
ABSTRACT

Background and Purpose: Heterogeneity in patient’s
response to chemotherapy is consistently observed across
populations. Pharmacogenomics, the study of inherited
differences in drug disposition and effects, is emerging
as a tool to predict efficacy and toxicity of drugs. Glu-
tathione S-transferases (GST) are involved in the metab-
olism and detoxification of environmental carcinogens
and some classes of chemotherapeutics. Polymorphism
of GSTM1 and GSTT1, in the form of homozygous dele-
tion, is encountered in varying frequencies in normal
population. It has been associated with altered response
and toxicity from cytotoxic chemotherapy. In this study,
we investigated the impact of these polymorphisms on
response and side effects of chemotherapy in adult acute
myeloid leukaemia (AML) patients. Correlations between
these genetic polymorphisms and other prognostic factors
were also investigated.

Patients and Methods: We genotyped GSTM1 and
GSTT1 in 98 adult AML patients using multiplex PCR.
Induction therapy included Doxorubicin and Cytosine
arabinoside (3+7) regimen. Treatment outcomes were
compared in those with or without GSTM1 and GSTT1
genes.

Results: The frequencies of GSTM1 null and GSTT1
null genotypes were 56% and 14%, respectively. Six
percent (6%) were double null. The rate of toxic death
during induction was 3/7 (43%) and 17/56 (30%) in GSTT1
null and GSTT1 present patients, respectively, p=0.67.
This constituted 75% and 42% of total deaths in each
group, respectively, p=0.31. Differences were not statisti-
cally significant. On the other hand, the rate of complete
remission (CR) in patients with GSTM1 present compared
to those with GSTM1 null genotype was 12/27 (48%)
versus 23/36 (64%), p=0.21. GSTT1 null genotype was
significantly associated with lymphoid marker (mainly
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CD7) expression (p=0.03), known with its adverse effect
on prognosis. Overall survival and disease-free survival
were similar in patients with and without the genes. No
significant associations were encountered between GST
genotypes and treatment outcomes.

Conclusion: Our data suggest possible association,
though not significant, between GSTT1 null genotype and
toxic death during induction and between GSTM1 present
genotype and lower rate of CR. Studies on larger numbers
are needed focusing on selection of anticancer agents to
avoid adverse reactions and therapeutic failure, with
special emphasis on drug toxicity and dose adjustment.

Key Words: Glutathione S-transferase - Polymorphism -
 Acute myeloid leukaemia - Toxicity.

INTRODUCTION

Heterogeneity in patient’s response to che-
motherapy is consistently observed across pop-
ulations [1]. Pharmacogenomics is the study of
inherited differences in interindividual drug
disposition and effects, with the goal of selecting
the optimal drug therapy and dosage for each
patient [2]. The glutathione S transferase (GST)
enzymes catalyze the glutathione-dependent
detoxification of reactive electrophiles such as
genotoxic chemical carcinogens and cytotoxic
therapeutic agents and their oxidative metabo-
lites [3,4]. Six GST isoenzyme classes have been
identified (α, µ, Ω, π, θ and ζ) [5]. GSTM1 and
GSTT1, located on chromosomes 1q13.3 and
22q11.2, respectively, have functional polymor-
phism in the form of homozygous deletion of
either or both genes leading to absence of their
phenotypic enzyme activities [6]. There are
racial and ethnic variations in the frequencies
of gene deletion in different populations; about
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50% and 15% of most populations have a ho-
mozygous deletion of GSTM1 and GSTT1,
respectively [6]. Individuals vary in their ability
to metabolize several DNA-damaging agents
because of polymorphism of such detoxifying
enzymes. The GSTM1 and GSTT1 null alleles
have been associated with altered response and
toxicity from chemotherapy in patients with
acute leukaemias, breast cancer and metastatic
colorectal cancer [7-10].

Acute myeloid leukaemia (AML) is a heter-
ogenous clonal disorder of haematopoietic pro-
genitor cells [11]. Evidence indicates that GST
expression plays an important role in determin-
ing cytotoxicity of chemotherapeutic drugs
including anthracyclines and alkylating agents
used in acute myeloid leukemia [12,13]. Impaired
detoxification of chemotherapeutic agents could
also contribute to increased DNA damage and
subsequent development of second neoplasms.
The GSTM1 and GSTT1 null alleles have been
associated with increased risk of development
of a variety of solid tumours such as smoking-
induced lung cancer, bladder, breast and gas-
trointe stinal cancer and malignant haematologic
diseases such as MDS and acute leukemias [14-
19].

In this study we investigate the impact of
genetic polymorphism of GSTM1 and GSTT1
on response and toxicity from chemotherapy in
adult AML patients. We also evaluate the prog-
nostic significance of genetic polymorphism of
both genes and its correlation with other prog-
nostic factors.

PATIENTS AND METHODS

Ninety-eight newly diagnosed adult acute
myeloid leukaemia (AML) patients who pre-
sented to the Medical Oncology Department of
the National Cancer Institute, Cairo University,
in the period from November 2003 to June 2005
were enrolled in this study. Written consent was
obtained from the patients and the protocol was
approved by the Institution Research Board.
The diagnosis of AML was established accord-
ing to the morphologic and cytochemical criteria
of the FAB classification and immunophenotyp-
ing (IPT). They included 54 males and 44 fe-
males. Evaluated clinical data included age,
gender, total leucocytic count (TLC) and blast
percent at diagnosis, and the presence of previ-

ous cancer or myelodysplastic syndrome (MDS).
DNA was extracted from the peripheral blood
or bone marrow using the salting out technique
[20]. A multiplex PCR assay was used for simul-
taneous amplification of GSTT1 and GSTM1
genes [7]. Coamplification of BCL2 served as
internal control. A negative control containing
no DNA template was included. The PCR was
performed in 50µl reaction mixture, containing
100ng of genomic DNA, 1.5mM MgCl2, 200µM
each dNTP, 2.5U Taq polymerase (Promega,
Madison WI, USA) and 10pmole of each primer
(Pharmacia biotech) (Table 1). The PCR condi-
tions consisted of 35 cycles of denaturation at
94°C for 1 minute, annealing at 62°C for 1
minute and extension at 72°C for 1 minute using
the Gene Amp 2400 thermal cycler (Perkin
Elmer, USA). This results in a fragment of
480bp for GSTT1, 219bp for GSTM1 and 154bp
for BCL2. The genotype assignment was made
by electrophilic analysis of the amplified product
and visualization in 2% agarose gel stained with
ethidium bromide.

Complete remission (CR) was defined as
less than 5% blasts in bone marrow. Toxic death
during induction was defined as death occurring
after the start of treatment and before bone
marrow evaluation on day +28. Disease free
survival (DFS) was defined as the time from
the end of induction of CR to relapse or death.
Overall survival (OS) was calculated from first
day of therapy to death.

Protocol of treatment:

Treatment and follow-up:

Patients were treated according to (3+7)
regimen, combining Doxorubicin 45mg/m2 IV
on days 1 to 3 and Cytosine arabinoside 100mg/
m2 by continuous infusion from day 1 to day 7
for induction.

Evaluation of response has been done after
2-3 weeks. Complete remission (CR) was de-
fined as cellular marrow with less than 5%
blasts, no circulating blasts, no evidence of
extramedullary leukaemia and recovery of gran-
ulocytes ≥1.5x109/L and platelets ≥100x109/L.
If the marrow was not hypocellular and there
was unequivocal residual leukaemia, a second
course of therapy with similar doses was admin-
istered.

Glutathione S-Transferase GSTM1 & GSTT1 Polymorphisms
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After achievement of CR, consolidation
chemotherapy was carried out by HAM regimen,
consisting of Cytosine arabinoside 3g/m2 from
day 1 to day 3 by infusion over 3 hours and
Mitoxantrone 12mg/m2 from day 3 to day 5 by
short infusion.

Supportive care:

Blood component transfusion was given to
keep the haemoglobin level at 8g/dl or higher.
Therapeutic platelet transfusion was given to
patients with bleeding manifestations and throm-
bocytopenia. Prophylactic platelet transfusion
was given when platelet counts <10x109/L or
at a higher level if patients had complications
or were planned for invasive procedure.

Evaluation and management of infection
was applied according to the rules recommended
for infection management in the immunocom-
promised patients [21] and according to the
ongoing institutional protocols.

Statistical analysis: Statistical package for
social sciences (SPSS) version 12.0 was used
for data analysis. Quantitative variables were
summarized using median (range). Qualitative
data were summarized using frequencies and
percentages. Non-parametric t-test compared
means of 2 independent groups. Chi-square and
Fisher exact tested proportion independence.
Kaplan-Meier method was used to estimate
survival and Log rank test to compare curves.
p value was significant at ≤0.05 level.

RESULTS

The frequency of GSTT1 and GSTM1 null
genotypes was 56% and 14%, respectively. Six
percent were double null and 35.7% were double
positive. Fig. (1) shows GST genotypes.

No association between GSTT1 and GSTM1
null genotypes and other clinical prognostic
factors for AML such as age, total leucocytic
count and blast percentage at diagnosis and
FAB subtype was encountered (Table 2). How-
ever, the frequency of patients over 60 years in
GSTT1 null compared to GSTT1 present pa-
tients was 27% versus 13% (p=0.22). With
regards to immunothenotyping, the GSTT1 null
genotype showed significant association with
lymphoid marker expression (mainly CD7)
(p=0.03) and near significant association with

DR expression (p=0.07), while GSTM1 present
genotype showed near significant association
with CD34 expression (p=0.08). We also ana-
lyzed the distribution of GST genotypes accord-
ing to history of previous cancer; 2 patients
with GSTM1 null, 1 with GSTT1 null and 1
with double positive genotypes were secondary
AML.

The median duration for follow-up was 4.75
months ranging from 1 week to 35 months.
Clinical outcome and follow-up of the 63 eval-
uable patients are shown in Table (3). The rate
of toxic death during induction in GSTT null
compared to GSTT1 present patients was 43%
versus 30%, p=0.67. The rate of toxic death
during induction among total deaths in each
group was 3/4 (75%) versus 17/41 (42%),
p=0.31, in GSTT1 null compared to GSTT1
present patients, respectively. The differences
were not statistically significant. The main
causes of death were infection and bleeding.
On the other hand, no difference in the rate of
toxic death was observed in GSTM1 null com-
pared to GSTM1 present patients, 31% versus
33%, constituting 46% and 45% of total deaths
in each group, respectively. The rate of complete
remission (CR) in GSTM1 null compared to
GSTM1 present patients was 64% versus 48%,
p=0.21, yet the difference was not statistically
significant. A similar rate of complete remission
of 57.1% was observed in GSTT1 null and
GSTT1 present patients. The median disease
free survival (DFS) was 8 months; survival
estimate at first and second years was 31.3%
and 14.9%, respectively (Fig. 2). The DFS was
comparable in the groups with and without the
deletion for both genes (Figs. 3,4). The median
overall survival (OS) was 6 months; survival
estimate at first and second years was 26.2%
and 14.2%, respectively (Fig. 5). No statistically
significant difference was encountered between
the different groups (Figs. 6,7).

Table (1): Sequence of primers.

GSTM1

GSTT1

BCL2

5’-GAACTC CCTGAAAAgCTAAAGC-3’
5’-GTTGGGCTCAAATATACGGTGG-3’

5’-TTCCTTACTGGTCCTCACATCTA-3’
5’-TCACCGGATCATGGCCAGCA-3’

5’-GCAATTCCGCATTTAATTCATGG-3’
5’-GAAACAGGCCACGTAAAGCAAC-3’
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Table (2): Clinical characteristics of patients according to GSTM1 and GSTT1 genotypes.

Age*
<60
>60

Sex:
Male
Female

TLC (x109/L)*
Blast %*

FAB:
M1
M2
M3
M4
M5
M7

IPT:
MPO
CD13
CD33
DR
CD34
Lymphoid markers

*Median (range).             **p=0.07, 0.08 and 0.03 for DR, CD34 and lymphoid marker expression, respectively.

28 (19-72)
44/52 (85)
8/52 (15)

30/55 (55)
25/55 (46)

8.4 (1.9-608)
75 (10-96)

20/41 (49)
13/41 (32)
5/41 (12)
1/41 (2)
2/41 (5)
0/41 (0)

31/42 (74)
45/54 (83)
46/53 (87)
37/53 (70)
9/24 (38)
15/54 (28%)

GSTM1–
55/98 (56.1%)

N (%)

35 (20-74)
36/42 (86)
6/42 (14)

23/42 (55)
19/42 (45)

19.1 (1.6-340)
75 (20-98)

12/34 (35)
16/34 (47)
3/34 (9)
1/34 (3)
1/34 (3)
1/34 (3)

42/53 (79)
39/42 (93)
39/42 (93)
32/41 (78)
15/24 (63)
10/43 (23%)

GSTM1+
43/98 (43.8%)

N (%)

0.88

0.98

0.75
0.71

0.53
0.16
0.34
0.37
0.08**
0.61

p-value

24 (20-65)
8/11 (73)
3/11 (27)

8/14 (56)
6/14 (44)

16.8 (1.5-68)
81 (30-85)

5/8 (63)
2/8 (25)
0/8 (0)
0/8 (0)
1/8 (13)
0/8 (0)

9/14 (64)
12/14 (86)
13/14 (93)
13/14 (93)
5/9 (56)
7/14 (50%)

GSTT1–
14/98 (14.2%)

N (%)

31 (19-74)
72/83 (86)
11/83 (13)

45/83 (54)
38/83 (46)

17.2 (1.6340)
72 (10-98)

27/67 (40)
27/67 (40)
8/67 (12)
2/67 (3)
2/67 (3)
1/67 (2)

64/81 (79)
72/82 (89)
72/81 (89)
56/80 (70)
19/39 (49)
18/83 (22%)

GSTT1+
84/98 (85.7%)

N (%)

0.22

0.83

0.50
0.50

0.23
0.83
0.66
0.07**
1.0
0.03**

p-value

Table (3): Outcome of treatment according to GST genotype.

Rate of CR

Toxic Death

1.0

0.67

p-value

32/56 (57%)

17/56 (30%)

GSTT1+

4/7 (57%)

3/7 (43%)

GSTT1–

0.21

0.97

p-value

13/27 (48%)

9/27 (33%)

GSTM1+

23/36 (64%)

11/36 (31%)

GSTM1–

Fig. (1): Agarose gel electrophoresis showing genotype
analysis of GSTM1 (219bp) and GSTT1 (480bp)
using multiplex PCR. BCL2 was used as internal
control (154bp). Lane 1: Molecular Weight mark-
er; Lanes 2,5,8: Show patients with GSTM1/
GSTT1 double present genotype; Lane 3: Shows
patient with GSTM1/GSTT1 double null geno-
type; Lanes 4,6,7: Show patients with GSTM1
null/GSTT1 present genotype. Lane 9: Negative
control.

600bp
480bp ←

219bp ←
154bp ←

1 92 3 4 5 6 7 8
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Fig. (7): Overall survival according to GSTT1 genotype.

Fig. (5): Overall survival in AML patients.

Fig. (6): Overall survival according to GSTM1 genotype.Fig. (3): Disease free survival according to GSTM1 gen-
otype.
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Fig. (4): Disease free survival according to GSTT1 geno-
type.
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Fig. (2): Disease free survival in AML cases.
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DISCUSSION

In AML patients, the occurrence of a sizeable
number of deaths related to drug toxicity is an
important limitation for the success of treatment
[22]. Pharmacogenomic studies aim to elucidate
the genetic basis for interindividual differences
in drug response with the aim of predicting its
safety, toxicity and efficacy [23]. GST enzymes
are involved in the conjugation reactions in
phase II metabolism of xenobiotics [24]. Several
studies have reported associations between GST
polymorphisms and the efficacy and toxicity of
cancer chemotherapy [8,25,26].

The frequency of GSTM1 null genotype in
our patients was 56%, higher than 42% reported
in AML cases by Voso et al. [7]. This frequency
was also beyond 44% previously reported in
normal Egyptian population by Abdel Rahman
et al. [27], but within the published range of
(42%-57%) [17,28,29]. This suggests that GSTM1
polymorphism is a probable potential risk factor
for the development of AML in Egyptians. A
study reported positive associations between
inherited risk of AML and GSTM1 null genotype
[19]. On the other hand, no evidence of associ-
ation could be detected in our series between
GSTT1 null and double null genotypes and the
incidence of AML. The frequencies of GSTT1
null and double null genotypes in our study
were 14% and 6%, respectively; these frequen-
cies were comparable to those reported in the
Egyptian population By Abdel Rahman et al.
[27] (14.4% and 8.8%, respectively), lower than
those reported by Voso et al. [7] in adult AML
(28% and 17.9%, respectively) but within the
published range of 10%-21% [30]. Our results
are in accordance with Basu et al. [31], Preud-
homme et al. [32] and Rollinsson et al. [29], who
failed to identify an association between GSTT1
null genotype and the development of AML.
In contrast, Chen et al. [33] and Naoe et al. [26]
reported an increased risk of MDS and acute
leukaemia associated with the GSTT1 null gen-
otype. On the other, Rollinson et al. [29] reported
an association between ALL and GSTT1 null
genotype. This difference between studies could
indicate differences between populations in the
influence of these genetic polymorphisms on
genetic susceptibility to leukaemia or in expo-
sures involved in leukemogenesis [34].

Examination of GSTM1 null and GSTT1
null genotypes showed no statistically significant

association with other prognostic factors such
as age, total leucocytic count at diagnosis and
FAB subtype. However, age over 60 years was
detected in 27% of GSTT1 null patients com-
pared to 13% of patients with GSTT1 present
genotype, p=0.22. Voso et al. [7] reported an
increased frequency of GSTM1 null genotype
in patients with AML over 60 years age. Pro-
longed exposition of hematopoietic progenitor
cells to toxic agents in combination with a
reduced capability of detoxification might con-
tribute to the pathogenesis in the elderly [7]. In
our series, the FAB subtype M5 constituted
13% and 3% of patients with GSTT1 null and
GSTT1 present allele, respectively. M3 subtype
was present in GSTT1 present but not in GSTT1
null patients. In contrast, Davies et al. [19]
reported a significantly increased frequency of
GSTM1 null in FAB M3 and M4 subtypes.
These data indicate that these subtypes may be
particularly influenced by exposure to environ-
mental agents detoxified by GSTM1 [19]. The
discrepancy in frequencies could be due to small
number of patients in each FAB subtype.

Regarding IPT, GSTT1 null genotype
showed significant association with lymphoid
marker expression, mainly CD7 (p=0.03), which
is associated in some studies with adverse effects
[35]. On the other hand, GSTM1 present geno-
type showed near significant association with
expression of the stem cell marker CD34, re-
ported to have an adverse effect [36].

Secondary AML is a clinical entity of special
interest because of its relation to genotoxic
exposures and MDS [33]. In our series, no such
association could be elucidated due to the small
number of patients with previous cancer or
MDS.

Glutathione S transferase enzymes play an
important role in the detoxification of chemo-
therapeutics. GSTM1 and GSTT1 enzyme poly-
morphism in the form of deletion of either or
both genes affect pharmacodynamics of chemo-
therapeutic drugs used in the treatment of leu-
kaemia. The importance of a genetic polymor-
phism in drug metabolism may differ based on
the nature and intensity of the treatment regimen
[37]. When drugs are being dosed at levels that
are near those that produce toxicity (common
in AML), the inheritance of deficiency of an
enzyme involved in the detoxification of such

Glutathione S-Transferase GSTM1 & GSTT1 Polymorphisms
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drug can lead to a worse outcome because of
greater toxicity [37]. Anthracyclines, such as
doxorubicin used in the treatment of AML, are
known to generate high levels of reactive oxygen
species, including hydrogen peroxide and hy-
droxyl radicals which are destructive to the
cells [38]. The occurrence of a substantial number
of deaths in remission caused by the toxicity
of therapy is an important limitation on success
of treatment of AML [24]. GST modulates drug
effect through deactivation of drug-generated
hydroperoxides or other reactive oxygen species
[3,4]. In our study, the rate of early death during
induction due to drug toxicity was 43% versus
30% in GSTT1 null compared to GSTT1 present
patients, p=0.67. This constituted (3/4) 75%
and (17/41) 42% of deaths in each groups,
respectively (p=0.31), yet differences were not
statistically significant. This lack of significance
could be due to the small sample size. Davies
et al. [8] and Naoe et al. [26] reported an increased
rate of early death in GSTT1 null compared to
GSTT present group. In the study conducted
by Davies et al. [8], toxicity of therapy was
particularly increased in those receiving the
most intensively timed chemotherapy regimen.
On the other hand, the South West Oncology
group (SWOG) did not report such association
in a group of AML patients over 56 years [39].
In our series, infection and bleeding were the
common causes of early death, in accordance
with Naoe et al. and Riley et al., in adult and
childhood AML [24,26].

In our series, the rate of complete remission
did not differ significantly in groups with and
without the deletion. However, the rate of CR
in GSTM1 null compared to GSTM1 present
patients was 64% versus 48%. Although the
difference was not significant, this was in ac-
cordance with the study conducted by the
SWOG [39] which reported a lower risk of
resistant disease in patients with GSTM1 null
compared to those with the GSTM1 present
genotype in AML patients. On the other hand,
Davies et al. and Naoe et al. [8,26] reported no
difference in CR rates between GSTT1 present
and GSTT1 null genotypes in adult and child-
hood AML. In contrast, Voso et al. [7] indicated
that AML patients with deletion of M1 or T1
or both had a lower probability to achieve com-
plete remission on induction therapy as com-
pared to patients with intact GST genes [7]. This
is in accordance with Zhang Y et al. [40] who

reported a significant high rate of CR in patients
with GSTT1 present compared to GSTT1 null
alleles. This could be explained by the fact that
lack of detoxification may contribute to accu-
mulation of genetic changes in the process of
leukemogenenesis and more aggressive disease
[7].

Although absence of GST enzyme may re-
duce or delay metabolism of the chemothera-
peutic drugs used for AML and might be ex-
pected to lead to a reduced relapse rate in
addition to increased toxicity, in our patients,
GST null genotype was not associated with
significant difference in DFS, in accordance
with Davies et al. and Naoe et al. [8,26] who
reported no association between GSTT1 null
and reduced rate of relapse in adult AML. It is
possible that the GSTT1 genotype influences
production or excretion of drug metabolites that
contribute to toxicity to a greater degree than
it influences metabolites that have an antileu-
kemic effect. On the other hand, Voso et al. [7]
demonstrated a lower chemotherapy response
rate in adults with AML and at least one GST
null genotype. In contrast, in a study on child-
hood AML, DFS was reduced in GSTM1 present
compared with GSTM1 null cases receiving
standard but not intensively timed therapy [8].
Children receiving a less intensive regimen who
are able to metabolize drugs efficiently may
receive an inadequate dose of cytotoxic therapy,
leading to higher relapse rate. In childhood ALL
reports have been controversial. While Stanulla
et al. [41] and Tanaski et al. [42] reported that
the deletion of GSTM1 and GSTT1 genes was
associated with reduced risk of relapse, Chen
et al. [43] reported no impact on the response
to therapy. On the other hand, Davies et al. [8]
reported a higher frequency of relapse.

In our study, no difference in the OS was
encountered between different groups. On the
other hand, Atrup et al. [44], in a study on adult
AML, noted that patients with GSTM1 null
genotypes had a poorer survival compared to
those with GSTM1 present alleles. In another
study by Naoe et al. [26] on adult AML, GSTT1
null genotype was an independent prognostic
factor for OS.

In childhood AML, patients with GSTT1
null genotype had reduced survival compared
with those possessing at least one GSTT1 allele
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[8]. The prognostic importance of GST genotype
was supported by Voso et al. [7], where the GST
genotype was an independent predictor for OS
in a multivariate analysis. The presence of at
least one GST deletion proved to be a poor
prognostic factor for survival [7]. In addition,
GST genotyping could discriminate between
favourable and unfavourable prognosis in pa-
tients within the intermediate-risk karyotype
group which contains the majority of AML
patients [7]. In ALL, no effect on survival was
found [41].

The conflicting results in different studies
could be due to the use of different therapeutic
regimens. The significance of GST enzyme may
be different in each malignancy and therapy
[26]. In addition, as GST genotype may be as-
sociated with leukemogenesis in specific cyto-
genetically/ and or molecular genetically defined
leukaemia subsets [45,46], the evaluation of GST
genotypes in association with leukaemia out-
come will have to take in consideration cytoge-
netic and molecular genetic information [41].

Pharmacogenetic factors can influence the
outcome of therapy and particularly dose-
intensive therapy. In our series, the rate of early
toxic death during induction was 43% in GSTT1
null compared to 30% in GSTT1 present pa-
tients. Though the difference was not significant,
a more extensive study on a larger group of
patients would support the association between
null genotype and toxic death. Pharmacogenetic
screening prior to chemotherapy may lead to
identification of patients predisposed to drug
toxicity. GSTT1 genotype might be useful in
selecting appropriate chemotherapy regimens
for patients with AML. Patients with GSTT1
null genotype would benefit from changing or
lowering the dose of chemotherapy to decrease
the frequency of toxic death. On the other hand,
in our series patients with GSTM1 present
genotype, who are able to metabolize drugs
efficiently, were associated with a lower fre-
quency of CR. This group of patients would
benefit from increasing the dose of chemother-
apy without fear of greater toxicity. A larger
study on a wider group of patients is needed to
confirm such associations.

In AML patients, the occurrence of a sizeable
number of deaths related to drug toxicity is an
important limitation for the success of treatment.

Our data suggest possible association, though
not significant, between GSTT1 null genotype
and toxic death during induction and between
GSTM1 null genotype and higher CR rate.
Studies on larger numbers are needed focusing
on selection of anticancer agents to avoid ad-
verse reactions and therapeutic failure, with
special emphasis on drug toxicity and dose
adjustment.

REFERENCES
1-   Watters JW, McLeod HL. Cancer pharmacogenomics:

current and future applications. Biochim Biophys
Acta. 2003, 1603 (2): 99-111.

2-   Donnelly JG. Pharmacogenetics in cancer chemother-
apy: Balancing toxicity and response. Ther Drug
Monit. 2004, 26 (2): 231-5.

3-   Ketterer B. Protective role of glutathione transferase
in mutagenesis and carcinogenesis. Mutat Res. 1998,
202: 343-61.

4-    Tew KD. Glutathione-associated enzymes in anticancer
drug resistance. Cancer Res. 1994, 54: 4313-20.

5-   Townsend DM, Tew KD. The role of glutathione S-
transferase in anti-cancer drug resistance. Oncogene.
2003, 22 (47): 7369-75.

6-  Rebbeck TR.  Molecular epidemiology of human
glutathione S-transferase genotypes GSTM1 and
GSTT1 in cancer susceptibility. Cancer Epidemiol
Biomarkers Prev. 1997, 6: 733-43.

7-   Voso MT, D’Alo F, Putzulu R, Mele L, Scardocci A,
Chiusolo P, et al. Negative prognostic value of glu-
tathione S-transferase (GSTM1 and GSTT1) deletions
in adult acute myeloid leukaemia. Blood. 2002, 100:
2703-7.

8-   Davies SM, Robison LL, Buckley JD, Tjaa T, Woods
WG, Radloff GA, et al. Glutathione S-transferase
polymorphisms and outcome of chemotherapy in
childhood acute myeloid leukaemia. J Clin Oncol.
2001, 19 (5): 1279-87.

9-   Ambrosone CB, Sweeney C, Coles BF, Thompson
PA, Mc Clure GY, Korourian S, et al. Polymorphisms
in glutathione S-transferases (GSTM1 and GSTT1)
and survival after treatment for breast cancer. Cancer
Res. 2001, 61: 7130-5.

10- Stoeehlmacher J, Park DJ, Zhang W, Groshen S, Tsao-
Wei DD Yu MC, et al. Association between glutathione
S-transferase P1, T1 and M1 genetic polymorphism
and survival of patients with metastatic colorectal
cancer. J Natl Cancer Inst. 2002, 94: 936-42.

11- Ferrara F. Unanswered questions in acute myeloid
leukaemia. Lancet Oncol. 2004, 5 (7): 443-50.

12- Black SM, Beggs JD, Hayes JD, Bartoszek A, Mura-
matsu M, Sakai M, Wolf CR. Expression of human
glutathione S-transferase in Saccharomyces cerevisiae
confers resistance to the anticancer drugs adriamycin
and chlorambucil. Biochem J. 1990, 268: 309-15.

Glutathione S-Transferase GSTM1 & GSTT1 Polymorphisms



Ghada I. Mossallam, et al.272

13- Tsuchida S, Sato K. Glutathione transferases and
cancer. Crit Rev Bioch Mol Biol. 1992, 27: 337-84.

14- Sweeney C, Nazar Stewart V, Stapleton PL, Eaton
DL, Vaughan TL. Glutathione S-transferase M1, T1
and P1 polymorphisms and survival among lung cancer
patients. Cancer Epidemiol Biomarkers Prev. 2003,
12 (6): 527-33.

15- Bell DA, Taylor J, Paulson DF, Robertson CN, Mohler
JF, Lucier GW. Genetic risk and carcinoma exposure:
A common inherited defect of the carcinogen metab-
olism gene glutathione S-transferase M1 (GSTM1)
that increases susceptibility to bladder cancer. J Natl
Cancer Inst. 1993, 85: 1159-64.

16- Helzlsouer KJ, Selmin O, Huang H, Strickland PT,
Hoffman S, Alberg AJ, et al. Association between
glutathione S-transferase M1, P1 and T1 genetic
polymorphisms and development of breast cancer. J
Natl Cancer Inst. 1998, 90: 512-8.

17- Deakin M, Elder J, Hendrickse C, Peckham D, Baldwin
D, Pantian C, et al. Glutathione S-transferase GSTT1
genotypes and susceptibility to cancer: Studies of
interactions with GSTM1 in lung, oral, gastric and
colorectal cancers. Carcinogenesis. 1996, 17: 881-4.

18- Haase D, Binder C, Bunger J, Fonatsch C, Streubel
B, Schnittger S, et al. Increased risk for therapy-
induced hematologic malignancies on patients with
carcinoma of the breast and combined homozygous
gene deletions of glutathione transferases M1 and T1.
Leukemia Res. 2002, 26: 249-54.

19- Davies SM, Robison LL, Buckley JD, Radloff GA,
Ross JA, Perentesis JP. Glutathione S-transferase
polymorphisms in children with myeloid leukaemia:
A Children’s Cancer Group study. Cancer Epidemiol
Biomarkers Prev. 2000, 9: 563-6.

20- Davis LG, Dibner MD, Battey JF (eds). DNA extrac-
tion, Southern blot technique, probe labeling and
hybridization. In: Basic methods in molecular biology.
New York Elsevier. 1986, p 42.

21- Freifeld A, Walsh T, Pizzo P. Infection in the cancer
patients. Cancer Principles and Practice of Oncology.
2000, 5th ed. pp 2659-705.

22- Riley LC, Hann IM, Wheatly K, et al. Treatment-
related deaths during remission of acute myeloid
leukaemia in children treated on the Tenth Medical
Research Council Acute myeloid leukaemia Trial
(MRC AML 10). The MRC Childhood Leukaemia
Working Party. Br J Haematol. 1999, 106: 436-44.

23- Lee W, Lockhart AC, Kim RB, Rothenberg ML.
Cancer pharmacogenomics: powerful tools in cancer
chemotherapy and drug development.Oncologist.
2005, 10 (2): 104-11.

24- Sanchez RI, Mesia-Vela S, Kauffman FC. Challenges
of cancer drug design: a drug metabolism perspective.
Curr Cancer Drug Targets. 2001, 1 (1): 1-32.

25- Veenstra DL, Higashi MK, Philips A. Assessing the
cost-effectiveness of pharmacogenomics. AAPS Phar
Sci. 2000, 2 (3): E29.

26- Naoe T, Tagawa Y, Kiyodera Y, Miyawaki S, Asou
N, Kuriyama K, et al. Prognostic significance of
glutathione S-transferase-T1 in patients with acute
myeloid leukemia: Increased early death after chemo-
therapy. Leukemia. 2002, 16: 203-8.

27- Abdel Rahman SZ, El Zein RA, Anwar WA, Au WW.
A multiplex PCR procedure for polymorphic analyis
of GSTM1 and GSTT1 genes in population studies.
Cancer Lett. 1996, 107 (2): 229-33.

28- Nelson HH, Wiencke JK, Christiani DC, Cheng TJ,
Zuo ZF, Schwartz BS., et al. Ethnic differences in the
prevelance of the homozygous deleted genotype of
glutathione S-transferase theta. Carcinogenesis. 1995,
16: 1234-45.

29- Rollinson S, Roddam P, Kane E, Roman E, Carwright
R, Jack A, Morgan GJ. Polymorphic variation within
the glutathione S-trnasferase genes and risk of adult
acute leukaemia. Carcinogenesis. 2000, 21: 43-7.

30- Cotton SC, Sharp L, Little J, Brockton N. Glutathione
S-transferase polymorphisms and colorectal cancer.
Am J Epidemiol. 2000, 151 (1): 7-32.

31- Basu T, Gale RE, Langabeer S, Linch DC. Glutathione
S-transferase theta 1 (GSTT1) gene defect in myelo-
dysplasia and acute myeloid leukaemia. Lancet. 1997,
349 (9063): 1450.

32- Preudhomme C, Niesse C, Hellar M, Vanrumbeke M,
Brizard A, Lai JL, Fenaux P. Glutathione S-transferase
theta gene defects in myelodysplastic syndromes and
their correlation with karyotype and exposure to
potential carcinogenesis. Leukemia. 1997, 11: 1580-
2.

33- Chen H, Sandler DP, Taylor JA, Shore D, Liu E,
Bloomfield CD, Bell DA. Increased risk for myelod-
ysplastic syndromes in individuals with glutathione
transferase theta 1 (GSTT1) gene defect. Lancet. 1996,
347: 295-7.

34- Davies SM, Bhatia S, Ross JA, Kiffmeyer WR, Gaynon
PS, Radloff GA, Robison LL, et al. Glutathione S-
transferase genotypes, genetic susceptibility, and
outcome of therapy in childhood acute lymphoblastic
leukaemia. Blood. 2002, 100: 67-71.

35- Venditti A, Del Poeta G, Buccisano F, Tamburini A,
Cox-Froncillo MC, Aronica G, et al. Prognostic rele-
vance of the expression of TdT and CD7 in 335 cases
of acute myeloid leukaemia. Leukemia. 1998, 12 (7):
1056-63.

36- Casasnovas RO, Silmane FK, Garand R, Faure GC,
Campos L, Deney V, et al. Immunological classifica-
tion of acute myeloblastic leukemias: Relevance to
patient outcome. Leukemia. 2003, 17 (3): 515-27.

37- Evans WE. Pharmacogenomics: Marshalling the human
genome to individualise drug therapy. Gut. 2003, 52
(Suppl 2): 10-8.

38- Joel SP, Rohatine A. Pharmacology of antileukemic
drugs. In: Henderson ES, Lister TA, Greaves MF
(eds). Leukemia. Philadelphia, PA, Saunders. 2002,
pp 394-440.



273

39- Weiss JR, Kopecky KJ, Codwin J, Anderson J, William
CL, Moysicg KB, et al. Glutathione S-transferase
(GSTM1, GSTT1 and GSTA1) polymorphisms and
outcomes after treatment for acute myeloid leukaemia:
Pharmecogenetics in Southwest Oncology Group
(SWOG) Leukemia. Leukemia. 2006, 20 (12): 2169-
71. (leukaemia advance on line publication).

40- Zhang Y, Yang L, Li R, Zhang MR, Xiao ZJ. The
effects of glutathione S-transferase (GSTT1 and
GSTM1) genes polymorphism on treatment, efficacy
and prognosis in acute myeloid leukaemia. (Abst).
Zhonghua Nei Ke Za Zhi. 2006, 45 (3): 213-6.

41- Stanulla M, Schrappe M, Brechlin AM, Zimmermann
M, Welte K. Polymorphisms within glutathione S-
transferase genes (GSTM1, GSTT1, GSTP1) and risk
of relapse in childhood B-cell precursor acute lym-
phoblastic leukaemia: A case control study. Blood.
2000, 95: 1222-8.

42- Takanashi M, Morimoto A, Yagi Y, Kuriyama K, Kano
G, Imamura T, et al. Impact of glutathione S - trans-

ferase gene deletion on early relapse in childhood B-
precursor acute lymphoblastic leukaemia. Haemato-
logica. 2003, 88 (11): 1238-44.

43- Chen CL, Liu Q, Pui CH , Rivera GK, Sandlund JT,
Ribeiro R, et al. Higher frequency of glutathione S-
transferase deletions in black children with acute
lymphoblastic leukemia. Blood. 1997, 89: 1701-7.

44- Atrup JL, Hokland P, Pedersen L, Autrup H. Effect of
glutathione S-transferases and the survival of patients
with acute myeloid leukaemia. Eur J Pharmacol. 2002,
438: 15-8.

45- Shpilberg O, Dorman JS, Shahar A, Kuller LH. Mo-
lecular epidemiology of hematological neoplasms-
present status and future directions. Leuk Res. 1997,
21 (4): 265-84.

46- Wiencke JK, Pemble S, Kettere B, Kelsey KT. Gene
deletion of glutathione S-transferase theta: correlation
with induced genetic damage and potential role in
endogenous mutagenesis. Cancer Epidemiol Biomar-
kers Prev. 1995, 4: 253-9.

Glutathione S-Transferase GSTM1 & GSTT1 Polymorphisms


