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Role of glutathione-s-transferase and CYP1A1*2A 
polymorphisms in the therapy outcome of south 
Indian acute lymphoblastic leukemia patients

O R I G I N A L  A R T I C L E

A B S T R A C T

Background: Polymorphisms in the drug-metabolizing enzymes are found to be 
associated with the inter-individual variation in response to a particular drug. Glutathione 
S-transferases (GSTs) are involved in the metabolism of several anticancer drugs, 
including alkylating agents, anthracyclines, and cyclophosphamides. Aim: The present 
study is aimed to examine the association of GST and CYP1A1*2A polymorphisms in 
the susceptibility to acute lymphoblastic leukemia (ALL) and the prognostic significance. 
Materials and Methods: A total of 92 immunophenotyped patients and 150 cord blood 
controls were genotyped by PCR for GSTM1 and GSTT1, RQ-PCR allelic discrimination 
assay for GSTP1 and PCR-RFLP for CYP1A1*2A polymorphism. Results: We have 
previously reported the significant association of GSTM1 (null) and combined GSTP1 
{(Ile/Val)/ (Val/Val)} /GSTM1 (null) genotype with the susceptibility to ALL. No significant 
association was observed with GSTT1 (P=0.75) and CYP1A1*2A (P=0.61 for +/‑ 
and P=0.86 for ‑/‑ respectively) in the susceptibility to ALL. Survival analysis was 
performed in 50 of the 92 patients who were followed for three years. Kaplan-Meier 
survival analysis for three years showed significant lower event-free survival in patients 
harboring GSTP1 (Ile/Val) and GSTP1 (Val/Val) (P=0.038 and 0.0001, respectively) 
genotype. Cox regression analysis revealed GSTP1 as an independent prognostic 
marker with 6-fold higher risk with Val/Val genotype (P=0.003). Conclusions: Our 
results show that GSTP1 (Ile/Val) polymorphism has a role in the susceptibility to ALL 
and also influence treatment outcome.
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INTRODUCTION

Pediatric acute lymphoblastic leukemia (ALL) is the most 
common malignant disease occurring during childhood and 
can be cured in more than 70% of  cases using intensive 
multi-agent chemotherapeutic regimens.[1] Intensive 
treatment also has significant long-term consequences, 
including second malignancies and cognitive impairment. 
Thus, there is a need to identify factors associated 
with both the risk of  relapse and chemotherapeutic  
toxicity.[2] 

The glutathione S transferase (GST) family (phase II 
drug-metabolizing enzymes) is involved in the metabolism 

of  a wide range of  chemicals including environmental 
carcinogens, reactive oxygen species, and chemotherapeutic 
agents.[3] Four different gene families of  GSTs (cytosolic 
enzymes) are known, namely α, µ, π, and θ, which have 
different but often overlapping substrate specificities.[4] 
Polymorphism in GST genes lead to either decreased 
activity of  the enzyme or complete loss of  enzyme 
activity. The most common variant of  the GSTM1 and 
GSTT1 genes is homozygous deletion (null genotype), 
which has been associated with the loss of  the enzyme  
activity.[5] GSTM1 activity is absent in about 40% to 
60% of  the Caucasian population and 20% to 30% of  
Caucasians show absence of  GSTT1 activity.[6] GSTP1 
(Ile105val) single nucleotide polymorphism affects 
substrate specific catalytic activity of  the enzyme and its 
thermal stability.[6-8] Cytochrome P-450 (CYP) 1A1 is a 
key enzyme in phase I bioactivation of  xenobiotics and 
its polymorphism is associated with elevated enzymatic  
activity.[9,10]

Polymorphisms in GSTs and CYPs are associated with 
increased risk for several types of  cancers as well as influence 
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the treatment outcome.[4-6,9,11-19] We have previously reported 
the association of  GSTM1 and GSTP1 in the susceptibility 
to ALL.[20] The present study is aimed at examining the 
association of  GSTM1, GSTT1, GSTP1, and CYP1A1*2A 
polymorphisms in the susceptibility to ALL as well as 
their prognostic significance. This is the first study to our 
knowledge to report the prognostic significance of  GST 
polymorphisms in South Indian ALL patients.

MATERIALS AND METHODS

Study population 
Our study included 92 immunophenotyped ALL 
patients (less than 25 years of  age) treated during the 
period 2004−2007 at Cancer Institute (Women India 
Association), No. 38, Sardar Patel Road, Guindy, Chennai. 
Patients were treated with modified MCP 841 and BFM 
86 protocols. At diagnosis, 8 ml of  peripheral blood 
and 4 ml of  bone marrow aspirate were collected in 
EDTA after obtaining informed consent from parents or 
patients as applicable. Controls comprised 150 cord blood 
samples collected in EDTA after obtaining informed 
consent from mothers delivering in Andhra Mahila Sabha 
hospital, Adyar, Chennai. Ethical committee clearances 
were obtained from both the institutions. The reason for 
selecting cord blood samples as controls instead of  age-
matched controls was explained elsewhere.[20]

Methods
DNA was extracted from lymphocytes using QIAmp DNA 
blood kit (QIAGEN Inc., Valencia, CA, USA) according 
to the manufacturer’s instructions and quantitated using 
the Nanodrop spectrophotometer (ND 1000, Nanodrop 
Technologies.Inc, USA). The integrity of  DNA was 
checked by PCR amplification of  ABL gene. Genotyping 
for GSTM1 and GSTP1 was performed as described 
previously.[20] Genotyping of  GSTT1 was performed by 
the PCR method described by Krajinovic et al.,[2] with 
modification. The reaction mixture consisted of  50 ng of  
genomic DNA, 10 pmoles of  forward and reverse primers 
(Forward 5′-GCCCTGGCTAGTTGCTGAAG-3′ and 
Reverse 5′-GCATCTGATTTGGGGACCACA-3′), 25 
mM Mgcl2, 200 mM dNTPs, 0.5 units of  Amplitaq gold 
polymerase (Life Technologies, Foster city, CA, USA) in a 
25µL reaction volume. The cycling conditions included an 
initial denaturation at 95°C for 10 minutes, followed by 35 
cycles of  denaturation, annealing and extension at 95°C, 
64°C, and 72°C for 15 seconds, 30 seconds and 45 seconds 
each, and a final extension at 72°C for 5 minutes. The 
PCR products were run in a 2.5% agarose gel containing 
ethidium bromide. The presence of  one or both the alleles 
was identified by a 112-bp PCR product fragment, whereas 
its absence indicates the null genotype. Positive and negative 
controls were included in each run.

Genotyping of  CYP1A1*2A was performed as 
described by Krajinovic et al.[2] Briefly, PCR reaction 
mixture consisted of  50 ng of  genomic DNA, 200 mM 
dNTPs, 25 mM Mgcl2, 1 unit of  Taq polymerase, 10 
pmoles of  both forward and reverse primers (Forward 
5′-GGCTGAGCAATCTGACCCTA-3′ and Reverse 
5′-TAGGAGTCTTGTCTCATGCCT-3′). The cycling 
conditions included an initial denaturation at 95°C for 10 
minutes, followed by 35 cycles of  denaturation at 94°C for 
30 seconds, annealing at 63°C for 1 minute, and extension 
at 72°C for 1 minute, and final extension at 72°C for 5 
minutes. PCR product of  899-bp was digested with Msp1 
and run in a 2% agarose gel. Polymorphism introduces 
Msp1-restricting site resulting in the presence of  two 
fragments of  693 bp and 206 bp.

Statistics
The association of  GST and CYP1A1*2A polymorphisms 
with the risk to develop ALL has been estimated by chi-
square test. Logistic regression analysis was used to 
obtain the odds ratios with 95% confidence intervals. 
Combined analysis was performed by analyzing two 
genes at a time to check the gene−gene interactions. 
Event is defined as relapse at any site, induction failure 
or the death in remission. Survival duration corresponds 
to the time from the start of  treatment to the occurrence 
of  an event or the end of  3 years of  treatment. The 
survival probabilities of  different genotypes on event-
free survival were estimated by Kaplan−Meier survival 
analysis. Survival curves were generated and log rank 
P values were used to test the significance of  different 
polymorphisms. Univariate cox regression analysis was 
performed to test the prognostic significance of  clinical 
factors and genetic variants.

RESULTS

The frequencies of  GSTT1 and CYP1A1*2A genotypes 
among the cases and controls are given in Table 1. The 
allelic frequencies of  CYP1A1*2A polymorphisms in 
cases and controls have been analyzed. The distributions 
of  alleles were found to be in Hardy−Weinberg  
equilibrium. 

Our results show GSTT1 (present/null) polymorphism 
is not found to be associated with the susceptibility to 
ALL (P=0.75). CYP1A1*2A polymorphism also did not 
show any significant association with the risk to develop  
ALL.

Three years follow-up data was available for 66 patients. 
Fifty patients were treated with modified MCP-841 
protocol and 16 patients with BFM-86 protocol.[21,22] As 
the number of  patients treated under BFM-86 protocol is 
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very small for analysis, survival analysis was performed in 
50 patients treated under modified MCP-841 protocol. Cox 
regression analysis was performed to assess the prognostic 
significance of  clinical characteristics like age, gender, 
immunophenotype, and WBC in this group of  patients. 
No significant association was observed with any of  the 
above mentioned variables (data not shown). 

The frequencies of  genotypes among patients with event 
and without event are presented in Table 2. Kaplan−Meier 
survival analysis was performed for the genotypes and 
log-rank P values were derived. GSTP1 (Ile/Val) and 
GSTP1 (Val/Val) genotypes were significantly associated 
with the outcome of  the patient (log rank P=0.038 and 
0.0001, respectively). Survival curves of  ALL patients with 
GSTP1(Ile105val) polymorphism were shown in Figure 1. 
Cox regression analysis showed GSTP1 polymorphism as 
an independent prognostic factor associated with 6-fold 
increased risk with Val/Val genotype and 2-fold increased 
risk with Ile/Val genotype [Table 2]. Of  the 5 patients who 
had induction failure, 3 patients had GSTP1 (Ile/Val) and 

2 had GSTP1 (Val/Val) genotype. GSTM1 (present/null), 
GSTT1 (present/null) and CYP1A1*2A polymorphism did 
not reveal any prognostic significance. 

Table 1: Distribution of GSTT1 and CYP1A1*2A (rs4646903 3801T>C) polymorphisms among cases 
and controls
Variables Cases (%) Controls (%) OR 95%CI P value 

n=92 n=150
GSTT1    

Present 81 (88) 130 (86.6) 1.00*   
Null 11 (10.9) 20 (13.3) 0.88 (0.37−2.06) 0.75

CYP1A1*2A      
+/+ 39 (42.8) 68 (45.3) 1.00*    
+/- 43 (47.2) 65 (43.3) 1.15 (0.64−2.08) 0.61
-/- 9 (9.9) 17 (11.3) 0.92 (0.34−2.46) 0.86

1.00* Reference category; Chi-square for linear trend: 0.014; P value: 0.906

Table 2: Distribution of GSTM1, GSTT1, GSTP1 (rs1695) and CYP1A1 polymorphisms among the 
patients with and without event and its association with clinical outcome by univariate analysis
Variable No. of subjects and frequency (%) SE HR (95% CI) Pa Pb

Event Non-event
GSTM1            

Present 20 (66.6) 11 (55) 1.00*       
Null 10 (33.3) 9 (45) 0.387 0.87 (0.407-1.86) 0.72 0.71

GSTP1(Ile105val)            
Ile/Ile 9 (30) 12 (60) 1.00*       
Ile/Val 17 (56.6) 8 (40) 0.414 2.26 (1.0-5.09) 0.048 0.0385
Val/Val 4 (13.3) 0 (0) 0.62 6.35 (1.88-21.48) 0.003 0.0001

GSTT1            
Present 28 (93.3) 19 (95) 1.00*       
Null 2 (6.6) 1 (5) 0.737 1.369 (0.32-5.79) 0.67 0.66

CYP1A1*2A            
+/+ 12 (40) 7 (35) 1.00*       
+/- 13 (43.3) 11 (55) 0.401 0.99 (0.45-2.17) 0.976 0.96
-/- 5 (16.6) 2 (10) 0.53 1.31 (0.46-3.72) 0.617 0.52

Pa – P value derived by Cox-regression analysis; Pb – Log rank P value derived by Kaplan−Meier survival analysis; 1.00* Reference category

Figure 1: Event free survival curves of ALL patients with 
GSTP1(Ile105val) polymorphism
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DISCUSSION

The significant association of  GSTM1 polymorphism 
and the combination of  GSTM1 null and GSTP1 variant 
genotype with the risk to develop ALL has been reported 
previously. In the present study, we have shown that 
GSTT1 is not associated with the susceptibility to develop 
ALL. This is in concordance to the reports by Krajinovic 
et al.,[2] Davies et al.,[23] Alves et al.,[11] Pakakasama et al.,[19] 
and Joseph et al.,[18] whereas bolufer et al.,[13] Haranatha 
et al.,[17] have reported significant increase in the risk to 
develop ALL with this polymorphism. Rollinson et al.,[24] 
has showed significant increase in risk to develop adult 
ALL associated with GSTT1 polymorphism. Combined 
analysis of  GSTT1 (null) with other polymorphisms also 
did not show any significant association. Our results show 
that CYP1A1*2A is not associated with the susceptibility 
to develop ALL. This is in agreement with bolufer et al.,[13] 
and Pakakasama et al.,[19] whereas Krajinovic et al.,[2] Joseph  
et al.,[18] Gallegos et al.,[15] have reported significant 
association of  this polymorphism to the risk to develop 
ALL. Balta et al.,[12] in their study in a Turkish population, 
have reported that homozygous CYP1A1*2A genotype was 
insignificantly lower in ALL patients compared to controls.

Our results reveal GSTP1 polymorphism as an independent 
prognostic factor in ALL. GSTP1 (Val allele) either in 
heterozygous or homozygous condition was associated 
with significant poor outcome. This is in contrast to 
Stanulla et al.,[1,25] as reported in their case control study, a 
non-significant decrease in risk of  relapse and a significant 
decrease in risk of  central nervous system relapse 
associated with GSTP1(Val/Val) genotype in ALL patients. 
Our study differs from their study in terms that this is 
not a case-control study. Krajinovic et al.,[18] has reported 
no significant association of  GSTP1 polymorphism with 
clinical outcome in ALL patients. Improved outcomes 
in patients with ALL depend on interactions among 
drugs, ALL blast sensitivity, and host factors. The GSTP1 
(Ile105Val) single nucleotide polymorphism is associated 
with reduced enzymatic activity for certain substrates and 
altered thermo stability.[6-8] GSTP1 is the most abundant 
GST in both tumour tissues and cell lines.[26] As there is no 
information on whether any chemotherapeutic agent acts as 
a substrate for GSTP1, its role in the detoxification of  drugs 
is not clear. Blasts with high glutathione levels were found to 
have significant resistance to vincristine and ifosfamide.[27] 

The possible explanation for the association of  GSTP1 
(Ile/Val)/(Val/Val) genotype to the reduced EFS among 
ALL patients may be that the lower activity of  GSTP1 
has indirect effect on the cells by increasing the levels of  
GSH in the cells, decreasing the cells sensitivity towards 
certain chemotherapeutic drugs. All the patients who had 

induction failure in the present study showed GSTP1 
variant genotype either in heterozygous or homozygous 
condition, which supports this hypothesis. Glutathione 
has been shown to affect cell proliferation.[28] GSTP1 Val 
allele was found to be an independent prognostic factor  
for lower survival in other cancers like breast and 
oesophagus.[29,30] Moureau et al.,[29] have hypothesized that 
low GSTP1 expression would reduce the global activity 
of  GSTs, and consequently reduce glutathione (GSH) 
consumption in GST catalyzed reactions, thereby leading 
to higher levels of  GSH, which would block apoptosis and 
promote proliferation of  tumor cells. 

Our study shows that GSTM1 did not show any significant 
effect on the outcome of  the patient. Rocha et al.,[31] have 
reported a greater risk of  hematological relapse associated 
with GSTM1(present) genotype in high-risk group, whereas 
Krajinovic et al.,[18] and Davies et al.,[23] have reported no 
significant association of  GSTM1 polymorphisms on the 
outcome. GSTT1 polymorphism also was not found to 
have any significant association with the outcome of  the 
patients. This is in concordance with Krajinovic et al.,[18] and 
Davies et al.,[23] but Stanulla et al.,[1] reported a significant 
decrease in the risk of  relapse associated with the GSTT1 
null genotype. 

CYP1A1 plays an important role in the metabolic activation of  
polycyclic aromatic hydrocarbons, carcinogenic components 
of  air pollution and CYP1A1*2A polymorphism is associated 
with elevated enzymatic activity.[10] Krajinovic et al.,[16] have 
reported that children with CYP1A1*2A genotype had 
shorter survival probabilities. In our study, CYP1A1*2A 
polymorphism was not found to be associated with the 
outcome of  the patient. 

In conclusion, our results show GSTP1 polymorphism 
as an independent prognostic factor associated with an 
inferior outcome in ALL patients. Studies with a large 
sample and other treatment protocols are needed to arrive 
at a definite conclusion. 
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