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Abstract 

This dissertation aimed to find out the prevalence and significance of genetic alteration including 

chromosomal translocation, gene mutation, gene polymorphism and expression of genes 

involved in drug resistance that may be responsible for poor outcome in patients with acute 

leukemia (AL). For this, patients diagnosed with acute leukemia were immunophenotyped by 

flow cytometry to identify and phenotypically characterize the leukemic cells. 

Immunophenotyping is now part of the standard assessment of AL supplementing morphologic 

diagnosis and allowing subtyping. In the current study, most of the AL cases in children were of 

lymphoid type (ALL) with peak incidence at 10-15 years age group whereas in adults they were 

typically myeloid (AML) in origin with peak incidence in the age group of 31-35 yr which was 

much lower than the median age of western countries (>60 yrs). Aberrant expression of 

lymphoid lineage associated antigen (Ly+ AML) was seen more often in cases of children than 

adults. CD19 was the most common aberrant lymphoid antigen expression in both adult and 

children followed by CD7 in AML. In B-ALL, aberrant expression of CD33 was seen more often 

in cases of adults than children. 

Clinical and experimental data support the idea that acute leukemic blasts harbor more than one 

recurring mutations either chromosomal translocation or molecular mutation, suggesting a multi-

hit model for leukemogenesis. In this study we investigated the frequency of commonly 

occurring translocation (BCR/ABL, AML/ETO and PML/RARα) and gene mutation (FLT3 and 

NPM1) in patient with acute leukemia. The frequency of BCR/ABL, AML/ETO and 

PML/RARα translocation was 9%, 24% and 4% respectively in AML cases. Further, AML/ETO 

translocation was significantly associated with the presence of auer rod and lymphadenopathy, 

low level of hemoglobin and white blood count in the study. The frequency of FLT3 and NPM1 

mutations were 25% and 21% respectively in the AML cases. Adult patients showed higher 

frequency of FLT3 and NPM1 mutation than pediatric patients. FLT3/ITD mutation was 

associated with higher WBC count while NPM1 mutation with higher platelet counts and 

absence of hepatosplenomegaly. Higher frequency of FLT3 mutation was found in NPM1 

mutation positive cases compared to NPM1 wild cases. Both FLT3 and NPM1 mutations were 



observed more frequently in AML/ETO positive cases than PML/RARα translocation cases.  

These results support the observation that besides chromosomal translocation and gene mutations 

additional mutations are required for the pathogenesis of acute myeloid leukemia.  

An important problem in the treatment of AL is pre-existent or acquired resistance to structurally 

and functionally unrelated chemotherapeutic compounds. Various cellular mechanisms can give 

rise to multidrug resistance (MDR). In adult AML patients, MDR1 was the only drug resistance 

gene that shows significantly higher expression at RNA level by real-time PCR at the time of 

diagnosis in non-responders compared to responders in adult patient of AML. Expression of anti- 

apoptotic gene BCL-2 was also higher in non-responders compared to responders in adult. In 

ALL, expression of MRP1 gene was found to be significantly higher in non-responders 

compared to responders. In children, drug resistance gene that was significantly different 

between responders and non-responders patients was BCRP.  

The second aspect of this dissertation explores the association of single nucleotide polymorphism 

in genes involved in the metabolism of xenobiotics/drugs with acute leukemia in a case-control 

study. The distribution and the potential gene-gene interaction of selected drugs/xenobiotic 

metabolizing genes were investigated in relation to acute leukemia risk. Patients with acute 

leukemia and controls matched by age and gender were genotyped for CYP1A1, mEPHX, 

GSTM1, GSTT1, GSTP1 and SULT1A1 gene polymorphisms. Classification and regression 

trees (CART) and multifactor dimensionality reduction (MDR) analysis method were used to 

explore high order gene-gene interactions. GSTM1 null genotype confers reduced risk while 

CYP1A12A was associated with increased risk of ALL. While exploring non-linear interacting 

through CART analysis, patients carrying the combination of CYP1A12A, p53 and GSTP1 gene 

showed highest risk for ALL. Four locus model of GSTP1, p53, EPHX1 exon3 and CYP1A12A 

was the best model in predicting the ALL risk by MDR analysis. Interaction entropy graph 

showed that CYP1A12A was the key gene polymorphism in the model associated with the 

maximum entropy. In AML the highest risk was observed for combination of GSTM1 present, 

CYP1A12C AA or GG, EPHX1 exon3 TC and EPHX1 exon4 AA or GG genotypes by CART 

analysis. Four loci model (p53, EPHX1 exon3, CYP1A12A and SULT1A1) was the best model 

in MDR analysis in predicting risk in AML. In conclusion, the study found complex relationship 

of gene-gene interaction between xenobiotic gene polymorphism and AL risk. 



 
TABLE OF CONTENTS 

Chapter                                                                                                   PAGE NO 

1.  Introduction         1-7 

2. Review of Literature                  8-46 

 Hematopoiesis 

Leukemia 

Epidemiology 

Etiology 

Diagnosis and classification of acute leukemia 

Immunophenotyping in Acute Leukemia 

Genetic Abnormalities in Acute leukemia 

Drug Resistance in Acute Leukemia 

Xenobiotic metabolizing (Drug metabolizing) gene polymorphism in acute leukemia  

3. Aims and objectives        47-48 

4. Confirmation of diagnosis and typing of acute leukemia using Flow Cytometer 

Introduction         49-83 

Experimental Methods 

Results 

Discussion 

5. Detection of commonly occurring genetic alteration in acute leukemia 

Introduction         84-119 

Experimental Methods 

Results 

Discussion 



6.  Study of Multidrug resistance genes in acute leukemia  

Introduction         120-145 

Experimental Methods 

Results 

Discussion 

7. Role of Xenobiotic metabolizing (Drug metabolizing) genes and p53 codon 72 

polymorphism in acute leukemia 

Introduction         146-174 

Experimental Methods 

Results 

Discussion 

8. Conclusion and future scope of work      175-179 

9. References         180-212 

10. Appendix         213-215 

11. List of Publications        216-218 

12. Brief Biography of the Candidate      219-221 

13. Brief Biography of the Supervisor      222-226 

  

 

 

 

 

 



 

List of Tables 

Table 2.1:  FAB Classification of ALL 

Table 2.2:  FAB Classification of AML 

Table 2.3:  WHO classification of myeloid neoplasms and acute leukemia 

Table 2.4:  Immunological Classification of ALL 

Table 2.5:  Immunological classification of T-Lineage ALL (EGIL classification) 

Table 2.6:  Scoring system for the definition of Biphenotypic acute leukemia (BAL) 

Table 2.7:  Prognostic factors in AML 

Table 2.8:  Prognostic factors in ALL 

Table 2.9:  Treatment Regimens for AML/APL 

Table 2.10:  Treatment Regimens for ALL 

Table 2.11:  Genes involved in different mechanism of drug resistance 

Table 4.1:  Panel of antibodies used for the diagnosis of acute leukemia 

Table 4.2:  Diagnosis of AL 

Table 4.3:  Discrepant cases of AL 

Table 4.4:  Distribution of AML cases according to FAB subtypes   

Table 4.5:  FAB distribution of B-ALL and T-ALL cases 

Table 4.6:  Clinical and hematological characteristics of 133 AML patients 

Table 4.7:  Clinical and hematological characteristics of 145 ALL patients. 

Table 4.8:  Expression of lineage specific markers and CD 34 in patients with AL  

Table 4.9:  Clinical outcome in AL patients  

Table 4.10:  Association of prognostic factors with clinical outcome in AL (CR. vs NCR) 

Table 4.11:  Detail of AL Patients 

Table 4.12:  Distribution of aberrant lymphoid marker in AML 

Table 4.13:  Aberrant expression of CD7 and CD19 in FAB subtypes of AML 

Table 4.14:  Association of the prognostic factors with lymphoid phenotype of AML  

Table 4.15:  Distribution of aberrant myeloid marker in ALL 

Table 4.16:  Aberrant expression of CD33 in FAB subtypes of ALL 

Table 4.17:  Association of the prognostic factors with myeloid phenotype (CD33) of ALL 



Table 5.1:  Cycling regime for amplification of BCR/ABL translocation 

Table 5.2:  Multiplex RT-PCR reaction volume for BCR/ABL translocation 

Table 5.3:  Sequence of Primers used in multiplex RT-PCR for BCR/ABL translocation 

Table 5.4:  Sequence of Primers used for the detection of AML/ETO and PML/RARα 

translocation 

Table 5.5:  Cycling Regime for amplification of AML/ETO and PML/RARα translocation  

Table 5.6:  PCR reaction volume for FLT3/ITD and FLT3/D835 mutation 

Table 5.7:  Reaction volume of RFLP for the detection of FLT3/D835 mutation 

Table 5.8:  Sequence of Primers used for the detection of FLT3 and NPM1 gene mutation 

Table 5.9:  Distribution of BCR/ABL isoforms in acute leukemia patients 

Table 5.10:  Clinical characteristics of B-ALL patients with BCR/ABL translocation 

Table 5.11:  Immunophenotypic characteristics of B-ALL patients with BCR/ABL 

translocation 

Table 5.12:  Immunophenotypic characteristics of AML patients positive for the translocation  

Table 5.13: Clinical characteristics of AML patients with BCR/ABL, PML/RARα and 

AML/ETO translocation  

Table 5.14:  Sequencing analysis of FLT3/ITD and FLT3/D835 mutation in AML patient 

Table 5.15:  Sequencing analysis of NPM1 mutation in AML patient  

Table 5.16:  Clinical characteristics of AML patients with FLT3/ITD and FLT3/D835 

mutation  

Table 5.17:  Clinical characteristics of AML patients with NPM1 mutations  

Table 5.18:  Immunophenotypic characteristics of AML patients with FLT3 and NPM1 

mutation 

Table 5.19:  Association of FLT3 and NPM1 mutations with translocations 

Table 6.1:  Demographic, clinical and hematological data of patients with AL 

Table 6.2:  Expression of drug resistance and apoptotic genes in acute leukemia patients 

Table 6.3:  Correlation between expression of drug resistance and apoptotic genes among 

themselves and with clinical variables in adult patients with AML 

Table 6.4:  Association between expression of the drug resistance and apoptotic genes with 

clinical features in adult patients with AML 



Table 6.5:  Correlation between expression of drug resistance and apoptotic genes among 
themselves and with clinical variables in children with AML 

Table 6.6:  Association between expression of the drug resistance and apoptotic genes with 
clinical features in children with AML 

Table 6.7:  Correlation between expression of drug resistance and apoptotic genes among 

themselves and with clinical variables in adult patients with ALL 

Table 6.8:  Association between expression of the drug resistance and apoptotic genes with 

clinical features of adult patients with ALL 

Table 6.9:  Correlation between expression of drug resistance and apoptotic genes among 

themselves and with clinical variables in children with ALL 

Table 6.10:  Association between expression of the drug resistance and apoptotic genes with 
clinical features in children with ALL 

Table 6.11:  Relationship between gene expression at diagnosis and response to induction 

chemotherapy in AML patients 

Table 6.12:  Relationship between gene expression at diagnosis and response to induction 

chemotherapy in ALL patients 

Table 7.1:  Multiplex PCR for genotyping of GSTM1 and GSTT1 polymorphism 

Table 7.2:  Detail of the single-nucleotide polymorphisms (SNPs) selected for the study 

Table 7.3:  Sequence of primers used in the study 

Table 7.4:  Standard protocol used for the RFLP experiment 

Table 7.5:  Detail of the RFLP enzymes used for each polymorphism  

 Table 7.6:  Demographic, clinical and hematological data of patients with acute leukemia 

Table 7.7:  Association of the genotypes of six xenobiotic metabolizing genes and p53 codon 

72 polymorphism with AML 

Table 7.8:  Association of the genotypes of six xenobiotic metabolizing genes and p53 codon 

72 polymorphism with ALL 

Table 7.9:  Genotype representation and associations of polymorphism under dominant and 

recessive model in acute leukemia 

Table 7.10:   Frequency distribution of the CYP1A1 and EPHX1 haplotype in AML 

Table 7.11:   Frequency distribution of the CYP1A1 and EPHX1 haplotype in ALL 

Table 7.12:  Multifactor dimensionality reduction model for gene-gene interaction in AL 

Table 7.13:  False positive report probability and Odds ratio for significant finding in ALL  



 

List of Figures 

Figure 2.1:  Hematopoiesis  

Figure 2.2:  FAB subtypes of ALL (L1, L2 and L3) 

Figure 2.3a:  FAB subtypes of AML (M0-M3) 

Figure 2.3b:  FAB subtypes of AML (M4-M7) 

Figure 2.4:  Immunophenotype of acute lymphoblastic leukemia 

Figure 2.5:  A functional collaboration model of genetic alterations leading to acute leukemia 

Figure 2.6:  Mechanisms of drug resistance 

Figure 2.7:  Overview of Xenobiotic metabolizing (Drug metabolizing) genes in cancer 

Figure 2.8:  Formation of a glutathione-S conjugate  

Figure 4.1:  Analysis for aberrant antigen expression (single color immunophenotyping) 

Figure 4.2:  Pie chart showing distribution of AL cases by FCM Immunophenotyping 

Figure 4.3:  Distribution of acute leukemia cases in children and adults 

Figure 4.4:  Age wise distribution of patients with AML, B-ALL and T-ALL  

Figure 4.5:  Immunophenotypic analysis of AML 

Figure 4.6:  Immunophenotypic analysis of B-ALL 

Figure 4.7:  Immunophenotypic analysis of T-ALL 

Figure 4.8:  Frequency distribution of aberrant phenotype in adult and childhood AL 

Figure 5.1:  Gel picture showing the integrity of RNA on 1.2% formaldehyde-agarose gel. 

Figure 5.2:  Gel picture showing the integrity of cDNA by amplification of GAPDH 

Figure 5.3:  Position of primers used in the study with respect to normal BCR and ABL 

cDNAs 

Figure 5.4:  Agarose gel picture showing quality of genomic DNA isolated from the subjects 

Figure 5.5:  Distribution of BCR/ABL Isoforms in acute leukemia patients 



Figure 5.6:  Agarose gel analysis of BCR/ABL fusion transcript showing different isoforms. 

Figure 5.7:  Agarose gel analysis of PML/RARα fusion transcript showing different isoforms. 

Figure 5.8:  Agarose gel analysis of AML/ETO translocation 

Figure 5.9:  Distribution of AML/ETO translocation in AML patients in each FAB Subtype 

Figure 5.10:  Agarose gel analysis of FLT3/ITD and FLT3/D835 mutation 

Figure 5.11A: Capillary Electrophoresis of NPM1 mutation in AML samples  

Figure 5.11B: Sequence electropherogram showing the NPM1 mutation  

Figure 5.12:  Incidence of NPM1 mutation according to age 

Figure 6.1:  Electropherogram of acute leukemia sample showing RNA quality 

Figure 6.2:  Expression level of drug resistance and apoptosis genes in adult AML patients 

Figure 6.3:  Expression level of drug resistance and apoptosis genes in adult ALL patients 

Figure 6.4:  Expression level of drug resistance and apoptosis genes in ALL children  

Figure 7.1:  Agarose gel picture showing multiplex PCR of GST polymorphism 

Figure 7.2:  Agarose gel picture showing RFLP products of GSTP1 gene 

Figure 7.3:  Agarose gel picture showing RFLP products of p53 codon 72 polymorphism 

Figure 7.4:  Agarose gel picture showing RFLP products of EPHX1 exon3 polymorphism 

Figure 7.5:  Agarose gel picture showing RFLP products of EPHX1 exon4 polymorphism 

Figure 7.6:  Agarose gel picture showing RFLP products of CYP1A12A polymorphism 

Figure 7.7:  Agarose gel picture showing RFLP products of CYP1A12C polymorphism 

Figure 7.8:  Agarose gel picture showing RFLP products of SULT1A1 polymorphism 

Figure 7.9:  Classification and regression tree (CART) model for polymorphism of xenobiotic 

metabolizing genes and p53 codon 72 gene polymorphism in AML 

Figure 7.10:  Classification and regression tree (CART) model for polymorphism of xenobiotic 

metabolizing genes and p53 codon 72 gene polymorphism in ALL 

Figure 7.11:  Interaction entropy graph for the four polymorphism of the Best model in acute 

lymphoblastic leukemia. 



 
Abbreviations 

 
α   =  Alpha 

β   =  Beta 

    =  Gamma 

μg   =  Microgram 

μl   =  Micro lit re  

AL   =  Acute Leukemia 

ALL  =  Acute Lymphocyt ic Leukemia  

AML  =  Acute Myelo id Leukemia  

AR   =  Auer Rod 

BAL  =  Biphenotypic acute leukemia  

B-ALL  =  B-cell t ype ALL 

Bcl-2  =  B-cell lymphoma protein 

BMA  =  Bone Marrow Aspirate 

BSA  =  Bovine Serum Albumin  

CALLA  =  Common ALL Ant igen or CD10 

CD   =  Cluster of different iat ion ant igen 

cDNA  =  Complementary Deoxyr ibonucleic Acid  

CL   =  Chronic Leukemia 

CLL  =  Chronic Lymphat ic Leukemia  

CML  =  Chronic Myelo id Leukemia 

CNS  =  Central Nervous System 

CR   =  Complete Remiss ion or responder  

Cyt   = Cytoplasmic  

DEPC  =  Diethyl pyrocarbonate  

DHFR  =  Dihydro fo late reductase  

DNA  =  Deoxyr ibonucleic acid  

EGIL  =  European Group for the Immuno logical Character izat ion o f  

   Leukemias 

EtBr  =  Ethidium Bromide 



FAB  =  French-American-Br it ish classificat ion 

FCM  =  Flowcytometry 

GST-pi  =  Glutathione S-t ransferase-pi 

Hb   =  Hemoglobin  

HLA  =  Human leukocyte ant igen 

HSM =  Hepatosplenomegaly 

ICC  =  Immunocytochemistry 

LAP  = Lymphadenopathy 

MDR  =  Mult i drug resistance  

mg   =  milligram 

MLAL  =  Mixed Lineage Acute Leukemia  

MPO  =  Myeloperoxidase  

mRNA  =  messenger Ribonucleic Acid  

NCR  =  No Complete Remiss ion or non responder  

NSE  =  Nonspecific Esterase Stain 

OD   =  Opt ical Densit y 

OM  =  Organomegaly 

PAS  =  Per iodic Acid Schiff  

PBMC =  Per ipheral Blood Mononuclear Cells  

PBS  =  Phosphate Buffered Saline  

PCR  =  Polymerase Chain React ion 

P-gp  =  Poly-glycoprotein  

Plt   = Platelet  

RBC  =  Red Blood Cells  
REAL  =  Revised European-American Classification of Lymphoid Neoplasms 
RNA  =  Ribonucleic acid  
RT   =  Room Temperature  
RT-PCR  =  Reverse Transcr iptase- Po lymerase Chain React ion 
SCT  =  Stem Cell Transplantat ion 
T-ALL  =  T-cell t ype ALL 
WBC  =  White Blood Cell  
WHO  =  World Health Organizat ion 



 
 

 

 

Chapter 1 

Introduction 

 
 

 

 

 

 

 

 



Introduction 
 

1 
 

  

Chapter 1 

Introduction 
The acute leukemia (AL) represents a heterogeneous group of neoplasm affecting 

uncommitted or partially committed hematopoietic stem cells. AL are broadly divided 

into non lymphocytic (commonly known as myeloid) and lymphoid categories based on 

cell of origin [Haase et al., 1995]. AL is the most common malignant disease 

representing 30% of all childhood malignancies [SEER, 2000]. Acute lymphoblastic 

leukemia (ALL) accounts for 75–80% while acute myeloid leukemia (AML) for 15–20% 

of all newly diagnosed childhood leukemia cases [Pui et al., 1993]. The incidence of 

AML progressively increases with age and in adults it accounts for approximately 80% of 

AL cases [Bhatia and Neglia, 1995]. AML accounts for 25 percent of all leukemias of 

adults in the Western world, with the highest incidence rates occurring in the United 

States, Australia and Europe [Deschler and Lubbert, 2006]. The diagnosis and 

classification of AL is based on standard morphologic criteria best represented by the 

FAB (French-American-British) criteria that were developed by an international group of 

investigators in 1976. FAB criteria is based on Romanowsky-stained blast morphology 

and cytochemical stains [Bennett et al., 1976]. FAB group has divided ALL into three 

groups from L1 to L3 and AML into eight groups from M0 to M7. Immunophenotyping 

(i.e. flowcytometric analysis of differentiation-associated molecule expression) analysis 

plays a central role especially in separating between minimally differentiated AML and 

ALL [Jaffe et al., 2001]. Immunophenotyping is now part of the standard assessment of 

AL, supplementing morphologic diagnosis and allowing subtyping. 

The genetic alterations associated with the development of AL require collaboration of 

class I mutation of constitutively activated protein tyrosine kinase such as BCR/ABL and 

FLT3/ITD mutation with Class II mutation of transcription factors such as AML/ETO, 

PML/RARα [Gilliland and Griffin 2002]. The class I mutations activate tyrosine kinase 

signaling pathways and confers a proliferation advantage on hematopoietic cells while 

class II inhibit differentiation process [Deguchi and Gilliland, 2002]. The class II 

mutations comprise gene rearrangements affecting transcriptional regulators include 
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mainly recurrent translocation such as such as t(8;21), inv(16) and t(15; 17), which 

generate fusion transcripts of AML/ETO, CBFb/MYH11 and PML/RARa [Gilliland et 

al., 2004; Mrozek et al., 2004]. These chromosomal translocations constitute an 

important parameter to identify prognostically relevant subgroups in AL. Many of these 

genes encode for transcription factors which are critical regulators for the differentiation 

program of hematopoietic stem and progenitor cells. The recurrent translocation t(8;21) 

juxtaposes the AML1 gene on 21q22 with the ETO gene on 8q22 resulting in the 

production of a chimeric AML/ETO mRNA and protein. Transcription factor acute 

myelogenous leukemia (AML1) is a key regulator of hematopoiesisis and the most 

frequent target of chromosomal translocations in AML [Okuda et al., 1996]. Another 

recurrent translocation t(15;17) that is PML/RARα inhibits the function of RARα by a 

dominant negative effect through recruiting the co-repressor complex, in a manner 

similar to the AML/ETO fusion gene [Frohling et al., 2005]. PML-RARα fusion protein 

has a negative dominant function in the retinoic pathway, important in myeloid 

differentiation arrest and apoptosis inhibition [Grignani et al., 1993]. The 

t(9;22)(q34;q11) translocation which results from a rearrangement between the c-ABL 

protooncogene (on chromosome 9) and the BCR gene (on chromosome 22) was the first 

consistent chromosomal abnormality in any malignant disease also  known as 

Philadelphia or Ph chromosome. This translocation generates BCR/ABL fusion protein 

with an enhanced tyrosine kinase activity. It is involved in the malignant transformation 

of hematopoietic cells, by enhancing proliferation, reducing apoptosis, and deregulating 

cell adhesion [Melo and Deininger, 2004].  

Proliferation and survival of hematopoietic progenitor cells is regulated by growth factor 

receptors and their signaling intermediates. The most studied receptors with intrinsic 

tyrosine kinase activity in progenitor cells include receptors for SCF (stem cell factor), 

FLT3 and c-KIT respectively. FLT3 (Fms-like tyrosine kinase3, also designated Flk-2 or 

STK-1) is predominantly, but not exclusively, expressed in hematopoietic tissues. FLT3 

may be the single most commonly mutated gene in AML [Gilliland and Griffin 2002]. 

The FLT3/ITD mutation was characterized first time by Nakao et al., [1996]. The 

mutation is thought to cause constitutive activation of the receptor although the 
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mechanism remains unknown. Another most common mutation found in AML is exon 12 

of nucleophosmin (NPM1) gene that interferes with cell cycle regulation [Falini et al., 

2005]. NPM1 is a nucleus-cytoplasm shuttling protein that is prominently present in 

Nucleoli [Nishimura et al., 2002]. The most common NPM1 mutation is 4–base pair 

duplication, 956dupTCTG in exon 12 (called type A), that causes a shift in the reading 

frame in the C-terminal portion of nucleophosmin. Thiede et al., [2006] provided 

evidence that NPM1 mutations usually precede the acquisition of FLT3-ITDs, suggesting 

that NPM1 mutations might constitute a primary event in leukemogenesis. Besides their 

role as pathogenetic events, these genetic alterations of acute myeloid leukemia (AML) 

are known to be major determinants of patient response to therapy and outcome [Cheson 

et al., 2003]. 

The standard treatment regimen for AL includes chemotherapy with combination of 

different anti-cancer drugs depending on the leukemia subtype. The standard approaches 

to the treatment of AML have been predominantly based on cytarabine and 

anthracyclines. Yet, the outcomes associated with AML continue to be poor, 20% to 40% 

of patients do not achieve remission with the standard induction chemotherapy, and 50% 

to 70% of first complete remission patients are expected to relapse within 3 years [Robak 

and Wierzbowska, 2009]. Failed induction in patients with AL is commonly due to an 

inherent or acquired drug resistance because of autonomous proliferation or defects in 

mechanisms that trigger apoptosis. Drug resistance is a major obstacle in the successful 

treatment and an important cause of death in AL. Such resistance may be present before 

beginning treatment or may develop during chemotherapy. Drug resistance that extends 

to structurally and functionally unrelated drugs is termed as multidrug resistance (MDR). 

Drug resistance in leukemias frequently involves over expression of ABC transport 

proteins P-glycoprotein (Pgp), or the multidrug resistant related protein (MRP), which 

provides tumor cells with the capacity of resisting lethal doses by actively pumping drugs 

out from the inner cell environment. Several molecular biological mechanisms have been 

identified as being associated with MDR [McKenna et al., 1997]. PGP (P-glycoprotein), 

product of the multidrug resistance-1 gene (MDR1) is a transmembrane glycoprotein 

conferring cross-resistance to a variety of mechanistically and structurally unrelated 
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cytotoxic drugs, such as anthracyclines, taxanes, vinca alkaloids and epipodophyllotoxins 

[Chauncey 2001]. Another protein, the multidrug resistant related protein (MRP1), is 

structurally similar to PGP and belongs to the same transmembrane transporter super 

family also confers in vitro resistance to a wide range of anticancer drugs, such as 

anthracyclines, vincristine and epipodophyllotoxins [Lockhart et al., 2003]. In addition to 

these two proteins, a 110 kDa protein has been identified in a PGP-negative MDR lung 

cancer cell line. This protein was termed the lung resistance protein (LRP) and acts as a 

major vault protein in humans [Scheper et al., 1993].  

Despite the identification of these drug resistant proteins, genes involved in apoptosis 

also play an important role in cellular resistance. Since chemotherapeutic modalities kill 

leukemic cells primarily through apoptosis therefore altered expressions of p53 and BCL-

2 genes in the apoptotic pathway might also contribute to drug resistance [Jia et al., 

1999]. Another protein, Survivin, member of inhibitor of apoptosis protein (IAP) family, 

inhibits apoptosis through a pathway different from the BCL-2 family. Survivin is 

uniformly expressed in cancer, but not in normal cells [Velculescu et al., 1999]. Survivin 

is associated with poor response to chemotherapy in solid tumors but its role in AL is still 

not clear [Adida et al., 1998].  

The etiology of AL appears to be multifactorial and the exposure to benzene, ionizing 

radiation, and cytotoxic therapy has been implicated as the risk factors in the 

pathogenesis of AL [Nordlinder and Jarvholm 1997]. Although any two unrelated 

individual share about 99.9% of their DNA sequences, the remaining 0.1% of their DNA 

sequence is important because it determines individual susceptibility towards 

environmental exposure that may cause or contribute to the disease. This inter-individual 

variation is partly due to genetic polymorphisms in genes encoding enzymes involved in 

xenobiotic and drug metabolism which have the potential to modulate the function of 

encoded proteins. The metabolism of xenobiotic compounds is divided into two phases. 

Phase I enzymes, including Cytochrome P450 (CYP) and microsomal Epoxide Hydrolase 

(mEH), activate several compounds to form genotoxic electrophilic intermediates. 

Activated metabolites are then, in part, detoxified by phase II enzymes, such as 

glutathione S-transferase (GST), N-acetyltransferase (NAT) and Sulfotransferase (SULT) 
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[Garte et al., 2001]. The activity of Phase II enzymes is important since the activated 

metabolites may react with macromolecules like DNA, RNA and protein forming adducts 

[McCarver and Hines 2002; Castell et al., 2005]. Further, p53 mutations have also been 

associated with reduced repair and enhanced cytotoxicity in cell damaged by these 

adducts [Wani et al., 2000].  A single polymorphism in exon4 Arg72Pro codon has been 

suggested to modulate p53-dependent apoptosis and modify sensitivity to 

chemotherapeutic agents [Toyama et al., 2007]. The coordinated expression and 

regulation of phase I and II enzymes determines the outcome of the carcinogen exposure. 

In addition, interaction of polymorphisms in p53 gene with various phase I and phase II 

enzymes may also enhance the risk of leukemia.  

 The 2001 World Health Organization (WHO) classification of myeloid neoplasm is 

based on genetic criteria [Jaffe et al., 2001]. In the 2008 WHO classification, the category 

of “AML with recurrent genetic abnormalities,” which includes the genetically best 

defined myeloid neoplasms, underwent major changes [Arber et al., 2008]. This group 

was characterized by recurrent genetic abnormalities of prognostic significance such as 

AML with t(8;21)(q22;q22), AML with abnormal eosinophils and inv(16)(p13;q22) or 

t(16;16)(p13;q11), AML with 11q23 mixed-lineage leukemia abnormalities, and APL 

with t(15;17)(q22;q11-12). In 2008 WHO classification, provisional categories for 

inclusion of molecular markers such as mutations of NPM1, FLT3 and CEBPA, in AML 

have also been incorporated. Among molecular mutations, NPM1 mutation is the most 

frequent genetic lesions described in adult de novo AML with normal karyotype, 

compared to FLT3 (20-25%), CEBPA (15%) and MLL-PTD (5-10%). Most of these 

molecular mutations occur in cytogenetically normal AML and have been confirmed to 

be an important prognostic factor. Many studies have confirmed that mutation in FLT3 

gene confer adverse prognosis in AML [Thiede et al., 2006; Colovic et al., 2007]. In 

contrast to this AML patients with NPM1 mutations usually show an exquisite response 

to induction therapy [Falini et al., 2005]. Unless a concomitant FLT3-ITD mutation is 

present, prognosis is favorable [Schlenk et al., 2008], resembling that of AML with 

t(8;21) or inv(16). These features appear to be independent of concomitant chromosomal 

aberrations [Haferlach et al., 2009]. 
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Gap in Existing Research 

Genetic changes including chromosomal translocation and gene mutations constitute an 

important parameter in identification of prognostically relevant subgroups in AL. 

Recurrent translocation that are commonly found in AL are t(8;21), the t(15;17) and the 

t(9;22), which typically lead to the formation of fusion genes and their expression as 

chimeric transcripts that encode proteins with oncogenic potential. Although there are 

convincing data that these fusion genes alone are not sufficient to cause AL, but do 

contribute to impaired differentiation of hematopoietic cells. For example, the AML/ETO 

and PML/RARα fusion proteins are dominant-negative inhibitors of core binding factor 

and RARα, which are required for normal hematopoietic development. The intensive 

molecular investigation in recent years has described variety of new molecular mutation 

which play an important role in molecular diagnostics and estimation of prognosis in 

acute myeloid leukemia [Buzzai et al., 2008; Schlenk et al., 2009]. The majority of 

genetic studies in pediatric and adult AML have shown that mutations in the FLT3 and 

NPM1 gene are common events in AML. Studies particularly in Indian population, taking 

into account the incidence and prognostic impact of these newly described genetic events 

in AL patients are warranted. Cellular drug resistance could be a mechanism for the poor 

clinical outcome of genetic rearrangements like BCR/ABL, FLT3/ITD mutation. Drug 

efflux by ATP-binding cassette (ABC) genes and activation of anti-apoptotic genes are 

the two mechanisms primarily involved. Despite extensive investigation into mechanisms 

of drug resistance in AML, the etiology of therapeutic resistance is unclear. Further 

clinical studies need to carried out to relate drug resistance gene with genetic alterations 

as association of genetic alterations (FLT3 mutation and BCR/ABL translocation) with 

multidrug resistance gene expression is still not clear. 

Genetic polymorphisms that affect chemotherapy in AL include variants of Phase 1 

metabolizing genes (CYP, EPHX) and Phase 2 metabolism (GST, SULT).  These 

variants might contribute to overall drug efficacy in patients. Drug/Xenobiotic 

metabolizing genes may influence predisposition or prognosis of AL patients. The 
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genetic polymorphism underlying the variation in enzyme activity can modify 

susceptibility to leukemia, probably by influencing the activation and removal of 

toxicants or drugs. Although single nucleotide polymorphism (SNP) in Phase I and Phase 

II drug metabolizing genes have been studied extensively with the risk of AL, however, 

majority of these molecular epidemiological studies consider only the main effects of 

these SNPs and their observed strength of associations could be challenged by penetrance 

of the genetic variant. For a complex disease like AL, single gene association studies 

provide limited information compared to multigenic approaches in predicting risk. 

Therefore, a high order gene-gene interaction in multigenic approach may help in more 

precise delineation of the risk groups of the disease. 

Thus, the proposed study was undertaken keeping with following aims: 

1. Confirmation of diagnosis and typing of acute leukemia by Flow Cytometry 

immunophenotyping. 

2. Detection of commonly occurring genetic alterations (chromosomal translocation 

and gene mutations) in acute leukemia.  

3. To evaluate the expression of Multidrug resistance genes (MDR, MRP, LRP and 

BCRP) and their correlation with genetic alteration present in acute leukemia. 

4. To study the role of Xenobiotic metabolizing (Drug metabolizing) genes and p53 

codon 72 polymorphism in acute leukemia. 

 

 



 

 

 

 

Chapter 2 

Review of Literature 

  



  Review of Literature 

8 

 

 

Chapter 2 

Review of Literature 

Hematopoiesis 

Hematopoiesis includes the formation and development of blood cells which is initiated by a 

small fraction of multipotent hematopoietic stem cells (HSCs). HSCs are located in the bone 

marrow and they have a capability for self-renewal. HSC can be distinguished by the lack of 

lineage markers and presence of CD133 (Human cells: Lin-CD133+) or c-kit or sca-1 (murine 

cells; Lin-Ska+Kit+) [Wognum et al., 2003]. The self renewal ability of the HSCs maintains the 

stem cell pool and supplies cells for multilineage hematopoiesis during the entire lifespan of the 

individual. During the process of hematopoiesis HSCs differentiate into long and short term-

HSCs and subsequently into common lymphoid and myeloid progenitors [Akashi et al., 2000]. 

The common myeloid progenitors differentiates into granulocyte–macrophage progenitors 

(GMP) which in turn produce monocytes, macrophages and granulocytes, and megakaryocyte-

erythroid progenitors (MEP) which differentiate into megakaryocytes, platelets and erythrocytes 

[Akashi et al., 2000]. Furthermore, the common lymphoid progenitors differentiate into mature T 

and B cells [Akashi et al., 1999]. Hematopoiesis is highly controlled by intrinsic mechanisms 

such as the expression of transcription factors or epigenetic modifications, and extrinsic 

mechanisms like growth factors, cytokines and the microenvironment or stem cell niche 

[Metcalf, 1998]. The balance between these mechanisms determines whether cells remain 

quiescent, proliferate, differentiate, self-renew or undergo apoptosis. In normal conditions, the 

progenitors mature into several types of specialized cells to execute their function in immunity, 

coagulation or transport of molecules. During life cycle, cell may acquire genetic damage caused 

by internal or external foreign substances and these genetically damaged immature blasts may 

fill up the bone marrow and displace normal hematopoietic cells (Figure 2.1). 
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Figure 2.1: Hematopoiesis (Adapted from Adolfsson et al., 2005) 

Leukemia 

Leukemia is a progressive, neoplastic disease of the hematopoietic system characterized by 

unregulated proliferation of uncommitted or partially committed stem cells. It includes a 

heterogeneous group of neoplasms that differ with respect to aggressiveness, cell of origin, 

clinical features, and response to therapy. Leukemia’s are divided into two broad categories that 

are based on the cell involved (myeloid or lymphoid) and disease aggressiveness (either acute or 

chronic). Acute leukemia (AL) is malignant disorders of bone marrow hematopoietic precursors. 

AL is broadly divided into acute myeloid leukemia (AML) and acute lymphoid leukemia (ALL) 

based on cell of origin [Haase et al., 1995]. In most acute leukemias, the malignant 

transformation is believed to occur in hematopoietic ‘sleepers’ or inactive multipotent stem or 

early progenitor cells with the capacity of lineage differentiation (Helleberg et al., 1997). The 
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hallmark of these diseases is the leukemic blast cells, which ultimately interfere with normal 

bone marrow elements necessary for survival. 

 

Epidemiology 

Worldwide: Leukemias are the 9th most common cancer in men and 10th in women and 

constitute 3% of the total global cancer burden excluding non-melanoma skin cancer [Ferlay et 

al. 2008]. The overall age-adjusted incidence rate for leukemia is 5.0 per 100,000 worldwide. 

The incidence rates were higher in Australia/New Zealand (10.0) followed by North America 

(9.8) and lowest in Africa (2.7) [Ferlay et al. 2008]. In United States, It is estimated that 44,600 

men and women (25,320 men and 19,280 women) were diagnosed with and 21,780 men and 

women died of leukemia in 2011 [Howlader et al., 2011].  The overall age-adjusted incidence 

rate for leukemia was 12.5 per 100,000 men and women per year in United States.  The age-

adjusted incidence rate for ALL and AML was 1.7 and 3.5 per 100,000 men and women per year 

based on the cases diagnosed in 2004-2008. AML accounts for 25 percent of all leukemias and 

80% of acute leukemia in adults in the Western world, with the highest incidence rates occurring 

in the United States, Australia and Europe than Asia and Latin America [Deschler and Lubbert, 

2006; Ries et al., 2006; Yamamoto et al., 2008]. The highest rate of childhood AML is in Asia 

and the lowest in N.America and India [Miller et al., 2000].  For children, ALL accounts for 73% 

of all leukemias diagnosed [Xie et al., 2003].   

 

India: In the developing countries, including India, the incidence rate of leukemia are 3 to 4 per 

100,000 [Ferlay et al. 2008]. In India, myeloid leukemias were more common than lymphoid 

leukemias. For myeloid leukemias, Aizawal district showed the highest AAR (5.6) followed by 

Mizoram state (3.2), Imphal (3.0) and Delhi (2.7) in males. For females, Imphal west district 

(2.7) registered the highest AAR followed by Thiruvanthapurum (2.3) and Ahmadabad urban 

(2.1) [ICMR 2010]. In Delhi, leukemia accounts for approximately 5% of all cancers. Male to 

Female ratio was higher in lymphoid leukemias (2.48) than myeloid leukemias (1.61).  In 

patients, below 14 years of age, lymphoid leukemia is the most common childhood cancer 

accounting for 42% of all cancers. In adult, myeloid leukemia is more common than lymphoid 

constituting 63% of all leukemias (ICMR 2010). 
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Etiology 

The exact cause of leukemia is unknown despite many advances in the treatment, but damage to 

the DNA of hematopoietic stem cells is a key event. Epidemiologic studies of AL have examined 

possible risk factors, including genetic, infectious and environmental, in an attempt to determine 

its etiology. The environmental risk factors include ionizing radiation [Infante-Rivard et al., 

2000; Mahoney et al., 2004], non-ionizing radiation, chemical, pesticides [Bhatia et al., 1995; 

Zahm et al., 1999; Glass et al., 2003], alcohol use [Pogoda et al., 2004], cigarette smoking 

[Pogoda et al., 2002] and illicit drug use. Most environmental risk factors have been found to be 

weakly and inconsistently associated with either form of AL. Chemotherapeutic drugs 

(alkylating agents and topoisomerase inhibitors) used to treat cancers such as breast cancer, or 

lymphomas are also associated with an increased risk of Leukemia [Traweek et al., 1996]. There 

are a number of well-known risk factors that are established causes while others are presumed 

causes of leukemia [Zipursky et al., 1992; Deschler et al., 2006; O'Connor et al., 2007].  

 

Diagnosis and classification of acute leukemia (AL) 

The standard methods for establishing the diagnosis of acute leukemia are cytomorphology and 

cytochemistry in combination with multiparameter immunophenotyping. Cytogenetics, 

fluorescence in situ hybridization, and PCR-based assays add important information regarding 

biologically defined and prognostically relevant subgroups, and allow a comprehensive diagnosis 

of well-defined subentities. Therefore, the definitive diagnosis of AL requires demonstration of 

three diagnostic components: 

 The presence of more than 30% (the older The French-American-British (FAB) standard, 

Bennett et al., 1976 & 1985) or 20% (the newer WHO standard, Harris et al., 1999) 

leukemic blasts in a bone marrow aspirate. 

 The detection of myeloid or lymphoid differentiation marker either by cytochemistry or 

by analysis of surface antigen markers by flow cytometry. 

 Sub-classification according to (i) the FAB that is based on morphology and 

histochemistry; or a more detailed classification based on morphological characteristics 

together with clinical history (de novo or secondary leukemia) and genetic analysis in 

accordance with the new WHO classification. 
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Morphology 

Acute leukemia is broadly divided into acute myeloid leukemia (AML) and acute lymphoid 

leukemia (ALL). According to the morphological FAB classification, AML can be divided into 

eight subtypes (M0-M7) and ALL into three categories (L1, L2, and L3) [Bennett et al., 1976 & 

1985]. The subtypes differ with respect to the myeloid and lymphoid lineage involved and the 

degree of leukemic cell differentiation. This FAB system was based solely on morphological and 

cytochemical findings. 

 

FAB Classification of ALL  

The presence and size of nucleoli, nuclear-cytoplasmic ratio, irregularity of nuclear membrane, 

and size of the leukemic blasts are the criteria used to distinguish between L1 and L2 (Table 2.1). 

L1 accounts for over 80% of ALL cases in childhood and 30% in adults while L2 is the most 

frequent ALL found in adults. L3-ALL, also called Burkitt’s leukemia, makes up 3% to 5% of 

ALL cases in children and young adults and has nearly always a mature B-cell 

immunophenotype. In the contemporary ALL protocols lymphoblast L1/L2 morphology is not 

used for treatment stratification (Figure 2.2). 

 

Table 2.1: FAB Classification of ALL 

Morphological Features 
Subtypes of ALL 

L1 L2 L3 

Cell size Small Large Large 

Nuclear chromatin Fine or clumped Fine Fine 

Nuclear shape 
Regular, may have 

cleft or indentation 

Irregular, may have 

cleft or indentation 
Regular, oval to round 

Nucleoli 
Indistinct or  not 

visible 

1 or more/cell; large, 

prominent 

1 or more/cell; large, 

prominent 

Amount of cytoplasm Scanty Moderately abundant Moderately abundant 

Cytoplasmic basophilia Slight Slight Prominent 

Cytoplasmic vacuoles Variable Variable Prominent 

PAS stain + ± + 
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FAB Classification of AML 

According to the morphological FAB classification, AML can be divided into eight subtypes 

(M0-M7) (Figure 2.3 a & b). The subtypes differ with respect to the myeloid lineage involved 

(e.g., granulocytic, monocytic, erythrocytic, megakaryocytic) and the degree of leukemic cell 

differentiation as shown in the (Table 2.2). 

  

Table 2.2: FAB Classification of AML 

 

Subtypes of AML Morphological Features AR* MPO/ 
SBB 

M0 (AML minimally 

differentiated) 
>30% myeloblasts without granules - - 

M1(AML without 

maturation) 

>30% myeloblasts, with or without granules. <10% 

show maturation beyond blast stage. 
± + 

M2 (AML with maturation) 
>30% myeloblasts with granule >10% promyelocytes 

or mature cells; < 20% monocytic cells  
+ + 

M3(Acute promyelocytic 

leukemia) 

>30% myeloblasts and promyelocytes with 

prominent granules 
+ + 

M4 (Acute myelomonocytic 

leukemia) 

Myeloblasts, monoblasts & promyelocytes >30% 

marrow cells: moncytic cells >20% 
± + 

M5a (Acute monoblastic 

leukemia without 

differentiation) 

>80% monocytic cells; >80% monoblasts - - 

M5b (Acute monoblastic 

leukemia with differentiation) 

>80% monocytic cells with monblast, promoncytes 

(predominant), monocytes, 
± - 

M6 (Acute erythroleukemia) 
Megaloblastic erythroid precursors >50%; 

myeloblasts >30% 
+ + 

M7 (Acute megakaryocytic 

leukemia) 

Megakaryoblasts, lymphoid morphology 

(L1,L2,M1), cytoplasmic budding 
- - 

*AR: Auer Rod , MPO/SBB= Myeloperoxidase/Sudan Black B 
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Cytochemistry 

Cytochemistry in hematology refers to the staining methods used to identify the chemical 

composition of cells without significantly altering the cell morphology. Most cellular 

cytochemical markers are organelle-associated enzymes and other proteins. Cytochemical 

staining reactions are of two types: 1. Enzymatic: e.g. Myeloperoxidase (MPO), 2. Non 

enzymatic: e.g. Sudan black (Stains lipids) PAS (stains glycogen). 

 

ALL:  Lymphoblasts are negative for myeloperoxidase and Sudan Black-B, but may react with 

periodic acid Schiff (PAS) or non-specific esterase. The PAS positivity is defined by the 

presence of blocks or coarse granules in 5% or more of the lymphoblasts. The sensitivity of a 

cytochemical staining combination by PAS positivity and myeloperoxidase (MPO), Sudan Black 

B and alpha-naphthyl butyrate esterase negativity in defining cases of lymphoblastic leukemia is 

approximately 50%; however the specificity of this combination of lymphoblastic leukemia is 

100%. A positive PAS stain, in combination with negative myeloproxidase, Sudan Black B and 

alpha-naphthyl butyrate esterase stains, continues to have a diagnostic role in the distinction 

between lymphoid and myeloid leukemia. 

AML: Cytochemistry and light microscopy (primarily Wright-Giemsa or May-Grünwald-

Giemsa staining) is the principle method for the diagnosis and FAB-subclassification of AML 

[Smith et al., 2004]. For diagnosis, all cases of AML, except M0 must stain positive for MPO 

and Sudan Black. MPO is an enzyme present in the primary and secondary granules of 

granulocytes and their precursors- metamyelocyte, myelocyte promyelocyte and myeloblast. 

Monoblasts, monocytes and lymphoblasts are negative. Therefore, MPO positivity is a 

paramount feature of AML. It is done side by side with a Romanowsky stain. Sudan Black B 

stains lipid membranes of the granules, which contain enzyme myeloperoxidase. SBB also stains 

the cells of myeloid series. Other stains that can be briefly mentioned are non-specific esterase 

(AML-M2, M4 or M5) and chloroacetate esterase (late myeloblast and early promyelocyte stage 

AML-M3) [Smith et al., 2004]. 
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Figure 2.2: FAB subtypes of ALL (L1, L2 and L3) 
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Figure 2.3a: FAB subtypes of AML (M0-M3) 
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Figure 2.3b: FAB subtypes of AML (M4-M7) 
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World Health Organization (WHO) Classification of Acute Leukemia (AL) 

The discovery of new genetic aberrations, predicting clinical behavior and outcome, necessitated 

the development of a new classification scheme. The World Health Organization (WHO) 

classification modifies the FAB classification and takes into account of morphologic, 

immunophenotypic, genetic and clinical features in an attempt to define entities that are 

biologically homogenous and that have clinical relevance [Jaffe et al., 2001]. The WHO 

classification is based on the principles defined in the “Revised European-American 

Classification of Lymphoid Neoplasms” (REAL) classification originally published by the 

International Lymphoma Study Group (ILSG) in 1994 [Harris et al., 1994]. Recently, a revised 

classification has been published to incorporate new scientific and clinical information to refine 

diagnostic criteria for previously described neoplasms and to introduce newly recognized disease 

entities [Arber et al., 2008]. The WHO classification is summarized in Table 2.3. 
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Table 2.3: WHO classification of myeloid neoplasms and acute leukemia   

WHO Classification Description 

AML with recurrent 

genetic abnormalities 

 AML with t(8;21)(q22;q22); RUNX1-RUNX1T1 

 AML with inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11 

 APL with t(15;17)(q22;q12); PML-RARA 

 AML with t(9;11)(p22;q23); MLLT3-MLL 

 AML with t(6;9)(p23;q34); DEK-NUP214 

 AML with inv(3)(q21q26.2) or t(3;3)(q21;q26.2); RPN1-EVI1 

 AML (megakaryoblastic) with t(1;22)(p13;q13); RBM15-MKL1 

 Provisional entity: AML with mutated NPM1 

 Provisional entity: AML with mutated CEBPA 

Acute myeloid leukemia 

with myelodysplasia-

related changes 

 Following a myelodysplastic syndrome or myeloproliferative 

disorder or without antecedent myelodysplastic syndrome 

Therapy-related 

myeloid neoplasms  

 Alkylating agent-related  

 Topoisomerase type II inhibitor-related  

 Other types 

AML not otherwise 

categorized 

 AML with minimal differentiation 

 AML without maturation 

 AML with maturation 

 Acute myelomonocytic leukemia 

 Acute monoblastic/monocytic leukemia 

 Acute erythroid leukemia 

 Pure erythroid leukemia 

 Erythroleukemia, erythroid/myeloid 

 Acute megakaryoblastic leukemia 

 Acute basophilic leukemia 

 Acute panmyelosis with myelofibrosis 

 Myeloid sarcoma 
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Table 2.3: WHO classification of myeloid neoplasms and acute leukemia (continued) 

WHO Classification Description 

Acute leukemias of 

ambiguous lineage 

 Acute undifferentiated leukemia 

 Mixed phenotype acute leukemia with t(9;22)(q34;q11.2); BCR-ABL1 

 Mixed phenotype acute leukemia with t(v;11q23); MLL rearranged 

 Mixed phenotype acute leukemia, B-myeloid, NOS 

 Mixed phenotype acute leukemia, T-myeloid, NOS 

 Provisional entity: natural killer (NK) cell lymphoblastic 

leukemia/lymphoma 

B lymphoblastic 

leukemia/lymphoma 

 B lymphoblastic leukemia/lymphoma, NOS 

 B lymphoblastic leukemia/lymphoma with recurrent genetic 

abnormalities 

 B lymphoblastic leukemia/lymphoma with t(9;22)(q34;q11.2);BCR-ABL  

 B lymphoblastic leukemia/lymphoma with t(v;11q23);MLL rearranged 

 B lymphoblastic leukemia/lymphoma with t(12;21)(p13;q22) TEL-

AML1 (ETV6-RUNX1) 

 B lymphoblastic leukemia/lymphoma with hyperdiploidy 

 B lymphoblastic leukemia/lymphoma with hypodiploidy 

 B lymphoblastic leukemia/lymphoma with t(5;14)(q31;q32) IL3-IGH 

 B lymphoblastic leukemia/lymphoma with (1;19)(q23;p13.3);TCF3-

PBX1 

T lymphoblastic 

leukemia/lymphoma 

 

 

Immunophenotyping in Acute Leukemia (AL) 

Immunophenotyping (i.e. flowcytometric analysis of differentiation-associated molecule 

expression) analysis plays a central role especially in separating between minimally 

differentiated AML and ALL [Jaffe et al., 2001]. Immunophenotyping is generally performed by 
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flow cytometry, but also by immunohistochemistry on slides, and the value of particular markers 

may differ depending on the technique. The goal of immunophenotyping is the identification and 

phenotypic characterization of blast cells. Advances in flow cytometry technology and 

availability of commercially produced monoclonal antibodies directed against hematopoietic and 

lymphoid cell antigens have opened new horizons for the diagnosis and classification of AL. 

 

Immunophenotyping in ALL 

ALL were the first group of hematological malignancies in which immunophenotyping proved to 

be clinically useful. ALL is initially divided into B and T lineage with the B lineage further 

subdivided into B cell, pre B cell and early B-precursor types [Pui et al., 1993] (Table 2.4).The 

immunologic classification of ALL is presented in Figure 2.4.  
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Figure 2.4: Immunophenotype of acute lymphoblastic leukemia 

B-ALL: First B-cell associated antigens to be expressed after commitment of an early CD34 

positive hematopoietic precursor into the B-lymphoid lineage are CD22, CD10, and CD19 (on 

the cell membrane), nTdt, and cytoplasmic CD79a (cCD79a). The leukemic cells of early pre-B 

ALL always express CD19. Almost all cases have cytoplasmic CD22 and CD79a; weak surface 

CD22 expression is also evident in many cases. Usually rearrangements of the MLL gene 
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resulting from the t(4;11), t(11;19), or t(9;11) chromosomal translocations are characteristics of 

this subgroup [Pui et al., 1993]. About 25% of newly diagnosed cases of ALL have a pre-B 

immunophenotype [Pui et al., 1993]. In Pre-B ALL, cells expresse CD19, CD22 and CD79a and 

in addition accumulate cytoplasmic immunoglobulin µ heavy chains but no detectable surface 

immunoglobulins. 20 to 25% cases of Pre B-ALL have either the t(1;19)(q23;p13) or the 

der(19)t(1;19)(q23;p13) translocation and such cases require more intensive treatment [Pui et al., 

1994]. Leukemic cells that express both cytoplasmic and surface immunoglobulin µ heavy 

chains without k or λ light chains have been designated transitional pre-B ALL [Koehler et al., 

1993]. There is no characteristic chromosomal abnormality for this subgroup of ALL. Mature B-

cell ALL represents 2 to 5% of all and is equivalent to Burkitts lymphoma in leukemic phase. 

The phenotype shows B-lineage antigens CD19, CD20, CD22 and CD24 with bright clonal sIg 

most often IgM. The FAB-L3 subtype commonly belongs to this group. Often these cases 

represent the leukemic phase of the Burkitt lymphoma. The hallmark of this subset of B-cell 

ALL is the presence of a reciprocal translocation which include t(8;14)(q24;q32), t(2;8)(p12;q24) 

and t(8;22)(q24;q11), involve rearrangements of the C-myc gene. 

Table 2.4: Immunological Classification of ALL 

Category Cell Markers 

TdT HLADR CD19 CD20 CD10 Cμ* sIg# CD7 CD2 
Early B-precursor ALL + + + - - - - - - 
Common ALL + + + - + - - - - 
Pre-B-ALL + + + + + + - - - 
B-ALL - + + + ± ± + - - 
Early T-precursor ALL + - - - - - - + - 
T-ALL + - - - ± - - + + 

*Cytoplasmic mu heavy chain # Surface Ig (with kappa or lambda light chain restriction) 
 

T-cell: T-lineage ALL are much less frequent than B-lineage ALL. T-lineage ALL cells have 

surface CD7 and cytoplasmic CD3 (cCD3) antigens. More than 90% of T lymphoblasts express 

CD2, CD5, and TdT. T-ALLs also shows expression of CD1, HLA-DR, and TdT. Like precursor 

B ALL, T-ALL is also divided into four groups [Bene et al., 1995]: pro-T (or TI), pre-T (or TII), 
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cortical or (TIII), and mature (or TIV) ALL (Table 2.5). Pro-T ALL typically shows 

coexpression of two early T-cell markers CD7 and cCD3 in the absence of other T-cell-

associated antigens. Pre-T ALL shows expression of surface CD2, CD5, and CD8 besides CD7 

and cCD3. Precursor T-cell phenotype is found in about 15% to 20% of ALLs and usually has 

L2 morphology. Some precursor T-cell ALLs also show CD10 expression and tend to exhibit L2 

rather than L1 morphology [Consolin et al., 1998]. In cortical-T ALL leukemic cells shows 

reactivity for CD1a. The T-IV/mature T-ALL phenotype (sCD3+, CD1a-, CD4-, or CD8-) is 

more often observed among patients presenting with T-lymphoblastic lymphomas than a pure T-

ALL. Among all subtype of T-ALL, T-III ALL is the more frequent ones. In both T-III and T-IV 

T-ALL, surface expression of CD3 may be associated with expression of TCR of either the  

 TCRα/β or TCRγ/δ type. 

 

Table 2.5: Immunological classification of T-Lineage ALL (EGIL classification) 

 

 

 

 

 

 

Immunophenotyping in AML 

Immunophenotypic studies are not as useful in AML as they are in ALL. The identification of 

recurrent genetic abnormalities has assumed more priority than immunophenotyping in AML. 

However, flow cytometric immunophenotypic studies still remain of value in its distinction from 

ALL, in the diagnosis of minimally differentiated acute myeloid leukemia (AML-MO) where 

cytochemistry is negative [Bene et al., 2001].  Cases that are devoid of detectable MPO in 

addition to the absence of lineage restricted lymphoid and megakaryocyte antigen are classified 

as M0. Immunophenotypic picture of AML-M1 is similar to AML-M0 and blasts are usually 

CD13+, CD33+ and HLA-DR+ with partial CD15 expression [Venditti et al., 1997].  Leukemic 

blast cells of AML-M2 commonly express MPO, CD34, CD65, and HLA-DR, but CD13 and 

CD33 expression is characteristically very weak and sometimes is not detectable [Arber et al., 

 cCD3 CD7 CD2,CD5,CD8 CD1a CD3+/CD1a- 

Pro-T (T-I) + + - - - 

Pre-T (T-II) + + + - - 

Cortical-T (T-III) + + + + - 

Mature-T (T-IV) + + + - + 
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1997]. About 35 to 45% of childhood M2 AML cases have the t(8;21)(q22;q22) translocation. 

Expression of CD19, and less often CD56 in cases of M2 is associated with presence of t(8;21) a 

favorable prognostic marker in adults [Nucifora and Rowley, 1995]. The diagnostic role of 

immunophenotyping in AML is also widely accepted for M3. Cell of M3 subtype strongly 

expresses CD13, CD33, MPO and CD65. Contrary to all other subtypes of AML (except 

possibly M7), HLA-DR and CD34 are usually negative in M3. The t(15;17)(q22-24;q11-21) is 

the characteristic chromosomal abnormality associated with this subtype. In addition, 

immunophenotyping is also useful in the identification of megakaryocytic differentiation (AML-

M7) with expression of CD41, CD61, and pure erythroid leukemia (AML-M6) with expression 

of CD235a (glycophorin A) or CD36 in the absence of CD64, myeloperoxidase and other 

myeloid-associated antigens [Dunphy, 1999].  

 

Biphenotypic Acute Leukemia (BAL): Immunological Characterization of Leukemias (EGIL) 

has proposed an immunologic classification of AL that includes ALL, myeloid antigen positive 

ALL, AML, lymphoid antigen positive AML, Biphenotypic AL (BAL), and undifferentiated AL 

[Bene et al., 1995]. Based on scoring system adopted by EGIL, BAL were distinguished from 

those with aberrant expression of a marker from another lineage (Ly+AML, My+ALL). This 

scoring system was based on the number and degree of specificity of the markers expressed by 

the leukemic cell (Table 2.6). According to this, BAL is defined when the score is greater than 

two for the myeloid and one of the lymphoid lineages. Table 2.6 shows the markers considered 

most specific as follows: i) B-lymphoid lineage, CD79a (mb-1) detects a transmembrane protein 

linked to the  immunoglobulin which constitutes part of the receptor for antigen recognition in B 

lymphocytes, cytoplasmic immunoglobulin and CD22; ii) T-lymphoid lineage, CD3 linked to the 

T cell receptor complex and expressed in the cytoplasm early in T-cell development; iii) myeloid 

lineage, myeloperoxidase (MPO) detected by  either cytochemical or immunologic methods. 
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Table 2.6: Scoring system for the definition of Biphenotypic acute leukemia (BAL) 

Scoring 
points 

Lineages 

 B-lymphoid T-lymphoid Myeloid 

2 CD79a(mb-1), CD22              
cyt IgM 

CD3, anti-TCRα/β ,        
anti-TCR γ/δ 

MPO * 

1 CD19, CD10, CD20 CD2, CD5, CD8, CD10  CD117(c-kit),CD13, 
CD33, CD65s 

0.5 TdT, CD24 TdT, CD7 CD14,CD15, CD64 

*MPO (myeloperoxidase) demonstrated by cytochemical or immunological methods. 
Biphenotypic acute leukemia is established when the score from two separate lineages is 
greater than 2 
 

Prognostic Factors in acute leukemia (AL) 

Prognostic features play a critical role in directing therapy for ALL as well as for AML. A 

variety of clinical and biologic parameters has been examined for potential value in predicting 

treatment response and survival. 

AML: Host factors such as age, gender and race have been associated with the outcome in 

patients with AML. In general children usually have slightly better outcome than adults. Further, 

in adults, patients < 60 years old have a better prognosis than patients >60 years old [Wheatley et 

al., 1999]. The adverse clinical outcome of elderly patients may be correlated with a higher rate 

of unfavourable cytogenetics, a greater frequency of drug resistance phenotypes, and poor 

treatment tolerance [Grimwade et al., 2009]. Socioeconomic status and gender have recently 

been identified as important prognostic factors, with a significantly better outcome reported for 

female [Kristinsson et al., 2009]. A high white blood cell count (WBC) count also predict poor 

clinical outcome. Patients having hyperleukocytosis show a worse complete response rate and a 

greater relapse rate [Creutzig et al., 1999; Greenwood et al., 2006]. Based on morphology, both 

adult and pediatric patients with FAB M3 and M4Eo have a relatively good outcome whereas 

adults with Ml, M5, M6, and M7 fare worse [Buchner et al., 1996]. Cytogenetic features are the 

most well-defined prognostic factors.  In adult AML patients, monosomy 7, 7q-, t(9;22) and 

complex karyotypes are accepted as predictors for poor survival  while t(8;21) or inv(16) and 
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t(15;17) are considered as good prognostic chromosomal translocations [Grimwade et al., 1998]. 

Based on the immunophenotype of myeloid cells, several reports suggested a relationship 

between some antigens (e.g. CD7, CD13, TdT and CD34) and poor prognosis [Raspadori et al., 

1997; Venditti et al., 1998] [Table 2.7]. 

Table 2.7: Prognostic factors in AML 

Prognostic Factors Favourable prognosis Unfavourable prognosis 

Age Children Elderly 

Gender Female Male 

WBC Low (≤ 20× 109/L) High (≥100× 109/L) 

Response after Induction CR PR/RD 

Time to relapse Long Short 

Performance scale Good Poor 

FAB Morphology M3,M4 M0,M5,M6,M7 

Karyotype inv(16), t(16;16), 

t(15;17), t(8;21)  

7q-, 5q-, t(9;22), 11 q23 with 

MLLrearrangements 

Numerical aberrations - -5, -7, +8 

Immunophenotype panmyeloid marker CD34+ve, CD13+ve, CD14+ve,  

CDllb, CDllc, Biphenotypic (>2 

lymphoid markers) 

 

ALL: Various clinically significant features, including initial leukocyte count, age at diagnosis, 

sex, cytogenetic aberrations, immunophenotype, and response to therapy, have been identified. 

Age has been recognized as probably the most important prognostic factor in ALL. Apart from 

the vast differences in prognosis between childhood and adult ALL, age also crucially affects the 

prognosis among adults. Patients over 60 years have a particularly poor prognosis [Gokbuget and 

Hoelzer, 2009]. Gender has been reported to be an independent prognostic factor, with male 

patients having a poorer outcome than female patients [Pui et al., 1999]. The WBC at diagnosis 
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is also considered to be crucial variable for prognosis of ALL. Higher white blood cell (WBC) 

count has been correlated with worse outcomes, but the WBC categories for comparison have 

varied in the different reports. An arbitrary WBC cut-off of 30x109/L for adult and 50x109/L in 

children has often been used in clinical studies of ALL [Reaman et al., 1999; Hunault et al., 

2004; Rowe et al., 2005]. The prognostic significance of L1/L2 morphology is not clear. The 

early studies of morphology described the L1 subtype as having a better prognosis, unrelated to 

other risk factors known at that time [Viana et al., 1980]. However, in the contemporary ALL 

protocols lymphoblast L1/L2 morphology is not used for treatment stratification. Historically, 

immunophenotyping in ALL has been considered as one of the most important prognostic factors 

and has a major impact on the therapeutic strategy. B-ALL has been considered to have a more 

favourable prognosis than T-ALL [Galpin et al., 1997]. However, the pro-B- or pre-pre-B ALL 

and the immature T-cell precursor are generally associated with a worse prognosis [Gokbuget 

and Hoelzer, 2009].  In addition, although the presence of myeloid markers such as CD13, 

CD33, CD14 and CD15, have no particular prognostic significance in most studies [Czuczman et 

al., 1999; Vitale et al., 2007; Pui et al., 2008] but they can be useful for the detection for 

minimal residual disease. Cytogenetic in ALL have not only been used for significant prognostic 

information, but also for the development of targeted drug therapy. The Philadelphia 

chromosome, comprising the t(9;22)(q34;q11), remains the most frequent and clinically 

significant abnormality in adult ALL, with an incidence ranging from 15 to 50% in older patients 

who have B-lineage ALL [Faderl et al., 2003]. Regardless of age, both adult and pediatric 

patients with Ph+ ALL generally show a higher rate of induction failure and relapse than patients 

without this cytogenetic abnormality [Larson, 2006]. Other than Philadelphia chromosome, 

cytogenetic abnormalities comprising translocations t(4;11)(q21;p13.3), t(8;14)(q24.1;q32) or 

complex karyotype – defined as five or more chromosomal abnormalities excluding patients with 

an established translocation – as well as those with low hypodiploidy/near triploidy had an 

inferior outcome. The most common translocation detected in children is the t(12;21) associated 

with a favorable outcome, although no consensus has been reached of its prognostic value 

[Baruchel et al., 1997, Seeger et al., 2001] [Table 2.8]. 
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Table 2.8: Prognostic factors in ALL 

Prognostic Factors Favorable prognosis Unfavorable prognosis 

Age 2-10 years <2 year or > 10 years 

Sex Female Male 

WBC Less than ≤50× 103 High >50× 103 

Response after Induction CR PR/RD 

Morphology FAB L1 L2, L3 

Karyotype  t(12;21)   t(9;22), t(4;11), t(1;19)  

Ploidy Hyperploidy Hypoploidy, Tetraploidy, 

Pseudoploidy 

Immunophenotype Early Precursor B-ALL 

(CD10+ve) 

T-ALL (CD3+ve) Pre-B   ALL 

 

Treatment of Acute Leukemia (AL) 

The purpose of treatment is to eradicate all malignant cells. Treatment strategy depends on the 

type of leukemia but commonly includes one or more chemotherapy, radiation and bone marrow 

transplants. Patients with disease characterized by favourable clinical and laboratory features 

respond satisfactorily to standard therapy, whereas those with disease characterized by features 

portending recurrence require more intensive therapy. 

AML: The goal of induction chemotherapy is to significantly decrease the myeloblast count to 

allow normal hematopoiesis to occur and to provide a complete hematologic remission (CR). 

The standard induction regimen has remained unchanged for many years and consists of 

infusional cytarbine for 7 days and an anthracycline (daunorubicin, Idarubicin or mitoxantrone) 

daily for the first 3 days of therapy (“7+3” regimen). After the completion of induction, a bone 

marrow aspirate with or without biopsy on day 10-14 of induction is performed to ensure that 

chemotherapy has induced adequate cytoreduction/marrow aplasia, with <5% marrow blasts 

signifying successful induction. A complete hematologic remission is defined as an absolute 

neutrophil count (ANC) >1000 cells/mm3, platelets >100,000 cells/mm3, and no evidence of 

extrameduallary diseases. Following induction, virtually all patients with AML will relapse 

within several months if not administered consolidation chemotherapy.  consolidation therapy in 
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younger patients is based primarily on cytogenetic profile; favourable risk patients should 

receive 3-4 cycles of high-dose cytarabine (HiDAC); patients with intermediate risk AML should 

typically receive (HiDAC) as well as , with HSC (hematopoietic stem cell) transplantation 

reserved for relapse; patients with high risk cytogenetics, normal karyotype but with poor 

molecular features (such as FLT3/ITD and absence of NPM1 mutation should be transferred for 

consideration of HSC transplantation [Table 2.9]. 

Table 2.9: Treatment Regimens for AML/APL 

Induction 
AML 
“7+3” regimen: cytarbine 100mg/m2/day IV continous infusion × 7 days, combined with any one: 
Idarubicin 12 mg/m2 IV days 1,2,3; daunorubicin 60-90 mg/m2 IV days 1,2,3;  
Mitoxantrone 12 mg/m2 IV days 1,2,3  
APL 
AIDA: ATRA 45 mg/m2 by mouth daily and idarubicin 12 mg/m2 2,4,6,8 
(consider continuous infusion cytarabine in high risk patients) 
Consolidation 
AML 
HiDAC:  cytarabine 3000 mg/m2 IV every 12 hours days 1,3,5 
“5+2” regimen: same induction regimen but with 5 days of cytarabine and 2 days of anthracycline  
APL 
“5+2” regimen or single agent anthracycline for 2-3 cycles with ATRA 45 mg/m2 by mouth followed 
by 2 years of ATRA (consider daily 6-mercaptopurine and weekly methotrexate in high-risk patients)  
Salvage 
Cytarabine 20  mg/m2 SQ daily for 10 days every 28 days (for elderly, infirm patients) 
Gemtuzumab Ozogamicin  9 mg/m2 IV, repeat in 14 days; premedication with acetaminophen 650-
1000 mg by mouth and diphenhydramine 50 mg by mouth 

 

ALL:  The primary treatment of ALL involves intensive induction chemotherapy (Methotrexate, 

cyclophosphamide, cytarabine, dexamethasone or prednisone, vincristine, L-asparaginase, and/or 

an anthracycline). The aim of induction therapy is to eradicate the initial leukemic cell burden as 

much as possible and to recover normal hemopoiesis and healthy status. This is followed by 

intensification or consolidation therapy and prolonged maintenance to eliminate residual 

leukemia, prevent or eradicate central nervous system leukemia, and guarantee prolongation of 
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remission. In the current study, a modified BFM 95 protocol in adult and MCP 841 protocol in 

children was used for the treatment of ALL [Table 2.10].                                                                      

Table 2.10:  Treatment Regimens for ALL 

Children (MCP 841 PROTOCOL) 
Cycle Chemotherapy Schedule 

Induction 1 (I1) 
  

Prednisone  
Vincristine  
L-Asparaginase 
Daunorubicin  
IT-Methotrexate 

40 mg/m2 PO, days 1-28 
1.4 mg/m2 IV, days 1,8,15,22,29 
6000 U/m2 IM,ALT×10, 2-20 
30 mg/m2 IV, days 1,8,15 
12 mg*/m2 days 1,8,15,22 

Induction 2 (I2)  Mercaptopurine  
Cyclophosphamide 
Methotrexate  
Cranial irradiation  

75 mg/m2 PO, days 1-7 & days 15-21 
750 mg/m2 PO, day 1& 15 
12 mg/m2 days 1,8,15,22 
180 cGY× 9 days (1800cGY) 

Repeat  Induction Same as I1, Same as I1, 
Consolidation  
  

Cyclophosphamide 
Vincristine 
Mercaptopurine  
Cytarabine  

750 mg/m2 PO, day 1 & 15 
1.4 mg/m2 IV, day 1 & 15 
75 mg/m2 PO, days 1-7 & days 15-21 
70 mg/m2 SC, every 12hrs×6 doses, days 1-3 & days 15-17 

Maintenance  
(M, six cycles) 
  

Vincristine 
Prednisolone 
Daunorubicin 
L-Asparaginase  
Methotrexate  
Mercaptopurine  

1.4 mg/m2 IV, day 1 
40 mg/m2 PO, day 1-7 
30 mg/m2 IV, day 1 
6000 U/m2 IM, days 1,3,5,7 
15 mg/m2 PO, once a week for 12 weeks begin on day 15 
75 mg/m2 PO daily, 3 weeks out of every four for a total of 
12 weeks begin on day 15 

Adult (BFM-95 protocol) 
Cycle Chemotherapy Schedule 

Induction  Vincristine  
Adriamycin/Doxorubicin 
L-Asparaginase 
Prednisolone 

1.4mg/m2 (2mg) IV on days 8,15,22,29 
45-60/m2 in 5% dexamethasone infusion 
6000 IU/m2 (max 10,000 U) 
60 mg/m2 daily: days 1-29  

Consolidation Cytosar  
IT (Cytosar + Dexa  + Mtx) 
Cyclophosphamide 
Mercaptopurine         

75mg/m2 on days 3-6,10-13,17-20 &24-27 
Days 3,10,17,24 
1000mg/m2 on days 1,15,29 
60mg/m2, daily 

Maintenance Prophylactic CRT   and CT 
(6MP, MTX, IT chemo) 

- 

*1-<2 yrs– 8 mg, 2-<3 yrs – 10mg, >3 yrs – 12mg 



  Review of Literature 

32 

 

Genetic Abnormalities in Acute Leukemia (AL) 

The genetic alterations associated with acute leukemia can be divided into two functional groups 

[Gilliland and Griffin 2002] (Figure 2.5). The class I mutations activate tyrosine kinases 

signaling pathways and confers a proliferation advantage on hematopoietic cells [Frohling et al., 

2005]. In contrast, the class II mutations frequently involve transcriptional regulators of normal 

hematopoietic differentiation, and result in a block of hematopoietic cell maturation and/or 

aberrant self-renewal capacity [Kelly and Gilliland, 2002]. However, expression of the class II 

mutations in the hematopoietic system often leads to myelodysplasic changes and acute leukemia 

after a long latency, suggesting that collaboration of additional genetic alterations might be 

required. The class II mutations impair differentiation and augment self-renewal properties of 

hematopoietic progenitors by modulation of chromatin remodeling and recruitment of aberrant 

co-activator or -repressor complexes, while having modest effects on cell proliferation or 

survival. This group comprises gene rearrangements mainly recurrent translocation such as such 

as t(8;21), inv(16) and t(15; 17), which generate fusion transcripts of AML/ETO, CBFb/MYH11 

and PML/RARa that affects transcriptional regulators [Vardiman et al., 2002; Gilliland et al., 

2004; Mrozek et al., 2004]. Many of these genes encode for transcription factors which are 

critical regulators for the differentiation program of hematopoietic stem and progenitor cells. 
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Figure 2.5: A functional collaboration model of genetic alterations leading to acute leukemia: 
The development of AL is a multistep process that requires at least these two genetic abnormalities for the 
development of the disease [Adapted from Kelly LM and Gilliland 2001].  
 

Chromosomal Translocation in Acute leukemia (AL) 

t(9;22)(q34;q11) (BCR/ABL): The t(9;22)(q34;q11) translocation results from a rearrangement 

between the c-ABL protooncogene (on chromosome 9) and the BCR gene (on chromosome 22) 

generating a BCR/ABL fusion protein with an enhanced tyrosine kinase (TK) activity, causes 

changes of multiple signal transduction pathways and has been demonstrated to be a primary 

cause of leukemia formation in vivo. It is involved in the malignant transformation of 

hematopoietic cells, by enhancing proliferation, reducing apoptosis, and deregulating cell 

adhesion [Melo et al., 2004]. Although BCR-ABL is known to activate some important pathways 

(such as JAK/STAT, RAS, PI-3 kinase and SCR family), the detailed mechanisms behind BCR-

ABL-induced leukemogenesis remain unknown [Hakansson et al., 2008]. The breakpoints in c-
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ABL occur in the same region, but BCR can be broken in different clusters, generating distinct 

proteins. Ph+ ALL childhood patients show a break in the “minor” point cluster region between 

the BCR exons e1 and e2, forming a fusion protein of 190 kDa (called p190). When the 

rearrangement of ABL occurs in the “major” breakpoint cluster region of BCR, a fusion protein 

of 210 Kda (p210) is formed, which is characteristic of chronic myeloid leukemia (CML) and is 

found in 10% of childhood Ph+ ALL. There is also a rare isoform that forms p230 protein found 

in uncommon subtype of CML that commits neutrophils [Deininger et al., 2000]. 

t(8;21)(q22q;22) (AML/ETO) : The core-binding factor (CBF) is a heterodimeric transcription 

factor composed by the AML1 (also known as RUNX1) and the CBFβ subunits, which are 

essential for normal hematopoiesis [Speck and Gilliland, 2002]. Thus, disruptions of the AML1/ 

CBFβ complex might cause differentiation arrest and subsequent leukemic transformation. 

Indeed, CBF is the target of multiple chromosomal translocations and mutations. Among them, 

the most frequent and extensively studied is the AML/ETO (RUNX1/ETO) resulting from 

t(8;21) translocation. Transcription factor, acute myelogenous leukemia (AML1) is a key 

regulator of hematopoiesisis and the most frequent target of chromosomal translocations in AML 

[Okuda et al., 1996; Hiebert et al., 1996]. The AML1 gene encodes various isoforms, sharing a 

DNA binding domain highly homologous to that of the Drosophila runt transcription factor [Bae 

et al., 1994]. In the t(8;21) chromosome translocation, AML1 recombines with the ETO (eight-

twenty-one or MTG8) zinc finger nuclear protein, a putative transcription factor [Nucifora et al., 

1995; Hiebert et al., 1996]. The product of AML/ETO plays a critical role in the pathogenesis of 

AML where behaves as a transcriptional repressor on AML1 target genes and inhibits 

differentiation of hematopoietic precursors in vivo and results in increased cell proliferation with 

high self renewal capacity [Westendorf et al., 1998; Downing,  1999]. 

t(15;17)(q22;q12 ~ 21) (PML/RARα) : The chromosomal rearrangements involving retinoic 

acid receptor alpha (RARα) on chromosome 15 are exclusively associated with acute 

promyelocytic leukemia (APL). APL-associated gene rearrangements are characterized by fusing 

RARα to several different partner genes, of which the most common fusion is PML/RARα 

resulting from t(15;17). PML/RARα inhibits the function of RARα by a dominant negative effect 

through recruiting the co-repressor complex, in a manner similar to the AML1/ETO fusions 
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[Frohling et al., 2005]. RARα belongs to family of nuclear hormone receptor. Nuclear hormone 

receptor function as ligand-activated-zinc transcription factor. RARα binds to another protein 

RXR to bind to specific sequence (A/G)G(T/G)TCA in the DNA called as Retinoic response 

element (RARE). Target genes of RARα are defined by a RARE within their promoter [de the et 

al., 1990]. In the absence of ligand, RARα/RXR represses gene transcription through 

methylation and deacetylation by recruiting of corepressors [Jaenisch and Bird, 2003]. Besides 

repressing transcription of genes, PML/RARα also disturb PML localisaton and its function, 

impaires p53 stability and its function [Insinga et al., 2004], binds to larger variety of direct 

repeats other than RARα [Kamashev et. al., 2004], stabilizes the kinase MNK1 at protein level 

[Worch et al., 2004]. 

 

Gene mutation in AML  

Disruption of normal hematopoiesis in AML involves mutations and/or epigenetic changes (eg, 

hypermethylation) of genes operative in the regulation pathways of cell proliferation, maturation, 

and apoptosis. Many of the genomic alterations driving myeloid leukemogenesis relate to both 

those detectable microscopically as structural and numerical chromosome aberrations, and those 

detected as submicroscopic gene mutations and changes in gene expression. Recently, molecular 

genetic markers such as gene mutations have been identified in AML that allowed further 

subclassification and prognostic predictions. These recurrent molecular markers mainly increase 

proliferation and survival potential of hematopoietic stem and progenitor cells, often through 

constitutive activation of protein tyrosine kinases (PTKs) but normally do not affect cellular 

differentiation.  

FLT3 gene mutation : The most frequent recurrent known genetic markers in AML is mutations 

within the FLT3 gene which are known as activating mutations that lead to increased cell 

proliferation. The FLT3 gene, mapped to chromosome band 13q12, member of the class III 

tyrosine kinase receptor family, is expressed on the surface of hematopoietic progenitor cells. 

FLT3 and its ligand play an important role in proliferation, survival, and differentiation of 

multipotent stem cells [Stirewalt et al., 2003]. The most common mutation consists of internal 

tandem duplication (FLT3-ITD) in the juxtamembrane domain and another FLT3/D835 point 

mutation in the activation loop of the tyrosine kinase domain (TKD) [Yamamoto et al., 2001; 



  Review of Literature 

36 

 

Kottaridis et al., 2001]. FLT3-ITD results in a constitutively active FLT3 protein that promotes 

Stat5 phosphorylation. The net consequence of FLT3/Stat5 constitutive activation is uncontrolled 

hematopoietic cell proliferation [Zheng and Small, 2005]. FLT3-ITDs are located in exons 14 

and 15 and vary in insertion site and length of the duplicated segment (from three to 400 

nucleotides). FLT3-ITD encodes an abnormal protein that undergoes ligand-independent 

receptor dimerization, autophosphorylation, and constitutive activation, which turns on 

downstream signaling pathways involved in cell proliferation, differentiation, and survival. 

These include the Janus kinase 2 (JAK2) signal transducer and activator of transcription 5 

(STAT5) pathway and mitogen activated protein kinase (MAPK) pathway [Grundler et al., 2005; 

Choudhary et al., 2005]. Several studies have shown that mutations in the FLT3 tyrosine kinase 

receptor, resulting in its overexpression, are strongly associated with an increased relapse risk 

and reduced overall survival in patients younger than 60, irrespective of cytogenetics [Kiyoi et 

al., 1999; Kottaridis et al., 2001; Schnittger et al., 2002].  

NPM1 gene mutation : Heterozygous mutations in exon 12 of the nucleophosmin member 1 

(NPM1) gene, that interferes with cell cycle regulation and apoptosis have been recently 

described as one of the most frequent genetic lesions in AML in adult [Suzuki et al., 2005; 

Verhaak et al., 2005; Chen et al., 2006]. The NPM1 gene is mapped to chromosome 5q35. The 

most common NPM1 mutation is 4–base pair duplication, 956dupTCTG in exon 12 (called type 

A), that causes a shift in the reading frame in the C-terminal portion of nucleophosmin. This and 

several other less-frequent mutations, which are always heterozygous, result in both loss of 

tryptophan residues 290 and 288 (or 290 only), critical for nucleolar protein localization, and 

acquisition of an additional nuclear export signal at the C-terminus of nucleophosmin, causing its 

aberrant cytoplasmic localization [Falini et al., 2006]. Nucleophosmin is a multifunctional 

protein implicating in many function such as preventing nucleolar protein aggregation [Szebeni 

and Olson, 1999], intervenes in processing and/or assembly of ribosomes through its nucleo-

cytoplasmic shuttling properties and intrinsic RNAse activity [Herrera et al., 1995]. Recent 

studies in cell lines and knockout mice have shown that NPM1 is involved in the control of 

genomic stability and contributes to growth-suppressing pathways through its interaction with 

p53 and Arf tumour-suppressor pathways. Therefore, the loss of NPM1 expression can 

contribute to tumorigenesis [Grisendi et al, 2006].  
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Drug Resistance in Acute leukemia (AL) 

Cellular multiple drug resistance (MDR) is the phenomenon in which cells have become resistant  

to the cytotoxic action not only of single drugs but also groups of chemically related and 

unrelated drugs. The resistance of leukemic cells to these drugs through cellular alterations is 

considered one of the major causes of failures of chemotherapy. The main mechanisms involved 

in cellular MDR, however, are cellular alterations, as a consequence of upregulation of specific 

genes involved in biotransformation processes, cellular efflux, and cell replication [Fojo and 

Bates, 2003]. In addition anti-apoptosis mechanisms, alteration of tumor suppressor genes, 

altered immunogenicity and clinical risk factors such as white blood count, age, cytogenetic and 

other risk factor have been reported to affect drug resistance. These mechanisms which may 

account for this phenomenon including the impossibility of the drug to reach its intracellular 

target because of the expression of several efflux pumps on the plasma membrane are listed in 

the (Figure 2.6).  

 

 

 

 

 

 

 

 

 

 

 
 

 
 
Figure 2.6: Mechanisms of drug resistance. 1. Multidrug resistance proteins. 2. Drug metabolism. 3. 
Glutathione and its transferases. 4. Molecular target. 5. DNA repair. 6. Apoptosis and its regulation 
(Adapted from Gottesman et al., 2002). 
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Expression of membrane transport associated drug resistance genes 

Multidrug resistance 1 gene (MDR1): Several MDR mechanisms have been identified, but the 

discovery of the membrane transporter P-glycoprotein (MDR1 gene) was a breakthrough in 

understanding the MDR phenotype of cancer cells [Juliano and Ling, 1976]. MDR1 gene is 

located on long arm of chromosome 7. Its product P—glycoprotein is a 170 kDa protein, 

member of the ATP-binding cassette (ABC) superfamily of transport proteins which consists of 

two structurally homologous domains, each containing six hydrophobic transmembrane 

segments and a highly conserved ATP binding site [Hyde et al., 1990]. P-gp is expressed in 

various normal tissues with secretory or barrier functions including lung, placenta, testes, adrenal 

gland, kidney, liver, pancreas, colon, jejunum and brain [Fojo et al., 1987]. In addition, P-gp is 

expressed by hematopoietic precursors and lymphocytes [Chaudhary et al., 1992]. The 

mechanism of action of Pgp is not clearly understood. However, there are three hypothesis 

proposed for its mechanism are channel formation by its transmembrane segments, “a vacuum 

cleaner model” and last it might function as a “flippase” transporting drugs from the inner to the 

outer leaflet of the membrane [Bolhuis et al., 1997]. It has been shown to that P-gp is able to 

pump out of cell many xenobiotics and confer resistance to a wide variety of anticancer drugs, 

including anthracyclines, mitoxantrone, taxanes, epipodophyllotoxins and vinca alkaloids by 

lowering the effective drug intracellular drug concentration.  Many of these drugs are used in the 

treatment of AL and many studies reported that overexpression of Pgp tends to correlate with 

poor treatment response. Authors have found a significantly higher P-gp expression and/or 

function in T-ALL compared to B-ALL samples [Kanerva et al., 1998; Plasschaert et al., 2003]. 

However, P-gp expression did not differ between infant or older ALL patients [Ramakers-van et 

al., 2004; Stam et al., 2004].  

Multidrug resistance related protein (MRPl): For several years, MDR1 was the only ABC 

transport protein associated with drug resistance. However, reports describing drug-resistant cell 

lines without MDR1-overexpression indicated the presence of other MDR-conferring proteins. 

These observations led to the discovery of MRPI in cell lines that showed a typical MDR 

phenotype without elevated P-gp expression [Cole et al., 1992]. The MRP1 gene, mapped on 

chromosome 16 (16p13.1), encodes a 190 kDa N-glycosylated hydrophobic anion pump 
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localized on both the plasma and intracytoplasmic membranes, including the endoplasmic 

reticulum and Golgi apparatus [Lautier et al., 1996]. MRP1 has a broad substrate specificity 

including glutathione S-conjugates, glucuronide conjugates, sulphate conjugates, the estrogen 

glucuronide E217βG, sulphated bile acids, anticancer drugs, heavy metals, organic anions and 

lipid analogues [Jedlitschky et al., 1996; Rigato et al., 2004]. Glutathione (GSH) plays an 

important role in the MRP1 transport process. However, the exact mechanism by which GSH 

participates in the MRP1-mediated efflux is unknown. MRP1 expression has been detected in 

most of the tissues in the human body, especially in lung, testes, kidney, skeletal muscle, 

epithelial and hematopoietic cells [Flens et al., 1996]. However, the role of MRP1 in inducing 

the multidrug resistance phenotype in leukemia is still controversial. Fujimaki et al., [2003] 

found that increased MRD1 expression not MRP1 expression at the time of diagnosis correlated 

with clinical resistance in leukemia patients. Similarly, Mahjoubi et al., [2008] finding suggest 

that high MRP1 expression was associated with the clinical outcome in AML but not in ALL 

patients. 

Breast cancer resistance protein (BCRP): Chen et al., 1990 detected a 95 kDa ABC 

transporter in the human breast cancer cell line MCF-7/AdrVp resistant to doxorubicin. The 

transporter is known as ABCG2, placental transporter or mitoxantrone resistance protein. BCRP 

is encoded by the ABCG2 gene which was mapped on chromosome 4 (4q22). In contrast to the 

MDRI and MRPI gene ABCG2 gene encodes a protein which is a half-transporter molecule 

requiring dimerizalion in order to function [Ewart and Howells, 1998]. In vitro, high BCRP 

expression causes resistance to anthracyclines (e.g. doxorubicin and daunorubicin), topo-

isomerase I inhibitors (e.g. topotecan), topo-isomerase II inhibitors (e.g. bisantrene, etoposide 

and mitoxantrone), cell-cycle inhibitors (e.g. flavopiridol) and antifolates (e.g. methotrexate) 

[Robey et al., 2001; Volk et al., 2002]. BCRP overexpression has been described in resistant 

ovary, breast, colon and gastric cancer [Maliepaard et al., 2001]. The significance of BCRP for 

clinical outcome in AL is presently unclear. Some studies but not others have found worse 

outcome to chemotherapy [Benderra et al., 2004; Damiani et al., 2006]. Further, one study also 

suggested that BCRP has a limited function in the drug efflux related resistance in AML in 

comparison to MDR1 and MRP1 gene [van der Pol et al., 2003]. 
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Lung resistance protein (LRP): The lung resistance protein (LRP) was initially identified in an 

anthracycline-resistant, non small cell lung cancer cell line which lacked P-gp overexpression 

[Scheper et al., 1993]. The LRP gene is located on chromosome 16 (16p11.2), close to the MRP1 

gene, encodes a 110 kDa protein [Slovak et al., 1995]. LRP is not considered an ABC transporter 

as it lacks characteristic ATP-binding sites however is a constituent of ribonucleoprotein particle: 

the vault complexes which are evolutionary conserved organelles present in eukaryotic cells 

[Chugani et al., 1993]. LRP overexpression has been observed in epithelia of the bronchus and 

digestive tract as well as in keratinocytes, adrenal cortex and macrophages. These results suggest 

that vaults play a role in detoxification processes [Izquierdo et al., 1996]. The functional role of 

vaults in MDR is still unclear however; transfection studies in cell lines have suggested that 

vaults may contribute to resistance to anthracyclins and platinum derivates [Raaijmakers et al., 

1998; Kitazono et al., 1999]. Although clinical data on LRP expression in AL is limited, it has 

been reported that LRP expression may be associated with poor response to chemotherapy in 

AML than ALL [Michieli et al., 1999; Zhang et al., 2005].  

 

Glutathione S-Transferases (GST) and Multidrug Resistance 

The glutathione S-transferases (GSTs) comprise a family of dimeric phase II detoxification 

enzymes that catalyze the conjugation of glutathione to a wide variety of endogenous and 

exogenous electrophilic compounds. An important member of this family especially of the π 

class (GSTP1 gene) is responsible for clinical multidrug resistance [Stavrovskaya et al., 2000]. 

The overexpression in tumours of GSTs, especially of GSTP1-1 is, considered as a possible 

mechanism of tumour cell drug resistance [Cote et al., 2005; Zhou et al., 2005]. In addition to its 

role of a detoxification enzyme GSTP1 also acts as inhibitor of the MAP kinase pathway 

[Townsend and Tew, 2003]. Specifically, GSTP1 was shown to be an endogenous inhibitor of c-

Jun N-terminal kinase 1 (JNK1), a kinase involved in stress response, apoptosis, and cellular 

proliferation [Adler et al., 1999]. Inhibition of the JNK signaling pathway leads to a decrease in 

cisplatin induced apoptosis, while overexpression of c-jun increases the sensitivity of cells 

toward cisplatin [Potapova et al., 1997]. The contribution of any GST to drug resistance is likely 

to vary with cell type and drug, as well as with the expression profile of other enzymes and 

transporters. So inhibitors of GST catalytic activity are considered as a potential therapeutic tool. 
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Drug resistance through expression of apoptosis related gene 

Anticancer drugs such as cisplatin, citarabine, etoposide and doxorubicin act in part by inducing 

apoptosis in tumor cells [Ormerod et al., 1996]. Therefore, alterations of the mechanisms leading 

to the activation of apoptosis often result in enhanced resistance to these drugs. Drug resistance 

associated with altered apoptotic response includes drug resistance with altered p53 expression 

and function [Amson et al., 1996] and resistance associated with altered expression of BCL-2 

and the BCL-2 family of proteins [Jia et al., 1999; Kaufmann et al., 1998]. Bcl-2 overexpression 

was initially described in follicular lymphomas as a consequence of a t(14;18) translocation, and 

as a poor prognostic marker in acute myelogenous leukemia (AML) and non-Hodgkin’s 

lymphomas. Further overexpression of Bcl-2 prevents apoptosis induced by most 

chemotherapeutic drugs, including alkylating agents, and topoisomerase inhibitors [Kamesaki et 

al., 1993]. Some authors revealed that loss of the p53 tumor suppressor gene can also result in a 

MDR phenotype in cells that normally require p53 to undergo apoptosis following appropriate 

stress such as DNA damage [Lowe et al., 1994]. 

Survivin (BIRC5), another regulator of apoptosis is structurally unique inhibitor of apoptosis 

(IAP) family which block apoptosis induced by variety of non-related apoptosis triggers 

including antitumor agents [Eckelman et al., 2006; Li et al., 2008]. Survivin is a dual function 

protein. Besides inhibiting the apoptosis, it is also implicated in both cell survival and regulation 

of mitosis by stabilizing microtubules [Pennati et al., 2007]. Survivin is preferentially and highly 

expressed in cancer cells, with little expression in most normal non-dividing adult tissues except 

CD34+ hematopoietic stem cells, placenta, basal cells of the colonic epithelium, and thymus 

[Ambrosini et al., 1997]. Moreover, Survivin is identified as the top fourth transcript uniformly 

expressed in cancer, but not in normal cells [Velculescu et al., 1999]. Over-expression of survivin 

has been demonstrated to induce drug-resistance to various chemo-therapeutic agents such as 

cisplatin (DNA damaging agent) and paclitaxel (microtubule stabilizer) in many cancers [Takai 

et al., 2002; Ferrandina et al., 2005]. Despite profound research, the clinical relevance of cellular 

resistance, mediated by MDR related transport proteins, remains unclear.  
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Table 2.11: Genes involved in different mechanism of drug resistance 

 

Xenobiotic metabolizing (Drug metabolizing) gene polymorphism in acute leukemia (AL) 

Acute leukemia (AL) is a heterogenous disease resulting from the number of predisposing 

factors and exposures. In all likelihood, the cause or causes of the acute leukemia is 

multifactorial, including genetic, immune, infectious, and environmental factors. Though the 

clinical, biological and immunophenotypical aspects of AL have been fairly well explored, little 

is known about the leukemogenesis, particularly with respect to the genetic susceptibility and the 

environment factors. Carcinogens present in these environmental factors damage DNA after 

metabolic activation by xenobiotic enzymes (Figure 2.7). Such interactions at the level of 

hematopoietic precursors cells predispose the individual to develop AL. The carcinogenic effect 

of xenobiotics is influenced by a series of genes codifying enzymes involved in 

oxidation/activation (phase I) and conjugation/ detoxification (phase II) of these compounds. 

However, these enzyme genes exhibit polymorphisms leading to variability to metabolize 

environmental carcinogens [Taningher et al., 1999]. 

Mechanism  Protein/Gene  Drugs 

Transmembrane 
Transport 

P-glycoprotein 
(MDR1), MRP, BCRP 

Taxanes, etoposide, doxorubicin,  
vinca alkaloids, Methotrexate,  
topotecan, mitoxantrone, doxorubicin 

Intracellular 
entrapment  

MRP/LRP  Methotrexate, etoposide, 
doxorubicin, vinca alkaloids 

Drug Efflux  MRP  Anthracyclines, vinca alkaloids, 
epipodophyllotoxins,  methotrexate,  

Drug Detoxification  GSTs  Chloroethylnitrosoureas, cisplatin,  
thiotepa, anthracyclines, phosphanides, 
acrolein, melphalan, cyclophosphamide 

Altered nuclear target  DNA Topoisomerase  Chloroethylnitrosoureas, 
epipodophyllotoxins, anthracyclines 

Apoptotic response  Bcl-2 ;p53;Survivin Taxanes and other cytotoxic 
Agents such as cisplatin, etoposide 
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Figure 2.7: Overview of Xenobiotic metabolizing (Drug metabolizing) genes in cancer 

Cytochrome P450 (CYP) isoenzymes are one major kind of phase I enzymes that catalyzes 

oxidative reactions and activates xenobiotics to carcinogenic reactive metabolites. The CYP1A1 

gene which encodes for aryl hydrocarbon hydroxylase (AHH) is predominantly extrahepatic, 

microsomal enzyme involved in the bioactivation of PAHs including benzo(a)pyrene. 

Polymorphisms in CYP1A1 (chr15q24.1) are the most frequently studied. Two functional 

polymorphisms are known in the CYP1A1 gene; one is 3698T>C substitution (CYP1A1*2A, rs 

4646903) creating an MspI restriction site in the 3'-flanking region, and the other is 2454A>G 

substitution (CYP1A1*2C, rs 1048943) resulting in an amino acid change in exon 7 (Ile462Val) 

[Bartsch et al., 2000]. The CYP1A1*2A and CYP1A1*2C alleles are putatively linked to higher 

inducibility of the enzyme, probably with increased risk of certain types of cancer including 

leukemia [Sinnett et., al 2000; Agundez, 2004].  
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Microsomal epoxide hydrolase (EPHX1) another important Phase I biotransformation enzyme is 

involved in the first-pass metabolism of highly reactive epoxide intermediates and oxygen 

radicals. EPHX1 plays a dual role in carcinogenesis depending on the exposure to type of 

environmental substrates. Besides providing protection against the toxicity of reactive epoxides 

intermediate, EPHX1 along with CYP enzymes plays a key role in the metabolic activaton of 

procarcinogens such as benzo(a)pyrene (BP) present in tobacco smoke leading to highly reactive 

carcinogenic diolepoxides [Miyata et al., 1999]. Literature about the role of EPHX1 

polymorphism in the development of AL is very scanty.  One study reported a protective role of 

EPHX1 in leukemogenesis of childhood ALL while another study considered it as a risk factor in 

adult AML with  t(8:21) translocation [Lebailly et al., 2002; Silveira et al., 2009]. These phase 1 

metabolic enzymes transfer electrons onto substrate toxicants to create highly reactive 

intermediates, which are then available for detoxification by a variety of phase 2 enzymes 

including glutathione S-transferases and sulfotransferases. 

Glutathione S-transerases (GSTs) are phase II biotransformation enzyme that convert the 

activated metabolites of procarcinogens of phase I reactions into non-reactive and water-soluble 

compounds. The GSTs catalyze the transfer of glutathione to reactive electrophiles, a function 

that serves to protect cellular macromolecules from interacting with electrophiles that contain 

electrophilic heteroatoms (-O, -N, and -S) and in turn protects the cellular environment from 

damage. The co-substrate in the reaction is the tripeptide glutathione, which is synthesized from 

γ-glutamic acid, cysteine, and glycine. Glutathione exists in the cell as oxidized (GSSG) or 

reduced (GSH), and the ratio of GSH: GSSG is critical in maintaining a cellular environment in 

the reduced state. The addition of GSH to the xenobiotic compound gives it a molecular ‘flag’ 

which allows the xenobiotic-conjugate to be removed from the cell during phase III of drug 

metabolism, a process which requires the participation of drug transporters such as multi-drug 

resistance associated protein [Hayes and Mclellan, 1999]. Once transported out of the cell, the 

peptide portion of the GSH-conjugate is subjected to peptidase attack, by γ-glutamlytransferase 

and either aminopeptidase M or cysteinylglycine dipeptidase to yield a cysteinyl conjugate which 

is in turn N-acetylated to form a mecapturic acid. It is the mercapturic acid that is typically the 

final metabolite that is eliminated from the body in urine. 
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Figure 2.8: Formation of a glutathione-S conjugate - Glutathione conjugation to generic 

xenobiotic  (X) vis GST enzyme (Adapted from Townsend and Tew, 2003) 

GSTs have evolved with GSH, and are abundant throughout most life forms. GSTs are divided in 

to two distinct super-family members: the membrane bound microsomal and cytosolic family 

members. Cytosolic GSTs are subject to significant genetic polymorphisms in human 

populations. They are divided into six classes [alpha (GSTA2, mu (GSTM1), pi (GSTP1), theta 

(GSTT1), zeta (GSTZ1) and omega (GSTO1)], which share ~30% sequence identity. The 

GSTM1 and GSTT1 both exhibit deletion polymorphism that results in lack of enzyme activity. 

GSTP1, located on chromosome 11 (11q13), encodes the major enzyme involved in the 

inactivation of tobacco-related procarcinogens. The GSTP1 Ile105Val polymorphism is 

associated with reduced catalytic activity which may result in an increased susceptibility to 

cancer [Ali-Osman et al., 1997]. Individuals with the GSTM1 null genotype and GSTP1 Val/Val 

allelic variant have significantly higher levels of hydrophobic DNA adducts [Ryberg et al., 

2002]. These GST variants have been investigated as a risk factor for predisposition to many 
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cancers but there are very few studies reported on the association of GST polymorphism with AL 

risk.  

Sulfotransferases (SULTs), the enzymes of phase II metabolism catalyzes the sulfation of a 

variety of phenolic and estrogenic compounds including endogenous and environmental 

estrogens. Cytosolic SULT isoforms include two major subgroups, phenol SULT1 and 

hydroxysteroid SULT2. The most commonly expressed isoform of the phenol SULT1 family is 

SULT1A1. SULT1A1 is one of the most important members in phenol SULT1 family due to its 

extensive tissue distribution and abundance [Glatt et al., 2000]. A polymorphism in the 

SULT1A1 gene (Arg213His) has been identified which has functional consequences for the 

translated protein in the variant allele (His213, SULT1A1*2) [Nowell et al., 2000]. 

The equilibrium between phase I and II enzymes determines the outcome of the carcinogen 

exposure. Genetic polymorphism in these genes might be a determinant of the inter-individual 

variation in the metabolism of xenobiotic compounds [Perera, 1996]. Altered metabolism of 

carcinogens has been associated with increased risk of acute leukemia [D Alo et al., 2004; 

Majumdar et al., 2004] and several solid tumors such as lung, breast, colon and bladder cancer 

[Talseth et al., 2006; Zienolddiny et al., 2008]. Further, p53 mutations have been associated with 

reduced repair and enhanced cytotoxicity in cell damaged by benzo(a)pyrene diol epoxide-DNA 

adducts [Wani et al., 2000]. Numerous polymorphism in the p53 gene have been reported both in 

coding and non coding regions [Pietsch et al., 2006]. However the most common is codon 72 

polymorphism which is a single base substitution of cytosine for guanine, leading to arginine 

(A72) replaced by proline (P72) [Pietsch et al., 2006]. P53 codon 72 polymorphism has been 

reported to be associated with the risk of several cancers [Wu et al., 2002; Tandle et al., 2001; 

Rogounovitch et al., 2006; Mitra et al., 2005]. Interaction of polymorphisms in p53 gene with 

various phase I and phase II enzymes has been associated with increased risk of solid tumors 

only [Miller et al., 2002; Quinones et al., 2006]. However, the role of phase I and phase II 

enzymes along with p53 codon 72 polymorphism still need to be explored in the acute leukemia. 
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Chapter 3 

Aims and Objectives 
 

Acute leukemia (AL) is a heterogeneous group of disease that has different clinical and 

prognostic characteristics. Considerable advances have been made over the last three decades in 

the diagnosis, treatment and survival of the patients with acute leukemia. However, the 

management of acute leukemia is still a challenge due to heterogeneity at molecular level. The 

aim of the current study was to find out the clinical relevance of genetic alteration such as 

chromosomal translocation, gene mutation and genes involved in the multidrug resistance 

phenomenon that may be responsible for poor outcome in patients with AL. The study also 

evaluated the significance of polymorphism in genes involved in Phase I and Phase II 

metabolism of xenobiotic (drug) compounds. For this, samples with confirmed diagnosis of acute 

leukemia using flow cytometer were analyzed for the aberrant expression of CD markers, fusion 

genes (BCR/ABL, AML/ETO and PML/RARα), gene mutation (FLT3 and NPM1), genetic 

polymorphism in xenobiotic enzymes (GSTM1, GSTT1, GSTP1, CYP1A1, EPHX1, and 

SULT1A1) and the expression of drug resistance genes (MDR1, MRP1, LRP, BCRP) by Real 

time PCR.  

The specific objectives were as follows: 

1. Confirmation of diagnosis and typing of acute leukemia using Flow Cytometer 

FAB diagnosed samples of acute leukemia were confirmed with a panel of fluorochrome 

conjugated antibodies for immunophenotyping using FACS Calibur Flow Cytometer (Beckton 

Dickinson). Heparinised whole blood samples/bone marrow were processed by the direct 

immunofluoroscence method. Flow cytomeric analysis was performed on using Cell QuestTM 

software. Aberrant expression of cross lineage antigen marker was also evaluated in samples of 

patients with acute leukemia.  
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2. Detection of commonly occurring genetic alteration in acute leukemia  

Genetic rearrangement like BCR/ABL, AML1/ETO and PML/RARα fusion genes were detected 

by reverse-transcription polymerase chain reaction (RT-PCR) in samples of acute leukemia 

patients. Polymerase Chain reaction (PCR) and DNA sequencing was used to detect mutation in 

molecular markers such as FLT3 and NPM1 mutation in AML patients. The association between 

these genetic markers with clinical, hematological features and immunological marker in patients 

with acute leukemia was also determined.  

3. Study of multidrug resistance genes in acute leukemia  

To understand the mechanism of multidrug resistance in acute leukemia, expression of genes 

involved in drugs efflux (ATP dependent binding pump MDR1, MRP1, LRP, BCRP), drug 

metabolism ( GSTP1, DHFR) and apoptosis (p53, BCL-2, Survivin)  were studied by Real-Time 

PCR. Correlation of expression of Multidrug resistance genes with genetic rearrangements was 

also assessed. 

4. Role of Xenobiotic metabolizing (Drug metabolizing) genes and p53 codon 72 

polymorphism in acute leukemia 

In this objective, a multigenic approach was applied to identify the association of eight 

polymorphisms in six xenobiotic/drug metabolizing genes (GSTM1, GSTT1, GSTP1, CYP1A1, 

EPHX1, and SULT1A1) and p53 codon 72 gene polymorphism with the risk of AL.  

Classification and regression trees (CART) and multifactor dimensionality reduction (MDR) 

analysis method were used to explore high order gene-gene interactions.  

The present study will contribute in accurate diagnosis, stratification of risk on the basis of 

molecular and genetic marker and understanding the mechanisms responsible for drug resistance 

and the role of genetic polymorphism in susceptibility to acute leukemia 
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Chapter 4 

Confirmation of diagnosis and typing of acute leukemia using Flow Cytometer 

Introduction 

Acute leukemia (AL) is a progressive, neoplastic disease of the hematopoietic system 

charaterized by unregulated proliferation of uncommitted or partially committed stem cells. It 

includes a heterogeneous group of neoplasms that differ with respect to aggressiveness, cell of 

origin, clinical features, and response to therapy. Immunophenotyping or surface membrane 

phenotype analysis is an increasingly important tool for identifying immunological 

abnormalities, diagnosing lymphocyte neoplasms, and monitoring changes in immune status in 

conjunction with various therapeutic manipulations. Flow cytometric characterization of 

leukemia and lymphomas using monoclonal antibodies against lineage and differentiation 

markers has helped in more precise and objective classification of these malignancies. Acute 

lymphoblastic leukemias (ALL) were the first group of hematological malignancies in which 

immunophenotyping proved to be clinically useful. The FAB classification, which utilizes the 

morphological and cytochemical criteria, identifies lymphoblastic and myeloblastic leukemia but 

has some limitations. First, the reproducibility of the morphologic separation of the different 

acute myeloid leukemia (AML) subtypes in various studies ranges from 60 to 90%. Second, 

absence of cytogenetics and molecular genetics features in FAB classifications has been shown 

to have significant clinical impact in AL. Third, FAB criteria for separating MDS from AML are 

not practical and easily reproducible. Fourth, FAB classification does not directly address the 

cases of Biphenotypic acute leukemia (BAL). 

Advances in flow cytometry technology and availability of commercially produced monoclonal 

antibodies directed against hematopoietic and lymphoid cell antigens have opened new horizons 

for the diagnosis and classification of acute leukemia. Antibodies are assigned cluster 

designations (CD) by International Workshops on Leukocyte Differentiation Antigens. Using 

these antibodies, the first immunologic classifications of AL separated lymphoblastic from 
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myeloblastic lineages and recognized B- and T-lineage ALL subtypes. Further, expression 

patterns of CD34 and HLA-DR were used in distinguishing acute promyelocytic leukemia 

(APL/AML M3) from AML M1/M2 [Stelzer et al., 2000]. The European Group for the 

Immunological Characterization of Leukemias (EGIL) has proposed an immunologic 

classification of AL that includes ALL, myeloid antigen positive ALL, AML, lymphoid antigen 

positive AML, BAL and undifferentiated AL [Bene et al., 1995]. Based on scoring system 

adopted by EGIL, BAL was distinguished from those with aberrant expression of a marker from 

another lineage (Ly+AML, My+ALL). This scoring system was based on the number and degree 

of specificity of the markers expressed by the leukemic cell. 

Immunophenotyping of blasts has become indispensable in the diagnosis of ALL [Khalidi et al., 

1999]. Specific phenotypic characterization of ALL blast cells is usually performed using lineage 

associated markers such as CD19 (B-cells) and CD7 (T-cells). ALL is initially divided into B 

and T lineage with the B lineage further subdivided into B cell, pre B cell and early B-precursor 

types [Pui et al., 1993]. The correlation of prognosis and choice of therapy with FAB 

classification alone is much less clear especially for L1 and L2, as these include many different 

immunological subtypes of ALL. Thus, therapy and clinical outcome are better correlated with 

immunophenotype than morphology alone [Copelan et al., 1995]. Expression of CALLA (or 

CD10) by T-ALL is associated with an improved clinical outcome. Mature B-ALL patients may 

require more aggressive therapy compared to T-ALL which is less common but has a more 

favourable prognosis with new treatment regimens particularly in adults [Boucheix et al., 1994]. 

The diagnostic role of immunophenotyping in AML is not as successful as in ALL due to lack of 

monoclonal antibodies to lineage specific antigens. Immunophenotyping is mostly useful for 

diagnosing AML subtypes, such as the M0, M6 and M7 and especially M3 [Rothe and Schmitz 

1996; Dunphy, 1999]. 

Aberrant phenotype is a well known phenomenon in which lymphoid-associated markers or 

myeloid associated markers are co-expressed in myeloblasts and lymphoblasts respectively. 

Occurrence of aberrant phenotype has been reported in both ALL and AML with varying 

frequencies. Immunophenotyping has also highlighted ‘‘aberrant’ antigen expression in acute 
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leukemia [Khalidi et al., 1998]. One of the T-cell lineage markers, CD7, has been detected on the 

leukemic cells in a minority of AML cases. In a recent study, expression of aberrant myeloid 

antigen (CD13 and/or CD33) has been reported in 35% cases of ALL [Vitale et al., 2007]. 

Several reasons have been suggested for the conflicting reports in the occurrence of aberrant 

phenotype. These include, use of different reagents against the CD surface antigens, different 

cut-off levels, analysis of fresh or frozen cell material, and most importantly the difference 

between phenotypic characteristics of blast cells of children and adult patient. 

Prognostic value of aberrant phenotype and its association with adverse clinical, hematological, 

and other biological prognostic factors in adult and childhood AL is still controversial. In some 

studies, the aberrant phenotypes were found to be of prognostic significance while other studies 

reported no difference between aberrant and normal phenotype. In the literature, Ly+AML 

phenotypes have been shown to be associated with both poor as well as favorable prognosis 

[Casasnovas et al., 2003; El-Sissy et al., 2006]. Similarly, in ALL, opinions are conflicting in the 

literature about the clinical outcome of My+ALL phenotype in both children and adultspoor 

prognosis has been reported in adults others disagree with this [Wiersma et al., 1991; Pui et al., 

1993; Suggs et al., 2007; Vitale et al., 2007]. The significance of aberrant expression of antigen 

is not clearly established. Biologically, it could represent aberrant lymphoid antigen expression 

on myeloid blasts or may be a marker of a developmental stage in myelopoiesis.  

With this background, the specific objectives of this study were  

 To determine the frequency and significance of CD markers in FAB diagnosed samples 

of acute leukemia by flow cytometry and their correlation with age, sex and clinico-

hematological features. 

  To determine the frequency of aberrant expression of lymphoid antigen markers in AML 

and myeloid antigen markers in ALL. 

 To correlate the expression of aberrant phenotypes with known clinical and 

hematological features of acute leukemia. 
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Experimental methods 

Materials 

Dulbecco’s Phosphate buffered Saline, Heparin, Sodium azide (Himedia, India), Histopaque, 

Tris base, EDTA, Nacl Paraformaldehyde and other chemicals from Sigma, USA. Flow 

cytometry antibodies and BD cytofix/cytoperm kit were purchased from BD Pharmingen, USA. 

Selection criteria of patients 

Patients with a confirmed diagnosis of acute leukemia admitted to the Division of Hematology, 

Safdarjang Hospital, New Delhi for induction chemotherapy from the year 2006-2010 were 

included in the study. The diagnosis of acute leukemia was made on routinely stained bone 

marrow aspiration/biopsies and peripheral blood smears and evaluated according to the French-

American-British (FAB) criteria. Cytochemical stains were used to differentiate AML from ALL 

and to sub-classify them into FAB sub types. Written informed consent, according to the 

protocol approved by the Ethical Committee of Safdarjang Hospital was obtained from all 

patients.  

Inclusion criteria 
 Patients diagnosed with acute leukemia at Safdarjung Hospital, New Delhi. 

 All patients treated with the standard ‘3+7’ induction chemotherapy or ATRA (all-trans-
retinoic acid) therapy in AML and standard vincristine, adriamycin/daunorubicin, L-
asparaginase, prednisone and methotrexate (BFM95 in adult and MCP841 in children) in 
ALL were included in the study. 

Exclusion criteria  

 Patients unwilling to give consent. 

 Patients who were too ill to participate in the study were excluded. 

 Patients who had taken any form of treatment earlier (Secondary cases) were also 
excluded from the study. 

 Patients with a documented myelodysplastic syndrome, or blastic phase of CML were 
also excluded. 
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Patients’ details  

Relevant clinical details and investigations were obtained for all patients included in the study at 

the time of diagnosis. The name, age, sex and address of each patient, along with the history and 

presenting complaints of fever, weight loss, petechiae, gum bleeding, bleeding from other sites, 

and duration of symptoms was recorded. Findings of physical examination including 

hepatosplenomegaly (HSM), lymphadenopathy (LAP) were noted. Hematological parameters 

like Hemoglobin%, WBC count, platelet count and blast% at diagnosis and clinical response 

after induction chemotherapy on BMA were also recorded.  

Collection of blood samples/bone marrow aspirates 

Peripheral blood samples (4-5 ml) were obtained from all patients in heparinised vials (10-50 
U/ml of blood) and transported to the laboratory on ice. In addition, bone marrow aspirates were 
collected in heparin containing phosphate buffered saline (PBS) when possible. All samples were 
processed on the same day. One ml of whole blood/bone marrow sample was used for 
Immunophenotyping studies by flow cytometry and remaining 3-4 ml of blood/bone marrow was 
used for separation of PBMC as described below for genetic studies and gene expression 
analysis. 

Separation of peripheral blood mononuclear cells 

Leukemic peripheral blood mononuclear cells (PBMC) were isolated by a standard density 
gradient/centrifugation method using Histopaque-1077 solution (Sigma). Blood/bone marrow 
was diluted with PBS (1:1) and mixed well by inversion. To a 15 ml conical centrifuge tube, 3 
ml of histopaque was added. Carefully 8 ml of diluted blood was layered onto the histopaque. 
Tube was then centrifuged at 400g at room temperature for 15 minutes. After centrifugation 
opaque interface containing the mononuclear cells was aspirated and transferred into a 1.5 ml 
tubes. PBS was then added and mixed by inversion. Tubes were then centrifuged at 250g for 10 
minutes. Supernatant was removed from the tube and pellet was resuspended in PBS and mixed 
by gentle aspiration with the pipette. Tubes were again centrifuged at 250g for 10 minutes. This 
step was repeated again. Final pellet was resuspended in 1 ml of PBS. From this, 10 μl of cell 
suspension was taken out for the purpose of cell counting using hemocytometer chamber. Finally 
concentration of cell suspension was adjusted to 2x107 cells/ml of PBS. Cells were stored in 
RNA later solution and kept at -700C for genetic studies and Real Time-PCR experiments. 
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Flow cytometric immunophenotyping of acute leukemia  

FCM immunophenotyping was used for identification and phenotypic characterization of blast 

cells using a panel of fluorochrome conjugated antibodies [Fluorescein isothiocyanate (FITC) & 

Phycoerythrin (PE)]. All antibodies were purchased from Becton Dickinson (BD) Biosciences 

(USA). The following panel of fluorochrome conjugated antibodies was used (Table 4.1). 

Table 4.1: Panel of antibodies used for the diagnosis of acute leukemia 

 

Non-lineage  B-Lymphoid T-lymphoid Myeloid 

FITC labeled 

CD34 and TdT 

FITC labeled CD19, 

 PE labeled CD10  

 

FITC labeled  

CD3, CD5 and CD7 

FITC labeled CD14, 

CD 33 , cyt MPO 

PE labeled CD13 

 

 FITC labeled CD 34 and PE labeled CD45 for selection of blast cells.  

 FITC and PE conjugated isotypes were used as control. 

 Unstained cells were used for instrument setting. 

 

Procedure for staining cell surface antigen 

Heparinised whole blood samples were processed by the direct immunofluoroscence method 

using PharM Lyse solution according to manufacturer’s protocol (Becton Dickinson Biosciences, 

USA).  

 

STEP1. Antibody Incubation- To 1.5 ml tube, whole blood (≤ 50 l containing 1x106cells) was 

incubated at 4°C for 30 minutes with 10 l of monoclonal antibodies in the dark. (Separate tubes 

were taken for each antibody) 

STEP2. Lysis of RBCs-After incubation, one ml of 1x PharM lyse solution was added to each 

tube. Tubes were vortexed, incubated for 10 minutes and centrifuged at 2000 rpm for 6 minutes 

to get the cell pellet. Supernatant was removed carefully from each tube without disturbing the 

pellet.  

STEP3. Washing of cell pellet- One ml of PBS (pH 7.4) was added to the cell pellet. Tubes 

were vortexed to resuspend the pellet and then centrifuged at 2000 rpm for 6 minutes. Color of 
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the pellet was observed. If, the color of the pellet was reddish (indicates incomplete lysis of 

RBCs), Step 2 was repeated. If, the color of the pellet was whitish, step 3 was repeated again for 

proper washing of cells. Cell pellet washing was done twice. 

STEP4. Fixation of cells - Carefully supernatant was removed from all the tubes and cell pellet 

was resuspended in 0.5 ml of 1% paraformaldehyde solution for fixation of cells.  

For staining Intracellular cytoplasmic antigen 

For myeloperoxidase (MPO) antigen and TdT (intracellular), BD cytofix/cytoperm kit was used. 

FACS Analysis 

 Set up of the instrument for acquisition of cells (Data acquisition and storage)  

 Using Cell Quest software, following dot plots were created: 1) FSC vs. SSC and 2) FL2 vs. 

FL1. 

 From the Acquire menu, connect to cytometer and parameter description and from the 

Cytometer menu, detectors/amps, threshold and compensation were selected.  

 Using detectors/amps (FSC and SSC gain), majority of the cells were positioned near the 

midpoint of the FSC axis. Cell debris was excluded from being counted using threshold 

option.  

 Using detectors/amps (FL1 and FL2 PMT voltage), FL1 and FL2 voltage was adjusted so 

that the majority of unstained cells appear in the lower-left corner of the FL1 vs. FL2 dot plot 

or show between 100 and 101 fluorescence units (U) on the dot plot.  

 After optimum settings, 10,000 cells/events were acquired from the tube.  

 Using these settings, 10,000 cells from the Isotype control (FITC and PE) tubes were 

acquired. Fine adjustment was made to Compensation and other settings if necessary.  

 After final adjustment to compensation and detector settings, a total of 10,000 cells from 

each samples were acquired. 
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Data analysis 

Cell QuestTM software was used to analyze the data.  Results were obtained by gating the blast 

cells using side scatter (SSC) versus forward light scatter (FSC) parameters and examining the 

associated FITC and PE fluorescence on FL1 and FL2 detectors, respectively (Fig. 4.1). In ALL, 

aberrant expression of CD13 and CD33 while in AML, aberrant expression of CD3, CD5, CD7, 

CD10 and CD19 was studied. The percentage of population showing high intensity of CD45 

(representing the contamination of normal cells in the gated area) was subtracted from the total 

positivity of particular aberrant marker in order to calculate the exact percentage of an aberrant 

marker. Antigen expression was considered to be positive when the percentage of positive blast 

cells was equal or greater than 20%. Similarly, aberrant phenotypes were defined when at least 

20% of the blast cells expressed the particular aberrant marker. 

 

 
Figure 4.1 : Analysis for aberrant antigen expression (single color immunophenotyping) : A. a showing 
selection of blast population (gating), B. showing three cluster or region of different intensity of CD45 
from the gated blast population (R1 high intensity, R2 moderate intensity, R3 negative/nill). Both R2 and 
R3 regions represent blast population as these cells have nill or moderate expression of CD45 while R1 
represents contamination of normal cell population in the gated area of blast population as these cells 
have high intensity of CD45. Since normal cells have high expression of CD45 and appear in R1 region 
thus in order to calculate the actual percentage of particular aberrant marker, % of R1 region (CD45 
positive population of high intensity) was subtracted from the total positivity of that particular aberrant 
marker. C. showing positivity for CD 34 marker, an immature cell marker, this also helps in the selection 
of blast cell population. 
 

 



Confirmation of diagnosis and typing of acute leukemia 
 

57 
 

Treatment Protocol and Response to Induction Chemotherapy 

AML patients received the standard ‘3+7’ induction chemotherapy. The standard induction 

chemotherapy regimen in ALL patients was MCP841 in children and modified BFM 95 regimen 

in adults. The details of the treatment protocol have been described previously in chapter 2. In 

this study clinical response of the patients was evaluated after completion of induction 

chemotherapy only. Complete response (CR) to induction chemotherapy was defined clinically 

by disappearance of abnormal physical findings attributable to the leukemia and return of the 

patient to good physical health and hematologically by the return of the peripheral blood to 

normal values with respect to hemoglobin, total and differential white blood cell count and 

platelets and less than 5 per cent morphologically normal blast cells in a marrow preparation of 

normal cellularity. Patients who did not meet the criteria of CR after induction therapy were 

considered non complete response (NR).  

Statistical analysis 

Analyses were performed using SPSS 19.0 (SPSS inc.) statistical analysis software.  Chi-

square/Fisher’s exact test was used to see the association of aberrant phenotype with adverse 

prognostic factors and clinical outcome. Two sided p-value =  0.05 was considered as 

statistically significant.  
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Result 

Flow cytometric immunophenotyping of Acute Leukemia (AL) 

In the current study, 289 FAB-diagnosed acute leukemia samples were analysed for the 

confirmation of diagnosis and typing of AL by flow cytometric (FCM) immunophenotyping. Of 

the 289 FAB-diagnosed AL samples, 137 (47.4%) were diagnosed as AML, 145 (50.1%) were 

diagnosed as ALL, 3 (0.4%) case were of MLAL and 4 (1.4%) were diagnosed as BAL (Table 

4.2). 

By FCM immunophenotyping 133 (46.0%) cases were diagnosed as AML, 112 (38.7%) as B-

ALL, 33 (11.4%) as T-ALL and 7 (2.4%) were diagnosed as mixed lineage acute leukemia 

(MLAL) and 4 (1.4%) were diagnosed as BAL (Table 4.2 and Figure 4.2). FCM 

immunophenotypic analysis revealed discrepant results in 9 FAB-diagnosed cases. Of these 4 

cases of FAB-diagnosed AML; 2 were diagnosed as B-ALL, 1 as T-ALL, and 1 as MLAL.  6 

cases of FAB-ALL were diagnosed as of MLAL type. In addition FCM was useful in diagnosing 

3 L0/M0 cases as ALL cases; 2 as B-ALL and 1 as T-ALL (Table 4.3). 

Table 4.2: Diagnosis of AL 

Types of AL 
Diagnosis of AL 

FAB (n=289) FCM (289) 

AML (%) 137(47.4%)  133(46.0%) 

ALL (%) 145(50.1%) 
B-ALL 112(38.7%) 

T-ALL 33(11.4%) 

BAL (%) 4(1.4%) 4(1.4%) 

MLAL (%) 3(1.0%) 7(2.4%) 

 
 
Note: Table shows the distribution of AL patient diagnosed by FAB and FCM immunophenotyping 
AL: Acute leukemia; AML: Acute myeloid leukemia; ALL: Acute lymphoblastic leukemia; BAL:  
Biphenotypic acute leukemia; MLAL: Mixed lineage acute leukemia. Number in parenthesis represents 
percentage 
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Figure 4.2: Pie chart showing distribution of AL cases by FCM Immunophenotyping 
 

 

 

 

 

 

 
 

 

 

 

 
Table 4.3: Discrepant cases of AL 
 

S. No. Age Sex FAB Diagnosis FCM Diagnosis 

1 8 F L1 MLAL 

2 10 F L2 MLAL 

3 9 M L2 MLAL 

4 24 M L2 MLAL 

5 15 M M5a B 

6 30 M M1 B 

7 22 F M5b MLAL 

8 50 M AML T 

9 24 F L2/M0 T 

10 18 M L2/M0 T 

11 32 M L2 MLAL 

12 25 F L2/M0 B 

Note. Table shows the discrepant cases of AL diagnosed differently by FAB and 
FCM immunophenotyping  
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Distribution of AL patients according to FAB subtypes 

AML: Of 133 FCM diagnosed AML cases, M2 (51/133, 38%) was found to be more common 

FAB subtype followed by M0/M1 (22/133, 16%). The frequency of M3 was the least one among 

FAB subtype (8/133, 6%).  The same pattern was seen in adults. M2 (36/97, 37%) was the most 

common FAB subtype followed by M0/M1 (14/97, 14%), M4 (15/97, 15%). In children also M2 

was the most common followed by M0/M1>M4>M5>M3. Distribution of FAB types according 

to gender (male and female) is shown in the table 4.4. 

B-ALL: Of 145 FCM diagnosed ALL cases, 128 were of B-ALL and 37 were of T-ALL. 

According to FAB morphology, L2 was found to be the most common subtype (55/112, 49%) 

followed by L1 subtype (43/112, 38.3%) in B-ALL. Similarly, L1 was more common in children 

than adults in B-ALL (39 vs 23 in children: 20 vs 16 in adults) (Table 4.5).  

T-ALL: In T-ALL also, L1 was found more often than L1 (18/33 vs. 12/33). In children, L1 

(8/17, 47%) and L2 (7/17, 41%) were equally common, however, in adults L1 (10/16, 62.5%) 

was twice more common than L2 (4/12, 31.2%) (Table 4.5). Distribution of FAB types according 

to gender (male and female) is shown in the same table. 

Table 4.4: Distribution of AML cases according to FAB subtypes   

 

 

 

Age group 

FAB Subtypes in AML (n=133) 

M0/M1(21) M2(51) M3(8) M4(16) M5(18) M6(0) AML(19) 

M F M F M F M F M F M F M F 

Children (36) 6 1 11 4 2 0 1 0 5 0 0 0 4 2 

Adults (97) 11 3 24 12 4 2 10 5 6 7 0 0 7 6 

M= Male, F= Female 
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Table 4.5: FAB distribution of B-ALL and T-ALL cases 

 

 

 

 

 

 

 

 

M= Male, F= Female 

 

Distribution of AL patients according to Age and Gender 

 

AML: Of the 133 AML patients, 97 patients (73%) were adults while 36 patients (27%) were 

children (Figure 4.3). The median age of the children and adults were 9.5 and 35 years 

(Range=1-15 yr and 16-85 yr) respectively. The peak incidence of AML in adults was seen in the 

age group of 31-35 yr while in children incidence was more common in the age group of 6-10 yr 

(Figure 4.4). 

 

B-ALL: Of the 112 B-ALL patients, 69 patients (62%) were children while 43 patients (38%) 

were adults (Figure 4.3). The median age of children and adults were 7 and 24 years (Range=1-

15 yr and 16-67 yr) respectively. The peak incidence of B-ALL was seen in 11-15 age group 

(Figure 4.4). 

 

T-ALL: Of the 33 T-ALL patients, 17 patients (52%) were children while 16 patients (48%) 

were adults (Figure 4.3). The median age of the children and adults were 9 and 21 years 

(Range=2-15 yr and 16-50 yr) respectively. The incidence of T-ALL in children was found to be 

high in the age group of 6-10 yr while in adult peak incidence was seen in the age group of 16-20 

yr (Figure 4.4). 

Age group 

FAB subtypes in  ALL (n=145) 

L1 (n=73) L2 (n=55) ALL (17) 

M(52) F(21) M(41) F(14) M(12) F(5) 

B-ALL 

(112) 

Children (69) 28 11 16 7 6 1 

Adults  (43) 11 5 15 5 3 4 

T-ALL 

(33) 

Children (17) 5 3 6 1 2 - 

Adults  (16) 8 2 4 1 1 - 
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Figure 4.3: Distribution of acute leukemia cases in children and adults 
 
 

 

 

 

 

 

 

 

 

 Figure 4.4: Age wise distribution of patients with AML, B-ALL and T-ALL 
  
 

 

 

 

 

 

 

 

 

 

 

Clinical, Hematological and Cytochemical findings in AML patients 

 

In AML, the frequency of male was higher in both children and adults than female [64%, (62/97) 

in adults and 77%, (28/36) in children]. Male to female ratio was 1.8 in adults and 3.5 in 

children. MPO positivity was seen more in adults than children though it was not statistically 

significant (93% vs 79%, p=0.06). In AML, hepatosplenomegaly and lymphadenopathy was 

present in higher number of adults than children but only LAP was statistically significant (80% 
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vs. 56% respectively (p=0.007). The median level of Hb was also found to be significantly 

higher in adults compared children (6.5 vs 5.2, p=0.0007). However, no significant difference 

was found in the Platelet and WBC count between children and adults (Table 4.6). 

 

Table 4.6: Clinical and hematological characteristics of 133 AML patients 

 
Note. Table shows the clinical and haematological features of patients with AML in adult and children. 
*Bold values represent significant p value <0.05 calculated by χ2 test. HSM and LAP were significantly 
higher in adult AML compared to Chidhood AML. 
 

Clinical, Hematological and Cytochemical findings in ALL patients 

 

B-ALL: Of the 112 B-ALL patients, males were over-represented in B-ALL cases (72% in 

children and 67% in adults). In childhood and adult B-ALL, male to female ratio was 2.6:1 and 

2:1 respectively (Table 4.7). HSM was present in 82.6% and 79.1% cases of children and adult B-

ALL while LAP was seen in equal percentages of cases in children and adults respectively. There 

was no significant difference in the median level of Hb, Plt and WBC count of the children and 

adults B-ALL (Table 4.7).  

T-ALL: Of the 33 T-ALL patients, 79% (26/33) were males while 21% (13/33) were females. 

The male to female ratio was 3.7:1. In childhood and adult B-ALL, male to female ratio was 

3.2:1 and 4.3:1 respectively (Table 4.7). In T-ALL cases, HSM was present in 64.7% and 87.5% 

 AML (133) 

Clinical and laboratory findings Adult (97) Children (36) p-value 

Gender (M/F) 62/35 28/8 0.14 

MPO stain (Cytochemical)%(n) 93.3(70/75) 78.6 (22/28) 0.06 

Auer rod present %(n) 47.4 (46/97) 50.0 (18/36) 0.84 

Hepatosplenomegaly (HSM) %(n) 50.5(49/97) 33.3 (12/36) 0.08 

Lymphadenopathy (LAP)%(n) 80.4(78/97) 55.6 (20/36) 0.007* 

Hb (g/dl) (median, range) 6.5(2-13.8) 5.2 (3.3-10.8) 0.006* 

WBC (×109/l) (median, range) 28(1-428) 34.9 (4.8-256) 0.45 

Plt (×109/l) (median, range) 20 (1-343) 29 (2-130) 0.55 

Peripheral Blasts (median, range) 69 (10-98) 70 (17-96) 0.82 
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cases of children and adult T-ALL while LAP was seen in 64.7% and 50% cases of adults and 

children respectively (Table 4.7). The children and adults patients showed no significant 

difference in their median level of Hb, Plt and WBC count. PAS positivity was seen in higher 

number of cases of children than adults (75% vs 58.3%) (Table 4.7).  

 

Table 4.7: Clinical and hematological characteristics of 145 ALL patients 

Note. Table shows the clinical and hematological features of B-ALL and T-ALL patients in adult and 
children. P- p value calculated by χ2 test. Hb in g/dl while WBC and Plt in (×109/l).  
 

Analysis of lineage specific antigen markers expressed in AL patients 

AML:  One hundred thirty three (133) patients with AML (36 children and 97 adults) were 

evaluated for the expression of myeloid lineage specific marker and CD34 (Table 4.8). Myeloid 

lineage marker, CD33 was detected in 83.3% and 89.7% cases, CD13 in 85.7% and 87.7% while 

MPO was detected in 46.2 % and 22.4% cases of children and adults respectively. There was 

marginal significant difference in the expression of stem cell marker, CD34 between children 

and adult. The CD34 marker was detected in higher number of children cases than adults (72.2% 

vs 53.5%, p=0.07) A representative case of AML diagnosed on FCM immunophenotyping is 

shown in Figure 4.5. 

 

In B-ALL:  One hundred and twelve (112) patients with B-ALL (43 children and 69 adults) 

were analysed (Table 4.8). The expression of B-cell lineage marker i.e. CD19 was detected in all 

 B-ALL (112) T-ALL (33) 

Clinical and laboratory 
findings 

Children 
(69) 

Adult (43) P Children 
(17) 

Adult (16) P 

Gender (M/F) 50/19 29/14 0.67 13/4 13/3 1.0 

PAS positivity %(n) 65.6(40/61) 59.4(19/32) 0.65 75.0(9/13) 58.3(7/12)  0.66 

HSM%(n) 82.6(57/69) 79.1(34/43) 0.63 64.7(11/17) 87.5(14/16) 0.22 

LAP%(n) 49.3(34/69) 48.8(21/43) 1.0 64.7(11/17) 50.0(8/16) 0.49 

Hb (median, range) 6.4(2.8-1.9) 5.8(2-12.4) 0.60 6.7(3.2-2.8) 7.4(3-112) 0.90 

WBC(median, range) 22 (3-160) 20(1-115) 0.31 56(1.4-395) 68(2.4-240) 0.82 

Plt (median, range) 40.6(1.7-320) 33.4(0.9-234) 0.32 25(1.6-173) 20(1-160) 0.46 

Blast (median, range) 80(12-96) 80(10-96) 0.53 76(10-99) 73(25-90) 0.66 
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samples. The CALLA antigen i.e. CD10, was found in 94% and 91% cases of children and adults 

respectively. CD34 marker was found more often in adults (51%) as compared to children 

(39%). However there was no significant difference in the expression of any of the above 

markers between children and adults in B-ALL (Table 4.8). A representative case of B-ALL 

diagnosed on FCM immunophenotyping is shown in Figure 4.6. 
 

In T-ALL: The expression of the three T-cell lineage antigens (CD3, CD5 and CD7) was 

analysed in the 33 patients (16 children and 17 adults) (Representative Figure 4.7). The CD5 

marker was detected in 82% and 94% cases while CD3 was detected in 53% and 44% cases of 

children and adults respectively. The CD7 marker was detected in all the cases of children and 

adults. The expression of CD10 marker was found to be similar in adults and children. The CD34 

marker was detected in 18% and 31% cases of children and adults respectively (Table 4.8).  
 

Table 4.8: Expression of lineage specific markers and CD 34 in patients with AL  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note. Table shows the percentage of positivity of various CD markers in AL patients.  Number outside 
parenthesis indicates percentage, *MPO, CD13 and CD14 expression was not evaluated in all samples. 

Type of AL  

(n=278) 

CD 

markers 

% of samples showing CD marker positivity 

Children (n)  Adults (n) p-value 

AML (n=133) 

(A=97, C=36 

CD13* 85.7 (12/14) 87.7 (43/49) 1.0 

CD33 83.3 (30/36) 89.7 (87/97) 0.37 

CD14* 18.8 (6/32) 21.8 (17/61) 0.80 

MPO* 46.2  (6/13) 22.4  (11/49) 0.15 

CD34 72.2 (26/36) 53.6 (52/97) 0.07 

B-ALL (n=112) 

(A=69, C=43) 

CD10 94.2 (65/69)  90.7 (39/43) 0.48 

CD19 98.6  (68/69) 100 (43/43) 1.0 

CD34 39.1 (27/69) 51.2 (22/43) 0.24 

 

T-ALL (n=33) 

(A=17, C=16) 

CD3 52.9 (9/17) 43.8 (7/16) 0.73 

CD5 82.4 (14/17) 93.8 (15/16) 0.60 

CD7* 100 (8/8) 100 (12/12) - 

CD10 41.2  (7/17) 43.8  (7/16) 1.0 

CD34 17.6 (3/17) 31.3 (5/16) 0.43 
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Figure 4.5: Immunophenotypic analysis of AML: A case of AML. Blasts were positive for 

myeloid marker i.e. CD33 & MPO and negative for CD3, CD5, CD7, CD10, & CD34 markers.  

 



Confirmation of diagnosis and typing of acute leukemia 
 

67 
 

 

 

 

 

Figure 4.6: Immunophenotypic analysis of B-ALL: A case of B-ALL. Blasts were positive for 

B-cell marker i.e. CD10 & CD19 and negative for CD3, CD5, CD7, MPO & CD34 markers.  

 

 



Confirmation of diagnosis and typing of acute leukemia 
 

68 
 

 

 

 

Figure 4.7: Immunophenotypic analysis of T-ALL: A case of T-ALL. Blasts were positive for T-

cell marker i.e. CD3, CD5 & CD7 and negative for CD10, CD19, MPO & CD34 markers. 
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Clinical outcome of AL patients 

Analysis of prognostic variables influencing the response to the Induction chemotherapy 

In the study, clinical response of the patients was evaluated after completion of induction 

chemotherapy and was available in 37.4% (104/278) cases. The response rate (CR) in adult and 

childhood AL patients is given in the Table 4.9. No significant difference was seen in the 

response rate of children and adults in AML. Interestingly, In B-ALL the response rate was 

found to be higher in adults (73%) compared to children (58%), although the difference was not 

significant. In T-ALL, the response rate was found to be higher in children (75%) compared to 

adults (43%), although this difference was also not significant perhaps due to small sample size. 

 

Table 4.9: Clinical outcome in AL patients  

   Note. CR: complete remission after induction chemotherapy.  P-value calculated by χ2 test.  
    Number outside parenthesis indicates percentage.  
 

Analysis of prognostic variables influencing the response in AL  

 

AML: No significant association was observed for the clinical variables such as gender, fab, Hb, 

Plt, wbc count, AR presence, LAP, HSM and peripheral blast percentage with the prognosis of 

AML patients.  Among immunophenotypic markers, expression of CD34, stem cell marker was 

higher in non-responder than responder but it was not statistically significant. However in 

children expression of CD34, stem cell marker was significantly (marginally) associated with 

non responders. The CD34 marker was found to be positive in all the cases (100%) of non 

responders compared to 33% cases of responders (100% vs 33%, p=0.06) but not in adults (47% 

vs 37%, p=0.72). 

 

 
Acute leukemia (104) 

 
Children (51) Adults (53) 

Types of AL CR% (n=30 ) NCR% (n=21) CR% (n=30 ) NCR% (n=23) P 

AML (43) 50 (6/12) 50 (6/12) 51.6 (16/31) 48.4(15/31) 1.00 

B-ALL (46) 58.1(18/31) 41.9(13/31) 73.3 (11/15) 26.7 (4/15) 0.35 

T-ALL (15) 75.0 (6/8) 25.0 (2/8) 42.9 (3/7) 57.1(4/7) 0.31 
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Table 4.10: Association of prognostic factors with clinical outcome in AL (CR. vs NCR) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B-ALL: No significant difference was found between responders and non responders for the 

male gender in adult and child. In adults, percentage of males in responders and non responders 

was 82% and 100% respectively (p=1.0). In children, percentage of males was marginally higher 

in responders (78%) than non responders (61%) respectively (p=0.43). There was no significant 

difference between responders and non responders of adult as well as children for other 

prognostic factors such as Hb level, Plt count WBC count and blast%. No difference was also 

found between responders and non responders of adult as well as of childhood B-ALL for the 

presence of HSM, LAP, PAS positivity, CD10 and CD34 expression (Table 4.10).  

Prognostic features  
(good vs. poor) 

Types of AL 
AML (43) B-ALL (46) T-ALL (15) 

Child 
(12) 

Adult 
(31) 

Child 
(31) 

Adult 
(15) 

Child 
(8) 

Adult 
(7) 

Gender (female vs. male) Ns Ns Ns Ns Ns Ns 

HSM (-ve vs. +ve) Ns Ns Ns Ns Ns Ns 

LAP  (-ve vs. +ve) Ns Ns Ns Ns Ns Ns 

MPO/ PAS# (+ve vs. -ve) Ns Ns Ns Ns Ns Ns 

Auer rods  (+ve vs. -ve) Ns Ns Ns Ns Ns Ns 
CD10 (+ve vs. -ve) Ns Ns Ns Ns Ns Ns 
CD34+ 
(good in ALL/poor in AML) 0.06* Ns Ns Ns Ns Ns 

Hb level (<10 vs. >10) - Ns Ns - Ns Ns 

Plt  (>50×109/l  vs. 
<50×109/l)  Ns Ns Ns Ns Ns Ns 

WBC(<50×109/l  vs. 
>50×109/l) Ns Ns Ns Ns Ns Ns 

Peripheral Blast 
(>50 % vs. <50%) Ns Ns Ns Ns - 0.02* 
Note. Table shows the difference in the prognostic features of AL patient between CR and NCR. 
P-value calculated using χ2 test. *Significant p value < 0.05. # = MPO in AML, PAS in B-ALL, 
ns= Non-significant p value, CR/NCR: Response after induction chemotherapy. - =p-value 
could not be calculated as the number of sample in other group was none. 
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In T-ALL: In adults, percentage of males in responders and non responders was 100% and 75% 

respectively (p=1.0). In children, percentage of males in responders and non responders was 83% 

and 50% respectively (p=1.0). In T-ALL also, no significant difference was found for prognostic 

factors such as Hb level, Plt count, WBC count, PAS positivity, presence of HSM, LAP and 

CD10 and CD34 expression. Only percentage of peripheral blast was found to significantly 

different between responder and non responder of adult T-ALL. Blast percentage (more than 

50%) was present in lower number of responder cases (0%) compared to non-responder cases 

(100%) in adults (p=0.02) (Table 4.10). 

 
 
Aberrant antigen expression in AL 

 

Frequency of Aberrant expression of lymphoid-associated markers in AML (Ly+ AML) or 

myeloid associated markers in ALL (My+ ALL) 

Two hundred and fifty two cases were evaluated for aberrant expression of antigen. Of the 252 

samples, 117 were adults and 135 were children. 110 were AML and 142 were of ALL (110 B-

ALL and 32 T-ALL). Out of 252 AL cases, 24% (60/252) showed aberrant expression of 

antigen. Aberrant expression of myeloid lineage associated antigen (My+ ALL) was seen in 15% 

(21/142) cases of ALL while aberrant expression of lymphoid lineage associated antigen (Ly+ 

AML) was seen in 35% (39/110) cases of AML (Table 4.11).  

 

Table 4.11: Detail of AL Patients 

Total No. of AL patients (N)         : 252 (110 AML + 110 B-ALL + 32 T- ALL)   

Childhood AL                               : 117  (32 AML + 68 B-ALL + 17 T- ALL)    

Adult AL                                       : 135 ( 78 AML + 42 B-ALL + 15 T- ALL) 

Aberrant Phenotype                     :  My+ B-ALL  - 14.5% (16/110) 

                                                        My+ T-ALL  –  15.6% (5/32)  

                                                        Ly+ AML     –  35.4% (39/110)  

                                                             Total        –  23.8% (60/252)      
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Distribution of aberrant phenotype in adult and childhood AL 

 

In B-ALL, aberrant phenotype was found significantly more often in adults (24%, 10/42) than 

children (9%, 6/68) (p=0.04). In T-ALL, frequency of aberrant phenotype was double in children 

3% (4/15) than that of adult 6% (1/17) although this was statistically insignificant (p=0.16). In 

AML, Overall, Ly+ AML phenotype was seen in 35% (39/110) cases of AML. Children had 

significantly higher frequency of Ly+ AML phenotype compared to adults (53% vs 28%, 

p=0.01) (Table 4.12) (Figure 4.8). 

 

Figure 4.8: Frequency distribution of aberrant phenotype in adult and childhood AL 

 

 
 

Aberrant phenotypes in AML (Ly+AML) and their correlation with clinical features  
 

Age (Children vs Adults): Aberrant expression of CD19 was found to be the most frequent B-

cell marker in both adult and children. Children had marginally higher frequency of CD19 

phenotype than adults (34% vs 18%, p=0.08). There was no expression of CD10 in adult while 

only one case of child AML showed aberrant expression of CD10. Among T-cell marker, only 

CD7 was found to be aberrantly expressed in both adult and childhood AML cases. Although, 

aberrant expression of CD7 was higher in children compared to adults but it was not statistically 

significant (22% vs 14%, p=0.39) (Table 4.12). 
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Table 4.12: Distribution of aberrant lymphoid marker in AML 

   

Note. Table shows distribution of aberrant expression of lymphoid marker in AML cases. Expression of 
B-cell markers was significantly different between adult and childhood AML. *Significant p-value <0.05. 
 

FAB subtypes: FAB subtypes distribution of CD19 in adult AML showed higher frequency in 

M0/M1 (33%) followed by M5 (27%) and M2 (18%). In childhood AML higher frequency of 

CD19 was observed in M2 (64%) and M5 (40%). Aberrant expression of CD19 in M2 subtype 

was marginally higher in children than adult (64% vs 18%, p=0.08). In adult, aberrant expression 

of CD7 was more common in M2 (21%) followed by M5 (18%) and M0/M1 (17%) subtypes 

while in children, CD7 was found more commonly in M0/M1 (43%) followed by M5 (40%). All 

the cases of M3 and M4 subtypes of children and adults were negative for lymphoid markers 

except for one case of M4 subtype that was positive for CD19 in adult AML (Table 4.13). 

 

Table 4.13: Aberrant expression of CD7 and CD19 in FAB subtypes of AML 

 

 

Markers AML (110)  

Adult % (n=78) Childhood %(n=32) p-value 

 
Lymphoid 

Marker  

CD3 0 (0) 0 (0) - 
CD5 0 (0) 0 (0) - 
CD7 14.1 (11) 21.9 (7) 0.39 

Total T-cell 14.1 (11) 21.9 (7) 0.39 
CD10 0 (0) 3.1 (1) 0.29 
CD19 17.9 (14) 34.4 (11) 0.08 

 Total B-cell 17.9(14) 37.5 (12) 0.04* 
 Overall 28.2 (22) 53.1 (17) 0.01* 

Lymphoid 

Markers 

FAB subtypes (AML)  

Total MO/M1 M2 M3 M4 M5 AML 

CD7 

 

A (n) 17(2/12)  21(6/28) 0(0/5)  0(0/9) 18(2/11) 8 (1/13) 14 (11/78) 

C (n) 43(3/7) 9(1/11) 0(0/2)  0(0/1) 40(2/5) 17(1/6) 22 (7/32) 

CD19 

 

A (n) 33(4/12) 18(5/28) 0(0/5) 11(1/9) 27(3/11) 8(1/13) 18 (14/78) 

C (n) 14(1/7) 4(7/11)  (0/2)  0(0/1) 40(2/5) 17(1/6) 34(11/32) 

 A= adult, C= Children, Values outside parenthesis indicated percentage 
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Correlation of Ly+AML phenotype with clinical features, CD34 marker and clinical 

outcome 

The median age for Ly+ AML was 35 years (17-85) and 10 years (1-14) in adult and children 

respectively. In adult AML, no significant differences were observed in Ly+ AML versus Ly- 

AML cases in relation to presenting clinical features including gender (p=0.80), LAP (p=0.22), 

HSM (p=0.46), Hb level (p=0.82), WBC count (p=0.89), Plt count (p=0.13), peripheral blast 

(p=0.81), presence of auer rod (p=0.20) and CD34 (p=0.61). Analysis of these prognostic factors 

in children also showed no association with aberrant phenotypes except CD34. Expression of 

CD34 in children was found to be significantly higher in Ly+ AML compared to Ly- AML cases 

(94% vs 53%, p=0.01). In adult AML, the response rate was found to be similar in Ly+ AML 

and Ly- AML (60% vs 53%, p=0.1). In childhood AML, the response rate was found to be lower 

in Ly+ AML (33%) as compared to Ly- AML phenotype (50%) however, this difference was 

also not significant (p=0.1) (Table 4.14). 

 
Table 4.14: Association of the prognostic factors with lymphoid phenotype of AML  
 

Note. Table shows expression of CD34 is significantly higher in Ly+AML compared to Ly-AML cases in 
children. CR: complete remission after induction chemotherapy.  P-value calculated using χ2 test. 
*Significant p value < 0.05. (Age in years, Hb in g/dl while WBC and Plt measured as ×109/L).  
 

 AML (110) 

Prognostic factors Adult AML(78) Childhood AML (32) 

 Ly+ ALL(22) Ly-ALL(56) P Ly+ ALL(17) Ly- ALL(15) P 

Age (median, range) 35 (17-85) 35.5(16-77) 0.93 10(1-14) 8(3-15) 0.84 

Gender(M/F) 13/9 35/21 0.80 14/3 12/3 1.0 

HSM,%(n) 45.5(10/22) 55.4(31/56) 0.46 29.4(5/17) 33.3 (5/15) 1.0 

LAP,%(n) 68.2(15/22) 82.1(46/56) 0.22 58.8(10/17) 40(6/15) 0.47 

Hb (median, range) 6.9(2.6-10) 6.2(1.3-8) 0.82 5.6(3.3-10.8) 4.8(3.4-7.8) 0.32 

WBC (median, range) 24.1(2.3-244) 34.1(1-312) 0.89 34.9(9.1-252) 34.9(9.1-256) 0.95 

Plt (median, range) 20(3-129) 40(1-343) 0.13 23(2-120) 42(5.8-130) 0.21 

Blasts (median, range) 65(36-90) 68(10-98) 0.81 75(30-96) 60(17-94) 0.24 

AR Presence, %(n) 54.5(12/22) 37.5(12/56) 0.20 58.8(10/17) 53.3(8/15) 1.0 

CD34 (+) % (n) 59.1 (13/22) 50(28/56) 0.61 94.1(16/17) 53.1(8/15) 0.01* 

CR/NCR 3/2 10/9 1.0 2/4 2/2 1.0 
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Aberrant phenotypes in ALL (My+ALL) and their correlation with clinical features  
 

Age (Children vs Adults): Aberrant expression of CD13 myeloid marker was done in only 33 

cases of adult and 36 cases of childhood ALL cases. Expression of CD13 was found to be similar 

in children and adult (9% vs 6%, p=0.66). Since CD13 was not evaluated in all cases it is 

excluded from further analysis. CD33 marker was evaluated in all the 142 cases of AML. 

Aberrant expression of CD33 was significantly high in adult cases compared to children (25% 

vs. 8%, p=0.01) (Table 4.15).  

 

Table 4.15: Distribution of aberrant myeloid marker in ALL 

 

 

 

 

 

Note. Table shows aberrant expression of CD13 and CD33 in ALL. Expression of CD33 marker is 
significantly higher in adult cases compared to childhood ALL. Significant p-value <0.05.  
 

FAB subtypes: Among the FAB subtypes of childhood ALL, aberrant expression of CD33 was 

similar in L1 (11%) and L2 subtypes (7%). In adult ALL, expression of CD33 was found to be 

higher in L1 (27%) than L2 (20%), although this difference was not significant (p=0.9) (Table 

4.16).  

 

Table 4.16: Aberrant expression of CD33 in FAB subtypes of ALL 

Note. Table shows aberrant expression of CD33 in FAB subtypes of ALL. No significant difference was 
observed in the distribution of CD33 expression.  
 

 

            Markers                     ALL 

Adult ALL Childhood ALL p-value 

Myeloid Marker  
CD13, %(n) 9.1 (3/33) 5.6 (2/36) 0.66 

CD33, %(n) 24.6 (14/57) 8.2 (7/85) 0.01 

Lymphoid Markers 
FAB subtypes (ALL)  

Total L1 L2 ALL 

CD33 

 

A, %(n) 26.9 (7/26) 20 (5/25) 33.3 (2/6) 24.5(14/57) 

C , %(n) 10.6 (5/47) 6.7(2/30) 0(0/8) 8.2 (7/85) 
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Correlation of My+ALL phenotype with clinical features, CD34 marker and clinical 

outcome 

In childhood as well as in adult ALL, adverse prognostic factors were not found to be associated 

with aberrant phenotypes except with CD34 expression in adult ALL. In adult CD34 expression 

was found to be significantly higher in My+ phenotype (71%) compared to My-ALL (35%) 

(p=0.02). In children, CD34 was found in 57% and 33% cases of My+ALL and My-ALL 

respectively. No significant difference was found in the clinical outcome of My+ALL and My-

ALL phenotype in both adult and childhood ALL. In adult ALL, complete remission rate was 

higher in My-ALL (66%) compared to My+ALL (33%) (p=0.53). In childhood ALL, CR was 

achieved in 100% and 61% cases of My+ and My- phenotype respectively (p=0.52). There were 

14% (16/110) cases of My+ B-ALL and 16% (5/32) of My+ T-ALL in the study.  Association of 

adverse prognostic factors with aberrant phenotype of B-ALL and T-ALL could not be analyzed 

because of small number of My+ ALL cases (Table 4.17).  

 

Table 4.17: Association of prognostic factors with myeloid phenotype (CD33) of ALL  

Note. Table shows expression of CD34 is significantly higher in My+ALL compared to My-ALL cases in 
adults. CR: complete remission after induction chemotherapy.  p-value calculated using χ2 test. Bold 
represent significant p value < 0.05. Age in years, Hb in g/dl while WBC and Plt were measured in 
×109/L. 

Prognostic factors Adult ALL(57) Child ALL (85) 

 My+ALL(14) My-ALL(43) P My+ ALL(7) My-ALL(78) P 

Age (median, range) 24(17-57) 23(16-67) 0.84 11(1-15) 8(1-15) 0.38 

Gender(M/F) 10/4 13/30 1.0 5/2 57/21 1.0 

HSM, %(n) 92.9(13/14) 76.7 (33/43) 0.26 85.7 (6/7) 78.2 (61/78) 1.0 

LAP, %(n) 50(7/14) 46.5 (20/43) 1.0 42.9 (3/7) 52.6 (41/78) 0.70 

Hb (median, range) 7.1(3.5-2.4) 5.9 (2-11.2) 0.55 6.4 (5.2-7.4) 6.3(2.8-12.8) 0.84 

WBC (median, range) 73(9-185) 31 (2.1-240) 0.41 23 (8.9-256) 44(14-395) 0.54 

Plt (median, range) 20(6-150) 20 (1-160) 0.47 20(10-90) 25(16-173) 0.88 

Blasts (median, range) 89(60-93) 78 (10-96) 0.13 80(70-90) 80(10-99) 0.32 

CD34 (+) %(n) 71.4(10/14) 34.9 (15/43) 0.02 57.1 (4/7) 33.3(26/78) 0.23 

B-ALL/T-ALL 10/4 32/11 1.0 6/1 62/16 1.0 

CR/NCR 1/2 12/6 0.53 2/0 22/14 0.52 
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Discussion 

In most laboratories in our country, diagnosis of acute leukemia (AL) is based on morphology, 

cytochemistry, immunophenotyping, cytogenetic and molecular diagnostic studies. In the current 

study, 289 cases of AL were evaluated, based on FAB morphology 47% (137/289) were 

diagnosed as AML and 50% (145/289) as ALL while 1.0% (4/289) diagnosed as possible BAL. 

Based on FCM, 46% cases were of AML and 50% of ALL while MLAL were 2% cases of AL. 

The frequency of AML reported is slightly higher than the earlier studies reported by Tata 

Memorial Hospital (Mumbai) [Ghosh et al., 2003; Gujral et al., 2009]. Amongst ALL, B-ALL 

constituted 77% (112/145) and T-ALL constituted 23% (33/145) of ALL in the current study. In 

contrast to our reports of T-ALL, very high proportions of T-ALL (40%) have been reported 

from South India [Rajalekshmy et al., 1997].  

Distribution of AL patients: In the present study, most AL in children were of lymphoid (B-
ALL) type with peak incidence at 11-15 years age group whereas in adults they were typically 
myeloid (AML) in origin with peak incidence in the age group of 31-35 yr which is much lower 
than the median age of western countries (60yrs) [Ries et al., 2006; Deschler et al., 2006]. In 
general the prevalence of AL is higher among males compared to females [Tyagi et al., 2006; 
ICMR 2010]. AML accounted for 29% of all AL in children and 62% in adults in the present 
study which is lower than the USA and Europe studies which report higher incidence of AML 
upto 80% of AML in adults [Thalhammer-Scherrer et al., 2002; Xie et al., 2003; Deschler et al., 
2006]. In contrast to AML, ALL accounts for 70% in children and 38% in adults of total AL 
cases. In Europe also, ALL accounts for around 80% of AL among children aged 0–14 years 
[Coebergh et al., 2006]. In ALL, frequency of B-ALL was found to be higher (77%) compared to 
T-ALL (23%). In childhood and adult ALL, the frequency of B-ALL vs. T-ALL in childhood 
ALL and adult ALL was 80% vs 20% and 73 vs. 27% respectively. The high frequency of B-
ALL in both children and adults is also in accordance with the previous reports [Agarwal et al., 
2001; Chen et al., 2004; Bajel et al., 2008]. In contrast to B-ALL, reports of frequency of T-ALL 
have been inconsistent. Agarwal et al., [2001] and Bajel et al., [2008] have reported low 
frequency of T-ALL in children i.e. 17% and 22% respectively. Further, Agarwal et al., [2001] 
did not find any T-ALL cases in adults. Chen et al., [2004] and Khawaja et al., [2005] have also 
reported low frequency of T-ALL i.e. 24% (in children) and 17% (14% in children, 22% in 
adults) respectively.  
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Immunophenotyping 

The standard methods for establishing the diagnosis of acute leukemias are cytomorphology and 

cytochemistry in combination with immunophenotyping. However, immunohistochemical 

staining done in routine laboratory work has its limits: the analysis may be subjective, 

reproducibility is limited, and the process is time-consuming. Inter- and intra-observer variability 

is high because so many factors may interfere with the processing of specimens and 

interpretation of results. Thus, lack of consensus in quantifying antigen expression and defining 

positive and negative results in poor reproducibility. Though immunohistochemistry is 

applicable retrospectively fixed tissues, but fixation might lead to loss of some cells and/or 

cellular antigenicity. On the contrary, flow cytometry immunophenotyping is rapid and 

quantification of the percentage of positive cells is more precise because many more cells are 

evaluated. It allows a more precise definition of individual cell types since the cells of interest 

are identified by a combination of physical characteristics and the use of multiple antibodies 

directly conjugated with different fluorochromes. It also has the ability to assess monoclonality 

through detection of immunoglobulin light chain expression and the results can be available 

within few hours after receiving the specimen. Further, dead cells may be gated out of the 

analysis. Weakly expressed surface antigens may also be detected using bright fluorochrome 

antibodies. 

 

 AML:  Flow cytometric immunophenotyping still remains the cornerstone method especially in 

the diagnosis of ALL and AML. It is fast, objective, quantative and amenable to standardization 

among all other techniques of diagnosing AL. In the current study, CD13 and CD33 were 

expressed in more than 80% cases of AML. CD33 was detected in 90% and 83% cases of 

children and adults while CD13 was detected in 88% and 86% cases of children and adults. 

These findings were similar to other published studies from India as well as abroad [Legrand et 

al., 2000; Ghosh et al., 2003; Chen et al., 2005]. Overall, CD33 is a much more sensitive marker 

than CD13 for myeloid lineage, but by the same virtue, it is less specific than CD13. MPO was 

detected in only 28% (17/62) of cases. The lower positivity in the study was due to smaller 

number of cases evaluated for MPO positivity using flow cytometry. CD34 is a primary marker 

that is expressed on progenitor myeloid, lymphoid or stem cells. This marker is present in about 

40-60% of AML cases, especially in the cases with less differentiated phenotypes. In the current 
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study CD34 was detected in 72% and 54% cases of children and adults respectively. Basso et al., 

[2001] has discussed a number of clinical and methodological factors for the heterogeneity 

reported in the incidence of CD34+ AML and its association with variable survival rates. 

Legrand et al., [2000], Chang et al., [2004] and Liu et al., [2007] have reported CD34 expression 

in 60-65% cases of AML and shows association between CD34+AML and lower response rate 

following induction therapy. In the present study, no difference was found in the response rate of 

CD34+ and CD34- adult AML cases (56% vs 46%). However, in children, a marginal significant 

association was observed towards a lower  remission rate in CD34+ (50%) cases compared to 

CD34- (100%) cases (p=0.06). This confirms the poor prognosis of CD34 marker on the clinical 

outcome in AML children [Dalal et al., 1997; Raspadori et al., 1997]. The present study suggests 

that CD34 expression on AML blasts does not play a prognostic role in adults; however, it could 

influence the clinical outcome in children. Other prognostic factors such as gender, HSM, LAP, 

and peripheral blast count did not find any clinical relevance in the current study. 

 

B-ALL: In the current study, B-ALL cases were categorized into pro-B-ALL and common ALL 

as the panel used in the study included only CD19 and CD10. CD19 is stably expressed on all 

stages of B lineage differentiation. In the present study, almost all the patients showed positivity 

for CD19 and CD10 (100% and 94%) in adults and children (99% and 91%). Overall, these 

findings indicate that two markers i.e. CD19 and CD10 may suffice to diagnose pro-B-ALL 

(CD19+/CD10-) and common B-ALL (CD19+/CD10+) cases.  Expression of CD34 was more 

commonly seen in adults (51%) as compared to children (39%) (p=0.07). In literature higher 

percentage (62%-76%) of B-ALL cases in adults were reported to be positive for CD34 

expression [Cascavilla et al., 1997; Mi et al., 1999]. Several studies in childhood B-ALL have 

reported a strong association between CD34 expression and favorable prognosis [Pui et al., 

1993; Cascavilla et al., 1997]. However, other studies have not confirmed this association 

[Sperling et al., 1995; Vanhaeke et al., 1995]. In the current study, CD34 positivity was 

associated with higher response rate in children (44% vs. 31%) and lower response rate in adults 

(45% vs. 50%) but this difference was not statistically significant. 

T-ALL: Normal T lymphoblasts typically express TdT, CD2, CD5, CD7, and lack CD3 surface 

expression while cCD3 is typically expressed [Cruse et al., 2004]. In the current study, CD7 

(100%) was the most commonly detected CD marker followed by CD5 and CD3 in both children 



Confirmation of diagnosis and typing of acute leukemia 
 

80 
 

and adults. CD5 was detected in 84% and 94% cases of children and adults respectively while 

CD3 was detected in 53% and 44% cases of children and adults. Similar to present study, Chen 

et al., (2005) has also earlier reported that the sensitivity of CD7 (100%) was higher than CD3 

(80%). Although, they have reported that the specificity of CD3 was higher (98%) than CD7 

(78%). Expression of CD10 was also observed in approximately 40% cases of T-ALL in both 

children and adults. Similar to our results, Lewis et al., [2006] also report that CD10 positivity 

was seen in 47% of cases of pre T-ALL cases. Overall, these findings suggest that CD3 or 

preferably CD5 should be included with CD7 in the panel for immunophenotyping in order to 

differentiae T-ALL from B-ALL. No significant difference was seen in the expression of CD34 

between adults (31%) and children (18%) (p=0.4). In contrast to our report Pituch-Noworolska et 

al., [2001] has observed CD34 expression in higher percentage of cases (28%) with childhood T-

ALL. In the current study, childhood T-ALL samples that were CD34+ had higher response rate 

as compared to CD34- cases (100% vs. 67%, p=1.0) although the difference was not significant, 

while in adults, there was a trend toward lower response rate of CD34+ cases as compared to 

CD34- cases (0% vs. 50%, p=1.0) but this was also not significant probably due to lower number 

of cases. Vitale et al., [2007] has also reported lower response rate in CD34+ adult T-ALL as 

compared to CD34 negative T-ALL cases. 

 

The subtype of B-ALL or T-ALL affects prognosis. In B-ALL, response rates were higher in 

adult than children (73% vs 58%, p=0.35). The relatively good clinical outcome for adults in B-

ALL patients compared to children in the current study is unexpected as ALL in elderly people 

has been reported to have a poor outcome, even with the advent of the newer chemotherapy 

regimens and the availability of hematopoietic growth factor therapy [Stock et al., 2008; Pui et 

al., 2011]. Similarly, in comparison to T-ALL adults, remission rates were higher for B-ALL 

patients (73% vs 43%).  This is in contrast to earlier studies that have reported the superior 

outcome of T-lineage ALL as compared to B-lineage ALL [Gokbuget et al., 2001; Rowe et al., 

2007]. This could be due to higher number of patients with B-ALL as compared to T-ALL in the 

current study. Further, in T-ALL, response rate was higher in children (75%) than adults (43%) 

but it was not statistically significant (p=0.31). 
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Aberrant antigen expression in AL 

AML: In this current study, aberrant antigen expression was identified in 35% of AML cases. 

Aberrant expression of lymphoid lineage associated antigen (Ly+ ALL) was seen more often in 

cases of children (53%) than adults (28%) (p=0.01). In adults, Ly+ AML phenotype was found 

in 45% cases of AML, which is similar to other reports [Cruse et al., 2005; El-Sissy et al., 2006]. 

However, in literature the frequency of Ly+ AML in children has been reported to be lower than 

our study i.e 24% to 35% [Kawai et al., 1995; Shen et al., 2003]. Among lymphoid antigen, 

CD19 was the most common aberrant lymphoid antigen expression in both adult and children 

followed by CD7. This is in contrast to other studies which reports CD7 as a more common 

lymphoid associated antigen as compared to CD19 [Legrand et al., 2000, El-Sissy et al., 2006, 

Khurram et al., 2010]. CD7 an activation and adhesion molecule, is expressed by T cells, NK 

cells and stem cells [Cruse et al., 2004]. The WHO states that CD7 may be frequently expressed 

in AML, but at low intensity [Jaffe et al., 2001]. In the current study CD7 was expressed in 22% 

cases of AML in children and 11% in adult while CD19 was expressed in 37% and 18% cases of 

children and adults AML respectively. In the present study, there was no expression of CD3, 

CD5 and CD10 markers in adult cases. Only one pediatric AML sample expressed CD10 marker. 

These data support the current WHO immunophenotype for AML and literature which reports 

low or absent expression of CD3 and CD5 in AML cases [Legrand et al., 2000; Jaffe et al., 2001; 

Lewis et al., 2006]. 

Association of some antigens with specific FAB subtypes of AML are well documented in the 

literature, e.g. the presence of CD19 in AML-M2 with the t(8;21) translocation [Babusikova et 

al., 1996; Khalidi et al., 1998]. In the current study, CD19 in M2 subtype was found to be 

marginally higher in children cases compared to adult (64% vs 18%, p=0.08). Further CD7 was 

mostly confined to FAB M0/M1 (43%) and M5 (40%) in children and in FAB M2 (21%), M5 

(18%) and M0/M1 (17%) in adults. These results are in contrast to other literature which 

supports CD7 expression in early hematopoietic ontogeny in the lesser-differentiated AML 

subtypes, including FAB M0, M1, and M2 [Tiftik et al., 2004; Cruse et al., 2005; El-Sissy et al., 

2006]. 
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Detection of aberrant phenotypes is not only important for accurate diagnosis of AML, but 

potentially also for AML prognosis. Prognostic factors which correlate with aberrant lymphoid 

antigen have been reported including CD7 antigen, which has been related to a poor prognosis in 

AML. The co-expression of this antigen in AML patients indicates an aggressive clinical course 

and associated with decrease complete remission rate [Kita et al., 1993; Venditti et al., 1998]. In 

our study, we have found no difference in the treatment outcome of CD7+ and CD7- AML cases 

neither in adults (p=0.23) nor in children (p=1.0). This could be due to small number of cases 

positive for CD7 in our study. We found no correlation between the lymphoid antigen displayed 

on myeloid cells and clinical features in adult AML. However, in children CD34, immature stem 

cell marker, was found to be significantly associated with the lymphoid antigen expression (94% 

in Ly+ AML and 53% in Ly- AML). Similarly, Kawai et al., [1995] have also reported that 

CD34 was more often associated with Ly+ phenotype (91%) as compared to Ly- phenotype 

(31%) of childhood AML. Apparently, CD34 expression in AML is considered to be a negative 

prognostic factor for chemotherapy. 

 

ALL: Aberrant expression of myeloid lineage associated antigen (CD33) was seen in 15% cases 

of ALL. CD33 expression was seen more often in adults (25%) as compared to children (8%) 

(p=0.01). CD33 is a pan myeloid marker involved in negative selection for human self-

regenerating hematopoietic stem cells [Cruse et al., 2004]. Similarly Vitale et al., [2007] 

reported expression of CD13 and/or CD33 in 24% cases of adult T-ALL more frequently CD13 

than CD33. Gujral et al., [2009] also showed CD13 to be more commonly expressed antigen in 

B-ALL and T-ALL cases as compared to CD33. Conversely Thalhammer-Scherrer et al., [2002] 

have reported low expression of CD33 in B-ALL (3%) and T-ALL (7%) cases of adults. 

Whereas Marks et al., [2009] have reported CD33 expression in 30% cases of T-ALL in adults. 

 

In children, My+ phenotype has been reported in 36% and 30% cases of B-ALL and T-ALL 

respectively [Shen et al., 2003]. In our study, My+ phenotype was found in 9% (6/68) cases of 

childhood B-ALL which is in contrast to studies that have earlier reported aberrant phenotype in 

23% to 27% cases of childhood B-ALL [Ng et al., 2000; Suggs et al., 2007]. Conversely, in this 

study, CD33 was present in only 1/17 (6%) case of childhood T-ALL. Suggs et al., [2007] have 
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also reported no expression of CD33 in childhood T-ALL (in less than 13 year).  Similarly, 

Lewis et al., [2006] found only 2 of 16 cases that expressed CD33 in T-ALL cases although age 

distribution of the study is not known.  

 

The clinical significance of the presence of myeloid antigens on lymphoid leukemias has been 

widely debated. While different investigators have associated the expression of myeloid antigen 

with an adverse prognosis for patients with childhood T-ALL [Wiersma et al., 1991; Uckun et 

al., 1997] and in adult [Drexler et al., 1991; Thomas et al., 1995], others have conflicted it 

particularly in adult ALL [Yenerel et al., 2002]. In adult ALL, favorable outcome has been 

reported by Yenerel et al., [2002] for aberrant phenotype. In our study, both adult and childhood 

ALL patients showed no significant difference in the clinical outcome of My+ ALL and My-

ALL phenotype. In adult, CR rate was 33% for the My+ ALL and of 67% for the My-ALL 

patients (p=0.53). No significant difference was also found between adverse prognostic factors of 

childhood My+ ALL and My- ALL. Vitale et al., [2007] have also showed no difference 

between adult My+ and My- phenotype in terms of presenting clinical, hematological and 

biological features and clinical outcome.  Prognostic significance of CD34 expression 

particularly in adult ALL is controversial [Thomas et al., 1995; Vanhaeke et al., 1995]. Vitale et 

al., [2007] had found that CD34 positivity lowered the CR rate from 84% to 54%. In contrast to 

this, Marks et al., [2009] had not found any affect of CD34 positivity on CR rate. 

 

In summary, aberrant expression of lymphoid antigen was more in AML than the aberrant 

expression of myeloid in ALL. CD19 was the most common lymphoid antigen expressed, most 

frequent in AML-M0/M1 followed by AML-M5 subtype. Although some of our findings lack 

statistical strength, mainly owing to the relatively small number of patients included in the study 

still the quantification of aberrant expression of markers such as CD7, CD19 in AML and CD13, 

CD33 in ALL patients by flow cytometry certainly be a valuable and indispensible part of 

diagnosis and prognosis of acute leukemia patients. In conjunction with cytogenetics, 

immunophenotyping may help in the identification of subsets of patients for whom the best 

possible results with intensive chemotherapy can be obtained.  
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Chapter 5 

Detection of commonly occurring genetic alteration in acute leukemia 

 
Introduction 

Acute leukemia (AL) develops from malignant transformation of immature hematopoietic cells 

through a complex, multistep process that requires cooperation of two classes of genetic 

alterations/mutations [Gilliland and Griffin, 2002]. The class I mutations activate signal 

transduction pathways that gives proliferation and survival advantage to the hematopoietic cells 

but do not affect differentiation. In contrast, the class II mutations involve transcriptional 

regulators of normal hematopoietic differentiation, and result in a block of hematopoietic cell 

maturation and/or aberrant self-renewal capacity. These mutations primarily serve to impair 

hematopoietic differentiation [Kelly and Gilliland, 2002; Frohling et al., 2005]. Genetic 

alterations that are associated with acute leukemia include receptor tyrosine kinase (RTK) FLT3, 

c-kit (KIT) and Ras signaling pathway that are considered to be class I mutations. The class II 

mutations comprises chromosomal translocation such as t(8;21), inv(16) and t(15; 17), which 

affects transcriptional regulators such as core binding factors (CBF), RARα and MLL. Neither 

class I nor Class II alone is sufficient to cause leukemia since clinical and experimental data have 

shown that acute leukemia harbor more than one recurring mutations, suggesting a mult-hit 

model for leukemogenesis [Stubbs et al., 2008]. The genetic analysis of progression from 

chronic myelogenous leukemia (CML) to acute myelogenous leukemia (AML) also supports the 

multi-step pathogenesis of acute leukemia.  

Chromosomal translocations in acute leukemia 

Chromosomal translocations constitute an important parameter to identify prognostically 

relevant subgroups in acute leukemia. Recurrent translocation that are commonly found in AML 

include the t(8;21) translocation, resulting in the formation of AML-ETO fusion and the t(15;17) 

translocation resulting in the PML-RARα fusion gene. Translocation t(8;21) was the first 

reciprocal translocation in AML that was identified using banding techniques [Rowley, 1973a]. 

This translocation is strongly associated with FAB M2 subtype [Bennett et al., 1985]. The 

translocation juxtaposes the AML1 gene on 21q22 with the ETO gene on 8q22 resulting in the 
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production of a chimeric AML/ETO mRNA and protein [Downing et al., 1993]. Another 

recurrent translocation t(15;17) which lead to the formation of fusion gene PML/RARα is 

exclusively associated with acute promyelocytic leukemia (APL) [Grignani et al., 1994]. APL-

associated gene rearrangements are characterized by fusing RARα to several different partner 

genes, of which the most common fusion is PML/RARα resulting from t(15;17). The PML-

RARα protein binds to corepressor/histone deacetylase (HDAC) complexes with higher affinity 

than the wild type RARA, leading to aberrant chromatin acetylation and alterations of chromatin 

conformation inhibiting the normal transcription of genes regulated by RARα, a nuclear hormone 

receptors [Segalla et al., 2003]. The Philadelphia chromosome (Ph) t(9;22), the hallmark of 

CML, results from a translocation between chromosomes 9q34 and 22q11 and fuses the BCR 

gene on chromosome 22 to the  ABL gene on chromosome 9 [Rowley, 1973]. Unlike most other 

rearrangements in ALL which target transcription factors, BCR-ABL protein is an activated 

tyrosine kinase molecule that  exert its effects by interfering with cellular signal transduction 

pathways normally involved in the control of cell death, proliferation and cell-cell adhesion 

[Goga et al., 1995; Cortez et al., 1996]. 

  

These chromosomal translocations t(8;21), the t(15;17) and the t(9;22), which typically lead to 

the formation of fusion genes and their expression as chimeric transcripts and proteins are of 

clinical relevance in leukemogenesis because they influence the expression of key regulatory 

genes in the hematopoietic system thereby constitute an important parameter to identify 

prognostically relevant subgroups in acute leukemia.. 

 

Gene mutations in AML 

The intensive molecular investigation in recent years has described variety of new molecular 

mutation which play an important role in molecular diagnostics and estimation of prognosis in 

acute myeloid leukemia [Buzzai and Licht, 2008; Schlenk and Dohner, 2009]. Leukemia’s harbor 

chromosomal translocations and additional molecular mutations with these translocation drives 

oncogenic transformation of hematopoietic cells. Genes involved in signal transduction have 

been the main focus of molecular mutation analyses. Fms- like tyrosine kinase-3 (FLT3) is a 

class III receptor tyrosine kinase along with KIT, FMS and PDGFR, located on chromosome 

13q12 [Rosnet et al., 1993]. Wild type FLT3 is expressed on normal hematopoietic stem cells 
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and in the majority of AML blast cells [Nakao et al., 1996]. The most common mutation in the 

FLT3 gene is internal tandem duplication (FLT3/ITD) of the region coding for the 

juxtamembrane (JM) domain of the FLT3 receptor [Hayakawa et al., 2000]. The mutated FLT3 

gene was always transcribed in frame, and coded mutant FLT3 with a long JM domain. In vitro 

studies have demonstrated that the FLT3 ligand stimulates proliferation and inhibits apoptosis in 

myeloid leukemic cells [Drexler 1996; Mizuki et al., 2000]. Another mutation reported is 

missense mutations in the tyrosine kinase domain (TKD) of the FLT3 gene. These mutations also 

promote constitutive phosphorylation of the receptor [Abu-Duhier et al., 2001]. The most 

frequent is point mutations and deletions of codons 835/836 in second TKD of the gene.  

Another most common mutation in AML that interferes with cell cycle regulation is exon 12 of 

nucleophosmin (NPM1) gene [Falini et al., 2005]. The frameshift mutation at exon 12 of the 

NPM1 gene is an alternative leukemogenetic mechanism rather than chromosomal translocations 

that was recently discovered in 2005 [Falini et al., 2005; Verhaak et al., 2005]. NPM1 is a 

nucleus-cytoplasm shuttling protein that is ubiquitously expressed and is highly conserved. The 

NPM1 protein has been shown to contribute to many basic cellular processes such as the 

regulation of centrosome function, biosynthesis of ribosomes, preventing aggregation of proteins 

in the nucleolus and also participate in (ARF-P53) tumor suppressor pathway [Olson et al., 1986; 

Szebeni and Olson, 1999; Colombo et al., 2002]. 

In leukemia and lymphoma, NPM1 is a partner in chromosomal translocations, where the 

dislocated cytoplasmic nucleophosmin appears to contribute to oncogenesis. Falini et al., 2005 

identified NPM1 mutation as an independent positive prognostic factor for attainment of 

complete remission. Subsequent studies evaluating the clinical outcome of patients with and 

without NPM1 mutations irrespective of the presence of other genetic rearrangements have 

yielded somewhat inconsistent results. In some studies, patients harboring NPM1 mutations had 

a significantly higher complete remission rate [Schnittger et al., 2005; Suzuki et al., 2005], and 

longer disease-free survival [Thiede et al., 2006], relapse-free survival [Dohner et al., 2005] and 

event-free survival [Schnittger et al., 2005]. In contrast, other studies revealed no significant 

differences in complete remission rates [Boissel et al., 2005; Bardet et al., 2006]. Thiede et al., 

[2006] provided evidence that NPM1 mutations usually precede the acquisition of FLT3-ITDs, 

suggesting that NPM1 mutations might constitute a primary event in leukemogenesis. About 
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40% of patients harboring NPM1 mutations also carry FLT3-ITD mutation [Dohner et al., 2005; 

Schnittger et al., 2005; Thiede et al., 2006]. However, among patients without the FLT3-ITD, 

NPM1 mutations were associated with higher complete remission rates [Schnittger et al., 2005; 

Thiede et al., 2006]. Studies particularly in Indian population, taking into account the incidence 

and prognostic impact of these newly described genetic events in acute leukemia patients are 

warranted. Therefore, the aim of this objective were to 

 

 To determine the prevalence of the translocation t(9;22) (p210, p190 BCR-ABL fusion 

transcripts) by multiplex RT-PCR in ALL and AML patients. 

 To determine the prevalence of translocation t(8;21) (AML/ETO) and  the t(15;17) 

(PML/RARα) in AML patients by simple RT-PCR. 

 To determine the clinical characteristics associated with the above translocation and their 

relation with the FAB subytpes and immunological markers in AML. 

 To determine the prevalence and significance of FLT3 (FLT3/ITD and FLT3/D835) and 

exon12 NPM1 mutations in AML patients and to investigate their associated biological 

and clinical characteristics. 

 

Experimental methods 
Materials 

Agarose, Tris base, EDTA, NaCl, SDS, Triton X-100 and other fine chemicals were purchased 

from Sigma Chemicals, USA. TRIzol, Taq polymerase, dNTPs, MgCl2, was obtained from 

Invitrogen, and MBI fermentas, USA. Oligos were synthesized by Microsynth, Switzerland. 

RNA later, DNA and RNA extraction kit were purchased from Qiagen Sciences, USA and 

Himedia, India.  

 

Chemicals used 

LYSIS BUFFER I: 30mm Tris-Hcl (pH-8), 5mm EDTA, 50 mm Nacl; LYSIS BUFFER II:  

75mm Nacl, 2mm EDTA (pH-8); SDS STOCK: 20 gm of SDS dissolved in 80 ml of TDW at 

650C. Make up volume up to 100 ml; PROTEINASE K: 10 mg dissolved in 1 ml of TDW: 1% ; 

AGAROSE: 1gm of agarose dissolved 1X TAE buffer. 
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Selection criteria of patients: As described in chapter 4 

Inclusion criteria: As described in chapter 4 

Exclusion criteria: As described in chapter 4 

Patients’ details: As described in chapter 4 

Collection of blood samples: As described in chapter 4 

Separation of peripheral blood mononuclear cells: As described in chapter-1 

Reverse transcription - polymerase chain reaction (RT-PCR) analysis for translocation 

 

Isolation of RNA  

Leukemic cells were lysed with TRIZOL (Invitrogen, USA) and RNA was recovered according 

to manufacturer’s instruction before resuspension in 10-20 μl of DEPC water. RNA integrity was 

checked on a 1.2% formaldehyde-agarose gel. (Figure 5.1) 

 

 
                          

  
                        

                
 

  

 

Synthesis of cDNA 

Human complementary DNA (cDNA) was generated by reverse transcription of total RNA 

extracted from leukemic cells using high capacity cDNA archive kit (Applied Biosystems) 

according to the manufacturer’s instructions. Integrity of cDNA was checked by amplification of 

GAPDH (Figure 5.2). 

28 s 
18 s 

 

Figure 5.1: Gel picture showing the integrity of 
RNA on 1.2% formaldehyde-agarose gel. 
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Figure 5.2:  Gel picture showing the integrity of cDNA by amplification of GAPDH 

 

Reverse Transcriptase Polymerase chain reaction (RT-PCR) 

All polymerase chain reaction (PCR) reactions were performed on a thermal cycler (PTC-200, 

MJ Research, USA). Amplicons were electrophoresed on agarose gels stained with ethidium 

bromide (0.5 ug/ml) and visualized on Gel documentation system (Gene Snap, SYNGENE, UK). 

Positive and negative controls were included in all PCR reactions. 

 
Multiplex RT-PCR for the detection of BCR/ABL Translocation 

The BCR/ABL rearrangement was amplified using multiplex RT-PCR using primers described 

by Cross et al., [1994]. The primers were used for p190 and p210 BCR/ABL protein product 

translated by e1a2 and b2a2 or b3a2 transcript respectively. The position of primer used in the 

study with respect to normal BCR and ABL cDNA is shown in the figure 5.3. The PCR products 

were visualized using agarose gel electrophoresis with ethidium bromide staining. In the 

multiplex PCR, the bands are of: 808 bp, normal BCR; 481 bp, e1a2 (p190); 385 bp and/or 310 

bp, b3a2 and b2a2 (p210), respectively. An amplified product from the BCR gene is detected in 

those patient who are  BCR/ABL negative translocation. The presence of this band indicates that 

the quality of the RNA and the efficiency of cDNA synthesis were good; absence of this band 

indicates procedural failure. Negative controls included the PCR-reagent mixture with water 

instead of cDNA from sample in each experiment. cDNA from K562 cells (p210-positive CML 

blast crisis cell line) was used as a positive control. Cycling condition and multiplex RT-PCR 
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protocol is shown in the Table 5.1 and Table 5.2. Multiplex RT PCR amplification primers were 

custom designed by Microsynth (Switzerland) (Table 5.3). 

 

Figure 5.3: Position of primers used in the study with respect to normal BCR and ABL cDNA 

 

 

Table 5.1: Cycling regime for amplification of BCR/ABL translocation 

 

Step Temperature °C Time (hrs/min/sec) Remark 

1. Initial denaturation 96 °C 00:05:00 One cycle only 

2. Denaturation 96 °C 00:01:00 35 cycles 

(repeat steps 2, 3, 4) 3. Annealing 63 °C 00:00:50 

4. Polymerization 72 °C 00:01:15 

6. Final extension 72 °C 00:10:00 One cycle (final only) 

 7. Ice 4°C 00:00:00 Indefinite hold 
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Table 5.2: Multiplex RT-PCR reaction volume for BCR/ABL translocation 

 

Components Master Stock Working Stock Reaction Volume (25µ1) 

Water  X  16.8 

PCR buffer 10X 1X 2.5 

dNTP mix (2.5 mM each) 10 mM 200 µM 0.5 

Taq DNA polymerase 5 U/µl 1U/25µl 0.2 

MgCl2 50 mM 2 mM 1.0 

Primer BCR-C 10 µM 0.2 µM 0.5 

B2B 10 µM 0.2 µM 0.5 

C5e- 10 µM 0.2 µM 0.5 

CA3- 10 µM 0.2 µM 0.5 

Template (cDNA) Y 100 to 300 ng 2.0 

 

Table 5.3: Sequence of Primers used in multiplex RT-PCR for BCR/ABL translocation 

 

RT-PCR for the detection AML/ETO and PML/RARα translocation  

For the detection of AML/ETO and PML/RAR α fusion gene, the same PCR cyclic condition 

was run but separately for each of the translocation. The PCR was carried out in a final volume 

of 25 μl with 1 μl cDNA, 1x PCR buffer, 200 μM dNTP, 1.5 mM MgCl2, 1 µM of each primer 

pair and 1 unit of Taq polymerase (Invitrogen, California, USA). Samples were subjected to the 

following PCR condition shown in the table 5.5. A known sample positive for each PML/RAR α 

and AML/ETO was used as a positive control. Negative controls included the PCR-reagent 

mixture with water instead of cDNA from sample in each experiment.  The sequence of the 

primers used in the study for the above translocations are shown in Table 5.4. 

Isoform Name Primers Sequences Size (bp) 

BCR/ABL 

(p210) 

BCR-B2B 5’-ACAGAATTCCGCTGACCATCAATAAG-3’ 310 for b2a2 

385 for b3a2 ABL-CA3 5’-TGTTGACTGGCGTGATGTAGTTGCTTGG-3’ 

BCR/ABL 

(p190) 

BCR-C 5’-ACCGCATGTTCCGGGACAAAG-3’ 

481 for e1a2 ABL-C5E 5’-ATAGGATCCTTTGCAACCGGGTCTGAA- 3’ 
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Table 5.4: Sequence of Primers used for the detection of AML/ETO and PML/RARα 

translocation 

 
 
Table 5.5: Cycling Regime for amplification of AML/ETO and PML/RARα translocation  
 

Step Temperature °C Time (hrs/min/sec) Remark 

1. Initial denaturation 95 °C 00:05:00 One cycle (initial only) 

2. Denaturation 95 °C 00:01:00  

37 cycles 

(repeat steps 2, 3, 4) 

3. Annealing 62 °C 00:00:45 

4. Polymerization 72 °C 00:01:15 

6. Final extension 72 °C 00:10:00 One cycle (final only) 

7. Ice 4°C 00:00:00 Indefinite hold 

 

 

Detection of FLT3 (FLT3/ITD and FLT3/D835) and exon12 NPM1 mutation  

 

Extraction of Genomic DNA  

Genomic DNA from acute leukemia patients was extracted by using Himedia kit (Mumbai, 

India) and stored at -20OC till further analyzed. 

  

Quantification of Genomic DNA  

For the quantification of DNA, readings were taken in Nanodrop spectrophotometer. Precisely 

1.5µl of the sample was loaded on the pedestal of the instrument. Readings were taken in 

Translocation Name Primers Sequences Size (bp) 

 

AML/ETO 
AML 5’-CTACCGCAGCCATGAAGAACC-3 

395 bp 
ETO 5’-AGAGGAAGGCCCATTGCTGAA-3 

 
 

PML/RARα 
 

PML  5’-CAGTGTACGCCTTCTCCATCA-3 381 bp for bcr1  

 345 bp for bcr2  

376 bp for bcr3  
RAR 5’-GCTTGTAGATGCGGGGTAGA-3 

PML 5’-CTGCTGGAGGCTGTGGAC-3 
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specific module for DNA after taking measurement for blank. The ratio of absorbance at 260 and 

280 nm is used to assess the purity of DNA. A ratio of ~1.8 is accepted as “pure” for DNA.  

 

Agarose Gel Electrophoresis of Extracted DNA Samples 

In order to check the quality of the extracted DNA from blood samples, agarose gel 

electrophoresis was carried out in a 0.8% agarose gel in TAE buffer. 0.8 gram of agarose was 

dissolved in 100 ml of 1x TAE buffer and boiled. The solution was cooled to 45-500 C and 5-6 ul 

of EtBr was added in to the solution. Then solution was poured in to the casting tray with a 

comb. After solidification, gel was placed in electrophoresis tank containing 1% TAE buffer. 

The DNA samples (5 µl) were mixed with 6X loading dye (1 µl) and loaded into the slot/well of 

submerged gel. Applying a constant current of 100 mA the gel was run for up to 30 minutes. 

Gels were visualized under the gel documentation system and images acquired (Figure 5.4).  

 

 

 

 

 

 
 
 

Figure 5.4: Agarose gel picture showing quality of genomic DNA isolated from the subjects 
 

Polymerase chain reaction analysis for FLT3/ITD and FLT3/D835 mutation  

For FLT3-ITD and FLT3/D835 mutation, PCR based amplification of genomic DNA was carried 

out using primers reported earlier in literatures [Nakao et al., 1996; Yamamoto et al. 2001]. PCR 

for FLT3/ITD mutation was carried out for exon14 (formerly exon11) using Primers 11F-11R 

which amplify the juxtamembrane domain of the and first part of the TK-1 domain where most 

of the reported mutation are located. For FLT3/D835 mutation, the FLT3 gene was amplified 

using the primers which explore the region containing exon 20 where D835 mutation is located. 

PCR reactions were carried out in a volume of 25µl as mentioned in table 5.6. The amplification 

reaction was carried out using 5 min of initial denaturation at 95°C, 35 cycles of 30 sec at 95°C, 
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Annealing (50°C for FLT3/ITD, 64°C for FLT3/D835) for 45s  and extension for 30 sec at 72°C. 

A final extension step at 72°C for 10 min was performed. Ten μl of each PCR product were run 

on 2% agarose gel and visualized under UV light after EtBr staining. The FLT3 wild-type 

produced a band at 133 base pairs (bp). Any patient with an additional higher molecular weight 

band was considered to be positive for an ITD.  Samples showing additional bands, indicative of 

an ITD, were subjected to sequencing. 

  

Table 5.6: PCR reaction volume for FLT3/ITD and FLT3/D835 mutation 

 

Components Master Stock Working Stock Reaction Volume (µl)  

Nuclease-free water  X  17.3  

PCR buffer 10X 1X 2.5 

dNTP mix (2.5 mM each) 10 mM 200 µM 0.5 

DNA polymerase  3 U/µl 0.6 U/25µl 0.2 

MgCl2 25 mM 1.5 mM 1.5 

Forward primer 10 µM 0.2 µM 0.5 

Reverse primer 10 µM 0.2 µM 0.5 

Template (DNA) Y 100 to 300 ng 2.0 

                                                         Total Reaction Volume       = 25.0 µl 

 

 

RFLP analysis of FLT3/D835 mutation 

Restriction digestion of the amplified fragments was carried out by enzyme EcoRV (NEB, USA) 

which recognizes the sequence 5’-GAT^ATC -3' 

                                         3'-CTA^TAG-5' 

The restriction digestion was carried out in 15 μl reaction as mentioned in table 5.7, in a water 

bath at 37ºC, O/N. 

RFLP products were loaded on 2.5% agarose gel and subjected to gel electrophoresis in 0.5X 

TBE buffer, stained with ethidium bromide and visualized under UV.  In the presence of a wild-

type exon 17 the amplified fragment was digested into two fragments of 68 and 46 bp, easily 
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distinguishable on gel. Mutations affecting either D835 or I836 amino acids led to the detection 

of the undigested product of 114 bp, in addition to the two 68 and 46 bp fragments corresponding 

to the digestion of the wild-type allele. 

 

Table 5.7: Reaction volume of RFLP for the detection of FLT3/D835 mutation 

Components Stock Conc. Working Conc. 1 Reaction (ul) 

Water 1x 1x 3 

Buffer 10X 1 1.5 

EcoRV (enzyme) 20Units/μl 10Units 0.5 

PCR product   10.0 

 

Polymerase chain reaction and capillary electrophoresis for NPM1 exon 12 mutation  

For NPM1 mutation analysis, NPM1 exon-12 was amplified by genomic PCR using primers 

reported by Gale et al. 2008. The reaction mixture contained 10 pmol of each primer, 100 ng of 

genomic DNA, 200 μM dNTPs, 2.0 mM Mgcl2 and 1 Unit of Taq DNA polymerase (MBI 

fermentas, UK) in the buffer provided by the manufacturer. Amplification was performed in a 

thermal cycler (PTC 200; MJ Research,  USA), at an initial denaturation at 95°C for 5 minutes, 

followed by 30 cycles of 95°C for 2 minutes,62°C for 45 seconds, 72°C for 45 seconds, and 

followed by a hold at 72°C for 10 minutes and a cool down. The 6-FAM labeled PCR products 

were diluted tenthfold in water, and 0.5μl was mixed with 9.5 μl of HiDi formamide (Applied 

Biosystems,USA) and 0.25 μl of GeneScan Liz 250 internal size standards (Applied Biosystems, 

USA) and heated to 95°C for 2 minutes snapchill down on ice. The samples were run on an ABI 

3130xl Genetic Analyzer using 16-cm capillaries.  Raw data were analyzed with GeneMapper 

v4.0 software (Applied Biosystems, Inc.). For simplicity, rounded base pair values are used in 

the text. WT product size was 198 bp. PCR amplification primers were custom designed by 

Microsynth (Switzerland). Sequence of primer used in the mutation study is shown in table 5.8.  
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Table 5.8:  Sequence of Primers used for the detection of FLT3 and NPM1 gene mutation 

Gene Name Primers Sequences Size (bp) 

 

FLT3 

/ITD 

FLT3 11 F 5’-CAATTTAGGTATGAAAGCC-3’ 

133 bp 
FLT3 11 R 5’-CAAACTCTAAATTTTCTCT-3’ 

FLT3 

/D835 

FLT3 17F 5’-CCGCCAGGAACGTGCTTG-3’ 
114 bp 

FLT3 17R 5’-GCAGCCTCACATTGCCCC-3’ 

NPM1 

(exon12) 

NPM1 F 5’-FAM-CTTAACCACATTTCTTTTTTTTTTTTTCCAG-3’ 
198 bp 

NPM1 R 5’-GGACAACATTTATCAAACACGGTAG-3’ 

Sequence analysis 

For FLT3/ITD and NPM1 mutation analysis, PCR products larger than the wild-type product 

were sequenced to identify the type and extent of duplication/Insertion. Amplified fragments 

were cut and extracted from agarose gels using Qiagen mini elute kit (Qiagen, Hilden, Germany) 

according to the manufacturer’s instructions. Approximately 100 ng purified PCR product was 

directly sequenced with 3.3 pmol primers as described above with the Big Dye Terminator Cycle 

Sequencing Kit v3.1. For analysis of FLT3/D835 mutations, undigested band of 114bp was 

isolated and sequenced as above. Sequence analysis was performed on an ABI 3130xl Sequence 

Detection System (Applied Biosystems, USA). 

Statistical Analysis 

For the analysis of categorical variables either Fischer’s exact or Pearson’s X2 test was applied. 

Mann-Whitney Rank Sum Test was used for the differences in the median variable in 

Hemoglobin level, WBC/ platelet count and peripheral blast percentage. A p-value of ≤0.05 was 

considered statistically significant. All the analysis was performed using SPSS software (version 

19). 
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RESULTS 
Prevalence and clinical characteristics of ALL patients with BCR-ABL translocation 

Ninety seven ALL patients (71 male, 26 female) were investigated at presentation. There were 

55 children (median7 yrs, range 1-15 yrs) and 42 adults (median 25, range 16-67yrs). Eighty-one 

patients were common ALL (CD10+ve) and sixteen were CD10-ve. Overall, 26 (27%) patients 

were found to be positive for the translocation: 16 patients were positive for p210 (b3a2/b2a2) 

and eight were positive for p190 (e1a2) and two patients were positive for both p210 and p190 

isoform of BCR/ABL. There was no case of T-ALL positive for this translocation compared to 

33% positive in B-ALL (p=0.03). Among B-ALL, BCR/ABL fusion gene was detected in 37% 

(12/32) cases of adults and in 29% (13/44) cases of children (Table 5.9) (Figure 5.5). 

 

Table 5.9: Distribution of BCR/ABL isoforms in acute leukemia patients 
 

Types of BCR/ABL 
ALL(97) 

AML(123) 
B-ALL (76) T-ALL (21) 

p210( b3a2) 8% (6) 0% 2%(2) 

p210( b2a2) 13% (10) 0% 5%(6) 

p190( e1a2) 11% (8) 0% 2%(3) 

(p190+ p210) 1% (1) 0% 0 

 
Note. One case of mixed lineage positive for the p190+p210 isoform was excluded from table 

 

Figure 5.5: Distribution of BCR/ABL Isoforms in acute leukemia patients 
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Clinical characteristics of B-ALL patients with BCR/ABL translocation 

 FCM distribution showed that all the BCR/ABL positive cases were of B-ALL, one case was of 

mixed lineage type while none of the T-ALL cases were positive for BCR/ABL translocation 

(p=0.003). Since all cases belong to B-ALL type, clinical and hematological features were 

compared only in B-ALL cases while T-ALL cases were excluded from the analysis. No 

significant association was found with clinical features except for FAB distribution and WBC 

count. FAB distribution of BCR/ABL positive cases showed significant differences (p=0.03).  

BCR/ABL translocation was found in 56% cases of L1 followed by 44% of L2 subtype. The 

median WBC count was significantly high in BCR/ABL positive cases compared to BCR/ABL 

negative cases (p=0.04). CR rate were higher in BCR/ABL negative cases (67%) compared to 

BCR/ABL positive cases (43%) but it was not statistically significant (p=0.38) (Table 5.10).  

Table 5.10: Clinical characteristics of B-ALL patients with BCR/ABL translocation 

 BCR/ABL+ (25) BCR/ABL-(51) p-value 

Gender Male, %(n) 68 (17) 69(35)  

              Female, %(n) 32 (8) 31(16) 1.0 

Age  Child (≤15 yrs), %(n) 52(13) 61(31)  

          Adult (>15 yrs), %(n) 48(12) 39(20) 0.62 

FAB   L1, %(n) 56(14) 45(23)  

           L2, %(n) 44(11) 31(16)  

          ALL, %(n) 0(0) 24(12) 0.03* 

PAS Positivity, %(n) 60(12/20) 54(24/44) 0.78 

LAP, %(n) 56(14/25) 49(25/51) 0.63 

HSM, %(n) 76(19/25) 82(42/51) 0.54 

Hb g/dl, median (range) 6.1(3.3-9.7) 5.9(2-12.4) 0.82 

Plt ×109/L, median (range) 20.5(3-160) 20(1-160) 0.47 

WBC×109/L median (range) 68.4(5-296) 28(0.9-256) 0.04* 

Blast% median (range) 80(25-96) 80(10-96) 0.33 

CR, %(n) 43(3/7) 67(14/21) 0.38 

Note. Table shows significantly higher WBC count in BCR/ABL positive cases compared to BCR/ABL 
negative cases. All categorical variables were compared using the χ2 test while Continuous variable were 
compared using Mann-Whitney test. * Significant p value < 0.05. CR: complete remission after induction 
chemotherapy.   
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Immunophenotypic characteristics of B-ALL patients with BCR/ABL translocation 

There was no significant difference in the expression of immunological markers between 

BCR/ABL positive and BCR/ABL negative cases. Expression of CD10 was found to be positive 

in lower number of BCR/ABL+ cases (84% vs 96%, p=0.08) while TdT in higher number of 

BCR/ABL+ cases (64% vs 33%, p=0.09) compared to BCR/ABL negative (Table 5.11).  

  

Table 5.11: Immunophenotypic characteristics of B-ALL patients with BCR/ABL translocation 

Antigen BCR/ABL+  (25) BCR/ABL - (51) p-value 

CD3 0 4 0.55 

CD5 0 4 0.29 

CD7 4 11 0.41 

CD10 84 96 0.08 

CD13* 0 9 0.26 

CD14 4 2 1.0 

CD19 33 67 1.0 

CD33 16 14 1.0 

CD34 52 53 1.0 

HLA-DR* 95 93 1.0 

TdT* 64 33 0.09 

*Markers were not done in all cases, Number represent the percentage of cases positive for the 

marker.p-value calculated using  χ2 test 

  

Prevalence and Clinical characteristics of AML patients with Translocation  

 

BCR/ABL translocation in AML: In AML including BAL patients, 123 patients (86 male, 37 

female) were screened for the presence of the BCR/ABL translocation at presentation. These 

include 31 children (median 10 yrs, range 1-15 yrs) and 92 adult (median 30 yrs, range 16-85 

yrs). BCR/ABL translocation was observed in 11 (9%) patient of AML: Eight patients were 

positive for p210 (b3a2/b2a2) and three patients were positive for p190 (e1a2) (Figure 5.6).  
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Figure 5.6: Agarose gel analysis of BCR/ABL fusion transcript showing different isoforms. M-100bp 
ladder; PC-Positive control K562 cells with 385bp representing b3a2 isoform; Lane 8 and Lane 11- 
samples with 481bp representing e1a2 isoform. Band of 808 bp is of BCR gene BCR representing internal 
control for cDNA quality. NC-Negative control 
 

BCR/ABL translocation was significantly associated with the presence of LAP (p=0.001), HSM 

(p=0.01), MPO positivity (p=0.01) and high WBC count (p=0.004). The median WBC count in 

BCR/ABL positive cases was 127x109/L compared to 26 x 109/L in BCR/ABL negative cases. 

FAB distribution of BCR/ABL positive cases also showed significant differences (p=0.01).  

BCR/ABL positive cases were higher in M0/M1 (27%) subtype followed by BAL (27%), M2 

(18%) subtype. No significant difference was observed in CR rate after induction chemotherapy 

between BCR/ABL positive and BCR/ABL negative cases (51% vs 33%, p=1.0) (Table 5.13). 

 

Immunophenotypically, AML cases positive for BCR/ABL translocation showed significant 

higher number of cases positive for CD10 and CD19 marker (p=0.001 and 0.002). TdT 

expression was also found in higher number of BCR/ABL positive cases compared to negative 

ones (43% vs 7%, p=0.03). CD34 (immature cell antigen) was also expressed in significantly 

higher number of cases positive for BCR/ABL translocation (91% vs 59%, p=0.05) (Table 5.12). 

 

PML/RARα Translocation in AML patients: PML/RARα translocation was detected in only 

4% (5/123) of patients with AML. Five (71%) of the seven patients classified as acute 

promyelocytic leukemia (M3) were found to be positive for the PML/RARα translocation. bcr1 

isoform constitute 60% (3/5) while bcr3 was 40% (2/5) of PML/RARα fusion gene (Figure 5.7). 
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Figure 5.7: Agarose gel analysis of PML/RARα fusion transcript showing different isoforms. Ladder-
50bp; Lane 3 -Positive control sample of patient used in the study with 381bp representing bcr1 isoform; 
Lane 6 and Lane 7- samples positive for bcr1 isoform.Lane1- sample positive for bcr2 isoform 
represented by 345bp band. Lane 2, 4, 5; samples negative for the translocation. NC-Negative control 

There was no association seen between PML/RARα translocation and gender, age, sex , MPO 

positivity, LAP, Hb level, Plt count, peripheral blast at diagnosis. However, the median WBC 

count was significantly lower in PML/RARα positive cases compared to negative cases (5x109/L 

vs 30.8 x109/L, p=0.003). PML/RARα translocation was also associated with the absence of 

HSM (p=0.01) (Table 5.13). Cases positive for PML/RARα translocation lack expression of 

HLA-DR and showed lower expression of CD34 compared to negative cases (p=0.01 and p=0.06 

respectively) (Table 5.12). 

 

AML/ETO translocation in AML: AML/ETO transcript was detected in 29 (24%) out of 123 

patients screened for this translocation (Figure 5.8). The FAB distribution of AML/ETO positive 

cases showed significant differences (p=0.05). AML/ETO translocation was found to be detected 

more often in M4 subtype 53% (8/15) followed M2 subtype 25% (10/40). In addition, one case 

of M5 subtype and two cases of BAL were also positive for the translocation (Figure 5.9).  
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Figure 5.8: Agarose gel analysis of AML/ETO translocation: Ladder-100bp; Lane 4 -Positive control 
sample of patient used in the study with 395bp; Lane 7 and Lane 10- samples positive for the 
translocation. Lane 1-3, 5, 6, 8 and 9; samples negative for the translocation. NC-Negative control. 
 
 
Figure 5.9: Distribution of AML/ETO translocation in AML patients in each FAB Subtype  
 

 

 

 

 

 

 

 

 

 

 

Out of 29 cases positive for AML/ETO translocation, 34% were of M2 subtype followed by M4 

(28%). The AML/ETO translocation was significantly associated with higher level of Hb 

(p=0.02) and with the presence of auer rod (p=0.005). Other clinical factors such as presence of 

LAP, WBC count and lower peripheral blast percentage were marginally associated with the 
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AML/ETO translocation. CR rate were higher in AML/ETO positive cases (67%) compared to 

AML/ETO negative cases (47%) but statistically insignificant (p=0.66) (Table 5.13). 
 
AML cases positive for AML/ETO translocation showed significantly lower positivity of CD33 

(74% vs 94%, p=0.006) and MPO (8% vs 39%, p=0.04) compared to negative cases. CD34 

expression was marginally higher in AML/ETO positive cases than negative cases (78% vs 57%, 

p=0.07). Aberrant expression of CD7 was absent in translocation positive cases compared to 

24% in translocation negative cases (p=0.01) (Table 5.12). 

 
Table 5.12: Immunophenotypic characteristics of AML patients positive for the translocation  
 

 

Total frequency of BCR/ABL, AML/ETO and PML/RAR alpha translocation in AML 

Overall in AML, 11 (9%) patients were positive for BCR-ABL fusion gene. The prevalence of 

AML/ETO fusion transcript was 24% in AML. The prevalence of PML/RARα was 4% in AML 

perhaps due to lesser number of M3 subtype in the study. Among M3 subytpe, PML/RARα was 

found in 71% (5/7) cases of AML (Table 5.13).   

Antigen  BCR/ABL PML/RARα AML/ETO 

 Positive 
(n=11) 

Negative 
(n=112) 

P Positive 
(n=5) 

Negative 
(n=118) 

P Positive 
(n=29) 

Negative 
(n=94) 

P 

CD3 0% 2% 1.0 0% 2% 1.0 4 % 1% 0.41 

CD5 9% 0% 0.09 0% 1% 1.0 0 % 1% 1.0 

CD7 18% 19% 1.0 0% 58% 0.58 0  % 24% 0.01 

CD10 45% 3% 0.001 0%  7 % 1.0 4 % 8 % 0.67 

CD13* 89% 86% 1.0 100% 86% 1.0 90% 86% 1.0 

CD14 9 % 13% 1.0 0 % 14% 1.0 5 % 15% 0.45 

CD19 64% 18% 0.002 0 % 23% 0.58 37% 18 % 0.06 

CD33 82% 90% 0.31 80% 90% 0.42 74% 94% 0.006 

CD34 91% 59% 0.05 20% 64% 0.06 78% 57% 0.07 

MPO* 62% 29% 0.10 0 % 34% 0.54 8 % 39% 0.04 

HLA-DR* 87% 71% 0.43 0 % 77 % 0.01 70% 74 % 1.0 

TdT* 43% 7 % 0.03 0%  13% 1.0 12% 12 % 1.0 

Note. Table shows significant difference in the expression of CD markers in AML cases positive for 
translocation. P=p-value calculated using χ2 test. Significant p value < 0.05.  *These markers were 
not done in all cases. 
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Table 5.13: Clinical characteristics of AML patients with BCR/ABL, PML/RARα and AML/ETO translocation  
 

Note. AML (NC) - AML not Classified, BAL-Biphenotypic acute leukemia. For Hb, Plt, WBC and Blast- values indicated median while values in 
parenthesis indicate range. All categorical variables were compared using the χ2 test while Continuous variable were compared using Mann-
Whitney test. P indicated p-value. Bold number indicates significant p value < 0.05.CR: complete remission after induction chemotherapy.   

 Total BCR/ABL+ 

%(11) 
BCR/ABL-

%(112) 
P PML/RARα+ 

% (5) 
PML/RARα-

% (118) 
P AML/ETO+ 

% (29) 
AML/ETO-

% (94)         
P 

Male 86 73 (8) 70 (78)  80 (4) 70 (82)  72 (21) 69(65)  
Female 37 27 (3) 30 (34) 1.0 20 (1) 30 (36) 1.0 28 (8) 31 (29) 0.82 
Child(≤15 yrs) 31 36 (4)  24 (27)  20 (1) 25 (30)  31(9) 23 (22)  
Adult(>15 yrs)  92 64 (7) 76 (85) 0.46 80 (4) 75 (88) 1.0 69 (20) 77 (72) 0.46 
       M0/M1 19 27 (3) 14 (16)  0 16(19)  7 (2)  18 (19)  

M2 40 18 (2) 34 (38)  0 34(40)  34 (10) 32 (30)  
M3 7 0 (0)  6 (7)  100(5) 2(2)  3 (1) 6 (6)  
M4 15 0 (0) 13 (15)  0 13(15)  28 (8) 7 (7)   
M5 16 9 (1) 13 (15)  0 13(16)  3 (1) 16 (15)  
M6 1 0 (0) 1 (1)  0 1(1)  0 (0) 1 (1)  

BAL 4 27 (3) 1 (1)  0 3(4)  7 (2) 2 (2)  
AML(NC) 21 18 (2) 17 (19) 0.01 0 18(21) 1.0 17 (5) 17 (16) 0.05 

MPO  %(n) (82 /93) 78 (7/9) 89 (75/84) 0.28 100 (5/5) 88 (77/88) 1.0 100 (20/20) 85 (62/73) 0.11 
AR, %(n) 55 18 (2/11) 47 (53/112) 0.10 40 (2/5) 45 (53/118) 1.0 69 (20/29) 37 (35/94) 0.005 
LAP, %(n) 34 73 (8/11) 23 (26/112) 0.001 20 (1/5) 28 (33/118) 1.0 14 (4/29) 32 (30/94) 0.06 
HSM, %(n) 67 91 (10/11) 51 (57/112) 0.01 0 (0/5) 57 (67/118) 0.01 45 (13/29) 57 (54/94) 0.28 
Hb (g/dl) 6.2(2-13.8) 6.2 (3.9-9) 6.2(2-13.8) 0.71 8.6 (3.9-11.6) 6.2(2-13.8) 0.2 5.1(2.6-10.2) 6.7(2-13.8) 0.02 
Plt×109/L 22(1-343) 22(3-111) 23 (1-343) 0.52 25 (2-150) 22(1-343) 0.8 20(1-211) 23.7 (2-343) 0.38 
WBC×109/L 28.2(1-428) 127 (14-281) 26 (1-428) 0.004 5 (1-131) 30.8(1.4-428) 0.003 18.8 (2-267) 42.2 (1-428) 0.06 
Blast%  67(10-98) 80(40-90) 64 (10-98) 0.12 42(10-88) 67(17-98) 0.2 60 (21-94) 70 (10-98) 0.08 
CR, %(n) 20 33 (1/3) 51(19/37) 1.0 50(2/4) 50 (18/36) 1.0 67(4/6) 47(16/34) 0.66 
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Gene mutations in AML 

Frequency of FLT3 (ITD/D835) and NPM1mutations 

A total of 161 de novo AML patients, including 116 adult (median age: 32, range 16-85) and 45 

children (median age: 10, range 1-15) were screened for FLT3 and exon 12 NPM1 mutation. 

Patients characteristics were shown in Table 5.16. Alterations in FLT3 gene were detected in 

25% (40/161) patients. These aberrations include FLT3/ITD in 35 (22%) cases and D835 

mutation in 5 cases (3%) (Figure 5.10). None of the samples showed combination of both 

FLT3/ITD and FLT3/D835 mutation. NPM1 mutation was detected in 34 (21%) of 161 cases. 

 

 

 

 

Figure 5.10: Agarose gel analysis of FLT3/ITD and FLT3/D835 mutation: A) PCR Product of FLT3/ITD 
gene: Ladder-100bp; Lane 4 and 5- samples with 133bp representing wild type FLT3; Lane 1, 2, 3 - 
samples of patient positive for FLT3/ITD mutation represented by additional band. (B) RFLP FLT3/D835 
mutation after digestion after EcoRV enzyme: Ladder-50bp; Lane 5- samples with undigested product of 
114bp in addition to the two 68 and 46bp fragments represent FLT3/D835 mutation. Lane 1-4 and 6 – 
samples negative for FLT3/D835 mutation. 
 
DNA Sequencing Analysis  
Sequencing analysis was carried out in 10 samples of FLT3/ITD mutation and 8 samples of 

NPM1 mutation. All the samples sequenced in FLT3/ITD mutation showed different position of 

duplications. Sequence analysis revealed that all the duplication in FLT3/ITD mutation was in-

frame and their length varied from 13 to 59 bp. (Table 5.14A). Four of FLT3/ITD samples show 

insertion of 5-15 base pairs of nucleotides along with duplication while 5 samples had simple 

duplication without any insertion or deletion. Two samples with FLT3/D835 mutation were 

sequenced, both of them showed partial replacement of T nucleotide in place of G nucleotide for 

the D835 codon resulting in substitution of Asp to Tyr residue (Table 5.14B).  
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Table 5.14: Sequencing analysis of FLT3/ITD and FLT3/D835 mutation in AML patient 

 
 
Note. (A) Table shows amino acid sequence of FLT3/ITD mutations detected in patients with AML. 
Duplicated sequences in samples are shown in italics and underlined while insertion sequences are shown 
in bold. (B) Nucleotide sequence of FLT3/D835 mutation detected in two patients of AML.  Sample 
(UH153 & UH288) showed nucleotide change of T in place of G as underline in the sequence at codon 
D835 position.  
 

A. 
Sample 
ID 

Amino acid sequence of FLT3/ITD mutation 

Wild QFRYESQLQMVQVTGSSDNEYFYVDFREYEYDLKWEFPRENLEF +1 

UH530 QFRYESQLQMVQVTGSSDNEYFYVDFREYE YDLKWEFP VGYDLKWEFP RENLEF 

UH532 QFRYESQLQMVQVTGSSDNEYEYVDFREYE YDLKWEFPRENLEF GPDIL 

YDLKWEFPRENLEF  

UH366 QFRYESQLQMVQVTGSSDNEYFY VDFREYEYDLKWEFPRENLEF TRLPS        

VDFREYEYDLKWEFPRENLEF 

UH526 QFRYESQLQMVQVTGSSDNEYFYVDFR EYEYDLKWEFPRENLEF 

EYEYDLKWEFPRENLEF IV  EYEYDLK 

UH504 QFRYESQLQMVQVTGSS DNEYFYVDFR DNEYFYVDFR EYEYDLKWEFPRENLEF 

UH514 QFRYESQLQMVQVTGSSDNEYFYV DFREYEYDLKWE FPRENLEF 

DFREYEYDLKWE 

UH570 QFRYESQLQMVT QFRYESQLQMVQVT SSDNEYFYVDFREYEYDLKWEFPRENLEF 

UH384 QFRYESQLQMVQ VTGSSDNEYFYV VTGSSDNEYFYV FREYEYDLKWEFPRENLEF 

UH558 QFRYESQLQMVQVT GSSDNEYFY GSSDNEYFY VDFREYEYDLKWEFPRENLEF  

B. Nucleotide sequence of FLT3/D835 

Wild TTG GCT CGA GAT ATC ATG AGT GAT 

UH153 TTG GCT CGA TAT ATC ATG AGT GAT 

UH288 TTG GCT CGA TAT ATC ATG AGT GAT 
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In NPM1 mutation, six sequence variants were observed, all leading to a frame shift in the region 

encoding the C-terminal of the NPM protein. The most frequent mutation (Type A mutation) was 

duplication of a TCTG tetra nucleotide found in 3 cases (Table 5.15) (Figure 5.11). 

 

 

 

 

 

 

 

(A) Capilllary Electrophoresis of NPM1 mutated sample   

 
 
 
 
 
 
 
 
 
 
 
 
 

 Wild Sequence       Mutant Sequence (4 bp Insert)  
 
(B) Sequence electropherograms of wild type and mutant sample 
 
Figure 5.11: (A) Capillary Electrophoresis of NPM1 mutation in AML samples. Fluorescent 
PCR product analysis of exon 12 showed one wild type NPM1 peak at 198 bp and additional 
peak at 202 bp in patients with mutated NPM1, corresponding to the 4 bp insertion most 
commonly seen.  
(B) Sequence electropherograms showing the NPM1 mutation. Direct sequencing of PCR 
product from normal and NPM1 mutant samples was done. The Reverse PCR primer was used as 
a sequencing primer. The boxed tetranucleotides are the insertion sequences between nucleotide 
960 and 961 from the transcription start site shown in the mutant sequence.   

 T C T G                    
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Table 5.15: Sequencing analysis of NPM1 mutation in AML patient  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note. Table showed the different mutation pattern of NPM1 gene. Inserted nucleotides are in 
Turquoise. TCTG is the most common 4 bp nucleotide insertion in exon 12 of NPM1 gene. 

Correlation of FLT3 and NPM1 mutations with clinical and biological characteristics 

FLT3 mutations: The clinico-hematologic features of the patients whose samples were positive 

for FLT3/ITD mutations were compared with those without FLT3/ITD mutations (Table 5.16). 

No significant difference in age or gender was found in patients with or without FLT3/ITD 

mutation. Although the frequency of FLT3/ITD mutations was 18% (8/45) in children (≤15yrs) 

whereas in adult (above 15yrs) the frequency was higher at 23% (27/116), this difference was not 

statistically significant (p= 0.52). No significant correlation of the mutation with any of the 

specific FAB subtype was observed (p=0.85). FLT3/ITD mutations was found more frequently 

in M1 (33%) followed by M5 (27%) and M2 (23%) FAB subtype. There were also no significant 

differences in hemoglobin level, platelet count, and percentage of blast cells in the peripheral 

blood in samples from patients with or without FLT3/D835. The presence of HSM or LAP 

involvement was not significantly different in patients with or without mutation. The classical 

factor (WBC) count was significantly higher in samples with FLT3/ITD mutations than those 

without the mutation. The median WBC count was 60 x 109/L (range 1.4 – 428 x 109 /L) and 27 

x 109/L (range 1.4-380 x 109/L) respectively (p<0.007). WBC count was also higher for samples 

with FLT3/D835 mutations 41.6 x 109/L but not statistically significant when compared to 

samples without FLT3/D835 mutations 30.8 x 109/L (Table 5.16). 

Sample ID DNA  sequence of exon 12 of NPM1 gene 

Wild type GATCTCTG ----  GCAG TGGAGGAAGTCTCTTTAAGAAAATAG 

UH542 GATCTCTGTCTGGCAG  TGGAGGAAGTCTCTTTAAGAAAATAG 

UH545 GATCTCTGCATGGCAG  TGGAGGAAGTCTCTTTAAGAAAATAG 

UH533 GATCTCTG TTTGGCAG   TGGAGGAAGTCTCTTTAAGAAAATAG 

UH581 GATC CGCTTCTGGCAG TGGAGGAAGTCTCTTTAAGAAAATAG 

UH591 GATC TATGTCTGGCAG TGGAGGAAGTCTCTTTAAGAAAATAG 

UH595 GATCTCTGTCTGGCAG  TGGAGGAAGTCTCTTTAAGAAAATAG 

UH 576 GATCTCTGTCTGGCAG  TGGAGGAAGTCTCTTTAAGAAAATAG 

UH567 GATCTCTGTGTGGCAG  TGGAGGAAGTCTCTTTAAGAAAATAG 
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Table 5.16: Clinical characteristics of AML patients with FLT3/ITD and FLT3/D835 mutations  

 
Note: Table showed association of clinical variables of AML patients with FLT3 mutation. Data of Hb level, TLC count, Plt count and Blast (%)  
represent Median, Values in parenthesis indicates range. Data of categorical variable (Male, Female, Adult, child, MPO positivity, LAP, HSM, 
CR) represent percentage while values in parenthesis indicates number. All categorical variables were compared using the χ2 test while Continious 
variable were compared using Mann-Whitney test. *Significant p value < 0.05. 

 Total FLT3/ITD+   (35) FLT3/ITD-(126) P FLT3/D835+ (5) FLT3/D835-(156) P FLT3 %(n) 
 Male 110 69 (24) 68(86)  80 (4) 68 (106)  25 (28) 
 Female 51 31(11) 32 (40) 1.00 20 (1) 32 (50) 1.0 23 (12) 
Children 45 23 (8)  29(37)  40 (2) 28 (43)  22 (10) 
Adult 116 77 (27)  71 (89) 0.52 60 (3) 72 (113) 0.61 26 (30) 
 M0/M1 24 17(6) 14(18)  40(2) 14(22)  33 (8) 
M2 60 37(13)  37(47)  20(1) 38(59)   23 (14) 
M3 9 6(2) 6(7)  0 (0) 6(9)  22 (2) 
M4 18 6(2) 13(16)  20(1) 11(17)  17 (3) 
M5 26 17(6) 16(20)  20(1) 16(25)  27 (7) 
M6 1 0(0) 1(1)  0(0) 1(1)  0 (0) 
BAL 3 0(0)  2(3)  0 (0) 2 (3)   0 (0) 
AML 20 17(6) 11(14) 0.85 0(0) 13(20) 0.77 30(6) 
MPO (+) 121 93(28/30)  88(80/91) 0.51 100(2/2) 89(106/119) 1.0 28(30) 
AR present 79 51(18) 48(61)  0.84 20(1) 50(78) 0.36 24 (19)  
LAP  46 40(14) 25(32) 0.09 40(2) 28(44) 0.62 35 (16) 
HSM  92 46(16) 60(76) 0.12 60 (3) 57(89) 1.0 21 (19) 
Hb level 6.2(2-13.8) 6.2 (2-10.4) 6.2 (2.6-13.8) 0.59 5.3(3.6-10.0) 6.2(2-13.8) 0.49 6.2(2.6-13.8) 
TLC count 31.5(1-428) 60.2(1.4-428) 26.6(1-380) 0.007* 41.6(2.5-256) 30.8 (1-428) 0.94 53(1.4-428)  
Plt count  22(1-343) 23(2-126) 22 (1-343) 0.55 20(2-191) 22(1-343) 0.75 21.5 (2-191) 
Blast (%)  69(10-98) 70(29-96) 69(10-98) 0.75 80(50-90) 69(10-98) 0.56 71 (29-96) 
NPM1 mt 34 29 (10) 19(24) 0.24 60(3) 20(31) 0.06 13(38) 
CR 24 29 (2/7) 56(22/39) 0.23 100(1) 51(23/45) 1.0 12(3) 
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NPM1 mutations: Comparison of the clinical and laboratory features between the 34 patients 

with and 127 without NPM1 mutation is summarized in Table 5.17. NPM1 mutation were found 

more frequently in females (27%) than males (18%), however, this difference was not significant 

(p=0.21). The NPM1 mutations were found more frequently in adults as compared to children 

(26% vs 9%, p=0.01). Further stratification of age showed that frequency of NPM1 mutation 

increased with age, 38% (12/32) being the highest frequency that was observed in AML patient  

above 45yrs of age (p=0.02) (Figure 5.12). FAB distribution of NPM1 mutation did not show 

any significant difference (p=0.80). Patients with AML M2 subtype had a higher NPM1 

mutation frequency (27%) than other subtypes, but this difference was not statistical significance 

(p=0.2). NPM1 mutations were significantly associated with higher initial Plt counts (p=0.02) 

and presence of HSM (p=0.01), but not associated with LAP, auer rod presence, Hb levels and 

peripheral blast percentages (Table 5.17). 

 

Figure 5.12: Incidence of NPM1 mutation according to age 

Note: Figure showed the distribution of NPM1 mutation in AML according to age. Higher 
percentage of NPM1 mutation was observed in AML cases of above 45 years age. 
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Table 5.17: Clinical characteristics of AML patients with NPM1 mutations  
 

 Total NPM1 mut 
 %(34) 

NPM1 wild 
%(127) 

NPM1 mut 
(%) p-value 

Gender Male 110 59(20) 71(90)  18  

Female 51 42(14) 29(37) 27 0.21 

Child 45 12(4) 32(41) 9  

Adult 116 88(30) 68(86) 26 0.01* 

FAB M0/M1 24 12(4) 16(20) 17  

M2 60 47(16) 35(44) 27  

M3 9 6(2) 5(7) 22  

M4 18 6(2) 13(16) 11  

M5 26 15(5) 16(21) 19  

M6 1 0 (0) 1(1) 0  

BAL 3 0 (0) 2(3) 0  

AML 20 15(5) 11(15) 25 0.80 

MPO Positivity 108 96(24/25) 87(84/96) 22 0.29 

AR Present 79 56(19) 47(60) 24 0.44 

LAP Present 46 23(8) 30(38) 17 0.52 

HSM Present 92 38(13) 62(79) 14 0.01* 

Age  24 (1-85) 32 (8-75) 21 (1-85) - 0.005* 

Hb level  6.2(2-13.8) 6.6(3-12.2) 6.2(2-13.8) - 0.53 

TLC count 31.5(1-428) 34.7(1.6-380) 31.5(1-480) - 0.92 

Plt count  22(1-343) 46.5(9-343) 20(1-270) - 0.02* 

Blast (%)  69(10-98) 75(10-95) 68(17-98) - 0.32 

FLT3 mutation 40 38(13) 27(21) 32 0.04* 

Follow up CR 24 73(8/11) 46(16/35) 33 0.17 

 
Note: Table showed association of clinical variable of AML patients with NPM1 mutation. Data of Hb 
level (g/dl), TLC count (x109/L), Plt count(x109/L), Age (yrs) and Blast (%) represent Median, Values in 
parenthesis indicates range. Data of categorical variable (Gender, Adult, child, MPO positivity, LAP, 
HSM, CR) represent percentage while values in parenthesis indicates number. All categorical variables 
were compared using the χ2 test while Continuous variable were compared using Mann-Whitney test. 
*Significant p value < 0.05. 
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Immunophenotypic characteristics of FLT3 and NPM1 mutation  

 

FLT3 (ITD and D835) mutated cases had higher expression of CD7 (p=0.04) and marginally 

lower expression of CD19 (p=0.07). Other markers, such as CD3, CD5, CD10, CD13, CD14, 

CD33, CD34, MPO, HLA-DR and Tdt were not found to be significantly associated with FLT3 

mutation status (Table 5.18). NPM1 mutation was significantly associated with the lower 

expression of CD34 and HLA-DR (p<0.001 and p<0.001, respectively). The frequency of other 

markers such as CD3, CD5, CD7 (T-Cell marker), CD10, CD19 (B-cell marker), CD14, CD33, 

TdT, HLA-DR and MPO did not significantly differ between NPM1 mutated and NPM1 wild 

cases (Table 5.18). 

 

Table 5.18: Immunophenotypic characteristics of AML patients with FLT3 and NPM1 mutation 

 

 
Note: p-value calculated by χ2 test. Significant p value < 0.05.*These markers were not done in all cases 
 
Correlation of FLT3 and NPM1 mutations with translocation 
 

Data of translocation was available for 120 cases screened for FLT3 and NPM1 mutation.  

BCR/ABL translocation was observed in 2 (6%) of 33 cases with FLT3 mutation compared to 9 

(10%) of 87 cases without FLT3 mutation. In NPM1 mutated cases frequency of BCR/ABL 

translocation was 4% (1/22) compared to 10% (10/98) of NPM wild cases. PML/RARα 

translocation was detected in one case of both FLT3 and NPM1 mutation. Frequency of 

AML/ETO translocation was 12% in FLT3 mutation cases and 28% in FLT3 wild group (Table 

5.19). 

 

Antigen 

Marker 

Total 

Percentage 

FLT3 

mutated 

FLT3 wild p-value NPM1 

mutated 

NPM1 

wild 

p-value 

CD7 17% 31% 13% 0.04 9% 20% 0.35 

CD19 22 % 10% 26% 0.07 12% 25% 0.10 

CD34 60% 57% 62% 0.69 29% 69% 0.000 

HLA-DR* 71% 82% 67% 0.35 29% 84% 0.000 
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Table 5.19: Association of FLT3 and NPM1 mutations with translocations 

Translocation  FLT3 

mut(33) 

FLT3 wild 

(87) 

p-value NPM1 

mut(22) 

NPM1 wild 

(98) 

p-

value 

BCR/ABL  6 (2/33) 10 (9/87) 0.72 4 (1/22) 10 (10/98) 0.68 

PML/RARα  3 (1/33) 5 (4/87) 1.0 4 (1/22) 4 (4/98) 1.0 

AML/ETO 12 (4/33) 28 (24/87) 0.09 14 (3/22) 25 (25/98) 0.27 

Discussion 

Chromosomal translocations are observed in a significant number of patients with acute 

lymphoblastic leukaemia. Unlike most other rearrangements in ALL which target transcription 

factors, BCR-ABL is an activated tyrosine kinase molecule that activates RAS and other 

signaling pathways. Three major mechanisms have been implicated in the malignant 

transformation by BCR/ABL, namely altered adhesion to stroma cells and extracellular matrix, 

constitutively active mitogenic signaling through Ras and MAPK kinase pathway, reduced 

apoptosis and proteasome-mediated degradation of Abl inhibitory proteins (66, 88-89).  

Although the hallmark of CML, BCR-ABL is detected in approximately 25% of adults and 3% 

of children with ALL (Pui et al., 2004). 

 

In the current study, we prospectively studied the prevalence of BCR-ABL fusion gene in 97 

ALL patients and found it to be positive in 26 (27%) patients. There was no case of T-ALL 

positive for this translocation compared to 33% positivity in B-ALL (p=0.03). The prevalence of 

BCR-ABL in T-cell leukemias varies among studies from 0% to 5% [Westbrook et al., 1992; 

Lim et al., 1999; Gleissner et al., 2002]. Among B-ALL, BCR/ABL fusion gene was detected in 

37% (12/32) cases of adults and in 29% (13/44) cases of children. This prevalence is high 

particularly in children in comparison with previously published Indian reports that showed the 

prevalence range from 3% to 8% in children [Siraj et al., 2002; Siraj et al., 2003; Sazawal et al., 

2004]. The prevalence of the BCR-ABL fusion gene in adult ALL patients was reported to vary 

with different Asian  countries i.e 8% from Korea [Choi et al., 2011], 18%-27% from Taiwan 

[Udomsakdi-Auewarakul et al., 2003], 28% from China [Li et al., 2010] and 55% from Pakistan 
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[Faiz et al., 2011]. However, the data from non-Asian countries disclosed less heterogeneity in 

prevalence of BCR/ABL in adult ALL patients i.e 19% from Southwest Oncology Group (USA) 

[Pullarkat et al., 2008], 26% from Italy [Mancini et al., 2005] and 19% from Medical Research 

Council group (UK) [Moorman et al., 2007].  In AML, 9% (11) patients were found to be 

positive for the translocation BCR/ABL in including BAL patients. Therefore, only 6.7% AML 

patients (excluding BAL) were found to be positive for this translocation. Further, in AML 

BCR/ABL was detected in 6.6% and 6.8% of adult and children cases respectively.  In literature 

the incidences of BCR/ABL is reported to be vary from 0% to 6% of AML cases [Legrand et al., 

1998; Paietta et al., 1998; Keung et al., 2004]. 

 

In the present study, BCR/ABL translocation was significantly associated with a high WBC 

count in ALL (p=0.04), an adverse prognosis factor. This is due to increased tyrosine kinase 

activity of BCR/ABL protein that induces resistance to apoptosis, growth factor interactions and 

alters cell–cell and cell–matrix interaction inducing proliferation [Bedi et al., 1994]. The CR rate 

in the present study was not significantly different between BCR/ABL positive and BCR/ABL 

negative patients. Although a trend toward worst prognosis was observed in ALL i.e CR rate 

were 43% in BCR/ABL positive patients compared to 67% in BCR/ABL negative patients. In 

literatures also, BCR/ABL translocation is associated with decrease in CR rate and overall 

survival in both children and adults ALL [Arico et al., 2000; Gleissner et al., 2002]. Gleissner et 

al., [2002] found that 68% patient of BCR/ABL positive adult ALL achieved CR compared to 

85% of BCR/ABL negative patients, with a higher frequency of early relapses in BCR/ABL 

positive patients. Further, in patients with acute lymphoblastic leukemia, Radich et al., 1997 have 

shown that detection of bcr-abl transcripts after allogeneic stem cell transplantation is highly 

predictive of eventual relapse in acute lymphoblastic leukemia patients. Thus, identification of 

the type of fusion transcript in a leukemia patient prior to bone marrow or stem cell transplant is 

essential for assessing minimal residual disease after transplantation. 

 
Genetic Alterations in AML 
 
Chromosomal Translocations: Acute leukemia (AML) is very heterogeneous at the cytogenetic 

and molecular genetic levels. Over the last 30 years, several specific recurrent chromosome 

aberrations have been described in AML, both chromosomal aberrations and submicroscopic 
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gene mutations. The t(8;21) or the corresponding AML/ETO rearrangement is a typical and 

common abnormality in AML. In the new WHO classification also, AML/ETO is one of the four 

different characterized types of translocation in the first group of AML with recurrent 

cytogenetic translocation [Chillon et al., 2001]. In the current study AML/ETO translocation was 

detected in 24% of AML cases. Age wise distribution of AML/ETO showed children have 

higher frequency of AML/ETO translocation than adults (29% vs 21%).  However, in literature 

according to conventional karyotyping, the frequency of t(8;21) in adult AML cases vary with 

countries such as 13% in Japanese and 5% in Australian [Nakase et al., 2000], 16% in Malaysian 

study [Rosline et al., 2004] and 9% in an Indian study [Ahmad et al., 2009]. In another Indian 

study, the frequency of detection of AML/ETO by RT-PCR was 28% in AML cases [Sazawal et 

al., 2009]. The reasons for the discrepancies among studies could be due to sample size, or the 

technique used either RT-PCR or karyotype analysis. However, it is to be noted that molecular 

techniques like RT-PCR might increase incidence of translocation by 5–10% as patients lacking 

t(8;21) gene rearrangement can be detected by RT-PCR. Interestingly, based on morphology the 

AML/ETO translocation was detected more commonly in AML-M4 (53%) followed by BAL 

(50%) and M2 (25%) subtype in the current study. This is in contrast to the literature that report 

strong association with M2 FAB subytype worldwide i.e [Rubnitz et al., 2002; Nishii et al., 

2003; Creutzig et al., 2011]. Further in the current study, AML/ETO translocation was 

significantly associated with the presence of Auer rod and LAP, low level of Hb and WBC count 

concordant with the report of Cho et al., [2003].  

 

Immunophenotypic analysis showed that CD19 and CD34 were associated with the presence of 

AML/ETO translocation. This finding is consistent with the previous reports and further 

strengthens the reliability of CD19 as a marker of AML/ETO translocation [Nakase et al., 2000; 

Rosline et al., 2004]. Interestingly AML cases with AML/ETO translocation were also 

associated with the decreased expression of CD7, CD33 and MPO antigen. The presence of 

AML/ETO translocation is associated with high remission rate and prolonged survival rate 

[Grimwade et al., 1998; Cho et al., 2003]. In the current study, patients with AML/ETO 

translocation showed trend toward better outcome to induction chemotherapy. The CR rate were 

higher in AML/ETO positive group compared to negative group (67% vs 47%, p=0.6). 



Detection of commonly occurring genetic alteration in AL 
 
 

116 
 

The t(15;17) or PML/RARα is a characteristic molecular abnormality of acute promyelocytic 

leukemia (APL) subtype of AML (FAB M3) which is characterized by an excess of immature 

promyelocytes in the bone marrow that fail to differentiate into mature granulocytes. 

PML/RARα is causative oncogene of APL that contains most of the PML sequence and large 

part of RARα including its DNA and nuclear hormone binding domain. The PML/RARα fusion 

gene has also been shown to play an important role in aberrant recruitment of histone 

deacetylase, activity similar to that of AML/ETO [Grignani et al., 1998]. Overall, the frequency 

of PML/RARα in the current study was 5%. However, in APL the frequency of PML/RARα was 

lower in the current study (71%) as compared to the study of  Sazawal et al., [2009] (96%).  

PML/RARα translocation was associated with low WBC count and absence of HSM. The 

prognostic significance of PML/RARα could not be determined due to smaller number of patient 

positive for this translocation.  

 

Gene mutation in AML 

Genetic alterations of acute myeloid leukemia (AML) are known to be major determinants of 

patient response to therapy and outcome besides their role in the pathogenesis. In addition to 

aberrations that are revealed by conventional karyotyping, submicroscopic lesions such as FLT3 

and NPM1 mutation which are undetectable at chromosome level have been described in AML 

which may confer distinct prognosis [Gilliland et al., 2002; Thiede et al., 2002; Falini et al., 

2005]. Both FLT3 and NPM1 mutations have been shown to be the most prevalent somatic 

alterations in AML, especially in cytogenetically normal AML. In the current study, the 

frequency of FLT3 and NPM1 mutation was 25% and 21%, respectively, similar to the 

frequency reported in German (21%, 27%) [Thiede et al., 2006] and in Japanese (22.5.0%, 

24.9%) population [Suzuki et al., 2005].  

 

Adult patients usually have a higher prevalence of FLT3 and NPM1 mutation than pediatric 

patients. The prevalence of FLT3 mutation was 22% in the patients less than 15 yrs of age in the 

current study which is higher than the frequency range reported by others 9 - 16% [Meshinchi et 

al., 2001; Liang et al., 2002; Krstovski et al., 2010]. However the frequency of 26% in adults 
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(≥15yrs) was found to be lower compared to other studies in adult group which range from 29%-

39% [Stirewalt et al., 2006; Lee et al., 2007; Seedhouse et al., 2009] but similar to the report of 

Kayser et al., [2009] and Gale et al., [2008] (23% and 26%). This observation may partially 

explain why adult AML has a poorer clinical outcome than pediatric AML. In contrast to FLT3 

mutation, Children had a significantly lower frequency of NPM1 mutations than adults (p=0.01). 

The frequency of NPM1 was 9% in children and 26% in adult respectively in the current study. 

Similarly, Ahmad et al., 2009 reports that adults had higher frequency of NPM1 mutation than 

children in Indian population (23.6 vs 2.5%). We also observed a significant trend of increased 

frequency of NPM1 mutation with age in adult patients. The mutation occurred more often in 

AML patients more than 45 years age (p=0.02).  

 

Certain associations between the two gene mutations and clinical characteristics have been 

reported in the literature. We found a significantly increased leukocyte count in patients with 

FLT3/ITD (p=0.007) but not with FLT3/D835 and NPM1 mutation. FLT3/ITD mutation leads to 

constitutively activated FLT3 protein which causes proliferation, inhibits apoptosis, and 

suppresses differentiation of leukemic cells. It is reported that ligand independent constitutive 

activation of FLT3 induced by ITD mutation could activate some downstream signal molecules 

including mitogenactivated protein (MAP) kinase, signal transducer and  activator of 

transcription 5 (STAT5), and serinethreonine kinases Akt, which contribute to cell proliferation 

and survival advantages [Hayakawa et al., 2000; Kiyoi et al., 2002; Rocnik et al., 2006]. This 

may be the reason for higher WBC count in these cases. This also supports the observation 

reported in earlier studies that FLT3/ITD but not the FLT3/D835 mutation is associated with 

higher WBC count in AML patients [Wang et al., 2005; Colovic et al., 2007]. Similarly, NPM1 

mutations were particularly associated with specific clinical factors; for instance, a higher 

platelet count (p=0.02) and absence of hepatosplenomegaly (p=0.01). Thiede et al., [2006] also 

observed that blasts with NPM1 mutation might retain a certain capacity for thrombocytic 

differentiation as demonstrated by in vitro experiments of Hsu et al., [2003]. In accordance with 

our study findings, Dohner et al., [2005] and Falini et al., [2005] also found correlation of NPM1 

mutated cases with platelet counts. 
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FLT3 mutation was not equally distributed in the FAB subtypes, higher frequency was found in 

patients with M1 (33%) followed by M5 (27%). Zheng et al., [2004] reported that FLT3/ITD 

blocked granulocytic differentiation through suppression of CCAAT/enhance binding protein 

alpha (C/EBPα) expression in 32D cells transfected with FLT3/ITD. This could be the reason 

that FLT3 aberrant activation blocked the differentiation of myeloblastic cells, most probably 

granulocytic differentiation. Meanwhile, a higher frequency of NPM1 mutation was found in 

patients with M2 subtype and lower frequency in M4 and M5 subtype which is in contrast to the 

earlier studies that suggest NPM1 mutation is more frequent in myelomonocytic and monocytic 

leukemia [Suzuki et al., 2005; Thiede et al., 2006; Huang et al., 2008]. 

 

FLT3/ITD patients did not display a unique immunophenotype, a significant association of 

FLT3/ITD mutation with aberrant expression of CD7 and CD19 marker was found. An earlier 

study by Rausei-Mills et al., [2008] has also shown the association of co-expression of CD7 

antigen with FLT3/ITD mutation. In the current study, NPM1 mutation was associated with the 

lack of CD34 expression (29 vs 69%, p<0.001). In several European studies, NPM1 mutation in 

AML was also associated with lack of CD34 expression [Dohner et al., 2005; Thiede et al., 

2006]. Similar report of CD34 absence has also been reported from South Asian countries [Chou 

et al., 2006; Boonthimat et al., 2008]. All these studies including ours are in agreement with 

CD34 expression as an indicator for poor response to induction chemotherapy. 

 

Several earlier studies have also reported a poor clinical outcome of FLT3/ITD patients, 

conflicting results have been reported by others [Sheikh et al., 2003; Scholl et al., 2008, Santos 

et al., 2011]. The CR rates were lower for patients with FLT3/ITD mutation (29%) compared to 

without this mutation (56%) but this was not statistically significant. NPM1 mutation too did not 

affect the CR rate significantly in the current study. Though the CR rates were higher in the 

patient with NPM1 mutation compared to those without (73% vs 46%) this was statistically 

insignificant (p=0.17). Although this contradicts earlier studies that stresses the prognostic 

importance of NPM1 mutation [Dohner et al., 2005; Suzuki et al., 2005; Thiede et al., 2006; 

Schlenk et al., 2008] however, recent studies have failed to show such associations including 
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ours [Wandt et al., 2008; Konoplev et al., 2009]. This may be attributable to several  factors 

including  the populations analyzed in this study was heterogeneous with respect to age, 

relatively small number of follow up in the study and differences in the treatment regimen from 

other studies. 

 

Further, in concurrence with other report, there was no significant association of NPM1 mutation 

with translocation AML/ETO, PML/RARα and BCR/ABL in the present study [Braoudaki et al., 

2010; Chou et al., 2006]. However, the NPM1 mutations were observed more frequently in 

AML/ETO (14%) positive cases than PML/RARα translocation (4%). Similarly, FLT3 mutation 

was found in 12% cases of AML/ETO positive cases compared to only 3% cases of PML/RARα. 

Interestingly, It has been reported that 41% cases of t(15;17) translocation were associated with 

FLT3 mutations [Sritana et al, 2008]. These results support the observation that besides 

chromosomal translocation and gene mutations additional mutations are required for the 

pathogenesis of acute myeloid leukemia. 
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Chapter 6 

Study of Multidrug resistance genes in acute leukemia 
Introduction 
 

Drug resistance is a multifactorial phenomenon and several mechanisms have been recognized 

for clinical resistance to chemotherapy in solid tumors as well as in hematologic malignancies. 

There are several mechanisms of cellular drug resistance; these include: 1. Multidrug resistance 

proteins. 2. Intracellular entrapment of drug 3. Drug detoxification by glutathione and its 

transferases. 4. Drug efflux. 5. Molecular target. 6. DNA repair. 7. Apoptosis and its regulation. 

However in leukemia, cellular drug resistance on leukemic cells is mainly conferred by two 

mechanism i.e expression of drug resistance genes and activation of anti-apoptotic mechanism 

[Van den Heuvel-Eibrink et al., 2000; Gu et al., 2002]. 

 

One of the innate resistance mechanisms of leukemic stem cells is the expression of one or more 

ATP-binding cassette (ABC) transporters. The ATP-binding cassette (ABC) genes represent the 

largest family of transmembrane (TM) proteins. The superfamily of ABC proteins includes 48 

genes encoding for export pumps membrane receptors and ion channel regulators. These proteins 

bind ATP and use the energy to drive the transport of various molecules across all cell 

membranes [Dean et al., 1995].  The multidrug resistance gene (MDR1) and multidrug 

resistance–associated protein (MRP1) are members of the ATP-binding cassette (ABC) 

superfamily of transporter proteins that plays an important role in clinical drug resistance. The 

protein encoded by the MDR1 gene is P-glycoprotein (Pgp), which has been suggested to be an 

independent adverse prognostic factor for response and survival in hematologic malignancies 

[Marie et al., 1996]. However, clinical investigations into the role of MDR1 gene in acute 

leukemia have yielded equivocal results [Tsimberidou et al., 2002; Benderra et al., 2005]. Like 

MDR1, another ABC MDR-associated protein known as MRP1 also functions in drug transport 

and demonstrated to transport glutathione conjugates of many toxic compounds. MRP1 is 

overexpressed or amplified in many resistant tumor cell lines. The family of MRPs also belongs 
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to the ATP-binding cassette superfamily of transporters. In acute leukemia the expression of 

MRP1 has been shown to be correlated with the increased expression of the drug metabolizing 

gene GSTP1 [Den Boer et al., 1999; Plasschaert et al., 2005].  

 

Other member of ABC family of transport proteins include BCRP (breast cancer resistance 

protein) also known as MXR, ABCP, or ABCG2, a 655–amino acid protein encoded by the 

BCRP gene located on chromosome 4q22 [Allikmets et al., 1998]. BCRP, so called because it 

was first described in resistant human breast cancer cells [Doyle et al., 1998]. BCRP is also a 

member of ABC family but more biologically complex than Pgp and MRP-1. First, BCRP is an 

ABC half-transporter that requires multimerization for function [Maliepaard et al., 2001]. 

Secondly, BCRP substrate specificity depends on mutations that alter amino acid 482 of the 

protein [Honjo et al., 2001]. The in vitro drug-resistant profile of BCRP-positive cell lines shows 

cross-resistant to mitoxantrone, daunorubicin, doxorubicin, bisantrene, and topotecan but 

remained sensitive to vinblastine and paclitaxel [Litman et al., 2000]. In clinical studies, BCRP 

mRNA expression has been found to be expressed at variable levels in blast cells from de novo 

AML patients [Ross et al., 2000], however no concrete evidence of association with clinical 

outcome so for which warranted more investigations to determine the relation of BCRP 

expression with treatment outcome in leukemia. Other mechanisms of multidrug resistance in 

leukemia that have attracted the most attention are those associated with altered apoptotic 

response and non–P-gp/MDR1 drug efflux or drug entrapment through vault proteins.  The major 

vault protein /lung resistance protein (LRP) was initially described in non–small-cell lung cancer 

cell lines that lacked P-gp. LRP is found to be associated with intrinsic resistance to doxorubicin, 

vincristine and platinum compounds in drug resistant cell lines [Izquierdo et al., 1996].  

 

Chemotherapeutic modalities kill leukemic cells primarily through apoptosis therefore altered 

expressions of p53 and BCL-2 genes in the apoptotic pathway may contribute to drug resistance 

[Jia et al., 1999]. Similarly, mutations in the p53 gene found in many breast cancer cell lines 

affect response to DNA damage resulting from microtubule inhibitors and other therapy [Chekhun et 

al., 2007]. Altered expression of the antiapoptosis gene Survivin (BIRC5) also affects drug 
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resistance. Survivin appears to regulate tumor cell resistance to certain anticancer agents and 

ionizing radiation. Survivin is a member of inhibitor of apoptosis protein (IAP) family, which 

inhibits apoptosis through a pathway different from the BCL-2 family. Survivin is identified as 

uniformly expressed in cancer, but not in normal cells [Velculescu et al., 1999].  
 

With the advent of better chemotherapy and supportive therapy care in the past decade, clinical 

outcome has improved considerably for adult patients with both acute myeloid leukemia (AML) 

as well as acute lymphoblastic leukemia (ALL). However, leukemic cells from adults are 

intrinsically more resistant to drugs commonly used in induction chemotherapy as compared to 

those from pediatric patients. The reason could be due to unfavorable karyotype, poor treatment 

tolerance and over expression of multi drug resistant genes in adults [Jeha et al., 2003; Pulte et 

al., 2008].  
 

The aim of this objective were to 

 To investigate the expression of genes related to both drug resistance (MDR1, 

MRP1, LRP, BCRP, GSTP1 and DHFR) and apoptosis (p53, BCL-2, Survivin) in 

patients with AL. 

 To correlate the expression of these genes with clinical findings, response to the 

induction chemotherapy and immunophenotypic characteristics of the patients. 

 To correlate the expression of these genes with gene mutations such as FLT3 and 

NPM1 and with the presence of fusion genes.  

Experimental Methods 
 

Materials 

Agarose, Tris base, EDTA, other fine chemicals were purchased from Sigma Chemicals, USA. 

Platinum Taq polymerase, dNTPs, MgCl2, was obtained from Invitrogen and MBI fermentas 

USA. TaqMan Universal PCR Master Mix and Assays-on-Demand Gene Expression probes 

were purchased from Applied Biosystems (USA). RNA later from Ambion and RNA extraction 

kit were purchased from Qiagen Sciences USA and Himedia, India.  
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Selection criteria of patients: As described in chapter 4 

Inclusion criteria: As described in chapter 4 

Exclusion criteria: As described in chapter 4. Patients of acute promyelocytic leukemia (M3) 

were also excluded from this objective. 

Patients’ details 

The present study included 145 patients (85 Adults and 60 children) of acute leukemia (AL) 

diagnosed between 2008 and 2010 at the Department of Hematology, Safdarjung Hospital, New 

Delhi. The diagnosis of acute leukemia was made on routinely stained bone marrow 

aspiration/biopsies and peripheral blood smears and evaluated according to the French-

American-British (FAB) criteria. Patients of acute promyelocytic leukemia (M3) and therapy-

related AML were also excluded from the study. Peripheral blood samples/bone marrow 

aspirates obtained from these patients were collected in EDTA/heparin for the study.  All in vitro 

procedures were performed according to protocols approved by the Ethical Committee of the 

Institute and Safdarjung Hospital. Clinical data, including age, gender, whole blood cell count, 

hemoglobin, platelets count and presence of organomegaly were collected at the time of 

diagnosis.    

 

Collection of samples: As described in chapter-4  

Immunophenotyping: Immunophenotyping studies were carried out at the time of diagnosis as 

described in chapter-4. 

Treatment Protocol and Response to Induction Chemotherapy: The details of the treatment 

protocol have been described in chapter-1.   
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RNA Isolation  

Leukemic cells were lysed with TRIZOL (Invitrogen) and RNA was recovered according to 

manufacturer’s instruction before resuspension in 10-20 μl of DEPC water. The quality and 

quantity of the RNA samples were determined using Agilent 2100 Bioanalyzer (Agilent 

Technologies, Waldbronn, Germany) and Nano-drop ND-1000 Full –spectrum UV/Vis 

spectrophotometer.  Samples having RNA integrity Number (RIN) 6 and above were selected for 

real time experiment. 

 

 

 

 

 

 

             
 
 
 
 
 

Figure 6.1: Electropherogram of acute leukemia sample showing RNA quality 
 

Synthesis of cDNA:  As described in chapter-5. 

Real-Time Quantitative Reverse Transcription Polymerase Chain Reaction (qRT-PCR) 

The mRNA levels of drug resistance gene MDR1, MRP1, LRP, BCRP, GSTP1, DHFR and 

apoptotic genes p53, BCL-2, Survivin were measured by quantitative real time PCR. The qPCR 

analysis was performed with the ABI PRISM 7000 Sequence Detection System by using 

TaqMan Universal PCR Master Mix and Assays-on-Demand Gene Expression probes (Applied 

Biosystems,USA). The expression level of each target genes was calculated by normalizing it to 
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a house keeping gene TBP (TATA box binding protein). The primer pairs and TaqMan probes 

are 5-labeled with a 6-carboxyfluorescein (FAM) reporter and 3-labeled with a quencher 

(Applied Biosystems).  Briefly, each reaction (25 l total volume) contained 12.5l of 2x 

TaqMan Universal PCR Master Mix (Applied Biosystems), 1.25l of 20x Assay on Demand 

Gene Specific Mix containing the TaqMan probe and primers, 1.25l of 20x Assay on Demand 

Endogenous control, 5l of the cDNA sample (corresponding to 33ng of RNA) and 5l of 

DNase, RNase free water.   

 

ΔΔCT Method was used to analyze the Real Time RT-PCR data [Livak et al., 2001]. Results of 

Real Time RT-PCR data is presented as CT values where CT is defined as the threshold PCR 

cycle number at which an amplified product is first detected. There is an inverse correlation 

between CT and amount of target: lower target amounts correspond to higher CT values and vice 

versa. The average CT was calculated for both genes of interest and endogenous control and the 

dCT was determined as the mean of the replicates CT values for genes of interest minus the mean 

of the replicates of the CT values for endogenous control. The ΔΔ CT was calculated by the 

formula ΔΔCT = ΔCT of leukemic sample - Δ CT of calibrator. The N-fold differential expression 

of the genes for a sample compared with the calibrator was expressed as 2-ΔΔ C
T. Using the 2-ΔΔ C

T 

method, the data presented as the fold change in the target gene expression in leukemia 

normalized to an internal control gene and relative to the calibrator. In this study, human bone 

marrow total RNA from Clontech (Mountain View, CA, USA) was used as a calibrator. 

 

Statistical Analysis 

Statistical analysis was carried out using nonparametric methods. The association between the 

variables analyzed and gene expression levels was evaluated by non-parametric test the Mann–

Whitney test for two groups and the Kruskal–Wallis test for more than two groups. The 

Spearman rank correlation was used to determine correlation among drug resistance and 

antiapoptoic genes and other continuous variables such as Hb level, WBC count, Platelet count 

and peripheral blast percentage. A p value of ≤0.05 was considered statistically significant. All 

the analysis was performed using SPSS software (version 19). 
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Results 

Patient characteristics 

A total of 145 AL patients were studied. There were 85 adult (45AML and 40 ALL) and 60 

children (25 AML and 35 ALL). Of the 40 adult ALL patients, 27 were of B-ALL & 13 were of 

T-ALL while in children, 30 were B-ALL and 5 were of T-ALL. Clinical characteristics of AML 

and ALL patients were shown in Table 6.1. FLT3/ITD gene mutation was detected in 27% 

(12/45) of adult AML and in 20% (5/25) of childhood AML samples. In AML, NPM1 mutation 

was detected in 24% cases of adult while in 8% cases of children. In adult, six samples of AML 

were positive for AML/ETO fusion gene while BCR/ABL fusion gene was detected in 27% 

(11/40) samples of ALL compared to only 4% (2/45) in AML samples. In children, only 5 AML 

patients and 3 ALL patients were positive for BCR/ABL translocation. 
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Table 6.1: Demographic, clinical and hematological data of patients with AL 

 Adults(85) Children(60) 

Variables AML(N=45) ALL(N=40) AML(N=25) ALL(N=35) 

Age Median (range) 35(19-85) 25(19-67) 8(3-14) 7(1-15) 

Sex  Males                          
Females 

20(44.4) 
25(55.5) 

30(75) 
10(25) 

3(12)          
22(88) 

23(66)        
12(34) 

WBC count (× 109/l) 
Median ( Range) 

28.2(0.8-312) 61.1(0.8-275) 56(9.8-252) 30(2.6-275) 

Hb (g/dl)                
Median ( Range) 7.2(2.6-11.6) 6.4(3-10) 5(4-8.2) 6.9(3.4-10.3) 

Plt count (× 109/l) 
Median ( Range) 22(2-228) 20(3.0-160) 32(5-130) 37(3-173) 

Peripheral Blast (%) 
Median (Range) 

69(25-92) 82(25-94) 74(28-96) 80(25-90) 

FAB Morphology n (%) 

 

M0/M1:14(31.1) 

M2:17(37.7) 

M4:8(17.8) 

M5:3(6.6) 

NC:3(6.6) 

L1:16 (40) 

L2:19 (47.5) 

NC:5(12.5) 

T-ALL:13(32.5) 

B-ALL:27(67.5) 

M0/M1:11(44) 

M2:6(24) 

M3:2(8) 

M4:0(0) 

M5:4(16) 

NC:2(8) 

L1:27 (77) 

L2: 6(17) 

NC:2(6) 

T-ALL:5(14) 

B-ALL:30(86) 

CD34 positive, n (%) 23(51.1) 18(45.0) 19(83) 18(51) 

HSM, n (%) 17(37.7) 32(80) 21(84) 29(83) 

LAP, n (%) 12(26.6) 19(47.5) 17(68) 21(60) 

AML-ETO, n (%) 6(13.3) - 2(8) - 

BCR-ABL, n (%) 2(4.4) 11(27.5) 3(12) 5(14) 

FLT3 mutation, n (%) 12(26.6) - 5(20) - 

NPM1 mutation, n (%) 11(24.4) - 2(8) - 

Follow up CR  16(53.3) 18(60) 12/17(71) 22/27(81) 

NC: Not classified, a CR : Complete remission evaluated after induction chemotherapy 

 
Note. Data of Hb level, TLC count, Plt count and Blast (%) represent by median, Values in parenthesis 
indicates range. Data of categorical variable (Gender, Adult, child, MPO positivity, LAP, HSM, CR) 
represent number while values in parenthesis indicates percentage. 
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Expression of drug resistance and apoptotic genes in acute leukemia 

Adults: Expression level of genes involved in drug resistance and apoptosis in AL samples is 

summarized in Table 6.2. The expression of LRP, MRP1, GSTP1, BCL-2 and p53 did not differ 

significantly between AML and ALL patients at the time of diagnosis in adult patients. However 

expression level of DHFR was significantly higher in ALL compared to AML patients (mean ± 

SD: 1.10 ± 1.30 vs. 0.49 ± 0.26 fold, p=0.006). The expression level of MDR1 was significantly 

higher in AML compared to ALL patients (p=0.001) whereas expression levels of BCRP and 

Survivin were higher in ALL patients (p=0.0003 and p=0.0001).   

 

Children: In children, expression level of LRP and Survivin gene did not differ significantly 

between AML and ALL patients at the time of diagnosis. However, expression levels of BCL-2, 

MDR1, GSTP1 and MRP1 were significantly higher in AML than ALL samples while 

expression of DHFR, p53 and BCRP were significantly lower in AML compared to ALL 

samples. 
 

Table 6.2: Expression of drug resistance and apoptotic genes in acute leukemia patients 

Note. Expression level of gene was expressed as fold change relative to normal bone marrow (reference). 
Values represent mean ± SD.  P-value is calculated using Mann–Whitney test. Bold values are significant 
p value ≤ 0.05. 

Genes Gene Expression level  (Mean ± SD ) 

Adults (85) Children (60) 

AML(45) ALL (40) p-value AML(25) ALL (35) p-value 

BCL-2 2.71 ± 1.77 3.22 ± 3.06 0.98 4.38±1.82 3.34±2.49 0.03 

DHFR 0.49 ± 0.26 1.10 ± 1.30 0.006 0.53±0.2 0.92±0.82 0.01 

MDR1 2.26 ± 2.65 0.86 ± 1.12 0.001 2.35±2.25 0.97±0.83 0.01 

GSTP1 1.45 ± 1.23 1.59 ± 1.66 0.61 1.50±0.86 1.27±1.37 0.02 

P53 1.33 ± 0.61 1.70 ± 1.56 0.08 1.09±0.33 1.38±0.57 0.03 

BCRP 0.06 ± 0.11 0.14 ± 0.14 0.0003 0.10±0.17 0.21±0.39 0.03 

LRP 1.29 ± 2.66 0.82 ± 0.86 0.32 1.13±0.67 0.86±0.62 0.14 

MRP1 2.59 ± 3.13 2.54 ± 1.66 0.12 3.26±2.31 1.40±0.96 0.001 

Survivin 0.13 ± 0.13 0.38 ± 0.31 0.0001 0.20±0.16 0.25±0.19 0.24 
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Correlation between drug resistance genes, apoptotic genes and clinical features in AML 

patients 

Adults: Analysis of potential interrelationship among drug resistance genes revealed that the 

mRNA levels of LRP positively correlated with MRP1 (rs=0.44, p=0.016) and DHFR expression 

(rs=0.41, p=0.02) (Table 6.3). Similarly, a significant correlation was observed between BCL-2 

and MDR1 (rs=0.38, p=0.03) and BCL-2 and GSTP1 (rs=0.48, p=0.008). A positive correlation 

was also observed between Survivin and BCRP (rs=0.46, p=0.01).  Further, LRP and GSTP1 

expression showed a positive correlation with white blood cell (WBC) counts (rs=0.39, p=0.03 

and rs=0.39, p=0.03) whereas expression of BCL-2 was highly correlated with the peripheral 

blast percentage in AML patients (rs=0.47, p=0.009) (Table 6.3).    

 

Table 6.3: Correlation between expression of drug resistance and apoptotic genes among 
themselves and with clinical variables in adult patients with AML 
 

Note. Correlation was tested with Spearman’s rank correlation test. Values in the table represent 
spearman’s correlation coefficient (r). * Correlation is significant at p=0.05 level, ** Correlation is 
significant at p=0.01 level. 

 BCL2 DHFR MDR1 GSTP1 P53 BCRP LRP MRP1 Survivin 

BCL2 - 0.02 0.38* 0.48 ** 0.06 0.24 -0.09 -0.0 0.24 

DHFR 0.02 - -0.21 0.36 0.23 0.14 0.41 * 0.20 0.36 

MDR1 0.38 * -0.21 - -0.16 -0.16 0.06 -0.28 -0.33 -0.14 

GSTP1 0.48 ** 0.36 -0.16 - 0.32 .00 0.25 0.30 0.19 

P53 0.06 0.23 -0.16 0.32 - -0.27 0.15 0.07 0.01 

BCRP 0.24 0.14 0.06 .00 -0.27 - -0.07 -0.12 0.46 * 

LRP -0.09 0.41 * -0.28 0.25 0.15 -0.07 - 0.44 * -0.08 

MRP1 -.00 0.20 -0.33 0.30 0.07 -0.12 0.44 * - -0.24 

Survivin 0.24 0.36 -0.14 0.19 0.01 0.46 * -0.08 -0.24 - 

Age -0.02 -0.32 -0.12 -0.08 -0.05 -0.06 0.04 0.04 -0.09 

Hb 0.13 -.17 -.04 -.05 0.09 0.10 -0.16 -.25 -.00 

Plt -0.24 0.14 -0.21 .00 -0.16 -0.07 0.32 .024 0.16 

WBC 0.00 -0.14 -0.14 0.39 a 0.07 -0.23 0.39 * 0.25 -0.21 

Blast 0.47 ** -0.17 0.24 0.21 -0.02 -0.02 -0.15 0.22 -0.13 
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No significant association was observed between gene expression level and clinical variables 

such as AR presence, LAP, HSM and NPM1 gene mutation.  However, BCL-2 expression was 

significantly higher in FAB M0/M1 subtype compared to other subtypes (p<0.001). The 

expression levels of GSTP1 and p53 were higher in AML patients with FLT3/ITD gene mutation 

compared to patients without mutation (p=0.02 and p=0.002) (Table 6.4). However, expression 

of MDR1 was higher in samples negative for FLT3/ITD gene mutation (p=0.007). Correlations 

between immunophenotypic data and gene expression showed significant association of MDR1 

expression with CD34 marker (p=0.002) (Table 6.4). Significant association was also found 

between CD34 and GSTP1 (p=0.01), CD34 and Survivin (p=0.01) and CD7 and p53 expression 

(p=0.01) (Table 6.4). No association was observed between other CD markers (CD3, CD5, 

CD10, CD13, CD33, MPO and HLA-DR) and expression of target genes.  

 
Table 6.4: Association between expression of the drug resistance and apoptotic genes with 
clinical features in adult patients with AML 

 MDR1 GSTP1 LRP BCL2 P53 Survivin 

FAB subtype a 
M0-M1/M2-M5 

2.63±1.89 
1.53±1.66 
p=0.07 

1.64±1.12 
1.42±1.34 
p=0.06 

1.43±3.46 
1.29±2.39
p=0.06 

3.92± 2.29 
2.18 ± 1.21 
p<0.001 

1.03±0.36 
1.00±0.73 
p=0.8 

0.09±0.08 
0.16±0.15           
p=0.09 

CD7+/CD7- 
2.26±1.98 
2.38±2.93 
p=0.68 

1.45±1.24 
1.45±1.28 
p=0.76 

0.62±0.30
1.54±3.18
p=1.00 

2.33±0.87 
2.91±2.05 
p=0.55 

1.41 ± 0.85 
0.89 ± 0.45 
p=0.01 

0.06±0.08         
0.16 ± 0.17   
p=0.06 

CD14+/CD14- 
1.02±0.34 
2.45±2.75 
p=1.0 

0.75±0.69 
1.51±1.28 
p=0.31 

0.83±0.07 
1.32±2.82 
p=0.25 

1.08±0.13 
2.65±1.79 
p=0.09 

0.51 ±0.14 
1.07 ± 0.63 
p=0.03 

0.14±0.02 
0.16±0.01         
p=0.1 

CD34+/CD34- 
3.48 ± 3.02 
0.99±1.35 
p=0.002 

1.11 ± 0.96 
1.81 ± 1.39 
p=0.01 

0.69±0.50
1.91±3.71
p=0.39 

2.77±2.16 
2.65±1.30 
p=0.70 

1.02±0.73 
1.03±0.47 
p=0.51 

0.08 ± 0.07       
0.18 ±0.16     
p=0.01 

FLT3wild/FLT3mut 
2.95±2.85 
0.60±0.61 
p=0.007 

1.29 ± 1.08 
1.88 ± 1.57 
p=0.02 

1.88±3.64 
1.07±2.27 
p=0.48 

2.48±1.58 
2.81±1.88 
p=0.62 

0.95± 0.66 
1.18 ± 0.43 
p=0.02 

0.16±0.08               
0.18± 0.10              
p=0.1 

 
Note. Expression level of gene was expressed as fold change relative to normal bone marrow (reference). 
Values represent mean ± SD.  P-value is calculated using Mann–Whitney test except for FAB. a p-value is 
calculated using Kruskal Wallis test in FAB subtype variable. Bold values are significant p value ≤ 0.05. 
DHFR, MRP1 and BCRP were excluded from the table because no significant association was observed 
with any of the clinical features analyzed. 
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Children: In children, correlations between the expressions of the examined resistance genes 

were for BCL-2 with MDR1 (rs=0.50, p=0.01), BCRP (rs=0.60, p=0.001), LRP (rs=0.46, p=0.01) 

and MDR1 with BCRP (rs=0.60, p=0.002) and LRP (rs=0.76, p<0.001). Similarly, significant 

correlation was also found between DHFR and GSTP1 (rs=0.68, p<0.001). Further, a positive 

correlation was also observed for Hb level with BCRP (rs=0.55, p=0.004) and Survivin(rs=0.52, 

p=0.008). Plt level were also positively correlated with the expression of DHFR(rs=0.63, 

p=0.001) and GSTP1(rs=0.55, p=0.004). However negative correlation was also observed 

between Plt level and MRP1 expression (rs=-0.43, p=0.02) (Table 6.5).  
 

Table 6.5: Correlation between expression of drug resistance and apoptotic genes among 

themselves and with clinical variables in children with AML 

 BCL2 DHFR MDR1 GSTP1 P53  BCRP  LRP MRP1 Survivin 

BCL2 - 0.00 0.50** -0.26 -0.04 0.63** 0.44* 0.05 -0.37 

DHFR 0.00 - 0.13 0.68** 0.25 -0.15 0.30 -0.18 0.39 

MDR1 0.50** 0.13 - 0.25 0.34 0.60** 0.76** -0.03 0.32 

GSTP1 -0.26 0.68** 0.25 - 0.29 -0.03 0.27 -0.07 0.33 

P53 -0.04 0.25 0.34 0.29 - 0.06 0.03 0.07 0.30 

BCRP 0.63** -0.15 0.60** -0.03 0.06 - 0.38 0.21 0.44* 

LRP 0.44* 0.30 0.76** 0.27 0.03 0.38 - -0.00 0.35 

MRP1 -0.05 -0.18 -0.03 -0.07 0.07 0.21 -0.00 - -0.00 

Survivin 0.37 0.39 0.32 0.33 0.30 0.44* 0.35 -0.00 - 

Hb 0.13 -0.12 0.22 0.15 0.31 0.55** -0.06 0.02 0.52* 

Plt -0.26 0.63** -0.02 0.55** 0.25 -0.17 0.09 -0.43* 0.24 

 
Note. Correlation was tested with Spearman’s rank correlation test. Values in the table represent 
spearman’s correlation coefficient (r). * Correlation is significant at p=0.05 level, ** Correlation is 
significant at p=0.01 level. Data not shown for age, wbc count and blast percentage as no significant 
correlation was found. 
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Correlation with antigen expression showed significant association of CD10 with higher 

expression of BCL-2 (p=0.02) and BCRP (p=0.02), CD33 with lower expression of MDR1 

(p=0.02) and LRP (p=0.02). We also observed significant association of low DHFR expression 

with CD34 positivity. Similarly immature marker, TdT was also found to be associated with 

lower expression of GSTP1 (p=0.03) and DHFR (p=0.03). Correlation with genetic 

rearrangements shows significant association of BCR/ABL with higher expression of LRP and 

BCL-2). We did not find any significant association of FLT3 mutation with the expression of 

target genes. However, NPM1 mutation was associated with higher expression of both MDR1 

(p=0.009), GSTP1 (p=0.005) and DHFR (p=0.01) (Table 6.6) 
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Table 6.6: Association between expression of the drug resistance and apoptotic genes with 
clinical features in children with AML 

 MDR1 GSTP1 LRP BCL2 DHFR BCRP MRP1 

CD10+/CD10- 
5.40±0.14 
1.92±2.16      
p=0.06 

1.42±0.70 
1.51±0.93   
p=1.0 

1.34±0.28 
1.14±0.72 
p=0.15 

7.17±0.70 
4.31±1.64    
p=0.02 

0.38±0.07 
0.56±0.20 
p=0.19 

0.60±0.07 
0.06±0.09     
p=0.02 

4.59±0.14 
3.25±2.47     
p=0.19 

CD33+/CD33- 
1.71±1.58 
7.62±1.41   
p=0.02 

1.45±0.93 
2.11±0.14    
p=0.15 

0.96±0.29 
3.16±0.07 
p=0.02 

4.39±1.70 
6.32±0.28      
p=0.12 

0.54±0.20 
0.66±0.70 
p=0.41 

0.10±0.17 
0.26±0.07     
p=0.08 

3.31±2.49 
3.98±0.21     
p=0.58 

CD34+/CD34- 
2.56±2.39 
0.64±0.48   
p=0.06 

1.40±0.87 
2.02±1.02 
p=0.19 

1.16±0.75 
1.14±0.27 
p=0.41 

4.81±1.61 
3.36±2.31      
p=0.96 

0.51±0.20 
0.71±0.10 
p=0.05 

0.13±0.19 
0.04±0.03     
p=0.96 

3.64±2.46 
2.08±1.60     
p=0.10 

MPO+/MPO- 
1.66±2.32 
2.68±2.21    
p=0.09 

1.71±0.81  
1.40±0.89 
p=0.29 

0.99±0.36 
1.19±0.77 
p=0.95 

3.66±2.32 
4.71±1.49      
p=0.18 

0.51±0.17 
0.54±0.22 
p=0.72 

0.15±0.27 
0.08±0.09     
p=0.23 

5.37±2.37 
2.27±1.51        
p=0.002 

TdT+/ TdT- 
0.45±0.07  
3.10±3.43   
p=0.07 

0.42±0.14 
1.63±0.99 
p=0.03 

0.79±0.14 
1.43±0.88 
p=0.07 

4.05±0.21 
5.14±1.39     
p=0.55 

0.22±0.14 
0.65±0.16 
p=0.03 

0.07±0.02 
0.07±0.10       
p=0.55 

1.47±0.21 
1.88±1.17       
p=1.0 

HLA-DR+/HLA-
DR- 

2.69±2.85 
0.87±0.70   
p=0.39 

1.21±0.58 
1.15±0.14 
p=0.86 

1.28±0.88 
1.15±0.42 
p=0.86 

4.61±1.70 
5.34±0.28     
p=0.49 

0.46±0.15 
0.66±0.14 
p=0.12 

0.15±0.21 
0.07±0.02     
p=0.61 

3.93±2.69 
0.70±0.21     
p=0.02 

LAP+/ LAP- 
2.18±2.31 
2.17±2.22    
p=0.64 

1.57±1.02  
1.34±0.39 
p=0.90 

1.25±0.75 
0.87±0.33 
p=0.11 

4.30±1.76 
4.54±2.06     
p=0.81 

0.59±0.21 
0.41±0.13 
p=0.03 

0.06±0.08 
0.21±0.25     
p=0.26 

2.86±2.59 
4.11±1.35     
p=0.01 

HSM+ /HSM- 
2.30±2.38 
2.63±1.55   
p=0.37 

1.54±0.93 
1.27±0.38 
p=0.88 

1.29±0.70 
0.74±0.13 
p=0.05 

4.48±1.28 
3.86±1.86     
p=0.50 

0.56±0.20 
0.40±0.16 
p=0.12 

1.07±0.18 
0.11±0.11     
p=0.29 

3.17±2.40 
3.73±1.96     
p=0.26 

BCR-ABL+ 

/BCR-ABL 

4.44±1.66 
2.06±2.19   
p=0.06 

1.21±0.62 
1.54±0.90 
p=0.50 

1.36±0.20 
1.10±0.70 
p=0.05 

6.27±1.63 
4.12±1.72     
p=0.05 

0.43±0.11 
0.54±0.21 
p=0.33 

0.41±0.33 
0.06±0.08     
p=0.06 

3.52±1.85 
3.22±1.40     
p=0.55 

NPM1+/NPM1- 
5.41±2.69 
1.77±1.66   
p=0.009 

2.76±0.76 
1.26±0.66 
p=0.005 

2.06±1.27 
0.95±0.29 
p=0.07 

4.97±1.59 
4.27±1.87     
p=0.41 

0.77±0.15 
0.49±0.18 
p=0.01 

0.13±0.15 
0.10±0.17     
p=0.79 

2.60±1.60 
3.38±2.43     
p=0.50 

 

Note. Expression level of gene was expressed as fold change relative to normal bone marrow (reference). 
Values represent mean ± SD.  P-value is calculated using Mann–Whitney test. Bold values are significant 
p value ≤ 0.05. Survivin and p53 genes were excluded from the table because no significant association 
was observed with any of the clinical features analyzed. 
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Correlation between drug resistance, apoptotic genes and clinical features in ALL patients 
 

Adults: A significant correlation was observed between mRNA level of DHFR, GSTP1, MDR1, 

p53, Survivin and BCRP with rs ranging from 0.57 to 0.91 (Table 6.7). Correlation with clinical 

variables was also calculated. A positive correlation was observed between BCL-2 and platelet 

count (rs=0.50, p=0.02) whereas negative correlation was seen between WBC count and MDR1 

(rs=-0.52 p=0.01) and Hb level and MRP1 (rs=-0.44, p=0.04) (Table 6.7). Further, significant 

association was found between LRP gene and female sex (p<0.0001), LRP and B-ALL patients 

(p=0.04) and LRP and BCR/ABL positive patients (p=0.004). Relationship with surface antigen 

expression revealed significant association between CD19 expression and LRP (p=0.002) and 

CD19 expression and BCL-2 (p=0.006) whereas expression of CD10 was associated with lower 

expression of MDR1 (p=0.004) and p53 (p=0.002) (Table 6.8). 
 

Table 6.7: Correlation between expression of drug resistance and apoptotic genes among 

themselves and with clinical variables in adult patients with ALL 

 BCL2 DHFR MDR1 GSTP1 P53  BCRP  LRP MRP1 Survivin 

BCL2 - .00 0.27 0.12 -0.14 -0.14 0.21 -0.20 -0.12 

DHFR .00 - 0.24 0.72 ** 0.83 ** 0.68 ** -0.10 0.12 0.91 ** 

MDR1 0.27 0.24 - 0.28 0.30 0.32 0.31 0.06 0.24   

GSTP1 0.12 0.72 ** 0.28 - 0.77 ** 0.65 ** 0.15 0.12 0.57 ** 

P53 -0.14 0.83 ** 0.30 0.77 **  0.72 ** 0.06 0.12 0.84 ** 

BCRP -0.14 0.68 ** 0.32 0.65 ** 0.72 ** - 0.12 0.24 0.65 ** 

LRP 0.21 -0.10 0.31 0.15 0.06 0.12 - 0.06 -0.21 

MRP1 .038 0.59 0.79 0.57 0.59 0.29 0.78 - 0.41 

Survivin -0.12 0.91 ** 0.24 0.57 ** 0.84 ** 0.65 ** -0.21 0.18 - 

Hb 0.14 0.02 0.23 0.0 -0.01 -0.27 0.08 -0.44 * -0.04 

Plt 0.50 * -0.29 -0.08 -0.15 -0.41 -0.32 -0.13 -0.29 -0.26 

WBC -0.17 -0.30 -0.52 * -0.14 -0.22 -0.20 .00 0.09 0.33 

 
Note. Correlation was tested with Spearman’s rank correlation test. Values in the table represent 
spearman’s correlation coefficient (r). * Correlation is significant at p= 0.05 level, ** Correlation is 
significant at p= 0.01 level. 
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Table 6.8: Association between expression of the drug resistance and apoptotic genes with 

clinical features in adult patients with ALL 

 MDR1 LRP BCL2 P53 Survivin 
Male/Female 0.81±1.06 

1.34±1.27 
p=0.08 

0.43 ± 0.49 
1.98 ± 0 .69 
p=0.001 

3.42±3.48 
2.64±0.92 
p=0.80 

1.82±1.78 
1.35±0.36 
p=0.57 

0.41±0.34 
0.28±0.14 
p=0.57 

B-ALL/T- ALL 0.70±0.91 
1.19±1.46 
p=0.74 

1.13 ± 0.90 
0.17 ± 0.09 
p<0.0001 

2.93±1.59 
3.83±4.93 
p=0.12 

1.33±0.50 
2.49±2.53 
p=0.57 

0.32±0.21 
0.51±0.42 
p=0.33 

CD7 +/CD7 - 
 

1.07±1.35 
0.75±1.01 
p=0.87 

0.56±0.95 
0.94±0.81 
p=0.04 

3.64 ± 4.98 
2.86 ± 1.64 
p=0.1 

2.54±2.49 
1.30±0.53 
p=0.39 

0.49±0.39 
0.33±0.25 
p=0.30 

CD10+/CD10- 0.38 ± 0.35 
1.57± 1.48 
p=0.004 

0.93±0.81 
0.65±0.94 
p=0.40 

2.78±1.80 
3.89±4.30 
p=0.82 

1.07 ± 0.46 
2.65± 2.10 
p=0.002 

0.30±0.27 
0.54±0.35 
p=0.1 

CD19+/CD19- 0.93±1.23 
0.66±0.77 
p=0.42 

1.06 ± 0.90 
0.18 ± 0.09 
p=0.002 

3.61± 2.97 
2.20 ± 3.18 
p=0.006 

1.35±0.50 
2.62±2.74 
p=0.91 

 0.36±0.25 
0.43±0.42 
p=0.96 

HLA-DR+/ 
HLA-DR - 

1.07±1.40 
0.43±0.45 
p=0.12 

1.02±1.01 
0.55±0.23 
p=0.09 

3.97 ± 3.18 
1.79 ± 2.06 
p=0.003 

1.38±0.34 
2.70±2.43 
p=0.42 

0.35±0.23 
0.55±0.37 
p=0.11 

BCR-ABL+/ BCR-
ABL- 

0.57±0.46 
0.96±1.28 
p=0.73 

1.23± 0.72 0.66 
± 0.87 p=0.004 

2.54±0.90 
3.48±3.53 
p=0.64 

1.39±0.69 
1.82±1.78 
p=0.62 

0.31±0.30 
0.40±0.31 
p=0.21 

 
Note. Expression level of gene was expressed as fold change relative to normal bone marrow (reference). 
Values represent mean ± SD.  P-value is calculated using Mann–Whitney test. Bold values are significant 
p value ≤ 0.05. MRP1, BCRP, DHFR, and GSTP1 genes were excluded from the table because no 
significant association was observed with any of the clinical features analyzed. 
 

Children:  In ALL children, significant correlation was also observed for BCL-2 with MDR1 

(rs=0.58, p<0.001), GSTP1 (rs=0.44, p=0.008), p53 (rs=0.45, p=0.006), LRP (rs=0.54, p=0.001) 

and GSTP1 with DHFR (rs=0.69, p<0.001) and LRP (rs=0.43, p=0.009). A negative correlation 

was also observed between MRP1 and MDR1 ((rs=0.35, p=0.03). The expression levels of the 

resistance genes were not significantly associated with the age of the patients except that of 

Survivin (rs=0.34, p=0.04). DHFR and Survivin expression showed positive correlation with 

WBC count while BCL-2 and MDR1 showed negative association with WBC count. A negative 
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correlation was also found for peripheral blast percentage with BCL-2 (rs=0.51, p=0.002) and 

LRP (rs=0.45, p=0.008). However, MRP1 expression positively correlated with the expression 

blast percentage (rs=0.42, p=0.01) (Table 6.9). No significant association was observed between 

gene expression level and clinical variables such as sex, FAB, HSM and with B and T ALL. 

However, association with surface antigen expression analysis shows significant association of 

CD34 marker with the higher expression of BCL-2 (p=0.05) and lower expression of DHFR 

(p=0.03). A significant association was also seen between CD3 and DHFR gene expression 

(p=0.007). Further, expression of MDR1 and Survivin was lower in BCR/ABL positive cases 

compared to BCR/ABL negative cases (p=0.05 and p=0.05) (Table 6.10). 

Table 6.9: Correlation between expression of drug resistance and apoptotic genes among 

themselves and with clinical variables in children with ALL 
 

 
Note. Correlation was tested with Spearman’s rank correlation test. Values in the table represent 
spearman’s correlation coefficient (r). * Correlation is significant at p=0.05 level, ** Correlation is 
significant at p= 0.01 level. 
 

 BCL2 DHFR MDR1 GSTP1 P53  BCRP  LRP MRP1 Survivin 

BCL2 - 0.01 0.58** 0.44** 0.45** -0.25 0.54** -0.15 -0.10 

DHFR 0.012 - -0.19 0.69** 0.29 0.15 -0.02 0.19 0.73** 

MDR1 0.58** -0.19 - 0.08 0.08 -0.07 -0.09 -0.35* 0.003 

GSTP1 0.44** 0.69** -0.08 - 0.29 -0.09 0.43** 0.13 0.31 

P53 0.45** 0.29 0.08 0.29 - 0.02 0.30 0.27 0.35* 

BCRP -0.25 0.15 -0.07 -0.09 0.02 - -0.08 0.17 0.07 

LRP 0.54** -0.02 -0.09 0.43 0.30 -0.08 - 0.32 -0.22 

MRP1 -0.15 0.19 -0.35* 0.13 0.27 0.17 0.32 - 0.23 

Survivin -0.10 0.73** 0.003 0.31 0.35* 0.07 -0.22 0.23 - 

Age -0.31 0.14 -0.12 -0.15 -0.07 0.14 -0.27 0.08 0.34* 

Hb -0.17 -0.05 -0.29 -0.08 0.45** -0.18 -0.30 -0.05 -0.03 

Plt -0.31 -0.19 -0.24 -0.27 -0.18 0.11 0.003 0.43** -0.17 

WBC -0.35* 0.52** -0.43** 0.16 -0.01 -0.09 -0.22 0.13 0.37* 

Blast -0.51** 0.07 -0.09 -0.27 -0.14 0.33 -0.45** 0.42* 0.26 
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Table 6.10: Association between expression of the drug resistance and apoptotic genes with 

clinical features in children with ALL 

 
Note. Expression level of gene was expressed as fold change relative to normal bone marrow (reference). 
Values represent mean ± SD.  P-value is calculated using Mann–Whitney test. Bold values are significant 
p value < 0.05. BCRP and GSTP1 genes were excluded from the table because no significant association 
was observed with any of the clinical features analyzed. 
 

Correlation between drug resistance, apoptotic genes and outcome of Induction 

chemotherapy 

To assess the clinical relevance of the studied genes, expression levels were correlated with 

response to induction chemotherapy. Clinical and follow up data were available for 60 adult (30 

AML and 30 ALL) and 44 children (17AML and 27ALL) after the completion of induction 

chemotherapy.    

 MDR1 LRP BCL2 P53 Survivin DHFR MRP1 

CD3+/ CD3- 

0.79±0.15    

0.99±0.88         

p=0.79 

1.48±0.73          

0.78±0.57         

p=0.06 

4.70±3.78 

3.16±2.30        

p=0.35 

1.43±0.35 

1.38±0.60 

p=0.79 

0.20±0.04 

0.26±0.20  

p=0.77 

1.71±0.42 

0.82±0.80 

p=0.007 

1.84±0.39 

1.34±1.10 

p=0.08 

CD34+/ CD34- 

1.19±1.02   

0.73±0.49          

p=0.26 

1.02±0.54  

0.69±0.67        

p=0.12 

4.09±2.47 

2.54±2.31      

p=0.05 

1.42±0.61 

1.34±0.54 

p=0.59 

0.21±0.10 

0.31±0.25  

p=0.32 

0.64±0.31 

1.21±1.07 

p=0.03 

1.27±0.74 

1.54±1.15 

p=0.66 

Peroxidase stain 

0.82±0.55      

0.68±0.63               

p=0.9 

0.91±0.61    

0.76±0.73             

p=0.4 

2.94±2.2         

3.65±2.81        

p=0.5 

1.27±0.54 

1.84±0.60 

p=0.031 

0.21±0.14 

0.41±0.31 

p=0.043 

0.80±0.50 

1.48±1.49 

p=0.18 

1.44±1.08 

1.41±0.48 

p=0.79 

HLADR+/ HLA-DR 

- 

1.14±0.87   

0.64±0.68        

p=0.39 

0.84±0.61  

0.07±0.06         

p=0.005 

3.91±2.61 

1.03±0.51        

p=0.06 

1.42±1.56 

0.84±0.93 

p=0.17 

0.25±0.14 

0.39±0.59    

p=0.39 

0.84±0.50 

1.71±2.62 

p=0.43 

1.04±0.44 

1.27±1.06 

p=0.94 

LAP+/ LAP- 

1.01±0.92        

0.91±0.70        

p=0.89 

0.94±0.69        

0.74±0.50       

p=0.38 

3.61±2.55 

2.92±2.43       

p=0.29 

1.43±0.56 

1.32±0.61 

p=0.31 

0.21±0.10 

0.32±0.27  

p=0.42 

0.86±0.69 

1.01±1.09 

p=0.54 

1.70±1.04 

0.94±0.59 

p=0.005 

BCRABL+/BCRABL- 

0.43±0.39    

1.06±0.85                

p=0.05 

0.63±0.69         

0.90±0.61         

p=0.34 

1.72±1.23 

3.61±2.55         

p=0.10 

1.01±1.43 

1.44±0.58 

p=0.06 

0.13±0.06 

0.27±0.20  

p=0.05 

0.55±0.31 

0.98±0.86 

p=0.17 

1.10±0.60 

1.45±1.00 

p=0.60 
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Gene expression and correlation with induction chemotherapy in AML 

Adults: In Adults, complete response (CR) was achieved in 53% (16/30) of patients while 

incomplete response was observed in 47% (14/30) of patients. The expression of MDR1 (3.56 ± 

2.23) and BCL-2 (3.43 ± 1.77) was significantly higher in patients who did not responded to 

induction chemotherapy compared to those who did (1.71 ± 3.09, p=0.001 and 2.19 ± 1.06, 

p=0.02) (Figure 6.2). However, no significant difference in the expression of DHFR, GSTP1, 

p53, BCRP, LRP, MRP1, and Survivin was found in AML patients (Table 6.11).  

 

Children: In children CR was achieved in 12 patients while incomplete response was observed 

in 5 patients. We found no significant difference in the expression of drug resistance and 

apoptotic genes expression between CR and NR group (Table 6.11) 

 

Table 6.11: Relationship between gene expression at diagnosis and response to induction 

chemotherapy in AML patients  

Genes Gene Expression level in AML (Mean ± SD ) 

Adults(30) p-value Children(17) p-value 

 CR (16)  NR (14)  CR (12)  NR (5)  

BCL-2 2.19 ± 1.06 3.43 ± 1.77 0.02* 3.98±2.03 5.21±1.70 0.24 

DHFR 0.49 ± 0.28 0.58 ± 0.26 0.38 0.54±0.26 0.55±0.12 0.91 

MDR1 1.71 ± 3.09 3.56 ± 2.23 0.001* 2.35±2.03 2.15±0.51 1.0 

GSTP1 1.59 ± 1.05 1.67 ± 1.37 0.77 1.79±1.10 0.92±0.13 0.09 

P53 1.04 ±  0.39 0.93 ± 0.51 0.24 1.12±0.40 1.23±0.20 0.46 

BCRP 0.06 ± 0.12 0.07 ± 0.08 0.53 0.13±0.22 0.02±0.02 0.24 

LRP 2.31 ±  4.30 0.79  ± 0.65 0.40 1.03±0.27 1.04±0.24 0.75 

MRP1 3.21  ± 4.05 1.77 ± 1.55 0.58 2.25±1.42 1.78±0.52 0.75 

Survivin 0.13 ± 0.07 0.15 ± 0.09 0.45 0.19±0.16 0.27±0.13 0.24 

 

Note. Expression level of gene was expressed as fold change relative to normal bone marrow (reference). 

CR: complete remission, NR: Non-responder after induction chemotherapy. Values represent mean ± SD.  

P-value is calculated using Mann–Whitney test. *Bold values are significant p value ≤ 0.05. 
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Figure 6.2: Expression level of drug resistance and apoptosis genes in adult AML patients who achieved 

remission (CR) and who did not achieve remission after receiving full induction therapy (NR). Expression 

level of gene was expressed as fold change relative to normal bone marrow. 

 

Gene expression and correlation with induction chemotherapy in ALL 

 

Adults: The clinical response to induction chemotherapy was evaluated in 30 patients of ALL. 

On completion of induction chemotherapy, 18(60%) out of 30 patients achieved CR. The 

expression of only MRP1 gene was found to be significantly higher in patients who did not 

responded to induction chemotherapy compare to those who did ( p=0.007) (Figure 6.3).  
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Table 6.12: Relationship between gene expression at diagnosis and response to induction 

chemotherapy in ALL patients 

Genes Gene Expression level in ALL (Mean ± SD ) 

Adults(30)  Children(27)  

 CR(18) NR(12) p-value CR(22) NR(5) p-value 

BCL-2 3.38 ± 2.73 2.00 ± 1.35 0.30 2.82±2.26 4.09±2.24 0.22 

DHFR 1.14 ± 1.49 1.28 ± 1.47 0.93   0.91±0.53 0.64±0.48 0.26 

MDR1 0.70 ± 0 .66 0.26 ± 0.14 0.14 0.83±0.60 0.79±0.38 0.70 

GSTP1 1.31 ± 1.23 1.14 ± 1.22 0.49 1.31±1.53 0.83±0.57 0.79 

P53 1.87 ± 1.63 1.73 ± 2.06 0.30 1.32±1.48 1.54±0.91 0.49 

BCRP 0.12 ± 0.10 0.12 ± 0.09 0.93 0.29±0.48 0.03±0.009 0.025* 

LRP 0.56 ± 0.56 0.66 ± 0.69 0.86 0.93±0.63 1.02±0.71 0.75 

MRP1 1.48 ± 0.90 2.84 ± 1.39 0.007* 1.57±1.10 1.11±0.50 0.61 

Survivin 0.40 ± 0.30 0.33 ± 0.34 0.55 0.24±0.14 0.19±0.11 0.53 

Note. Expression level of gene was expressed as fold change relative to normal bone marrow (reference). 
CR: complete remission, NR: Non-responder after induction chemotherapy. P-value is calculated using 
Mann–Whitney test. *Bold values are significant p value ≤0.05. 

 

Figure 6.3: Expression level of drug resistance and apoptosis genes in adult ALL patients who achieved 

remission after induction therapy (CR) and who did not achieve remission after receiving full induction 

therapy (NR). Expression level of gene was expressed as fold change relative to normal bone marrow. 
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Children: In children, twenty seven patients received standard induction chemotherapy. On 

completion of induction chemotherapy, 22 (81%) out of 30 patients achieved CR. The expression 

of only BCRP gene was significantly different between CR and NR group. BCRP expression 

was higher in patients who responded to induction chemotherapy than those who did not (0.29 ± 

0.48 vs 0.03 ± 0.009, p=0.025). However, no significant association was found between response 

to induction chemotherapy and expression of other genes such as BCL-2, DHFR, MDR1, 

GSTP1, p53, LRP, MRP1, and Survivin (Figure 6.4).  

 
 

Figure 6.4: Expression level of drug resistance and apoptosis genes in ALL children who achieved 

remission after induction therapy (CR) and who did not achieve remission after receiving full induction 

therapy (NR)  
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Discussion 
Drug resistance is a major obstacle and an important mechanism to explain the failure of 

chemotherapy in patients with leukemia. Deregulation of genes associated with drug resistance 

and with the apoptosis pathway are the most widely characterized drug resistance mechanisms in 

leukemia.  Analysis of the correlation of expression levels among the genes under study by the 

Spearman correlation coefficient showed a significant positive correlation among all of them, 

suggesting their joint activation in both childhood and adult acute leukemia. The pattern of 

correlation of the expression of drug resistance and apoptotic genes in ALL was quite distinct 

and more heterogeneous as compared to AML.  

 

Expression of drug resistance and apoptosis genes in patients with AML  

One of the major obstacles to successful treatment is the drug resistance of leukemic cells to 

chemotherapeutic agents. An accepted mechanism of drug resistance is reduced intracellular 

accumulation and altered metabolism of cytotoxic drugs. In many instances this is mediated by 

increased expression of the MDR1 gene product: pgp acts as a molecular pump that extrudes out 

a wide variety of drugs [van den et al., 2000]. This lowers the intracellular drug concentration at 

the target and results in drug resistance. MDR1 has been the most extensively studied drug 

resistance gene in acute leukemia. However, its role as a prognostic factor is still controversial. 

Over expression of MDR1 protein in AML has been associated with poor response to 

chemotherapy and reduced patient’s survival [Izquierdo et al., 1996; Wuchter et al., 1999; 

Benderra et al., 2005]. However, other studies have failed to confirm this association 

[Tsimberidou et al., 2002]. In the current study, the expression of MDR1 gene at the time of 

diagnosis was significantly higher in non responder as compared to responder in adult patients 

only. Furthermore, a significant association of MDR1 expression with the adverse prognostic 

marker, CD34, was found. It has been suggested earlier that overexpression of MDR1 in CD34 

positive samples may be the reason for the adverse prognosis of this marker in AML [Benderra 

et al., 2005; van den Heuvel-Eibrink et al., 2007].  
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Interestingly, we also observed an association of FLT3 gene mutation with low expression of 

MDR1 and but with higher p53 and GSTP1 expression. Both FLT3 mutations and MDR1 

expression have independently been associated with worse survival outcome in AML but no 

significant correlation has been reported between them [Galimberti et al., 2002].  This seems to 

be even more interesting as patients with FLT3 mutations were less frequently   MDR1 positive, 

possibly because of a loss of the MDR1 phenotype under increased proliferative capacity, as 

reported by Smeets et al (1999). In contrast to the prognostic value of MDR1 expression in 

AML, other drug resistance genes included in the current study such as MRP1, LRP, BCRP and 

GSTP1 expression showed no significant difference in responder and non responder AML 

patients. Recent literature on expression of MRP1, LRP, and BCRP mRNA at diagnosis has also 

found no significant association of these genes with response rates. However, they were found to 

be unfavorable prognostic factor for overall survival [van den Heuvel-Eibrink et al., 2007; Uggla 

et al., 2005].  

 

Regarding the expression of apoptotic genes, AML patients who did not respond to induction 

chemotherapy showed higher expression of BCL-2 compared to responders. Earlier reports have 

shown that constitutive BCL-2 expression in adult AML correlates with response to induction 

chemotherapy [Karakas et al., 1998; Wuchter et al., 1999]. AML patients with high BCL-2 

mRNA expression at diagnosis achieved lower response rates as compared to those with no or 

low BCL-2 expression in these studies. As a potent inhibitor of apoptosis, BCL-2 has a proven 

oncogenic potential and is able to protect leukemic blasts from apoptosis induced by 

chemotherapy. 

 

Expression of drug resistance and apoptosis genes in patients with ALL 

The only drug resistance gene that was significantly different between responder and non 

responder adult patients with ALL was MRP1. However to our knowledge, only few studies 

have addressed the role of MRP1 in adult ALL [Tsimberidou et al., 2002; Tafuri et al., 2002; 

Plasschaert et al., 2003]. MRP1 expression has been reported to be higher in adult ALL as 

compared to childhood ALL. However, an association with clinical outcome was found only in 
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children [Plasschaert et al., 2005]. Moreover MRP1 expression was found to be higher in T-ALL 

as compared to B-ALL in the current study though it was not significant. Expression of MRP1 

protein is reported to be higher in normal T cells as compared to B-cells, so it is possible that 

over expression in our study may be lineage specific and not related to drug resistance [Legrand 

et al., 1996].  MRP1, unlike MDR1, transports negatively charged natural-product drugs and 

drugs that have been modified by glutathione, conjugation, glucosylation, sulfation, and 

glucuronylation. The clinical impact of MRP1 expression in ALL is also controversial, with 

some reporting it to be involved in drug resistance while others have found it to be lacking 

prognostic significance [Zhou et al., 1995; van der Kolk et al., 2001]. 

 

Another intriguing finding in adult AL was the significant difference in the expression level of 

DHFR in AML and ALL patients. DHFR gene was significantly higher in ALL as compared to 

AML patients. Mouse, hamster and human methotrexate-resistant cell lines have been described 

with increased levels of DHFR activity due to gene amplification. MTX acts as a tight-binding 

inhibitor of DHFR and is the most widely used antimetabolite in pediatric malignancies, being 

especially effective in the treatment of ALL. It is now well established that an important 

mechanism of resistance of cells to MTX is an increase in DHFR activity due to amplification of 

the DHFR gene [Goker et al., 1995]. 

 

In childhood ALL patients, the drug resistance gene that was significantly different between 

responder and non responder patients was BCRP. Children who did not respond to induction 

chemotherapy showed lower expression of BCRP compared to responders. However, in 

literature conflicting results have been reported about the BCRP. Sauerbrey et al., [2002] in a 

study of 67 children, reported lower expression of BCRP with no clinical significance. In another 

study significant association was observed between higher expression level of BCRP and the 

presence of complete clinical response [Cortez et al., 2009]. BCRP gene is expressed in 

childhood ALL but with wide variation and contradicting results on childhood ALL. BCRP is 

more biologically complex than Pgp and MRP-1. BCRP is an ABC half-transporter that requires 
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multimerization for function [Maliepaard et al, 2001a]. In normal hematopoietic cells, BCRP is 

expressed in pluripotent stem cells and sharply down-regulated at the point of commitment to 

lineage-specific development [Zhou et al., 2001; Scharenberg et al., 2002]. However, in the 

present study we did not observe any association between immature marker, CD34 and BCRP 

expression neither in adults nor in children with ALL.  

 

Despite profound research, the clinical importance of drug resistance related genes in AL 

remains controversial. The comparison of data is hampered by the lack in standardized detection 

techniques, the heterogeneity in patient groups (e.g. pooled data of ALL and AML, initial and 

relapse samples, adults and children) and differences in treatment protocols. In addition, 

differences in the methods and design of each study, the characteristics of the patients studied the 

use of different levels of gene expression as cut-off points and housekeeping genes and 

especially the small number of samples evaluated may also be responsible for these controversial 

results in the literatures. Detailed information on the clinical relevance of MDR-related efflux 

pumps is needed before the potential of transporter-specific modulators can be studied. 
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Chapter 7 

Role of Xenobiotic metabolizing (Drug metabolizing) genes and p53 codon 72 

polymorphism in acute leukemia 

 

Introduction  
Acute leukemia (AL) is a multifactorial disease resulting from complex interactions between 

genetic and environmental factors. Possible risk factor includes exposure to carcinogens present 

in the environment [Preston et al., 1994; Nordlinder and Jarvholm, 1997]. The etiology of AL 

appears to be multifactorial and the exposure to benzene, ionizing radiation, and cytotoxic 

therapy has been implicated as the risk factors in the pathogenesis of AL. Every individual is 

considered to be exposed to benzene either from vehicle exhaust emission or from active and 

passive smoking [Groves et al., 1994; Infante-Rivard et al., 1999]. Exposure to pesticides and 

alcohol are other environmental risk factors that are found to be inadequately and inconsistently 

associated with the development of AL. Carcinogens present in these environmental factors may 

cause DNA damage at the level of hematopoietic progenitors, which is an essential prerequisite 

for the development of AL. 

Xenobiotic metabolic enzymes constitute the primary defense against these exposures. Genetic 

polymorphism in xenobiotic metabolizing enzymes seems to play an important role in 

determining individual susceptibility to these carcinogens. Primary candidates for gene-

environment interaction study in the carcinogenesis are enzymes that are involved in the 

activation and detoxification of xenobiotic compounds. Genetic polymorphisms have been 

identified in many of these enzymes and these may be responsible for variation in the enzymatic 

activity thereby leading to interindividual and interethnic variation in the metabolism of 

carcinogens [Taningher et al., 1999]. Environmental procarcinogens are activated by phase I 

enzymes [cytochrome P-450s (CYPs), alcohol dehydrogenase (ALDH) and epoxide hydroxylase 

(EPHX)] converting them into reactive intermediates which are than detoxified by phase II 

enzymes [glutathione S-transferases (GST), sulfotransferase (SULT) and N-acetyltransferase 

(NAT)] [Hein 2002; Nazar-Stewart et al., 2003; Sparks et al., 2004]. 
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Genetic polymorphism in the critical cell-cycle checkpoint control genes may also predispose to 

cancer. The polymorphism, related to changes in the function of the p53 protein is strongly 

associated with increased risk of developing certain tumors [Wang et al., 1999; Ignaszak-

Szczepaniak et al., 2006; Damin et al., 2006]. Benzopyerene diol epoxide, an intermediate 

product of polycyclic aromatic hydrocarbon present in the automobile exhaust and tobacco 

smoke is able to inactivate the p53 oncogene by  forming  benzopyrene diol epoxide-DNA 

adducts which are associated with decrease repair capability and reduced apoptotic potential 

[Dong et al., 2004]. Further, p53 mutations have been associated with reduced repair and 

enhanced cytotoxicity in cell damaged by benzo(a)pyrene diol epoxide-DNA adducts [Wani et 

al., 2000]. The coordinated expression and regulation of phase I and II enzymes determines the 

outcome of the carcinogen exposure. In addition interaction of polymorphisms in p53 gene with 

various phase I and phase II enzymes has also been associated with increased risk of 

carcinogenesis [Miller et al., 2002; Quinones et al., 2006]. 

In our earlier pilot study on adult AML, we did not find any association of GSTs, p53 and 

EPHX1 polymorphism with AML [Chauhan et al., 2011]. The effect of a possible interaction 

between p53 and GSTs, EPHX1 and GSTs, EPHX1and p53, was also investigated further in 

combined analysis. However, the two loci gene-gene interaction did not impart any statistical 

significant risk for adult AML. These finding suggests that etiology of adult AML cannot be 

explained by polymorphism at single locus perhaps due to complexity involved in the 

metabolism of diverse xenobiotic compounds. Therefore for a complex disease like leukemia, 

single gene association studies provide limited information compared to multigenic approaches 

in predicting risk. Moreover, the risk conferred by a single gene may not be substantial due to its 

low-penetrance and heterogeneous nature of cancer. High order gene-gene interaction in 

multigenic approach allows more precise delineation of the risk groups. Two of the data mining 

approaches used in the literatures lately include classification and regression trees (CART) and 

multifactor dimensionality reduction (MDR). Both these analytical approaches are model free 

and non-parametric methods of estimating non-linear interactions with low false-positives for 

two or more loci even on relatively small sample size [Ritchie et al., 2003]. In a study on 

sporadic breast cancer, MDR identified high order interaction in three different estrogen-



Role of Xenobiotic metabolizing genes polymorphism in AL 

 

148 

metabolizing genes COMT, CYP1B1, and CYP1A1 in the absence of any independent main 

effect [Ritchie et al., 2001]. Similarly in ever smokers, the combination of CCNH, ERCC6 and 

RAD23B identified by CART analysis was associated with the highest bladder cancer risk, 

although individually these genes were associated with modest risk [Chen et al., 2007]. These 

studies indicate epistasis effects of the genes in modifying cancer risk even in absence of their 

main effects. Chan et al., [2010] CART analysis on a cohort of pediatric patients with ALL, 

revealed significant interactions between xenobiotic and folate pathway genes that reflect the 

complex nature of leukaemogenesis. However, most studies on single gene approach of 

xenobiotic metabolism in ALL and AML have reported inconsistent results.  

The aim of this objective were to 

 To examine the association of eight polymorphisms in six xenobiotic/drug metabolizing 

genes (GSTM1, GSTT1, GSTP1, CYP1A1, EPHX1, and SULT1A1) and p53 codon 72 

gene polymorphism with acute leukemia risk. 

 To explore the high order gene-gene interactions of the above genes in modulating the 

acute leukemia risk using classification and regression trees (CART) and multifactor 

dimensionality reduction (MDR) analysis method. 

 

Experimental methods 
Materials 

Agarose, Tris base, EDTA, NaCl, SDS, Triton X-100 and other fine chemicals were purchased 

from Sigma Chemicals, USA. Taq polymerase, dNTPs, MgCl2, was obtained from Invitrogen 

and MBI fermentas USA. Oligos were synthesized by Microsynth, Switzerland. RNA later, DNA 

and RNA extraction kit were purchased from Qiagen Sciences, USA and Himedia, India.  

 

Chemicals used 

LYSIS BUFFER I: 30mm Tris-Hcl (Ph-8), 5mm EDTA, 50 Mm Nacl; LYSIS BUFFER II:  

75mm Nacl, 2mm EDTA (Ph-8); SDS STOCK: 20 gm of SDS dissolved in 80 ml of TDW at 

650C. Make up volume up to 100 ml ; PROTEINASE K: 10 mg dissolved in 1 ml of TDW:1% ; 

AGAROSE: 1gm of agarose dissolved 1% TAE buffer. 
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Selection criteria of patients: As described in chapter 4 

Inclusion criteria: As described in chapter 4 

Exclusion criteria: As described in chapter 4 

Patients’ details: The study was conducted in samples of 230 patients (159 males, 71 females) 

of AL diagnosed between 2005 and 2009 at the Department of Hematology, Safdarjung Hospital, 

New Delhi. Peripheral blood samples from 199 (134 males, 65 females) healthy volunteers were 

used as controls. The diagnosis of acute leukemia was made on routinely stained bone marrow 

aspiration/biopsies and peripheral blood smears and evaluated according to the French-

American-British (FAB) criteria. All in vitro procedures were performed according to protocols 

approved by the Ethical Committee of the Institute and Safdarjung Hospital. Clinical data, 

including age, gender, whole blood cell count, hemoglobin, platelets count and presence of 

organomegaly were collected at the time of diagnosis.    

Collection of blood samples: As described in chapter 4 

DNA extraction: As described in chapter-5 

Genotyping protocol:  

Genotyping of GSTM1 and GSTT1 by Multiplex PCR 

A multiplex PCR method was used to detect the presence or absence of the GSTM1 and GSTT1 

genes in the genomic DNA samples (Table 7.1). This method had both GST primers sets in the 

same PCR reaction and included a third primer set for β-globin as internal control to ensure 

proper functioning of PCR. The PCR was carried out for an initial activation step at 940C for 4 

min, 20 cycles of denaturation at 930C for 1 min; annealing at 600C for 1 min; 720C for 1 min 

and in addition with these there were 15 cycles of denaturation at 930C for 1 min; annealing at 

500C for 1 min; 720C for 1 min and a final extension at 720C for 10 min. The PCR products were 

electrophoresed in 2.5% agarose gels containing ethidium bromide, prepared and run in 0.5X 

TBE buffer. The absence of 459 bp band indicates GSTT1 null and the absence of 219bp 

indicates GSTM1 null genotypes (Figure 7.1). 
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Table 7.1: Multiplex PCR for genotyping of GSTM1 and GSTT1 polymorphism 

Components Master Stock Working Stock Reaction l (25µl)  

Nuclease-free water ( 25 µl) X  15.3 

PCR buffer 10X 1X 2.5 

MgCl2 25 mM 1.0 mM 1.0 

dNTP mix (2.5 mM each) 25 mM 0.2 mM 0.2 

GSTM1 (Forward primer) 10 µM 0.25 µM 0.625 

GSTM1 (Reverse primer) 10 µM 0.25 µm 0.625 

GSTT1 (Forward primer) 10 µM 0.25 µM 0.625 

GSTT1 (Reverse primer) 10 µM 0.25 µm 0.625 

β-Globin (Forward primer) 10 µM 0.25 µM 0.625 

β-Globin (Reverse primer) 10 µM 0.25 µm 0.625 

Taq DNA polymerase 5 U/µl 1.25U 0.25 

Template (DNA) Y 100 to 300 ng 2.0 

 

Genotyping of GSTP1, EPHX1, CYP1A1 and SULT1A1 

Polymorphism in GSTP1, EPHX1 Exon3 and Exon4, CYP1A12A, CYP1A12C and SULT1A1 

were genotyped using PCR-RFLP (Polymerase chain reaction-Restriction Fragment length 

polymorphism) method. Standard PCR were performed on PTC-200 (MJ Research, USA). The 

PCR reaction were performed in a volume of 25µl with a final concentration of 1X PCR Buffer 

(MBI Fermentas), 1.5mM Mgcl2, 200 μM dNTPs, 2.0 mM , 1 Unit of Taq DNA polymerase and 

100-300 ng of DNA Template. Negative controls were included in all PCR-runs to prevent 

misjudging following contamination of samples. PCR amplification consist of 35 cycles of 

denaturation at 940C for 45s; annealing at depend on gene for 45s; 720C for 45s followed by a 

final extension at 720C for 10 min. PCR products were loaded on 2.5% agarose gel and subjected 

to gel electrophoresis in 0.5X TBE buffer, stained with ethidium bromide and visualized under 

UV. Detail of single-nucleotide polymorphisms (SNPs) selected for the study is summarized in 

Table 7.2. Sequence of the primer and their annealing temperatures are given in the Table 7.3. 
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Table 7.2: Detail of the single-nucleotide polymorphisms (SNPs) selected for the study 

Gene Chra SNP Loc Polymorphism 

    Nucleotide Codon 

GSTT1 22q11.23 GSTT1 Gene Presence>Null Deletion 

GSTM1 1p13.3 GSTM1 Gene Presence>Null Deletion  

GSTP1 11q13 rs1695 Exon 5 313A>G Ile105Val 

P53 17p13.1 rs1042522 Exon4 215C>G Arg72Pro 

EPHX1 1q42.1 rs2234922 Exon 4 418A>G His139Arg 

EPHX1 1q42.1 rs1051740 Exon 3 339T>C Tyr113His 

CYP1A1 15q24.1 rs4646903c 3’UTR 6235T>C NAb 

CYP1A1 15q24.1 rs1048943d Exon 7 2454A>G Ile462Val 

SULT1A1 16p12.1 rs9282861 Exon 7 638G>A Arg213His 
aChromosomal position is based on NCBI Build.  
bNot Applicable 
 

Table7.3: Sequence of primers used in the study 

Gene Primer sequence T0C PCR (bp)  

GSTT1 
5'-TTCCTTACTGGTCCTCACATCTC-3' 
5'-TCACCGGATCATGGCCAGCA-3' 

- 459 

GSTM1 
5'-GAACTCCCTGAAAAGCTAAAGC-3' 
5'- GTTGGGCTCAAATATACGGTGG-3' 

- 219 

GSTP1 
5’-CCAGTGACTGTGTGTTGATC-3’ 
5’-CAACCCTGGTGCAGATGCTC-3’ 

62 189 

P53 
5’-TTGCCGTCCCAAGCAATGGATGA-3’ 
5’-TCTGGGAAGGGACAGAAGATGAC-3’ 

60 199 

EPHX1 Exon 4 
5’-ACATCCACTTCATCCACGT-3’ 
5'-ATGCCTCTGAGAAGCCAT-3’ 

56 210 

EPHX1 Exon 3 
5’-GATCGATAAGTTCCGTTTCACC-3’ 
5’-ATCCTTAGTCTTGAAGTGAGGAT-3’ 

52 162 

CYP1A12A 
5'-TAGGAGTCTTGTCTCATGCCT-3' 
5'-CAGTGAAGAGGTGTAGCCGCT-3' 

61 340 

CYP1A12C 
5'- GAAAGGCTGGGTCCACCCTCT -3' 
5'-CCAGGAAGAGAAAGACCTCCCAGCGGGCCA-3' 

63 333 

SULT1A1 
5’-AGTTGGCTCTGCAGGGTTTCT-3’ 
5’-ACCACGAAGTCCACGGTCTC-3’ 

59 200 
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RFLP analysis of GSTP1, EPHX1 Exon3, EPHX1 Exon4, CYP1A12A, CYP1A12C and 

SULT1A1 polymorphism 

Restriction digestion of the amplified fragments was carried out for the above polymorphism in a 

water bath (Table 7.4). Heat inactivation of enzyme was done at 800C for 20 minutes after 

completion of incubation with enzyme. Restriction enzymes that cleave the DNA specifically for 

different alleles were used (Table 7.5) and the alleles of each specific sample can be observed as 

a specific band pattern on the gel (Figure 7.2-7.8). The genotyping results were confirmed by 

repeated analysis of approximately 10% of all samples randomly chosen. 

 

Table 7.4: Standard protocol used for the RFLP experiment 

COMPONENTS STOCK CONC. WORKING CONC. 1 REACTION (μl) 

Water   3 

Buffer 10X 1 1.5 

Enzyme* 10Units/μl 5Units 0.5 

PCR product   10.0 

* Enzymes are specific for each polymorphism given in the table 7.5 

 

Table 7.5: Detail of the RFLP enzymes used for each polymorphism  

Gene Enzyme Site Incubation 
Condition 

PCR RFLP product (bp) 
Homo wild Homo 

variant  

GSTP1 BsmA1 5’-GTCTC^-3'                                             
3'-CAGAG^-5' 

550C for 8 hrs 189 189 148+41 

P53 BstUI 5’-CG^CG-3'                                             
3'-GC^GC-5' 

370C overnight 199 113+86 199 

EPHX1 ex4 RsaI 5’-GT^AC-3'                                             
3'CA^TG-5' 

370C for 4hrs 210 210 164 + 46 

EPHX1 ex3 EcoRV 5’-GAT^ATC-3'                                             
3'CTA^TAG-5' 

370C overnight 162 140+22 162 

CYP1A12A MspI 5’-CC^GG-3'                                             
3'GG^CC-5' 

370C overnight 340 340 220+140 

CYP1A12C NcoI 5’-C^CATGG-3'                                             
3'GGTAC^C-5' 

370C overnight 333 69+32+232 69 + 264 

SULT1A1 HhaI 5’-GCG^C-3'                                             
3'C^GCG-5' 

370C for 3hrs 200 160+40 200 
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Statistical analysis 

Associations between genetic variants and AL were assessed by odds ratios and 95% confidence 

intervals using a conditional logistic regression model adjusted for age and sex. The test for 

Hardy-Weinberg equilibrium (HWE) was determined by χ2 test / Fisher's exact test (two tailed). 

Demographic variables associated with smoking, alcohol consumption, dietary habits and 

occupational information were not available in all the patients therefore data could not be 

analyzed on these variables. All analysis was performed using Stata 8.0 software. For two genes, 

EPHX1 (exon3 and exon4) and CYP1A1 (2A and 2C), pairwise linkage disequilibrium (LD) 

estimation and expectation-maximization (EM)-based haplotype association analysis were 

performed using Haploview v.4.0 software. 

 

1) Classification and regression trees (CART) analysis  

The non-parametric classification and regression tree analysis was performed to detect high order 

gene-gene interactions using the CART Software (version 6.0, Salford Systems) [Steinberg and 

Colla, 1997]. CART is a binary recursive partitioning method that creates a decision tree which 

describes how well each genotype or environmental factor variable predicts class (eg. acute 

leukemia case-control status). The CART model selects the variable used to split each branch 

and the split point. Splitting rules are used to stratify data into subsets of individuals, which are 

represented in the CART decision tree as nodes.  The tree building process continues until the 

terminal nodes have no subsequent statistically significant splits or they reach a pre-specified 

minimum size (10 subjects in AML and 5 in ALL for this study). Optimal tree was determined 

by reducing overfitting trees using one standard error (1-SE) rule and repeating 10 fold cross 

validation. The p-value and corresponding OR with 95%CI for each terminal node were 

calculated using Fisher’s exact test.   

 

2) Multifactor dimensionality reduction (MDR) analysis 

The MDR software (version 2.0 beta) was also used to analyze the gene-gene interaction in the 

study [Hahn et al., 2003]. Briefly, MDR classifies multi-locus genotypes into high-risk and low-

risk groups. This new one-dimensional variable can be evaluated for its ability to classify and 

predict disease status using cross-validation and permutation testing that minimizes false positive 

results by multiple examinations of the data. Ten-fold cross-validation and 1000 fold 
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permutation testing was used in this MDR analysis. The fitness of an MDR model was assessed 

by estimating the maximum values of cross validation consistency (CVC) and testing accuracy 

(TA). Statistical significance of the best model of each order was determined using 1000 fold 

permutation testing and p-value, obtained for each testing accuracy and CVC. MDR models were 

considered statistically significant at the 0.05 level. 

 

3) False Positive Report Probability (FPRP) 

To estimate the false positive report probability (FPRP) and to evaluate robustness of the 

significant findings of the study, we used the Bayesian approach described by Wacholder et al., 

[2004]. The method requires prior probabilities that the genetic variant and disease association is 

real. We set a fairly wider range of prior probabilities (0.0001 to 0.25) with an estimated 

statistical power to detect an OR of 1.5 and 2.0 and α level equal to the observed p-value with 

FPRP cut point set at 0.5.  

 

4) Interaction entropy graphs 

Hierarchical interaction graphs were built to interpret and visualize the independent effects and 

interactive relationships between the polymorphisms of the best model of ALL. Interaction 

graphs use entropy estimates as described by Jakulin and Bratko, [2003] for determining the gain 

in information about a class variable (e.g. case–control status) from merging two variables 

together over that provided by the variables independently. This measure of entropy is useful for 

building interaction graphs that facilitate the interpretation of the relationship between variables. 

Interaction graphs are comprised of a node for each variable with pairwise connections between 

them. The percentage of entropy removed (i.e. information gain) by each variable is visualized 

for each node. The percentage of entropy removed for each pairwise Cartesian product of 

variables is visualized for each connection. Positive entropy (plotted in green) indicates non-

linear interaction while negative entropy (plotted in red) indicates redundancy. Interaction 

entropy analysis was performed using the Orange software package [Demsar and Zupan, 2004].  
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Result 

Characteristics of the AL patients 

The main clinical and hematologic characteristics of the patients included in the study are 

summarized in Table 7.6. All 230 patients with acute leukemia who were included in this study 

were ≥15years old (mean ± S.D at diagnosis was  27.1 ± 15.2 years, range 10-82) (except 8 cases 

in AML and 4 cases in ALL were in the range of 10-14yrs). Pediatric patients with AL below 10 

years of age were excluded from this study. There were 131 AML and 99 ALL (75 B-ALL& 24 

T-ALL) patients. The median age of the patients with AML was 29 years (range 10-80 years) 

while in ALL, the median age was 18 years (range 10-67 years). Comparison between 

hematological and clinical data showed that the median percentage of leukemic blast cell in 

peripheral blood was 70% in AML and 80% in ALL patients. M2 was found to be the most 

common FAB subtype (46/131, 35%) followed by M0/M1 subtype in AML. The median age of 

the controls was 39 years (range 10-82). Controls had no history of cancer and were not related 

to the patients. Controls were matched to the cases on the basis of age (±5 years) and gender. All 

the patients and controls were from the north India. 
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Table 7.6: Demographic, clinical and hematological data of patients with acute leukemia 

Variables AML (N=131) ALL (N=99) Control (199) 

Sex (%)Males 

Females 

89 (67.93) 

42 (32.06) 

70 (70.7) 

29 (29.2) 

134 (67.3) 

65(32.6) 

Age Median (range) 29 (10-80) 18 (10-67) 40 (10-82) 

WBC(×109/l) median ( Range) 20 (1-343) 35 (1-178)  

Hb (g/dl) median ( Range) 6.2 (2-13.8) 5.9 (2-13.8)  

Plt count (× 109/l) median ( Range) 34 (1-428) 39 (0.9-370)  

Peripheral Blast (%) median (Range) 70 (10-98) 80 (8-99)  

FAB Morphology † n(%) 

 

M0/M1: 20 (15.2) 

M2: 46 (35.1) 

M3:  7(5.3) 

M4: 18 (13.7) 

M5: 20  (15.2) 

M6: 1(1.0) 

BP: 3(2.2) 

NC*: 16 (12.2) 

L1:40 

L2:41 

NC: 18 

 

CD34 positive,   n (%) 73/125 (58.4) 46 (46.4)  

Auer rod positive, n (%) 61 (46.5) -  

Hepatosplenomegaly, n (%) 75 (57.25) 77 (77.7)  

Lymphadenopathy, n (%) 36 (27.48) 47 (47.4)  

CR/NCR, n (%) 26/35 (74.2) 21/30(70%)  
*NC- Not classified, AML-Acute myeloid leukemia, ALL- Acute lymphoid leukemia. 
† FAB- French-American-British 

 

Risk Associated with Individual SNPs 

The main effect of each polymorphism was assessed for the risk of AML and ALL using 

conditional logistic regression model adjusted for age and sex. Two of the analyzed SNPs 

EPHX1 exon3 and CYP1A12C in control (χ2 =13.3, p=0.0002 & χ2=9.01, p=0.002) and EPHX1 

exon3 in ALL (χ2=6.21, p=0.01) showed deviations from HWE. No association was observed 

between AML risk and any of the nine SNPs studied (Table 7.7). However in ALL, CYP1A12A 

heterozygous genotype was associated with a significant increased risk (OR=2.02;95% CI=1.14-
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.3.58,p=0.01) while GSTM1 imparted a 45% lesser risk (OR=0.55;95%CI=0.31-0.96,p=0.03) 

(Table 7.8). Furthermore when the data was analyzed for dominant and recessive model for all 

the polymorphisms, only CYP1A12A was associated with significant risk for ALL in dominant 

model (OR=2.11;95%CI=1.22-3.65,p=0.007) (Table 7.9). Haplotype analysis further supported 

the increased risk associated with CYP1A12A variant in ALL. We found increased risk for 

haplotype with variant CYP1A1-CA haplotype compared to the most common CYP1A1-TA 

haplotype in ALL (OR=1.97;95%CI=1.26-3.09,p=0.002) (Table 7.11). Pair-wise LD analysis 

suggested evidence of modest LD between CYP1A12A and CYP1A12C polymorphism in acute 

leukemia (D= 0.61 in AML and 0.56 in ALL) and showed poor correlation (r2= 0.13 in AML and 

0.15 in ALL) with each other. Haplotype generated with EPHX1 SNP did not exhibit any 

significant association with AML and ALL risk (Table 7.10 & 7.11). 

 

 

 

 

 

 

 

Figure 7.1: Agarose gel picture showing multiplex PCR for GST polymorphism. Lane 1 and 3-samples 
with 459 bp represent wild type GSTT1; Lane 7-sample with 219bp represent GSTM1 gene; The 
presence of 267bp in all lanes represent β-globin gene used as internal control. M-100bp ladder  
 

 
 

 

 
Figure 7.2: Agarose gel picture showing RFLP products of GSTP1 gene: A- showing PCR amplification 
of GSTP1 gene (189bp). B-RFLP of GSTP1 PCR product; Lane 5,6,8-samples with 189 bp represent wild 
type Ile/Ile allele (AA genotype); Lane1,2.4 and 7-sample with 189 bp and 148 bp represent heterozygous 
Ile/Val allele (AG genotype); Lane 3 - sample with 148bp and 41 bp not visible represent homozygous 
Val/Val allele (GG genotype). M-100 & 50bp ladder.  
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Figure 7.3: Agarose gel picture showing RFLP products of P53 codon 72 polymorphism: A- showing 
PCR amplification of exon 4 of p53 gene. B-RFLP of p53 PCR product; Lane 4-sample with 199 bp 
represent homozygous Pro/Pro allele (GG genotype); Lane 1-3 & 5-8 - samples with all three bands 
(199bp, 113bp, 86bp) represent heterozygous Arg/Pro allele (GC genotype); Lane 6 and 7- samples with 
two band (113 bp, 86 bp) represent homozygous Arg/Arg allele (CC genotype) . M-100bp ladder.  
 
 
 

 

 

 

 

 

 
Figure 7.4: Agarose gel picture showing RFLP products of EPHX1 exon3 polymorphism: A- showing 
PCR amplification of exon4 of EPHX1 gene. B-RFLP of EPHX1 exon 3 PCR product; Lane 1,3,4,6,8-
samples with two band (140bp and 22bp not visible) represent homozygous Tyr/Tyr allele (TT genotype); 
Lane 2,5-samples with all three bands (162bp, 140bp and 22bp not visible) represent heterozygous 
Tyr/His allele (TC genotype); Lane 7,9- samples with only one band (162bp) represent homozygous 
His/His allele (CC genotype) M-50bp ladder.  
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Figure 7.5: Agarose gel picture showing RFLP products of EPHX1 exon4 polymorphism: A- showing 
PCR amplification of exon4 of EPHX1 gene. B-RFLP of EPHX1 exon 4 PCR poduct; Lane 6-sample 
with single band (210bp)  represent wild homozygous His/His allele (AA); Lane 1,2,3,4-samples with all 
three bands (210bp,164bp and 46bp not visible) represent heterozygous His/Arg allele (AG genotype); 
Lane 3- samples with two band (164 bp and 46bp not visible) represent homozygous Arg/Arg allele(GG 
genotype) M-50bp ladder.  

 
 

 

 

 

 

 

 

 

 
Figure 7.6: Agarose gel picture showing RFLP products of CYP1A12A polymorphism: A- showing PCR 
amplification of CYP1A12A. B-RFLP of CYP1A12A PCR; Lane 1,8,9-samples with single band (340bp) 
represent wild type TT genotype; Lane 3-6,10-samples with all three band (340bp, 200bp ,140bp) 
represent heterozygous TC genotype; Lane 2,7- samples with two band (200bp and 140bp) represent 
homozygous CC genotype.  M-100bp ladder.  
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Figure 7.7: Agarose gel picture showing RFLP products of CYP1A12C polymorphism: A- showing PCR 
amplification of CYP1A12C. B-RFLP of CYP1A12C PCR; Lane 2,4-samples with single band (232bp) 
represent wild type Ile/Ile allele; Lane 5-sample with 263bp represent homozygous variant Val/Val allele. 
Lane 1,3- samples represent heterozygous Ile/Val allele , M-100bp ladder.  
 
 
 

 

 

 

 

 
Figure 7.8: Agarose gel picture showing RFLP products of SULT1A1 polymorphism: A- showing PCR 
amplification of SULT1A1 gene. B-RFLP of SULT1A1 PCR; Lane 1,2,5,7-samples with all three bands 
(200bp, 160bp, 40bp not visible) represent heterozygous Arg/His allele (GA genotype); Lane 3,4,6,8-
sample with two band (160bp and 40bp not visible) represent the homozygous Arg/Arg allele. The 
undigested product (200bp) which represents His/His allele is not shown in the gel.  M-100bp ladder.  
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Table 7.7: Association of the genotypes of six xenobiotic metabolizing genes and p53 codon 72 

polymorphism with AML 

Note. AML: Acute myeloid leukemia, Ref: Reference Category, *OR (95%C.I.)= Odds ratio (95% 
confidence intervals) adjusted for age and gender calculated using conditional logistic regression analysis.   

  Controls (199) AML (131) 

Gene Genotype n (%) n (%) OR (95%C.I.)* p-value 

GSTT1 Wild 152 (76.38) 104(79.39) Ref - 

 Null 47(23.61) 27(20.61) 0.64(0.40-1.03) 0.06 

GSTM1 Wild 104(52.26) 81(61.83) Ref - 

 Null 95(47.73) 50(38.17) 0.68(0.39-1.19) 0.1 

GSTP1 AA 103(51.75) 66(50.38) Ref - 

 AG 79(39.69) 55(41.98) 1.19(0.73-1.95) 0.4 

 GG 17(8.54) 10(7.63) 1.16(0.47-2.85) 0.7 

p53 GG 51(25.62) 38(29.0) Ref - 

 GC 112(56.28) 71(54.19) 0.89(0.52-1.53) 0.6 

 CC 36(18.09) 22(16.79) 0.96(0.47-1.96) 0.9 

EPHX1 Exon 4 AA 127(63.81) 81(61.83) Ref - 

 AG 64(32.16) 43(32.82) 0.83(0.50-1.38) 0.4 

 GG 8(4.02) 7(5.34) 1.31(0.44-3.88) 0.6 

EPHX1 Exon 3 TT 87(43.71) 54(41.22) Ref - 

 TC 70(35.17) 55(41.98) 1.27(0.76-2.13) 0.3 

 CC 42(21.10) 22(16.79) 1.05(0.54-2.04) 0.8 

CYP1A12A TT 108(54.27) 65(49.61) Ref - 

 TC 78(39.19) 57(43.51) 1.16(0.71-1.90) 0.5 

 CC 13(6.53) 9(6.87) 1.13(0.44-2.87) 0.2 

CYP1A12C AA 156(78.39) 97(74.04) Ref - 

 AG 35(17.58) 31(23.66) 1.27(0.70-2.30) 0.4 

 GG 8(4.02) 3(2.29) 0.65(0.14-2.90) 0.5 

SULT1A1 GG 135(67.83) 86(65.64) Ref - 

 GA 54(27.13) 42(32.06) 1.32(0.78-2.23) 0.2 

 AA 10(5.02) 3(2.29) 0.42(0.11-1.62) 0.2 
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Table 7.8: Association of the genotypes of six xenobiotic metabolizing genes and p53 codon 72 

polymorphism with ALL 

  Controls (199) ALL (99) 

Gene Genotype n (%) n (%) OR (95%C.I.)* P-value 

GSTT1 Wild 152 (76.38) 71(71.71) Ref - 

 Null 47(23.61) 28(28.28) 0.98(0.55-1.77) 0.9 

GSTM1 Wild 104(52.26) 63(63.63) Ref - 

 Null 95(47.73) 36(36.36) 0.55(0.31-0.96) 0.03* 

GSTP1 AA 103(51.75) 45(45.45) Ref - 

 AG 79(39.69) 45(45.45) 1.53(0.87-2.68) 0.1 

 GG 17(8.54) 9(9.09) 1.53(0.57-4.12) 0.3 

p53 GG 51(25.62) 28(28.28) Ref - 

 GC 112(56.28) 43(43.43) 0.58(0.29-1.15) 0.1 

 CC 36(18.09) 28(28.28) 1.29(0.60-2.77) 0.4 

EPHX1 Exon 4 AA 127(63.81) 60(60.0) Ref - 

 AG 64(32.16) 37(37.37) 1.06(0.60-1.88) 0.8 

 GG 8(4.02) 2(2.02) 0.49(0.9-2.65) 0.4 

EPHX1 Exon 3 TT 87(43.71) 40 (40.40) Ref - 

 TC 70(35.17) 36(36.36) 1.14(0.63-2.06) 0.6 

 CC 42(21.10) 23(23.23) 1.21(0.61-2.06) 0.5 

CYP1A12A TT 108(54.27) 35(35.35) Ref - 

 TC 78(39.19) 53(53.53) 2.02(1.14-3.58) 0.01* 

 CC 13(6.53) 11(11.11) 2.64(0.95-7.32) 0.06 

CYP1A12C AA 156(78.39) 69(69.69) Ref - 

 AG 35(17.58) 25(25.25) 1.30(0.69-2.44) 0.4 

 GG 8(4.02) 5(5.05) 1.94(0.51-7.37) 0.3 

SULT1A1 GG 135(67.83) 66(66.66) Ref - 

 GA 54(27.13) 30(30.30) 1.12(0.62-2.02) 0.6 

 AA 10(5.02) 3(3.03) 0.52(0.13-2.08) 0.3 

 

Note. ALL: Acute lymphoblastic leukemia, Ref: Reference Category, *OR (95%C.I.)= Odds ratio (95% 
confidence intervals) adjusted for age and gender calculated using conditional logistic regression analysis.  
*Bold values are significant p value < 0.05. 
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Table 7.9: Genotype representation and associations of polymorphism under dominant and 

recessive model in acute leukemia 

    AML ALL 
Gene Model Effect Reference  OR(95%CI);P   OR (95%CI); P  
p53 Dominant GC+ CC GG 0.90(0.54-1.52);0.71 0.78(0.42-1.45);0.44 

 Recessive CC GG + GC 1.03(0.55-1.92);0.90 1.79(0.94-3.42); 0.07 
GSTP1 Dominant AG+GG AA 1.19(0.74-1.90);0.46 1.53(0.89-2.62); 0.12 

 Recessive GG AA+AG 1.07(0.47-2.54);0.87 1.48(0.24-3.19); 0.65 
EPHX1 Exon 4 Dominant AG+GG AA 0.88(0.54-1.43);0.62 1.00(0.57-1.75); 0.98 

 Recessive GG AA+AG 1.40(0.48-4.06);0.53 0.48(0.09-2.54); 0.39 
EPHX1 Exon 3 Dominant TC+CC TT 1.20(0.75-1.94);0.43 1.17(0.69-1.98); 0.55 

 Recessive CC TT+TC 0.93(0.51-1.70);0.82 1.14(0.61-2.12); 0.67 
CYP1A12A Dominant TC+CC TT 1.15(0.72-1.85);0.54 2.11(1.22-3.65); 0.007 

 Recessive CC TT+TC 1.05(0.42-2.61);0.90 1.91(0.72-5.02); 0.18 
CYP1A12C Dominant AG+GG AA 1.17(0.67-2.06);0.57 1.38(0.76-2.50); 0.28 

 Recessive GG AA+AG 0.62(0.14-2.73);0.53 1.82(0.48-6.86); 0.37 
SULT1A1 Dominant GA+AA GG 1.13(0.69-1.85);0.60 1.01(0.57-1.78); 0.95 

 Recessive AA GG+GA 0.41(0.10-1.56);0.19 0.50(0.12-1.98); 0.33 
 
Note. CYP1A12A was associated with significant risk for ALL in dominant model. OR(95%CI);P 
represent Odds ratio (95% confidence intervals);p-value adjusted for age and gender. Bold 
values are significant p value < 0.05. 
 

Table 7.10:  Frequency distribution of the CYP1A1 and EPHX1 haplotype in AML 

Haplotype 
Control (398) 
n (%) 

AML 
(262)n (%) 

χ² 
p-
value 

OR (95%CI);P 

CYP1A12A/2C    
TA 281(70.94) 172(64.96) 1.82 0.1 Ref 
CA 66(16.24) 53(20.92) 1.44 0.2 1.31(0.85-2.01);0.2 
CG 38(9.89) 22(7.71) 0.26 0.6 0.94(0.52-1.70);0.8 
TG 13(2.93) 15(6.41) 2.42 0.1 1.88(0.82-4.32);0.1 

EPHX1 Ex 4/Ex 3    
AT 185(46.34) 124(47.72) 0.03 0.8 Ref 
AC 133(33.56) 81(30.52) 0.40 0.5 0.90(0.62-1.32);0.6 
GT 59(14.97) 39(14.49) 0.005 0.9 0.98(0.60-1.60);1.0 
GC 21(5.13) 18(7.26) 0.60 0.4 1.27(0.62-2.62);0.4 

Note. No haplotype was found to be significantly associated with AML risk. Ref- Reference category, χ² 
chi-square test. OR(95%CI);P represent Odds ratio (95% confidence intervals);P-value. 
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Table 7.11:  Frequency distribution of the CYP1A1 and EPHX1 haplotype in ALL 

Haplotype Control (398) 
n (%) 

ALL (188) 
n (%) χ² p-value OR(95%CI);P 

CYP1A12A/2C      

TA 281(70.94) 112(56.10) 11.37 0.0007 Ref 

CA 66(16.24) 51(26.22) 6.86 0.008 1.97(1.26-3.09);0.002 

CG 38(9.89) 24(11.66) 1.04 0.3 1.54(0.85-2.78);0.13 

TG 13(2.93) 11(6.02) 1.62 0.2 2.30(0.91-5.79);0.05 

EPHX1 Ex 4/Ex 3      

AT 185(46.34) 86(43.06) 0.48 0.4 Ref 

AC 133(33.56) 71(36.23) 0.34 0.5 1.13(0.75-1.69);0.5 

GT 59(14.97) 30(15.53) 0.009 0.9 1.07(0.62-1.83);0.7 

GC 21(5.13) 11(5.18) 0.02 0.8 1.17(0.50-2.72)0.6 

Note. CYP1A1-CA haplotype was found to be significantly associated with ALL risk. Ref; Reference 
category, χ² chi-square test. OR(95%CI);P represent Odds ratio (95% confidence intervals);P-value. 

 

Classification and Regression Tree (CART) analysis 

In CART analysis, the decision tree identified GSTM1 and CYP1A12A as the main splitters in 

AML and ALL respectively. The prediction success of the testing set in AML and ALL for cases 

was 52.67% in AML and 64.65% in ALL. The final tree had 8 and 6 terminal nodes in AML and 

ALL respectively (Figure 7.9 & 7.10). The risk of the terminal nodes in the two trees was 

estimated in reference to the terminal node consisting of the least percentage of cases. In AML 

the highest risk was observed for combination of GSTM1 present, CYP1A12C AA or GG, 

EPHX1 exon3 TC and EPHX1 exon4 AA or GG genotypes in terminal node TN2 

(OR=5.89;95%CI=1.40-26.62,p=0.01) (Figure 7.9). In ALL highest risk was observed for 

combination of CYP1A12A TT, p53 GG or CC and GSTP1 AG genotypes in terminal node TN 

4 (OR=4.19;95%CI=1.45-12.25,p=0.004) (Figure 7.10). Further we pooled the terminal node 

based on case ratio into low (<40%) and high risk group (>40%) in AML and ALL. Compared 

with low risk group terminal node, high risk groups were associated with significantly increased 

AML and ALL risk respectively (OR=2.75;95%CI=1.69-4.47,p<0.001) (OR=2.83;95%CI=1.64-

4.92,p<0.001) (Figure 7.9 &7.10).  
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Total= 330 
Case: 131 (39.7%) 

Control: 199 (60.3%) 

N= 185 
Case: 81 (43.8%) 
Control: 104 (56.2%) 

N= 35 
Case: 15(42.9%) 
Control:20(57.1%) 
OR=2.81(0.67-2.59) 

N= 145 
Case: 50 (34.5%) 
Control: 95 (65.5%) 

N= 150 
Case: 61 (40.7%) 
Control: 89 (59.3%) 

N= 98 
Case: 34 (34.7%) 
Control: 64 (65.3%) 

N= 52 
Case: 27 (51.9%) 
Control: 25 (48.1%) 

N=16 
Case: 5 (31.3%) 
Control: 11 (68.7%) 
OR=1.70(0.29-10.19)] 

N= 36 
Case: 22 (61.1%) 
Control: 14 (38.9%) 
#OR=5.89(1.40-26.62)] 

N= 86 
Case: 25(29.1%) 
Control: 61 (70.9%) 
OR=1.53(0.41-6.11) 

N= 59 
Case: 25 (42.4%) 
Control: 34 (57.6%) 

N= 40 
Case: 21 (52.5%) 
Control: 19 (47.5%) 
#OR=4.14(1.02-18.05) 

 

N= 19 
Case: 4 (21.1%) 
Control: 15 (78.9%) 
Reference 

 

N= 30 
Case: 15(50%) 
Control: 15 (50%) 
OR=3.75(0.86-17.40)] 

N= 68 
Case: 19 (27.9%) 
Control: 49 (72.1%) 
OR=1.45(0.38-5.97) 

GSTM1 PRESENT 

CYP1A12C 

 (AG)  (AA, GG) 

EPHX1 Exon3 

 (TC) 

EPHX1 Exon4 

GSTP1 

 V (AA, GG)  (AG) 

GSTT1 

(PRESENT)  (NULL) 

p53 

V (GC, CC) V (AA. GG) 

TN1 

TN2 TN4 

TN5 

TN6 

TN8 

TN7 

 

Case Control 

OR (95% CI : p-value) 

LR  53 136 Reference 

HR 73 68 2.75(1.69-4.47) p<0.001 

Low Risk: TN3, TN5, TN7, TN8 (No. of Case <40%) 

High Risk: TN1, TN2, TN4, TN6 (No. of Case>40%) 

Figure 7.9: Classification and regression tree (CART) model for polymorphism of xenobiotic 

metabolizing genes and p53 codon 72 gene polymorphism in AML 
 

Note. Classification and regression tree analysis of risk predictors in AML cases. Nodes of the 
classification tree are formed by recursive splits of AML case/control status by predictor variables. The 
numbers within each node indicate the number of control subjects/number of case patients. Within each 
terminal node, the odds ratio (with 95% confidence interval) of AML is shown for that node with respect 
to the reference node (TN7). Polymorphism used for splitting is displayed under each node. 
OR(95%C.I.)= Odds ratio (95% confidence intervals), V: Variant genotype, TN: Terminal Node,            
#p value <0.05. 
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N= 298 
Case: 99(33.2%) 
Control: 199(66.8%) 

N= 155 
Case: 64(41.3%) 
Control: 91(58.7%) 

N= 149 
Case: 64(43%) 
Control: 85(57%) 

N= 143 
Case: 35(24.5%) 
Control: 108(75.5%) 

N= 6 
Case: 0(0%) 
Control: 6(100%) 

N= 6 
Case: 6(100%) 
Control: 0(0%) 

N= 143 
Case: 64(44.8%) 
Control: 79(55.2%) 
#OR=4.18(1.98-8.98) 

 

N= 74 
Case: 12(16.2%) 
Control: 62(83.8%) 

N= 69 
Case: 23(33.3%) 
Control: 46(66.7%) 

N= 29 
Case: 13(44.8%) 
Control: 16(55.2%) 
# OR=4.19(1.45-12.25) 

N= 40 
Case: 10 (25%) 
Control: 30 (75%) 
OR=1.72(0.60-4.89) 

CYP1A12A 

EPHX1 Exon4 

 V (TC, CC) 

V (GG) 

SULT1A1 

(GG, GA) (AA) 

p53 

 V (GG, CC) 

GSTP1 

 (AG) V (AA, GG) 

(AA, AG) 

TN1 

TN2 
TN3 

TN4 TN5 

TN6 

Case Control OR (95% CI : p-value) 

LR  28 98 Reference 

HR 77 95 2.83(1.64-4.92) p<0.001 

Low Risk: TN1, TN3, TN5, TN6 (No. of Case<40%) 

High Risk: TN2, TN4 (No. of Case>40%) 

Reference 

Figure 7.10: Classification and regression tree (CART) model for polymorphism of xenobiotic 

metabolizing genes and p53 codon 72 gene polymorphism in ALL 

 

Note. Classification and regression tree analysis of risk predictors in ALL cases. Nodes of the 
classification tree are formed by recursive splits of ALL case/control status by predictor variables. The 
numbers within each node indicate the number of control subjects/number of case patients. Within each 
terminal node, the odds ratio (with 95% confidence interval) of AML is shown for that node with respect 
to the reference node (TN6). Polymorphism used for splitting is displayed under each node. 
OR(95%C.I.)= Odds ratio (95% confidence intervals), V: Variant genotype, TN: Terminal Node, #p value 
<0.05. 
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Multifactor dimensionality reduction (MDR) analysis 

The MDR analysis was done to analyze for the high order gene-gene interaction. Table 7.12 

summarizes the results of MDR analysis for the best model of each order in ALL and AML 

along with their testing accuracy (TA) and cross-validation consistency (CVC). GSTM1 and 

CYP1A12A were the best one loci models with testing accuracy of 51.85% (CVC=9/10) and 

59.46% (CVC=10/10) in AML and ALL respectively. Though both factor were insignificant in 

empirical observations of p-values based on permutation testing.  Four loci model in AML (p53, 

EPHX1 exon3, CYP1A12A and SULT1A1) and in ALL (GSTP1, p53, EPHX1 exon3 and 

CYP1A12A) had TA of 58.08% (CVC=10/10) and 63.50% (CVC=10/10) respectively. The TA 

was statistically significant only for the four loci model in ALL, with p= 0.009 obtained from 

permutation testing. Other 2 and 3 loci best models in AML and ALL had lower CV and TA 

value than four loci model and were insignificant in permutation testing. Therefore, the four loci 

model was chosen as the best model in ALL only.  

Table 7.12: Multifactor dimensionality reduction model for gene-gene interaction in AL 

 

Note. *1,000-fold permutation test. † Best models selected with maximum cross-validation consistency 
(CVC) and maximum testing accuracy (TA). Bold values represent significant value ≤0.05.

  Locus Model p value 
( χ²test) 

TA p-
value* 

CVC p-value* 

A
M

L
 

1st order GSTM1 p=0.08 0.5185 0.69 9/10 0.46 

2nd order p53, EPHX1 Exon3 p=0.009 0.4437 0.99 4/10 0.98 

3rd order CYP1A12A, 
CYP1A12C, SULT1A1 

p< 0.0001 0.4677 0.96 4/10 0.98 

4th order p53, EPHX1 Exon3, 
CYP1A12A, SULT1A1 

p< 0.0001 0.5808 0.14 10/10 0.28 

A
L

L 

1st order CYP1A12A p=0.0021 0.5946 0.12 10/10 0.32 

2nd order CYP1A12A, SULT1A1 p=0.0002 0.5468 0.50 4/10 0.99 

3rd order CYP1A12A, 
CYP1A12C, SULT1A1 

p< 0.0001 0.5440 0.52 6/10 0.87 

4th order† GSTP1, p53 
EPHX1 Exon3, CYP1A12A 

p< 0.0001 0.6350 0.009 10/10 0.32 
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False positive report probability (FPRP) 

The FPRP was estimated for the statistically significant associations of the present study 

obtained from logistic regression analysis, haplotype analysis and MDR analysis (Table 7.13). 

CYP1A12A alone and in dominant model of inheritance showed reliable association at high 

probability of (0.5-0.1) for detecting OR=1.5 and 2.0 (Table 7.13). Risk haplotype of CYP1A1-

CA showed true association till prior probability of 0.1 and 0.01 for OR=1.5 and 2.0. Four loci 

best model of ALL showed good reliability even at very low prior probability (10-4) for detecting 

an OR of 2.0 (Table 7.13). 
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Table 7.13: False positive report probability and Odds ratio for significant finding in ALL  
 

 
OR (95% CI) 

p value 
OR=1.5 Prior Probability OR=2.0 Prior Probability 

Lo
gi

st
ic

 re
gr

es
si

on
 

 

  Power 0.5 0.25 0.1 0.01 0.001 10-4 Power 0.5 0.25 0.1 0.01 0.001 10-4 

CYP1A12A 
2.02(1.14-3.58 

p=0.01 
0.154 0.094 0.238 0.484 0.912 0.990 0.999 0.486 0.032 0.090 0.229 0.765 0.971 0.997 

GSTM1 
0.55(0.31-0.96) 

p=0.03 
0.249 0.124 0.299 0.561 0.934 0.993 0.999 0.631 0.053 0.144 0.335 0.847 0.982 0.998 
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ic
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el
 Dominant 

CYP1A12A 

2.11(1.22-3.65) 

p=0.007 
0.111 0.064 0.170 0.380 0.871 0.986 0.999 0.424 0.018 0.051 0.138 0.639 0.947 0.994 
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pe
 Haplotype 

CYP1A12A-

2C 

1.97(1.26-3.09) 

p=0.002 
0.118 0.026 0.074 0.194 0.726 0.964 0.996 0.526 0.006 0.018 0.051 0.372 0.857 0.984 

M
D

R 
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) GSTP1, P53, 

EPHX1 Ex3  

CYP1A12A 

9.22(4.89-17.3) 

p < 0.0001 
0.000 0.001 0.002 0.006 0.060 0.391 0.865 0.000 0.000 0.000 0.000 0.001 0.005 0.051 

Note: Prior probabilities ranging from 0.5 to 10-4, with the estimated statistical power to detect an OR of 1.5 & 2.0 with α level equal to the 
observed p-value. Bold type indicates the FPRP for the most likely prior probabilities i.e. a noteworthy association at the 0.5 FPRP cut point. 
OR(95%CI);P represent Odds ratio (95% confidence intervals);P-value 
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Interaction entropy graphs 

Finally, the interaction entropy graph was constructed to decipher the relationships in the four 

loci MDR model of ALL (Figure 7.11). CYP1A12A was the key gene polymorphism in the 

model associated with entropy of 2.59%. p53 also showed strong main effect with entropy 

removal of 1.42%. A synergistic interaction was also observed between these two, as the 

combination removed additional entropy of 2.46%. Though small percentage of entropy is 

associated with GSTP1 (0.28%) and EPHX1 exon3 (0.008%) individually, their interaction 

removed a substantial 1.98% of entropy suggesting a non-additive relationship between the two. 

The overall two way interactions between all the polymorphisms in the model were mostly non-

additive in nature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7.11: Interaction entropy graph for the four polymorphism of the Best model in acute 
lymphoblastic leukemia (ALL). The interaction model describes the percentage of the entropy 
(information gain) removed by each variable and by each pair wise combination of attributes (interaction 
effect: represented by connections).  A positive interaction is observed between all the polymorphism in 
the model. Labels: Ex3: EPHX1 Exon3, 2A: CYP1A12A. 
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Discussion 

The pathogenesis of AL is very heterogenous and complex with regard to clinical features and 

acquired genetic alterations which are unlikely to be predisposed by single genetic factor. Taking 

these factors into consideration, employment of more comprehensive approaches to assess the 

interaction of multiple genes and high order gene-gene interaction in acute leukemia 

predisposition is indispensable. 

The present study investigated the association of genetic polymorphism in six xenobiotic genes 

and p53 codon 72 polymorphism with the risk of acute leukemia by multifaceted analytical 

approach. No association was observed for any of the polymorphism in six xenobiotic genes and 

p53 with AML risk in LR analysis. However, in ALL, GSTM1 null genotype was found to be 

associated with significantly reduced risk while CYP1A12A heterozygous genotype conferred 

higher risk of ALL. The effect was further confirmed in haplotype analysis. Cytochrome P450 

(CYP) enzymes that encodes an aromatic hydrocarbon hydroxylase plays a key role in the phase 

I xenobiotic metabolism of drugs and environmental carcinogens. The enzyme catalyzes the 

oxidation of poly aromatic hydrocarbons (PAH) such as benzo [a] pyrene (B(a)P) to benzo [a] 

pyrene -diol-epoxide (BPDE) [Bartsch et al., 2000]. Two most common polymorphism reported 

in CYP1A1 gene are CYP1A12A (6235T>C) present in the 3’ end of the gene and CYP1A12C 

in exon7 producing an Isoleucine to Valine substitution at amino acid 462. These two 

polymorphic alleles are often but not always in linkage disequilibrium [Wormhoudt et al., 1999]. 

Functional studies for these SNPs have predicted an increased catalytic activity and higher levels 

of hydrophobic DNA adducts [Alexandrov et al., 2002]. Several studies have suggested 

increased risk associated with these variant alleles in solid cancers particularly those associated 

with tobacco use [Bartsch et al., 2000; Sam et al., 2008]. Expressions of CYP family enzymes is 

also reported in human myeloblastic and lymphoid cell lines, probably contributing to the 

carcinogenesis of hematopoietic cells [Nagai et al., 2002]. However, findings in hematological 

malignancies remain inconclusive. Association of CYP1A12A with the risk of childhood and 

adult ALL has been reported in literature [Sinnett et al., 2000; Joseph et al., 2004; Gallegos-

Arreola et al., 2004]. However, no significant association has been observed in adult AL [Aydin-

Sayitoglu et al., 2006; Bolufer et al., 2007].  
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In addition, CART and MDR method were used in association analyses due to its ability of 

detecting the gene-gene interaction, which is not available in the traditional chi-square 

association analysis methods. Both CART and MDR  analysis identified GSTM1 and 

CYP1A12A  as most important single locus factors in AML and ALL risk respectively, although 

the results did not show statistical significance  in MDR analysis. Interaction of GSTM1, 

CYP1A12C, EPHX1 exon3 and EPHX1 exon4 in AML and interaction of CYP1A12A, p53 and 

GSTP1 in ALL identified by CART method reflects the complexity of xenobiotic metabolism in 

acute leukemia. The results are biological plausible and are consistent with the epidemiological 

evidences from phase I and phase II gene interaction studies in other cancers [Talseth et al., 

2006; Zienolddiny et al., 2008]. Interaction between CYP1A1 and GST polymorphism has been 

reported in acute leukemia  [Krajinovic et al., 1999; Sinnett et al., 2000; DAlo et al., 2004; 

Majumdar et al., 2008] and presence of p53 codon 72 polymorphism further augments the risk as 

reported in lung and prostate cancer [Miller et al., 2000; Ritchie et al., 2003]. These observations 

suggest that bioactivation of phase I metabolites such as reactive benzo(a)pyrene diol epoxide by 

GSTs initiate a tumoral process which becomes more conducive to carcinogenesis with further 

involvement of p53 gene.  

 

Association of GST null genotype with cancer risk is probably related to an inability to 

metabolize carcinogens, such as benzo(a)pyrene. Studies from U.K, Iran and India have linked 

GSTT1 and GSTM1 null genotype with risk of both AML and ALL [Rollinson et al., 2000; 

Saadat and Saadat, 2000; Majumdar et al., 2008]. However in the present study GSTM1 null 

genotype was found to confer reduced risk to ALL probably implying a dual role of GSTM1 in 

the metabolism of a wide range of xenobiotics. GSTM1 enzyme is primarily a detoxifying 

enzyme. However, sometimes the detoxification reaction leads to activation of reactive 

intermediates, from phase I pathway, similar to the activation of dihalomethanes and other 

chlorinated hydrocarbons by GSTT1 enzyme [Shimada et al., 1996] which might contribute to 

the carcinogenesis process. However several factors preclude about such an association in the 

present study. First such an association with GSTM1 enzyme is not supported by other studies in 

hematological malignancies [Aydin-Sayitoglu et al., 2006; Bolufer et al., 2007; Majumdar et al., 
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2008]. Secondly, there is lack of information on environmental factors in the study which might 

modify the risk associated with the gene.  Finally the small sample size of the study probably 

reflects instability of our estimate. 

MDR analysis identified four locus model of GSTP1, p53, EPHX1 exon3 and CYP1A12A to be 

significantly associated with the ALL risk. However, none of the SNPs except CYP1A12A were 

statistically significant in single locus analysis in logistic regression indicating that epistasis 

effects of these four factors could modulate the risk of ALL. Even after applying a method for 

the estimation of false positive results, four locus model of ALL remained a plausibly true 

association even when considering a very low prior probability of 0.0001 (OR= 2.0). Further, 

interaction entropy algorithm helped us to interpret the nature of interaction of the 4 loci model 

revealing strong synergistic interaction of p53 with EPHX1 exon3 and CYP1A12A 

polymorphism. This observation indicated that variations in biotransformation activities of both 

phase I and phase II enzymes in coordination with p53 activity may regulate the effect of DNA 

toxic metabolites and determine susceptibility to carcinogen exposure.  

Mutlifacted analytic approaches like CART and MDR have been used in previous studies to 

explore the high order gene-gene interaction even with small sample size. Yang H et al., [2008] 

applied CART on set of 147 patients with oral premalignant lesion and 147 controls and 

identified some biologically informative interactions among double stranded break DNA repair 

genes. Similarly, H.H. Chung et al., [2006] applied MDR to analyze the role of seven SNPs in 

response to chemotherapy in 36 patients of cervical carcinoma. In this study both CART and 

MDR approach showed consistency at one and two order interaction levels, however results 

differed at higher order. In CART analysis, interaction of GSTM1, CYP1A12C, EPHX1 exon3 

and EPHX1 exon4 polymorphism was found to be a significant predictor for the risk of AML. 

MDR analysis showed that a combination of GSTP1, p53, EPHX1 exon3 and CYP1A12A genes 

was the best four loci model in predicting the risk for ALL. The results are of interest, yet these 

are empirical observation of gene-gene interaction with leukemia. Validations in independent 

large populations need to be done to confirm our observation. 
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Two SNPs in our study (EPHX1 Exon3 and CYP1A12C) were not in HWE in control 

population. Deviation from HWE may be indicative of genotyping error, though genotyping was 

repeated on 10% of the samples and concordance was observed. HWE violation seems to be a 

chance finding or it is most likely due to population admixture. In addition, overfitting of data 

due to the small sample size in the current study may limit the prediction ability of MDR, 

particularly for the four loci model. In CART analysis, prediction accuracy of the best model was 

only 52.67% and 64.65% in testing set of ALL and AML cases respectively. Such low prediction 

success implies that the results should be interpreted with caution. The incorporation of 

environmental factors may have improved the results.  

The results of the study are quiet promising but functional analysis is warranted to confirm the 

biological plausibility of the complex gene-gene interactions identified. The study provides 

further support to a multi-genetic approach and taking consideration of complex high-order 

interactions in cancer association studies. 
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Chapter 8 

Conclusions and Future Scope of Work 

Objective 1: Confirmation of diagnosis and typing of acute leukemia using Flow Cytometer 

The aim of this objective was to determine the prevalence of AML and ALL and the frequency 

of expression of cross lineage marker and their association with clinical prognostic factors. Of 

the 289 cases included in the current study, AML accounted for 46% of AL, ALL accounts 50% 

(B-ALL- 39% and T-ALL-11%) while MLAL were 2% cases of AL. 

 

AML: M2 was found to be the most common FAB subtypes in adult and children. CD13 and 

CD33 were the most commonly expressed myeloid marker in the study. No difference was found 

in the response rate in CD34+ and CD34- group in adult AML. However, in children a marginal 

significant association was observed towards a lower remission rate in CD34+ (50%) cases 

compared to CD34- (100%) cases (p=0.06). thus, confirming the negative influence of this 

marker on the clinical outcome. Among clinical features, lymphadenopathy (LAP) was more 

common in adults than children (80% vs 56%, p=0.007). Median level of Hb was also higher in 

adults than children (p=0.006). In AML remission rates in adult and children was similar (52% 

vs 50%). Aberrant antigen expression was identified in 35% of AML cases in the study. Aberrant 

expression of lymphoid lineage associated antigen (Ly+ AML) was seen more often in cases of 

children (53%) than adults (28%) (p=0.01). CD19 was the most common aberrant lymphoid 

antigen expression in both adult and children followed by CD7. In children CD34, immature 

stem cell marker, was found to be significantly associated with the lymphoid antigen expression 

(94% in Ly+ AML and 53% in Ly- AML). 

 

ALL: L1 subtype was more common than L2 subtype in both children and adults. In B-ALL, L1 

and L2 FAB subtypes were equally common in both children and adults. Interestingly, in adult 

T-ALL, the prevalence of L1 (66%) was almost double that of L2 (33%) subtype. Antigen 

marker, CD19 and CD10 may suffice to diagnose pro-B-ALL (CD19+/CD10-) and common B-
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ALL (CD19+/CD10+) cases. In B-ALL, CD34 expression was more commonly detected in 

adults (51%) as compared to children (39%) (p=0.07). However, it did not have any correlation 

with clinical response. In T-ALL CD7 expression was detected in all cases (100%). LAP was 

more often associated with T-ALL than B-ALL cases. In adult T-ALL, higher percentage of blast 

(>50%) in the peripheral blood was significantly associated with poorer clinical outcome 

(p=0.02). CD33 expression was seen more often in cases of adults (25%) than children (8%) 

(p=0.01). In adult ALL, CD34 was significantly associated with My+ ALL (71%) than My-ALL 

(35%) (p=0.02). 

Objective 2: Detection of commonly occurring genetic alteration in acute leukemia 

The objective of this work was to study the prevalence and prognostic significance of commonly 

reported genetic alteration in acute leukemia. In this study the frequency of commonly occurring 

translocations (BCR/ABL, AML/ETO and PML/RARα) and gene mutations (FLT3 and NPM1) 

were analyzed in patient with AL. 

ALL: The prevalence of BCR-ABL translocation was 27% in ALL patients. On further 

stratification, there was no case of T-ALL positive for this translocation compared to 33% 

positive in B-ALL (p=0.03). BCR/ABL translocation was significantly associated with adverse 

prognosis factors WBC count (p=0.04) and FAB subtype L1 (p=0.03). Though the CR rates were 

43% in BCR/ABL positive patients compared to 67% in BCR/ABL negative patients it was not 

statistically significant. 

 

AML: The frequency of BCR/ABL, AML/ETO and PML/RARα translocation was 7%, 24% and 

5% respectively in AML cases. Further, AML/ETO translocation was significantly associated 

with the presence of Auer rod and LAP, low level of Hb and WBC count in the study. 

Immunophenotypically, AML/ETO translocation cases were associated with the expression of 

CD19 and CD34, more frequently observed in FAB M4 subtype cases.  

 

The frequency of FLT3 and NPM1 mutations were 25% and 21% respectively in the study. 

Adult patients showed higher frequency of FLT3 and NPM1 mutation than pediatric patients. 

FLT3/ITD mutation was associated with higher WBC count while NPM1 mutation was 
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associated with a higher platelet count (p=0.02) and absence of hepatosplenomegaly (p=0.01). A 

significant association of FLT3/ITD mutation with aberrant expression of CD7 and CD19 marker 

was found in the study. NPM1 mutation samples lacked expression of hematopoietic stem cell 

markers CD34 (p<0.001). We also a found higher frequency of FLT3 mutation in NPM1 

mutation cases or vice versa. Both FLT3 and NPM1 mutations were observed more frequently in 

AML/ETO positive cases than PML/RARα translocation cases. These results support the 

observation that besides chromosomal translocation and gene mutations additional mutations are 

required for the pathogenesis of acute myeloid leukemia. 

Objective 3: Study of Multidrug resistance genes in acute leukemia   

The major cause for treatment failure in acute leukemia (AL) is pre-existent or acquired 

resistance to chemotherapy. The results of several studies that reported about the correlation 

between clinical resistance and the expression of these resistance proteins induce some 

arguments. In this study we aimed to investigate the expression of drug resistance (MDR1, 

MRP1, LRP, BCRP, GSTP1, DHFR) and apoptotic genes (p53, BCL-2, Survivin) in acute 

leukemias and compare them with clinical and hematological findings and response to induction 

chemotherapy. 

AML: Expression of MDR1 gene was significantly higher in non responders as compared to 

responders in adult patients. Furthermore, a significant association of MDR1 expression with the 

adverse prognostic marker, CD34, was also found in adult patients. We also observed an 

association of FLT3 gene mutation with low expression of MDR1 but with higher p53 and 

GSTP1 expression in adults. Expression of anti-apoptotic gene BCL-2 was also higher in non 

responders compared to responders in adults. In children, strong correlation was observed 

between LRP and MDR1 gene. NPM1 gene mutation was significantly associated with higher 

expression of both MDR1 and GSTP1.  In contrast to adults, the study did not show a clinical 

relevance of any of the drug resistance and apoptotic genes in childhood AML.  
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ALL: In adults, MRP1 expression was found to be higher in T-ALL as compared to B-ALL. 

Further, the expression of MRP1 gene was found to be significantly higher in non responders 

compared to responders. In children, drug resistance gene that was significantly different 

between responders and non responders was BCRP.  

Objective 4: Role of Xenobiotic metabolizing (Drug metabolizing) genes and p53 codon 72 

polymorphism in acute leukemia 

A major part of carcinogenic substances require metabolic activation by enzymes to be 

genotoxic, and inherited variations in carcinogens metabolizing genes may alter enzyme activity 

and subsequently carcinogens activation or deactivation. Based on this knowledge we 

investigated the association of genetic polymorphism in six xenobiotic genes and p53 codon 72 

polymorphism with the risk of acute leukemia by multifaceted analytical approach. 

ALL: GSTM1 null genotype confered reduced risk to ALL probably implying a dual role of 

GSTM1 in the metabolism of a wide range of xenobiotics. The study showed increased risk for 

ALL among those carrying CYP1A12A heterozygous genotype. Further, CYP1A12A was 

associated with significant risk for ALL in dominant model. Haplotype analysis further 

supported the increased risk associated with CYP1A12A (CYP1A1-CA) variant in ALL. While 

exploring non-linear interacting through CART analysis, patients carrying the combination of 

CYP1A12A, p53 and GSTP1 gene showed highest risk for ALL. Four locus model of GSTP1, 

p53, EPHX1 exon3 and CYP1A12A was the best model in predicting the ALL risk by MDR 

analysis. This four loci model showed good reliability in false positive report probability 

analysis. Interaction entropy graph showed that CYP1A12A was the key gene polymorphism in 

the model associated with the maximum entropy. 

AML: In AML the highest risk was observed for combination of GSTM1 present, CYP1A12C 

AA or GG, EPHX1 exon3 TC and EPHX1 exon4 AA or GG genotypes by CART analysis. Four 

loci model (p53, EPHX1 exon3, CYP1A12A and SULT1A1) was the best model in MDR 

analysis in predicting risk in AML but lost its significance in permutation testing of the model. 
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Future Scope of the Thesis 

The complexity and biologic heterogeneity of acute leukemia pose significant challenges in 

understanding the pathogenesis of the disease. This study has been performed to investigate the 

frequencies and the prognostic relevance of previously known genetic events in North Indian 

population. The work has provided more insight into the role of genetic factors in acute leukemia 

etiology. Given the importance of co-operation between recurrent chromosomal translocation 

and genetic mutation in the study, future work should be carried out to involve more molecular 

markers to clearly understand the complexity of leukemogenesis. The study also attempted to 

unravel the mechanisms responsible for multidrug resistant phenomenon in acute leukemia, 

however heterogeneity of the patients group hampers the results. Future work needs to be done 

on large number of patients and other mechanisms to explain this multifactorial process. In 

addition the study also showed that there are genetic variants in drug metabolizing genes that 

affect inter-individual risk to acute leukemia. However, the incorporation of environmental 

factors and functional analysis is warranted in future studies to confirm the biological plausibility 

of the complex gene-gene interactions identified in the study. 
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Appendix 

 
Table 1: List of Flowcytometric antibodies used for Immunophenotyping of AL 
  
 

 
 
 
 
 
 
 
 
 
 
 
 

S.NO. ANTIBODIES CAT. NO. COMPANY 

1.  CD3 FITC 555332 BD Pharmingen 

2.  CD5 FITC 555352 BD Pharmingen 

3.  CD7 FITC 555360 BD Pharmingen 

4.  CD10 PE 555375 BD Pharmingen 

5.  CD19 FITC 555412 BD Pharmingen 

6.  CD13PE 555394 BD Pharmingen 

7.  CD14FITC 555397 BD Pharmingen 

8.  CD33 FITC 555626 BD Pharmingen 

9.  CD34 FITC 555821 BD Pharmingen 

10.  MPO-FITC 340580 BD Pharmingen 

11.  HLA-DR FITC 555811 BD Pharmingen 

12.  TdT -FITC 550756 BD Pharmingen 

13.  CD45-PE 555483 BD Pharmingen 

14.  Isotype Control FITC  555748 BD Pharmingen 

15.  Isotype Control PE 555749 BD Pharmingen 
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Table 2:  List of Assay-on-Demand TaqMan gene expression probes used for Real Time RT- 
PCR 
 

S.no. Gene Symbol Assay ID COMPANY 

1 Human TBP 
(endogenous control) 

4333769F Applied Biosystems 

2 BCL-2 Hs00608023_m1 Applied Biosystems 

3 P53 Hs00153349_m1 Applied Biosystems 

4 DHFR Hs00758822_s1 Applied Biosystems 

5 GST-PI Hs00168310_m1 Applied Biosystems 

6 MDR1 Hs00184491_m1 Applied Biosystems 

7 MRP1 Hs01561518_m1 Applied Biosystems 

8 LRP Hs00250049_m1 Applied Biosystems 

9 BCRP  Hs00184979_m1 Applied Biosystems 

10 Survivin Hs00153353_m1 Applied Biosystems 

 
 

Preparation of reagents 
 

Preparation of 1.2% Formaldehyde-agarose gel (For 50 ml)   
Add 0.6 gm Agarose in 37 ml of DEPC H2O. Boil in microwave for 3-5 minute at 700-800 w. 
Cool at RT and add 5.0 ml of 10X MOPS Buffer + 8.0 ml of 37% Formaldehyde. Shake 
vigorously and pour in the casting plate. (Gel will solidify within 30-45 min.) 
 

Preparation of RNA Sample for loading (20µl) 
Add solution of Formamide (10µl), Formaldehyde (4µl), DEPC H2O (2µl), 10X MOPS (2µl), 6x 
gel lading buffer(2µl), Etbr (0.1 µl) to 1 µg of RNA . Heat it at 650C for 10 minutes. 
Immediately Plunge the sample tube in ice. Load the 20µl of RNA sample into the 
Formaldehyde-agarose gel. 
 
Phosphate Buffer Saline (PBS) (1 litre) pH=7.4 
8gm of Sodium Chloride (NaCl), 2gm of Potassium Chloride (KCl), 1.44gm of Disodium 
hydrogen phosphate (Na2HPO4) and 0.2gm of Potassium dihydrogen orthophosphate (KH2PO4), 
were dissolved in 800ml of ddH2O. pH was set to 7.4 with HCl. Final volume was made up to 1 
liter and sterilized by autoclaving at 15lb/ sq.in for 20 minutes and stored at room temperature. 
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Paraformaldehyde (PF) pH=7.4 
4% Stock solution (100 ml) : 4 gms of paraformaldehyde + 50 ml of distilled water + 10 ml of 
10x PBS + few drops of 2M NaOH was heated on magnetic stirrer in a fume hood. When the 
solution became clear it was removed from the heat and after cooling pH was adjusted to 7.2. 
Finally volume was adjusted with distilled water to 100 ml. 
1% Working solution (10 ml): 2.5 ml of Stock PF (4%) + 7.5 ml of 1x PBS. 
 
1M Tris: 121.1gm of Tris base was dissolved in 800ml of double distilled water and pH set (6.8, 
7.4, 8.0) with concentrated HCl. Volume was made up to 1liter and autoclaved. 
 
0.5M EDTA: 186.1gm of disodium EDTA.-2H2O was added in 800ml of double distilled water, 
stirred vigorously on a stirrer, pH set to 8.0 with NaOH (~20 gm of NaOH pellets) and volume 
made up to1liter and autoclaved. 
 
3M sodium acetate: 204.5gm of C2H3O2Na. 3H2O was dissolved in 400ml of ddH2O, 
pH set to 5.3 with glacial acetic acid, volume made up to 500 ml and autoclaved. 
 
10% SDS: 10gm of electrophoresis grade SDS was dissolved in 70ml of ddH2O, heated at 60C 
to dissolve and the volume made up to 100ml. 
 
Ethidium Bromide (10 mg/ml): 10mg of ethidium bromide was dissolved in 1ml ddH2O, stored 
in opaque bottle. 
 
Calcium Chloride (0.1 M): 1.47gm of CaCl2.2H2O was dissolved in 100ml of ddH2O and 
sterilized by autoclaving. 
 
DEPC water: 0.1% diethylpyrocarbonate was added to 1ltr double distilled water in a fume 
hood and mixed well. After incubating it for 1hr at 37C it was autoclaved.   
 
10 X TAE buffer (Tris acetate, EDTA): 4.84gm of Tris base in 80ml of ddH2O was dissolved 
and 1.2ml of glacial acetic acid and 2ml of 0.5 EDTA pH 8.0 were added. Final volume was 
made up to 100ml. 
 
DNA loading dye (6X): 0.2gm bromophenol blue, 0.2gm of xylene cyanol and 30ml of glycerol 
were dissolved and volume set to 100 by autoclaved ddH2O. 
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7. Presented poster entitled “Expression of Ki67 as a prognostic indicator in Acute leukemia”. Chauhan PS, 
Bhushan B, Verma S, Saluja S, Sharma M, Mishra AK, Mittal V, Kabra M, Bhasin S, Gupta DK, Kapur 
S. National Conference on Emerging Trends in Life Sciences Research, BITS, Pilani , Rajasthan from 
March 6th & 7th, 2009. 
 

8. Attended the Fourth Workshop on “Genetic Epidemiological Methods for Dissection of Complex Human 
Traits” organized by TCG-ISI Centre for Population genomics (CpG) from Feb 23-28, 2009 at Kolkatta.  
 

9. Presented poster entitled “Immunophenotypic and clinical findings in adult Acute Myeloid Leukemia 
with FLT3 Internal Tandem duplication”Chauhan PS, Bhushan B, Verma S, Saluja S, Sharma M, Mishra 
AK, Mittal V, Kabra M, Kapur S.. HUGO's 13th Human Genome Meeting, Hyderabad, September 27 - 
30, 2008.  
 

10. Presented poster entitled “Aberrant expression of lineage associated antigens in acute leukemia: A flow 
cytometric study”.  Chauhan PS, Bhushan B, Verma S, Saluja S, Kapur S. 27th Annual convention of 
Indian association for cancer research, Ahmedabad, February 6th – 9th, 2008.  
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11. Attended the “National Workshop on Microarray Technology” held on 16th - 18th April 2007 organized by 
Institute of Pathology (ICMR), Safdarjung Hospital Campus, New Delhi, India. 
 

12. Attended the workshop on “Screening Tests for Bleeding Disorders” held on 6th May 2006 in 
Haematology Division, Department of Medicine, VMMC & Safdarjung Hospital, New Delhi, India.  
 

13. Presented poster entitled “Prevalence of Glutathione-S-transferase (GST) polymorphisms in tobacco-
associated malignancies in high risk Northeast Indian population”. Yadav DS, Devi TR, Ihsan R, 
Chauhan PS, Chattopadhyay I, Kataki AC, Sharma J, Zamoawia E, Verma Y, Kapur S, Saxena S. 
International symposium on cancer Biology at National Institute of Immunology, New Delhi, November 
12-14, 2007. 
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Biography of the Candidate 

______________________________________________________________________________ 
 
Name      Pradeep Singh Chauhan 
 
Date of Birth     12th January 1982 
 
Postal Address    Lab. No.611, 

Tumor Biology Lab, 
National Institute of Pathology (ICMR), 
Culture, Institute of Pathology, 
Safdarjung Hospital Campus, 
Post Box 4909, New Delhi-110029, India. 
 

Phone      09910338033, 011-26198402-06 
Fax       011-26198401 
E-mail address pradeepchauhan23@gmail.com 
 
Education Qualification  
 

 
Fellowship Awards 
 

 Qualified CSIR- UGC/ NET (National Eligibility Test), December -2005 for CSIR – 
JRF (Junior Research Fellowship) in Life Sciences discipline. 

 Qualified Indian Council of Medical Research-Junior Research Fellow, July-2005, 
ICMR-JRF in Life Sciences discipline  

 Qualified Graduate Aptitude Test Exam (GATE, 92.04 percentile), 2005  

Examination 
passed 

University/ 
Board 

Year Subjects Studied Percentage 

D.S.S.E (Xth) 
C.B.S.E 
New Delhi 

1997 English, Hindi, Math, Social Science, Science 61% 

D.S.S.C.E (Xth) 
C.B.S.E 
New Delhi 

1999 English, Math, Physics, Chemistry, Zoology 77% 

B.Sc (GRP. B) 
Delhi University  
New Delhi 

2003 Zoology, Botany, Chemistry 67% 

M.Sc 
(Biochemistry) 

Jamia Hamdard  
New Delhi  

2005 Microbiology, Immunology, Biotechnology, 
Biostatistics, Clinical Biochemistry, 
Molecular Biology, 

73% 
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Research Experience 
 

 Pursuing Doctoral Program from January 2005 onwards at IOP as CSIR-JRF.    
 Pursuing Doctoral Program from August 2008 onwards at IOP as CSIR-SRF. 
 Awarded independent senior research fellowship from Indian Council of Medical 

Research in December 2011 to work at National Institute of Pathology, New Delhi. 
 
Workshop/Training Received 
 

 Attended the workshop on “12th  Indo-US Workshop on Flow Cytometry in Clinical 
Research” organized by The Cytometry Society (India) at Panjab university from 10th to 
12th October 2011. 

 Attended the workshop on “Hands-on Basic Flow Cytometry Course” organized by 
Centre for Cellular and Molecular Platforms, NCBS-TIFR, Bangalore from 17th to 21st 
December 2009. 

 Attended the National workshop on “Molecular Cytogenetics: Cancer Cytogenetics (solid 
tissue) by FISH” organized by Department of Reproductive Biology AIIMS, from August 
24 to 29, 2009 at New Delhi, India. 

 Attended the “Special course on Leukemia / Lymphoma Immunophenotyping” organized 
by from Flow Cytometry Training Centre, BD Biosciences Pvt.Ltd, from 1st to 3rd July 
2009 at Gurgaon, Haryana, India. 

 Attended the Fourth Workshop on “Genetic Epidemiological Methods for Dissection of 
Complex Human Traits” organized by TCG-ISI Centre for Population genomics (CpG) 
from Feb 23-28, 2009 at Kolkatta.  

 Attended the “National Workshop on Microarray Technology” held on 16th - 18th April 
2007 organized by Institute of Pathology (ICMR), Safdarjung Hospital Campus, New 
Delhi, India. 

 Attended the workshop on “Screening Tests for Bleeding Disorders” held on 6th May 
2006 in Haematology Division, Department of Medicine, VMMC & Safdarjung Hospital, 
New Delhi, India.  

 
Conference/Symposium Attended 
 

 Chauhan PS, Ihsan R, Mishra AK, Yadav DS, Khanna A, Saluja S, Mittal V, Saxena S,  
Kapur S. Poster presented on “Association between polymorphism of xenobiotic-
metabolizing genes and the risk of acute leukemia”. AACR’s first Conference in India 
“New Horizons in Cancer Research: Biology to Prevention to Therapy” held at Gurgaon, 
Delhi from December 13-16, 2011. 
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 Ihsan R, Chauhan PS, Singh L.C, Zomawia E, Sarma J , Kapur S, Saxena S. “Gene 
expression profile of non-small cell lung cancer in high risk population from North”. 
AACR’s first Conference in India “New Horizons in Cancer Research: Biology to 
Prevention to Therapy” held at Gurgaon, Delhi from December 13-16, 2011. 

 Chauhan PS, Ihsan R, Mishra AK, Bhushan B, Kaushal M, Yadav DS, Devi TR, Soni A, 
Chattopadhyay I, Saxena S, Kapur S. “Glutathione S-transferase and Microsomal 
Epoxide Hydrolase Gene Polymorphisms and Risk of Acute myeloid leukemia”. First 
international conference "Hematologic Malignancies: Bridging the Gap 2010" Singapore 
City, Singapore, Feb 5-7, 2010. 

 Chauhan PS, Bhushan B, Verma S, Saluja S, Sharma M, Mishra AK, Mittal V,Kabra M, 
Bhasin S, Gupta DK, Kapur S. “Expression of Ki67 as a prognostic indicator in Acute 
leukemia”. National Conference on Emerging Trends in Life Sciences Research, BITS, 
Pilani , Rajasthan from March 6th & 7th, 2009. 

 Chauhan PS, Bhushan B, Verma S, Saluja S, Sharma M, Mishra AK, Mittal V, Kabra 
M, Kapur S. “Immunophenotypic and clinical findings in adult Acute Myeloid Leukemia 
with FLT3 Internal Tandem duplication”. HUGO's 13th Human Genome Meeting, 
Hyderabad, September 27 - 30, 2008.  

 Bhushan B, Chauhan PS, Saluja S, Mishra AK, Bhasin S, Gupta DK, Siddiqui S, Kapur 
S. “NF-kB signaling pathway in acute leukemia: A study on expression of cell survival 
and proliferative genes by Real Time RT-PCR”. HUGO's 13th Human Genome Meeting, 
Hyderabad, September 27 - 30, 2008.  

 Chauhan PS, Bhushan B, Verma S, Saluja S, Kapur S. “Aberrant expression of lineage 
associated antigens in acute leukemia: A flow cytometric study”. 27th Annual convention 
of Indian association for cancer research, Ahmedabad, February 6th – 9th, 2008.  

 Yadav DS, Devi TR, Ihsan R, Chauhan PS, Chattopadhyay I, Kataki AC, Sharma J, 
Zamoawia E, Verma Y, Kapur S, Saxena S. “Prevalence of Glutathione-S-transferase 
(GST) polymorphisms in tobacco-associated malignancies in high risk Northeast Indian 
population”. International symposium on cancer Biology at National Institute of 
Immunology, New Delhi, November 12-14, 2007. 
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Brief Biography of the Supervisor 

 
Name     Dr. Sujala Kapur, M.D., 

Designation    Scientist E 

Address    Institute of Pathology (ICMR) 

     Safdarjung Hospital Campus, 

     New Delhi – 110029. 

Telephone 2619 8402-06  

Fax  2619 8401 

Email  sujalakapur@gmail.com 

 

Research Interests 
 

 Gene expression, copy number variations and high thriughput sequencing using 
microarrays, Affymetrix and Illumina based platforms and validation by Quantitative real 
time RT-PCR  

 Molecular biomarkers in hematopoietic lymphoid malignancies. 
 Flow cytometric assays to analyse chemotherapeutic sensitivity in leukaemic cells 

 
Fellowships/Award 
 

 Awarded Scientific Fellowship, Kiel University, Germany, 1995 & 1998 
 Awarded INSA Visiting Fellowship, 2004 
 Awarded In-country WHO Fellowship, 2004 

 
Extramural projects 
 

 Immunogenetic profile of nasopharyngeal cancer in a high-prevalence region of 
Northeast India (Collaborative, Multicentric, DBT Project) (1). 

 Genome-wide analysis of genetic alterations in patients with esophageal cancer from 
Northeast India using single nucleotide polymorphism arrays (Collaborative, 
Multicentric, ICMR Task Force Project) (3) 

 Tobacco Use and Pesticide Exposure in causation of carcinoma oesophagus and other 
cancers at North East India (Collaborative, Multicentric, ICMR Task Force Projects) (3) 
(completed). 

 Flow cytometric assays to evaluate prognosis and patient’s response to chemotherapy in 
acute leukemia (Extramural ICMR Project) (1) (completed). 
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Training Programmes 
 

 Training in Molecular Pathology, Kiel, Germany 
 Training in Microarray Techniques at Department of Biochemistry, Indian Institute of 

Science, Bangalore and Ann Arbor, Michigan. 
 Training in Laboratory Genetics at Department of Anatomy, All India Institute of 

Medical sciences, New Delhi. 
 
Membership of Professional Societies 
 

 Member, IAPM 
 Member, IAPM, Delhi Chapter 
 Member, Indian association of Cancer research 
 Member, HUGO 

 
Thesis guide for DNB/PhD/MSc students 
 
DNB - 6 
Ph.D. Thesis Completed - 1 
Ongoing Ph.D. Thesis - 4 
M.Sc. Students Dissertation done/completed - 8 
 
Publications 
 

Year S.No. Publications 
2011 

1 
Study on predictive role of AR and EGFR family genes with response to neo-
adjuvant chemotherpy in locally advanced breast cancer in indian women .Singh 
LC, Chakraborty A Kapur S. Saxena S (Accepted, 2011) Medical Oncology. 

2011 2 

Investigation on the Role of p53 Codon 72 Polymorphism and Interactions with 
Tobacco,  
Betel Quid, and Alcohol in Susceptibility to Cancers in a High-Risk Population 
from North East India. Ihsan R, Thoudam D, Yadav DR, Mishra AK, Sharma J, 
Zomawia E, YVerma , Phukan R, Mahanta J, Kataki AC, Kapur S, Saxena S. 
DNA and Cell Biology. March 2011, 30(3): 163-171. 

2011 3 

Association of Glutathione S-Transferase, EPHX, and p53 codon 72 gene 
polymorphisms with adult Acute myeloid leukemia; Chauhan PS, Ihsan R, Yadav 
DS, Mishra AK, Bhushan B, Abha Soni, Kaushal M, Thoudam RD, Sumita S, 
Gupta DK, Mittal V, Saxena S, Kapur S. DNA and Cell Biology. January 2011, 
30(1): 39-46 

2010 4 

Contribution of germline BRCA2 sequence alterations to risk of familial 
esophageal cancer in high-risk area of India. Kaushal M, Chattopadhyay I, 
Phukan RK, Purkayastha J, Mahanta J, Kapur S, Saxena S. Disease of the 
Esophagus. 23:71-75, 2010.  

2010 5 

Aberrant phenotypes in childhood and adult acute leukemia and its association 
with adverse prognostic factors and clinical outcome. Bhushan B, Chauhan PS, 
Saluja S, Verma S, Mishra AK, Siddiqui S, Kapur S. Clin Exp Med. 2010 
Mar;10(1):33-40.  
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2010 6 

Distribution of Glutathione S-transferase T1 and M1 genes polymorphisms in 
North East Indians: A potential report. Thoudam RD, Yadav DS, Mishra AK, 
Kaushal M, Ihsan R, Chattopadhyay I, Chauhan P, Sarma J, Zomawia E, Verma 
Y, Nandkumar A, Mahanta J, Phukan RK, Kapur S, Saxena S. Genet Test Mol 
Biomarkers. 2010 14(2) 163-169, PMID: 20073549  

2010 7 

Genome-wide analysis of chromosomal alterations in patients with esophageal 
squamous cell carcinoma exposed to tobacco and betel quid from high-risk area in 
India. Chattopadhyay I, Singh A, Phukan RK, Purkayastha J, Kataki A, Mahanta 
J, Saxena S, Kapur S . Mutat Res. - Genetic Toxicology and Environmental 
Mutagenesis 696 (2010) 130–138. PMID: 20083228  

2010 8 
Mutation of FLT3 gene in acute myeloid leukemia with normal cytogenetics and 
its association with Clinical and Immunophenotypic features. Chauhan P, Kapur 
S. Medical Oncology, 2010;10 (1):33-40.  

2010 9 

Role of EPHX1 gene polymorphisms in esophageal cancer of high-risk area in 
India. Ihsan R, Chatterjee I, Phukan R, Mishra AK, Purkayastha J, Sharma J, 
Zamoawia E, Verma V, Mahanta J, Saxena S, Sujala S,Kapur S. J of 
Gastroenterology and Hepatology 2010, 25, 1456-62.  

2010 10 

Polymorphisms of glutathione-S-transferase genes and the risk of aerodigestive 
tract cancers in the Northeast Indian population. 
Yadav DS, Devi TR, Ihsan R, Mishra AK, Kaushal M, Chauhan PS, Bagadi SA, 
Sharma J, Zamoawia E, Verma Y, Nandkumar A, Saxena S, Kapur S. Genet Test 
Mol Biomarkers. 2010 Oct;14(5):715-23. Epub 2010 Sep 20 

2010 11 

Betel quid chewing as an environmental risk factor for breast cancer. 
Kaushal M, Mishra AK, Raju BS, Ihsan R, Chakraborty A, Sharma J, Zomawia E, 
Verma Y, Kataki A, Kapur S, Saxena S. Mutat Res. 2010 Dec 21;703(2):143-8. 
Epub 2010 Aug 20. 

2009 12 

Cytokeratin immunoexpression in esophageal squamous cell carcinoma of high-
risk population in Northeast India. Singh A; Kapur S; l Chattopadhyay I; 
Purkayastha J; Sharma J; Mishra A; Hewitt S M; Saxena S. Applied 
Immunohistochemistry & Molecular Morphology 17 (5), 419-524, 2009. 

2009 13 

 Molecular profiling to identify molecular mechanism in esophageal cancer with 
familial clustering. Chattopadhyay I, Phukan RK, Singh A, Vasudeva M, 
Purkayastha J, Hewitt S, Katak A, Mahanta J, Kapur S, Saxena S. Oncology 
Reports, 21(5), 1135-46, 2009. 

2008 14 
Subcutaneous panniculitis-like T-cell cutaneous lymphoma. Singh A, Kumar J, 
Kapur S, Ramesh V. Indian J Dermatol Venereol Leprol. Mar-Apr, 74 (2): 151-3, 
2008.  

2007 15 
Gene expression profile of esophageal cancer in North East India by cDNA 
microarray analysis. Chattopadhyay I, Kapur S, Purkayastha J, Phukan RK, 
Kataki A, Mahanta J, Saxena S. World J Gastroentero,l 13(9): 1438-1444, 2007. 

2007 16 

Relation of cell viability and apoptosis with clinical remission following 
induction chemotherapy in ALL and AML. Bhushan B, Ahuja D, Verma S, Saluja 
S, Siddiqui S, Kapur S. Journal of Experimental and Clinical Cancer Research. 
26 (3) September 2007. 

2006 17 
Gene expression profile in esophageal cancer patients of Northeast region of 
India. Chatterji I, Kapur S, Mahanta J, Phukan RK, Barooah MN, Kataki AC, 
Purkayastha J, Saxena S. J Cancer Res Ther, 2 (1), S 20, 2006. 

2006 18 
Limitation of FAB diagnosis in Acute leukemia. Bhushan B, Saluja S, Ahuja D, 
Verma S, Gupta DK, Kapur S. J Cancer Res Ther, 2 (1), S 22, 2006. 
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2006 19 
Reliability of detecting rRNA sequences of Chlamydia trachomatis with 
fluorescence in situ hybridization without amplification. Kapur S, Margoob A, 
Singh V, Guido K, Salhan S, Mittal A. Acta Cytol, 50(3): 277-83, 2006. 

2005 20 
The role of p53 and anaplastic lymphoma kinase genes in the progression n of 
cutaneous CD30+ lymphoproliferative diseases. Kapur S, Tiemann M, Menke 
AOH, Schubert C, Parwaresh R. Ind J Med Res, 121, 46-54, 2005. 

2005 21 
Apoptotic and proliferative related gene expression in non-Hodgkin's lymphoma. 
S Saluja S, Ghai R, Sharma M, Bhasin S, Gupta DK, Kataria S, Kapur S. Ind J 
Med Res, 121, Suppl, 95, 2005. 

2005 22 
 An Unusual Presentation of primary lymphoma of the thyroid in a young male 
patient. Ghai R, Bharat R, Sunita S, Kapur S. Ind J Pathol Microbiol, 48 (3), 
385-87, 2005. 

2005 23 
Idiopathic Myelofibrosis with generalized Peristitits in a 4 year old girl.J of Paed. 
Hematology: Mandeep W ,Mehta R, Paul P, Pr Saluja, S, Sharma, M , Kapur 
S,2005,27-5:278-282 

2005 24 
Extra-medullary lymphoid blast crisis in a patient of chronic myelogenous 
leukemia. Khunger JM, Arora S, Sharma U, Kapur S. Indian J. Hemat & Blood 
Transf.; 23 (4): 39 – 40, 2005. 

2005 25 Congenital leukaemia: A case report. Khunger JM, Srivastava SK, Kapur S, 
Gupata DK. Indian J. Hemat & Blood Transf.; 23 (4): 39 – 40, 2005. 

2003 26 
Cytochemical, immunocytochemical and flow cytometric analysis for the 
diagnosis of acute leukemia. S Saluja, S Kapur, M Sharma, DK Gupta, M 
Narang. Ind J Med Paediatric Oncol. 24 (3), 59-60, 2003. 

2002 27 

Polymerase chain reaction for detection of endocervical Chlamydia trachomatis 
infection in women attending a gynecology outpatient department in India .Singh 
V.,Rastogi S.,Gaarg S,Kapur S,Kumar A.,Salhan S and mittal A Acta Cytologica 
46(3):540-544 2002. 

2001 28 
Early mycosis fungoides: Molecular analysis for its diagnosis and the absence of 
p53 gene mutations in cases with progression J Dermatol Sci, 26 (1), 36-45. 2001. 
Kapur S, Menke MAOH, Tiemann M, Schubert C, Parwaresh R. 

1999 29 
Chlamydia trachomatis infection in pregnancy: risk factor for an adverse 
pregnancy outcome. Br J Biomed Sci, 56, 94-98, 1999. S.Rastogi, S.Kapur, 
S.Salhan, A.Mittal. 

1998 30 Incidence of HIV infection and its predictors in blood donors in Delhi. Indian J 
Med Res, 108, 45-50,1998. S. Kapur, A. Mittal. 

1997 31 Coexisting pathogens in cervicovaginal infection. Ind J Sex Trans Dis. 18, 1997. 
S.Kapur, S.Gupta, A.Mittal. 

1996 32 Host immune response in chlamydial cervicitis. Br J Biomed Sci. 53(3) 214-220 
1996. A. Mittal, S. Kapur, S. Gupta. 

1995 33 

Clinical trial with Praneem polyherabal cream in patients with abnormal vaginal 
discharge due to microbial infection. Australian & New Zealand J of Obst 
Gynaecol. 1995, 35(2), 190. A. Mittal, S. Kapur, S.Garg, S. N. Upadhyaya, S. 
Suri, S.K. Das, S. Gupta, G. P. Talwar. 

1995 34 
Infertility due to Chlamydia trachomatis infection: what is the appropriate site for 
obtaining samples? Genitourin Med. 71, 267-269, 1995. A. Mittal, S. Kapur, S. 
Gupta. 

1995 35 Rising trend of HIV positive individuals among blood donors in Delhi. Ind. J Sex 
Transm Dis. 16; 15-17, 1995. R.Singh, S. Kapur, A. Mittal. 

1994 36 Prevalence of Chlamydia trachomatis infection in female genital tract. Indian J 
Sex Transm Dis. 15; 15-18, 1994. A. Mittal, S. Kapur, & S.Gupta. 
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1993 37 
Chlamydial cervicitis: Role of culture, enzyme immunoassay and Giemsa 
cytology in diagnosis. Acta Pathol Microbiol Immunol Scand (APMIS), 101, 37-
40, 1993. A. Mittal, S. Kapur, & S.Gupta 

1993 38 Screening for genital chlamydial infection in symptomatic women. Indian J Med 
Res. 98, 119-123, 1993. A. Mittal, S. Kapur, & S.Gupta. 

1993 39 Cytologic detection of chlamydial inclusions in cervical smears: Papanicolaou 
versus Giemsa stain. ActaCytol 37(1), 108-109, 1993. S. Kapur, A.Mittal. 

1992 40 Viral particles in persistent generalised lymphadenopathy. Indian J Pathol 
Microbiol. 35(3) 201-208, 1992. S.Kapur, N. Jain, A.K. Jain & M. Chandra. 

1991 41 
Persistent lymphadenopathy - a cause for concern. Ann. National Acad. Med. Sci 
(India). 27 (3&4): 171-176, 1991. S. Kapur, N. Jain, R.L. Gupta, Y.N. Singh & 
M.Chandra. 

1991 42 
 HIV infection in the blood donors of New Delhi, India 1½ years experience. J 
Acquir immune Defic Syndr. 4, 1008-9, 1991. Y.N. Singh, M.Chandra, A. Nanu, 
R.Bhasin, S.Kapur, N. Jain, A.K. Jain, M.Chandra 

1991 43  Epidemiological patern of HIV infection in India. JAMA (India) 10 (27) 171-
173,1991.A.N. Malaviya, Y.N. Singh, M. Chandra & S.Kapur.  

 

International Proceeding 
 

1. Genetic profile of patients with esophageal cancer in a high-incidence region of Northeast India 
and its association with tobacco consumption. Kapur S, Chatterjee I, Noor A, Mahanta J, Phukan 
RK, Barooah MN, Saikia B, Kataki AC, Joydeep Purkayastha J, Saxena S. In: Medimond S.r.l. 
(Pub) Sede Legale: Via Maserati, Bologna, Italy 2006. 

 
2. Genomic alterations in breast cancer patients from Northeast India using 10K SNP arrays. Saxena 

S, Kaushal M, Sharma J, Zomawia E, Kapur S. Genome Biology 2010, 11 (Suppl 1) :P34 
doi:10.1186/gb-2010-11-s1-p34. 

 
3. Molecular Profile of Esophageal Cancer in High-risk Region of India. I. Chattopadhyay, A. 

Singh, S. Kapur, and S. Saxena.Abstracts for 10th World Congress of OESO, Boston, 
Massachusetts. J Clin Gastroenterol Volume 45, Number 2, February 2011. 

 
Chapters in Books 
 

1. Neem Research and Development. New insights into the mechanism of action of neem extracts 
on induction of local cell mediated immunity in the genital tract : Its implications and application. 
In: Neem Research and Development. Randhawa N.S. and Parmar B.S. (Eds). Society of 
pesticide Science, India (Pub), 1993, 227-234. G.P. Talwar, S. Upadhyay, S. Garg, R. Kaur, S. 
Dhawan, A. Mittal, S. Kapur, S.Gupta. 

 
2. HIV/AIDS Research in India - Correlation of HIV infection with Hepatitis B and syphilis. In: 

O.P. Aggarwal, A.K. Sharma, A. Indrayan (eds). National Aids Control Organisation, Min of 
Health & Family Welfare, Govt. of India, New Delhi (Pub) 1997, 465-468. S. Kapur, R. Singh, 
A. Mittal. 


