be associated with sporadic breast cancer risk. We studied seven SNPs in FANCA, FANCL and FANCD2 in a total of 897 consecutive and non-related sporadic breast cancer cases and 1033 unaffected controls from the Spanish population. We observed a statistically significant association with sporadic breast cancer for the variant rs2272125 (L1366L) located on FANCD2 (OR per allele=1.35; 95% C.I. 1.09-1.67; P=0.005). Both haplotype and diplotype analyses confirmed this association, where one haplotype and pooled diplotypes carrying it were associated with more than 4-fold risk (P=0.007 and P=0.006, respectively). Screening for potential causal variants in FANCD2 was performed, detecting one in the putative promoter region, which is located in a phylogenetically conserved motif with consensus binding sites for some transcriptional factors, suggesting a functional implication. Our data indicate that a relationship between FANCD2 and sporadic breast cancer risk may exist.
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Thompson, E., R. L. Dragovic, et al. (2005). "A novel duplication polymorphism in the FANCA promoter and its association with breast and ovarian cancer." BMC Cancer 5(1): 43.


The FANCA gene is one of the genes in which mutations lead to Fanconi anaemia, a rare autosomal recessive disorder characterised by congenital abnormalities, bone marrow failure, and predisposition to malignancy. FANCA is also a potential breast and ovarian cancer susceptibility gene. A novel allele was identified which has a tandem duplication of a 13 base pair sequence in the promoter region. METHODS: We screened germline DNA from 352 breast cancer patients, 390 ovarian cancer patients and 256 normal controls to determine if the presence of either of these two alleles was associated with an increased risk of breast or ovarian cancer. RESULTS: The duplication allele had a frequency of 0.34 in the normal controls. There was a non-significant decrease in the frequency of the duplication allele in breast cancer patients. The frequency of the duplication allele was significantly decreased in ovarian cancer patients. However, when malignant and benign tumours were considered separately, the decrease was only significant in benign tumours. CONCLUSION: The allele with the tandem duplication does not appear to modify breast cancer risk but may act as a low penetrance protective allele for ovarian cancer. 
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Lewis, A. G., J. Flanagan, et al. (2005). "Mutation analysis of FANCD2, BRIP1/BACH1, LMO4 and SFN in familial breast cancer." Breast Cancer Res 7(6): R1005-16.


INTRODUCTION: Mutations in known predisposition genes account for only about a third of all multiple-case breast cancer families. We hypothesized that germline mutations in FANCD2, BRIP1/BACH1, LMO4 and SFN may account for some of the unexplained multiple-case breast cancer families. METHODS: The families used in this study were ascertained through the Kathleen Cuningham Foundation Consortium for Research into Familial Breast Cancer (kConFab). Denaturing high performance liquid chromatography (DHPLC) analysis of the coding regions of these four genes was conducted in the youngest affected cases of 30 to 267 non-BRCA1/2 breast cancer families. In addition, a further 399 index cases were also screened for mutations in two functionally significant regions of the FANCD2 gene and 253 index cases were screened for two previously reported mutations in BACH1 (p. P47A and p. M299I). RESULTS: DHPLC analysis of FANCD2 identified six silent exonic variants, and a large number of intronic variants, which tagged two common haplotypes. One protein truncating variant was found in BRIP1/BACH1, as well as four missense variants, a silent change and a variant in the 3' untranslated region. No missense or splice site mutations were found in LMO4 or SFN. Analysis of the missense, silent and frameshift variants of FANCD2 and BACH1 in relatives of the index cases, and in a panel of controls, found no evidence suggestive of pathogenicity. CONCLUSION: There is no evidence that highly penetrant exonic or splice site mutations in FANCD2, BRIP1/BACH1, LMO4 or SFN contribute to familial breast cancer. Large scale association studies will be necessary to determine whether any of the polymorphisms or haplotypes identified in these genes contributes to breast cancer risk.
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Couch, F. J., M. R. Johnson, et al. (2005). "Germ line Fanconi anemia complementation group C mutations and pancreatic cancer." Cancer Res 65(2): 383-6.


Biallelic mutations in Fanconi anemia complementation group genes disrupt DNA repair and result in the complex Fanconi anemia phenotype. In addition, germ line mutations in the BRCA2/FANCD1 Fanconi anemia complementation group gene have also been implicated in predisposition to a number of cancers including pancreatic cancer. The recent identification of FANCC and FANCG mutations in resected pancreatic tumors selected for loss of heterozygosity on chromosome 9, some of which were present in the germ line DNA, suggests that inactivation of these and other Fanconi complementation group genes may contribute to pancreatic cancer. To further assess the relevance of FANCC and FANCG mutations to pancreatic cancer we conducted a mutation screen of these genes in DNA from blood of 421 sequentially collected pancreatic cancer cases diagnosed at the Mayo Clinic. Two truncating FANCC mutations but no truncating FANCG mutations were identified in young onset (<55 years) pancreatic cancer cases with no family history of pancreatic cancer. Both mutations were associated with loss of heterozygosity of the wild-type allele in corresponding pancreatic tumors. In addition, no truncating mutations were identified in germ line DNA from blood of 658 control individuals undergoing routine colonoscopy. Taken together these data support the assertion that inherited mutations in FANCC can predispose to pancreatic cancer.
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Tischkowitz, M. D., N. V. Morgan, et al. (2004). "Deletion and reduced expression of the Fanconi anemia FANCA gene in sporadic acute myeloid leukemia." Leukemia 18(3): 420-5.


Fanconi anemia (FA) is an autosomal recessive chromosomal instability disorder caused by mutations in one of seven known genes (FANCA,C,D2,E,F,G and BRCA2). Mutations in the FANCA gene are the most prevalent, accounting for two-thirds of FA cases. Affected individuals have greatly increased risks of acute myeloid leukemia (AML). This raises the question as to whether inherited or acquired mutations in FA genes might be involved in the development of sporadic AML. Quantitative fluorescent PCR was used to screen archival DNA from sporadic AML cases for FANCA deletions, which account for 40% of FANCA mutations in FA homozygotes. Four heterozygous deletions were found in 101 samples screened, which is 35-fold higher than the expected population frequency for germline FANCA deletions (P<0.0001). Sequencing FANCA in the AML samples with FANCA deletions did not detect mutations in the second allele and there was no evidence of epigenetic silencing by hypermethylation. However, real-time quantitative PCR analysis in these samples showed reduced expression of FANCA compared to nondeleted AML samples and to controls. These findings suggest that gene deletions and reduced expression of FANCA may be involved in the promotion of genetic instability in a subset of cases of sporadic AML.
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Rogers, C. D., M. S. van der Heijden, et al. (2004). "The genetics of FANCC and FANCG in familial pancreatic cancer." Cancer Biol Ther 3(2): 167-9.


Patients with Fanconi anemia (FA) display a wide variety of defects including bone marrow failure and a high risk of developing cancer. Multiple Fanconi genes exist whose proteins form a complex that along with BRCA1 is important for the translocalization of FANCD2 to nuclear foci. With BRCA2 and RAD51, this complex is thought to have a role in the repair of DNA double strand breaks. The genetic basis of another form of Fanconi anemia--FANCD1, was recently identified as the result of biallelic inactivating mutations of the BRCA2 gene. Since carriers of germline BRCA2 gene mutations have an increased risk of developing pancreatic cancer, the FA pathway has been investigated as a tumor suppressor pathway in pancreatic cancer. Recently van der Heijden et al. identified FANCC and FANCG gene mutations in patients with young-onset pancreatic cancer. Here, we determined the role of germline FA gene mutations in kindred in which several family members had pancreatic cancer. Sequence analysis of 38 individuals with familial pancreatic cancer enrolled in the National Familial Pancreatic Tumor Registry (NFPTR) revealed previously identified polymorphisms within two exons and one intron of FANCC, and in three introns of FANCG. In addition, an unaffected relative from one family contained an exonic polymorphism within the FANCC gene. These and published data suggest the possibility that although germline and somatic mutations in FANCC and FANCG may contribute to the occurrence of pancreatic cancers, the pancreatic cancers that arise do so in an apparent sporadic fashion rather than with a phenotype of familial pancreatic cancer. FANCC and FANCG mutations may have low penetrance for the pancreatic cancer phenotype.
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Cantor, S., R. Drapkin, et al. (2004). "The BRCA1-associated protein BACH1 is a DNA helicase targeted by clinically relevant inactivating mutations." Proc Natl Acad Sci U S A 101(8): 2357-62.


BACH1 is a nuclear protein that directly interacts with the highly conserved, C-terminal BRCT repeats of the tumor suppressor, BRCA1. Mutations within the BRCT repeats disrupt the interaction between BRCA1 and BACH1, lead to defects in DNA repair, and result in breast and ovarian cancer. BACH1 is necessary for efficient double-strand break repair in a manner that depends on its association with BRCA1. Moreover, some women with early-onset breast cancer and no abnormalities in either BRCA1 or BRCA2 carry germline BACH1 coding sequence changes, suggesting that abnormal BACH1 function contributes to tumor induction. Here, we show that BACH1 is both a DNA-dependent ATPase and a 5'-to-3' DNA helicase. In two patients with early-onset breast cancer who carry distinct germline BACH1 coding sequence changes, the resulting proteins are defective in helicase activity, indicating that these sequence changes disrupt protein function. These results reinforce the notion that mutant BACH1 participates in breast cancer development.
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van der Heijden, M. S., C. J. Yeo, et al. (2003). "Fanconi anemia gene mutations in young-onset pancreatic cancer." Cancer Res 63(10): 2585-8.


Genes of the Fanconi complementation groups [Fanconi anemia (FA) genes] are suggested to be involved in homologous DNA recombination and produce FA when two allelic mutations are inherited. BRCA2 is an FA gene and additionally conveys an inherited risk for breast, ovarian, and pancreatic cancer for individuals carrying a single mutated allele [N. G. Howlett et al., Science (Wash. DC), 297: 606-609, 2002]. Here we report inherited and somatic mutations of FANCC and FANCG present in young-onset pancreatic cancer. This may imply a general involvement of Fanconi genes with an inherited risk of cancer. The known hypersensitivity of Fanconi cells to mitomycin and other therapeutic agents [M. S. Sasaki, Nature (Lond.), 257: 501-503, 1975] suggests a therapeutic utility for a more complete characterization of the DNA repair defects and their causative genetic mutations in pancreatic cancer.
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Seal, S., R. Barfoot, et al. (2003). "Evaluation of Fanconi Anemia genes in familial breast cancer predisposition." Cancer Res 63(24): 8596-9.


Fanconi Anemia (FA) is an autosomal recessive syndrome characterized by congenital abnormalities, progressive bone marrow failure, and susceptibility to cancer. FA has eight known complementation groups and is caused by mutations in at least seven genes. Biallelic BRCA2 mutations were shown recently to cause FA-D1. Monoallelic (heterozygous) BRCA2 mutations confer a high risk of breast cancer and are a major cause of familial breast cancer. To investigate whether heterozygous variants in other FA genes are high penetrance breast cancer susceptibility alleles, we screened germ-line DNA from 88 BRCA1/2-negative families, each with at least three cases of breast cancer, for mutations in FANCA, FANCC, FANCD2, FANCE, FANCF, and FANCG. Sixty-nine sequence variants were identified of which 25 were exonic. None of the exonic variants resulted in translational frameshifts or nonsense codons and 14 were polymorphisms documented previously. Of the remaining 11 exonic variants, 2 resulted in synonymous changes, and 7 were present in controls. Only 2 conservative missense variants, 1 in FANCA and 1 in FANCE, were each found in a single family and were not present in 300 controls. The results indicate that FA gene mutations, other than in BRCA2, are unlikely to be a frequent cause of highly penetrant breast cancer predisposition.
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Karppinen, S. M., J. Vuosku, et al. (2003). "No evidence of involvement of germline BACH1 mutations in Finnish breast and ovarian cancer families." Eur J Cancer 39(3): 366-71.


Recently BACH1, a novel putative DNA helicase mapping to chromosome 17q22, was reported to interact specifically with BRCA1, and was suggested to be a candidate gene for predisposition to breast and ovarian cancers. Here, we screened 214 breast and ovarian cancer patients from 151 Finnish families for germline BACH1 mutations by utilising conformation-sensitive gel electrophoresis (CSGE) and genomic sequencing analysis. Four sequence alterations were observed in the exon regions of BACH1, three of which have been previously reported and were classified as polymorphisms. In 1 patient, a novel heterozygous 3101C>T variant was observed resulting in a proline to leucine substitution at codon 1034 (Pro1034Leu). This amino acid change occurs in the BRCA1 binding domain of the BACH1 protein. Although the 3101C>T transition was also found in one of the 304 control individuals with an unknown cancer status, it still remains possible that this alteration could represent a rare disease-related allele in the population. Functional assays are needed to resolve the biological significance of this novel BACH1 missense variant. Altogether, the available data suggest that germline mutations in BACH1 are extremely rare.
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Condie, A., R. L. Powles, et al. (2002). "Analysis of the Fanconi anaemia complementation group A gene in acute myeloid leukaemia." Leuk Lymphoma 43(9): 1849-53.


Acute myeloid leukaemia (AML) is the most common acute leukaemia in adults. Around 10-15% of individuals with recessively inherited Fanconi anaemia (FA) develop AML. FA is one of a group of recessive syndromes characterized by excessive spontaneous chromosomal breakage in which heterozygote carriers appear to display an increased risk of cancer and there is some indirect evidence that FA carriers may also be at increased risk of AML. This suggests that FA genes may play a role in the development of AML in the wider context. To examine this proposition, further, we have screened samples from 79 AML patients for mutations in the major FA gene, FANCA. No truncating FANCA mutations were detected. One missense mutation previously designated as pathogenic and five novel missense mutations causing non-conservative amino acid substitutions were detected. The data suggests that while FANCA mutations are rare, FANCA mutations may contribute to the development of the disease in a subset of AML.
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Barquinero, J. F., L. Barrios, et al. (2001). "Cytogenetic sensitivity of three Fanconi anemia heterozygotes to bleomycin and ionizing radiation." Cancer Genet Cytogenet 124(1): 80-3.


It is well known that Fanconi anemia (FA) patients show a hypersensitivity to the effect of cross-linking agents such as mitomycin C and diepoxybutane, while the sensitivity of these patients to ionizing radiation is controversial. Fanconi anemia heterozygotes do not show a hypersensitivity to the above-mentioned agents. However, bleomycin it is used to identify mutagen sensitive individuals, especially among head and neck cancer patients. We present here a preliminary study in which the mean frequencies of bleomycin-induced chromatid breaks (ctb) from three FA heterozygotes (X = 0.90, range 0.80-1.01) and 11 controls (X = 0.40, range 0.21-0.66) differ significantly (P<.001), indicating a high sensitivity to bleomycin of G(2) lymphocytes from these three FA heterozygotes. An increased sensitivity was not observed after exposure of G0 lymphocytes to 2 Gy of ionizing radiation.
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Straface, E., R. Masella, et al. (2000). "Spectrin changes occur in erythrocytes from patients with Fanconi's anemia and their parents." Biochem Biophys Res Commun 273(3): 899-901.


Fanconi's anemia (FA) is a clinically and genetically heterogeneous disease which has been hypothesized to be defective in the detoxification of reactive oxygen species. In this work we report the results obtained by morphometric analyses on the red blood cells (RBCs) from FA patients and their parents. We found that a high rate of erythrocytes from both homozygous and heterozygous subjects was significantly altered. RBCs underwent in fact cytoskeleton-dependent modifications, in particular of spectrin molecule, leading to cell shrinking and blebbing. We hypothesize that these changes may be the result of an oxidative imbalance that probably lead to alterations of RBC plasticity- and deformation-associated functions. Moreover, our results also suggest the possibility to identify FA carriers by the existence of RBC abnormalities.
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Rischewski, J. R., H. Clausen, et al. (2000). "A heterozygous frameshift mutation in the Fanconi anemia C gene in familial T-ALL and secondary malignancy." Klin Padiatr 212(4): 174-6.


BACKGROUND: Patients with Fanconi Anemia (FANC) have a well documented increased risk to develop malignancies, especially Acute Myeloid Leukemia (AML) and Myelodysplastic Syndrome (MDS). The risk for heterozygous individuals is not clear, epidemiological data are inconsistent. If the risk for heterozygous individuals to develop malignancies was increased, they should be found in groups of patients with AML or MDS at higher proportion than in the normal population. We are currently screening a pediatric population with hematologic malignancies for mutations in the FANCA, FANCC and FANCG gene, and report here on siblings carrying a heterozygous frameshift mutation in the FANCC Gene. PATIENTS AND METHODS: Using PCR based single strand conformational analysis we screened the DNA from pediatric patients suffering from 1 degree or 2 degrees MDS, CMML/JMML or AML for mutations in the FANCA (43 exons), FANCC (14 exons) and FANCG (14 exons) gene, and included one patient with refractory T-ALL, being the brother of a patient with T-ALL and MDS transforming into AML. Aberrant PCR products were directly sequenced. Flowcytometric measurement of mitogen-sensitivity and G2-phase arrest is used to evaluate cultured stimulated lymphocytes from individuals carrying FANC-mutations. RESULTS: A novel heterozygous frame-shift mutation, 377-378delGA in the FANCC gene was found in 2 siblings, both suffering from T-ALL with subsequent MDS transforming to AML in one of them. No other mutation was found by direct sequencing of the complete FANCC gene. Both patients died under therapy. The parents (first degree cousins) and one healthy brother are also carriers. Their lymphocytes show a higher mutagen sensitivity than normal, but do not get blocked in G2 phase as being typical for Fanconi Anemia. CONCLUSION: As the mutation causes a premature Stopcodon within exon 4 of the FANCC gene it has to be regarded as a causal FANCC gene defect. The findings within this family support the hypothesis of an increased risk to develop malignancies in heterozygous carriers of FANC-mutations. A systematic screening of further patients is needed, and we are currently examining a larger cohort to get a better estimate of the true risk of heterozygosity.
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Castello, G., C. Gallo, et al. (1998). "Immunological phenotype analysis of patients with Fanconi's anaemia and their family members." Acta Haematol 100(1): 39-43.


In contrast to patients affected with Fanconi's anaemia (FA), who are homozygotes, parental heterozygotes are generally considered normal. In this preliminary work the main immunological phenotypes of circulating mononucleated cells were studied, both in homozygous and heterozygous subjects. The statistical analysis of results showed that two sets of variables may be distinguished: (a) the first set, including CD20, CD4, CD8 cell markers and CD20/CD3 and CD4/CD8 ratios, that was able to differentiate between FA patients and the other subject groups; (b) the second set, including CD25, HLA-DR, HLA-DP, HLA-DQ cell markers, that was able to differentiate healthy subjects from the other groups. Therefore, in contrast with the literature data, immunological abnormalities may already be present in parental heterozygotes of FA patients. These subjects displayed a reduced number of cells expressing both specific (CD25) and non-specific (HLA) antigens. This defect was more severe in FA homozygous patients, who showed, in addition, a reduced total lymphocyte count, reduced levels of T helper (CD4+) and B lymphocytes (CD20+), and a reduced CD4+/CD8+ cell ratio. In conclusion, our results suggest the presence of a grading of immunological defects in FA patients and family members. Our suggestion needs to be confirmed by functional studies.
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Degan, P., S. Bonassi, et al. (1995). "In vivo accumulation of 8-hydroxy-2'-deoxyguanosine in DNA correlates with release of reactive oxygen species in Fanconi's anaemia families." Carcinogenesis 16(4): 735-41.


The present study was aimed at verifying the occurrence, if any, of in vivo oxidative DNA damage in FA homozygotes, their parents and siblings. 8-Hydroxy-2'-deoxyguanosine (8-OHdG) was measured, by HPLC/EC, in DNA from circulating blood leucocytes from FA homozygotes and their relatives and compared with a group of paediatric and adult healthy subjects. The population studied consisted of: (i) 15 FA homozygotes; (ii) 24 FA heterozygotes; (iii) 11 siblings. The 8-OHdG level in FA homozygotes was significantly higher with respect to age-matched controls, with a mean level of 33.3 +/- 6.8 (mean +/- SE) and 3.9 +/- 0.26 8-OHdG/10(5) dG respectively. The FA parents (heterozygotes) also displayed higher 8-OHdG levels relative to controls. The release of hydroxyl (.OH) and .OH-like radicals from leucocytes was determined by luminol-dependent chemiluminescence (LDCL) in a subgroup of FA homo- and heterozygotes, showing a very large in vivo formation of non-superoxide radicals. Chromosomal instability was also measured in the FA population. When relating either 8-OHdG or LDCL levels to spontaneous or diepoxybutane-induced chromosomal instability (S-CI and DEB-CI respectively), a significant correlation was observed between the 8-OHdG, LDCL and S-CI data. Within families a positive association was found between 8-OHdG levels in homozygotes and their related heterozygotes, suggesting segregation of the genetic defect(s) underlying the abnormal oxidative metabolism. The present study provides evidence for an in vivo pro-oxidant state in FA, in terms of excess formation of .OH and .OH-like radicals, and of DNA hydroxyl adducts. This finding appears to be shared by homozygotes and, to a lesser extent, by heterozygotes.
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Fanconi anaemia (FA) is a recessively inherited disorder associated with a typical physical appearance and a spectrum of clinical and laboratory characteristics. Parental heterozygotes of FA patients are superficially normal in appearance and lack overt laboratory abnormalities. Furthermore, they are indistinguishable from normal subjects on chromosome analysis. In order to determine if any of the clinical or laboratory abnormalities seen in FA patients were detectable to a lesser degree in heterozygotes, we carried out detailed skeletal measurement and laboratory investigation on 16 obligate FA heterozygotes and compared the results with 40 normal control subjects. Skeletal proportions in FA heterozygotes showed significant differences from normal subjects in the ratio of the height to the inter-acromial distance (p less than 0.001), and in having significantly shorter forearms (p less than 0.05). Apart from two patients with presumed iron deficiency, haemoglobin levels were normal, but three patients showed neutropenia (less than 1.5 X 10(9)/l). Foetal haemoglobin measurements were significantly higher (p less than 0.01) and natural killer cell subsets lower (p less than 0.05) in heterozygotes. Significantly reduced mitogenetic responses to phytohaemagglutinin and interleukin-2 of peripheral blood lymphocytes in heterozygotes was also demonstrated. These results suggest that heterozygotes show minor physical and haematological abnormalities consistent with partial expression of the Fanconi gene in the heterozygote.
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Rosendorff, J. and R. Bernstein (1988). "Fanconi's anemia--chromosome breakage studies in homozygotes and heterozygotes." Cancer Genet Cytogenet 33(2): 175-83.


The in vitro enhancement of chromosome breakage by diepoxybutane (DEB) and mitomycin C (MMC) was studied in 24 Fanconi's anemia (FA) homozygotes and 28 heterozygotes. Both drugs were shown to enhance chromosome breakage significantly in the homozygotes. In the great majority of cases, DEB and MMC stressing are reliable techniques for the definitive cytogenetic diagnosis of FA homozygosity. However, the present study provides no evidence that individual FA heterozygotes can be differentiated from normal individuals on the basis of spontaneous, DEB- or MMC-induced chromosome breakage.
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Froom, P., E. Aghai, et al. (1987). "Reduced natural killer activity in patients with Fanconi's anemia and in family members." Leuk Res 11(2): 197-9.


Natural killer (NK) activity was measured in the peripheral blood of a family with Fanconi's anemia (FA) and compared to normal controls. One of two children with FA, and 6 of 11 family members had reduced NK activity (less than 30% with an E:T ratio of 25:1) compared to none of 40 controls (p less than 0.001). On retesting 5 of 8 family members and both children with FA had reduced endogenous NK activity compared to 0 of 5 controls (p less than 0.02). The number of NK cells determined by Leu 11b antibody was not reduced in any of the family members. Augmentation with interleukin-2 (IL-2) and alpha interferon (IFN) in those with low endogenous activity was variable. Three demonstrated no response to the 2 immunomodulators, while the 4 others increased to low normal levels. We conclude that some patients with FA and their apparently healthy relatives have reduced NK activity, which appears to be secondary to an intrinsic cell defect.
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Morrell, D., C. L. Chase, et al. (1986). "Diabetes mellitus in ataxia-telangiectasia, Fanconi anemia, xeroderma pigmentosum, common variable immune deficiency, and severe combined immune deficiency families." Diabetes 35(2): 143-7.


The hypothesis that heterozygous carriers of genes for certain autosomal recessive syndromes may be predisposed to diabetes was tested by comparing diabetes incidence from age 20 to 69 yr in blood relatives to that in spouse controls among 7999 adult family members of patients with one of five autosomal recessive syndromes: ataxia-telangiectasia (A-T), Fanconi anemia (FA), xeroderma pigmentosum (XP), common variable immune deficiency (CVID), and severe combined immune deficiency (SCID). FA and A-T families were studied because earlier findings in family members and the frequency of diabetes in homozygotes suggested that heterozygotes might also be predisposed to diabetes. The XP, CVID, and SCID families were included to see what analysis of family data would reveal when there was no prior evidence for a gene-diabetes association. The diabetes rate ratios of 2.6 and 4.2 among FA and SCID females, respectively, were significantly elevated. For female FA heterozygotes specifically, the estimated relative risk of 5.1 for developing diabetes was also significantly elevated. Among males, the most pronounced, although not statistically significant, findings were an elevated rate ratio of 2.2 for A-T males and a low-rate ratio of 0.5 for CVID males. The results suggest that heterozygotes for some of the diabetes-associated autosomal recessive syndromes may themselves be predisposed to diabetes.
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Swift, M., R. J. Caldwell, et al. (1980). "Reassessment of cancer predisposition of Fanconi anemia heterozygotes." J Natl Cancer Inst 65(5): 863-7.


The hypothesis that heterozygotes for the Fanconi anemia (FA) gene are predisposed to cancer was investigated by comparing the observed and expected numbers of cancer cases and deaths in 25 extended families of FA probands. This study demonstrated no overall excess of cancers of cancer deaths for any age or sex category of blood relatives and no unusual number of cancers among the obligate heterozygotes. Deaths from leukemia among blood relatives were fewer than expected. For bladder, stomach, and breast cancer there were more deaths and cases among blood relatives than expected, although the differences were not statistically significant. An excess of deaths at an early age from lung and stomach cancer was noted among the FA blood relatives. Among spouse controls there were fewer deaths than expected from bladder, stomach, and breast cancer; thus the expected numbers may be inappropriately high for this sample. Therefore, the question of predisposition to bladder, stomach, and breast cancer among FA heterozygotes remains unresolved.
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Spardy, N., A. Duensing, et al. (2007). "The human papillomavirus type 16 E7 oncoprotein activates the Fanconi anemia (FA) pathway and causes accelerated chromosomal instability in FA cells." J Virol 81(23): 13265-70.


Fanconi anemia (FA) patients have an increased risk for squamous cell carcinomas (SCCs) at sites of predilection for infection with high-risk human papillomavirus (HPV) types, including the oral cavity and the anogenital tract. We show here that activation of the FA pathway is a frequent event in cervical SCCs. We found that FA pathway activation is triggered mainly by the HPV type 16 (HPV-16) E7 oncoprotein and is associated with an enhanced formation of large FANCD2 foci and recruitment of FANCD2 as well as FANCD1/BRCA2 to chromatin. Episomal expression of HPV-16 oncoproteins was sufficient to activate the FA pathway. Importantly, the expression of HPV-16 E7 in FA-deficient cells led to accelerated chromosomal instability. Taken together, our findings establish the FA pathway as an early host cell response to high-risk HPV infection and may help to explain the greatly enhanced susceptibility of FA patients to squamous cell carcinogenesis at anatomic sites that are frequently infected by high-risk HPVs.
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Kutler, D. I., V. B. Wreesmann, et al. (2003). "Human papillomavirus DNA and p53 polymorphisms in squamous cell carcinomas from Fanconi anemia patients." J Natl Cancer Inst 95(22): 1718-21.


Fanconi anemia is an autosomal recessive disorder characterized by congenital malformations, bone marrow failure, and the development of squamous cell carcinomas (SCCs) and other cancers. Recent clinicopathologic evidence has raised the possibility that an environmental factor such as human papillomavirus (HPV) may be involved in the pathogenesis of SCCs in Fanconi anemia patients. Given the high prevalence of p53 mutations in SCCs among the general population and the lack of p53 mutations in HPV-related carcinogenesis, we evaluated the role of HPV and p53 mutations and polymorphisms in SCC from Fanconi anemia patients. We used polymerase chain reaction (PCR) screening and real-time PCR to detect and quantify HPV DNA in DNA extracted from microdissected SCCs obtained from 24 Fanconi anemia patients (n = 25 SCCs; case subjects) and 50 age-, sex-, and tumor site-matched SCC patients without Fanconi anemia (n = 50 SCCs; control subjects). We PCR-amplified and sequenced exons 4-9 of the p53 gene from SCC DNA. We detected HPV DNA in 84% of the SCC specimens from the case subjects and in 36% of the SCC specimens from the control subjects (P<.001). The prevalence of p53 mutations in SCCs from the case subjects (0%, 0/25) was statistically significantly lower than that of SCCs from the control subjects (36%, 12/33; P<.001). A greater proportion of patients with Fanconi anemia and SCC were homozygous for Arg72, a p53 polymorphism that may be associated with increased risk for HPV-associated human malignancies, than an ethnically-matched cohort of Fanconi anemia patients without SCC (75% versus 51%; P =.05). These data suggest that Fanconi anemia is associated with increased susceptibility to HPV-induced carcinogenesis.
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Digweed, M., I. Demuth, et al. (2002). "SV40 large T-antigen disturbs the formation of nuclear DNA-repair foci containing MRE11." Oncogene 21(32): 4873-8.


The accumulation of DNA repair proteins at the sites of DNA damage can be visualized in mutagenized cells at the single cell level as discrete nuclear foci by immunofluorescent staining. Formation of nuclear foci in irradiated human fibroblasts, as detected by antibodies directed against the DNA repair protein MRE11, is significantly disturbed by the presence of the viral oncogene, SV40 large T-antigen. The attenuation of foci formation was found in both T-antigen immortalized cells and in cells transiently expressing T-antigen, indicating that it is not attributable to secondary mutations but to T-antigen expression itself. ATM-mediated nibrin phosphorylation was not altered, thus the disturbance of MRE11 foci formation by T-antigen is independent of this event. The decrease in MRE11 foci was particularly pronounced in T-antigen immortalized cells from the Fanconi anaemia complementation group FA-D2. FA-D2 cells produce essentially no MRE11 DNA repair foci after ionizing irradiation and have a significantly increased cellular radiosensitivity at low radiation doses. The gene mutated in FA-D2 cells, FANCD2, codes for a protein which also locates to nuclear foci and may, therefore, be involved in MRE11 foci formation, at least in T-antigen immortalized cells. This finding possibly links Fanconi anaemia proteins to the frequently reported increased sensitivity of Fanconi anaemia cells to transformation by SV40. From a practical stand point these findings are particularly relevant to the many studies on DNA repair which exploit the advantages of SV40 immortalized cell lines. The interference of T-antigen with DNA repair processes, as demonstrated here, should be borne in mind when interpreting such studies.
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Carvalho, J. P., M. L. Dias, et al. (2002). "Squamous cell vulvar carcinoma associated with Fanconi's anemia: a case report." Int J Gynecol Cancer 12(2): 220-2.


Fanconi's anemia (FA) is a rare autosomal recessive syndrome associated with a strong predisposition to cancer, particularly squamous cell carcinoma (SCC) of various organs. A few cases of lower genital tract neoplasia have been described. We present a 14-year-old black girl with an advanced squamous cell vulvar carcinoma treated with cisplatin chemotherapy plus radiation therapy. The patient died because of fungal sepsis. Polymerase chain reaction (PCR) was positive to human papillomavirus (HPV)-16. Vulvar carcinoma is a very rare condition in teenagers, but the association of Fanconi's anemia and SCC of many sites is common. Vulvar carcinoma when associated with Fanconi's anemia is a great treatment challenge.
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Meyer, S., W. D. Fergusson, et al. (2007). "Amplification and translocation of 3q26 with overexpression of EVI1 in Fanconi anemia-derived childhood acute myeloid leukemia with biallelic FANCD1/BRCA2 disruption." Genes Chromosomes Cancer 46(4): 359-72.


Fanconi anemia (FA) is an inherited disease with congenital abnormalities and an extreme risk of acute myeloid leukemia (AML). Genetic events occurring during malignant transformation in FA and the biology of FA-associated AML are poorly understood, but are often preceded by the development of chromosomal aberrations involving 3q26-29 in bone marrow of FA patients. We report here the molecular cytogenetic characterization of FA-derived AML cell lines SB1685CB and SB1690CB by conventional and array comparative genomic hybridization, fluorescence in situ hybridization, and SKY. We identified gains of a 3.7 MB chromosomal region on 3q26.2-26.31, which preceded transformation to overt leukemia. This region harbors the oncogenic transcription factor EVI1. A third FA-derived cell line, FA-AML1, carried a translocation with ectopic localization of 3q26 including EVI1. Rearrangements of 3q, which are rare in childhood AML, commonly result in overexpression of EVI1, which determines specific gene expression patterns and confers poor prognosis. We detected overexpression of EVI1 in all three FA-derived AML. Our results suggest a link between the FA defect, chromosomal aberrations involving 3q and overexpression of EVI1. We hypothesize that constitutional or acquired FA defects might be a common factor for the development of 3q abnormalities in AML. In addition, cryptic imbalances as detected here might account for overexpression of EVI1 in AML without overt 3q26 rearrangements.
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Mehta, P. A., T. Ileri, et al. (2007). "Chemotherapy for myeloid malignancy in children with Fanconi anemia." Pediatr Blood Cancer 48(7): 668-72.


BACKGROUND: Children with Fanconi anemia (FA) have a markedly increased risk of developing myeloid malignancies. Historically, patients with FA and myeloid malignancy have extremely poor outcomes. There are currently no clinical trials or case series addressing the use of chemotherapy for children with FA, except in the context of preparative regimens for stem cell transplantation (SCT). In this report we describe the toxicity of a chemotherapy approach for patients with FA and myeloid malignancy to achieve cytoreduction prior to SCT. PATIENTS AND METHODS: Four patients with FA and myelodysplastic syndrome (MDS) or acute myeloid leukemia (AML) were treated with chemotherapy (fludarabine 30 mg/m(2) and cytosine arabinoside 300 mg/m(2) each on days 2-4 and granulocyte-colony stimulating factor (G-CSF) 5 microg/kg on days 1-5), termed reduced intensity FLAG prior to SCT. RESULTS: The chemotherapy was well tolerated with expected hematologic toxicity and no measurable toxicity in other organs. Two of the three patients with AML cleared blasts from their bone marrow. Reduction in marrow cellularity was also achieved in one patient with hypercellular MDS. CONCLUSION: These data indicate that children with FA and myeloid malignancy can tolerate chemotherapy and achieve clearance of disease. It remains unclear whether pre-SCT chemotherapy improves currently poor survival rates for SCT in FA patients with myeloid malignancies and further studies are needed to determine if there is a clinical role for this strategy.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16609946
Velez-Ruelas, M. A., G. Martinez-Jaramillo, et al. (2006). "Hematopoietic changes during progression from Fanconi anemia into acute myeloid leukemia: case report and brief review of the literature." Hematology 11(5): 331-4.


Fanconi anemia (FA) is a rare autosomal recessive disorder characterized by bone marrow (BM) failure and a wide array of physical abnormalities. Around 9% of FA patients develop acute myeloid leukemia (AML), which makes FA a good genetic model to study leukemogenesis. To date, however, no information exists on the functional integrity of the hematopoietic system of FA patients during the period in which they develop AML. Herein, we report on the characterization of hematopoietic progenitor cells from a pediatric FA patient that developed AML. Our results show that significant changes occurred in the hematopoietic system of the patient from the time he presented with FA to the time he developed AML. Such changes included marrow cellularity, frequency of CD34(+) cells and CFC, as well as proliferation potential of progenitor cells in liquid cultures supplemented with recombinant cytokines. Interestingly, no significant changes in the karyotype of marrow cells were observed, indicating that progression from FA into AML may proceed without major chromosomal alterations (i.e. translocations and/or deletions). This study represents one of the first steps towards the cellular characterization of the hematopoietic system in FA patients that develop AML.
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Meyer, S., L. M. Barber, et al. (2006). "Spectrum and significance of variants and mutations in the Fanconi anaemia group G gene in children with sporadic acute myeloid leukaemia." Br J Haematol 133(3): 284-92.


Childhood acute myeloid leukaemia (AML) is uncommon. Children with Fanconi anaemia (FA), however, have a very high risk of developing AML. FA is a rare inherited disease caused by mutations in at least 12 genes, of which Fanconi anaemia group G gene (FANCG) is one of the commonest. To address to what extent FANCG variants contribute to sporadic childhood AML, we determined the spectrum of FANCG sequence variants in 107 children diagnosed with sporadic AML, using polymerase chain reaction (PCR), fluorescent single-strand conformational polymorphism (SSCP) and sequencing methodologies. The significance of variants was determined by frequency analysis and assessment of evolutionary conservation. Seven children (6.5%) carried variants in FANCG. Two of these carried two variants, including the known IVS2 + 1G>A mutation with the novel missense mutation S588F, and R513Q with the intronic deletion IVS12-38 (-28)_del11, implying that these patients might have been undiagnosed FA patients. R513Q, which affects a semi-conserved amino acid, was carried in two additional children with AML. Although not significant, the frequency of R513Q was higher in children with AML than unselected cord bloods. While FANCG mutation carrier status does not predispose to sporadic AML, the identification of unrecognised FA patients implies that FA presenting with primary AML in childhood is more common than suspected.
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La Starza, R., A. Aventin, et al. (2006). "Genomic gain at 6p21: a new cryptic molecular rearrangement in secondary myelodysplastic syndrome and acute myeloid leukemia." Leukemia 20(6): 958-64.


Fluorescence in situ hybridization and comparative genomic hybridization characterized 6p rearrangements in eight primary and in 10 secondary myeloid disorders (including one patient with Fanconi anemia) and found different molecular lesions in each group. In primary disorders, 6p abnormalities, isolated in six patients, were highly heterogeneous with different breakpoints along the 6p arm. Reciprocal translocations were found in seven. In the 10 patients with secondary acute myeloid leukemia/myelodysplastic syndrome (AML/MDS), the short arm of chromosome 6 was involved in unbalanced translocations in 7. The other three patients showed full or partial trisomy of the 6p arm, that is, i(6)(p10) (one patient) and dup(6)(p) (two patients). In 5/7 patients with unbalanced translocations, DNA sequences were overrepresented at band 6p21 as either cryptic duplications (three patients) or cryptic low-copy gains (two patients). In the eight patients with cytogenetic or cryptic 6p gains, we identified a common overrepresented region extending for 5-6 megabases from the TNF gene to the ETV-7 gene. 6p abnormalities were isolated karyotype changes in four patients. Consequently, in secondary AML/MDS, we hypothesize that 6p gains are major pathogenetic events arising from acquired and/or congenital genomic instability.
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Yilmaz, Z., B. Alioglu, et al. (2005). "Clonal monosomy 7 in a megakaryoblastic leukemia developed on the basis of Fanconi anemia." J Pediatr Hematol Oncol 27(10): 565-6.


A 13-year-old girl with a history of Fanconi anemia developed acute myeloid leukemia of the M7 subtype with a 45,XX,-7 karyotype, which is rare in M7 subtype. Treatment protocols were set up, but she died of sepsis and osteomyelitis during induction.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16217263
Meyer, S., W. D. Fergusson, et al. (2005). "A cross-linker-sensitive myeloid leukemia cell line from a 2-year-old boy with severe Fanconi anemia and biallelic FANCD1/BRCA2 mutations." Genes Chromosomes Cancer 42(4): 404-15.


Fanconi anemia (FA) is a rare autosomal recessive disorder characterized by congenital and developmental abnormalities, hypersensitivity to DNA cross-linking agents such as mitomycin C (MMC), and strong predisposition to acute myeloid leukemia (AML). In this article, we describe clinical and molecular findings in a boy with a severe FA phenotype who developed AML by the age of 2. Although he lacked a strong family history of cancer, he was subsequently shown to carry biallelic mutations in the FANCD1/BRCA2 gene. These included an IVS7 splice-site mutation, which is strongly associated with early AML in homozygous or compound heterozygous carrier status in FA-D1 patients. Myeloid leukemia cells from this patient have been maintained in culture for more than 1 year and have been designated as the SB1690CB cell line. Growth of SB1690CB is dependent on granulocyte macrophage colony stimulating factor or interleukin-3. This cell line has retained its MMC sensitivity and has undergone further spontaneous changes in the spectrum of cytogenetic aberrations compared with the primary leukemia. This is the second AML cell line derived from an FA-D1 patient and the first proof that malignant clones arising in FA patients can retain inherited MMC sensitivity. As FA-derived malignancies are normally not very responsive to treatment, this implies there are important mechanisms of acquiring correction of the cellular FA phenotype that would explain the poor chemoresponsiveness observed in FA-associated malignancies and might also play a role in the initiation and progression of cancer in the general population.
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Tonnies, H., S. Huber, et al. (2003). "Clonal chromosomal aberrations in bone marrow cells of Fanconi anemia patients: gains of the chromosomal segment 3q26q29 as an adverse risk factor." Blood 101(10): 3872-4.


Fanconi anemia (FA) is a condition that induces susceptibility to bone marrow failure, myelodysplastic syndrome (MDS), and leukemia. We report on a high incidence of expanding clonal aberrations with partial trisomies and tetrasomies of chromosome 3q in bone marrow cells of 18 of 53 FA patients analyzed, detected by conventional and molecular cytogenetics. To determine the clinical relevance of these findings, we compared the cytogenetic data, the morphologic features of the bone marrow, and the clinical course of these patients with those of 35 FA patients without clonal aberrations of 3q. The 2 groups did not differ significantly with respect to age, sex, or complementation group. There was a significant survival advantage of patients without abnormalities of chromosome 3q. Even more pronounced was the risk assessment of patients with gains of 3q material with respect to the development of morphologic MDS and acute myeloid leukemia (AML). Thus, our data from 18 patients with 3q aberrations reveal that gains of 3q are strongly associated with a poor prognosis and represent an adverse risk factor in FA.
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Guardiola, P., P. Kurre, et al. (2003). "Effective graft-versus-leukaemia effect after allogeneic stem cell transplantation using reduced-intensity preparative regimens in Fanconi anaemia patients with myelodysplastic syndrome or acute myeloid leukaemia." Br J Haematol 122(5): 806-9.


Allogeneic transplantation is the only curative treatment for Fanconi anaemia (FA) patients who develop myeloid malignancies. Dose-intensive preparative regimens, to decrease disease recurrence, lead to unacceptable transplant-related toxicity in FA. We report the outcome of three FA patients with such malignancies who underwent transplantation with reduced-intensity preparative regimens. This approach was well tolerated, even as second transplantations, and resulted in complete leukaemic remissions. However, the graft-versus-leukaemia effect was associated with fatal graft-versus-host disease. Even after transplantation, myeloid malignancies remain associated with a poor outcome in FA, and this argues in favour of early intervention when suitable donors are available.
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Barber, L. M., H. E. McGrath, et al. (2003). "Constitutional sequence variation in the Fanconi anaemia group C (FANCC) gene in childhood acute myeloid leukaemia." Br J Haematol 121(1): 57-62.


The extent to which genetic susceptibility contributes to the causation of childhood acute myeloid leukaemia (AML) is not known. The inherited bone marrow failure disorder Fanconi anaemia (FA) carries a substantially increased risk of AML, raising the possibility that constitutional variation in the FA (FANC) genes is involved in the aetiology of childhood AML. We have screened genomic DNA extracted from remission blood samples of 97 children with sporadic AML and 91 children with sporadic acute lymphoblastic leukaemia (ALL), together with 104 cord blood DNA samples from newborn children, for variations in the Fanconi anaemia group C (FANCC) gene. We found no evidence of known FANCC pathogenic mutations in children with AML, ALL or in the cord blood samples. However, we detected 12 different FANCC sequence variants, of which five were novel to this study. Among six FANCC variants leading to amino-acid substitutions, one (S26F) was present at a fourfold greater frequency in children with AML than in the cord blood samples (odds ratio: 4.09, P = 0.047; 95% confidence interval 1.08-15.54). Our results thus do not exclude the possibility that this polymorphic variant contributes to the risk of a small proportion of childhood AML.
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Sugita, K., T. Taki, et al. (2000). "MLL-CBP fusion transcript in a therapy-related acute myeloid leukemia with the t(11;16)(q23;p13) which developed in an acute lymphoblastic leukemia patient with Fanconi anemia." Genes Chromosomes Cancer 27(3): 264-9.


We describe a boy with Fanconi anemia (FA) who developed acute lymphoblastic leukemia (ALL) (FAB-LI) followed by acute myeloid leukemia (AML) (FAB-M5) at relapse. The patient was diagnosed with early pre-B-cell ALL without preceding aplastic anemia and was treated with ALL-oriented chemotherapy which included doxorubicin (a total dose of 140 mg/m(2) administered), which is a topoisomerase II inhibitor. Complete remission was obtained, but after 38 weeks AML developed. The karyotype of ALL cells at diagnosis showed 46,XY, and that of AML cells at relapse was 46,XY, t(11;16)(q23;p13). An MLL gene rearrangement and MLL-CBP chimeric mRNA were found in AML, but not in ALL. A diagnosis of FA was confirmed by an increased number of chromosomal breaks and rearrangements in peripheral blood lymphocytes cultured with mitogen in the presence of mitomycin C. We conclude that this FA patient developed ALL followed by a therapy-related t(11;16)-AML resulting in an MLL-CBP fusion. Further examination of such patients would shed light on leukemogenesis in FA patients. Genes Chromosomes Cancer 27:264-269, 2000.
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Ortega, M., M. R. Caballin, et al. (2000). "Follow-up by cytogenetic and fluorescence in situ hybridization analysis of allogeneic bone marrow transplantation in two children with Fanconi's anaemia in transformation." Br J Haematol 111(1): 329-33.


Results of bone marrow transplantation (BMT) in patients with Fanconi's anaemia (FA) in transformation are very poor and only a few cases with favourable outcome have been reported. We present the follow-up of two FA-myelodysplastic syndrome (MDS) patients with monosomy 7 and complex karyotype implicating chromosome 1. Both relapsed with acute myeloid leukaemia (AML) following an allogeneic BMT from an HLA-identical brother. The patients showed clonal cytogenetic evolution coinciding with the leukaemic transformation. In one patient, fluorescence in situ hybridization using X and Y chromosome probes detected an increase of host cells before clinical relapse. Both patients received a successful second allogeneic BMT from the same donor using a more intensive treatment regimen and remain in clinical and cytogenetic remission more than 3 years later.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11091220
Alter, B. P., J. P. Caruso, et al. (2000). "Fanconi anemia: myelodysplasia as a predictor of outcome." Cancer Genet Cytogenet 117(2): 125-31.


The adverse potential of the development of myelodysplastic syndrome (MDS) in Fanconi anemia (FA) was examined in a retrospective study of 41 FA patients who had bone marrow morphology and chromosomes reviewed by a single group. Thirty-three patients had adequate cytogenetic studies, and 16 (48%) had one or more abnormal studies: nine initially, and seven more on follow-up. Cytogenetic clonal variation was frequent, including disappearance of clones, clonal evolution, and appearance of new clones. The estimated five-year survival with a cytogenetic clone is 0.40, compared to 0.94 without a clone. Morphologic myelodysplasia (MDS), independent of a cytogenetic clone, was found in 13/41 patients (32%). The estimated five-year survival with MDS is 0.09, versus 0.92 without MDS. Leukemia developed in three patients whose initial cytogenetic clones prior to leukemia were t(1;18), t(5;22) and monosomy 7; the one with t(1;18) also had MDS. Our results focus on marrow morphology, and suggest that morphologic MDS may be more important than classical cytogenetics in prediction of an adverse outcome.
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Thurston, V. C., T. M. Ceperich, et al. (1999). "Detection of monosomy 7 in bone marrow by fluorescence in situ hybridization. A study of Fanconi anemia patients and review of the literature." Cancer Genet Cytogenet 109(2): 154-60.


Monosomy 7 is frequently found in the bone marrow of patients with Fanconi anemia (FA), marrow myelodysplasia, or acute myelogenous leukemia and is associated with poor prognosis. In our laboratory, cytogenetic analysis of bone marrow from an FA patient found 2 of 30 cells with monosomy 7, but the results of fluorescence in situ hybridization (FISH) indicated that 83 of 207 cells (40%) had monosomy 7. FISH was then used to analyze two earlier samples from the index case, neither of which had monosomy 7 as determined by standard cytogenetics. The FISH analysis determined that the first sample, taken 19 months earlier, had 8 of 200 cells (4%) with monosomy 7 and the second sample. taken 7 months later, contained 43 of 200 cells (21.5%) with monosomy 7. These results indicate a slow evolution toward monosomy 7 in the patient's bone marrow. Standard metaphase chromosome analysis represents only spontaneously dividing cells, leading us to hypothesize that FISH was detecting monosomy 7 in nondividing cells and that it might be useful in the early detection of abnormal clones. To test this hypothesis, FISH was performed on 13 bone marrow samples from nine patients with FA who did not exhibit monosomy 7 by cytogenetic analysis. Monosomy 7 was detected in 3.44% of nuclei in FA patients and in 3% of nuclei in normal controls. To date, none of these nine FA patients have developed monosomy 7 or leukemia. They are being monitored by standard cytogenetics and by FISH to determine whether monosomy 7 develops and whether it can be detected by FISH prior to its detection by standard cytogenetics. As standard practice, we have adopted FISH analysis for monosomy 7 in all patients with FA.
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Janik-Moszant, A., H. Bubala, et al. (1998). "Acute lymphoblastic leukemia in children with Fanconi anemia." Wiad Lek 51 Suppl 4: 285-8.


Fanconi anaemia (FA) is a rare autosomal recessive disorder. Manifestation of the disease is pleomorphic and may include many congenital malformations and marrow aplasia. Congenital disorders include: skeletal abnormalities, hypo- or hyperpigmentation of the skin, renal or heart anomalies and many others. FA is an invariably fatal disease owing to progressive marrow aplasia or the development of acute leukaemia or squamous cell carcinoma. We present two children with Fanconi anaemia who developed acute lymphoblastic leukaemia in the 4 and 12 year of life.
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Maarek, O., P. Jonveaux, et al. (1996). "Fanconi anemia and bone marrow clonal chromosome abnormalities." Leukemia 10(11): 1700-4.


Clonal chromosome abnormalities were detected in bone marrow cells of 20 patients with Fanconi anemia investigated at various stages of the disease. Two presented with acute leukemia, six with myelodysplastic syndrome, and 12 had minor or no morphological abnormalities of hematopoietic cells. Abnormalities of chromosome 7 were detected in nine patients (monosomy, isochromosome, or other structural rearrangement), and chromosome 1 was rearranged in four. The types and the significance of clonal chromosome abnormalities which may be present without apparent evolution toward acute leukemia or myelodysplastic syndrome in Fanconi anemia patients are discussed.
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Cavenagh, J. D., D. S. Richardson, et al. (1996). "Fanconi's anaemia presenting as acute myeloid leukaemia in adulthood." Br J Haematol 94(1): 126-8.


We describe a 28-year-old male patient who presented with apparently de novo acute myeloid leukaemia (AML) who was subsequently found to have Fanconi's anaemia (FA). The gene for complementation group A (FAA) has recently been localized to chromosome 16q24.3 and utilizing genetic markers closely linked to this locus we were able to conclude that this patient was likely to belong to complementation group A. FA presenting as AML is an exceptionally rare event and all previously described cases have occurred in patients less than 21 years of age. We conclude that the diagnosis of FA should always be considered in younger patients presenting with AML. It is important that the correct diagnosis is made in these individuals because the administration of conventional chemotherapy may well have devastating consequences for them. Correlations between the specific mutations causing FA and clinical phenotypes are likely to become apparent as more genetic analyses are performed in this group of patients.
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Takizawa, J., K. Kishi, et al. (1995). "[Allogenic bone marrow transplantation for Fanconi's anemia with leukemic transformation from an HLA identical father]." Rinsho Ketsueki 36(6): 615-20.


We report a case of a 19-year-old male with congenital aplastic anemia and multiple abnormalities; short stature, hypoplastic thumb, skin pigmentation and mental retardation. He was admitted to our hospital because of severe pancytopenia. Bone marrow aspiration showed markedly hypocellular marrow with 42% myeloblasts. He was diagnosed as AML (M2) transformed from Fanconi's anemia and underwent allo-BMT from an HLA-identical father. The conditioning regimen consisted of high dose Ara-C, high dose etoposide and 12Gy fractionated total body irradiation. Severe toxicity associated with the conditioning regimen was not observed. Cyclosporin A and short-term methotrexate were administered for prophylaxis of acute GVHD. Neither acute nor chronic GVHD were observed. He is well and free of disease for 15 months since BMT. Very few cases of Fanconi's anemia with leukemic transformation treated by BMT have been reported. Long-term observation will be necessary to evaluate our conditioning regimen for Fanconi's anemia with leukemic transformation.
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Fundia, A., N. Gorla, et al. (1994). "Spontaneous chromosome aberrations in Fanconi's anemia patients are located at fragile sites and acute myeloid leukemia breakpoints." Hereditas 120(1): 47-50.


Spontaneous chromosome aberrations (CA) were analyzed in 3 Fanconi's anemia (FA) patients, 8 family members, and 9 healthy individuals. Peripheral blood lymphocytes obtained from each individual were cultured and cytogenetic analysis was performed on standard and sequential G-banded metaphases. The numbers of abnormal cells and breaks were found to be higher in AF patients compared to the other groups (p < 0.0001). Breakpoint distribution was statistically analyzed considering the formula proposed by Brogger (1977), showing a non-random pattern among FA patients but not among controls or relatives (p < 0.001). Five chromosomal bands located at 1p36, 1p22, 1q21, 3p14, and 3q21 were non-randomly involved in spontaneous CA in FA patients. These bands were correlated with the chromosomal location of fragile sites, oncogenes, and breakpoints involved in cancer-rearrangements. A significant correlation with the location of fragile sites (p < 0.03) and breakpoints involved in cancer-rearrangements (p < 0.001), particularly with AML chromosome anomalies (p < 0.03) was found, suggesting a possible relationship with the high predisposition to cancer observed in this disease.
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Berger, R., M. Le Coniat, et al. (1993). "Chromosome abnormalities in bone marrow of Fanconi anemia patients." Cancer Genet Cytogenet 65(1): 47-50.


We report the clonal chromosome abnormalities of five patients with Fanconi anemia (FA). In one with myelodysplastic syndrome (MDS), an abnormal clone was present in the bone marrow (BM): 47,XY,trp(1)(q32q44), + mar. Two had acute myeloblastic leukemia (AML), one with monosomy 7 and the other with 46,XY,add(1)(p34),del(7)(p13). In the two others without signs of MDS or AML, pseudodiploidy with 46,XX,-5, +8 and 46,XX, +5, -21 were present, respectively. The significance of these abnormalities is discussed.
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Alter, B. P., A. Scalise, et al. (1993). "Clonal chromosomal abnormalities in Fanconi's anaemia: what do they really mean?" Br J Haematol 85(3): 627-30.


Patients with Fanconi's anaemia (FA) have aplastic anaemia, leukaemia, myelodysplasia and tumours. Since leukaemia has a very poor prognosis, it is desirable to identify high-risk patients. To determine the significance of clonal marrow chromosomal abnormalities we began a prospective study in 17 patients: five were normal, eight aplastic, and four myelodysplastic. Three of 11 with adequate cytogenetics had transient abnormal clones. None had leukaemia at 3-24 months. Changing cytogenetic patterns may not be related to leukaemic evolution in patients with a DNA repair defect.
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Alter, B. P. (1992). "Leukemia and preleukemia in Fanconi's anemia." Cancer Genet Cytogenet 58(2): 206-8; discussion 209.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=1551092
Auerbach, A. D. and R. G. Allen (1991). "Leukemia and preleukemia in Fanconi anemia patients. A review of the literature and report of the International Fanconi Anemia Registry." Cancer Genet Cytogenet 51(1): 1-12.


Fanconi anemia (FA) is an autosomal recessive disorder characterized clinically by a progressive pancytopenia, diverse congenital abnormalities, and increased predisposition to malignancy. Although a variable phenotype makes accurate diagnosis on the basis of clinical manifestations difficult in some patients, the unique sensitivity of FA cells to the clastogenic effect of DNA cross-linking agents such as diepoxybutane (DEB) can be used to facilitate the diagnosis. We review all cases of FA reported to have leukemia, preleukemia, or a bone marrow (BM) clonal chromosomal abnormality and include for the first time an analysis of these conditions observed in patients in the International Fanconi Anemia Registry (IFAR). The incidence of acute myelogenous leukemia (AML) in FA patients is more than 15,000 times that observed in children in the general population. Cytogenetic studies of FA-associated leukemias disclose a high frequency of monosomy 7 and duplications involving 1q. There were no occurrences of t(8;21), t(15;17), or abnormalities of 11q, which are associated with M2, M3, and M5 leukemias, respectively, but not with preleukemia. Development of leukemia in FA patients was associated with an exceedingly poor prognosis, with a mean age of death of 15 years. We suggest that all FA patients may be considered preleukemic and that this disorder presents a model for study of the etiology of AML.
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Stivrins, T. J., R. B. Davis, et al. (1984). "Transformation of Fanconi's anemia to acute nonlymphocytic leukemia associated with emergence of monosomy 7." Blood 64(1): 173-6.


Two sisters in whom a diagnosis of Fanconi's anemia was made at ages 12 and 18 subsequently developed acute nonlymphocytic leukemia (ANLL). A third sibling had previously died at age 11 of apparent sepsis. Both sisters had cytogenetic studies that showed increased chromosomal breakage and a 46,XX karyotype, but subsequently developed ANLL after, or coincident with, the emergence of monosomy 7. These observations suggest that, in addition to myelodysplastic syndromes and defective neutrophil chemotaxis, monosomy 7 may be associated with the emergence of leukemia in this disorder.
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Nuamah, N. M., E. Hamaloglu, et al. (2006). "Hepatic focal nodular hyperplasia developing in a Fanconi anemia patient: a case report and literature review." Haematologica 91(8 Suppl): ECR39.


Fanconi anemia, an autosomal recessive and X-linked disorder, is known to be associated with a variety of neoplasms. Liver tumors are one of the most frequently observed neoplasms but the association between the two disorders remains obscure. We present a case of a 27-year old female Fanconi anemia patient diagnosed with a mass on the right lobe of the liver measuring 90x75x60 mm. Histopathological examination of the mass after right hepatic lobectomy revealed focal nodular hyperplasia. This appears to be the first reported case of a hepatic focal nodular hyperplasia of such proportion associated with Fanconi anemia. Previously reported cases of liver tumors in association with Fanconi anemia in the English Literature were either hepatocellular carcinomas or hepatic adenomas.
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Velazquez, I. and B. P. Alter (2004). "Androgens and liver tumors: Fanconi's anemia and non-Fanconi's conditions." Am J Hematol 77(3): 257-67.


The association between anabolic androgenic steroids and liver tumors was first noted in patients with Fanconi's anemia (FA). The hypotheses which led to this review were as follows: (1) androgen-treated individuals who do not have FA are also at risk of liver tumors; (2) parenteral as well as oral androgens may be responsible for liver tumors; (3) FA patients develop liver tumors after smaller and briefer androgen exposure than non-FA individuals; (4) the risk of hepatic neoplasms may depend on the specific androgen. Medline and Web of Science were searched for all cases of liver tumors associated with androgens. Information from individual cases was entered into a spreadsheet and descriptive statistical analyses were performed. Thirty-six FA cases and 97 non-FA cases with both nonhematologic disorders and acquired aplastic anemia (non-FA AA) were identified. The most common androgens were oxymetholone, methyltestosterone, and danazol. Hepatocellular carcinomas (HCC) were more often associated with oxymetholone and methyltestosterone, while adenomas were associated with danazol. Tumors were reported in six patients who received only parenteral and not oral androgens. FA patients were younger than non-FA patients when androgen use was initiated, and the FA patients developed tumors at younger ages. Non-AA patients were treated with androgens for longer periods of time, compared with FA and non-FA AA patients. All patients on anabolic androgenic steroids are at risk of liver tumors, regardless of underlying diagnosis. The magnitude of the risk cannot be determined from currently available data, because the number of patients receiving androgens is unknown.
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Kumar, A. R., J. E. Wagner, et al. (2004). "Fatal hemorrhage from androgen-related hepatic adenoma after hematopoietic cell transplantation." J Pediatr Hematol Oncol 26(1): 16-8.


Fanconi anemia is a rare genetic disorder that leads to bone marrow failure. Hematopoietic cell transplantation (HCT) is currently the only treatment option with curative potential. When a suitable HLA-matched sibling donor is not available, patients are often treated with androgenic steroids before considering HCT. Such androgen treatments can lead to the development of hepatic adenomas, which usually regress upon stopping androgen therapy. A patient with Fanconi anemia is described who underwent an unrelated umbilical cord blood transplant with a history of a hepatic adenoma related to androgen therapy. No adenomas were detected on an ultrasound examination prior to HCT. Soon after HCT, he died due to sudden rupture and hemorrhage of a hepatic adenoma. This case illustrates the need for extra vigilance in the detection and management of hepatic adenomas in patients treated with androgens, especially prior to HCT.
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Aslan, D., F. Gumruk, et al. (2002). "Serum alpha-fetoprotein level in Fanconi's anemia: evaluation of 33 Turkish patients." Am J Hematol 71(4): 275-8.


Recently, measurement of serum alpha-fetoprotein (sAFP) was introduced as a preliminary test for diagnosis of Fanconi's anemia (FA). In the present study, sAFP levels were measured in order to determine its sensitivity and specificity in 33 Turkish FA patients (17 males and 16 females) with a mean age of 11.6  7.7 (1.0-28.0) (median 10.0). Complementation groups were available in 12 patients. Nineteen age-matched healthy children, 17 patients with bone marrow failure syndromes, 37 FA heterozygotes, and 37 children with acute leukemia served as negative control groups. The sAFP was measured by particle immunoassay. The level of sAFP was found to be higher than the cut-off value, 8 IU/mL in 46% and was within normal limits in 54% of the FA patients. The AFP values were within normal limits in all of the subjects belonging to the control groups. This method provided 46% sensitivity and 100% specificity in the diagnosis of FA. The sAFP values were high in 4 of 17 (24%) FA patients who did not receive any androgen therapy, while the sAFP level was high in 7 of 9 (78%) patients who received such a therapy. The statistical analysis of incidence of a high sAFP level between these two groups indicated a significant difference (P = 0.014), suggesting that androgen therapy might be a contributing factor for elevation of sAFP. The comparison of several clinical and laboratory parameters between FA patients with high and normal levels of AFP revealed no statistically significant differences. The level of sAFP was elevated in only 5 of the 11 patients with complementation group A; in addition, variable levels of sAFP were noted among the affected members in 4 families, indicating that complementation groups, type of mutation, or familial factors were not responsible for elevation of sAFP.
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Cassinat, B., P. Guardiola, et al. (2000). "Constitutive elevation of serum alpha-fetoprotein in Fanconi anemia." Blood 96(3): 859-63.


The diagnosis of Fanconi anemia (FA) is based on the association of congenital malformations, bone marrow failure syndrome, and hypersensitivity to chromosomal breaks induced by cross-linking agents. In the absence of typical features, the diagnosis is not easy to establish because there is no simple and cost-effective test; thus, investigators must rely on specialized analyses of chromosomal breaks. Because we observed elevated serum alpha-fetoprotein (sAFP) levels in FA patients, we investigated this parameter as a possible diagnostic tool. Serum AFP levels from 61 FA patients and 27 controls with acquired aplastic anemia or other inherited bone marrow failure syndromes were analyzed using a fluoroimmunoassay based on the TRACE technology. Serum AFP levels were significantly more elevated (P <.0001) in FA than in non-FA aplastic patients. In the detection of FA patients among patients with bone marrow failure syndromes, this assay had a sensitivity of 93% and a specificity of 100%. This elevation was not explained by liver abnormalities. Levels of sAFP were unchanged during at least 4 years of follow-up, and allogeneic bone marrow transplantation did not modify sAFP levels. Three of 4 FA patients with mosaicism as well as 5 of 6 FA patients with myelodysplastic syndrome were detected by this test. Heterozygous parents of FA patients had normal sAFP levels. Measurement of sAFP levels with this automated, cost-effective, and reproducible fluoroimmunoassay could be proposed for the preliminary diagnosis of FA whenever this disorder is suspected.
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Saatci, I., M. Coskun, et al. (1995). "MR findings in peliosis hepatis." Pediatr Radiol 25(1): 31-3.


Peliosis is an uncommon condition characterized by multiple-blood-filled cavities mostly involving the liver. Although the etiology is unknown the condition may be associated with several disease states and medications. We report the MR findings of peliosis hepatis in a patient with Fanconi anemia who had been treated with anabolic androgenic steroids for 3 years. The MR examination of the upper abdomen was performed on a 0.5 T system. The signal intensity of the right lobe of the liver was diffusely increased in all sequences. Within the enlarged liver, multiple foci of brighter signal were seen involving both right and left lobes. The lesions showed contrast enhancement. A cystic cavity with an enhancing rim was seen representing a haematoma cavity. The spleen was spared the patient died of sepsis and the postmortem examination confirmed the diagnosis of peliosis hepatis.
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Resnick, M. B., H. P. Kozakewich, et al. (1995). "Hepatic adenoma in the pediatric age group. Clinicopathological observations and assessment of cell proliferative activity." Am J Surg Pathol 19(10): 1181-90.


The clinicopathological findings of eight children with hepatic adenoma in the absence of cirrhosis are presented. The lesions ranged in diameter from 0.1 to 14.5 cm. Associated disorders were Fanconi's anemia, type I glycogen storage disease. Hurler's disease, and severe combined immunodeficiency with ADA deficiency. The remaining three children had adenoma without known associated disorders. In the children with glycogenosis and Hurler's disease the adenomas were multiple. Significant dysplasia occurred in the two children with Fanconi's anemia; however, the lesions behaved in a benign fashion--one with regression of the tumor after cessation of androgen therapy and the other with nonrecurrence after complete resection. Proliferating cell nuclear antigen (PCNA) labeling index (LI) of the adenoma arising in patients with Fanconi's anemia was significantly greater than the PCNA-LI of adenoma in the other children (mean 4.1% versus 0.9% of nuclei), approaching the lower end of the spectrum for reported hepatocellular carcinoma cases. We emphasize that the worrisome pathology that may occur in hepatic adenoma in children, particularly with Fanconi's anemia, does not necessarily predict malignant behavior. The association of hepatic adenoma with Hurler's disease or severe combined immunodeficiency has not been reported previously.
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Touraine, R. L., Y. Bertrand, et al. (1993). "Hepatic tumours during androgen therapy in Fanconi anaemia." Eur J Pediatr 152(8): 691-3.


The occurrence of liver tumours in the course of Fanconi anaemia (FA) has been well documented. We present a case, review the literature and conclude that androgen therapy would increase the risk of developing tumours, most of which appear to be benign (adenomas or peliosis) and androgen-dependent, generally decreasing in size after cessation of treatment. Survival of patients is poor, mostly because of the rapid evolution of the tumour. In the absence of an allogenic bone marrow transplantation, administration of haematopoietic growth factors might be effective. As a preventive measure, other types of unsubstituted androgens may be used.
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Moldvay, J., Z. Schaff, et al. (1991). "Hepatocellular carcinoma in Fanconi's anemia treated with androgen and corticosteroid." Zentralbl Pathol 137(2): 167-70.


The case of an 11-year-old boy is reported who was known to have Fanconi's anemia for 3 years and was treated with androgens, corticosteroids and transfusions. Two weeks before his death he was readmitted because of aplastic crisis with septicemia and marked abnormalities in liver function and died of hemorrhagic bronchopneumonia. At autopsy peliosis and multiple hepatic tumors were found which histologically proved to be well-differentiated hepatocellular carcinoma. This case contributes to the previous observations that non-metastasizing hepatic neoplasms and peliosis can develop in patients with androgen- and corticosteroid-treated Fanconi's anemia.
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LeBrun, D. P., M. M. Silver, et al. (1991). "Fibrolamellar carcinoma of the liver in a patient with Fanconi anemia." Hum Pathol 22(4): 396-8.


A 9-year-old boy with Fanconi anemia treated with oxymethalone, a synthetic androgen, died of intracerebral hemorrhage. At autopsy, the liver contained several adenomas and a large fibrolamellar hepatocellular carcinoma, as well as phlebectatic peliosis hepatis. The 11 previously reported cases of hepatocellular carcinoma in Fanconi anemia were not, apparently, of the fibrolamellar type, which has a better prognosis, occurs in children of both sexes, and generally is not associated with cirrhosis. The malignant potential of primary liver tumors associated with Fanconi anemia as well as the nature of their relationship to Fanconi anemia and to anabolic steroid therapy is discussed.
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Bessho, F., S. Mizutani, et al. (1989). "Chronic myelomonocytic leukemia with chromosomal changes involving 1p36 and hepatocellular carcinoma in a case of Fanconi's anemia." Eur J Haematol 42(5): 492-5.


A girl with Fanconi's anemia developed chronic myelomonocytic leukemia and hepatocellular carcinoma. At the time that chronic myelomonocytic leukemia was diagnosed, all metaphases of the bone marrow cells revealed a chromosomal translocation involving 1p36. It is suggested that the occurrence of this rare type of leukemia in our patient is related to the chromosomal translocation.
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Okuyama, S. and H. Mishina (1987). "Fanconi's anemia as a nature's evolutionary experiment on carcinogenesis." Tohoku J Exp Med 153(2): 87-102.


In order to obtain insights into the possible carcinogenetic mechanisms, the cancer incidence of Fanconi's anemia (FA) was surveyed in the literature, and the results were compared with those of other cancer-prone diseases of chromosomal breakage, and primary and secondary immunodeficiency syndromes along with an appropriate control population. With FA, there were 43% of leukemias but no lymphomatous diseases. Epithelial tumors consisting of hepatomas and squamous cell carcinomas were 17 and 38%, respectively. Their age distribution was 14.5  6.7 years of age for leukemias; 18.5  9.3 for hepatomas and 23.8  6.9 for squamous cell carcinomas. Putting aside the hepatomas which may be iatrogenic, the neoplastic trend here again is to show the non-epithelial--epithelial tumor shift (Okuyama and Mishina 1986). Fanconi's anemia can thus be one of the chromosomal breakage syndromes whose leukemogenic and carcinogenetic processes are amplified by an increased DNA damage, NK cell depletion, and IgA deficiency as the result of deficient Cu, Zn-SOD and increased suerpoxide toxicity.
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Abbondanzo, S. L., H. J. Manz, et al. (1986). "Hepatocellular carcinoma in an 11-year-old girl with Fanconi's anemia. Report of a case and review of the literature." Am J Pediatr Hematol Oncol 8(4): 334-7.


An 11-year-old girl with Fanconi's anemia, who died of Corynebacterium septicemia, was found at autopsy to have a solitary, previously undiagnosed hepatocellular carcinoma (HCC). Although the association between Fanconi's anemia and malignancies such as leukemia and squamous cell carcinoma is well documented, its relationship to HCC remains controversial and obscure. Anabolic steroid therapy for Fanconi's anemia has also been considered a promoter for hepatocellular neoplasms. This report documents the youngest known patient with Fanconi's anemia to develop HCC and discusses the association between these conditions.
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Schmidt, E., H. J. Deeg, et al. (1984). "Regression of androgen-related hepatic tumors in patients with Fanconi's anemia following marrow transplantation." Transplantation 37(5): 452-5.


Two patients with Fanconi's anemia treated for 5 years with oxymetholone developed hepatic function abnormalities in association with hepatic tumors demonstrated by isotope liver-spleen scan or abdominal echogram. The lesions resolved over a period of 26 months after allogeneic marrow transplantation, and the patients are alive and well 3 and 4 years following transplantation. The course of these patients indicates that marrow transplantation for Fanconi's anemia allows the withdrawal of androgens and subsequent regression of androgen-related hepatic tumors in patients who might otherwise have a fatal outcome.
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Obeid, D. A., F. G. Hill, et al. (1980). "Fanconi anemia. Oxymetholone hepatic tumors, and chromosome aberrations associated with leukemic transition." Cancer 46(6): 1401-4.


Jaundice and hepatomegaly developed in a boy with Fanconi anemia after he had undergone treatment with oxymetholone for nine years. A liver scan showed patchy uptake consistent with the presence of space-occupying lesions. After oxymetholone treatment was stopped, the jaundice resolved, the liver size decreased, and the filling defects were no longer detectable on the liver scan. A year later, 5% of his white blood cells showed a consistent chromosomal abnormality. His leukocyte count increased and 85% of these cells showed the same chromosomal abnormality. The rapid replication of this abnormal clone suggests that it was leukemic. The significance of oxymetholone therapy and the occurrence of hepatic tumors and leukemia is discussed.
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Bank, J. I., D. Lykkebo, et al. (1978). "Peliosis hepatis in a child." Acta Paediatr Scand 67(1): 105-7.


A boy is described with peliosis hepatis. He suffered from a Fanconi anaemia and was treated with prednisolone, dianabol and methyltestosterone. A review of the clinical and pathological aspects of the condition is given.
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Shapiro, P., R. M. Ikeda, et al. (1977). "Multiple hepatic tumors and peliosis hepatis in Fanconi's anemia treated with androgens." Am J Dis Child 131(10): 1104-6.


We report the case of a 13-year-old boy who was known to have Fanconi's anemia for five years. For treatment of this condition he was given androgens and corticosteroids. Two months before his death, severe varicella developed complicated by pneumonia, jaundice, and prolonged fever; all of which resolved during a five-week hospitalization. Three weeks later he died of Clostridium septicum sepsis caused by necrotizing enterocolitis. At autopsy he was found to have multiple hepatocellular neoplasms. A striking feature of the neoplasms was cholestasis. The liver also showed peliosis hepatis. The association of the use of certain androgenic steroids with hepatic neoplasms histologically resembling hepatocarcinomas, but characterized by lack of metastases and apparent reversibility, suggests the desirability of a new nomenclature for these hepatocellular lesions.
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Kew, M. C., B. Van Coller, et al. (1976). "Occurrence of primary hepatocellular cancer and peliosis hepatis after treatment with androgenic steroids." S Afr Med J 50(32): 1233-7.


Three patients are reported in whom treatment of Fanconi's anaemia with androgenic steroids was complicated by the development of either primary hepatocellular cancer (PHC) or peliosis hepatis. The first, a White woman aged 34 years, was found to have PHC after receiving first methyltestosterone and then oxymetholone for a total period of 7 years. She died 4 months after the diagnosis was made. The other 2 patients were White children who presented with peliosis hepatis after receiving methyltestosterone and oxymetholone for 8 years and oxymetholone for 5 years, respectively. Both died from their primary diseases shortly after oxymetholone treatment was discontinued. Possible pathogenic mechanisms involved in the development of these serious complications are discussed and the therapeutic dilemma raised by their occurrence is emphasised.
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Holder, L. E., D. J. Gnarra, et al. (1975). "Hepatoma associated with anabolic steroid therapy." Am J Roentgenol Radium Ther Nucl Med 124(4): 638-42.


A patient with Fanconi's anemia who developed a hepatoma after 50 months of therapy with anabolic steroids is reported. The lesion presented as a cold focal defect on a Tc99m sulfur colloid scintigram, but was avascular on dynamic scintigraphy. Both the unusual avascularity of the hepatoma, and its association with anabolic steriod therapy are discussed.
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Holzhauer, S., A. G. Sitaru, et al. (2007). "Decreased platelet reactivity identified by whole blood flow cytometry in Fanconi anaemia patients." Thromb Haemost 98(6): 1291-7.


Fanconi anaemia (FA) is a rare inherited chromosome instability disorder characterized by congenital anomalies and a high risk for bone marrow failure and cancer. Bleeding is a frequent complication in FA, leading to substantial morbidity and mortality. Thrombocytopenia is a major factor leading to this complication, but the bleeding tendency of FA patients often exceeds what one might expect based on their platelet counts. We therefore investigated if alterations of platelet function contribute to the bleeding tendency of FA patients. We assessed platelet function in 11 FA patients and 23 controls with whole blood flow cytometry. We analyzed the expression of platelet membrane glycoprotein receptors, reactivity of platelets to physiologic agonists and the proportion of young platelets. In FA patients platelet reactivity was decreased: Expression of P-selectin and binding of PAC-1 after stimulation with thrombin receptor activating peptide (TRAP) and adenosine diphosphate (ADP) were 15-70% lower than in controls. We found no or only minor differences of platelet glycoprotein receptor expression between groups. While the proportion of reticulated platelets was not different, the absolute number of reticulated platelets was markedly lower in FA patients. Our data show that FA is associated with reduced platelet reactivity, which may contribute to the high bleeding tendency in FA patients. Whole blood flow cytometry is a suitable method for analysis of platelet function in FA patients.
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Dokal, I. and T. Vulliamy (2007). "Inherited aplastic anaemias/bone marrow failure syndromes." Blood Rev.


The inherited aplastic anaemias/bone marrow (BM) failure syndromes are a heterogeneous group of disorders characterized by BM failure usually in association with one or more somatic abnormality. The BM failure often presents in childhood but this may not be until adulthood in some cases highlighting the need for the adult haematologist to be aware of these disorders. Indeed some patients initially labelled as "idiopathic aplastic anaemia" are cryptic presentations of these genetic syndromes. Since 1992, when the first Fanconi anaemia (FA) gene was cloned there have been considerable advances in the genetics of these syndromes. These advances are beginning to provide a better understanding of normal haemopoiesis and how this might be disrupted in patients with BM failure. They have also provided important insights into some fundamental biological pathways: DNA repair-FA/BRCA pathway; telomere maintenance- dyskeratosis congenita related genes; ribosome biogenesis-Shwachman Diamond syndrome and Diamond-Blackfan anaemia genes. Additionally, as these disorders are usually associated with developmental abnormalities and an increased risk of cancer they are providing new insights into human development and the genesis of cancer. These advances have led to improved diagnosis of patients with these disorders. They may now also provide the platform for developing new treatments.
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Lobitz, S. and E. Velleuer (2006). "Guido Fanconi (1892-1979): a jack of all trades." Nat Rev Cancer 6(11): 893-8.


In 1927 the Swiss paediatrician Guido Fanconi described a family in which three boys had physical birth defects and died of a condition that resembled pernicious anaemia. In the 1960, inspired by Fanconi's theoretical considerations, it was shown that the disorder is based on an underlying chromosomal instability and is associated with a predisposition to bone marrow failure and cancer. As the 80th anniversary of the first description of Fanconi anaemia approaches, we were motivated to pay tribute to Guido Fanconi as an outstanding figure in European medicine and to honour his contribution to cancer research.
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Afanas'ev, I. B. (2006). "Interplay between superoxide and nitric oxide in thalassemia and Fanconi's anemia." Hemoglobin 30(1): 113-8.


Thalassemia (thal) and Fanconi's Anemia (FA) are genetic disorders associated with iron-catalyzed free radical damage. Therefore, the contemporary and most successful treatment of thalassemic patients depends on the application of iron (Fe) chelators. However, there is another pathway of free radical-mediated damaging processes in these pathologies, depending on the interplay between physiological free radicals superoxide and nitric oxide (NO). In the present study, we have considered the major routes of superoxide damaging effects in mitochondria: the initiation of apoptosis through the reduction of cytochrome c, the activation of uncoupled proteins by superoxide, and the mitochondrial damage due to the competition between superoxide and nitric oxide at the Complex IV site (cytochrome oxidase). The application of the effective scavengers superoxide dismutases and flavonoids for the treatment of thalassemic and FA patients, is discussed.
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Merrill, A., L. Rosenblum-Vos, et al. (2005). "Prenatal diagnosis of Fanconi anemia (Group C) subsequent to abnormal sonographic findings." Prenat Diagn 25(1): 20-2.


Manifestations of Fanconi Anemia Complementation Group C (FA-C) include multiple major congenital malformations, hypoplastic radius, absent thumb, growth retardation, elfin-like facial features, microphthalmia, microcephaly, cafe-au-lait spots, early onset of hematologic disease and poor survival (Auerbach, 1997). We describe two cases in which second-trimester sonographic findings led to parental carrier testing for FA-C and subsequent prenatal diagnosis of affected fetuses.
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Fanconi anemia (FA) is an autosomal recessive chromosomal instability disorder, characterized by congenital anomalies, defective hematopoiesis and a high risk of developing acute myeloid leukemia and certain solid tumors. All racial and ethnic groups are at risk, and at least 11 complementation groups have been identified and the genes defective in eight of these have been identified (FANCA, C, D2, E, F, G, L and BRCA2). FA-A is the most common complementation group, accounting for approximately 65% of all affected individuals. The gold-standard screening test for FA is based on the characteristic hypersensitivity of FA cells to the crosslinking agents, such as mitomicin C or diepoxybutane. Recent progress has been made in identifying the genes bearing pathogenetically relevant mutations, but slower progress has been made in defining the precise functions of the proteins in normal cells, in part because that the proteins are multifunctional. Molecular studies have established that a common pathway exist, both between the FA proteins and other proteins involved in DNA repair such as NBS1, ATM, BRCA1 and BRCA2. Stem cell transplantation (SCT) is the only option for establishing normal hematopoiesis. To reduce undue toxicities due to inherent hypersensitivity, nonmyeloablative conditioning for transplants has been advocated. This review summarizes the general clinical and hematologic features and the current management of FA. Fanconi anemia (FA) is the commonest type of inherited bone marrow failure syndrome with the birth incidence of around three per million. The inheritance pattern is autosomal recessive with the estimated heterozygote frequency being one in 300 in Europe and the US.
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Araten, D. J., D. W. Golde, et al. (2005). "A quantitative measurement of the human somatic mutation rate." Cancer Res 65(18): 8111-7.


The mutation rate (mu) is a key biological feature of somatic cells that determines risk for malignant transformation, and it has been exceedingly difficult to measure in human cells. For this purpose, a potential sentinel is the X-linked PIG-A gene, because its inactivation causes lack of glycosylphosphatidylinositol-linked membrane proteins. We previously found that the frequency (f) of PIG-A mutant cells can be measured accurately by flow cytometry, even when f is very low. Here we measure both f and mu by culturing B-lymphoblastoid cell lines and first eliminating preexisting PIG-A mutants by flow sorting. After expansion in culture, the frequency of new mutants is determined by flow cytometry using antibodies specific for glycosylphosphatidylinositol-linked proteins (e.g., CD48, CD55, and CD59). The mutation rate is then calculated by the formula mu = f/d, where d is the number of cell divisions occurring in culture. The mean mu in cells from normal donors was 10.6 x 10(-7) mutations per cell division (range 2.4 to 29.6 x 10(-7)). The mean mu was elevated >30-fold in cells from patients with Fanconi anemia (P < 0.0001), and mu varied widely in ataxia-telangiectasia with a mean 4-fold elevation (P = 0.002). In contrast, mu was not significantly different from normal in cells from patients with Nijmegen breakage syndrome. Differences in mu could not be attributed to variations in plating efficiency. The mutation rate in man can now be measured routinely in B-lymphoblastoid cell lines, and it is elevated in cancer predisposition syndromes. This system should be useful in evaluating cancer risk and in the design of preventive strategies.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16166284
Afanas'ev, I. B. (2005). "Superoxide and nitric oxide in pathological conditions associated with iron overload: the effects of antioxidants and chelators." Curr Med Chem 12(23): 2731-9.


Free radicals are a one of damaging factors in diseases associated with iron overload. This review considers two principal questions: the mechanisms of free radical-mediated damage in cells and tissue and findings concerning the discovery of iron-stimulated free radical cascades in thalassemia and Fanconi anemia. There are two major precursors of all reactive oxygen and nitrogen species formed in living organism - superoxide (O(2)( -)) and nitric oxide (NO). However, it has been shown that in addition to well-known mechanisms of the formation of reactive hydroxyl radicals and peroxynitrite from superoxide and NO, there are signal pathways by which these "physiological" radicals directly induce apoptosis, proton leak in mitochondria and an increase in oxygen consumption leading to cell death. In present review the mechanisms of free radical damage are considered with the particular emphasis of iron-induced free radical formation in thalassemia and Fanconi anemia. Furthermore free radical reactions leading to lipid peroxidation, LDL oxidation, the stimulation of apoptosis and other damaging processes are discussed. An importance of the chelating and antioxidant treatments of thalassemic and Fanconi anemia patients is also considered within the context of free radical damage and its prevention.
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Unal, S., N. Ozbek, et al. (2004). "Five Fanconi anemia patients with unusual organ pathologies." Am J Hematol 77(1): 50-4.


Fanconi anemia (FA) is a rare autosomal recessive disorder that presents with variable organ abnormalities, progressive cytopenia, and susceptibility to the development of several malignancies. Although some of the organ pathologies such as microcephaly, microphthalmia, skin dyspigmentation, urogenital system involvement, and radial ray skeletal abnormalities are relatively common, there are some other abnormalities that are rarely associated with the disease [Alter BP. In: Nathan DG, Oski FA, editors. Hematology of infancy and childhood. Philadelphia: Saunders; 2003. p 259-273]. In this paper, five cases of unrelated FA patients with unusual organ pathologies, including chronic obstructive lung disease, lipodystrophy, Sprengel's deformity, diaphragmatic hernia, and inflammatory linear verrucous epidermal nevus (ILVEN) are presented. Recognition of unusual pathologies associated with FA is important in order to improve our understanding of the relationship between the disease and presenting organ pathologies.
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Landmann, E., R. Bluetters-Sawatzki, et al. (2004). "Fanconi anemia in a neonate with pancytopenia." J Pediatr 145(1): 125-7.


We report the case of a newborn infant with Fanconi anemia with congenital thrombocytopenia and development of pancytopenia during the neonatal period. The boy showed no malformations characteristic for Fanconi anemia.
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Wainwright, L., R. A. Brodsky, et al. (2003). "Paroxysmal nocturnal hemoglobinuria arising from Fanconi anemia." J Pediatr Hematol Oncol 25(2): 167-8.


The progress of a female child with African type Fanconi anemia that evolves in time into paroxysmal nocturnal hemoglobinuria is described. Modern diagnostic methods are used to confirm this process. A discussion of possible mechanisms ensues.
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Li, X., F. Leteurtre, et al. (2003). "Abnormal telomere metabolism in Fanconi's anaemia correlates with genomic instability and the probability of developing severe aplastic anaemia." Br J Haematol 120(5): 836-45.


Fanconi's anaemia (FA) is an autosomal recessive disorder characterized by progressive bone marrow failure and a susceptibility to cancer. Haematopoietic stem cell transplantation is the only curative method for restoring normal haematopoiesis, and survival is improved if the transplant is carried out before severe complications occur. However, the evolution of FA is difficult to predict because of the absence of known prognostic factors and the unknown function of the genes involved. In studying 71 FA patients, a correlation was found between severe aplastic anaemia (SAA) and the individual annual telomere-shortening rate (IATSR) in peripheral blood mononuclear cells (P < 10(-3)). Spontaneous apoptosis was highest in SAA patients or patients with high IATSR (> 200 bp/year) (P < 0.01, n = 18). Univariate and multivariate analyses showed that significant relative risks for evolution towards SAA were high IATSR (P < 10(-4)), and that a high number of chromosome breakages occurred in the presence of nitrogen mustard (P < 0.001). A high IATSR was also associated with an increased frequency of malignancy (P < 0.01). Thus, these biological parameters were related to the spontaneous evolution of FA and could be used as prognostic factors. These data indicated that telomeres might play a role in the evolution of bone marrow failure and malignant transformation in FA.
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Di Fiore, P. P., S. Polo, et al. (2003). "When ubiquitin meets ubiquitin receptors: a signalling connection." Nat Rev Mol Cell Biol 4(6): 491-7.


Ubiquitylation is emerging as a versatile device for controlling cellular functions. Here, we propose that monoubiquitylation is rapidly induced by signalling events and allows the establishment of protein-protein interactions between monoubiquitylated proteins and partners that contain distinct ubiquitin-binding domains. We also put forward speculative models for the regulation of monoubiquitylation versus polyubiquitylation.
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Taniguchi, T., I. Garcia-Higuera, et al. (2002). "Convergence of the fanconi anemia and ataxia telangiectasia signaling pathways." Cell 109(4): 459-72.


Fanconi anemia (FA) and ataxia telangiectasia (AT) are clinically distinct autosomal recessive disorders characterized by spontaneous chromosome breakage and hematological cancers. FA cells are hypersensitive to mitomycin C (MMC), while AT cells are hypersensitive to ionizing radiation (IR). Here, we identify the Fanconi anemia protein, FANCD2, as a link between the FA and ATM damage response pathways. ATM phosphorylates FANCD2 on serine 222 in vitro. This site is also phosphorylated in vivo in an ATM-dependent manner following IR. Phosphorylation of FANCD2 is required for activation of an S phase checkpoint. The ATM-dependent phosphorylation of FANCD2 on S222 and the FA pathway-dependent monoubiquitination of FANCD2 on K561 are independent posttranslational modifications regulating discrete cellular signaling pathways. Biallelic disruption of FANCD2 results in both MMC and IR hypersensitivity.
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Croop, J. M., R. Cooper, et al. (2001). "Mobilization and collection of peripheral blood CD34+ cells from patients with Fanconi anemia." Blood 98(10): 2917-21.


A potential therapeutic option for patients with Fanconi anemia is collection of peripheral blood stem cells prior to the development of severe pancytopenia. These hematopoietic cells potentially could be infused when symptomatic bone marrow failure develops, as autologous rescue after chemotherapy in the event of leukemic transformation, or as targets for gene therapy. Eight patients with Fanconi anemia were mobilized with 10 microg/kg per day of granulocyte colony-stimulating factor (median, 10 +/- 4 days) to determine the feasibility of collecting peripheral blood stem cells for future use. Six patients achieved a peripheral blood CD34+ count of > or = 6/microL and underwent apheresis. The collection goal was 2 x 10(6) CD34+ cells/kg based on a predicted weight 5 years from the date of collection. A mean of 2.6 +/- 0.9 x 10(6) CD34+ cells/kg of the weight at the time of collection were collected, which corresponded to 1.9 +/- 0.4 x 10(6) CD34+ cells/kg of the target weight. The collections required a mean of 4 +/- 3 days (range, 2-8 days) of apheresis. Six of the 8 subjects had > or = 1 x 10(6) CD34+ cells/kg cryopreserved based on both actual and target weights, and 4 subjects had > or = 2 x 10(6) CD34+ cells/kg cryopreserved based on the target weight. These results suggest that some patients with Fanconi anemia can have adequate numbers of CD34+ cells mobilized and collected from the peripheral blood prior to the onset of severe bone marrow failure, but they may require an extended mobilization and multiple days of collection.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=11698271
Yakoub-Agha, I., G. Damaj, et al. (2000). "Severe oesophagitis after allogeneic bone marrow transplantation for Fanconi's anemia." Bone Marrow Transplant 26(2): 215-8.


Allogeneic bone marrow transplantation (BMT) is an effective treatment for Fanconi's anemia (FA) but it requires a dose reduction of alkylating agents used for conditioning because of the increased sensitivity of FA cells to DNA cross-linking agents. Oesophageal damage has not previously been described as a complication after allogeneic BMT for this indication. We report five cases of severe oesophagitis with stenosis in patients transplanted for FA. It occurred either early, or more surprisingly, several years after BMT and could have easily been misdiagnosed. It could be explained by hypersensitivity of the FA mucosal cells to cytotoxic agents despite the reduced doses of cyclophosphamide and irradiation or to non diagnosed congenital abnormalities of the oesophagogastric junction. However, the evolution of the oesophageal disease was favorable in all, and none of the patients developed secondary cancer. Awareness of this complication will lead to earlier diagnosis and treatment of oesophageal stenosis and related malnutrition.
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Zatterale, A., R. Calzone, et al. (1999). "[The Italian Fanconi Anemia Registry]." Ann Ist Super Sanita 35(2): 233-5.


The Italian Registry of Fanconi's Anaemia (RIAF) was established in 1994 at the Cytogenetics Department of the Elena d'Aosta Hospital in Naples. Its aim is to collect data regarding Italian Fanconi's anaemia (FA) patients and their relatives. Since FA is a rare disease, the Registry is expected to benefit patients, improving the knowledge of this illness from the diagnostic, clinical, therapeutical and epidemiological viewpoint, and also supporting the laboratory and clinical research on FA aetiology, pathophysiology and therapy. Moreover, the Cytogenetics Department provides diagnosis through cytogenetic tests and collects blood samples of diagnosed patients, their parents and siblings for genetic tests and research. The RIAF is participating, through its coordinator and the physicians collaborating all over Italy, to some Italian and European research projects.
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Perel, Y., O. Butenandt, et al. (1998). "Oesophageal atresia, VACTERL association: Fanconi's anaemia related spectrum of anomalies." Arch Dis Child 78(4): 375-6.


Oesophageal atresia usually occurs without any genetic background. Three cases associated with Fanconi's anaemia are reported. One neonate had growth retardation and numerous malformations including oesophageal atresia and four other components of the VACTERL association. In the two others, oesophageal atresia was isolated. In patients with such malformations an early diagnosis of Fanconi's anaemia may have important genetic and therapeutic implications.
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Levinson, S. and K. A. Vincent (1997). "Multifocal osteosarcoma in a patient with Fanconi anemia." J Pediatr Hematol Oncol 19(3): 251-3.


PURPOSE: The purpose of this report is to present a case of multifocal osteosarcoma in a patient with Fanconi anemia. PATIENTS AND METHODS: A nine year old girl with known Fanconi anemia presented with a pathologic femur fracture. Imaging studies confirmed soft tissue and bony involvement in the femur, ipsilateral tibia, and possibly contralateral femur. RESULTS: Biopsy and subsequent amputation confirmed the presence of classic osteosarcoma in the involved femur and ipsilateral tibia. The patient died seven months later of pulmonary failure secondary to metastases. CONCLUSION: Fanconi anemia is known to be associated with malignancies such as leukemias. We report a new association of Fanconi anemia with osteosarcoma.
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Kwee, M. L., J. M. van der Kleij, et al. (1997). "An atypical case of Fanconi anemia in elderly sibs." Am J Med Genet 68(3): 362-6.


We describe a 56-year-old woman suspected of Fanconi anemia on the basis of the following clinical findings: microcephaly, short stature, congenital deafness, and the clinical findings in her deceased brother. Hematologic or other signs of malignancy were absent. The diagnosis was confirmed by demonstrating hypersensitivity of her lymphocytes to mitomycin C (MMC). Cell fusion experiments indicated that the patient belongs to complementation group A. The patient's brother died at the age of 50 of heart and renal failure, and anemia. He had clinical findings similar to those of his sister, and a horseshoe kidney. From 31 years on he had thrombocytopenia and leucopenia. Both patients had insulin-dependent diabetes mellitus. A chromosomal breakage test carried out elsewhere before his death failed to demonstrate MMC hypersensitivity of his lymphocytes, which led to the investigation of his sister. To our knowledge these two cases are the oldest Fanconi anemia patients reported thus far.
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Liu, J. M., A. D. Auerbach, et al. (1993). "A trial of recombinant human superoxide dismutase in patients with Fanconi anaemia." Br J Haematol 85(2): 406-8.


Fanconi anaemia (FA) is a rare genetic disorder that predisposes to the development of aplastic anaemia and neoplasia. The pathophysiologic hallmark of FA is increased susceptibility to chromosomal breakage. Superoxide metabolism has also been shown to be involved in the cellular pathophysiology of FA. Human SOD (rh-SOD), an enzyme which dismutates superoxide, has recently been cloned and expressed in yeast. We treated four FA patients with a 2-week infusion of rh-SOD (25 mg/kg d daily) to determine whether rh-SOD had any effect on haemopoietic progenitor cell growth or on the abnormal cellular phenotype. We found that lymphocyte chromosomal aberrations induced by diepoxybutane were decreased during rh-SOD treatment in two patients and that bone marrow progenitors were increased in one patient.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=8280614
Jacobs, P. and C. Karabus (1984). "Fanconi's anemia. A family study with 20-year follow-up including associated breast pathology." Cancer 54(9): 1850-3.


A brother and sister with Fanconi's anemia, having typical skeletal deformity and characteristic chromosomal breaks in their lymphocytes and who followed the typical clinical course, with progressive bone marrow insufficiency beginning late in the first decade, are described. The natural history of the disease before chemotherapy was available is contrasted with the response to intermittent courses of anabolic steroids during a continuous 20-year follow-up. The female patient developed a carcinoma of the breast at the age of 26, from which she died 5 years later. This neoplasm may reflect increased susceptibility of cells with proven chromosomal abnormality to the influence of carcinogens. Her brother required repeated surgery for painful, but benign, breast masses. The explanation for the latter lesion is unknown but may be related to endocrine disturbances occurring in patients with Fanconi's anemia.
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Frappart, P. O., Y. Lee, et al. (2007). "BRCA2 is required for neurogenesis and suppression of medulloblastoma." Embo J 26(11): 2732-42.


Defective DNA damage responses in the nervous system can result in neurodegeneration or tumorigenesis. Despite the importance of DNA damage signalling, the neural function of many critical DNA repair factors is unclear. BRCA2 is necessary for homologous recombination repair of DNA and the prevention of diseases including Fanconi Anemia and cancer. We determined the role of BRCA2 during brain development by inactivating murine Brca2 throughout neural tissues. In striking contrast to early embryonic lethality after germ-line inactivation, Brca2(LoxP/LoxP);Nestin-cre mice were viable. However, Brca2 loss profoundly affected neurogenesis, particularly during embryonic and postnatal neural development. These neurological defects arose from DNA damage as Brca2(LoxP/LoxP);Nestin-cre mice showed extensive gammaH2AX in neural tissue and p53 deficiency restored brain histology but lead to rapid formation of medulloblastoma brain tumors. In contrast, loss of the Atm kinase did not markedly attenuate apoptosis after Brca2 loss, but did partially restore cerebellar morphology, supporting a genomic surveillance function for ATM during neurogenesis. These data illustrate the importance of Brca2 during nervous system development and underscore the tissue-specific requirements for DNA repair factors.
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Uckan, D., M. Cetin, et al. (2005). "Life-threatening neurological complications after bone marrow transplantation in children." Bone Marrow Transplant 35(1): 71-6.


Neurological complications may occur in BMT recipients (11-59%), frequently contributing to morbidity or mortality. They are the main causes of death in 10-15%. Life-threatening neurological complications were seen in 11 out of 113 (9.7%) children who underwent BMT from HLA-matched family (n=7) or mismatched donors (n=4) at our institution. Diagnoses of patients with neurological complications were acute myeloblastic leukemia (AML) (five), thalassemia major (two), Fanconi anemia (two), Omenn syndrome (one) and leukodystrophy (one), and the neurological events were seen between days +13 and +85 after transplantation. Minor symptoms including reversible, nonrepetitive seizures were excluded. Cyclosporine A toxicity was diagnosed in six children. The rest of the complications were brain abscess/meningoencephalitis (two), severe hypomagnesemia (one), busulfan toxicity (one), sustained hypertension (three), and intracranial hemorrhage (three). Six patients with neurological complications suffered from >grade II graft-versus-host disease (GvHD), and all were high risk for transplant-related complications. In this study, risk status of the underlying disease, mismatched transplantation, a diagnosis of AML (advanced stage), older age and >grade II GvHD were important adverse factors for the development of severe life-threatening neurological complications.
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Tischkowitz, M. D., J. Chisholm, et al. (2004). "Medulloblastoma as a first presentation of fanconi anemia." J Pediatr Hematol Oncol 26(1): 52-5.


Fanconi anemia is a chromosomal instability syndrome associated with certain congenital abnormalities, defective hemopoiesis, and an increased risk of developing acute myeloid leukemia and some solid tumors. The diagnosis can be made at birth if congenital abnormalities are present but is often made in childhood when hematologic complications develop. The authors report a case of Fanconi anemia diagnosed in a child with no congenital abnormalities and normal bone marrow who first presented with a cerebellar medulloblastoma. The authors discuss diagnostic and therapeutic implications for such malignancies in Fanconi anemia.
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Hirsch, B., A. Shimamura, et al. (2004). "Association of biallelic BRCA2/FANCD1 mutations with spontaneous chromosomal instability and solid tumors of childhood." Blood 103(7): 2554-9.


The clinical, cytogenetic, and molecular findings of 2 Fanconi anemia (FA) subtype D1 kindreds, initially identified through a young child with a solid tumor (medullobastoma, Wilms tumor), are described. Each kindred subsequently had a second affected child; one developed Wilms tumor followed by a medulloblastoma, and the other developed T-lineage acute lymphoblastic leukemia. Cytogenetic studies revealed an unusually high spontaneous chromosome aberration rate, contrasting with other FA subtypes. Molecular analysis revealed biallelic BRCA2/FANCD1 mutations. The patients did not exhibit bone marrow failure. Our studies suggest that the D1 subtype represents a severe end of the cytogenetic spectrum within FA, consistent with a critical downstream role of BRCA2 in the FA pathway. Furthermore, this FA subgroup may be preferentially associated with an increased predisposition to solid tumors in early childhood. Recognition of this constellation of findings has significant implications for medical management and genetic counseling of FA families.
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Fanconi anemia is an inherited disease characterized by bone marrow failure, congenital malformations, and predisposition to cancer. The breast cancer susceptibility gene BRCA2 was recently found to be associated with Fanconi anemia complementation group D1 (FA-D1). We examined four kindreds afflicted with Fanconi anemia for the presence of germline BRCA2 mutations. One kindred, of Ashkenazi Jewish ancestry, had five members who were diagnosed with breast cancer and two cousins who were BRCA2*6174delT/C3069X compound heterozygotes and had Fanconi anemia and brain tumors. In another kindred of Ashkenazi Jewish and Lithuanian Catholic ancestry, a child with Fanconi anemia and a medulloblastoma was a BRCA2*6174delT/886delGT compound heterozygote. Two other kindreds each contained a Fanconi anemia-afflicted child who developed medulloblastoma; one child was of Latin American ancestry and a compound heterozygote for BRCA2*I2490T/ 5301insA and the other was African American and a compound heterozygote for BRCA2*Q3066X/E1308X. Median age of the Fanconi anemia-afflicted children at brain tumor diagnosis was 3.5 years. The co-occurrence of brain tumors, Fanconi anemia, and breast cancer observed in one of these kindreds constitutes a new syndromic association. Individuals who carry a germline BRCA2 mutation and who plan to have children with a partner of Ashkenazi Jewish descent should consider undergoing genetic counseling.
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A boy is described with Fanconi anemia (FA) and Klippel-Feil anomaly. This suggests the diagnosis of FA should be considered in patients with vertebal malformations as well as other suggestive congenital anomalies.
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Fanconi anaemia is a genetically and phenotypically heterogeneous disorder with different forms of clinical presentation. In this case the patient had suffered from microcephalus and delayed motor development from birth, but extensive investigation did not disclose any aetiology. At 3.5 y she developed a cerebellar medulloblastoma which was treated with surgery and chemotherapy. Following chemotherapy with alkylating agents she suffered from severe bone marrow aplasia which caused life-threatening infections, feeding problems and impaired kidney function. Fanconi anaemia was suspected, but it took 2 mo before the chromosome fragility test came out positive. From the moment diagnosis of Fanconi anaemia was made, no further active treatment was given. The patient's condition improved for some time, but she relapsed and died exactly 1 y after the first diagnosis of brain tumour. CONCLUSION: Fanconi anaemia must always be suspected in patients who experience excessive toxicity from chemotherapy regardless of the type of malignancy and congenital malformations.
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We present a dizygotic twin pair each with ventriculomegaly, a radial ray defect and multiple malformations in keeping with the VACTERL association. Molecular studies demonstrated that both are homozygous for IVS4 + 4 A-->T, a mutation in the Fanconi anemia complementation group C gene. This is the first molecular proof that VACTERL with hydrocephalus may be the result of severe Fanconi anemia.
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Rossbach, H. C., M. J. Sutcliffe, et al. (1996). "Fanconi anemia in brothers initially diagnosed with VACTERL association with hydrocephalus, and subsequently with Baller-Gerold syndrome." Am J Med Genet 61(1): 65-7.


Two brothers with presumed Baller-Gerold syndrome, one of whom was previously diagnosed with the association of vertebral, cardiac, renal, limb anomalies, anal atresia, tracheo-esophageal fistula (VACTERL) association with hydrocephalus, were evaluated for chromosome breakage because of severe thrombo cytopenia in one of them. Spontaneous and clastogen-induced breakage was markedly increased in both patients as compared to control individuals. Clinical manifestations and chromosome breakage, consistent with Fanconi anemia, in patients with a prior diagnosis of either Baller-Gerold syndrome, reported earlier in one other patient [Farrell et al., 1994: Am J Med Genet 50:98-99], or with VACTERL association with hydrocephalus, recently reported in 3 patients [Toriello et al., 1991: Proc Greenwood Genet Center 11:142; Porteus et al., 1992: Am J Med Genet 43:1032-1034], underline the clinical heterogeneity of Fanconi anemia and raise the question of whether these syndromes are distinct disorders or phenotypic variations of the same disease.
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We report two patients with Fanconi anemia (FA) and moyamoya disease taken from a clinical database composed of 434 FA patients. Both are compound heterozygotes for the 322delG and R185X mutations in the FA complementation group C (FACC) gene. This combination of mutations is not found in any other of the 174 FA families screened. Either the 322delG or R185X mutation alone or in combination may predispose to primary, possibly congenital, vascular anomalies.
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de Vries, J. I., R. N. Laurini, et al. (1994). "Abnormal motor behaviour and developmental postmortem findings in a fetus with Fanconi anaemia." Early Hum Dev 36(2): 137-42.


Prenatal diagnosis in the third pregnancy of a mother who already had one healthy son and one son with Fanconi anaemia (FA), revealed that her fetus was also affected with FA. At 22 weeks a maternal complaint about excessive fetal kicking starting at 15 weeks, focused our attention on the behaviour of the fetus, which was observed by means of real-time ultrasound for 30 min. The differentiation of specific movement patterns was strongly diminished. The qualitative expression of general movements was considered to be consistently abnormal due to the fact that they were performed with large amplitudes, high speed and abrupt onsets. The incidence of general movements was within the normal range, however, the distribution in the burst-pause pattern was abnormal. Postmortem examination showed a spongy myelinopathy of the central nervous system that may account for the abnormal motor activity. This combination of findings has not been previously reported in association with FA.
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Porteous, M. E., I. Cross, et al. (1992). "VACTERL with hydrocephalus: one end of the Fanconi anemia spectrum of anomalies?" Am J Med Genet 43(6): 1032-4.


Two cases of Fanconi anemia presenting as hydrocephalus are discussed. Both infants had initially been considered to have features of VACTERL. Chromosomal breakage studies should be performed in all cases of VACTERL with hydrocephalus so that Fanconi anemia may be excluded.
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Pavlakis, S. G., C. L. Frissora, et al. (1992). "Fanconi anemia: a model for genetic causes of abnormal brain development." Dev Med Child Neurol 34(12): 1081-4.


Fanconi anemia is an autosomal recessive disease resulting in bone-marrow failure, phenotypical abnormalities and predisposition to malignancy. The authors reviewed 257 clinical and neuropathology results from the International Fanconi Anemia Registry at The Rockefeller University. Two patients had hydrocephalus and ventriculoperitoneal shunts. Of 15 neuropathology reports, 10 found CNS abnormalities, with the most common--ventriculomegaly--seen in six, two of whom required shunts. Aqueductal stenosis, agenesis of the corpus callosum and septum pellucidum, and holoprosencephaly were found. The authors conclude that neurological derangements are probably more common in Fanconi anemia than previously recognised. Fanconi anemia cells in culture are highly sensitive to oxidative stress and alkylating agents; Fanconi anemia may provide a model for a genetic disorder potentially predisposing to environmental insults.
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de Chadarevian, J. P., M. Vekemans, et al. (1985). "Fanconi's anemia, medulloblastoma, Wilms' tumor, horseshoe kidney, and gonadal dysgenesis." Arch Pathol Lab Med 109(4): 367-9.


An 18-month-old female infant with clinically and cytogenetically documented Fanconi's anemia was found to have two neoplasms previously unreported in this syndrome to our knowledge: a medulloblastoma and a Wilms' tumor, with the latter arising in a horseshoe kidney. An additional feature was pure gonadal dysgenesis. These unusual associations are discussed in the context of certain syndromes suggestive of an axial predisposition for neoplasia (kidneys-central nervous system and kidneys-gonads).
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Cohen, N., M. Berant, et al. (1980). "Moyamoya and Fanconi's anemia." Pediatrics 65(4): 804-5.


We report a 10-year-old boy who has Fanconi's anemia and was admitted because of acute hemiplegia of the left side. Internal carotid arteriography disclosed a moyamoya cerebrovascular pattern on the right side. Although this condition may be acquired, it is suggested that in this case the moyamoya might pertain to the array of congenital malformations associated with Fanconi's anemia. Intracranial accidents occurring in Fanconi's anemia are generally ascribed to the bleeding tendency; however, the possibility of an underlying vascular anomaly should also be considered.
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Yahia, S. B., S. A. Touffahi, et al. (2006). "Ocular neovascularization in a patient with Fanconi anemia." Can J Ophthalmol 41(6): 778-9.


CASE REPORT: An 11-year-old girl diagnosed with Fanconi anemia was referred to us for redness and pain in her right eye. Findings in the right eye included visual acuity of counting fingers, neovascular glaucoma, vitreous hemorrhage, optic disc neovascularization, and features of peripheral ischemic retinopathy. Findings in the left eye included peripheral retinal neovascularization and areas of retinal capillary nonperfusion. COMMENTS: Patients with Fanconi anemia may develop ocular neovascularization with subsequent severe visual loss due to vitreous hemorrhage or neovascular glaucoma. Regular ophthalmic examination, including ophthalmoscopy and fluorescein angiography in selected cases, is recommended in such patients.
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Elgohary, M. A., K. S. Lim, et al. (2006). "Increased crystalline lens thickness and phacomorphic glaucoma in patients with Fanconi anemia." J Cataract Refract Surg 32(10): 1771-4.


We describe 2 siblings with Fanconi anemia (FA). One developed phacomorphic glaucoma, and both had increased crystalline lens thickness, features that have not been reported in patients with FA. The possible pathogenesis and clinical implications of the findings are discussed.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17010885
Bahar, I., D. Weinberger, et al. (2005). "Retinal vasculopathy in Fanconi anemia: a case report." Retina 25(6): 799-800.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16141876
Aslan, D., S. Ozdogan, et al. (2005). "An unusual ocular manifestation in Fanconi anemia: congenital glaucoma." Am J Hematol 78(1): 64-6.


Fanconi anemia is an autosomal recessive disorder characterized by growth retardation along with many congenital abnormalities involving the eyes. We report herein two siblings with Fanconi anemia who also have bilateral congenital glaucoma. To the best of our knowledge, this is the first report of congenital glaucoma in patients with Fanconi anemia.
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Fanconi anemia or pancytopenia is an autosomal recessive condition presenting with a combination of pancytopenia with a mean age of onset of about eight years, a tendency to leukemia, and congenital anomalies. Although ocular abnormalities have been described, cataracts have not been previously reported. We present a patient with proven Fanconi anemia and cataracts.
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Gayatri, N. A., M. I. Hughes, et al. (2002). "Association of the congenital bone marrow failure syndromes with retinopathy, intracerebral calcification and progressive neurological impairment." Eur J Paediatr Neurol 6(2): 125-8.


We present a child with Fanconi anaemia and congenital hypopituitarism, who developed intracerebral calcifications, progressive spasticity and retinopathy. The chromosome fragility with mitomycin C was increased in both the patient and his sibling, confirming a diagnosis of Fanconi anaemia. Aplastic anaemia in association with intracerebral calcifications has been described in patients with dyskeratosis congenita and Revesz syndrome, but not so far in confirmed cases of Fanconi anaemia. This case further illustrates the greater overlap of associated features in congenital bone marrow failure syndromes. It also indicates that Fanconi anaemia should be actively excluded where such associated features are found.
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Gibbons, B., D. Scott, et al. (1995). "Retinoblastoma in association with the chromosome breakage syndromes Fanconi's anaemia and Bloom's syndrome: clinical and cytogenetic findings." Clin Genet 47(6): 311-7.


Two children presenting with sporadic unilateral retinoblastoma and exhibiting a high degree of chromosome breakage were noted to have unusual facies, microcephaly and abnormal skin pigmentation. In the first child the pattern of both spontaneous and mitomycin-C-induced chromosome breakage was characteristic of Fanconi's anaemia although the degree of breakage was extreme. She also exhibited a striking increase in X-ray-induced chromosomal damage in G0 lymphocytes as measured by dicentric formation and increase in chromatid-type aberrations. She had a number of typical clinical features, including cafe-au-lait patches and abnormalities involving the kidney; however, she demonstrated neither the hypoplasia of radius and thumb nor the typical aplastic phase of this disorder. At age 22 months the child became anaemic with trilineage myelodysplasia, which was rapidly followed by the development of acute myeloblastic leukaemia. The early onset (at age 4 months) of retinoblastoma may have been associated with the underlying genomic instability. The second child exhibited a pattern of chromosome breakage characteristic of Bloom's syndrome, in addition to a moderate increase in damage induced by mytomycin-C. She had the typical stunted growth and malar hypoplasia of Bloom's syndrome although she did not demonstrate the frequently described erythematous 'butterfly rash' Although patients with Fanconi's anaemia and Bloom's syndrome are recognised to be at an increased risk of cancer, retinoblastoma has not previously been described in patients with either condition. We suggest that underlying recessive chromosome breakage syndromes may be underdiagnosed in paediatric cancer patients, with important implications for prognosis and genetic counselling.
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Rechitsky, S., A. Kuliev, et al. (2006). "Preimplantation HLA typing with aneuploidy testing." Reprod Biomed Online 12(1): 89-100.


Preimplantation HLA typing has been introduced for the treatment of affected siblings, requiring HLA-identical stem cell transplantation. This was applied either in combination with preimplantation genetic diagnosis (PGD) to ensure that the preselected HLA-matched embryos were also free of the genetic disorder, or without PGD, with the only purpose of selecting and transferring the HLA-matched embryos. Because patients requesting preimplantation HLA typing are usually of advanced reproductive age, aneuploidy testing allows not only the avoidance of the birth of children with chromosomal disorders, but also improvement of the reproductive outcome, which is still not sufficiently high in preimplantation HLA typing at the present time. This study presents the results of the first experience of preimplantation HLA typing combined with aneuploidy testing, demonstrating feasibility and impact of aneuploidy testing on the accuracy and outcome of preimplantation HLA typing. Of a total of 138 cycles performed, 87 were combined with PGD and 52 without testing for the causative gene, of which aneuploidy testing was performed in 27 cycles, allowing the preselection and transfer of only those HLA-matched embryos that were also euploid. Although the euploid HLA-identical embryos were available for transfer in only half of these cycles, pregnancy and birth of unaffected HLA-identical children were observed in approximately half of these cycles, suggesting the potential usefulness of incorporating aneuploidy testing into preimplantation HLA typing.
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Steffann, J., N. Frydman, et al. (2005). "[Extending preimplantation genetic diagnosis to HLA typing: the Paris experience]." Gynecol Obstet Fertil 33(10): 824-7.


Preimplantation genetic diagnosis (PGD) consists in the genetic analysis of one or two cells. These cells (blastomeres) are sampled from embryos, obtained by in vitro fertilization, at the third day of development. Since 1998, the bioethical laws (1994) and their decrees restricted PGD practices in France, strictly to the avoidance of the birth of a child affected with a genetic defect. In parallel, works on blood cord transplantation, taken at the birth of a compatible HLA sibling, showed very encouraging results, particularly for the treatment of Fanconi anemia. In 2001, Verlinsky et al., have reported the first PGD for Fanconi anaemia combined with HLA typing, allowing the birth of a healthy child, HLA-identical with his affected sister. The "designer baby" concept was born. The French law, which allowed PGD under specific conditions, i.e. when the genetic defect has been characterized in one parent at least, recently extended PGD to HLA typing when embryos are at risk of a genetic disorder. Article L.2131-4-1 (August 2004) allows the practice of HLA typing for PGD embryos when an elder sibling is affected with a genetic disorder and need stem cell transplantation. The HLA-matched offspring resulting from PGD can give cord blood at birth to supply the necessary therapy. This double selection give rise to serious ethical problems, but technical difficulties and legal restrictions will probably limit the development of such a procedure.
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Simpson, J. L., S. A. Carson, et al. (2005). "Preimplantation genetic diagnosis (PGD) for heritable neoplasia." J Natl Cancer Inst Monogr(34): 87-90.


Especially applicable for heritable neoplasia, preimplantation genetic diagnosis (PGD) is possible for any Mendelian disorder whose gene has been localized, whether the molecular basis is known or not. METHODS AND RESULTS: PGD requires DNA from gametes (oocytes) or embryos before 6 days postconception, when implantation occurs. Approaches include 1) polar body biopsy, 2) blastomere biopsy (aspiration of one or two cells from the six- to eight-cell embryos at 2 or 3 days), and 3) trophectoderm biopsy, which allows recovery of 20 or more cells (20-50) from 125- to 150-cell, 5- to 6-day blastocysts. Of some 6000 PGD cycles worldwide, approximately 1500 have been performed for Mendelian indications. The approximately 25% live birth rates following PGD parallel the general U.S. experience for assisted reproductive technology. PGD has been accomplished for both cancer-specific disorders like adenomatous polyposis coli (APC), BRCA1, retinoblastoma, Li-Fraumeni syndrome, and von Hippel-Lindau syndrome (VHL), as well as disorders predisposing to neoplasia (Fanconi anemia, Wiskott-Aldrich syndrome). PGD also makes possible the identification and, hence, transfer of embryos of specific HLA genotypes. This allows cord blood harvesting for stem cell implantation into a moribund child, often an older sibling of the fetus. CONCLUSIONS: PGD is a complex, but achievable, approach especially applicable to Mendelian forms of neoplasia. PGD is an attractive addition to the prenatal diagnostic armamentarium, especially relevant to heritable neoplasia. PGD also makes possible novel indications having special relevance to heritable neoplasia.
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Kuliev, A., S. Rechitsky, et al. (2005). "Preimplantation genetics: Improving access to stem cell therapy." Ann N Y Acad Sci 1054: 223-7.


There has been progress in the application of stem cell transplantation for treatment of an increasing number of severe congenital and acquired bone marrow disorders, currently restricted by the availability of human leukocyte antigen (HLA)-matched related donors. Preimplantation HLA typing has recently been introduced to improve the access to stem cell therapy for inherited bone marrow failures. Preimplantation genetic diagnosis (PGD) provides an option not only for avoiding an affected pregnancy with thalassemia and other inherited disorders but also for preselection of the HLA-compatible donors for affected siblings. Multiple short tandem repeat markers throughout the HLA region are applied for this purpose, allowing 100% accuracy of HLA typing, through picking up possible recombination in the HLA region, as well as the copy number of chromosome 6, which affect accuracy of preimplantation HLA typing. Present experience of preimplantation HLA typing includes preimplantation HLA typing in 180 cycles, 122 of which were done as part of PGD for Fanconi anemia, thalassemia, Wiscott-Aldrich syndrome, hyper-immunoglobulin M syndrome, hypohidrotic ectodermal dysplasia with immune deficiency, and X-linked adrenoleukodystrophy, and 58 for the sole purpose of HLA typing for leukemias and for aplastic and Diamond-Blackfan anemia. The applied method resulted in the accurate preselection and transfer of 100% HLA-matched embryos, yielding already three dozen clinical pregnancies and the birth of two dozen HLA-matched children to the siblings requiring stem cell transplantation. Successful therapy with HLA-matched stem cells, obtained from these PGD children, has been achieved already for Diamond-Blackfan anemia hypohidrotic ectodermal dysplasia with immune deficiency and thalassemia.
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Rechitsky, S., A. Kuliev, et al. (2004). "Preimplantation genetic diagnosis with HLA matching." Reprod Biomed Online 9(2): 210-21.


Preimplantation genetic diagnosis (PGD) has recently been offered in combination with HLA typing, which allowed a successful haematopoietic reconstitution in affected siblings with Fanconi anaemia by transplantation of stem cells obtained from the HLA-matched offspring resulting from PGD. This study presents the results of the first PGD practical experience performed in a group of couples at risk for producing children with genetic disorders. These parents also requested preimplantation HLA typing for treating the affected children in the family, who required HLA-matched stem cell transplantation. Using a standard IVF procedure, oocytes or embryos were tested for causative gene mutations simultaneously with HLA alleles, selecting and transferring only those unaffected embryos, which were HLA matched to the affected siblings. The procedure was performed for patients with children affected by Fanconi anaemia (FANC) A and C, different thalassaemia mutations, Wiscott-Aldrich syndrome, X-linked adrenoleukodystrophy, X-linked hyperimmunoglobulin M syndrome and X-linked hypohidrotic ectodermal displasia with immune deficiency. Overall, 46 PGD cycles were performed for 26 couples, resulting in selection and transfer of 50 unaffected HLA-matched embryos in 33 cycles, yielding six HLA-matched clinical pregnancies and the birth of five unaffected HLA-matched children. Despite the controversy of PGD use for HLA typing, the data demonstrate the usefulness of this approach for at-risk couples, not only to avoid the birth of affected children with an inherited disease, but also for having unaffected children who may also be potential HLA-matched donors of stem cells for treatment of affected siblings.
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Kuliev, A. and Y. Verlinsky (2004). "Preimplantation HLA typing and stem cell transplantation: report of International Meeting, Cyprus, 27-8 March, 2004." Reprod Biomed Online 9(2): 205-9.


There has been progress in the application of stem cell transplantation for the treatment of an increasing number of severe congenital and acquired bone marrow disorders that are currently restricted by the availability of human leukocyte antigen(HLA)-matched related donors. Preimplantation HLA typing has recently been introduced to improve the access to stem cell therapy for inherited bone marrow failures, and its possible use for the treatment of common sporadic malignant and non-malignant bone marrow disorders has also been explored. This paper describes the current experience of preimplantation HLA typing, reviewed by the International Meeting on the subject, which includes preimplantation HLA typing in 147 cycles, 109 of which were carried out as part of preimplantation genetic diagnosis (PGD) for Fanconi anaemia, thalassaemia, Wiscott-Aldrich syndrome, hyperimmunoglobulin M syndrome, hypohidrotic ectodermal dysplasia with immune deficiency, and X-linked adrenoleukodystrophy, and 38 for the sole purpose of HLA typing for leukaemias and aplastic and Diamond-Blackfan anaemias. The applied method resulted in the accurate pre-selection and transfer of HLA-matched embryos, yielding 25 clinical pregnancies and the birth of 14 HLA-matched children to the siblings who required stem cell transplantation.
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Kahn, J. P. and A. C. Mastroianni (2004). "Creating a stem cell donor: a case study in reproductive genetics." Kennedy Inst Ethics J 14(1): 81-96.


During the nearly 10 years since its introduction, preimplantation genetic diagnosis (PGD) has been used predominantly to avoid giving birth to a child with identified genetic disease. Recently, PGD was used by a couple not only to test IVF-created embryos for genetic disease, but also to test for a nondisease trait related to immune compatibility with a child in the family in need of an hematropoetic stem cell transplant. This article describes the case, raises some ethical and policy issues, highlights gaps in U.S. policy, and finally makes some recommendations for addressing advancing genetic and reproductive technologies.
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Grewal, S. S., J. P. Kahn, et al. (2004). "Successful hematopoietic stem cell transplantation for Fanconi anemia from an unaffected HLA-genotype-identical sibling selected using preimplantation genetic diagnosis." Blood 103(3): 1147-51.


The only proven cure for Fanconi anemia (FA)-associated bone marrow failure is successful allogeneic hematopoietic stem cell transplantation (HSCT). However, HSCT with donors other than HLA-identical siblings is associated with high morbidity and poor survival. Therefore, we used preimplantation genetic diagnosis (PGD) to select an embryo produced by in vitro fertilization (IVF) that was unaffected by FA and was HLA-identical to the proband. The patient was a 6-year-old girl with FA and myelodysplasia previously treated with oxymetholone and prednisone. After her parents underwent 5 cycles of IVF with intrauterine transfer of 7 embryos over a span of 4 years, successful pregnancy ensued. Twenty-eight days after delivery, the patient underwent transplantation with her newborn sibling donor's HLA-identical umbilical cord blood hematopoietic stem cells (HSCs). Neutrophil recovery occurred on day 17 without subsequent acute or chronic graft-versus-host disease. Currently, 2.5 years after transplantation, the patient is well and hematopoiesis is normal. In summary, we have described the first successful transplantation, using IVF and PGD, of HSCs from a donor selected on the basis of specific, desirable disease and HLA characteristics. The medical, legal, and ethical issues involved with this approach are discussed.
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Bielorai, B., M. R. Hughes, et al. (2004). "Successful umbilical cord blood transplantation for Fanconi anemia using preimplantation genetic diagnosis for HLA-matched donor." Am J Hematol 77(4): 397-9.


Fanconi anemia is a rare autosomal recessive disease characterized by bone marrow failure, developmental anomalies, and a high incidence of myelodysplasia and acute myeloid leukemia. Stem cell transplantation is the only curative treatment. In the absence of matched- sibling donor, an alternative mismatched family or matched unrelated donor can be used, but the results are inferior to the matched-sibling transplant and carry a high risk of morbidity and mortality. Preimplantation genetic diagnosis (PGD) has been increasingly used in recent years for mutation analysis for many genetic disorders and results in the birth of healthy children, saving the need for the termination of pregnancy of an affected embryo. The use of PGD for combined analysis of mutation and HLA-matching was reported for the first time in 2001. This enables the birth of an unaffected child who can serve as a donor for an affected sibling in need for stem cell transplantation. We report successful cord blood transplantation for a Fanconi anemia patient from his HLA-matched sibling, born after PGD that included mutation analysis for Fanconi anemia and HLA typing. PGD can provide an unaffected donor for a sibling affected by genetic disease in the absence of a compatible related donor.
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Preimplantation genetic diagnosis (PGD) was developed to offer diagnosis of genetic disorders prior to initiation of a pregnancy, whereas previously such disorders would be diagnosed at amniocentesis or chorionic villus sampling after a pregnancy had already been undertaken. Such application of this technology is not controversial. But PGD has been used to not only diagnose genetic disorders but also to select for certain other characteristics, and this use of the technique is much more controversial. A case is presented in which PGD was used not only to select against a genetic disorder, but to select for a certain HLA type which matched an affected sibling. The new child's cord blood was transplanted into his affected sister, who subsequently was found to be free of disease. The ethics of "having a child to save a child" are explored, and possible other uses of PGD that lead to eugenic outcomes are considered. The lack of regulation of this technology in the US is contrasted with existing legislation in other countries, and the need for national and international consensus regarding appropriate uses of PGD is emphasized.
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Verlinsky, Y., S. Rechitsky, et al. (2001). "Preimplantation diagnosis for Fanconi anemia combined with HLA matching." Jama 285(24): 3130-3.


CONTEXT: The advent of single-cell polymerase chain reaction (PCR) has presented the opportunity for combined preimplantation genetic diagnosis (PGD) and HLA antigen testing. This is a novel and useful way to preselect a potential donor for an affected sibling requiring stem cell transplantation. OBJECTIVE: To perform in vitro fertilization (IVF) and preimplantation HLA matching combined with PGD for Fanconi anemia (FA). DESIGN: DNA analysis for the IVS 4 + 4 A-->T (adenine to thymine) mutation in the FA complement C (FANCC) gene in single blastomeres, obtained by biopsy of embryos, to identify genetic status and HLA markers of each embryo before intrauterine transfer. SETTING: In vitro fertilization programs at large medical centers in Chicago, Ill, and Denver, Colo. PARTICIPANTS: A couple, both carriers of the IVS 4 + 4 A-->T mutation in the FANCC gene with an affected child requiring an HLA-compatible donor for cord blood transplantation. MAIN OUTCOME MEASURES: DNA analysis of single blastomeres to preselect unaffected embryos representing an HLA match for the affected sibling. RESULTS: Of 30 embryos tested in 4 IVF attempts, 6 were homozygous affected and 24 were unaffected. Five of these embryos were also found to be HLA-compatible, of which 2 were transferred in the first and 1 in each of the other 3 cycles, resulting in a pregnancy and birth of an unaffected child in the last cycle. CONCLUSION: To our knowledge, this is the first PGD with HLA matching, demonstrating feasibility of preselecting unaffected embryos that can also be an HLA-compatible source for stem cell transplantation for a sibling.
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Dalle, J. H., M. A. Champagne, et al. (2007). "Pregnancy after bone marrow transplantation in Fanconi anaemia." Br J Haematol 137(1): 76; author reply 76.
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Fanconi's anemia is an autosomal recessive disorder with a high incidence (greater than 90%) of aplastic anemia and a premalignant component with a greater than 10% risk of leukemia or solid tumors. The diagnosis of Fanconi's anemia depends on increased chromosomal breakage in lymphocytes following treatment with a DNA cross-linking agent; patients have been identified who are clinically well and whose physical appearance is normal. Although bone marrow or cord blood transplants can be curative, treatment for the aplastic anemia usually depends on androgens. Close to 20 patients with Fanconi's anemia have delivered normal babies, and the mothers' hematologic status was not significantly adversely affected by the pregnancy. A few patients have clonal cytogenetic abnormalities in their bone marrow that do not necessarily indicate leukemic transformation, but further follow-up is important. Studies of in vitro erythropoiesis indicate a correlation between the clinical hematologic status and the presence of erythroid progenitors in the blood or bone marrow. Certain hematopoietic growth factors do increase growth in vitro, suggesting that new types of therapy may become available. Not every patient has a poor prognosis. There are now many adults with Fanconi's anemia, some with families of their own.
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We have identified six new cases of Fanconi's anaemia (FA) who had pregnancies, and reviewed 11 others from the literature. At least 110 FA females have reached 16 years of age or more, of whom 15% became pregnant. There were a total of 26 pregnancies, resulting in 19 births and 18 surviving children. Anaemia and/or thrombocytopenia worsened during pregnancy in 10 patients, but five subsequently improved: seven had no haematological problems. Seven of the FA patients who had pregnancies died subsequently from cancer, and two from thrombocytopenic bleeding 3 and 20 years later. There were no peripartum deaths. Pregnancy in FA is clearly possible, with increased risks that are manageable from both the haematological and the obstetric aspects.
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Seaward, P. G., R. Setzen, et al. (1990). "Fanconi's anaemia in pregnancy. A case report." S Afr Med J 78(11): 691-2.


Fanconi's anaemia associated with congenital anomalies is a rare aplastic anaemia occurring in childhood. No case of pregnancy occurring in the presence of this condition has previously been reported. The outcome of pregnancy in a patient with Fanconi's anaemia is described and guidelines for management of the disease in pregnancy suggested.
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Hutson, S. P. and B. P. Alter (2007). "Experiences of siblings of patients with Fanconi anemia." Pediatr Blood Cancer 48(1): 72-9.


BACKGROUND: Clinical management of families with autosomal recessive genetic disorders focuses almost exclusively on the affected family members. However, clinically unaffected members of such families may also be severely troubled by the serious illness in a family member. The purpose of this study was to explore the experiences of healthy siblings of patients with a chronic genetic disease, Fanconi Anemia (FA). PROCEDURE: We used a qualitative, descriptive design, which consisted of in-depth, semi-structured interviews. A convenience sample of nine siblings of patients with FA was recruited from a National Cancer Institute clinical research protocol, which targets families with inherited bone marrow failure syndromes. NVivo 2.0 software facilitated qualitative content analysis of the data. RESULTS: Siblings' rich descriptions provided novel insights into the intricate hardships of living within a family in which a rare, life-threatening, chronic genetic illness in one member is the focus of daily life. Four major themes of the sibling experience emerged from the interview data: (1) containment, (2) invisibility, (3) worry, and (4) despair. CONCLUSIONS: Our data suggest that unrecognized psychosocial issues exist for the apparently healthy siblings of patients with FA. This study explores the psychosocial consequences of living in a family with FA and one of only a few studies to explore the sibling experience of chronic illness using a contemporaneous approach. These findings support the need for an increased awareness among health care providers; future hypothesis driven investigation, and improved assessment of problems with potential psychological morbidity.
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Kennelly, M. M. and P. Moran (2007). "A clinical algorithm of prenatal diagnosis of Radial Ray Defects with two and three dimensional ultrasound." Prenat Diagn 27(8): 730-7.


OBJECTIVE: To review the antenatal diagnosis of Radial Ray Defects (RRD) in a tertiary referral fetal medicine unit & to set out a clinical algorithm to aid assessment and management. METHODS: All cases of RRD isolated or associated with other anomalies notified to NorCAS between 2000 and 2005 were identified. Outcome information was obtained from paediatric records and histopathology and cytogenetics in cases of pregnancy interruption. RESULTS: Thirty five cases were referred, 17 cases were excluded including skeletal dysplasia (16). An antenatal diagnosis was made in 61% (11/18) - isolated limb reduction defects, Trisomy 18, TAR, fetal valproate syndrome, Roberts syndrome. Of the rest, 3 had a cordocentesis with normal chromosome fragility tests (VACTERL association, Goldenhar syndrome and Acrofacial dysostosis) and 4 declined testing (2 TOP with Cornelia de Lange, 2 ongoing pregnancies diagnosed postpartum with Fanconi anaemia and VACTERL association). CONCLUSIONS: The challenge of radial ray anomalies is to combine clinical and ultrasound expertise with input from clinical genetics, ultrasound and molecular testing. Our clinical algorithm encourages targeted sonography including 3D views for subtle face, ear and hand anomalies, providing a useful tool to diagnose the underlying condition, crucial for appropriate obstetric management and prognosticating for future pregnancies.
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PURPOSE: Radial longitudinal deficiency (RLD) is associated with certain syndromes and medical and musculoskeletal conditions. The purpose of this investigation was to evaluate the incidence of these conditions with RLD. METHODS: A comprehensive chart review identified patients with RLD and a complete medical record. These charts were evaluated for the presence of associated medical and musculoskeletal conditions and biographic information on gestation, delivery, and family history. RESULTS: A total of 164 patients with 245 affected extremities were identified; 138 patients had radius abnormalities and 26 patients had isolated thumb hypoplasia. Twenty-five patients had thrombocytopenia absent radius syndrome; 22 patients had vertebral, anal, cardiac, tracheoesophageal, renal, and limb abnormalities association; 7 patients had Holt-Oram syndrome; and 1 patient had Fanconi anemia. There were 32 patients with cardiac abnormalities and 60 patients with spinal or lower-extremity musculoskeletal abnormalities. The percentage of patients with associated abnormalities increased with an increasing severity of RLD. One hundred two of the 138 patients with types I through V RLD had associated medical or musculoskeletal abnormalities. In contrast, only 9 of 26 patients with an isolated thumb hypoplasia (type 0 RLD) had associated abnormalities. CONCLUSIONS: The high incidence of associated medical and musculoskeletal abnormalities in patients with RLD emphasizes the importance of a complete assessment including a complete musculoskeletal examination, cardiac auscultation, complete blood count, echocardiogram, renal ultrasound, and spinal radiographs. Although approximately one third of patients in this investigation had a syndrome commonly associated with RLD, most patients with RLD types I through V had an additional medical or musculoskeletal anomaly. Patients with type 0 RLD were less likely to have comorbidities.
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Fanconi anemia (FA) is an autosomal recessive condition associated with bone marrow failure (BMF) leading to death or hematopoietic stem cell transplantation, acute myeloid leukemia (AML), and solid tumors (STs). It is unclear which patients are most likely to develop each outcome. From a cohort of 144 North American patients with FA, we calculated individualized risks of each outcome, given the presence or absence of readily diagnosed congenital abnormalities that occur frequently in FA. Abnormal radii and a 5-item congenital abnormality score were significant risk factors for BMF. The cumulative incidence of BMF by age 10 years varied from 18% in the lowest BMF risk group to 83% in the highest. Because of competing risks, patients in the lowest BMF risk group were most likely to live long enough to develop AML or ST, and, conversely, patients in the highest BMF risk group were least likely to live long enough to develop AML or ST. By age 40, the cumulative incidence of ST ranged from 0.6% to 29% in the highest and lowest BMF risk groups, respectively. Abnormal radii are the strongest predictor of early BMF in FA; a congenital abnormality score separates patients with normal radii into distinct prognostic groups.
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Esmer, C., S. Sanchez, et al. (2004). "DEB test for Fanconi anemia detection in patients with atypical phenotypes." Am J Med Genet A 124(1): 35-9.


Pancytopenia, hyperpigmentation, small stature, congenital abnormalities, and predisposition to neoplasia characterize Fanconi anemia (FA). The clinical phenotype is extremely variable, therefore the diagnosis is frequently delayed until the pancytopenia appears, making diagnosis difficult on the basis of clinical manifestations alone. Hypersensitivity of FA cells to the clastogenic effect of diepoxybutane (DEB) provides a unique marker for the diagnosis before the beginning of hematological manifestations. Our aim in this study was to detect FA in children with atypical manifestations to define which conditions should be routinely included in the DEB test screening. We performed the chromosomal breakage test in 34 patients with probable FA and 83 patients with clinical conditions that could suggest FA, but are not usually screened by the DEB test: 20 patients with aplastic anemia, 20 patients with VACTERL association, 20 with radial ray abnormalities, 7 with tracheo-esophageal fistulae, 12 with anal atresia, and 4 with myelodysplastic syndrome. We found 18 DEB-positive patients: 12 were in the group of probable FA and 6 in the other groups. Among the last ones: three were included because of aplastic anemia, without any other sign of FA, however when re-examined, other anomalies were detected. The third patient had anal atresia, renal hypoplasia, pre-axial polydactyly, and normal blood cell counts and was diagnosed as having VACTERL association. The other two patients lacking physical or hematological signs were identified among the group of radial ray abnormalities. Thus, our results highlight the need to increase the number of abnormalities indicating need for a DEB test. Delay in the diagnosis of FA may have serious consequences for the patients and their family members.
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We present two families with a striking concordance of multiple anomalies. These include duodenal and other bowel atresia, radial ray defects especially absent or vestigial thumb, renal ectopia and hydrocephalus. The presence of diagnostically raised sensitivity to mitomycin C in the first family has confirmed Fanconi anaemia. This has further increased the spectrum of abnormalities in Fanconi anaemia and highlights the importance of mitomycin C analysis if elements of this spectrum are encountered.
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Alter, B. P. (1992). "Arm anomalies and bone marrow failure may go hand in hand." J Hand Surg [Am] 17(3): 566-71.


Children with congenital anomalies involving the hand, the forearm, or both are often seen by hand surgeons. An unknown proportion have inherited bone marrow-failure syndromes, such as Fanconi's anemia, Diamond-Blackfan anemia, thrombocytopenia-absent radii, and others. In many cases the hematologic cytopenias are not yet apparent at the time of surgery. This review discusses these syndromes, summarizing the types of malformation, the types of hematologic complication, and the ages at which they occur. There are often clues in otherwise normal hematologic data, such as macrocytic red cells or slow decreases in blood counts that are still at a level at which surgery can be performed. Early and often presymptomatic diagnosis is of value for the planning of staged surgery before cytopenias preclude intervention, the performance of surgery after hematologic improvements, and genetic counseling for young families in which syndromes with a known inheritance pattern might be detected in utero. Hand surgeons may be the first to make these important diagnoses.
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In a series of 34 patients with defects of the radial ray, 24 individuals had additional clinical manifestations. A firm syndromic diagnosis could be reached in 17 persons (TAR syndrome 4, Holt-Oram syndrome 8, Fanconi anaemia 2, VATER association 2, Radial ray-choanal atresia 1). In the remainder, no specific diagnosis could be established. The heterogeneity of radial ray syndromes has important implications for prognostication and genetic counselling.
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Trigg, M. E., V. Nadkarni, et al. (2002). "Effects of an inadvertent dose of cytarabine in a child with Fanconi's anemia: reducing medication errors." Paediatr Drugs 4(3): 205-8.


We report the case of a 7-year-old boy with Fanconi's anemia, who underwent a bone marrow transplant using an unrelated donor, and who received an inadvertent dose of cytarabine (cytosine arabinoside). The cytarabine was given by mistake 6 months following transplant. This caused excessive toxicity to many systems, including the pulmonary and renal systems. The patient recovered from the episode, but this article further highlights the acute adverse effects of cytarabine. Furthermore, it is the first report of excessive toxicity to cytarabine in a child with Fanconi's anemia. The article also highlights the problems of medication administration errors, particularly in those exquisitely sensitive to the effects of toxic drugs.
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BACKGROUND: Fanconi anaemia is a rare disease associated with cellular sensitivity to chemicals (e.g. mitomycin C and diepoxybutane); variable but mild cellular radiosensitivity has also been reported. MATERIALS AND METHODS: A 32-year-old patient with Fanconi anaemia and tonsillar carcinoma, treated by radiotherapy, was found to exhibit profound clinical radiosensitivity. Confluent, ulcerating oropharyngeal mucositis developed after a conventionally fractionated dose of 34Gy and healing was incomplete by 2 months after cessation of therapy. RESULTS: Cellular radiosensitivity assays and RPLD studies from this patient did not suggest any major detectable radiosensitivity. CONCLUSION: There is a discrepancy between the observed clinical radiosensitivity and the usual "predictive" radiosensitivity assays in this patient with Fanconi anaemia.
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Certain individuals cannot tolerate 'conventional' doses of radiation therapy. This is known to be true of patients with ataxia-telangiectasia and ligase IV deficiency. Although in vitro testing may not correlate completely with clinical radiosensitivity, fibroblasts and lymphoblasts from patients with both of these disorders have been clearly shown to be radiosensitive. Using a colony survival assay (CSA) to test lymphoblastoid cells after irradiation with 1 Gy, a variety of other genetic disorders have been identified as strong candidates for clinical radiosensitivity, such as Nijmegen breakage syndrome, Mre 11 deficiency, and Fanconi's anemia. These data are presented and considered as a starting-point for the inherited basis of human radiosensitivity.
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Djuzenova, C. S., A. Rothfuss, et al. (2001). "Response to X-irradiation of Fanconi anemia homozygous and heterozygous cells assessed by the single-cell gel electrophoresis (comet) assay." Lab Invest 81(2): 185-92.


Fanconi anemia (FA) is an autosomal recessive disorder characterized by bone marrow failure and cancer susceptibility. Patient cells are sensitive to a variety of clastogens, most prominently cross-linking agents. Although there is the long-standing clinical impression of radiosensitivity, in vitro studies have yielded conflicting results. We exposed peripheral blood mononuclear cells from FA patients and carriers to x-rays and determined their DNA damage and repair profiles using the alkaline single-cell gel electrophoresis (comet) assay. Studies were carried out in two independent series of experiments by two laboratories using different protocols. The cells of both FA patients and carriers showed uniformly high initial DNA damage rates as assessed by the total initial tail moment. In addition, the average residual tail moment at 30 to 50 minutes and the repair half-time parameters were significantly elevated. These findings suggest an increased release of fragmented DNA following x-ray exposure in cells that carry one or two mutations in one of the FA genes. The comet assay may be a useful adjunct for heterozygote detection in families of FA patients.
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Burnet, N. G., R. Wurm, et al. (1994). "Cellular sensitivity and low dose-rate recovery in Fanconi anaemia fibroblasts." Br J Radiol 67(798): 579-83.


Fanconi anaemia (FA) is a rare inherited condition characterized by developmental abnormalities and progressive bone marrow failure, which requires bone marrow transplantation for successful treatment. This involves the use of alkylating agents and total body or thoraco-abdominal irradiation. Both chemical clastogens and irradiation cause increased chromosome damage in FA cells compared with controls. In some studies FA fibroblasts have been found to be more radiosensitive than normal. From these data it has been inferred that patients with FA might be more sensitive than normal to radiotherapy. However, increased radiosensitivity of FA fibroblasts has not been a uniform finding. The radiosensitivity of fibroblasts from two FA patients was studied at high and low dose-rate (LDR), and their sensitivity compared with normal strains. Both FA strains fell at the sensitive end of the range, but both demonstrated marked dose-rate sparing, with D0.01 recovery factors of 1.23 and 1.27, similar to the normal strains. These recovery factors are inconsistent with the suggestion that FA patients are recovery deficient. The data indicate that at least some FA strains are capable of LDR recovery, and imply that these patients would probably have a clinical benefit from fractionated or low dose-rate total body irradiation.
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Zhen, W., M. K. Evans, et al. (1993). "Deficient gene specific repair of cisplatin-induced lesions in Xeroderma pigmentosum and Fanconi's anemia cell lines." Carcinogenesis 14(5): 919-24.


Cisplatin is a chemotherapeutic agent known to cause DNA damage. The cytotoxicity of this drug is believed to result from the formation of DNA intrastrand adducts (IA) and DNA interstrand crosslinks (ICL). While there are many studies on DNA repair of cisplatin damage at the overall level of the genome in various human cell lines, there is little information on the gene-specific repair. In this report, we have measured the formation and repair of cisplatin induced DNA adducts in the dihydrofolate reductase (DHFR) and ribosomal RNA (rRNA) genes in three cell lines: normal human fibroblasts, Fanconi's anemia complementation group A (FAA) and Xeroderma pigmentosum complementation group A (XPA). It is generally thought that XPA cells lack nucleotide excision repair and that FAA cells are deficient in the repair of DNA ICL. We find that normal human fibroblast cells repair 84% of the ICL in the DHFR gene after 24 h, whereas XPA and FAA cell lines only repaired 32 and 50% of the ICL respectively. Furthermore, 69% of the cisplatin IA in the DHFR gene were repaired in 24 h in normal human fibroblasts compared to 22% for XPA and 24% for FAA cells. The repair of the rRNA gene was less efficient than in the DHFR gene, but the relative pattern between the different cell lines was similar to that of the DHFR gene. We thus find that FAA cells are deficient not only in the gene specific repair of cisplatin ICL, but also in the gene specific repair of the more common cisplatin IA. XPA cells are normally thought to be without any nucleotide excision repair capacity, but our data could support a slight ICL unhooking activity.
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Duckworth-Rysiecki, G. and A. M. Taylor (1985). "Effects of ionizing radiation on cells from Fanconi's anemia patients." Cancer Res 45(1): 416-20.


The lymphocytes from some Fanconi's anemia patients appeared to be more radiosensitive than normal as measured by the number of X-ray-(or bleomycin-) induced chromosome aberrations seen following G2 treatment. Fibroblasts from the same patients, however, all showed the same degree of colony survival as normals following exposure to gamma-rays [Do, 1.13  0.072 (S.E.) Gy and 1.14  0.077 Gy for Fanconi's anemia and normal fibroblasts, respectively]. The lack of increased radiosensitivity in Fanconi's fibroblasts was also observed by the same degree of inhibition of DNA synthesis as seen in normals following gamma-irradiation. The results show clearly that there is no increase in radiosensitivity common to all cell types from Fanconi's patients, although an apparent increase in chromosomal radiosensitivity may be seen in the lymphocytes from an occasional patient.
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Berrebi, D., M. N. Lebras, et al. (2006). "Bilateral adrenal neuroblastoma and nephroblastoma occurring synchronously in a child with Fanconi's anemia and VACTERL syndrome." J Pediatr Surg 41(1): e11-4.


Fanconi's anemia (FA) is an autosomal recessive inherited syndrome with a predisposition to malignancy. The association between FA and solid pediatric tumors is extremely rare. The authors report a rare case of VACTERL syndrome associated with FA and multiple solid pediatric tumors occurring in a very young girl. This child had numerous congenital anomalies (horseshoe kidney, cerebella hypoplasia, microcephaly, sacral agenesis) and esophageal atresia, which was repaired in neonatal period. Such association led quickly to the diagnosis of FA. At age of 11 months, she developed simultaneously a renal tumor in a horseshoe kidney and bilateral adrenal tumors. The left adrenal mass was removed, and partial nephrectomy was performed. Histological analysis concluded to adrenal neuroblastoma and nephroblastoma. We also evaluated the c-kit expression in these tumors to propose a therapeutic alternative to chemotherapy by oral agent STI-571 (Gleevec; Novartis, East Hanover, NJ). Strong cytoplasmic immunostaining of c-kit was found in both tumors. Unfortunately, she quickly developed a posterior cerebellar fossa tumor and died 1 month later. This clinical situation is very rare but suggests that young patients with FA and solid pediatric tumors may belong to a particular subgroup of FA. Further studies are necessary to test if STI-571 treatment could be efficient in such patients with pediatric tumors.
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A 28-year-old woman underwent peripheral-blood stem cell transplantation from her HLA-identical sister for cytogenetic progression of Fanconi anemia. She had received a living-related renal allograft from her father 2 years previously. Nine days after peripheral-blood stem cell transplantation, she developed acute renal failure secondary to acute rejection. Severe microangiopathic hemolysis developed, and cyclosporine therapy was discontinued. Renal biopsy showed humoral rejection and thrombotic microangiopathy. Despite daily plasmapheresis and immunosuppression, she remained dialysis dependent. The renal graft was removed, with rapid resolution of microangiopathic hemolysis. At no stage was there evidence of acute graft-versus-host disease. We speculate that the engrafting third-party hematopoiesis produced acute renal allograft rejection with secondary microangiopathic hemolysis through a graft-versus-graft mechanism.
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Masthan, S. D. (2002). "Fanconi anaemia." Indian J Dermatol Venereol Leprol 68(1): 46-7.


A case of Fanconi anaemia in a 7-year-old male child is reported. He was grossly anaemic with typical cutaneous pigmentary changes. Peripheral smear revealed normocytic hypochromic anaemia, leukopenia and thrombocytopenia. Abdominal ultrasonography revealed absence of right kidney.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=17656871
Bissig, H., F. Staehelin, et al. (2002). "Co-occurrence of neuroblastoma and nephroblastoma in an infant with Fanconi's anemia." Hum Pathol 33(10): 1047-51.


We report the clinical, histologic, and genetic findings of concurrent neuroblastoma and nephroblastoma in an infant with Fanconi's anemia (FA). Both tumors had characteristic chromosomal aberrations. In particular, the neuroblastoma showed a gain of chromosome 17q, considered an important factor for prognosis. But untypical genetic changes were also seen suggesting that FA as a chromosomal instability syndrome causes new and untypical chromosomal variations in different tumors. The present case is unique because the simultaneous occurrence of a neuroblastoma and nephroblastoma with FA has not yet been described.
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Habib, Z., J. Abudaia, et al. (2000). "Fanconi's anemia with solitary crossed renal ectopia, vesicoureteric reflux, and genital abnormalities." Pediatr Surg Int 16(1-2): 136-7.


Fanconi's anemia is an autosomal recessive disease, the main feature being pancytopenia secondary to bone-marrow hypoplasia. However, multiple congenital abnormalities may be encountered, urogenital malformations being common. We describe a patient with solitary crossed renal ectopia, vesicoureteric reflux, hypospadias, and unilateral undescended testis with absent vas deferens.
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Gross, M., H. Hanenberg, et al. (2002). "Reverse mosaicism in Fanconi anemia: natural gene therapy via molecular self-correction." Cytogenet Genome Res 98(2-3): 126-35.


Fanconi anemia (FA) is a genetically and phenotypically heterogenous autosomal recessive disease associated with chromosomal instability and hypersensitivity to DNA crosslinkers. Prognosis is poor due to progressive bone marrow failure and increased risk of neoplasia, but revertant mosaicism may improve survival. Mechanisms of reversion include back mutation, intragenic crossover, gene conversion and compensating deletions/insertions. We describe the types of reversions found in five mosaic FA patients who are compound heterozygotes for single base mutations in FANCA or FANCC. Intragenic crossover could be shown as the mechanism of self-correction in the FANCC patient. Restoration to wildtype via back mutation or gene conversion of either the paternal or maternal allele was observed in the FANCA patients. The sequence environments of these mutations/reversions were indicative of high mutability, and selective advantage of bone marrow precursor cells carrying a completely restored FANCA allele might explain the surprisingly uniform pattern of these reversions. We also describe a first example of in vitro phenotypic reversion via the emergence of a compensating missense mutation 15 amino acids downstream of the constitutional mutation, which explains the reversion to MMC resistance of the respective lymphoblastoid cell line. With one exception, our mosaic patients showed improvement of their hematological status during a three- to six-year observation period, indicating a proliferative advantage of the reverted cell lineages. In patients with Fanconi anemia, genetic instability due to defective caretaker genes sharply increases the risk of neoplasia, but at the same time increases the chance for revertant mosaicism leading to improved bone marrow function.
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Somatic mosaicism has been observed previously in the lymphocyte population of patients with Fanconi anemia (FA). To identify the cellular origin of the genotypic reversion, we examined each lymphohematopoietic and stromal cell lineage in an FA patient with a 2815-2816ins19 mutation in FANCA and known lymphocyte somatic mosaicism. DNA extracted from individually plucked peripheral blood T cell colonies and marrow colony-forming unit granulocyte-macrophage and burst-forming unit erythroid cells revealed absence of the maternal FANCA exon 29 mutation in 74.0%, 80.3%, and 86.2% of colonies, respectively. These data, together with the absence of the FANCA exon 29 mutation in Epstein-Barr virus-transformed B cells and its presence in fibroblasts, indicate that genotypic reversion, most likely because of back mutation, originated in a lymphohematopoietic stem cell and not solely in a lymphocyte population. Contrary to a predicted increase in marrow cellularity resulting from reversion in a hematopoietic stem cell, pancytopenia was progressive. Additional evaluations revealed a partial deletion of 11q in 3 of 20 bone marrow metaphase cells. By using interphase fluorescence in situ hybridization with an MLL gene probe mapped to band 11q23 to identify colony-forming unit granulocyte-macrophage and burst-forming unit erythroid cells with the 11q deletion, the abnormal clone was exclusive to colonies with the FANCA exon 29 mutation. Thus, we demonstrate the spontaneous genotypic reversion in a lymphohematopoietic stem cell. The subsequent development of a clonal cytogenetic abnormality in nonrevertant cells suggests that ex vivo correction of hematopoietic stem cells by gene transfer may not be sufficient for providing life-long stable hematopoiesis in patients with FA.
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Somatic mosaicism due to reversion of a pathogenic allele to wild type has been described in several autosomal recessive disorders. The best known mechanism involves intragenic mitotic recombination or gene conversion in compound heterozygous patients, whereby one allele serves to restore the wild-type sequence in the other. Here we document for the first time functional correction of a pathogenic microdeletion, microinsertion and missense mutation in homozygous Fanconi anaemia (FA) patients resulting from compensatory secondary sequence alterations in cis. The frameshift mutation 1615delG in FANCA was compensated by two additional single base-pair deletions (1637delA and 1641delT); another FANCA frameshift mutation, 3559insG, was compensated by 3580insCGCTG; and a missense mutation in FANCC(1749T-->G, Leu496Arg) was altered by 1748C-->T, creating a cysteine codon. Although in all three cases the predicted proteins were different from wild type, their cDNAs complemented the characteristic hypersensitivity of FA cells to crosslinking agents, thus establishing a functional correction to wild type.
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Lo Ten Foe, J. R., M. L. Kwee, et al. (1997). "Somatic mosaicism in Fanconi anemia: molecular basis and clinical significance." Eur J Hum Genet 5(3): 137-48.


Approximately 25% of patients with Fanconi anemia (FA) have evidence of spontaneously occurring mosaicism as manifest by the presence of two subpopulations of lymphocytes, one of which is hypersensitive to cross-linking agents (e.g. mitomycin C) while the other behaves normally in response to these agents. The molecular basis of this phenotypic reversion has not yet been determined. We have investigated 8 FA patients with evidence of mosaicism. Epstein-Barr virus-immortalized lymphoblastoid cell lines established from these patients exhibited an IC50 for mitomycin C of 25 to > 100 nM compared to a mean of 2  2 nM for 20 nonmosaic FA patients and 49  11 nM for 8 healthy controls. In 3 patients who were compound heterozygotes for pathogenic FAC gene mutations the molecular mechanism of the mosaicism was investigated by haplotype analysis. The results indicated that an intragenic mitotic recombination must have occurred leading to a segregation of a wild-type allele in the reverted cells and suggested two patterns of recombination. In 1 patient a single intragenic crossover between the maternally and paternally inherited mutations occurred associated with markers located distally to the FAC gene; in the other 2 patients (sibs) the mechanism appears to have been gene conversion resulting in segregants which have lost one pathogenic mutation. In 6 of the 8 patients the hematological symptoms were relatively mild despite an age range of 9-30 years.
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Kwee, M. L., E. H. Poll, et al. (1983). "Unusual response to bifunctional alkylating agents in a case of Fanconi anaemia." Hum Genet 64(4): 384-7.


Chromosomal breakage frequencies were determined in Fanconi anaemia (FA) blood cultures treated with various concentrations of the polyfunctional alkylating agents mitomycin C, diepoxybutane, and cis-platinum(II)-diammine-dichloride, for which FA cells have a characteristic hypersensitivity. At concentrations that hardly affected control cultures, three out of four patients tested exhibited a concentration-dependent increase of cells with aberrant chromosomes, with a concomitant increase in the number of chromosomal aberrations per aberrant cell. The fourth patient, a 22-year-old male, was exceptional because with all three clastogens only 40% of his cultured cells exhibited a typical concentration-dependent response, while 60% of his cells responded like those from normal healthy controls. The possible nature and significance of this unusual response is discussed.
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Wreesmann, V. B., C. Estilo, et al. (2007). "Downregulation of Fanconi anemia genes in sporadic head and neck squamous cell carcinoma." ORL J Otorhinolaryngol Relat Spec 69(4): 218-25.


BACKGROUND/AIMS: Much of our understanding of human cancer has come from studies of the hereditary cancer predisposition syndromes. Fanconi anemia (FA) is an autosomal recessive disorder characterized by cellular hypersensitivity to DNA crosslinking agents, progressive bone marrow failure, and cancer predisposition to solid malignancies, especially head and neck squamous cell carcinoma (HNSCC). Since FA pathway-deficient cells are hypersensitive to DNA crosslinking chemotherapy agents, the presence of somatic FA gene inactivation in sporadic cancers may be of clinical interest. This study sought to determine the frequency of FA gene downregulation in sporadic HNSCC. METHODS: The expression of the FA genes FANCA, FANCB, FANCC, FANCD2, FANCE, FANCF, FANCG, FANCJ, FANCL and FANCM in 11 HNSCC cell lines and 49 tongue carcinoma samples was studied with quantitative real-time polymerase chain reaction. RESULTS: Downregulation of at least one FA gene was observed in 3 of 11 HNSCC cell lines and 66% of tongue carcinoma samples. FANCB, FANCF, FANCJ and FANCM were most commonly affected by downregulation, whereas downregulation of FANCA, FANCE and FANCD2 was rare. CONCLUSION: Our data suggest that downregulation of FA genes is common in sporadic HNSCC. The clinical implications of this finding merit further study. 
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Snyder, E. R., J. L. Ricker, et al. (2007). "Variation in cisplatinum sensitivity is not associated with Fanconi Anemia/BRCA pathway inactivation in head and neck squamous cell carcinoma cell lines." Cancer Lett 245(1-2): 75-80.


Fanconi Anemia has recently been associated with a high risk of head and neck squamous cell carcinoma (HNSCC). Inactivation of the Fanconi Anemia (FANC-BRCA) pathway via promoter methylation of the FANCF gene has been proposed to be responsible for variation in cisplatinum (CDDP) sensitivity seen in ovarian and HNSCCs. Promoter methylation of the FANCF gene has been observed in 15% of HNSCC specimens, but the relationship to FANC pathway activation and CDDP sensitivity has not been reported. In the present study, 10 HNSCC cell lines were examined for expression of nine genes involved in the FANC-BRCA pathway by RT-PCR: FANCA, FANCC, FANCD2, FANCE, FANCF, FANCG, FANCL, BRCA1 and BRCA2. FANC pathway function was evaluated by western blotting for FANCD2 mono-ubiquitination. All of the cell lines were also analyzed for variation in CDDP cytotoxicity. While significant differences were found in CDDP cytotoxicity, Fanconi pathway defects are an infrequent cause, as no evidence of transcriptional down-regulation of FANCF or other FANC mRNAs, or functional FANC-BRCA pathway defects were observed. These findings suggest that the variation in CDDP sensitivity of many HNSCCs is most frequently due to factors other than FANC-BRCA pathway inactivation.
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Reinhard, H., I. Peters, et al. (2007). "Squamous cell carcinoma of the tongue in a 13-year-old girl with Fanconi anemia." J Pediatr Hematol Oncol 29(7): 488-91.


We report the case of a 13-year-old girl with squamous cell carcinoma (SCC) of the tongue. Fanconi anemia with a yet unknown complementation group had been diagnosed at the age of 5 years. Organ involvement included intestinal atresia, renal dysfunction due to crossed renal atopia, and tubular acidosis type II. Because of repeated bleeding complications frequent transfusions, and severe infections, bone marrow transplantation (BMT) from a matched unrelated donor was done at the age of 11 years. The girl did not suffer from graft-versus-host disease and had complete hematologic reconstitution after transplantation. Two years after BMT a SCC of the tongue developed without nodal or systemic metastasis. The tumor could be completely resected and no functional disturbances remained. No further treatment was given and the patient is in complete remission 6 months after diagnosis. This is one of the youngest children reported with SCC of the tongue after BMT for Fanconi anemia so far.
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Tremblay, S., P. Pintor Dos Reis, et al. (2006). "Young patients with oral squamous cell carcinoma: study of the involvement of GSTP1 and deregulation of the Fanconi anemia genes." Arch Otolaryngol Head Neck Surg 132(9): 958-66.


OBJECTIVE: To investigate whether oral squamous cell carcinomas (OSCCs) from young (</=40 years) and older (>/=60 years) patients have differential expression levels of GSTP1, FANCA, FANCC, FANCD2, and FANCG. DESIGN: Quantitative real-time reverse transcriptase-polymerase chain reaction and immunohistochemical analysis were used to assess gene and protein expression, respectively. SETTING: This study was performed in a research institute within a hospital setting. PATIENTS: Our study group consisted of 104 patients (42 young and 62 older). We collected RNA from 32 OSCC samples (10 young and 22 older patients) for gene expression analysis. Seventy-seven OSCC samples (37 from young and 40 from older patients) were used for protein expression analysis. Five patients were studied in both analyses. RESULTS: Lower expression of GSTP1 (P = .04) and FANCA (P = .01) was observed in the tumors of young compared with older patients. We also detected lower expression of GSTP1 in the tumors of young patients compared with their nondysplastic mucosa (P = .01). FANCA was underexpressed in nondysplastic mucosa of young compared with older patients (P = .01). GSTP1 protein showed negative or low expression in 41% (n = 15 of 37) of young vs 5% (n = 2 of 40) of older patient tumors (P = .001). FANCG protein expression was absent or low in 81% (n = 30 of 37) of young compared with 36% (n = 15 of 40) of older patient tumors (P<.001). CONCLUSIONS: Differences in expression levels of GSTP1, FANCA, and FANCG in OSCC of young and older patients suggest that different mechanisms may be involved in tumor development through defective carcinogen metabolism and/or DNA repair capabilities. GSTP1 plays a key role in detoxification; therefore, underexpression of this gene in tumors of young patients may cause deficient detoxification that could lead to an increased susceptibility to the development of oral carcinoma.
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Sparano, A., K. M. Quesnelle, et al. (2006). "Genome-wide profiling of oral squamous cell carcinoma by array-based comparative genomic hybridization." Laryngoscope 116(5): 735-41.


OBJECTIVES: Array-based comparative genomic hybridization (aCGH) was used to develop a genome-wide molecular profile of oral squamous cell carcinoma (OSCC). Copy number alterations (CNAs) were identified by chromosomal region, mapped to specific genes, and compared with several previously documented CNAs associated with head and neck squamous cell carcinoma (HNSCC). The status of 512 commonly altered cancer genes was assessed and evaluated as potential correlates of tumor behavior. METHODS: Tumor tissue DNA was isolated for aCGH from 21 prospectively collected fresh-frozen OSCC specimens. aCGH was performed at 0.9-Mb resolution to identify distinct regions of genomic alteration and their associated genes. Cancer genes commonly altered were then correlated with clinicopathologic tumor data. RESULTS: Genomic regions most frequently amplified (>35%) were located on 3q, 5p, 8q, 9q, and 20q, although regions most frequently deleted (>40%) involved chromosomes 3p, 8p, 13q, and 18q. Minimal regions of CNA identified, by aCGH narrowed larger, previously documented CNAs associated with HNSCC to significantly smaller regions, yielding shorter lists of candidate genes. Cancer-related genes altered in greater than 25% OSCC samples were identified (22 amplified, 17 deleted). Several genes associated with the Fanconi anemia DNA-damage response pathway were frequently altered, including BRCA1, BRCA2, FANCD2, and FANCG. Other cancer-related genes linked to hereditary cancer syndromes include VHL, MLH1, XPC, and RB1. CONCLUSIONS: Genome-wide aCGH can be used to detect and map CNAs in OSCC tissue specimens with high resolution. These data implicate several candidate genes and gene pathways in the tumorigenesis of sporadic OSCC.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=16652080
Salum, F. G., G. B. Martins, et al. (2006). "Squamous cell carcinoma of the tongue after bone marrow transplantation in a patient with Fanconi anemia." Braz Dent J 17(2): 161-5.


Fanconi anemia (FA) is an autosomal recessive disorder that might cause a variety of congenital and developmental abnormalities. The most important features of FA are progressive bone marrow failure and development of malignancies, particularly acute myeloid leukemia and solid tumors. This paper reports the case of a 12-year-old patient with FA assisted at the Stomatology and Bucomaxillofacial Cancer Prevention Service of Sao Lucas Hospital, Brazil, who had been submitted to bone marrow transplantation (BMT) at the age of 5 and exhibited oral lesions characteristic of chronic graft versus host disease (GVHD). The patient was treated and followed-up for the oral lesions. Eleven years after the BMT, he developed squamous cell carcinoma of the tongue with an aggressive behavior, which was considered an untreatable condition. The patient died few months later from asphyxia at the age of 16. The reasons for development of these malignant conditions are unknown. However, chromosomal instability typically observed in FA cases, BMT factors and GVHD have been considered. Systematic follow-up of these patients allows early and less invasive therapeutic approaches.
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Lins e Horta, H., F. F. Guimaraes, et al. (2006). "Squamous cell carcinoma of the hypopharynx in a young woman with Fanconi's anemia." Rev Bras Otorrinolaringol (Engl Ed) 72(6): 845-8.


Fanconi's anemia is a rare autosomal recessive disorder characterized by congenital malformation, bone marrow failure and genomic instability, with a predisposition to develop malignancies, especially the leukemias and upper aerodigestive tract tumors. Due to inherent characteristics to this syndrome, the treatment of such neoplasms is particularly difficult. In this paper we report the case of a 24-year-old woman with Fanconi's anemia who developed a squamous cell carcinoma of the hypopharynx; she had none of the traditional risk factors, such as smoking and alcohol abuse. We also briefly review the literature about this topic.
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Gasparini, G., G. Longobardi, et al. (2006). "Fanconi anemia manifesting as a squamous cell carcinoma of the hard palate: a case report." Head Face Med 2: 1.


ABSTRACT : Fanconi Anemia is a rare autosomal recessive disorder characterized by various congenital malformations, progressive bone marrow failure at a very young age and of solid tumors development. The authors present a rare case of a squamous cell carcinoma of the hard palate in a Fanconi Anaemia patient. The atypical clinical manifestation rendered the diagnosis more difficult. This case, for age of appearance, sex and localization, is unique in international literature. We recommend a quarterly follow up of the oral-rhino-pharynx complex in FA patients and to consider as carcinomas, all oral lesions that last more than two weeks.
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van Zeeburg, H. J., P. J. Snijders, et al. (2005). "Generation and molecular characterization of head and neck squamous cell lines of fanconi anemia patients." Cancer Res 65(4): 1271-6.


Patients with Fanconi anemia (FA) are prone to develop malignancies at an early age. Besides hematologic malignancies, squamous cell carcinomas in the anogenital region and head and neck are also frequently found in these patients. The aim of this study was to generate a panel of head and neck squamous cell carcinoma (HNSCC) cell lines and xenografts of FA HNSCC, and to characterize these cell lines in comparison with a panel of seven cell lines from patients with sporadic HNSCC. Analyses have been done on sensitivity to DNA cross-linking agents, loss of heterozygosity profile, TP53 mutations, TP53 polymorphisms and the presence of human papillomavirus. Four FA HNSCC cell lines were established. Sensitivity to DNA cross-linking agents (cisplatin) in the FA HNSCC cell lines was on average 10 times higher as compared with the sporadic HNSCC cell lines. Human papillomavirus was not detected in any of the FA or sporadic cell lines. No differences were found in loss of heterozygosity pattern, TP53 mutation frequency and TP53 polymorphism between FA and sporadic HNSCC cell lines. This is the first report on the generation of squamous cell lines of FA patients. The FA HNSCC cell lines we have generated may be utilized for future studies and might aid in the development of new preventive therapies for FA patients. The genetic characteristics of these cell lines suggest that FA HNSCC are not very different from sporadic HNSCC, except for the sensitivity to cisplatin which is consistent with the known cellular FA phenotype.
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Rosenberg, P. S., G. Socie, et al. (2005). "Risk of head and neck squamous cell cancer and death in patients with Fanconi anemia who did and did not receive transplants." Blood 105(1): 67-73.


Hematopoietic stem cell transplant (SCT) is currently the only therapy that can restore normal hematopoiesis in patients with Fanconi anemia (FA). Patients with FA have a high baseline risk of squamous cell cancers (SCCs) of the head, neck, and esophagus, and SCT conditioning may increase SCC incidence. We evaluated the risks of SCC and death in 145 patients with FA in the North American Survey (NAS) cohort who did not receive transplants, and 117 patients with FA in the Hopital Saint Louis (SLH) cohort who did receive transplants. The age-specific hazard of SCC was 4.4-fold higher in patients who received transplants than in those who did not (P = .003), and SCCs occurred at significantly younger ages in the former (respective medians, 18 and 33 years, P = .004). Survival after SCC was similarly poor in both cohorts (P = .135, median, 13 months). The hazard of SCC increased at a greater than linear rate, to 4.4% per year by age 40 in NAS and 4.7% per year by 10 years after transplant in SLH. In SLH, the hazard of non-SCC death was biphasic, declining significantly (P = .004) from 7.1% per month during the first 6 months after transplant to 0.13% per month (1.6% per year) after the first year. Acute and chronic graft-versus-host diseases were significant SCC risk factors. Adverse event rates in these cohorts provide historical control rates to assess emerging therapies for FA.
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Alter, B. P. (2005). "Fanconi's anemia, transplantation, and cancer." Pediatr Transplant 9 Suppl 7: 81-6.


Patients with Fanconi's Anemia (FA) have high rates of congenital physical abnormalities, bone marrow failure, leukemia, and solid tumors. Stem cell transplant (SCT) is often effective in curing bone marrow failure, but high-risk patients, particularly those whose donor is not a human leukocyte antigen matched sibling, are vulnerable to early mortality from transplant-related complications. Long-term survivors of SCT have risks of solid tumors (particularly of the oral cavity), which are even higher than the already high 'baseline' risk of neoplasia in untransplanted FA patients. In this group, the major types of cancer are head and neck squamous cell carcinomas, and gynecologic malignancies. Rapid evaluation of new SCT preparative regimens would be useful in improving both short-term and long-term results.
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Roginsky, R., A. R. Thurman, et al. (2004). "Vulvar cancer with Fanconi's anemia and neutropenic fever: a case report." J Reprod Med 49(3): 218-21.


BACKGROUND: Fanconi's anemia (FA), an autosomal-recessive aplastic anemia, was first described in 1927. Patients usually die from complications of pancytopenia. The longer patients survive the underlying anemia, the higher the risk of other cancers, particularly leukemias, hepatocellular cancer and squamous cell tumors. This report is the sixth reported case of vulvar cancer in a young woman with FA since 1966. CASE: A 25-year-old woman with FA was admitted with neutropenic fever; a rapidly growing, suppurative vulvar mass; and Trichomonas vaginalis. The patient had maintained routine, preventive gynecologic care, and 4 months prior to admission she had complete removal of a benign vulvar condyloma and no evidence of genital tract cancer. We removed the vulvar mass to relieve discomfort and eliminate an infectious source. The mass was an invasive squamous cell carcinoma of the vulva arising in a vulvar condyloma. Within 2 months of the diagnosis, the patient developed bulky disease metastatic to the lungs and inguinal lymph nodes. CONCLUSION: FA patients are at high risk of squamous cell tumors, and gynecologic examinations should begin at menarche. However, despite adequate screening, rapidly progressing solid tumors of the genital tract can develop in these immunosuppressed patients, who have a defect in DNA repair genes.
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Narayan, G., H. Arias-Pulido, et al. (2004). "Promoter hypermethylation of FANCF: disruption of Fanconi Anemia-BRCA pathway in cervical cancer." Cancer Res 64(9): 2994-7.


Patients with advanced stage invasive cervical cancer (CC) exhibit highly complex genomic alterations and respond poorly to conventional treatment protocols. In our efforts to understand the molecular genetic basis of CC, we examined the role of Fanconi Anemia (FA)-BRCA pathway. Here, we show that FANCF gene is disrupted by either promoter hypermethylation and/or deregulated gene expression in a majority of CC. Inhibition of DNA methylation and histone deacetylases induces FANCF gene re-expression in CC cell lines. FANCF-deregulated CC cell lines also exhibit a chromosomal hypersensitivity phenotype after exposure to an alkylating agent, a characteristic of FA patients. We also show the involvement of BRCA1 gene by promoter hypermethylation or down-regulated expression in a small subset of CC patients. Thus, we have found inactivation of genes in the FA-BRCA pathway by epigenetic alterations in a high proportion of CC patients, suggesting a major role for this pathway in the development of cervical cancer. Thus, these results have important implications in understanding the molecular basis of CC tumorigenesis and clinical management in designing targeted experimental therapeutic protocols.
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Marsit, C. J., M. Liu, et al. (2004). "Inactivation of the Fanconi anemia/BRCA pathway in lung and oral cancers: implications for treatment and survival." Oncogene 23(4): 1000-4.


Inactivation of the FANC-BRCA pathway via promoter methylation of the FANCF gene renders cells sensitive to DNA crosslinking agents, and has been identified in ovarian cancer cell lines and sporadic primary tumor tissues. We investigated epigenetic alterations in the FANC-BRCA pathway in head and neck squamous cell carcinomas (HNSCC) and non-small-cell lung cancers (NSCLC) using methylation-specific PCR. Promoter methylation of FANCF occurred in 15% (13/89) of HNSCCs and 14% (22/158) of NSCLCs. Methylation of BRCA1 occurred only in 6/158 NSCLC, and was limited to adenocarcinomas and large-cell carcinomas of the lung. No methylation of BRCA2 was detected. FANCF methylation was associated with a shorter duration of tobacco use (P=0.03) and a younger age of starting smoking (P=0.06) in NSCLC, and with a greater number of years of alcohol drinking (P=0.02) in HNSCC. In adenocarcinomas of the lung, FANCF promoter methylation was a significant predictor of poor survival with a hazard ratio of 3.1 (95% CI 1.2-7.9). This study demonstrates that inactivation of the FANC-BRCA pathway is relatively common in solid tumors and may be related to tobacco and alcohol exposure and survival of these patients.
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Harper, J. L., J. M. Jenrette, et al. (2004). "Vulvar cancer in a patient with Fanconi's anemia, treated with 3D conformal radiotherapy." Am J Hematol 76(2): 148-51.


Fanconi's anemia (FA) is rare autosomal recessive disorder characterized by aplastic anemia, congenital anomalies, and cancer susceptibility. FA patients have deficiencies in DNA repair pathways that cause cellular sensitivity to ionizing radiation and cross-link agents such as mitomycin C and diepoxybutane (DEB). If these patients survive until early adulthood, they are at high risk for developing solid tumors, most commonly squamous cell carcinoma of the oropharynx, esophagus, and vulva. Treatment of these solid tumors with radiotherapy is complicated by the increased risk of normal tissue toxicity. Three-dimensional (3D) conformal radiotherapy is a technique that uses CT images to more accurately target tumors and maximize the dose to the tumor volume while limiting the dose to normal tissue. This report describes application of 3D conformal radiotherapy techniques to the treatment of vulvar cancer in a patient with FA in an attempt to limit the normal tissue volume exposed to radiation.
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Ulger, Z., B. Karaca, et al. (2003). "Fanconi's anemia and squamous cell carcinoma of the larynx." Ann Hematol 82(5): 321-2.
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Rosenberg, P. S., M. H. Greene, et al. (2003). "Cancer incidence in persons with Fanconi anemia." Blood 101(3): 822-6.


Fanconi anemia (FA) is an autosomal recessive condition associated with congenital abnormalities, progressive pancytopenia, and a predisposition to leukemia and solid tumors. We studied a retrospective cohort of North American patients with FA. We calculated relative risks of cancer compared to the general population and cause-specific hazards of the first major adverse outcomes of FA: bone marrow transplantation (BMT) for marrow complications, acute myeloid leukemia (AML), solid tumors, or death from bone marrow failure. We also estimated the cumulative incidence of each adverse event in the presence of the competing risks. Among 145 patients with FA, 9 developed leukemia and 14 developed a total of 18 solid tumors. The ratio of observed to expected cancers (O/E ratio) was 50 for all cancers, 48 for all solid tumors, and 785 for leukemia; these increased risks were statistically significant. The highest solid tumor O/E ratios were 4317 for vulvar cancer, 2362 for esophageal cancer, and 706 for head and neck cancer. Cause-specific hazards of both death and AML peaked at 1%/y in teenage years; the hazard of BMT peaked at 4%/y at age 7. In contrast, the hazard of a solid tumor approached 8%/y by age 40 years. The cumulative incidence to age 48 was 10% for leukemia, 11% for death from marrow failure, 29% for a solid tumor, and 43% for BMT. The risk of a solid tumor may become even higher as death from aplastic anemia is reduced and as patients survive longer after BMT.
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Kutler, D. I., A. D. Auerbach, et al. (2003). "High incidence of head and neck squamous cell carcinoma in patients with Fanconi anemia." Arch Otolaryngol Head Neck Surg 129(1): 106-12.


BACKGROUND: Fanconi anemia (FA) is a rare autosomal recessive disorder characterized by a high degree of genomic instability and predisposition to cancer development. Recent evidence suggests that the incidence of head and neck squamous cell carcinoma (HNSCC) may be increased in patients with FA. OBJECTIVE: To determine the cumulative incidence, tumor distribution, and outcome of HNSCC in patients with FA. DESIGN AND SETTING: We analyzed data from 754 subjects from the International Fanconi Anemia Registry, a prospectively collected database of patients with FA. MAIN OUTCOME MEASURES: Cumulative incidence of HNSCC and 2-year overall, relapse-free and disease-specific survival. RESULTS: Of the 754 patients in the International Fanconi Anemia Registry, 19 (3%) had HNSCC. This is a significantly higher incidence of HNSCC compared with that observed in the general population (standardized incidence ratio, 500; 95% confidence interval, 300-781) (P<.001). The patients' age ranged from 15 to 49 years (median, 31 years), and there was a 2:1 female predominance. Surgical treatment was well tolerated (n = 17); however, radiation therapy and chemotherapy were associated with significant morbidity and mortality. Of the 19 patients, 10 (53%) developed locoregional recurrences within a median of 16 months from diagnosis. The median follow-up was 29 months. The 2-year disease-specific, overall, and relapse-free survival rates were 49%, 49%, and 42%, respectively. The cumulative incidence of relapse by the age of 40 years was 50%. CONCLUSIONS: In patients with FA, there is a high incidence of aggressive HNSCC at a young age. Surgery remains the mainstay of treatment because patients with FA tolerate radiation therapy and chemotherapy poorly, with significant morbidity. An increased understanding of FA-associated malignancies is not only important in the clinical management of patients with FA but can also elucidate the role of chromosomal instability in the development of HNSCC in general.
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Bremer, M., D. Schindler, et al. (2003). "Fanconi's anemia and clinical radiosensitivity report on two adult patients with locally advanced solid tumors treated by radiotherapy." Strahlenther Onkol 179(11): 748-53.


BACKGROUND: Patients with Fanconi's anemia (FA) may exhibit an increased clinical radiosensitivity of various degree, although detailed clinical data are scarce. We report on two cases to underline the possible challenges in the radiotherapy of FA patients. CASE REPORT AND RESULTS: Two 24- and 32-year-old male patients with FA were treated by definitive radiotherapy for locally advanced squamous cell head and neck cancers. In the first patient, long-term tumor control could be achieved after delivery of 67 Gy with a-in part-hyperfractionated split-course treatment regimen and, concurrently, one course of carboplatin followed by salvage neck dissection. Acute toxicity was marked, but no severe treatment-related late effects occurred. 5 years later, additional radiotherapy was administered due to a second (squamous cell carcinoma of the anus) and third (squamous cell carcinoma of the head and neck) primary, which the patient succumbed to. By contrast, the second patient experienced fatal acute hematologic toxicity after delivery of only 8 Gy of hyperfractionated radiotherapy. While the diagnosis FA could be based on flow cytometric analysis of a lymphocyte culture in the second patient, the diagnosis in the first patient had to be confirmed by hypersensitivity to mitomycin of a fibroblast cell line due to complete somatic lymphohematopoietic mosaicism. In this patient, phenotype complementation and molecular genetic analysis revealed a pathogenic mutation in the FANCA gene. The first patient has not been considered to have FA until he presented with his second tumor. CONCLUSION: FA has to be considered in patients presenting at young age with squamous cell carcinoma of the head and neck or anus. The diagnosis FA is of immediate importance for guiding the optimal choice of treatment. Radiotherapy or even radiochemotherapy seems to be feasible and effective in individual cases.
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Pavithran, K., B. V. Ajithkumar, et al. (2002). "Adenocarcinoma of the stomach in Fanconi's anemia." Ann Hematol 81(11): 666-7.


A case of Fanconi's anemia presenting for the first time at the age of 23 years is described. He died of adenocarcinoma of the stomach 4 months later. As far as the authors are aware, this is the second case of adenocarcinoma of the stomach occurring in Fanconi's anemia. As Fanconi's anemia is known to predispose to malignancy, all patients need detailed evaluation of the gastrointestinal tract by endoscopy as well as radiology for the early detection of gastrointestinal lesions.
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Oksuzoglu, B. and S. Yalcin (2002). "Squamous cell carcinoma of the tongue in a patient with Fanconi's anemia: a case report and review of the literature." Ann Hematol 81(5): 294-8.


Fanconi's anemia (FA) is an autosomal recessive disorder characterized by constitutional aplastic anemia and congenital abnormalities. Patients with this disorder are prone to develop leukemia. Besides the risk of squamous cell carcinoma (SCC), development especially in the head and neck region is also increased. Up to now 40 patients with FA have been reported to develop SCC, and in 14 of them the tongue was the primary site. All of the reported SCC in FA patients originated in mucosal and mucocutaneous sites, especially oral (n=25) and anogenital sites (n=8) and the esophagus (n=6), with the exception of two patients with multiple cutaneous involvement. We report a new case of SCC of the tongue in a patient with FA and review the previous SCC cases.
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Alter, B. P. (2002). "Radiosensitivity in Fanconi's anemia patients." Radiother Oncol 62(3): 345-7.


The risks of radiation therapy in patients with Fanconi's anemia who have cancer are not clear. Possible toxicity was reported in six of 14 patients: 1/1 with vaginal cancer, 4/10 with head and neck or esophageal cancer, and 1/3 with oral cancer following bone marrow transplant.
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Mondovits, B., C. Vermylen, et al. (2001). "[Bone marrow transplantation in Fanconi's anemia: report of seven cases]." Arch Pediatr 8(8): 801-6.


OBJECTS: Follow-up of patients with Fanconi's anemia treated in our unit and review of the literature concerning bone marrow transplantation in Fanconi's anemia. PATIENTS AND METHODS: Ten patients were followed in our unit for 20 years. We summarize their clinical features, treatment and clinical course. RESULTS: Among the ten patients, seven received allogeneic marrow transplantation. Only two patients are still alive. Two transplanted patients died from complications shortly after the transplantation. Three other patients died later after the transplantation, two of them from oropharyngeal carcinomas. DISCUSSION: The 5-year survival is about 70% in the transplantation with an HLA-identical sibling donor; it is only about 30% if the donor is an HLA-matched unrelated or mismatched related patient. Furthermore, retrospective studies have shown that the long-term outcome of carcinoma is a major complication after the transplantation. CONCLUSION: Our series of patients with Fanconi's anemia reflects fairly faithfully the complications encountered in this disease. Although the improvement of the graft technique may decrease the rate of death due to transplantation, the long-term development of solid tumors remains a problem for which no solution has been suggested up to now.
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Hermsen, M. A., Y. Xie, et al. (2001). "Cytogenetic characteristics of oral squamous cell carcinomas in Fanconi anemia." Fam Cancer 1(1): 39-43.


Fanconi anemia (FA) is an autosomal recessive syndrome with a marked predisposition to malignancies, in particular acute myeloid leukemia and squamous cell carcinoma of the oral cavity. We examined oral squamous cell carcinoma tissue from two FA patients (FA-A and FA-C) by comparative genomic hybridization. Both tumors, which were negative for human papilloma as well as Epstein-Barr viral sequences, showed multiple alterations with a high proportion of whole-arm chromosomal gains and losses. This combination of features as well as the sites involved in chromosomal breakage are very similar to what is typically observed in non-FA oral tumors. These results suggest that the process leading to early occurrence of oral cancer in FA patients follows a similar pathway as in non-FA cancer patients, which would support a caretaker function for FA genes in the protection against oral carcinogenesis. Since FA patients are uniquely hypersensitive to DNA cross-linking agents, while oral cancer in the general population is thought to be environmentally induced, these results also suggest that environmental DNA cross-linkers may be causally involved in oral carcinogenesis.
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Jansisyanont, P., A. Pazoki, et al. (2000). "Squamous cell carcinoma of the tongue after bone marrow transplantation in a patient with Fanconi's anemia." J Oral Maxillofac Surg 58(12): 1454-7.
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Dean, A., F. J. Alamillos, et al. (1999). "Squamous cell carcinoma of the oral cavity and Fanconi s anemia. An association to bear in mind." Med Oral 4(2): 410-415.
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Socie, G., C. Scieux, et al. (1998). "Squamous cell carcinomas after allogeneic bone marrow transplantation for aplastic anemia: further evidence of a multistep process." Transplantation 66(5): 667-70.


BACKGROUND: Secondary solid tumors are rare events occurring in patients who underwent allogeneic marrow transplantation for aplastic anemia and Fanconi's anemia. Human herpes virus 8 (HHV8), Epstein-Barr virus (EBV), and human papillomaviruses (HPV) sequences have been found in squamous cell carcinoma (SCC) occurring in organ transplant recipients. The tumor suppressor gene p53 has been strongly linked to the occurrence of SCC in the nonimmunocompromised population. PATIENTS AND METHODS: In eight patients with SCC, we searched for HHV8, EBV, varicella zoster virus, adenovirus, and HPV sequences from DNA extracted from selected areas of SCC. We also looked for p53 expression in those specimens as well as the presence of anti-p53 antibodies in the serum of these patients at the onset of SCC. RESULTS: In one patient, we found the presence of both HHV8 and EBV sequences, and in another patient we found HPV16 sequences. All five tumors that could be studied disclosed evidence of p53 accumulation, but none of the eight patients had anti-p53 antibodies in the sera. CONCLUSION: SCC developing in marrow transplant recipients seems to occur via a multistep process. Genetic predisposition may be present, as in patients with Fanconi's anemia. Transplantation-related factors, such as irradiation and chronic graft-versus-host disease, also have a role. In this article, we add two more potent risk factors: p53 alteration(s) and in some cases the presence of oncogenic viruses.
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Goluchova, M., O. Urban, et al. (1998). "[Spinocellular carcinoma in a patient with Fanconi's anemia]." Vnitr Lek 44(5): 280-1.


The authors describe the case of a 24-year-old female patient with Fanconi's anaemia where they diagnosed spinocellular carcinoma of the oesophagus. At the same time they found skeletal abnormalities, caked kidney with pelvic dystopia and uterus unicornis. In patients with Fanconi's anaemia frequently acute leukaemia, liver tumours and spinocellular carcinoma are described. The knowledge of these facts makes early diagnosis of these associated diseases possible.
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Doerr, T. D., T. Y. Shibuya, et al. (1998). "Squamous cell carcinoma of the supraglottic larynx in a patient with Fanconi's anemia." Otolaryngol Head Neck Surg 118(4): 523-5.
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Millen, F. J., M. G. Rainey, et al. (1997). "Oral squamous cell carcinoma after allogeneic bone marrow transplantation for Fanconi anaemia." Br J Haematol 99(2): 410-4.


We report a case of oral squamous cell carcinoma (SCC) originating in the buccal mucosa of an 18-year-old female patient with chronic graft-versus-host disease (GVHD) 9 years after HLA-identical sibling bone marrow transplantation (BMT) for Fanconi anaemia (FA). The case highlights the problems of malignant change in FA and also the increased risk of second malignancy after BMT. The literature is reviewed with regard to previous cases and the possible aetiology of tumour formation. A high index of suspicion to any epithelial lesion in FA is appropriate so that early diagnosis may lead to improved prognosis.
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Koo, W. H., L. A. Knight, et al. (1996). "Fanconi's anaemia and recurrent squamous cell carcinoma of the oral cavity: a case report." Ann Acad Med Singapore 25(2): 289-92.


Fanconi's anaemia is a rare genetic disorder and majority of the patients die of haematologic complications in their second or third decades of life. Others who have mild or no cytopenias survive long enough to develop malignancies. This is a report of a 44-year-old woman who presented with recurrent oral squamous cell carcinoma during her adulthood, without clinical haematological problem. Despite treatment with cis-retinoic acid, she developed a third squamous cell carcinoma 6 months later. In a review of the literature, only in 1 reported case was the patient treated with low-dose retinoids but he developed recurrent anal cancer after 14 months.
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Deeg, H. J., G. Socie, et al. (1996). "Malignancies after marrow transplantation for aplastic anemia and fanconi anemia: a joint Seattle and Paris analysis of results in 700 patients." Blood 87(1): 386-92.


Risk factors for the development of a new (secondary) malignancy after marrow transplantation are still incompletely defined. In the present study, we analyzed results in 700 patients with severe aplastic anemia treated with allogeneic marrow transplantation at the Fred Hutchinson Cancer Research Center in Seattle, WA, or at the Hopital St Louis in Paris, France. Twenty-three patients developed a malignancy 1.4 to 221 months (median, 91 months) after transplantation for a Kaplan-Meier estimate of 14% (95% confidence interval, 4% to 24%) at 20 years. Five cases were lymphoid malignancies (two acute lymphoblastic leukemias and three lymphoproliferative disorders) occurring 1.4 to 14.6 months (median, 3 months) posttransplant, and 18 were solid tumors (17 squamous cell and one mucoepidermoid carcinoma) presenting 30 to 221 months (median, 99 months) posttransplant. Thus, the hazard for lymphoid malignancies declined rapidly posttransplant, while the hazard for solid tumors increased progressively with time posttransplant. Risk factors for solid tumors identified in univariable analysis included the underlying diagnosis of Fanconi anemia (P = .0002), azathioprine therapy for chronic graft-versus-host disease (GVHD) (P < .0001), irradiation (total body or thoracoabdominal) as part of the conditioning regimen (P = .0002), chronic GVHD (P = .0099), acute GVHD (P = .0135), and male sex (P = .0499). In multivariable, stepwise proportional hazards models, azathioprine therapy (P < .0001) and the diagnosis of Fanconi anemia (P < .0001) were significant factors for all patients. Irradiation was a significant factor (P = .004) only if the time-dependent variable azathioprine was not included in the analysis. If only non-Fanconi patients were considered, azathioprine (P = .0043), age (P = .025), and irradiation (P = .042) were significant factors. Results in patients with Fanconi anemia and malignancies other than solid tumors were not subjected to an analysis because of the small number of events. It is of note, however, that no case of myeloproliferative disorder was observed. In summary, the highest risk of developing a solid tumor was associated with the diagnosis of Fanconi anemia. Better prevention of GVHD or omission of azathioprine as GVHD therapy (or both) may reduce the risk of late tumor development. Similarly, nonirradiation conditioning regimens may reduce the tumor risk, at least in patients without Fanconi anemia. Interactions between potential risk factors are complex, and further observation and additional analyses will be of interest.
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Alter, B. P. (1996). "Fanconi's anemia and malignancies." Am J Hematol 53(2): 99-110.


Patients with Fanconi's anemia (FA) are at a high risk for development of malignancies. It is well-known that leukemia occurs in approximately 10% of cases, with increasing risk with age. Less commonly recognized is the risk for myelodysplastic syndromes (approximately 5%); the relationship between myelodysplasia and evolution to leukemia remains speculative. What also needs to be emphasized is that older patients have an ever-increasing risk for development of solid tumors, with at least 5% reported to have liver tumors (male:female ratio, 2:1) and an equal number of other cancers (female:male ratio, 3:1, even after exclusion of gynecologic malignancies). Hematologists have tended to focus on aplastic anemia and leukemia. As FA patients live longer, more of the other malignancies will occur, perhaps related to cord blood or bone marrow transplant, or treatment with cytokines. This review identifies the types of tumors for which patients with Fanconi's anemia are at risk.
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Somers, G. R., S. N. Tabrizi, et al. (1995). "Squamous cell carcinoma of the tongue in a child with Fanconi anemia: a case report and review of the literature." Pediatr Pathol Lab Med 15(4): 597-607.


This report documents a case of squamous cell carcinoma (SCC) of the tongue in a child with Fanconi anemia (FA). FA is an autosomal recessive syndrome defined by chromosomal breakage in response to diepoxybutane or mitomycin C in which many patients present with pancytopenia, hypoplastic bone marrow, hyperpigmentation of the skin, skeletal malformations, small stature, hypogonadism, and chromosomal aberrations. Such patients are prone to the development of hematological malignancies and squamous cell carcinoma, especially of the head and neck. Although FA appears to be genetically heterogeneous, all cases display abnormalities of DNA repair. A gene defective in one of the four subsets of FA patients has been defined. Defects in this gene are thought to play a role in the development of neoplasia in FA patients. However, many other factors may also contribute to the development of malignancies, including immune deficiencies, therapeutic strategies, and bone marrow transplantation. This report reviews the association of FA and SCC and highlights the many factors involved in the development of neoplasia within a single patient, including FA, cyclophosphamide, immunosuppression, X-irradiation, and chronic oral graft-versus-host disease. In addition, the human papillomavirus status, although negative, is documented for the first time in such a case.
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Lustig, J. P., G. Lugassy, et al. (1995). "Head and neck carcinoma in Fanconi's anaemia--report of a case and review of the literature." Eur J Cancer B Oral Oncol 31B(1): 68-72.


Fanconi's anaemia (FA) is a rare autosomal recessive syndrome characterised by progressive lethal pancytopenia, skeletal abnormalities, hyperpigmentation and increased chromosomal aberrations. A high incidence of leukaemia and hepatocellular and squamous cell carcinomas (SCC) have been reported in FA patients. A rare case of SCC of the dorsum of the tongue in a FA patient is presented. A review of the reported cases of head and neck carcinoma in FA patients shows a different male:female ratio than previously reported, and a high incidence of carcinoma of the tongue.
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Soravia, C. and A. Spiliopoulos (1994). "[Epidermoid carcinoma of the esophagus and Fanconi's anemia]." Schweiz Med Wochenschr 124(17): 725-8.


We report the case of a 36-year-old female with Fanconi's anemia who developed a squamous cell carcinoma of the esophagus which was treated by surgery. In the long term, Fanconi's anemia is associated with a high incidence of acute leukemia, liver tumors or squamous cell carcinomas of various organs. The high chromosome breakage of this disease is assumed to be a predisposing factor for malignant development. This elevated tumor incidence must be appreciated if early diagnosis and appropriate therapy are to be initiated.
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Lebbe, C., L. Pinquier, et al. (1993). "Fanconi's anaemia associated with multicentric Bowen's disease and decreased NK cytotoxicity." Br J Dermatol 129(5): 615-8.


We report a patient with Fanconi's anaemia and multiple lesions of vulvo-anal Bowen's disease. She was thrombocytopenic and lymphopenic, and NK-mediated cytotoxicity was undetectable. The vulvar lesions did not contain papillomavirus DNA. In vitro studies showed a possible benefit from acitretin treatment on bone marrow stem cells. However, low-dose acitretin given for 14 months did not prevent the development of an anal squamous carcinoma. Acitretin therapy was, however, associated with a sustained rise in the platelet count.
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Snow, D. G., J. B. Campbell, et al. (1991). "Fanconi's anaemia and post-cricoid carcinoma." J Laryngol Otol 105(2): 125-7.


A case of post-cricoid carcinoma, occurring in a patient with Fanconi's anaemia is presented. The case illustrates the rare association of the two diseases. The problems with the management of such a case are discussed.
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Linares, M., E. Pastor, et al. (1991). "Hepatocellular carcinoma and squamous cell carcinoma in a patient with Fanconi's anemia." Ann Hematol 63(1): 54-5.


Acute leukemia, hepatocellular carcinoma, and squamous cell carcinoma have been reported in patients with Fanconi's anemia. We report on a 31-year-old woman who developed squamous cell carcinoma of the esophagus and hepatocellular carcinoma. Jaundice and hepatic tumor developed in 1981, after she had received oxymetholone for 10 years. Liver biopsy revealed peliosis hepatis. Androgenic therapy was stopped and the jaundice resolved. However, the hepatic tumor was observed to be unchanged. The patient died of disseminated squamous cell carcinoma, but no metastatic lesions from hepatocellular carcinoma were detected in the autopsy. The association of Fanconi's anemia and squamous cell carcinoma is reviewed, and the malignant potential of androgen-related hepatic tumors is discussed.
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Murayama, S., R. P. Manzo, et al. (1990). "Squamous cell carcinoma of the tongue associated with Fanconi's anemia: MR characteristics." Pediatr Radiol 20(5): 347.


Children with Fanconi's Anemia are reported to be at increased risk of associated carcinoma. The MR appearance of an 11 year old boy with complicating squamous cell carcinoma of the tongue is presented.
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Fukuoka, K., K. Nishikawa, et al. (1989). "[Fanconi's anemia with squamous cell carcinoma--a case report and a review of literature]." Rinsho Ketsueki 30(11): 1992-6.


A 39-year-old woman was admitted to our hospital complaining of hemosputum and right neck swelling. Pharyngography, neck CT scan and laryngoscopy revealed moderately differentiated squamous cell carcinoma of the right pyriform sinus. After series of examinations, it was found that she had pancytopenia, hypoplastic bone marrow, hyperpigmentation of the skin, cardiac anomaly, small stature, hypogonadism, chromosomal aberrations and consanguinity in her parents. These findings suggested that she was the congenital aplastic anemia, that is Fanconi's anemia, variant form. Although pepleomycin and corticosteroids were administrated for the treatment of squamous cell carcinoma and aplastic anemia, she died of cardiovascular shock due to massive hemorrhage. Flow cytometric analysis of squamous cell carcinoma showed an unusual aneuploidy DNA histogram. This is the first report on Fanconi's anemia with squamous cell carcinoma in Japan. It is said that chromosomal aberrations and impairment of DNA cross-links repair may play an important role developing of malignancy in Fanconi's anemia.
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Kaplan, M. J., H. Sabio, et al. (1985). "Squamous cell carcinoma in the immunosuppressed patient: Fanconi's anemia." Laryngoscope 95(7 Pt 1): 771-5.


The association of immunosuppression and head and neck cancer is supported by numerous reports demonstrating impaired cell-mediated immunity, depressed T-cell function, decreased lymphocyte responsiveness, and elevated circulating immune complexes. Fanconi's anemia (FA) is a rare autosomal recessive syndrome characterized by progressive pancytopenia, skeletal abnormalities, hyperpigmentation, and other congenital anomalies. Increased chromosomal instability and defective DNA repair have been uniform findings. Several reports suggest associated immune deficiencies. There is an increased frequency of leukemia, hepatocellular carcinoma, and squamous cell carcinoma (SCC), including six cases of head and neck SCC. We reported a young girl with FA who developed SCC of the tongue. Initial studies suggest low lymphocyte counts, but normal lymphocyte responsiveness. More precise characterization of the immune system defects in malignancy prone, genetically determined syndromes may provide clues for the diagnosis and treatment of patients with the more usual but more variable risk factors for SCC of the head and neck.
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Two young women had Fanconi's anemia and genital human papillomavirus infection associated with multicentric genital neoplasia. One of these women represented the first documented case of death from vaginal squamous carcinoma associated with Fanconi's anemia. In these two women an apparent biologic compression of the natural history of vulvar and vaginal carcinoma was observed. The finding of condyloma acuminatum in both of them prior to the onset of carcinoma suggests a partial causal association. Involvement of the cervix, vagina, vulva and perianal epithelium by the oncogenic process implies that a field effect occurred in those areas.
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Fanconi's anemia is a rare autosomal recessive disorder which manifests itself in early childhood, presenting as pancytopenia, pigmentation changes, skeletal deformities, small statures and chromosomal aberrations. Most patients ultimately die from sepsis as a result of their hematologic abnormalities, however, some patients live long enough to develop malignancies such as leukemia, hepatocellular carcinomas and squamous cell carcinoma. The association of Fanconi's anemia and squamous cell carcinoma is examined with a report of a patient with Fanconi's anemia and squamous cell carcinoma of the pyriform sinus and hypopharynx.
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Fanconi's anemia is one of the chromosome instability syndromes that may predispose to the development of cancer. A 20-year-old woman is reported in whom microinvasive squamous-cell carcinomas of the vulva and tongue developed sequentially. The clinicopathologic findings of 13 other cases of Fanconi's anemia associated with squamous-cell carcinomas are reviewed. Anogenital and oral mucosal surfaces appear to be sites of predilection for these cancers. Patients with relatively mild bone marrow problems or the preanemic phase of the illness who are able to survive several decades appear to be at greatest risk for the development of squamous-cell carcinoma.
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Fanconi's anemia, an inherited disorder characterized by bone marrow aplasia, peripheral pancytopenia, and multiple congenital defects, has a association with certain types of malignancies. These include acute myelomonocytic leukemia, benign and malignant liver tumors, and squamous carcinomas of various organs. We report a patient with esophageal carcinoma complicating Fanconi's anemia, summarize the various tumors associated to date with the syndrome, and discuss possible mechanisms of malignant transformation. This high incidence of malignancy must be appreciated for early diagnosis and appropriate therapy.
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A case of Fanconi's anaemia is described. The patient developed gastric ulcers at 14 years and died of adenocarcinoma of the stomach at the age of 21 years. The need fully to investigate gastric pathology by endoscopy and biopsy, as well as radiology, is stressed. So far as the authors are aware this is the first description of adenocarcinoma of the stomach occurring in Fanconi's anaemia, a condition known to predispose to malignancy.
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Malignant neoplasia frequently occurs with Fanconi anemia. Generally this represents hematologic disease; however, solid tumors may also appear. The woman described here developed squamous cell carcinoma of the vulva at age 28, and is the third such case in a patient with Fanconi anemia that has been reported. It is a diagnosis to be considered for the young patient with this type of carcinoma. Increased chromosomal breakage in this syndrome may be important in the pathogenesis of these neoplastic changes.
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Sarna, G., P. Tomasulo, et al. (1975). "Multiple neoplasms in two siblings with a variant form of Fanconi's anemia." Cancer 36(3): 1029-33.


Two siblings with a variant form of Fanconi's anemia developed multiple neoplasms after prolonged survival and treatment with androgens. One of the siblings developed two separate oral squamous cell carcinomata, and the other developed acute leukemia and hepatoma. Androgens may have had a carcinogenic role in the appearance of the hepatic neoplasm. There is an increased incidence of neoplasm associated with Fanconi's anemia. This may be related to frequent spontaneous chromosomal abberations and/or to increased cellular susceptibility to viral transformation.
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Ogilvie, P., U. B. Hofmann, et al. (2002). "[Skin manifestations of Fanconi anemia]." Hautarzt 53(4): 253-7.


Fanconi's anemia is a rare autosomal recessive disorder associated with variable clinical manifestations. So far, eight complementation groups have been identified, and the genes of four of them have been cloned. Early-onset progressive bone marrow failure and a predisposition to malignancies, particularly acute myelogenous leukemia, liver tumors, and mucocutaneous squamous cell carcinomas, result in a poor prognosis. Additionally, almost all organs can be affected by this defect. Widespread areas of hyper- and hypopigmentation of the skin in a characteristic pattern and cafe-au-lait spots preceding the manifestation of panmyelopathy can aid early diagnosis. Here we report an 11-year-old boy with Fanconi's anemia presenting with typical cutaneous manifestations. We emphasize the important role of skin abnormalities of Fanconi's anemia as signs enabling early diagnosis. Moreover, we summarize clinical features, course, therapy, and new aspects of the molecular basis of Fanconi's anemia.
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Acute febrile neutrophilic dermatosis, or Sweet syndrome, is a cutaneous eruption characterized clinically by the appearance of painful red plaques and nodules and histologically by an intense dermal neutrophilic infiltrate. Extracutaneous manifestations are rare. We report a patient in whom otherwise typical cutaneous Sweet syndrome was accompanied by an extracutaneous manifestation in the ileum.
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Fanconi anemia is a phenotypically and genotypically heterogeneous syndrome in which patients manifest various congenital abnormalities, bone marrow failure, and predisposition to malignancy. The primary dermatologic manifestations are pigmentation abnormalities (hyperpigmentation, hypopigmentation, cafe-au-lait spots) and cutaneous malignancies. The gene for one of the complementation groups (FACC) has been cloned, and the gene product has been shown to have a cytoplasmic localization, ruling out a direct role for the Fanconi anemia gene in DNA repair. A better understanding of the function of the FACC polypeptide, and the cloning of genes for the other Fanconi anemia complementation groups, should lead to a better understanding of the basic problems of birth defects and cancer predisposition and the interaction of genetic and epigenetic factors in the pathogenesis of these problems.
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Steens, R. D., Q. A. Summers, et al. (1992). "Pulmonary alveolar proteinosis in association with Fanconi's anemia and psoriasis. A possible common pathogenetic mechanism." Chest 102(2): 637-8.


We report a case of PAP which proved to be fatal despite whole lung lavage. The need for early BAL and transbronchial biopsies in diffuse infiltrative lung disorders of unknown etiology is highlighted. The occurrence of PAP in association with Fanconi's anemia and psoriasis raises the possibility of a common pathogenetic defect which may be related to abnormal cytokine metabolism. Investigation of cytokine metabolism in PAP is warranted.
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Baron, F., V. P. Sybert, et al. (1989). "Cutaneous and extracutaneous neutrophilic infiltrates (Sweet syndrome) in three patients with Fanconi anemia." J Pediatr 115(5 Pt 1): 726-9.


Three patients with coexistent Fanconi syndrome and Sweet syndrome (neutrophilic dermatosis) are presented. These sterile skin lesions responded to systemic corticosteroid therapy in all three cases, and recurred when treatment was discontinued. The association in children of Sweet syndrome with malignancy has previously been recognized; it has not been reported in the premalignant phase of Fanconi anemia. This report expands the differential diagnosis of the neutrophilic dermatoses. Children with Sweet syndrome and anemia should be examined for Fanconi anemia by diepoxybutane cytogenetic studies.
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Johansson, E., K. M. Niemi, et al. (1982). "Fanconi's anemia. Tumor-like warts, hyperpigmentation associated with deranged keratinocytes, and depressed cell-mediated immunity." Arch Dermatol 118(4): 249-52.


A 27-year-old man had had Fanconi's anemia (FA) for 20 years. The patient had pancytopenia, retarded growth, hypogonadism, and chromosomal aberrations. He had freckle-like and darker pigmented macules scattered on his chest, shoulders, upper part of the back, and hips, with interspersed, hypopigmented areas. Biopsy specimens taken from both the hyperpigmented and hypopigmented spots showed a derangement of keratinocytes and nuclear abnormalities, more notable on sun-exposed skin sites. The patient also had numerous tumor-like, recalcitrant, viral warts. Immunologic studies showed normal humoral immunity, but there was evidence of depressed cell-mediated immunity. We speculate that the chromosomal aberrations, the depressed cell-mediated immunity, and the increased frequency of malignant neoplasms known to occur in patients with FA also reflect changes related to an increased susceptibility to viral infections.
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Hersey, P., A. Edwards, et al. (1982). "Deficient natural killer cell activity in a patient with Fanconi's anaemia and squamous cell carcinoma. Association with defect in interferon release." Clin Exp Immunol 48(1): 205-12.


A child with Fanconi's anaemia diagnosed at 7 years of age presented in adult life with lymphopenia, recurrent warts and Bowen's disease. The latter resulted in the development of multiple cutaneous squamous cell carcinomas which metastasized to the skeleton. Investigation of her immune function revealed selective defects in natural killer (NK) cell activity. Humoral immunity and several tests of cell-mediated responses were within normal or became normal after treatment with levamisole or transfer factor. Analysis of the defect in NK activity revealed that low levels could be induced in vitro by fibroblast interferon. Stimulation of blood lymphocytes from the patient with the interferon inducer poly (I)-poly (C) resulted in an increase in NK activity but incubation of her lymphocytes on tumour cells did not result in an increase in NK activity or the release of interferon. This contrasted with the marked increase in NK activity and interferon release observed when lymphocytes from normal controls were incubated on tumor cells. These findings suggested the absence of NK activity in this patient was secondary to a defect in interferon release from lymphocytes on exposure to tumour antigens. It is considered that these defects may have been an important predisposing factor in the development of malignancy in this patient and possibly other patients with Fanconi's anaemia.
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25 FA & Therapeutic Haematology

Tsirigotis, P., T. Sella, et al. (2007). "Peliosis hepatis following treatment with androgen-steroids in patients with bone marrow failure syndromes." Haematologica 92(11): e106-10.


Androgens widely used in the treatment of bone marrow failure syndromes can in rare cases cause hepatic peliosis, a pathological entity characterized by multiple blood-filled cavities in the liver parenchyma. Bone marrow failure syndromes per se are associated with a low coagulation status, which is further magnified by bone marrow transplantation for aplastic anaemia due to deep thrombocytopenia. Both these conditions can cause bleeding; their combination is especially dangerous. We describe two cases of aplastic anaemia due to paroxysmal nocturnal hemoglobinuria and Fanconi syndrome, in which patients developed peliosis hepatis after prolonged treatment with androgens. One patient developed severe subcapsular bleeding, successfully treated with catheterization of the right hepatic artery and embolization of the bleeding site. The second patient bridged over deep post-transplant aplasia with high frequency platelet transfusions, and demonstrated an uncomplicated post-BMT course. We suggest avoiding or interrupting treatment with androgens in patients preparing for BMT.
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The clinical availability of recombinant hematopoietic growth factors was initially thought to be breakthrough in the treatment of bone marrow failure syndromes. However, in most disorders of hematopoeisis, the clinical use was rather disappointing. Only in congenital neutropenias (CNs) has the long-term administration of granulocyte colony-stimulating factor (G-CSF) led to a maintained increase in absolute neutrophil count (ANC) and a reduction of severe bacterial infections. In other disorders of hematopoiesis, the use of lineage-specific growth factors is either not possible due to mutations in the growth factor receptor or leads to a transient benefit only. Initial clinical trials with multilineage hematopoietic growth factors, such as stem cell factor (SCF; c-kit ligand) were discontinued due to adverse events. It is well known that bone marrow failure syndromes are pre-leukemic disorders. So far, there is no evidence for induction of leukemia by hematopoietic growth factors. However, it has been shown in patients with CN and Fanconi anemia that hematopoietic growth factors might induce preferential outgrowth of already transformed cells. Thus, it is strongly recommended to monitor patients for clonal aberrations prior to and during long-term treatment with hematopoietic growth factors.
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Secchiero, P. and G. Zauli (2008). "Tumor necrosis factor-related apoptosis-inducing ligand and the regulation of hematopoiesis." Curr Opin Hematol 15(1): 42-8.


PURPOSE OF REVIEW: This review will focus on the emerging role of tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)/TRAIL-receptors in the pathophysiology of hematopoiesis and on the potential therapeutic applications of either recombinant TRAIL or anti-TRAIL-R1/-R2 agonistic antibodies for the treatment of hematological malignancies. RECENT FINDINGS: While CD34 stem/progenitor cells do not express TRAIL-receptors and are protected from TRAIL-induced apoptosis, accumulating evidence points to a role for elevated expression/release of TRAIL at the bone marrow level in the pathophysiology of aplastic anemia, Fanconi anemia, and myelodysplastic syndromes. In-vitro data show promising synergistic effects of recombinant TRAIL in association with proteasome or histone deacetylase inhibitors, natural compounds or small molecules in the therapy of myeloid and lymphoid malignancies. Moreover, although both recombinant TRAIL and anti-TRAIL-R1/-R2 antibodies are well tolerated in vivo, anti-TRAIL-R1/-R2 agonistic antibodies show the potential advantage of avoiding the neutralizing activity of the soluble receptor osteoprotegerin. SUMMARY: While a chronic pathological elevation of TRAIL at the bone marrow level might contribute to the impairment of normal hematopoiesis, the use of recombinant TRAIL and anti-TRAIL-R1/-R2 agonistic antibodies appears particularly promising for the treatment of hematological malignancies in particular, of multiple myeloma, especially if used in association with innovative therapeutic compounds.
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Zhang, X., D. P. Sejas, et al. (2007). "Inflammatory ROS promote and cooperate with the Fanconi anemia mutation for hematopoietic senescence." J Cell Sci 120(Pt 9): 1572-83.


The proinflammatory cytokine tumor necrosis factor alpha (TNFalpha) inhibits hematopoietic stem cell (HSC) expansion, interferes with HSC self-renewal and compromises the ability of HSC to reconstitute hematopoiesis. We have investigated mechanisms by which TNFalpha suppresses hematopoiesis using the genomic instability syndrome Fanconi anemia mouse model deficient for the complementation-group-C gene (Fancc). Examination of senescence makers, such as senescence-associated beta-galactosidase, HP1-gamma, p53 and p16(INK4A) shows that TNFalpha induces premature senescence in bone marrow HSCs and progenitor cells as well as other tissues of Fancc-/- mice. TNFalpha-induced senescence correlates with the accumulation of reactive oxygen species (ROS) and oxidative DNA damage. Neutralization of TNFalpha or deletion of the TNF receptor in Fancc-/- mice (Fancc-/-;Tnfr1-/-) prevents excessive ROS production and hematopoietic senescence. Pretreatment of TNFalpha-injected Fancc-/- mice with a ROS scavenger significantly reduces oxidative base damage, DNA strand breaks and senescence. Furthermore, HSCs and progenitor cells from TNFalpha-treated Fancc-/- mice show increased chromosomal aberrations and have an impaired oxidative DNA-damage repair. These results indicate an intimate link between inflammatory reactive oxygen species and DNA-damage-induced premature senescence in HSCs and progenitor cells, which may play an important role in aging and anemia.
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Sejas, D. P., R. Rani, et al. (2007). "Inflammatory reactive oxygen species-mediated hemopoietic suppression in Fancc-deficient mice." J Immunol 178(8): 5277-87.


Patients with the genomic instability syndrome Fanconi anemia (FA) commonly develop progressive bone marrow (BM) failure and have a high risk of cancer. Certain manifestations of the disease suggest that the FA immune system is dysfunctional and may contribute to the pathogenesis of both BM failure and malignancies. In this study, we have investigated inflammation and innate immunity in FA hemopoietic cells using mice deficient in Fanconi complementation group C gene (Fancc). We demonstrate that Fancc-deficient mice exhibit enhanced inflammatory response and are hypersensitive to LPS-induced septic shock as a result of hemopoietic suppression. This exacerbated inflammatory phenotype is intrinsic to the hemopoietic system and can be corrected by the re-expression of a wild-type FANCC gene, suggesting a potential role of the FANCC protein in innate immunity. LPS-mediated hemopoietic suppression requires two major inflammatory agents, TNF-alpha and reactive oxygen species. In addition, LPS-induced excessive accumulation of reactive oxygen species in Fancc(-/-) BM cells overactivates the stress kinase p38 and requires prolonged activation of the JNK. Our data implicate a role of inflammation in pathogenesis of FA and BM failure diseases in general.
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Pigullo, S., E. Ferretti, et al. (2007). "Human Fanconi A cells are susceptible to TRAIL-induced apoptosis." Br J Haematol 136(2): 315-8.


Tumour necrosis factor (TNF) contributes to the pathogenesis of bone marrow failure in Fanconi anaemia (FA) patients. The sensitivity of haematopoietic cells from FA, complementation group A (FANCA) subjects, who represent the majority of FA patients, to TNF-related apoptosis-inducing ligand (TRAIL) is unknown. The human lymphoblastoid FANCA HSC072 cell line and the genetically corrected counterpart HSC072FANCA-neo were tested for apoptoptic response to TRAIL using flow cytometry and Western blotting. FANCA cells were more sensitive to TRAIL-induced apoptosis than their corrected counterparts, indicating that TRAIL negatively regulates haematopoietic FANCA cell lines. This effect involved poly(ADP-ribose) polymerase-1 cleavage and caspase-8 activation.
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Lloret, A., R. Calzone, et al. (2007). "Different patterns of in vivo pro-oxidant states in a set of cancer- or aging-related genetic diseases." Free Radic Biol Med.


A comparative evaluation is reported of pro-oxidant states in 82 patients with ataxia telangectasia (AT), Bloom syndrome (BS), Down syndrome (DS), Fanconi anemia (FA), Werner syndrome (WS), and xeroderma pigmentosum (XP) vs 98 control donors. These disorders display cancer proneness, and/or early aging, and/or other clinical features. The measured analytes were: (a) leukocyte and urinary 8-hydroxy-2'-deoxyguanosine (8-OHdG), (b) blood glutathione (GSSG and GSH), (c) plasma glyoxal (Glx) and methylglyoxal (MGlx), and (d) some plasma antioxidants [uric acid (UA) and ascorbic acid (AA)]. Leukocyte 8-OHdG levels ranked as follows: WS>BS approximately FA approximately XP>DS approximately AT approximately controls. Urinary 8-OHdG levels were significantly increased in a total of 22 patients with BS, FA, or XP vs 47 controls. The GSSG:GSH ratio was significantly increased in patients with WS and in young (</=15 years) patients with DS or with FA and decreased in older patients with DS or FA and in AT, BS, and XP patients. The plasma levels of Glx and/or MGlx were significantly increased in patients with WS, FA, and DS. The UA and AA levels were significantly increased in WS and DS patients, but not in AT, FA, BS, nor XP patients. Rationale for chemoprevention trials is discussed.
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Li, J., D. P. Sejas, et al. (2007). "TNF-alpha induces leukemic clonal evolution ex vivo in Fanconi anemia group C murine stem cells." J Clin Invest 117(11): 3283-95.


The molecular pathogenesis of the myeloid leukemias that frequently occur in patients with Fanconi anemia (FA) is not well defined. Hematopoietic stem cells bearing inactivating mutations of FA complementation group C (FANCC) are genetically unstable and hypersensitive to apoptotic cytokine cues including IFN-gamma and TNF-alpha, but neoplastic stem cell clones that arise frequently in vivo are resistant to these cytokines. Reasoning that the combination of genetic instability and cytokine hypersensitivity might create an environment supporting the emergence of leukemic stem cells, we tested the leukemia-promoting effects of TNF-alpha in murine stem cells. TNF-alpha exposure initially profoundly inhibited the growth of Fancc-/- stem cells. However, longer-term exposure of these cells promoted the outgrowth of cytogenetically abnormal clones that, upon transplantation into congenic WT mice, led to acute myelogenous leukemia. TNF-alpha induced ROS-dependent genetic instability in Fancc-/- but not in WT cells. The leukemic clones were TNF-alpha resistant but retained their characteristic hypersensitivity to mitomycin C and exhibited high levels of chromosomal instability. Expression of FANCC cDNA in Fancc-/- stem cells protected them from TNF-alpha-induced clonal evolution. We conclude that TNF-alpha exposure creates an environment in which somatically mutated preleukemic stem cell clones are selected and from which unaltered TNF-alpha-hypersensitive Fancc-/- stem cells are purged.
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Briot, D., G. Mace-Aime, et al. (2007). "Aberrant activation of stress-response pathways leads to TNF-{alpha} oversecretion in Fanconi anemia." Blood.


Fanconi anemia (FA), an inherited syndrome that associates bone marrow failure, cancer predisposition and genetic instability, is characterized by an overproduction of the myelosuppressive cytokine TNF-alpha through unknown mechanisms. We demonstrate here that FANC pathway loss-of-function results in the aberrant activation of two major stress-signaling pathways: NF-kappaB and MAPKs. These responses are independent on TNF-alpha expression. On the contrary, inhibition of the MAPK pathways normalizes TNF-alpha oversecretion in FA. Moreover, our data show that the overexpression of the matrix metalloproteinase MMP-7 is the key event directly responsible for the high rate of TNF-alpha shedding and release from the cytoplasmic membrane in FA. TNF-alpha overproduction is, indeed, normalized by MMP-7 inhibition. Finally, MAPKs inhibition impacts on MMP-7 overexpression. Evidences are provided of the existence of a linear pathway in which FANC mutations activate MAPK signaling that induces MMP-7 overexpression leading, in fine, to TNF-alpha oversecretion. TNF-alpha may, in turn, sustain or amplify both MAPKs and NF-kappaB activation. Aberrant expression or activity of NF-kappaB and/or MAPKs have been already involved in bone marrow failure and leukemia and their inhibition showed be positive for outcome. In conclusion, our data provide a strong rationale for new clinical trials on FA patients.
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Bijangi-Vishehsaraei, K., M. R. Saadatzadeh, et al. (2005). "Enhanced TNF-alpha-induced apoptosis in Fanconi anemia type C-deficient cells is dependent on apoptosis signal-regulating kinase 1." Blood 106(13): 4124-30.


Fanconi anemia (FA) is a chromosomal instability disorder characterized by progressive bone marrow failure. Experimental evidence suggests that enhanced oxidant and myelosuppressive cytokine-mediated apoptosis of hematopoietic stem and progenitor cells contributes to the pathogenesis of marrow failure in FA. However, the molecular mechanisms responsible for the apoptotic phenotype in hematopoietic cells are incompletely understood. Recent data in Fancc-/- murine embryonic fibroblasts (MEFs) implicate increased oxidant-induced apoptotic signaling through the redox-dependent protein, apoptosis signal-regulating kinase 1 (Ask1). Here, we examined whether altered Ask1 signaling participated in the proapoptotic phenotype of primary Fancc-/- MEFs and hematopoietic progenitors treated with the myelosuppressive cytokine tumor necrosis factor-alpha (TNF-alpha). Our data indicate that TNF-alpha induces hyperactivation of Ask1 and the downstream effector p38 in Fancc-/- MEFs. In addition,Ask1 inactivation in Fancc-/- MEFs and hematopoietic progenitors restored survival to wild-type (WT) levels in the presence of TNF-alpha. Furthermore, targeting the Ask1 pathway by using either antioxidants or a p38 inhibitor protected Fancc-/- MEFs and c-kit+ cells from TNF-alpha-induced apoptosis. Collectively, these data argue that the predisposition of Fancc-/- hematopoietic progenitors to apoptosis is mediated in part through altered redox regulation and Ask1 hyperactivation.
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Pearl-Yafe, M., D. Halperin, et al. (2003). "An oxidative mechanism of interferon induced priming of the Fas pathway in Fanconi anemia cells." Biochem Pharmacol 65(5): 833-42.


Hematopoietic progenitor cells from children with Fanconi anemia of the C complementation group (FA-C) are excessively apoptotic and hypersensitive to various extracellular cues including Fas-ligand, tumor necrosis factor-alpha and double-stranded RNA. Interferon (IFN)-gamma is known to augment apoptotic responses of these factors. The "priming" effect of IFN-gamma is not fully explained. In view of the strong evidence that FA cells are intolerant of oxidative stress, we tested the notion that IFN-priming involves the induction of reactive oxygen species (ROS) in two FA-C B-lymphocyte cell lines and in peripheral blood neutrophils and mononuclear cells of FA patients. We also investigated whether the combination of IFN-gamma and Fas created an intracellular environment that promoted apoptosis. Significantly lower doses of IFN-gamma induced ROS accumulation in neutrophils and mononuclear cell of FA patients compared to cells of normal individuals. Enhanced ROS accumulation and decreased intracellular glutathione levels were observed in FA-C B-cell lines primed with IFN-gamma and treated with agonistic anti-Fas antibody than in isogenic control cells corrected with FANCC. The above treatment also induced caspase-3 and -8 activation as well as apoptosis. That antioxidants reduced the priming effect of IFN-gamma in Fas and IFN-gamma-treated FA lymphoblast cells, demonstrates that ROS represent a critical effector mechanism for the exaggerated responses to IFN-gamma characteristic of FA-C cells.
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Ikeda, H., M. Matsushita, et al. (2003). "Genetic reversion in an acute myelogenous leukemia cell line from a Fanconi anemia patient with biallelic mutations in BRCA2." Cancer Res 63(10): 2688-94.


A 2-year old boy was diagnosed with Fanconi anemia (FA) and acute myeloid leukemia (AML). A cell line (termed FA-AML1) was established from blast cells obtained after a second relapse after a successful bone marrow transplant. Histochemical and surface marker analysis confirmed that the cells were derived from the myeloid lineage. Cytogenetic analysis revealed multiple chromosomal aberrations, including a ring 7. Stable proliferation of the cultured cells was absolutely dependent on the presence of granulocyte macrophage colony-stimulating factor or interleukin 3. This is the first AML cell line successfully established from a FA patient. Remarkably, FA-AML1 cells appeared to lack the characteristic cellular FA phenotype, i.e., a hypersensitivity to growth inhibition and chromosomal breakage by the cross-linking agent mitomycin C. Genomic DNA from the patient showed biallelic mutations [8415G>T (K2729N)and 8732C>A (S2835STOP)] in the breast cancer susceptibility gene FANCD1/BRCA2 [N. Howlett et al., Science (Wash. DC), 297: 606-609, 2002]. In the AML cells, however, the 8732C>A nonsense mutation was changed into a missense mutation by a secondary alteration, 8731T>G, resulting in 2835E, which restored the open-reading frame of the gene and could explain the reverted phenotype of these cells. Loss of the FA phenotype by genetic correction of a FA gene mutation during AML progression may be a common late event in the pathogenesis of AML in FA patients, which may be treatment related. This finding suggests a novel mechanistic principle of tumor progression based on the genetic correction of an early caretaker gene defect.
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Freie, B., X. Li, et al. (2003). "Fanconi anemia type C and p53 cooperate in apoptosis and tumorigenesis." Blood 102(12): 4146-52.


Fanconi anemia (FA) is a recessive genomic instability syndrome characterized by developmental defects, progressive bone marrow failure, and cancer. FA is genetically heterogeneous, however; the proteins encoded by different FA loci interact functionally with each other and with the BRCA1, BRCA2, and ATM gene products. Although patients with FA are highly predisposed to the development of myeloid leukemia and solid tumors, the alterations in biochemical pathways responsible for the progression of tumorigenesis in these patients remain unknown. FA cells are hypersensitive to a range of genotoxic and cellular stresses that activate signaling pathways mediating apoptosis. Here we show that ionizing radiation (IR) induces modestly elevated levels of p53 in cells from FA type C (Fancc) mutant mice and that inactivation of Trp53 rescues tumor necrosis factor alpha-induced apoptosis in myeloid cells from Fancc-/- mice. Further, whereas Fancc-/- mice failed to form hematopoietic or solid malignancies, mice mutant at both Fancc and Trp53 developed tumors more rapidly than mice mutant at Trp53 alone. This shortened latency was associated with the appearance of tumor types that are found in patients with FA but not in mice mutant at Trp53 only. Collectively, these data demonstrate that p53 and Fancc interact functionally to regulate apoptosis and tumorigenesis in Fancc-deficient cells.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=12855557
Dufour, C., A. Corcione, et al. (2003). "TNF-alpha and IFN-gamma are overexpressed in the bone marrow of Fanconi anemia patients and TNF-alpha suppresses erythropoiesis in vitro." Blood 102(6): 2053-9.


In Fanconi anemia (FA) C mice tumor necrosis factor alpha (TNF-alpha) and interferon gamma (IFN-gamma) have key roles in the pathogenesis of bone marrow failure. In FA subjects TNF-alpha was found to be increased in the serum and overproduced by patient-derived B-cell lines. In acquired aplastic anemia, a disease in which, similarly to FA, marrow failure occurs, TNF-alpha and IFN-gamma act as late mediators of the stem cell damage and are overexpressed in patient marrow lymphocytes. This study evaluated in marrow mononuclear cells (MNCs) of patients with FA, the expression of negative modulators of the hematopoiesis, such as TNF-alpha, IFN-gamma, macrophage inflammatory protein 1alpha (MIP-1alpha), and surface Fas ligand, and the role of TNF-alpha on FA erythropoiesis in vitro. TNF-alpha and IFN-gamma were significantly overexpressed in stimulated marrow MNCs of FA patients as compared to healthy controls. MIP-1alpha and Fas ligand were undetectable in patients and controls. In bone marrow cultures, the addition of anti-TNF-alpha increased the size and significantly increased the number of erythroid colony-forming units and erythroid burst-forming units grown from FA patients but not from healthy controls. This indicates that FA subjects have a marrow TNF-alpha activity that inhibits erythropoiesis in vitro. TNF-alpha has a relevant role in the pathogenesis of erythroid failure in FA patients.
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Kurre, P., P. Anandakumar, et al. (2002). "In vivo administration of interferon gamma does not cause marrow aplasia in mice with a targeted disruption of FANCC." Exp Hematol 30(11): 1257-62.


OBJECTIVE: Hematopoietic cells from patients with Fanconi anemia (FA) and mice carrying a targeted disruption of the gene encoding complementation group C protein (FANCC(-/-)) demonstrate an apoptotic phenotype in response to alkylating agents and cytokines including interferon gamma (IFN-gamma) in vitro. The aim of this study was to explore these apoptosis-inducing effects of IFN-gamma on the bone marrow of FANCC(-/-) mice as a potential strategy to select gene-corrected cells in vivo. Following pharmacokinetic studies to determine if serum concentrations effective in vitro can be achieved in vivo, we injected FANCC(-/-) mice with recombinant murine IFN-gamma. Hematopoietic effects were investigated by serial determinations of blood counts, progenitor colony formation, and marrow cellularity. RESULTS: Serial weekly intraperitoneal administrations of escalating doses of rmIFN-gamma did not affect peripheral blood counts in FANCC(-/-) mice, even after subsequent antibody-mediated fas ligation. Additionally, prolonged exposure after sequential daily administration of recombinant IFN-gamma did not impair progenitor cell clonogenicity in vitro. Pharmacokinetic data confirmed that the failure of IFN-gamma to induce marrow aplasia occurred in spite of peak serum levels greater than 100-fold in excess of those effective in vitro. CONCLUSION: We conclude that in spite of the well-documented in vitro apoptotic tendency of FA-phenotype hematopoietic cells, the in vivo administration of IFN-gamma with and without subsequent fas ligation does not induce bone marrow failure in FANCC(-/-) (129SvJ strain) mice. Additional selective pressure may be necessary to achieve targeted ablation of uncorrected, FA-phenotype, marrow cells.
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Bogliolo, M., S. Borghini, et al. (2002). "Alternative metabolic pathways for energy supply and resistance to apoptosis in Fanconi anaemia." Mutagenesis 17(1): 25-30.


Deregulation of control of the apoptotic process in Fanconi anaemia (FA) appears to be one of the main features of this disease at the cellular level. We show here that FA cells are resistant to treatments with rhodamine-1,2,3 and doxycycline, which both interfere with mitochondrial functionality by different mechanisms. In contrast, normal lymphoblastoid cells are severely affected by these treatments, which result in acute ATP depletion and a significant enhancement of the fraction of cells undergoing apoptotic cell death. FA cells are very sensitive to the action of 2-deoxy-D-glucose (2dG) and iodoacetic acid (IAA), two inhibitors of glycolytic metabolism. The ability of FA cells to sustain metabolic insults interfering with energy production and balance may be linked with the pathological manifestations of the disease, including susceptibility to acute myeloid leukemia. These findings suggest that FA genes may be involved in a pathway that mediates a protective response to stress. We suggest that a peculiar metabolic regulation in FA cells could explain both defective apoptosis and susceptibility to oxidative stress.
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Aube, M., M. Lafrance, et al. (2002). "Hematopoietic stem cells from fancc(-/-) mice have lower growth and differentiation potential in response to growth factors." Stem Cells 20(5): 438-47.


Fanconi anemia (FA) is a complex recessive genetic disease characterized by progressive bone marrow (BM) failure. We have previously shown that stem cells from the FA group C mouse model have lower long-term primary and secondary reconstitution ability, and that bone marrow of Fancc(-/-) mice contained fewer lineage-negative (Lin(-))Thy1.2(low)Sca-1(+)c-kit(+) CD34(+) cells but normal levels of Lin(-)Thy1.2(low)Sca-1(+)c-kit(+)CD34(-) primitive cells. These data suggest that CD34(+) primitive cells have either a lower growth or differentiation potential, or that these cells have greater apoptosis levels. To investigate the role Fancc might have on the growth and differentiation potentials of primitive hematopoietic stem cells, we used a single-cell culture system and monitored cell viability, doubling potential, and apoptosis levels of Fancc(-/-) primitive Lin(-)Thy1.2(-)Sca-1(+) (LTS)-CD34(+) and LTS-CD34(-) stem cells. Results showed that Fancc(-/-) LTS-CD34(-) and LTS-CD34(+) cells had altered growth and apoptosis responses to combinations of stimulatory cytokines, most dramatically in response to a combination of factors that included interleukin-3 (IL-3) and IL-6. In addition, Fancc(-/-) LTS-CD34(-) and LTS-CD34(+) cells showed a lower differentiation potential than Fancc(+/+) cells. These results support a role for Fancc in the growth and differentiation of primitive hematopoietic cells and suggest that an altered response to stimulatory cytokines may contribute to BM aplasia in FA patients.
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Pang, Q., W. Keeble, et al. (2001). "Role of double-stranded RNA-dependent protein kinase in mediating hypersensitivity of Fanconi anemia complementation group C cells to interferon gamma, tumor necrosis factor-alpha, and double-stranded RNA." Blood 97(6): 1644-52.


Hematopoietic cells bearing inactivating mutations of Fanconi anemia group C (FANCC) are excessively apoptotic and demonstrate hypersensitivity not only to cross-linking agents but also to interferon gamma (IFN-gamma) and tumor necrosis factor-alpha. Seeking essential signaling pathways for this phenotype, this study quantified constitutive and induced RNA-dependent protein kinase (PKR) activation in Fanconi anemia cells of the C complementation group (FA-C). PKR was constitutively phosphorylated and exhibited an increased binding affinity for double-stranded RNA (dsRNA) in FANCC(-/-) cells. FANCC(-/-) cells were hypersensitive to both dsRNA and the combination of dsRNA and IFN-gamma in that these agents induced a higher fraction of apoptosis in FANCC(-/-) cells than in normal cells. Overexpression of wild-type PKR-sensitized FANCC(-/-) cells to apoptosis induced by IFN-gamma and dsRNA. Conversely, inhibition of PKR function by enforced expression of a dominant-negative inhibitory mutant of PKR (PKRDelta6) substantially reduced the IFN and dsRNA hypersensitivity of FANCC(-/-) cells. Two PKR target molecules, IkappaB-alpha and IRF-1, were not differentially activated in FANCC(-/-) cells, but enforced expression of a nonphosphorylatable form of eukaryotic translation initiation factor-2alpha reversed the PKR-mediated block of messenger RNA translation and partially abrogated the PKR-mediated apoptosis in FANCC(-/-) cells. Because no evidence was found of a PKR/FANCC complex in normal cells, it was concluded that an essential function of FANCC is to suppress, indirectly, the activity of PKR and that FANCC inactivation results in IFN hypersensitivity, at least in part, because this function of FANCC is abrogated.
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Pang, Q., T. A. Christianson, et al. (2001). "The Fanconi anemia complementation group C gene product: structural evidence of multifunctionality." Blood 98(5): 1392-401.


The Fanconi anemia (FA) group C gene product (FANCC) functions to protect cells from cytotoxic and genotoxic effects of cross-linking agents. FANCC is also required for optimal activation of STAT1 in response to cytokine and growth factors and for suppressing cytokine-induced apoptosis by modulating the activity of double-stranded RNA-dependent protein kinase. Because not all FANCC mutations affect STAT1 activation, the hypothesis was considered that cross-linker resistance function of FANCC depends on structural elements that differ from those required for the cytokine signaling functions of FANCC. Structure-function studies were designed to test this notion. Six separate alanine-substituted mutations were generated in 3 highly conserved motifs of FANCC. All mutants complemented mitomycin C (MMC) hypersensitive phenotype of FA-C cells and corrected aberrant posttranslational activation of FANCD2 in FA-C mutant cells. However, 2 of the mutants, S249A and E251A, failed to correct defective STAT1 activation. FA-C lymphoblasts carrying these 2 mutants demonstrated a defect in recruitment of STAT1 to the interferon gamma (IFN-gamma) receptor and GST-fusion proteins bearing S249A and E251A mutations were less efficient binding partners for STAT1 in stimulated lymphoblasts. These same mutations failed to complement the characteristic hypersensitive apoptotic responses of FA-C cells to tumor necrosis factor-alpha (TNF-alpha) and IFN-gamma. Cells bearing a naturally occurring FANCC mutation (322delG) that preserves this conserved region showed normal STAT1 activation but remained hypersensitive to MMC. The conclusion is that a central highly conserved domain of FANCC is required for functional interaction with STAT1 and that structural elements required for STAT1-related functions differ from those required for genotoxic responses to cross-linking agents. Preservation of signaling capacity of cells bearing the del322G mutation may account for the reduced severity and later onset of bone marrow failure associated with this mutation.
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Pang, Q., W. Keeble, et al. (2001). "FANCC interacts with Hsp70 to protect hematopoietic cells from IFN-gamma/TNF-alpha-mediated cytotoxicity." Embo J 20(16): 4478-89.


The Fanconi anemia (FA) complementation group C gene product (FANCC) functions to protect hematopoietic cells from cytotoxicity induced by interferon-gamma (IFN-gamma), tumor necrosis factor-alpha (TNF-alpha) and double-stranded RNA (dsRNA). Because apoptotic responses of mutant FA-C cells involve activation of interferon-inducible, dsRNA-dependent protein kinase PKR, we sought to identify FANCC-binding cofactors that may modulate PKR activation. We identified the molecular chaperone Hsp70 as an interacting partner of FANCC in lymphoblasts and HeLa cells using 'pull-down' and co-immunoprecipitation experiments. In vitro binding assays showed that the association of FANCC and Hsp70 involves the ATPase domain of Hsp70 and the central 320 residues of FANCC, and that both Hsp40 and ATP/ADP are required. In whole cells, Hsp70-FANCC binding and protection from IFN-gamma/TNF-alpha-induced cytotoxicity were blocked by alanine mutations located in a conserved motif within the Hsp70-interacting domain of FANCC. We therefore conclude that FANCC acts in concert with Hsp70 to prevent apoptosis in hematopoietic cells exposed to IFN-gamma and TNF-alpha.
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Futaki, M., S. Watanabe, et al. (2001). "Fanconi anemia protein, FANCG, is a phosphoprotein and is upregulated with FANCA after TNF-alpha treatment." Biochem Biophys Res Commun 281(2): 347-51.


Fanconi anemia (FA) is a genetic syndrome characterized by bone marrow failure, birth defects, and a predisposition to malignancy. At this time, six FA genes have been identified, and several gene products have been found to interact in a protein complex. FA cells appear to overexpress the proinflammatory cytokine, tumor necrosis factor-alpha (TNF-alpha). We therefore examined the effects of TNF-alpha on the regulation of FA complementation group proteins, FANCG and FANCA. We found that treatment with TNF-alpha induced FANCG protein expression. FANCA was induced concurrently with FANCG, and the FANCA/FANCG complex was increased in the nucleus following TNF-alpha treatment. Inactivation of inhibitory kappa B kinase-2 modulated the expression of FANCG. We also found that both nuclear and cytoplasmic FANCG fractions were phosphorylated. These results show that FANCG is a phosphoprotein and suggest that the cellular accumulation of FA proteins is subject to regulation by TNF-alpha signaling.
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Otsuki, T., S. Nagakura, et al. (1999). "Tumor necrosis factor-alpha and CD95 ligation suppress erythropoiesis in Fanconi anemia C gene knockout mice." J Cell Physiol 179(1): 79-86.


Fanconi anemia (FA) is a genetic syndrome predisposing to hematopoietic failure. Little is known about the pathophysiology of FA, except that tumor necrosis factor-alpha (TNF-alpha) is overexpressed in patients. FA group C (Fac) gene knockout mice have been developed in order to model the human disease, but the mice do not spontaneously exhibit aplasia. To investigate secondary influences on hematopoiesis in the Fac-null mice, we studied the sensitivity of hematopoietic progenitor cells (HPC) to death receptor triggering by TNF-alpha and Fas receptor (CD95) ligation. Previously we had found that overexpression of a human FAC transgene protects hematopoietic progenitors from Fas-mediated apoptosis (Wang et al., 1998, Cancer Res 58:3538-3541). In the present experiments with Fac-null mice, growth of erythroid burst-forming units (BFU-E) was significantly inhibited by TNF-alpha and CD95 ligation. Flow cytometric analysis revealed that CD95 was induced more readily in the Fac-null CD34+ cell fraction. Apoptosis induced by TNF-alpha alone or with CD95 ligation also occurred more frequently in null mouse HPC. We then bred null mice against transgenic mice overexpressing TNF-alpha (at serum levels in the range of 100 pg/ml). Resultant Fac-null mice that overexpressed TNF-alpha not only yielded decreased numbers of BFU-E but also expressed higher levels of CD95 in the CD34+ fraction. We conclude that mutation in the Fac protein induces heightened sensitivity to TNF-alpha and Fas receptor ligation, results that may explain the mechanism of anemia in FA-C patients.
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Lensch, M. W., R. K. Rathbun, et al. (1999). "Selective pressure as an essential force in molecular evolution of myeloid leukemic clones: a view from the window of Fanconi anemia." Leukemia 13(11): 1784-9.


Specific chromosomal deletions are commonly found in bone marrow cells of children with Fanconi anemia (FA) whose disease has evolved to myelodysplastic syndrome (MDS) or acute myeloid leukemia (AML). Identical deletions are found in adults with MDS/AML with a history of exposure to alkylating agents (secondary MDS/AML). While deleted chromosomal regions likely harbor genes encoding proteins with tumor suppressor (TS) function, such genes have not been identified and the environmental forces by which these mutant clones are selected remain unclear. A consistent signaling abnormality in cells bearing mutations of the Fanconi anemia complementation group C (FA-C) gene (FANCC) has revealed a potential selective force. Hematopoietic progenitor cells from patients and mice with FANCC mutations are hypersensitive to the inhibitory effects of IFNgamma and TNFalpha. Consequently, clonal outgrowths in FA likely result from strong selective pressure for stem and/or progenitor cells resistant to these inhibitory cytokines. Additional mutations that inactivate signaling pathways for these inhibitors would create a cell with a profound proliferative advantage over its apoptosis-prone counterparts. Here, we present preliminary evidence supporting a selection-based model of leukemic evolution and argue that MDS in FA patients is a de facto model of secondary MDS in non-FA adults.
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Koh, P. S., G. C. Hughes, et al. (1999). "The Fanconi anemia group C gene product modulates apoptotic responses to tumor necrosis factor-alpha and Fas ligand but does not suppress expression of receptors of the tumor necrosis factor receptor superfamily." Exp Hematol 27(1): 1-8.


Exposure of hematopoietic progenitor cells (HPC) from mice and humans with Fanconi anemia group C (FAC) to interferon-gamma (IFN-gamma) or tumor necrosis factor-alpha (TNF-alpha) at doses too low to inhibit growth of normal HPC induces profound apoptotic responses. Because the IFN-gamma hypersensitivity of cells lacking the FAC protein is mediated, in part, through priming of the Fas pathway, and because several other members of this family are capable of inducing apoptosis either alone or in concert with each other, we tested the hypothesis that IFN-gamma induces increased expression of members of the TNF receptor (TNFR) superfamily in cells nullizygous for the FAC gene. Using isogenic human Epstein-Barr virus-transformed lymphoblast cell lines and c-kit+ bone marrow cells from mice with inactivating mutations of the FAC locus, we quantified mRNA levels by reverse transcriptase polymerase chain reaction and surface expression of the gene products by flow cytometry of TNFR1, TNFR2, Fas, CD30, CD40, and nerve growth factor receptor. We found that neither constitutive nor IFN-gamma-induced expression of these receptors was influenced by the absence of a functional FAC gene product, and expression of these receptors was not suppressed in nullizygous cells complemented with the normal FAC cDNA. We conclude that, although exaggerated apoptotic responses in FAC-deficient cells are at least partially mediated through activation of members of the TNFR superfamily, the normal FAC protein does not function as a direct suppressor of this family of molecules and inactivation of FAC does not augment expression of these proteins.
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Haneline, L. S., H. E. Broxmeyer, et al. (1998). "Multiple inhibitory cytokines induce deregulated progenitor growth and apoptosis in hematopoietic cells from Fac-/- mice." Blood 91(11): 4092-8.


We used a murine model containing a disruption of the murine homologue (Fac) of Fanconi Anemia group C (FAC) to evaluate the role of Fac in the pathogenesis of bone marrow (BM) failure. Methylcellulose cultures of BM cells from Fac-/- and Fac+/+ mice were established to examine the growth of multipotent and lineage-restricted progenitors containing inhibitory cytokines, including interferon-gamma (IFN-gamma), tumor necrosis factor-alpha (TNF-alpha), and macrophage inflammatory protein-1alpha (MIP-1alpha). Clonogenic growth of Fac-/- progenitors was reduced by 50% at 50- to 100-fold lower concentrations of all inhibitory cytokines evaluated. We hypothesized that the aberrant responsiveness to inhibitory cytokines in clonogenic cells may be a result of deregulated apoptosis. To test this hypothesis, we performed the TUNEL assay on purified populations of primary BM cells enriched for hematopoietic progenitors or differentiated myeloid cells. After stimulation with TNF-alpha, accentuated apoptosis was observed in both populations of Fac-/- cells. In addition, deregulated apoptosis was also noted in the most immature phenotypic population of hematopoietic cells after stimulation with MIP-1alpha.Together these data suggest a role of Fac in affecting the signaling of multiple cytokine pathways and support cytokine-mediated apoptosis as a major mechanism responsible for BM failure observed in FA patients.
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Ridet, A., C. Guillouf, et al. (1997). "Deregulated apoptosis is a hallmark of the Fanconi anemia syndrome." Cancer Res 57(9): 1722-30.


Fanconi anemia (FA) is a genetic human disorder associated with bone marrow failure and predisposition to cancer. FA cells show poor growth capacity and spontaneous chromosomal anomalies as well as cellular and chromosomal hypersensitivity to DNA cross-linking agents such as mitomycin C (MMC). Because it is likely that disruption of the apoptotic control would lead to such a phenotype, we investigated the implication of apoptosis in the FA syndrome. It is shown that, although demonstrating a high frequency of spontaneous apoptosis, FA cells from four genetic complementation groups are deficient in gamma-ray-induced apoptosis and their MMC hypersensitivity is not due to apoptosis. Fas is a cell surface receptor belonging to the tumor necrosis factor receptor family and is involved in apoptosis. We show that, independently of DNA damage, the alteration in the control of apoptosis in FA concerns also the pathway initiated by Fas activation. Finally, ectopic expression of the wild-type FAC gene corrects the MMC hypersensitivity and anomalies in apoptosis and cell cycle response in FA cells. Altogether, these findings strongly implicate the FA genes as playing a major role in the control of apoptosis. Thus, further studies with FA syndrome will be instrumental toward molecularly dissecting the apoptotic pathways.
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Rathbun, R. K., G. R. Faulkner, et al. (1997). "Inactivation of the Fanconi anemia group C gene augments interferon-gamma-induced apoptotic responses in hematopoietic cells." Blood 90(3): 974-85.


Hematopoietic progenitor cells (HPC) from mice nullizygous at the Fanconi anemia (FA) group C locus (FAC -/-) are hypersensitive to the mitotic inhibitory effects of interferon (IFN-gamma). We tested the hypothesis that HPC from the bone marrow of Fanconi group C children are similarly hypersensitive and that the fas pathway is involved in affecting programmed cell death in response to low doses of IFN-gamma. In normal human and murine HPC, IFN-gamma primed the fas pathway and induced both fas and interferon response factor-1 (IRF-1) gene expression. These IFN-gamma-induced apoptotic responses in HPC from the marrow of a child with FA of the C group (FA-C) and in FAC -/- mice occurred at significantly lower IFN doses (by an order of magnitude) than did the apoptotic responses of normal HPC. Treatment of FA-C CD34+ cells with low doses of recombinant IFN-gamma, inhibited growth of colony forming unit granulocyte-macrophage and burst-forming unit erythroid, while treatment with blocking antibodies to fas augmented clonal growth and abrogated the clonal inhibitory effect of IFN-gamma. Transfer of the normal FAC gene into FA-C B-cell lines prevented mitomycin C-induced apoptosis, but did not suppress fas expression or inhibit the primed fas pathway. However, the kinetics of Stat1-phosphate decay in IFN-gamma-treated cells was prolonged in mutant cells and was normalized by transduction of the normal FAC gene. Therefore, the normal FAC protein serves, in part, to modulate IFN-gamma signals. HPC bearing inactivating mutations of FAC fail to normally modulate IFN-gamma signals and, as a result, undergo apoptosis executed through the fas pathway.
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Monti, D., S. Macchioni, et al. (1997). "Resistance to apoptosis in Fanconi's anaemia. An ex vivo study in peripheral blood mononuclear cells." FEBS Lett 409(3): 365-9.


Fanconi's anaemia (FA) is a rare autosomal recessive disease characterised by progressive pancytopoenia, a diverse assortment of congenital malformations, an increased sensitivity to reactive oxygen species and a predisposition to the development of malignancies. In the present study, we assessed the propensity to undergo apoptosis of peripheral blood mononuclear cells (PBMC) from Italian FA patients. Cells were challenged by 2-deoxy-D-ribose (dRib) or TNF-alpha plus cycloheximide as agents that induce apoptosis by interfering with cell redox status and mitochondrial membrane potential (MMP), and PBMC from FA patients resulted to be less prone to die than those from healthy subjects. The decreased susceptibility of FA cells to undergo apoptosis was also evident when another parameter highly correlated with the apoptotic process, i.e. MMP, was measured. Moreover, when N-acetylcysteine was added to dRib-treated PBMC, a strong protection was evident either in PBMC from control subjects or from FA patients. These data indicate that an alteration of unknown nature of the mechanisms favouring apoptosis is present in freshly collected cells from FA patients, and that such alteration could contribute to the pathogenesis of the disease, and particularly to the increased susceptibility to cancer.
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Deeg, H. J., G. Socie, et al. (1996). "Malignancies after marrow transplantation for aplastic anemia and fanconi anemia: a joint Seattle and Paris analysis of results in 700 patients." Blood 87(1): 386-92.


Risk factors for the development of a new (secondary) malignancy after marrow transplantation are still incompletely defined. In the present study, we analyzed results in 700 patients with severe aplastic anemia treated with allogeneic marrow transplantation at the Fred Hutchinson Cancer Research Center in Seattle, WA, or at the Hopital St Louis in Paris, France. Twenty-three patients developed a malignancy 1.4 to 221 months (median, 91 months) after transplantation for a Kaplan-Meier estimate of 14% (95% confidence interval, 4% to 24%) at 20 years. Five cases were lymphoid malignancies (two acute lymphoblastic leukemias and three lymphoproliferative disorders) occurring 1.4 to 14.6 months (median, 3 months) posttransplant, and 18 were solid tumors (17 squamous cell and one mucoepidermoid carcinoma) presenting 30 to 221 months (median, 99 months) posttransplant. Thus, the hazard for lymphoid malignancies declined rapidly posttransplant, while the hazard for solid tumors increased progressively with time posttransplant. Risk factors for solid tumors identified in univariable analysis included the underlying diagnosis of Fanconi anemia (P = .0002), azathioprine therapy for chronic graft-versus-host disease (GVHD) (P < .0001), irradiation (total body or thoracoabdominal) as part of the conditioning regimen (P = .0002), chronic GVHD (P = .0099), acute GVHD (P = .0135), and male sex (P = .0499). In multivariable, stepwise proportional hazards models, azathioprine therapy (P < .0001) and the diagnosis of Fanconi anemia (P < .0001) were significant factors for all patients. Irradiation was a significant factor (P = .004) only if the time-dependent variable azathioprine was not included in the analysis. If only non-Fanconi patients were considered, azathioprine (P = .0043), age (P = .025), and irradiation (P = .042) were significant factors. Results in patients with Fanconi anemia and malignancies other than solid tumors were not subjected to an analysis because of the small number of events. It is of note, however, that no case of myeloproliferative disorder was observed. In summary, the highest risk of developing a solid tumor was associated with the diagnosis of Fanconi anemia. Better prevention of GVHD or omission of azathioprine as GVHD therapy (or both) may reduce the risk of late tumor development. Similarly, nonirradiation conditioning regimens may reduce the tumor risk, at least in patients without Fanconi anemia. Interactions between potential risk factors are complex, and further observation and additional analyses will be of interest.
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Linenberger, M. L., F. W. Jacobson, et al. (1995). "Stem cell factor production by human marrow stromal fibroblasts." Exp Hematol 23(10): 1104-14.


To characterize the production of stem cell factor (SCF, the ligand for the c-kit receptor protein) and its regulation by inflammatory cytokines and glucocorticoids, primary marrow stromal fibroblasts were isolated from normal individuals and two patients with Diamond-Blackfan anemia. Unstimulated normal marrow stromal fibroblasts constitutively expressed a low level of SCF mRNA (9 +/- 2 copies/cell [mean +/- SEM]), continually secreted soluble SCF into the supernatant of 1- to 5-day-old cultures (0.16 +/- 0.02 to 0.73 +/- 0.04 ng/mL per 10(6) cells, respectively), and expressed membrane-bound SCF. Stimulation with interleukin-1 beta (IL-1 beta) only modestly increased SCF mRNA levels, soluble SCF production at 24 hours, and membrane-bound SCF. In comparison, hydrocortisone or tumor necrosis factor alpha (TNF-alpha) exposure increased SCF mRNA levels 3.5- to four-fold above controls, but with different kinetics. The peak TNF-alpha effect was at 6 hours, with return to near control levels at 24 hours, whereas hydrocortisone induced maximal mRNA increases at 12 to 18 hours, and the levels remained high at 24 hours. Similarly, a sustained increase in soluble SCF production was detected during 1 to 5 days of hydrocortisone exposure (0.27 +/- 0.03 to 1.10 +/- 0.08 ng/mL per 10(6) cells), while TNF-alpha stimulation modestly increased the production of soluble SCF in 24-hour cultures only. Unstimulated normal marrow fibroblasts expressed predominantly the long species of alternatively spliced SCF mRNA, and the relative amounts of long and short mRNAs did not change after stimulation with IL-1 beta, hydrocortisone, or TNF-alpha. SCF production by marrow stromal fibroblasts from a symptomatic patient with Diamond-Blackfan anemia was equivalent to simultaneously studied normal marrow fibroblasts. In contrast, marrow fibroblasts from a Diamond-Blackfan anemia patient in untreated hematologic remission constitutively expressed high levels of SCF mRNA (21 +/- 4 copies/cell) and soluble protein (0.40 ng/mL per 10(6) cells at 24 hours). Together, these observations suggest that SCF is constitutively produced by fibroblasts in the human marrow microenvironment and that hydrocortisone induces a modest but sustained increase in SCF gene expression and protein production, compared to only a transient increase induced by TNF-alpha. In addition, these findings support the hypothesis that endogenous or corticosteroid-induced increases in the production of SCF could play a physiologic role in the clinical improvement of congenital anemia.
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Rosselli, F., J. Sanceau, et al. (1994). "Abnormal lymphokine production: a novel feature of the genetic disease Fanconi anemia. II. In vitro and in vivo spontaneous overproduction of tumor necrosis factor alpha." Blood 83(5): 1216-25.


We have previously shown an unbalanced cytokine production in Fanconi anemia (FA) cells, ie, an underproduction of interleukin 6 (IL-6) during growth. Among a number of cytokines analyzed, the only other anomalies detected concern tumor necrosis factor alpha (TNF alpha). In comparison to normal cells, this cytokine is overproduced by FA lymphoblasts from the four genetic complementation groups. Indeed, up to an eight-fold increase in TNF alpha is observed in the growth medium of FA cells. Moreover, addition of anti-TNF alpha antibodies partially corrects the FA hypersensitivity to treatment by mitomycin C (MMC). Treatment of FA cells with IL-6, which partially restored an almost normal sensitivity to MMC of FA cells also reduces the TNF alpha overproduction in FA lymphoblasts. No anomalies at the molecular level (Southern and Northern blot analyses) are detected for the TNF alpha gene and its mRNA. We have investigated the in vivo situation by assaying TNF alpha levels in the serum from FA homozygotes and obligate heterozygotes. In contrast to normal healthy donors or to aplastic anemia patients in whom serum TNF alpha is present only in trace amounts, all 36 FA patients and 21 FA parents monitored show a significantly (P < .001) higher level of serum TNF alpha activity. Consequently, abnormal TNF alpha production seems to be associated with the FA genetic background.
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Schultz, J. C. and N. T. Shahidi (1993). "Tumor necrosis factor-alpha overproduction in Fanconi's anemia." Am J Hematol 42(2): 196-201.


Various in vitro studies and clinical observations suggest that Fanconi's anemia (FA) patients are unable to detoxify adequately superoxide anions (O2-) released by activated phagocytes. Recent studies have shown that certain lymphokines such as tumor necrosis factor-alpha (TNF-alpha) and interferon-gamma (IFN-gamma) can significantly enhance O2- production by phagocytic cells. To ascertain lymphokine production in FA patients, we measured TNF-alpha and IFN-gamma production in vivo and in vitro. TNF-alpha was detected in the plasma of 16 of 18 FA patients with concentrations ranging from 6 to 131 pg/ml (mean 31 pg/ml). TNF-alpha was detected in only one of 25 control (healthy donor) plasma, and the level was very low (7 pg/ml). IFN-gamma levels in normal and patient plasma were negligible. Spontaneous and phytohemagglutinin (PHA)-induced production of IFN-gamma and TNF-alpha by cultured peripheral blood mononuclear cells did not differ significantly between FA patients and normal controls. The significance of overproduction of TNF-alpha in vivo in the pathophysiology of FA is discussed.
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Roxo, P., Jr., L. K. Arruda, et al. (2001). "Allergic and immunologic parameters in patients with Fanconi's anemia." Int Arch Allergy Immunol 125(4): 349-55.


BACKGROUND: Fanconi's anemia (FA) is a rare recessive chromosomal instability disorder, characterized by progressive bone marrow failure and congenital defects. Patients with FA present with recurrent infections, particularly those of the respiratory tract. OBJECTIVE: The aim of the present study was to evaluate whether patients with FA have altered antibody-mediated immune responses. METHODS: A group of 12 patients with FA, 5-32 years old (6 males) was studied. Serum levels of IgG, IgM, IgA and IgG subclasses, isohemagglutinin titers and specific IgG antibodies to poliovirus and measles were determined using standard methods. Immediate skin tests to common inhalant allergens were performed, and total and specific serum IgE was quantitated using a fluoroenzymatic assay (Uni-CAP, Pharmacia). Antipneumococcal antibodies were measured by ELISA before and 4-8 weeks after immunization with pneumococcal vaccine (Pneumo 23, Pasteur Merieux Connaught). Responses to serotypes 1, 3, 5, 6B, 9V and 14, which are the most prevalent in our country, were studied. RESULTS: Ten patients had elevated IgE levels in sera, and 7 of them had detectable specific IgE and positive immediate skin tests. An inadequate response to pneumococcal vaccination was found in 2 of the 12 patients. Isohemagglutinin titers and levels of IgG, IgM, IgA and IgG subclasses and antipoliovirus and antimeasles antibodies were within the normal limits for age in all patients. Two patients had undetectable IgG4 levels (below 5 mg/dl). CONCLUSIONS: The results indicate that a proportion of patients with FA (2/12) in our study had inadequate responses to pneumococcal vaccination. No other significant abnormalities of the immune system were found in these patients.
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Wang, I. J., R. Viscidi, et al. (2008). "Seroprevalence and risk factors for human papillomavirus in taiwan." J Trop Pediatr 54(1): 14-8.


The aim of the study was to tailor a future Human papillomavirus (HPV) vaccine campaign and to help perform early primary prevention of HPV infection in Taiwan, where the incidence of cervical cancer is high. A cross-sectional survey was conducted of 826 female students, ages 10, 13, 16 and 19-22 years. A self-administered questionnaire was used to collect information on risk factors for HPV infection. Serum samples were tested for antibodies to HPV 16 capsids using a virus-like particle-based enzyme-linked immunosorbence assay. The age-adjusted odds ratio of HPV seropositivity was calculated for each risk factor by multiple logistic regression analysis. HPV 16 antibodies were detected in 13 (1.6%) of 826 participants. The HPV 16 seroprevalence was 0.35% (1/287), 0.85% (2/235), 3.2% (6/185) and 3.4% (4/119), respectively, for age groups of 10, 13, 16 and 19-22 years. In the multiple regression analysis, the history of having sexual activity was the most significant risk predictor for HPV16 seropositivity. The seroprevalence of HPV16 increased dramatically among high school seniors and university students, and was significantly associated with sexual activity. Vaccination against HPV is suggested to be undertaken in early adolescence, before 16 years of age and prior to sexual debut.
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Vinokurova, S., N. Wentzensen, et al. (2008). "Type-dependent integration frequency of human papillomavirus genomes in cervical lesions." Cancer Res 68(1): 307-13.


Chromosomal integration of high-risk human papillomavirus (HR-HPV) genomes is believed to represent a significant event in the pathogenesis of cervical cancer associated with progression from preneoplastic lesions to invasive carcinomas. This hypothesis is based on experimental data suggesting that integration-dependent disruption of HR-HPV E2 gene functions is important to achieve neoplastic transformation and on clinical data gathered by analyzing lesions induced by human papillomavirus (HPV) 16 and 18 that revealed integrated viral genome copies in the vast majority of cervical cancer cells. However, a substantial fraction of cervical cancers is associated with other HR-HPV types for which virtually no data concerning their integration status have been reported so far. Here, we compared integration frequencies of the five most common oncogenic HPV types (HPV16, 18, 31, 33, and 45) in a series of 835 cervical samples using a specific mRNA-based PCR assay (Amplification of Papillomavirus Oncogene Transcripts). Most precancerous lesions displayed exclusively episomal viral genomes, whereas 62% of the carcinomas had integrated viral genomes. However, the frequency of integrated HR-HPV genomes showed marked differences for individual HR-HPV types. HPV16, 18, and 45 were found substantially more often in the integrated state compared with HPV types 31 and 33. The analysis of the median age of patients with high-grade precancerous lesions and invasive cancers suggests that precancers induced by HPV types 18, 16, and 45 progress to invasive cervical cancer in substantially less time compared with precancers induced by HPV types 31 and 33. These findings suggest that integration of oncogenic HPV genomes in cervical lesions is a consequence rather than the cause of chromosomal instability induced by deregulated HR-HPV E6-E7 oncogene expression. Distinct HR-HPV types apparently provoke chromosomal instability in their host cells to a different extent than is reflected by their integration frequencies in advanced lesions and the time required for CIN 3 lesions to progress to invasive cancer.
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Tornesello, M. L., M. L. Duraturo, et al. (2008). "Human papillomavirus genotypes and HPV16 variants in penile carcinoma." Int J Cancer 122(1): 132-7.


The causative role of human papillomaviruses (HPV) and HPV16 variants has been extensively studied in uterine cervix dysplastic lesions and invasive carcinoma; few such studies, however, have been performed in penile tumors. We have investigated HPV genotype and HPV16 variant distribution on 41 penile cancer biopsies from Italian patients. Cases were extracted from the respective pathology departments databases of National Cancer Institutes in Naples and Milan. HPV sequences were detected by PCR and characterized by direct sequence analysis. Among the 19 HPV-positive cases (46.3%) 2 viral genotypes were identified (HPV16 and 18) with HPV16 accounting for 94.7% (18 out of 19) of the infections. Sequence analysis of E6, E7 genes and long control region (LCR) of 18 HPV16 isolates allowed the identification of European (E-G-350) and non-European (AA and Af-1) variants in 44.4% and in 55.6% of the samples, respectively. The AA variant alone represented 44.4% of all HPV16 infections, a significantly higher frequency of that observed in cervical carcinoma from Italian women (Tornesello et al., J Med Virol 2004;74:117-26). Our results suggest that HPV16 has a very high prevalence among penile cancer patients in Italy and the increased frequency of HPV16 non-European classes, particularly the AA, suggests that they are more oncogenic than European variants in penile tissue.
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Skjeldestad, F. E., V. Mehta, et al. (2008). "Seroprevalence and genital DNA prevalence of HPV types 6, 11, 16 and 18 in a cohort of young Norwegian women: study design and cohort characteristics." Acta Obstet Gynecol Scand 87(1): 81-8.


BACKGROUND: Long-term efficacy evaluations of a quadrivalent HPV type 6/11/16/18 vaccine are ongoing in the Nordic region. As there are limited epidemiological data on HPV infection in Norway, we determined prevalence and identified sociobehavioural correlates of HPV 6/11/16/18 infection in young Norwegian women. METHODS: Norwegian (n=898) women, aged 1624 years, were enrolled in a 4-year prospective study. At enrolment and at 6-month intervals thereafter, an interview on behavioural data and a gynaecological examination were undertaken. Genital samples were tested for the L1,E6 and E7 genes of HPV-6/11/16/18, and serum anti-HPV-6/11/16/18 levels were measured using a competitive Luminex immunoassay (cLIA). Results. DNA and seroprevalence of HPV 6, 11, 16 or 18 ranged from 0.9 to 16.3% and 2.6 to 16.2%,respectively; and most infected women (approximately 75%) were infected with only 1 type. Of the HPV DNA positive cases, 54.3, 50.0,47.3 and 38.5% had detectable HPV 6, 11, 16 or 18 antibodies, respectively. More than 50% of the high-grade cervical intraepithelial neoplasia (CIN) cases were HPV-16 or HPV-18 DNA positive. Lifetime number of partners was the strongest and only predictor of sero- and DNA-positivity across the 4 HPV types. CONCLUSION: Given the high prevalence of HPV infection among young women with mostly single-type infection, and the fact that type-specific HPV screening is not recommended prior to the administration of the quadrivalent HPV vaccine, our data suggest the importance of widespread,rather than targeted, immunisation.
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Psyrri, A. and D. DiMaio (2008). "Human papillomavirus in cervical and head-and-neck cancer." Nat Clin Pract Oncol 5(1): 24-31.


Cervical cancer is a major cause of cancer mortality in women worldwide and is initiated by infection with high-risk human papillomaviruses (HPVs). High-risk HPVs, especially HPV-16, are associated with other anogenital cancers and a subgroup of head-and-neck cancers. Indeed, HPV infection could account for the development of head-and-neck cancer in certain individuals that lack the classical risk factors for this disease (tobacco and alcohol abuse). This Review summarizes the main events of the HPV life cycle, the functions of the viral proteins, and the implications of HPV infection on their hosts, with an emphasis on carcinogenic mechanisms and disease outcomes in head-and-neck cancer. The demonstration that HPVs have a role in human carcinogenesis has allowed the development of preventive and therapeutic strategies aimed at reducing the incidence and mortality of HPV-associated cancers.
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Prowse, D. M., E. N. Ktori, et al. (2008). "Human papillomavirus-associated increase in p16(INK4A) expression in penile lichen sclerosus and squamous cell carcinoma." Br J Dermatol 158(2): 261-265.


Background Human papillomaviruses (HPVs) are sexually transmitted human carcinogens that may play a role in the oncogenesis of penile cancer. Objectives To investigate the role of HPV infection and expression of the tumour suppressor protein p16(INK4A) in the pathogenesis of penile cancer. Methods By means of polymerase chain reaction amplification and reverse hybridization line probe assay to detect HPV infection, and immunohistochemical staining for p16(INK4A) and Ki67, we analysed 26 penile squamous cell carcinomas (SCCs) and 20 independent penile lichen sclerosus (LS) lesions from 46 patients. Results HPV DNA was found in 54% of penile SCCs and 33% of penile LS cases in single and multiple infections. High-risk HPV 16 was the predominant HPV type detected. No relationship between Ki67 expression and HPV infection was observed. Strong immunostaining for p16(INK4A) correlated with HPV 16/18 infection in both penile LS and penile SCC. In our penile SCC series the cancer margins were also associated with penile LS in 13 of 26 lesions, and HPV was detected in seven of the 13 SCC cases associated with LS and in six of the 11 SCC lesions not involving LS. Conclusions Our study shows a high prevalence of HPV 16 and p16(INK4A) expression in penile lesions, consistent with an active role for HPV in interfering with the retinoblastoma pathway. High-risk HPV infection could be involved in the tumorigenic process in 50% of penile cancers, and the use of prophylactic HPV vaccines has the potential to prevent these cancers.
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Pretet, J. L., A. C. Jacquard, et al. (2008). "Human papillomavirus genotype distribution in high grade cervical lesions (CIN 2/3) in France: EDITH study." Int J Cancer 122(2): 424-7.


High grade cervical intraepithelial neoplasia (CIN 2/3) have a high potential to progress to invasive cervical cancer (ICC). Pap testing including follow-up and treatment of CIN 2/3 is currently the best prevention of ICC, but is associated with morbidity, namely obstetrical adverse effects and psychological distress. Human papillomavirus (HPV) is universally accepted as the necessary cause of ICC. The objective of the present study was to describe the type-specific prevalence of HPV in CIN 2/3 in France and hereby to locally estimate the potential benefit of an HPV 16/18 L1 virus-like particles (VLP) vaccine. A total of 493 formalin-fixed and paraffin-embedded CIN 2/3 specimens were analyzed. Medical records were examined for patient related data. HPV were genotyped with the INNO-LiPA assay allowing the detection of 24 HPV genotypes. The overall prevalence of LiPA detectable HPV was 98%. The most prevalent genotype was HPV 16 (62%) followed by HPV 31 (15%), 33 (12%), 52 (9%), 51 (8%), 58 (7%), 35 and 18 (4%). Multiple infection with at least two different high-risk (HR) HPV genotypes was observed in 26% of all specimens including 2.6% with HPV 16 and 18 multiple infections. The present study indicates that HPV 16 is by far the most common HPV type associated with CIN 2/3 in France. With an HPV 16 and 18 prevalence of 64%, HPV 16/18 L1 VLP vaccines would be expected to significantly reduce the burden associated with the management and treatment of CIN 2/3 in France.
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Pretet, J. L., A. C. Jacquard, et al. (2008). "Human papillomavirus (HPV) genotype distribution in invasive cervical cancers in France: EDITH study." Int J Cancer 122(2): 428-32.


Invasive cervical cancer (ICC) remains a significant cause of morbidity and mortality in France. Since human papillomavirus (HPV) is the necessary cause of ICC, the aim of this study was to assess the type-specific prevalence of HPV in ICC in France in order to locally evaluate the potential benefit of an HPV 16/18 L1 virus-like particles (VLP) vaccination. A total of 516 histological specimens collected in 15 centers were analyzed. Among them, 86% had a diagnosis of squamous cell carcinoma (SCC) whereas 14% were adenocarcinomas (ADC). HPV genotyping was performed using the INNO-LiPA assay allowing the specific detection of 24 HPV genotypes both high risk (HR) and low risk (LR). The overall HPV prevalence in ICC was 97%. The most prevalent genotypes were HPV 16 (73%) and HPV 18 (19%) followed by HPV 31 (7%), 33, 68, 45, 52 and 58 (4.1-2.3%). HPV 16 and/or 18 were associated with 82% of ICC, 10% being HPV 16 and 18 coinfections. While HPV 16 was the most prevalent type in both SCC (74%) and ADC (64%), HPV 18 was by far more prevalent in ADC (37%) compared to SCC (16%; p < 0.001). Multiple infections with at least two different HR HPV genotypes were observed in 22% of ICC. Given the high HPV 16/18 prevalence and taking into account possible production of crossneutralizing antibodies against other HPV types, HPV 16/18 L1 VLP vaccination would be expected to significantly reduce the burden of ICC in France.
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Patel, A. S., M. R. Karagas, et al. (2008). "Cutaneous human papillomavirus infection, the EVER2 gene and incidence of squamous cell carcinoma: A case-control study." Int J Cancer.


The first evidence of an association between HPV and non-melanoma skin cancer comes from patients with epidermodysplasia verruciformis (EV). EV is a rare heritable disease characterized by cutaneous warts that display not only a high rate of progression to squamous cell carcinoma on sun-exposed sites, but also a strong predisposition to infection by beta-HPVs, for which HPV 5 and 8 predominate. Two EV genes (EVER1 and EVER2) have been identified, and we tested the hypothesis that variation in the EVER2 gene (rs7208422) is related to seropositivity to HPV (of the genus beta types) and risk of squamous cell carcinoma in a population-based case-control study of SCC (n = 239 cases and 432 controls). Among controls, variant genotype was associated with beta-HPV seropositvity (OR = 2.3, 95%CI = 1.2-4.3), specifically HPV5 or 8 seropositivity (OR = 2.4, 95%CI = 1.1-5.1) and seropositivity for multiple beta-HPV types (OR = 2.7, 95%CI = 1.1-6.6). Furthermore, variant genotype was also related to SCC risk [adjusted OR for homozygous variant versus homozygous wild type for the EVER2 polymorphism 1.7, 95% CI 1.1-2.7]. These data provide evidence for a role of genetic variation in the EVER2 gene in beta-HPV infection and risk of SCC, shedding light on the link between HPVs and skin cancers. (c) 2008 Wiley-Liss, Inc.
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Morshed, K., M. Polz-Dacewicz, et al. (2008). "Short-fragment PCR assay for highly sensitive broad-spectrum detection of human papillomaviruses in laryngeal squamous cell carcinoma and normal mucosa: clinico-pathological evaluation." Eur Arch Otorhinolaryngol.


The aim of the study was to determine the prevalence and genotypes of HPV infection in laryngeal cancer specimens, normal mucosa obtained from the surgical margin and laryngeal nodules using a novel high sensitive and specific SPF(10) HPV DNA test, PCR/DEIA method and INNO-LiPA genotyping assay. The correlation between HPV presence and clinico-pathological features was analyzed. Tissue samples were collected from 93 primary laryngeal squamous cell carcinoma (LSCC), 49 specimens of normal mucosa and from 22 specimens of laryngeal nodules serving as control group. HPV DNA was amplified by the short PCR fragment (SPF(10)) primer set using HPV DNA enzyme immunoassay (DNA/DEIA) method and INNO-LiPA HPV genotyping assay. Human papillomavirus was detected in 33 (35.5%) of the 93 samples from LSCC, in 4 (8.2%) of 49 samples of the normal mucosa and it was not detected in any of the sample from the control group. Twenty-eight of 33 (81.8%) were positive for HPV-16, 6 of 33 (18.2%) were positive for HPV-18 and 5 of 33 (15.1%) were positive for HPV-33. Multiple infection was found in 5 of 33 (15.1%); 3 samples were positive for HPV-16 and HPV-33, 2 samples for HPV-16 and HPV-18. There was a statistically significant correlation between the presence of HPV in LSCC tumors and in control group samples and between the presence of HPV in the tumors and normal mucosa from the free surgical margin. The presence of HPV infection in 35.5% of the cases suggests a possible role in the etiology of laryngeal cancer and supports the role of high-risk types of HPV (16, 18 and 33) in LSCC. HPV infection is not likely to influence survival rates as an independent prognostic factor in patients with laryngeal cancer.
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Massimi, P., M. Thomas, et al. (2008). "Comparative transforming potential of different human papillomaviruses associated with non-melanoma skin cancer." Virology 371(2): 374-9.


It is well established that high-risk human papillomaviruses (HPVs) that infect mucosal epithelia are the causative agents of cervical cancer. In contrast, the association of cutaneo-tropic HPV types with the development of non-melanoma skin cancer (NMSC) is less well defined. In this study, we have analysed the in vitro transforming potential of various cutaneous HPV types. Using oncogene cooperation assays with activated ras, we have shown that diverse cutaneous types, including 12, 14, 15, 24, 36 and 49, have significant transforming potential. Interestingly, most of this activity appears to be encoded by the E6 gene product. In contrast, the common HPV-10 exhibits no significant transforming potential in these assays. This difference may be a reflection of different patterns of cellular localization, with transforming E6s being nuclear and non-transforming being cytoplasmic. These results provide molecular support for a role of these viruses in the development of certain human malignancies.
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Lee, L. A., A. J. Cheng, et al. (2008). "High incidence of malignant transformation of laryngeal papilloma in Taiwan." Laryngoscope 118(1): 50-5.


OBJECTIVES: Papillomas of the larynx include solitary laryngeal papilloma and recurrent respiratory papillomatosis. This study investigated the incidence of malignant transformation and assessed possible risk factors for laryngeal papillomas. STUDY DESIGN: A prospective, longitudinal study. METHODS: Twenty-six consecutive laryngeal papilloma patients were prospectively studied for 5 or more years, and each patient was periodically examined at 3 to 6 month intervals. A detailed epidemiologic questionnaire was administered at the initial visit. After enrollment, tissue obtained during each laryngeal surgery was examined by polymerase chain reaction assay for human papilloma virus (HPV) and typing. RESULTS: During 237 person-years of follow-up, six new, pathologically confirmed cases of laryngeal carcinoma were ascertained (incidence 2.5/100 person-years), and all were associated with HPV-6 or HPV-11. Malignant transformation revealed no correlation with the following: age less than 3 years at diagnosis, sex, history of tobacco use, history of alcohol consumption, family history of laryngeal cancer, or type of laryngeal papilloma. Laryngeal papilloma without demonstrable HPV DNA was the only significant risk factor for malignant transformation (P < .05). The cumulative risk of malignant transformation in subjects without demonstrable HPV DNA was significantly higher than that in HPV-positive patients (relative risk, 8.0; 95% confidence interval, 1.1-60.3; P = .05). CONCLUSIONS: A relatively high incidence of malignant transformation of laryngeal papilloma was noted in Taiwanese patients. Patients without demonstrable HPV DNA require more frequent follow-up and may benefit from anti-HPV vaccinations.
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Ji, X., A. S. Neumann, et al. (2008). "p53 codon 72 polymorphism associated with risk of human papillomavirus-associated squamous cell carcinoma of the oropharynx in never smokers." Carcinogenesis.


The tumor suppressor p53 protein can be bound, degraded, and inactivated by the human papillomavirus (HPV) E6 oncoprotein. The p53 protein's susceptibility to this oncoprotein may be influenced by the p53 codon 72 polymorphism, but the role of such a polymorphism in the development of HPV16-associated squamous cell carcinoma of the oropharynx (SCCOP) has not been established. To investigate the role of the p53 codon 72 polymorphism in the risk of HPV16-associated SCCOP, we conducted a hospital-based case-control study of 188 non-Hispanic white patients with newly diagnosed SCCOP and 342 cancer-free control subjects frequency-matched by age (+/- 5 years), sex, tobacco smoking status, and alcohol drinking status. We found that HPV16 seropositivity was associated with an increased risk of SCCOP [adjusted odds ratio (OR), 5.7; 95% confidence interval (CI), 3.7-8.7], especially among never-smokers (adjusted OR, 14.1; 95% CI, 6.0-32.9) and among subjects with the p53 codon 72 variant genotypes (Arg/Pro and Pro/Pro) (adjusted OR, 9.2; 95% CI, 4.7-17.7). A significant multiplicative interaction on the risk of SCCOP was also found between the p53 codon 72 polymorphism and HPV16 seropositivity (P = 0.05). Among never-smokers, the risk of SCCOP for those who had both HPV16 seropositivity and p53 codon 72 variant genotypes (Arg/Pro + Pro/Pro) was particularly high (adjusted OR, 22.5; 95% CI, 4.8-106.2). These findings suggest that p53 codon 72 variant genotypes modify the risk of HPV16-associated SCCOP and may be markers of genetic susceptibility to HPV16-associated SCCOP, especially among never-smokers.
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Einstein, M. H. (2008). "Acquired immune response to oncogenic human papillomavirus associated with prophylactic cervical cancer vaccines." Cancer Immunol Immunother 57(4): 443-451.


Human papillomavirus (HPV) is a common infection among women and a necessary cause of cervical cancer. Oncogenic HPV types infecting the anogenital tract have the potential to induce natural immunity, but at present we do not clearly understand the natural history of infection in humans and the mechanisms by which the virus can evade the host immune response. Natural acquired immune responses against HPV may be involved in the clearance of infection, but persistent infection with oncogenic virus types leads to the development of precancerous lesions and cancer. B cell responses are important for viral neutralization, but antibody responses in patients with cervical cancer are poor. Prophylactic vaccines targeting oncogenic virus types associated with cervical cancer have the potential to prevent up to 80% of cervical cancers by targeting HPV types 16 and 18. Clinical data show that prophylactic vaccines are effective in inducing antibody responses and in preventing persistent infection with HPV, as well as the subsequent development of high-grade cervical intraepithelial neoplasia. This article reviews the known data regarding natural immune responses to HPV and those developed by prophylactic vaccination.
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de Koning, M. N., W. G. Quint, et al. (2008). "Prevalence of mucosal and cutaneous human papillomaviruses in different histologic subtypes of vulvar carcinoma." Mod Pathol.


Two independent pathways of vulvar carcinogenesis have currently been identified, one related to infection with mucosal human papillomaviruses (HPVs) and a second related to chronic inflammatory or autoimmune processes. The goal of the study was to examine a possible role of cutaneous HPVs from the beta genus in vulvar carcinogenesis and to evaluate the distribution of intratypic variants of HPV 16 in HPV 16-positive vulvar cancer. Consecutive cases of vulvar carcinoma were retrieved from the files and included the following histologic subtypes: keratinizing (n=21), basaloid (n=7), warty (n=1), mixed basaloid-warty (n=4), verrucous (n=4), keratoacanthoma (n=1), basal cell carcinoma (n=1). All tumors were microdissected and tested for 25 beta HPV types and 25 mucosal HPV types. Cases identified as positive for HPV 16 were further tested for intratypic variants. All cases were immunostained for p16(INK4a). Beta HPVs were not detected in any of the tumor cases. Mucosal HPVs were detected in all but one basaloid/warty carcinomas; of these, nine cases (82%) were positive for HPV 16, including five European subtypes, one African subtype, one North American subtype and two indeterminate subtypes. Two of four verrucous carcinomas were positive for HPV 6. Mucosal HPVs were not detected in keratinizing carcinomas, keratoacanthoma and basal cell carcinoma. All cases of basaloid/warty carcinomas, but none of the remaining tumors, overexpressed p16(INK4a) protein. Our data do not support a role of beta HPVs in the pathogenesis of vulvar carcinoma. The study reaffirms the role of mucosal HPVs, in particular that of HPV 16, in the pathogenesis of basaloid and warty tumor subtypes. The HPV 16 intratypic variation showed correlation with patients' ethnic background. P16(INK4a) immunostaining seems to be a sensitive and specific marker of vulvar carcinomas positive for oncogenic mucosal HPVs.Modern Pathology advance online publication, 11 January 2008; doi:10.1038/modpathol.3801009.
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Coupe, V. M., J. Berkhof, et al. (2008). "Age-dependent prevalence of 14 high-risk HPV types in the Netherlands: implications for prophylactic vaccination and screening." Br J Cancer 98(3): 646-51.


We determined the prevalence of type-specific hrHPV infections in the Netherlands on cervical scrapes of 45 362 women aged 18-65 years. The overall hrHPV prevalence peaked at the age of 22 with peak prevalence of 24%. Each of the 14 hrHPV types decreased significantly with age (P-values between 0.0009 and 0.03). The proportion of HPV16 in hrHPV-positive infections also decreased with age (OR=0.76 (10-year scale), 95% CI=0.67-0.85), and a similar trend was observed for HPV16 when selecting hrHPV-positive women with cervical intraepithelial neoplasia grade 2 or worse (CIN2+) (OR=0.76, 95% CI=0.56-1.01). In women eligible for routine screening (age 29-61 years) with confirmed CIN2+, 65% was infected with HPV16 and/or HPV18. When HPV16/18-positive infections in women eligible for routine screening were discarded, the positive predictive value of cytology for the detection of CIN2+ decreased from 27 to 15%, the positive predictive value of hrHPV testing decreased from 26 to 15%, and the predictive value of a double-positive test (positive HPV test and a positive cytology) decreased from 54 to 41%. In women vaccinated against HPV16/18, screening remains important to detect cervical lesions caused by non-HPV16/18 types. To maintain a high-positive predictive value, screening algorithms must be carefully re-evaluated with regard to the screening modalities and length of the screening interval.British Journal of Cancer (2008) 98, 646-651. doi:10.1038/sj.bjc.6604162 www.bjcancer.com Published online 8 January 2008.
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Asgari, M. M., N. B. Kiviat, et al. (2008). "Detection of Human Papillomavirus DNA in Cutaneous Squamous Cell Carcinoma among Immunocompetent Individuals." J Invest Dermatol.


The presence of certain types of human papillomavirus (HPV) is a known risk factor for the development of anogenital squamous cell carcinomas (SCCs). A similar association has been hypothesized for cutaneous SCCs, although, to our knowledge, no studies to date have combined sensitive HPV DNA detection techniques with epidemiologic data controlling for known risk factors to explore the association. We designed a case-control study examining HPV prevalence using highly sensitive PCR-detection assays in tissue samples from 85 immunocompetent patients with histologically confirmed SCCs and 95 age-matched individuals without a prior history of skin cancer. A standardized interview was administered to all study subjects to collect information pertaining to potential confounding variables. The overall detection rate of HPV DNA was high in case lesions (54%) and perilesions (50%) and in both sun-exposed normal tissue (59%) and non-sun-exposed normal tissue (49%) from controls. In comparing case tissue to control tissue, there was no differential detection of HPV DNA across various HPV species. However, HPV DNA from beta-papillomavirus species 2 was more likely to be identified in tumors than in adjacent healthy tissue among cases (paired analysis, odds ratio=4.0, confidence interval=1.3-12.0). The high prevalence of HPV DNA detected among controls suggests that HPV DNA is widely distributed among the general population. However, the differential detection of HPV beta-papillomavirus species in tumors among cases suggests that certain HPV types may be involved in the progression of cutaneous SCCs.Journal of Investigative Dermatology advance online publication, 10 January 2008; doi:10.1038/sj.jid.5701227.
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Anaya-Saavedra, G., V. Ramirez-Amador, et al. (2008). "High association of human papillomavirus infection with oral cancer: a case-control study." Arch Med Res 39(2): 189-97.


BACKGROUND: The aim of the present study was to determine the association of high-risk human papillomavirus (HR-HPV) in Mexican individuals with oral squamous cell carcinoma (OSCC) and their association with various risk factors. METHODS: We designed a matched case-control study. Cases were individuals with newly diagnosed OSCC, age- and sex-matched with controls (1:4). Demographic and clinical data were obtained; also a self-administered questionnaire about sexual behavior was included. DNA from oral brushing was purified to amplify HPV-DNA through MY09/MY11 and GP5+/GP6+ primers and subsequently subjected to sequencing. Conditional regression models were built to calculate odds ratios (ORs) and 95% confidence intervals (CI). RESULTS: Sixty two cases and 248 controls (53.2% males), median age 62 years (Q(1)-Q(3) = 54-72 years) were included. HPV prevalence was 43.5% in cases and 17.3% in controls (HR-HPV: 37.1% cases, 9.7% controls). The most frequent types in cases were HPV-16 and HPV-18 (55.6 and 18.5%). The presence of HR-HPV was associated with OSCC (OR = 6.2; 95% CI: 2.98-12.97) controlling for the most common risk factors. An interaction between smoking and drinking was detected, and family history of cancer was also significant (OR: 3.61; 95% CI = 1.44-8.99). Early age at first sexual intercourse and large number of lifetime sexual partners showed an association with HR-HPV (p = 0.019 and p = 0.033, respectively). CONCLUSIONS: Oral HR-HPV was strongly associated with OSCC, suggesting that HPV-16 and -18 are risk factors for oral cancer in Mexican patients. A significant association of tobacco and alcohol was confirmed. In addition, family history of cancer was associated with OSCC. The results underline the role of HPV in OSCC and its multifactorial etiology.
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Vonka, V. and E. Hamsikova (2007). "Vaccines against human papillomaviruses--a major breakthrough in cancer prevention." Cent Eur J Public Health 15(4): 131-9.


Carcinoma of the cervix (CaCer) is the second most frequent malignancy in women on a global scale. Epidemiological studies carried out at the beginning of the second half of the 20th century showed that CaCer was of infectious nature and that its agent was transmitted by sexual intercourse. For some 15 years, herpes simplex virus type 2 (HSV2), the genital herpes virus, was suspected to be the etiological agent. This hypothesis was disproved just in the time when the first convincing evidence that the agents of the disease were human papillomaviruses (HPVs) was produced. Copious new findings obtained during the 1980's and 1990's unequivocally confirmed that HPVs were the causative agents. The most dangerous among the over 100 HPV types are types 16 and 18, which together account for over 70% of CaCer cases and very likely also for most of the other malignancies of the anogenital region and the oropharynx. Extensive research of the HPV biology and immunology enabled the development of vaccines based on the s.c. virus-like particles (VLP) prepared by genetic engineering. At present, there is one HPV vaccine on the market; it contains, besides types 16 and 18, also types 6 and 11, the causative agents of certain benign tumours of the genital area and of the larynx. A new vaccine, comprising types 16 and 18 only, the product of another firm, is to appear on the market soon. Both vaccines have already been tested in extensive clinical trials. They are nearly 100% effective, only very weakly reactogenic and they undoubtedly belong among the most perfect vaccines ever produced. The darker side of the anti-HPV vaccines is their high price, the fact that the highest benefits they bring will only become evident in 20 or 30 years, and that they do not afford protection against all oncogenic HPVs. It is therefore imperative that organized cytological screening be continued: it is destined to remain the main instrument of CaCer prevention for several decades. With all probability also other types of vaccine are under development, viz. VLP-based vaccines, whose range of applicability will be wider than that of the present preventive vaccines, as well as vaccines that will, hopefully, be able to inhibit already progressing infection or will be utilizable in CaCer immunotherapy.
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Velazquez, E. F. and A. L. Cubilla (2007). "Penile squamous cell carcinoma: anatomic, pathologic and viral studies in Paraguay (1993-2007)." Anal Quant Cytol Histol 29(4): 185-98.


In developed countries, penile squamous cell carcinoma (SCC) account for < 1% of all malignancies in men. It is more frequent in rural populations of Africa, Asia and Latin America, where it may constitute nearly 10% of all carcinomas. In Paraguay, approximately 30-40 new cases are diagnosed per year. Different subtypes of penile carcinomas have been described. Most SCCs are of the usual type (60%). Less frequent variants include basaloid (10%), warty (10%), papillary (15%), verrucous (3%), sarcomatoid (4%) and adenosquamous (1%). Mixed forms also exist. Because there is a correlation between histologic subtype and biologic behavior, accurate subtyping is important. The prevalence of human papillomavirus (HPV) in invasive SCC is approximately 42%, with a strong association of HPV and basaloid and warty variants. Among the most important prognostic factors are histologic grade and depth of invasion. It is important for surgical pathologists to know the anatomy of the penis and possible routes of tumor spread because negative resection margins are crucial to avoid local recurrences. The most frequently involved margins are the urethra and periurethral tissues, including Buck's fascia. Probable precursor lesions of penile carcinoma include squamous hyperplasia, low and high grade squamous intraepithelial neoplasia and lichen sclerosus.
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Sturgis, E. M. and P. M. Cinciripini (2007). "Trends in head and neck cancer incidence in relation to smoking prevalence: an emerging epidemic of human papillomavirus-associated cancers?" Cancer 110(7): 1429-35.


The trends in head and neck cancer incidence and smoking prevalence are reviewed, discussing where such trends parallel but also how and why they may not. In the U.S., public health efforts at tobacco control and education have successfully reduced the prevalence of cigarette smoking, resulting in a lower incidence of head and neck cancer. Vigilance at preventing tobacco use and encouraging cessation should continue, and expanded efforts should target particular ethnic and socioeconomic groups. However, an unfortunate stagnation has been observed in oropharyngeal cancer incidence and likely reflects a rising attribution of this disease to oncogenic human papillomavirus, in particular type 16 (HPV-16). For the foreseeable future, this trend in oropharyngeal cancer incidence may continue, but with time the effects of vaccination of the adolescent and young adult female population should result in a lower viral prevalence and hopefully a reduced incidence of oropharyngeal cancer. To hasten the reduction of HPV-16 prevalence in the population, widespread vaccination of adolescent and young adult males should also be considered.
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Stanley, M. A., M. R. Pett, et al. (2007). "HPV: from infection to cancer." Biochem Soc Trans 35(Pt 6): 1456-60.


Infection with HPV (human papillomavirus) 16 is the cause of 50% or more of cervical cancers in women. HPV16 infection, however, is very common in young sexually active women, but the majority mount an effective immune response and clear infection. Approx. 10% of individuals develop a persistent infection, and it is this cohort who are at risk of cancer progression, with the development of high-grade precursor lesions and eventually invasive carcinoma. Effective evasion of innate immune recognition seems to be the hallmark of HPV infections, since the infectious cycle is one in which viral replication and release is not associated with inflammation. Furthermore, HPV infections disrupt cytokine expression and signalling with the E6 and E7 oncoproteins particularly targeting the type I IFN (interferon) pathway. High doses of IFN can overcome the HPV-mediated abrogation of signalling, and this may be the basis for the therapeutic effects on HPV infections of immune-response modulators such as the imidazoquinolones that induce high levels of type I IFNs by activation of TLR (Toll-like receptor) 7. Using the unique W12 model of cervical carcinogenesis, some of these IFN-related interactions and their relevance in the selection of cells with integrated viral DNA in cancer progression have been investigated. Our data show that episome loss associated with induction of antiviral response genes is a key event in the spontaneous selection of cervical keratinocytes containing integrated HPV16. Exogenous IFN-beta treatment of W12 keratinocytes in which the majority of the population contain episomes results only in the rapid emergence of IFN-resistant cells, loss of episome-containing cells and a selection of cells containing integrated HPV16 in which the expression of the transcriptional repressor E2 is down-regulated, but in which E6 and E7 are up-regulated.
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Soares, R. C., M. C. Oliveira, et al. (2007). "Human papillomavirus in oral squamous cells carcinoma in a population of 75 Brazilian patients." Am J Otolaryngol 28(6): 397-400.


PURPOSE: In the present study, we investigated the presence of human papillomavirus (HPV) DNA and viral types in 75 cases of oral squamous cells carcinoma from Brazil to obtain data that would contribute to a better understanding of the role of HPV in the pathogenesis of this tumor. MATERIALS AND METHODS: DNA was extracted from paraffin-embedded tissue and amplified by polymerase chain reaction using a pair of primers designated PCO3+ and PCO4+ for the detection of a fragment of the human beta-globin gene, followed by polymerase chain reaction for the detection of HPV DNA using a pair of generic primers, GP5+ and GP6+. Viral typing was performed by dot blot hybridization. RESULTS: Human papillomavirus DNA was detected in 18 (24%) of the 75 cases positive for the human beta-globin gene. No significant association was observed between HPV and age, sex, or anatomical location of the tumor. The most prevalent viral type was HPV-18 (77,8%). CONCLUSION: The low frequency of detection of HPV DNA in oral epidermoid carcinomas suggests a possible participation of the virus in the development and progression of only a subgroup of these tumors.
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Smith, E. M., S. Swarnavel, et al. (2007). "Prevalence of human papillomavirus in the oral cavity/oropharynx in a large population of children and adolescents." Pediatr Infect Dis J 26(9): 836-40.


OBJECTIVE: Human papillomavirus (HPV) in the oral cavity or oropharynx is associated with an increased risk of laryngeal papillomatosis, head and neck cancer, and cervical and other genital cancers. We evaluated the prevalence of HPV DNA in the oral cavity/oropharynx in a cross section of children aged 2 weeks to 20 years. METHODS: A risk factor questionnaire and oral exfoliated cells were collected from children (N = 1235). HPV DNA was detected using PCR, dot blot hybridization, and DNA sequencing. RESULTS: The HPV prevalence was 1.9% in the oral cavity/oropharynx of children. A bimodal age distribution was observed with the highest HPV prevalence in the youngest and oldest groups: 2.5% aged <1 year, 0.8% aged 1 to 4 years, 1.2% aged 5 to 11 years, 1.5% in aged 12 to 15 years, and 3.3% in aged 16 to 20 years. The prevalence of the HPV quadrivalent vaccine types (HPV-6, 11, 16, 18) reached 0.9% in the 16- to 20-year age group. In this age group, female gender [odds ratio (OR): 6.9, P = 0.04], genital warts (OR: 19.3, P < 0.01), and current smoker (OR: 6.5, P = 0.01) were associated with a higher risk of being detected with an oral HPV infection. No risk factors in parents were identified with transmission of HPV to infants. CONCLUSIONS: The age-specific prevalence rates of HPV in this large cross section of children and adolescents demonstrate that HPV infection is acquired gradually in childhood. These data support a target age for HPV vaccination before puberty to prevent serious HPV-related genital and oral diseases.
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Sharma, R. and C. L. Sharma (2007). "Quadrivalent human papillomavirus recombinant vaccine: the first vaccine for cervical cancers." J Cancer Res Ther 3(2): 92-5.


Gardasil is the first quadrivalent human papillomavirus (HPV)-types 6, 11, 16, 18 recombinant vaccine approved by the FDA on June 8, 2006. It induces genotype-specific virus-neutralizing antibodies and prevents infection with HPV. Various clinical trials demonstrated a reduction in the incidence of vaccine-type-specific persistent infections and of associated moderate- and high-grade cervical dysplasias and carcinomas in situ after its use. Gardasil is currently approved by FDA for prevention of genital warts, cancers and precancerous conditions of cervix and vulva in 9-26 year old females. Three doses of 0.5 ml of gardasil each at 0, 2 and 6 months are given intramuscularly. It is contraindicated in individuals who are hypersensitive to the active substances or to any of the excipients of the vaccine, patients with bleeding abnormalities or patients on anticoagulant therapy and during pregnancy. However, the vaccine, at an estimated $300-500 per course, is too expensive for many women in developing countries. Moreover, question regarding the longevity of the protection by vaccine is still unsolved. Hence, longer studies are required to establish its real status in cancer prevention.
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Schlecht, N. F., R. D. Burk, et al. (2007). "Gene expression profiles in HPV-infected head and neck cancer." J Pathol 213(3): 283-93.


Epidemiological and laboratory evidence indicate that, in addition to tobacco and alcohol, human papillomaviruses (HPV) play an important aetiological role in a subset of head and neck squamous cell carcinoma (HNSCC). To evaluate the molecular pathogenesis of HPV-infected HNSCC, we compared gene expression patterns between HPV-positive and -negative HNSCC tumours using cDNA microarrays. Tumour tissue was collected from 42 histologically confirmed HNSCC patients from an inner-city area of New York. Total DNA and RNA were extracted and purified from frozen tumour samples and gene expression levels were compared to a universal human reference RNA standard using a 27 323 cDNA microarray chip. HPV detection and genotyping were performed using an MY09/11-PCR system and RT-PCR. HPV was detected in 29% of HNSCC tumours. Most harboured only HPV16 and expressed the HPV16-E6 oncogene. HPV prevalence was highest in pharyngeal tumours (45%). Gene expression patterns that differentiated HPV-positive from negative tumours were compared by supervised classification analysis, and a multiple-gene signature was found to predict HPV16 prevalence in primary HNSCC with a false discovery rate < 0.2. Focusing on never-smokers, we further identified a distinct subset of 123 genes that were specifically dysregulated in HPV16-positive HNSCC. Overexpressed genes in HPV-positive HNSCC tumours included the retinoblastoma-binding protein (p18), replication factor-C gene, and an E2F-dimerization partner transcription factor (TFDP2) that have also been found to be overexpressed in cervical cancer. An additional subset of genes involved in viral defence and immune response, including interleukins and interferon-induced proteins, was found to be down-regulated in HPV-positive tumours, supporting a characteristic and unique transcriptional profile in HPV-induced HNSCC.
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Ressler, S., R. Scheiden, et al. (2007). "High-risk human papillomavirus E7 oncoprotein detection in cervical squamous cell carcinoma." Clin Cancer Res 13(23): 7067-72.


PURPOSE: Persistent infections by high-risk human papillomavirus (HPV) types are the main etiologic factor for cervical cancer. The objective of this study was to evaluate whether high-risk E7 oncoprotein is adequate as a marker for the detection of cervical cancer. EXPERIMENTAL DESIGN: HPV typing was done in biopsies from 58 cervical carcinoma and 22 normal cervical squamous epithelia. The HPV-16 E7, HPV-18 E7, and HPV-45 E7 oncoprotein levels were monitored by immunohistochemistry and compared with those of p16(INK4a) and Ki67. RESULTS: Fifty-five (94.8%) tumors were high-risk HPV-DNA-positive (46 HPV-16, 2 HPV-16 and HPV-18, 4 HPV-18, 1 HPV-33, and 2 HPV-45). HPV-DNA could not be detected in three tumors (5.2%). High HPV E7 oncoprotein levels were shown in 57 cervical cancers (98.3%), without correlation between expression levels and tumor stages. CONCLUSION: This is the first study which systematically analyzes the levels of the major HPV oncoproteins in cervical carcinomas demonstrating that the high-risk HPV E7 proteins are regularly expressed in these cancers. This suggests that high-risk E7 oncoproteins are necessary for cervical cancers and apparently essential as tumor marker.
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Reddout, N., T. Christensen, et al. (2007). "High risk HPV types 18 and 16 are potent modulators of oral squamous cell carcinoma phenotypes in vitro." Infect Agent Cancer 2: 21.


ABSTRACT: BACKGROUND: Human papillomavirus (HPV) has been confirmed as the primary etiological factor that transforms cervical epithelia into cancer. The presence of HPV in oral cancers suggests that HPV may play a similar role in transforming the oral epithelia. A high degree of variability in the prevalence of HPV in oral cancers has been found, however, raising questions regarding its role in the transformation and development of oral cancers. The goal of this study was to test our hypothesis that high-risk HPV strains HPV16 and HPV18 will alter the phenotype of transformed oral squamous cell carcinoma cell lines, CAL27, SCC-15 and SCC-25 in vitro. RESULTS: CAL27 cells transfected with HPV18, HPV16, as well as HPV16/18 co-transfectants, demonstrated significant increases in proliferation, adhesion and cell spreading compared with non-transfected controls. These observed differences were correlated with a small level of increased cell survival. SCC-15 cells, however, displayed a differential response to HPV transfection, with only HPV18-transfectants demonstrated changes to proliferation. Interestingly, SCC-25 cells displayed a more complex response, with HPV16-induced increases in cell proliferation, viability and cell spreading, while HPV18- and 16/18-transfectants exhibited reduced adhesion and proliferation. CONCLUSION: Determining the potential of specific high-risk HPV strains to alter phenotypic behaviors of already transformed oral carcinomas is a critical step in providing more accurate prognosis and treatment options for oral cancer patients. The identification of differential responses to specific HPV strains among oral cancers suggests a more significant, complex and multifactorial role of HPV, not only in transforming, but also in modulating, the phenotype and treatment responsiveness of precancerous and cancerous oral lesions. This study provides some of the first evidence to help identify the important molecular markers for pathways that could be used to determine the most effective and appropriate treatment plans for oral cancer patients with concomitant oral HPV infections.
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Nielson, C. M., R. B. Harris, et al. (2007). "Risk factors for anogenital human papillomavirus infection in men." J Infect Dis 196(8): 1137-45.


BACKGROUND: Human papillomavirus (HPV) is strongly associated with cervical and other anogenital cancers. Identification of risk factors for HPV infection in men may improve our understanding of HPV transmission and prevention. METHODS: HPV testing for 37 types was conducted in 463 men 18-40 years old recruited from 2 US cities. The entire anogenital region and semen were sampled. A self-administered questionnaire was completed. Multivariate logistic regression aided the identification of independent risk factors for any HPV type, oncogenic HPV types, and nononcogenic HPV types. RESULTS: Prevalence was 65.4% for any HPV, 29.2% for oncogenic HPV, and 36.3% for nononcogenic HPV. Factors significantly associated with any HPV were smoking > or =10 cigarettes per day (odds ratio [OR], 2.3 [95% confidence interval {CI}, 1.0-5.3]) and lifetime number of female sex partners (FSPs) (OR for > or =21, 2.5 [95% CI, 1.3-4.6]), and factors significantly associated with oncogenic HPV were lifetime number of FSPs (OR for > or =21, 7.4 [95% CI, 3.4-16.3]) and condom use during the past 3 months (OR for more than half the time, 0.5 [95% CI, 0.3-0.8]). For nononcogenic HPV, a significant association was found for number of FSPs during the past 3 months (OR for > or =2, 2.9 [95% CI, 1.4-6.3]). CONCLUSIONS: Lifetime and recent number of FSPs, condom use, and smoking were modifiable risk factors associated with HPV infection in men.
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Nielsen, A., S. K. Kjaer, et al. (2007). "Type-Specific HPV Infection and Multiple HPV Types: Prevalence and Risk Factor Profile in Nearly 12,000 Younger and Older Danish Women." Sex Transm Dis.


OBJECTIVES:: Human papillomavirus (HPV) is considered a necessary cause of cervical cancer. The aim of the current study was to determine the burden of HPV infection among randomly sampled Danish women before the vaccine against HPV is implemented. Further we assessed the risk factor profile for prevalent high risk (HR) HPV infection and infection with multiple HR HPV types. METHODS:: In the present cross-sectional study, we used baseline data from a population-based cohort study where participants were interviewed and had a gynecological examination. Cervical samples were analyzed for HR HPV using Hybrid capture 2 in 10,544 women aged 20-29 years and 1443 women aged 40-50 years. Genotyping was performed using LiPA. RESULTS:: The prevalence of HR HPV was 17.9% and 4.4% in women aged 20-29 years and 40-50 years, respectively. HPV16 was the most common HR type overall and among women with abnormal cytology. Multiple HPV types were highly prevalent, notably in the younger cohort. Lifetime number of sexual partners was the main risk factor for HR HPV infection (adj. OR = 2.8 and OR = 3.4 for >/=15 partners vs. </=4 in respectively younger and older women), whereas number of recent sexual partners was only associated with risk in younger women. Number of partners, oral contraceptive use and self-reported chlamydia infection increased the risk of having multiple HR HPV types (compared to having a single HR HPV type). CONCLUSIONS:: HR HPV infection was common among younger women, with HPV16 as the predominant type. We confirmed the importance of sexual activity for the risk of HR HPV infection. In addition, we found that sexual behavior also play an important role for the risk of having multiple HR HPV types.
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Matsha, T., H. Donninger, et al. (2007). "Expression of p53 and its homolog, p73, in HPV DNA positive oesophageal squamous cell carcinomas." Virology 369(1): 182-90.


Several studies have detected human papilloma virus (HPV) DNA in squamous cell carcinoma of the oesophagus (OSCC). In this study, we analysed OSCC specimens from 114 patients for the presence of HPV DNA, and p53 and p73 expression. HPV DNA was detected in 44.7% of cases, with the low risk HPV11 occurring most frequently. p53 and p73 expression was detected in 70% and 61.4% of cases, respectively. There was no correlation between expression of p53, p73 or HPV infection and tumour grade, or between p53 expression and the presence of HPV DNA. There was, however, significant correlation between p73 expression and the presence of HPV DNA (p<0.01) and p53 and p73 co-expression (p<0.001), as well as co-expression of p53 and p73 with HPV status (p<0.05). These data support previous studies suggesting a role for HPV infection in OSCC and also indicate that HPV infection and p53 and p73 overexpression are not mutually exclusive. In addition, the data implicate a role for p73 in OSCC and suggest a complex interaction between p53, p73 and HPV in the aetiology of the disease.
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Lu, X. M., S. Monnier-Benoit, et al. (2007). "Human papillomavirus in esophageal squamous cell carcinoma of the high-risk Kazakh ethnic group in Xinjiang, China." Eur J Surg Oncol.


AIMS: To investigate human papillomavirus (HPV) genotype-specific prevalence in the high-risk Kazakh ethnic group with esophageal squamous cell carcinoma (ESCC). METHODS: Sixty-seven Kazakh patients with primary ESCC were studied. From each patient, two tissue samples were collected: one sample of the tumor and one sample of normal esophageal tissue from an area away from the tumor. Tissues were analyzed by INNO-LiPA HPV Genotyping test v2 assay allowing the detection of at least 24 different HPV genotypes. RESULTS: Twenty cancer patients (30%) had HPV DNA detected in collected specimens. Interestingly, 14 patients (21%) had HPV only in the tumor and six (9%) had HPV only in the normal esophageal tissue. Overall, HPV16 was the viral type most frequently detected being present in eight out of 20 positive cases (40%). No correlation between the presence of HPVs and the gender or ESCC grade was observed. CONCLUSION: If the causative factors of esophageal carcinogenesis remain to be firmly established in the Kazakh population, HPV found in 30% of patients might play a role in the etiology of esophageal SCC.
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Klozar, J., V. Kratochvil, et al. (2007). "HPV status and regional metastasis in the prognosis of oral and oropharyngeal cancer." Eur Arch Otorhinolaryngol.


Prognostic factors are important for treatment decisions as they help adapt the therapy on a case-to-case basis. Nodal status, number of positive nodes, and presence of extracapsular spread are considered to be the important prognostic factors in head and neck cancer. Some studies suggest that human papillomavirus (HPV) status also influences the outcome of the treatment. This influence can be explained by the variation in tendency to develop regional metastases and by variation in the type of neck node involvement. The study objectives were to compare patients with HPV positive and HPV-negative tumors for survival and prevalence and type of regional metastasis, to identify prognostic factors and to test whether HPV presence is an independent factor of survival. The study included 81 patients treated by surgery including neck dissection for oral or oropharyngeal squamous cell cancer. A computerized medical report was completed for each patient. Analysis of the tumor specimen for the HPV DNA presence was done on paraffin-fixed tissue. HPV DNA detection and typing were performed by PCR with GP5 + /GP6 + BIO primers and reverse line blot hybridization. Overall, 64% (52/81) of tumors were HPV positive with 80% in the tonsillar site. HPV-positive patients had significantly better both overall (73 vs. 35%) (P = 0.0112) and disease-specific (79 vs. 45%) (P = 0.0015) survival rates than HPV-negative patients. No significant differences were found in the pN classification, in the number of positive nodes and the presence of extracapsular spread in the involved nodes between HPV positive and HPV-negative tumors. Multivariate analysis showed that significant prognostic factors of survival were the presence of HPV in the tumor, extracapsular spread and tumor size. HPV was the most significant prognostic factor in the studied group of patients with oropharyngeal tumors (HR = 0.27, 95%CI 0.12-0.61) and possibly should be considered in treatment decisions.
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Heideman, D. A., T. Waterboer, et al. (2007). "Human papillomavirus-16 is the predominant type etiologically involved in penile squamous cell carcinoma." J Clin Oncol 25(29): 4550-6.


PURPOSE: Human papillomavirus (HPV) infections are suggested to be involved in the development of penile squamous cell carcinoma (SCC), but comprehensive studies to define the association are limited. Therefore, we performed molecular and serologic analyses for a broad spectrum of HPV types on a large series of 83 penile SCCs, and we compared serological findings to those of age-matched male controls (N = 83). METHODS: Penile SCCs were subjected to detection and typing assays for mucosal and cutaneous HPVs and to subsequent, type-specific viral load and viral gene expression assays. Sera of patients and of controls were analyzed for type-specific mucosal and cutaneous HPV L1, E6, and/or E7 antibodies using bead-based, multiplex serology. RESULTS: HPV DNA of mucosal and/or cutaneous types was found in 46 of 83 (55%) penile SCCs. HPV16 was the predominant type, appearing in 24 (52%) of 46 of penile SCCs. The majority of HPV16 DNA-positive SCCs (18 of 24; 75%) demonstrated E6 transcriptional activity and a high viral load. Additionally, HPV16 molecular findings were strongly associated with HPV16 L1-, E6-, and E7-antibody seropositivity. Furthermore, serologic case-control analyses demonstrated that, in addition to the association of HPV16 with penile SCC, seropositivity against any HPV type was significantly more common in patients compared with in controls. HPV18 and HPV6 seropositivity were associated with HPV16-negative SCCs but were not correlated to molecular findings. CONCLUSION: HPV16 is the main HPV type etiologically involved in the development of penile SCC. Although individuals who develop penile SCC show a greater prior exposure to a broad spectrum of HPV types, insufficient evidence was found to claim a role for HPV types other than HPV16 in penile carcinogenesis.
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Gonzalez, J. V., R. A. Gutierrez, et al. (2007). "Human papillomavirus in oral lesions." Medicina (B Aires) 67(4): 363-8.


Growing evidence suggests a role for human papillomavirus (HPV) in oral cancer; however its involvement is still controversial. This study evaluates the frequency of HPV DNA in a variety of oral lesions in patients from Argentina. A total of 77 oral tissue samples from 66 patients were selected (cases); the clinical-histopathological diagnoses corresponded to: 11 HPV- associated benign lesions, 8 non-HPV associated benign lesions, 33 premalignant lesions and 25 cancers. Sixty exfoliated cell samples from normal oral mucosa were used as controls. HPV detection and typing were performed by polymerase chain reaction (PCR) using primers MY09, 11, combined with RFLP or alternatively PCR using primers GP5+, 6+ combined with dot blot hybridization. HPV was detected in 91.0% of HPV- associated benign lesions, 14.3% of non-HPV associated benign lesions, 51.5% of preneoplasias and 60.0% of cancers. No control sample tested HPV positive. In benign HPV- associated lesions, 30.0% of HPV positive samples harbored high-risk types, while in preneoplastic lesions the value rose to 59.9%. In cancer lesions, HPV detection in verrucous carcinoma was 88.9% and in squamous cell carcinoma 43.8%, with high-risk type rates of 75.5% and 85.6%, respectively. The high HPV frequency detected in preneoplastic and neoplastic lesions supports an HPV etiological role in at least a subset of oral cancers.
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Giuliano, A. R., C. M. Nielson, et al. (2007). "The optimal anatomic sites for sampling heterosexual men for human papillomavirus (HPV) detection: the HPV detection in men study." J Infect Dis 196(8): 1146-52.


Background. Human papillomavirus (HPV) infection in men contributes to infection and cervical disease in women as well as to disease in men. This study aimed to determine the optimal anatomic site(s) for HPV detection in heterosexual men.Methods. A cross-sectional study of HPV infection was conducted in 463 men from 2003 to 2006. Urethral, glans penis/coronal sulcus, penile shaft/prepuce, scrotal, perianal, anal canal, semen, and urine samples were obtained. Samples were analyzed for sample adequacy and HPV DNA by polymerase chain reaction and genotyping. To determine the optimal sites for estimating HPV prevalence, site-specific prevalences were calculated and compared with the overall prevalence. Sites and combinations of sites were excluded until a recalculated prevalence was reduced by <5% from the overall prevalence.Results. The overall prevalence of HPV was 65.4%. HPV detection was highest at the penile shaft (49.9% for the full cohort and 47.9% for the subcohort of men with complete sampling), followed by the glans penis/coronal sulcus (35.8% and 32.8%) and scrotum (34.2% and 32.8%). Detection was lowest in urethra (10.1% and 10.2%) and semen (5.3% and 4.8%) samples. Exclusion of urethra, semen, and either perianal, scrotal, or anal samples resulted in a <5% reduction in prevalence.Conclusions. At a minimum, the penile shaft and the glans penis/coronal sulcus should be sampled in heterosexual men. A scrotal, perianal, or anal sample should also be included for optimal HPV detection.
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Forslund, O., T. Iftner, et al. (2007). "Cutaneous human papillomaviruses found in sun-exposed skin: Beta-papillomavirus species 2 predominates in squamous cell carcinoma." J Infect Dis 196(6): 876-83.


BACKGROUND: A spectrum of cutaneous human papillomaviruses (HPVs) is detectable in nonmelanoma skin cancers, as well as in healthy skin, but the significance that the presence of these types of HPV DNA has for the pathogenesis of skin cancer remains unclear. METHODS: We studied 349 nonimmunosuppressed patients with skin lesions (82 with squamous cell carcinomas, 126 with basal cell carcinomas, 49 with actinic keratoses, and 92 with benign lesions). After superficial skin had been removed by tape, paired biopsy samples--from the lesion and from healthy skin from the same patient--were tested for HPV DNA. Risk factors for HPV DNA were analyzed in multivariate models. RESULTS: Overall, 12% of healthy skin samples were positive for HPV DNA, compared with 26% of benign lesions, 22% of actinic keratoses, 18% of basal cell carcinomas, and 26% of squamous cell carcinomas. HPV DNA was associated with sites extensively exposed to the sun, both for the lesions (odds ratio [OR], 4.45 [95% confidence interval {CI}, 2.44-8.11]) and for the healthy skin samples (OR, 3.65 [95% CI 1.79-7.44]). HPV types of Beta-papillomavirus species 2 predominate in squamous cell carcinomas (OR, 4.40 [95% CI, 1.92-10.06]), whereas HPV types of Beta-papillomavirus species 1 are primarily found in benign lesions (OR, 3.47 [95% CI, 1.72-6.99]). CONCLUSIONS: Cutaneous HPV types are primarily detected at sites extensively exposed to the sun. HPV types of Beta-papillomavirus species 2, but not of species 1, are associated with squamous cell carcinoma.
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Ernster, J. A., C. G. Sciotto, et al. (2007). "Rising Incidence of Oropharyngeal Cancer and the Role of Oncogenic Human PapillomaVirus." Laryngoscope.


OBJECTIVES/HYPOTHESIS:: To document the increasing incidence of oropharyngeal (OP) cancer and to provide evidence that this increase is caused by oncogenic human papilloma virus (HPV). STUDY DESIGN:: Epidemiologic review and retrospective case series analysis. METHODS:: We collected data from Colorado and the United States comparing the average annual age-adjusted incidence rates of OP and non-OP head and neck cancer between the periods 1980 to 1990 and 1991 to 2001. We obtained data on 72 patients with OP cancer from a single county in Colorado, from 1980 through 2004. HPV status was determined by DNA-polymerase chain reaction. We assessed disease-specific survival. RESULTS:: The average annual age-adjusted incidence of OP cancer in males in Colorado increased from 2.54 per 100,000 to 3.47 (P < .05) or 36.6%, whereas the U.S. rate increased from 4.34 to 4.81 (P < .05) or 10.8%. The rates in females and the rates of non-OP head and neck cancer decreased. Of the 72 cases, 50 (69%) were positive for HPV subtype 16. The ratio of HPV-positive to HPV-negative cases prior to 1995 was 0.72 (8:11) but was 3.81 (42:11) afterward. Survival was positively affected by HPV status (hazard ratio of 0.15, confidence intervals 0.07-0.36, P < .001). Disease-specific survival was 83% in the HPV-positive patients and 15% in the HPV-negative group. CONCLUSIONS:: OP cancer incidence is increasing in Colorado males and to a lesser extent in U.S. males. The HPV-positive OP cancer cases were more frequent in the later years of the study. Disease-specific survival was much better in the HPV-positive patients, confirming that HPV testing defines a unique subset of patients. These findings suggest that HPV oncogenesis accounts for the increase in average annual age-adjusted incidence of OP cancer.
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Barr, E. and G. Tamms (2007). "Quadrivalent human papillomavirus vaccine." Clin Infect Dis 45(5): 609-7.


The lifetime risk of human papillomavirus (HPV) infection exceeds 50%. HPV infection causes >550,000 cases of cervical and anogenital cancer worldwide annually. Infection also causes precancerous lesions and genital warts. HPV types 16 and 18 cause approximately 70% of HPV-related cancers, and HPV types 6 and 11 cause approximately 90% of cases of genital warts. A quadrivalent vaccine for HPV types 6, 11, 16, and 18 (HPV 6/11/16/18) has been developed for prevention of cervical cancer, genital warts, and vulvar and vaginal precancerous lesions. Prophylactic vaccination of young women was 96%-100% effective in preventing HPV 6/11/16/18-related cervical and anogenital precancers and genital warts. Efficacy remained high for at least 5 years following vaccination. Postvaccination anti-HPV levels in adolescents were superior to those observed in women (the population in which efficacy was shown). Vaccination was generally well tolerated. The vaccine is licensed in >80 countries. It has been added to national vaccination programs, including that of the United States. Widespread use of HPV 6/11/16/18 vaccine is expected to greatly reduce the incidence of HPV-related cancers, precancers, and genital warts.
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(2007). "[Combined endolaryngeal videoendoscopic surgery and photodynamic treatment of patients with recurrent laryngeal and tracheal papillomatosis]." Vestn Otorinolaringol(6): 4-9.


Two-stage combined treatment of chronic recurrent papillomatosis of the larynx and trachea has been designed and tested in P.A. Herzen Research Cancer Institute. Stage I of the treatment consisted in endolaryngeal videoendoscopic surgery with Nd:YAG-laser destruction, argon-plasma coagulation and electroresection of the papilloma; stage II - postoperative photodynamic therapy (PDT) to prevent recurrence. In 1995-2007 the treatment was given to 32 patients aged 10-66 years with recurrent papillomatosis of the airways with the disease history 5-58 years. In two thirds of the patients papillomatosis involved several parts of the larynx and trachea. Squamous cell papilloma was accompanied with dysplasia of the first-second degree in 10 (31%) patients, dysplasia of the third degree - in 4 (12,5%), cancer in situ - in 3 (9,4%) patients. Human papilloma virus (HPV) was detected by hybridization in situ in 96%. The course of the treatment resulted in a complete regression (CR) of papilloma in 25 of 32 (78%), partial regression in 7 patients. The recurrence-free interval averaged 32 months (maximal 7 years) in 14 of 25 patients with CR. HPV was eradicated in a group of patients with persistent clinical remission. A 6 to 19 month follow-up recorded papilloma recurrence in 11 patients. The recurrence-free period increased 2,5-fold. In patients with dysplasia of degree I-III and cancer in situ (n=17) CR of dysplasia and preinvasive cancer foci was achieved in 15 (88%) patients.
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