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            Abstract

            
               
Fanconi anemia (FA) is a genetically heterogenous rare autosomal recessive disorder. Mutations in FANCA gene are the most
                  frequent among FA patients accounting for 60-65%. FA is characterised by congenital malformations, progressive bone marrow
                  failure (BMF) and increased risk of myelodysplastic syndrome (MDS) and acute myeloid leukemia (AML). The risk of developing
                  hematological abnormalities in FA patients is around 98% by 40 years of age. The risk of clonal cytogenetic abnormalities
                  during BMF is around 67% by 30 years of age and risk of developing MDS or AML is 52% by 40 years of age. The frequent chromosomal
                  abnormalities are 1q+, monosomy 7 and gains of 3q. Partial duplications/triplications of chromosome 1q are known to represent
                  a nonrandom chromosomal anomaly in myeloid disorders.
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               Introduction

            Fanconi anemia (FA) is a genetically heterogenous rare autosomal recessive disorder with an incidence of approximately 1-5
               per million. Mutations in FANCA gene are the most frequent among FA patients accounting for 60-65%. FA is characterised by
               congenital malformations, progressive bone marrow failure and increased risk of myelodysplastic syndrome (MDS) and acute myeloid
               leukemia (AML).1, 2 Approximately 40% of patients with FA develop severe BMF by the age of 20 years, and half of the patients with FA develop
               BMF by the age of 50 years. The risk of solid tumors and AML by the age of 50 years in FA is estimated to be 30% and 10% respectively.3 Bone marrow aspiration studies and cytogenetic studies forms an essential investigation for detecting the evolving malignant
               clone in FA patients. Here we report a case with rare cytogenetic abnormality of 1q triplication and del(5q) in a patient
               with inherited bone marrow failure syndrome(IBMFS), Fanconi anaemia (FA) evolving to Myelodysplastic syndrome (MDS).
            

         

         
               Case Report

            31 yr old male with short stature and palatal hyperpigmentation was admitted for bicytopenia evaluation. The Bone marrow aspiration
               studies revealed hypocellular marrow with 3% blasts and significant dyspoiesis in all cell lineages suggesting features of
               aplastic anaemia evolving into Myelodysplastic syndrome.
            

            
                  Cytogenetics

               
                     Banding

                  Bone marrow aspirates were incubated in RPMI medium overnight at 370C in 5% C02, the cell cycle was arrested by treating with Colcimid. The cells are harvested using hypotonic solution and fixed
                     with carnoy's fixative [methanol: acetic acid::3:l]. Chromosomes were banded using trypsin Giemsa staining and analysed as
                     per ISCN 2020 guidelines.
                  

                  

                  
                        
                        Figure 1

                        Karyotype showing 45,XY with trp(1)(q21q32) and del(5)(q22q35)
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                  G banding analysis of BMA revealed tandem triplication of trp(1)(q21q32) in all metaphases and del(5)(q22q35)as secondary
                     abnormality in 50% of metaphases.
                  

                  FISH analysis was performed on interphase cells and metaphases using metasystem CDKN2C/CKS1B deletion/amplification probe.
                     Cytogenetic preparation of BMA slides, denaturing of probe/chromosomes, hybridization and washing of slides done as per manufacturer
                     guidelines.
                  

                  

                  
                        
                        Figure 2

                        Fluorescence in situ Hybridization for1p(CDKN2C)[Green]/1q(CKS1B)[Red] showing 4 copies of CKS1B[Red] indicating triplication
                           of 1q
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                  FISH results were analysed using Zeiss microscope equipped with DAPI, Fluorescence Isocyanate (FITC) and Tetramethylrhodamine
                     B Isocyanate (TRITC) fluorescence filters. Metaphase FISH analysis showed 4 copies for CKS1B gene of which 3 signals were
                     located on q arm of abnormal chromosome l, confirming the diagnosis of 1q triplication.
                  

                  Gene sequencing using exome sequencing showed presence of autosomal recessive inheritance of FANCA gene, confirming the diagnosis
                     of fanconi anemia in our patient.
                  

               

            

         

         
               Discussion

            FA is a rare autosomal recessive disorder characterised by congenital malformations, progressive pancytopenia, chromosomal
               aberrations, cellular hypersensitivity to DNA cross linking agents, predisposition to MDS, AML and other malignancies. 4, 5

            The advanced molecular testing, clinical exome sequencing specifically analyses the exons of the genes that are involved in
               the disease. FANCA is the most commonly mutated FA gene and its activity is essential for resolving DNA inter-strand crosslinks
               during genomic replication. 1, 4 The identification of pathogenic variant of autosomal recessive inheritance for Fanconi anemia helps to identify and determine
               the carriers in the family and the risk of recessive inheritance to offspring.
            

            The common developmental abnormalities observed in FA patients are short stature, upper lib radial ray abnormalities, skin
               pigmentation changes, renal malformations and central nervous system findings. 80% of FA will have at least one physical feature
               of developmental abnormalities, short stature and low birth weight are observed in nearly 50% of cases. Short stature and
               low birth weight is due to the loss of pluripotent stem cells during embryogenesis. 4, 6

            Bone marrow failure is a more characteristic feature in FA patients. The incidence of severe BMF reaches 70% by age 50 years.
               BMF is due to hyperactivation of p53 which hinders the ability of haematopoietic stem cells to deal with replicative stress
               during prenatal HSC expansion by triggering an apoptotic p53/p21 mediated response that results in a prenatally reduced fraction
               of CD34+ cells. This compromised HSC pool is further challenged by DNA damage accumulation during extrauterine life. 4

            The Failure of the FA/BRCA pathway in FA causes numerical and structural chromosomal instability in the form of chromosomal
               breaks, deletions, duplications, fragmentation and translocations. The chromosomal aberrations are the result of initiated
               but unfinished interstrand crosslink (ICL) repair in FA cells. 4, 7 The frequent chromosomal abnormalities are 1q+, monosomy 7 and gains of 3q.5 Partial duplications/triplications of chromosome 1q are known to represent a nonrandom chromosomal anomaly in myeloid disorders.
               Tetrasomy of 1q, results from tandem triplication of 1q, frequently involves region in 1q21 which harbors fragile sites and
               oncogenes involved in AML. Cells with chromosome triplication are considered to have evolved from a previous duplication.8, 9 The consequence of this is a genomic amplification of a specific chromosomal region. The long arm of chromosome 1 accomodates
               genes involved in the control of normal myeloid cell kinetics. The imbalance in normal cell cycle leads to more pronounced
               cell proliferation. 9 
            

            The proteins encoded by FA genes play important role in numerous cellular functions including DNA repair, detoxification of
               reactive oxygen species and aldehydes, energy metabolism and both proinflammatory and myelosuppressive cytokine homeostasis.
               The exposure of FA deficient cells to aldehydes result in the accumulation of chromosomal aberrations.3, 4

            The risk of developing hematological abnormalities in FA patients is around 98% by 40 years of age.10 The common haematologic abnormalities are thrombocytopenia and pancytopenia, often associated with BMF. The risk of clonal
               cytogenetic abnormalities during BMF is around 67% by 30 years of age and risk of developing MDS or AML is 52% by 40 years
               of age. 10 The increased risk of cancer in FA is related to defective DNA repair, which makes somatic cells more susceptible to mutations
               that could initiate the carcinogenic process. 3 The evolving malignant clone can have non specific myeloid chromosomal abberations. Monosomy 7 and 3q gains are commonly
               reported in FA.2  Del 5q, which is a known chromosomal abnormality in MDS, accounts for nearly 50% of patients with MDS. Damage to 5q31 and
               5q33 regions leads to haploinsufficiency of ribosomal protein S14 gene (RPS14 gene). The loss of RSP14 increases levels of
               p53 primarily in erythroblasts, promotes their apoptosis, and results in a differentiation defect. 11 Thereby the loss of RPS14 gene in 5q deletion causes clonal evolution in FA patients.
            

         

         
               Conclusion

            FANCA is the most commonly mutated FA gene. Gene sequencing in these patients will help in identification of genetic cause.
               FA patients with inherited bone marrow failure syndrome (IBMFS) can develop peripheral blood cytopenia, which can ultimately
               progress to myelodysplastic syndrome (MDS) or acute myeloid leukemia (AML). The increased risk of cancer in FA is related
               to defective DNA repair, which makes somatic cells more susceptible to mutations that could initiate the carcinogenic process.
               The evolving malignant clone can have non-specific myeloid chromosomal abberations. Cytogenetic analysis should include karyotyping
               and FISH for the detection of chromosomal abberations and also to assess clonal evolution in FA patients. The prognosis of
               evolving malignant clone is based on structural and numerical chromosomal aberrations in FA. Clones with duplication of chromosome
               3q (3q+), deletion 7q (7q-), or monosomy 7 (-7) are associated with poor prognosis.
            

         

         
               
               Source of Funding
               
            

            This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

         

         
               Conflicts of Interest

            None to declare.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     PJ Solomon, Margaret, P, Rajendran, R, Ramalingam, R, Menezes, GA & Shirley, AS,   (2015). A case report and literature review of Fanconi Anemia (FA) diagnosed by genetic testing. Ital J Pediatr, 41, 38. 10.1186/s13052-015-0142-6

                  

                  
                     
                        2 
                              

                     

                     Behrens, YL, Göhring, G, Bawadi, R, Cöktü, S, Reimer, C & Hoffmann, B,   (2021). A novel classification of hematologic conditions in patients with Fanconi anemia. Haematologica, 106(11), 3000–3. 10.3324/haematol.2021.279332

                  

                  
                     
                        3 
                              

                     

                     Park, M,   (2022). Overview of inherited bone marrow failure syndromes. Blood res, 57(S1), 49–54. 10.5045/br.2022.2022012

                  

                  
                     
                        4 
                              

                     

                     Garcia-De-Teresa, B, Rodriguez, A & Frias, S,   (2020). Chromosome Instability in Fanconi Anemia: From Breaks to Phenotypic Consequences. Genes, 11(12), 1528. 10.3390/genes11121528

                  

                  
                     
                        5 
                              

                     

                     Kennedy, AL & Shimamura,  A,   (2019). Genetic predisposition to MDS: clinical features and clonal evolution. Blood, 133(10), 1071–85. 10.1182/blood-2018-10-844662.

                  

                  
                     
                        6 
                              

                     

                     MO Fiesco-Roa, N Giri, McReynolds, LJ, Best, AF & Alter, BP,   (2019). Genotype-phenotype associations in Fanconi anemia: A literature review. Blood Rev, 37, 100589. 10.1016/j.blre.2019.100589

                  

                  
                     
                        7 
                              

                     

                     Srinivasan, M, Fumasoni, M, Petela, NJ, A Murray & KA Nasmyth,   (2020). Cohesion is established during DNA replication utilising chromosome associated cohesion rings as well as those loaded
                        de novo onto nascent DNAs. Elife, 9, e56611.
                     

                  

                  
                     
                        8 
                              

                     

                     Udayakumar, AM, Nazreen-Banu, K & Al-Kindi, S,   (2015). Duplication 1q as primary and 3q in t(3;13) as secondary aberration in Fanconi anemia: Implications and literature
                        review. Acta Haematologica Polonica, 46(5), 368–71. 10.1016/j.achaem.2015.10.003

                  

                  
                     
                        9 
                              

                     

                     Cho, HS, Kim, K & Hyun, MS,   (2006). Triplication of 1q in a patient with Myelodysplastic syndrome. Korean J Hematol, 41(1), 56–60. 10.5045/kjh.2006.41.1.56

                  

                  
                     
                        10 
                              

                     

                     A Butturini, Gale, RP, Verlander, PC, Adler-Brecher, B, Gillio, AP & Auerbach, AD,   (1994). Hematologic abnormalities in Fanconi anemia: an International Fanconi Anemia Registry study. Blood, 84(5), 1650–5.
                     

                  

                  
                     
                        11 
                              

                     

                     Elkattawy, S & Ayad, S,   (2021). El-Feki I. 5q Deletion Myelodysplastic Syndrome in a Young Male Patient. Cureus, 13(8), e17466. 10.7759/cureus.17466

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      Rare cytogenetic abnormalities in MDS evolving from fanconi anemia-A case report


      
        		
          Content
        


      


    
  

