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            Abstract

            
               
Acute lymphoblastic leukemia (ALL) is the most common malignancy in childhood and represents about 75 -80% of ALL in pediatric
                  age group. ALL is characterised by uncontrolled proliferation of abnormal, immature lymphocytes and their progenitors and
                  replacing the bone marrow elements and other lymphoid organs by leukemic cells (ALL blasts). The 5 year survival rate for
                  childhood ALL is about 90% overall, children in lower risk groups have a better prognosis than those in higher risk group.
                  Risk assessment is mainly based on cytogenetic and molecular factors in addition, clinical symptoms and signs, White blood
                  cell count at diagnosis are all recognized for stratification. In present case the cytogenetic analysis showed the presence
                  of trisomy 5 as a sole numerical abnormality. Trisomy 5 accounts for aneuploidy change in the cytogenetic analysis. The gain
                  or loss of whole chromosome, ie aneuploidy is a major genomic insult in human cancers. Aneuploidy is observed in ~90% of solid
                  tumors and~60% of hematological maignancies. The increased gene expression in trisomy 5 causes chromosomal instability (CIN),
                  microsatellite instability (MIN) and genomic instabilty which inturn causes the cancer genome to undergo evolution, adaptation
                  and favors tumor progression in patients with B cell acute lymphoblastic leukemia.
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               Introduction

            Acute lymphoblastic leukemia (ALL) is the most common malignancy in childhood and represents about 75 -80% of ALL in pediatric
               age group. The incidence of childhood ALL is around 3-4 cases per 100,000 leukemia. The peak incidence is between 2-5 years
               of age. 1 ALL is characterised by uncontrolled proliferation of abnormal, immature lymphocytes and their progenitors and replacing
               the bone marrow elements and other lymphoid organs by leukemic cells (ALL blasts). 2 
            

            The 5 year survival rate for childhood ALL is about 90% overall, children in lower risk groups have a better prognosis than
               those in higher risk group.3 Risk assessment is mainly based on cytogenetic and molecular factors in addition, clinical symptoms and signs, White blood
               cell count at diagnosis are all recognized for stratification. 4 Early medullary response to induction therapy is determined by the level of minimal residual disease (MRD) at the end of
               induction therapy. 5

            ALL is characterised by the presence of recurrent chromosomal abnormalities and cytogenetic studies are essential for diagnosis
               and prognosis. High hyperdiploidy (>50 chromosomes) and ETV6-RUNX1 occur in 25-30% of Childhood ALL and are associated with
               favorable outcome. Hypodiploidy (< 44), BCR-ABL1 and KMT2A rearrangements account for 2-5% and are associated with high risk
               group in childhood ALL. 6 The chromosomal gain or loss are generally accompanied by additional cytogenetic aberrations that reflects the disease progression
               in ALL.7 
            

            In this case we report a rare childhood ALL case having numerical abnormality of chromosome 5(trisomy 5) as a sole cytogenetic
               abnormality.
            

         

         
               Case Report 

            8yr old boy presented to pediatric OPD with a history of fever, leg pain, and skin rashes for the past 2 days. On examination
               palor, skin ecchymosis and petechial rashes, generalized lymphadenopathy, and hepatosplenomegaly were noted. Blood investigations
               revealed low hemoglobin, thrombocytopenia and high White blood cell (WBC) counts.
            

            The bone marrow aspiration showed cellular smears with no megakaryocytes seen. Lymphoblasts with a high N:C ratio, oval to
               irregular nuclei, open chromatin, and scant cytoplasm account for 55% of total cells. Normal marrow elements are suppressed.
            

            The immunophenotyping showed a population of blasts expressing CD19, CD10, CD34 (Heterogenous), CD123(Moderate to Dim), CD38,
               CD58, CD73, CD24 (Heterogenous), HLADR, CD22, CD66c and cytoplasmic CD79a. Other markers of T cell and myeloid differentiation
               were negative. Antibody to TSLP receptor (CRLF2) was Negative. DNA ploidy analysis by flow cytometry using FxCycle Violet
               staining showed features of diploidy.
            

            
                  Cytogenetics

            

            
                  Banding

               Bone marrow aspirates were incubated in RPMI medium overnight at 370C in 5% C02, the cell cycle was arrested by treating with Colcemid. The cells were harvested using hypotonic solution and
                  fixed with carnoy's fixative [methanol: acetic acid::3:l]. Chromosomes were banded using trypsin Giemsa staining and analyzed
                  as per ISCN 2020 guidelines. G banding analysis of BMA revealed a numerical abnormality of chromosome 5, trisomy 5(47,XY,+5)
                  in 20 metaphases and with normal clones(46,XY) in 10 metaphases.
               

               
                     
                     Figure 1

                     Karyotype: 47,XY,+5(20)/46,XY(10)
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                  Fluorescence in situ hybridization analysis (FISH)
               

               Fluorescence in situ Hybridization analysis was performed on interphase cells and metaphases using XL 5q31/5q33/5p15 deletion
                  probe which consists of an aqua-labelled probe hybridizing to a region at 5p15.2-15.3, an orange-labelled probe hybridizing
                  to the EGR1 gene region at 5q31.2 and a green-labelled probe hybridizing to the RPS14 gene region at 5q32-33.1. Cytogenetic
                  preparation of BMA slides, denaturing of probe/chromosomes, hybridization, and washing of slides were done as per manufacturer
                  guidelines.
               

               FISH results were analyzed using a Zeiss microscope equipped with DAPI, Fluorescence Isocyanate (FITC), and Tetramethylrhodamine
                  B Isocyanate (TRITC) fluorescence filters. Metaphase and interphase FISH analysis showed 3 copies of 5p15.2-15.3(Blue), EGR1
                  gene at 5q31.2 (Red), and a RPS14 gene at 5q32-33.1(Green), confirming the diagnosis of trisomy 5.
               

               
                     
                     Figure 2

                     Fluorescence in situ Hybridization: showed 3 copies of 5p15.2-15.3 (Blue), EGR1 gene (Red) and a RPS14 gene (Green) confirming
                        trisomy 5.
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               Discussion

            Childhood ALL cases mainly presents with fever, leg pain, eccyhmosis, petechial rashes and hepatosplenomegaly. 8 The fever is indicative of infections which can occur because of shortage of normal white blood cells (WBC's). Patients having
               leukemia often have high WBC's but most of these are leukemia cells and they don't protect against infection and there aren’t
               enough normal white blood cells. The thrombocytopenia causes ecchymosis and petechial rashes. The leg pain is caused by build
               up of leukemia cells near the surface of the bone or inside the joint. 8

            Diagnosis of ALL is established by the presence of >20% lymphoblasts in the bone marrow and Immunophenotyping showed positive
               for B cell ALL CD markers.
            

            Cytogenetic analysis is an essential tool for diagnosis, prognostification and to assess risk stratification in patients with
               ALL. The karyotype showed trisomy 5 as an sole numerical abnormality. Trisomy 5 accounts for aneuploidy change in the cytogenetic
               analysis. The gain or loss of whole chromosome, ie aneuploidy is a major genomic insult in human cancers. Aneuploidy is observed
               in ~90% of solid tumors and~60% of hematological malignancies. 9 Aneuploidy is often associated with activation of degradation pathways and cytoplasmic protein aggregates with impairment
               in protein folding, DNA repair, transcription, RNA processing, alteration in autophagosomes and thereby causing genomic instability.
               The increased gene expression in trisomy 5 causes chromosomal instability (CIN), microsatellite instability (MIN) and genomic
               instabilty which inturn causes the cancer genome to undergo evolution, adaptation and favors tumor progression in patients
               with B cell acute lymphoblastic leukemia. 10

         

         
               Conclusion

            Acute lymphoblastic leukemia is the most common form of leukemia in children. The cytogenetic analysis plays a major role
               in diagnosis, prognosis and risk stratification by identifying recurrent and as well as random chromosomal abnormalities in
               ALL. Trisomy 5 is a rare cytogenetic abnormality in ALL. The increased gene expression in trisomy 5 causes chromosomal instability
               (CIN), microsatellite instability (MIN) and genome instability in lymphoblasts. The prognosis of ALL with trisomy 5 still
               remains unknown due to its rarity and it requires more studies for establishing the risk stratification.
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