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ABSTRACT

Background: GSTP1 plays a central role in the inactivation of toxic and carcinogenic electrophiles,
including platinum compounds. In colorectal cancer (CRC) patients treated with oxaliplatin-based therapy,
GSTP1 polymorphism and protein expression found to play significant correlation with prognosis but
showed conflicting results. Present study assessed the association of GSTP1 Ile105Val polymorphism and
protein expression with survival as well as clinicopathological parameters in CRC patients. Materials and
Methods: GSTP1 polymorphism was examined by PCR-RFLP and protein expression was studied by
immunohistochemistry in 143 untreated CRC patients. Results: GSTP1 lle105Val polymorphism showed
51% AJA wild type, 42% A/G heterozygous and 7% G/G variant genotypes. Significant association of
GSTP1 polymorphism was noted with family history (P=0.020) and tumor site (P=0.036). Variant G/G
genotype was associated with unfavorable prognosis in total CRC, advanced stage and rectal cancer
patients. The subgroup of patients having variant genotypes treated with combined 5-FU/oxaliplatin drug
had a significant higher incidence of disease relapse and death as compared to those treated with single 5-
FU drug. In relation to protein expression, GSTP1 cytoplasmic and/or nuclear immunoreactivity was noted
in 95% CRC patients. Cytoplasmic GSTP1 expression was significantly associated with age (P=0.042) and
histologic type (P=0.017). Low cytoplasmic as well as low nuclear GSTP1 expression correlated with
worse survival in early stage, whereas showed better prognosis in advanced stage patients. Conclusion:
GSTP1 Ile105Val polymorphism as well as its protein expression could be useful prognostic biomarkers in
CRC patients.

KEYWORDS: GSTP1, llel05Val polymorphism, Immunohistochemistry, 5-FU/oxaliplatin, Prognosis,
Colorectal cancer.

INTRODUCTION oxaliplatin based therapy. GSTs are multi-gene family of
enzymes which are crucial for the cell defence.””! Some
of the major genes of GST superfamily are GST mi
(GSTM1), theta (GSTT1), and pi (GSTPL)™ and
amongst them, Glutathione S-transferase P1 (GSTP1),
located on chromosome 11g13.2, is an important host-
defense molecule against a range of toxins, and it
participates directly in the detoxification of platinum
compounds.™

The current scenario of treating colorectal cancer (CRC)
has shown enhanced effectiveness of standard regimen 5-
fluorouracil (5-FU) in combination with a platinum drug-
oxaliplatin. In advanced CRC patients, FOLFOX has
improved the response rate of 53% as well as progression
free survival (PFS) of 9 months as compared to 5-FU
alone having 22% response rate and PFS of 6 months,™
However, tumor cell drug resistance is the major obstacle
for oxaliplatin based therapies. Evidence has suggested
that resistant mechanisms of platinum may be via the
increase of the DNA repair capacity and of the tolerance
to DNA damage; and via the inactivation of platinum
compounds  through the glutathione  metabolic
pathway.!”l Hence, detoxification of platinum drugs via
the action of glutathione-s-transferases (GSTs) is an
important resistant factor in patients treated with

The functional polymorphism of the GSTP1 gene
involves an A-G substitution in exon 5 and the
conversion of isoleucine to valine at position 105 of the
amino acid chain (1le105Val).®! This genetic 1le105Val
polymorphism has been linked to inter-individual
difference in altering its expression levels and enzymatic
activity, which in turn affects the clinical outcome and

www.wjahr.com | Volume 4, Issue 6.2020 | ISO 9001:2015 Certified Journal 184



Ghosh et al.

World Journal of Advance Healthcare Research

results in variations in oxaliplatin efficacy and prognosis
in CRC patients. Moreover, it has been suggested that
patients with variant Val allele may be associated with
decreased enzymatic activity and hence may have a
better response to platinum-based therapy. On the other
hand, overexpression of GSTP1 was observed in several
types of cancers such as blood, head and neck, lung,
esophagus and breast cancers as well as CRC; and may
lead to resistance to anticancer drugs and thus influence
the clinical outcome.[™ Several studies showed the effect
of GSTP1 high expression with unfavorable prognosis in
various malignancies.'"® GSTP1 is highly overexpressed
in colon cancer, with increased levels in drug resistant
tumors.

However, controversial reports were observed for
association of GSTP1 Ilel05Val polymorphism and
GSTP1  immunohistochemical  localization  with
prognosis as well as response to therapy in CRC
patients."***! Hence, it necessitates the need for better
evaluation of their clinical significance both at genetic
and protein levels. Therefore, present study aimed to
evaluate the prognostic as well as therapeutic efficacy of
GSTP1 lle105Val polymorphism and protein expression
in CRC patients. Additionally, its correlation with
clinicopathological parameters was examined.

MATERIALS AND METHODS

Patients

Present study included a total of 143 untreated patients
with histologically confirmed CRC at ‘The Gujarat
Cancer & Research Institute’ between 2007 and 2014.
Written consent of the patients who underwent surgery at
the Department of Surgical Oncology was obtained, prior
to sample collection. Clinicopathological details are
depicted in Table 1. Out of 143, 113 patients were
treated with chemotherapeutic regimen. The main
chemotherapeutic treatment included were 5-FU and
leucovorin, oral Capecitabine, or in combination with
Oxaliplatin (OX). The patients were followed for a
minimum period of 36 months or until death within that
period. Complete follow-up details were obtained in 114
CRC patients and were included for overall survival
(OS) analysis. Out of 114 patients, 13 patients who died
due to persistent disease were not included for relapse-
free survival (RFS) analysis. Survival analysis was also
performed in the subgroups of patients with early stage
and advanced stage, as well as in the subgroups of colon
cancer and rectal cancer. Further, to evaluate the
predictive efficacy of GSTP1 on survival according to
adjuvant treatment, patients were subgrouped into those
treated with 5-FU alone (single drug group) and with
combined 5-FU+OX (combined drug group), irrespective
of RT. In relation to adjuvant treatment, out of 101, 83
patients were included for RFS; and out of 114, 94
patients were included for OS analysis.

Sample collection

To detect GSTP1 Ilel05Val polymorphism, primary
tumor tissue samples were collected on ice directly from
the operation theatre. Tumor tissues were selected by a
pathologist and divided into two portions. One portion
was submitted for the routine histopathological
evaluation and the other portion was immediately snhap
frozen in liquid nitrogen and preserved at -80°C till DNA
isolation and consequently proceed for polymorphism
study. To study GSTP1 immunohistochemical
localization, paraffin embedded tumor tissue blocks of
CRC patients were collected from the Pathology
Department of the institute.

GSTP1 llel05Val polymorphism by PCR-RFLP

DNA isolation was performed using the frozen tumor
tissues by phenol-chloroform extraction method. The
quantification of extracted DNA samples was performed
by agarose gel electrophoresis using Lambda Hind 11
digest. Also, the purity of the DNA samples was checked
spectrophotometrically at 260 and 280 nm. For GSTP1
llel05Val polymorphism study, polymerase chain
reaction (PCR) analysis was carried out in a total volume
of 50 pl using PCR core kit (Qiagen, USA). Primers used
for GSTP1 amplification were 5> ACC CCA GGG CTC
TAT GGG AA 3’ (forward) and 5° TGA GGG CAC
AAG AAG CCC CT 3’(reverse). 0.1 pg of genomic
DNA was added per reaction. PCR was performed in a
ProFlex PCR system (Applied Biosystems, Life
Technologies Corporation, USA) using the following
conditions: initial denaturation at 95°C for 5 minutes
followed by 35 cycles of amplification (denaturation at
94°C for 45 seconds, annealing at 61°C for 45 seconds,
extension at 72°C for 1 minute) and final extension at
72°C for 10 minutes. Then digestion of these PCR
products was performed with BsmAl restriction enzyme
(NEB, USA) at 55°C overnight and separated on 2.5%
ethidium bromide stained agarose gel.

GSTP1 protein expression by immunohistochemistry
Immunohistochemical localization of GSTP1 was
performed from formalin fixed paraffin embedded tumor
tissue blocks of CRC patients. The immunohistochemical
staining was carried out using primary mouse
monoclonal GSTP1 antibody (Clone: 3F2C2, Santa
Cruz, Biotechnology, Inc.; dilution- 1:100) and Mouse
and Rabbit specific HRP/DAB (ABC) Detection IHC kit
from Abcam, as per manufacturer’s protocol
recommendations. Prior to application of the primary
antibody, antigenicity was retrieved by heating the tissue
sections in 10mM tri-sodium citrate buffer solution (pH-
6.0) for 20 minutes in a pressure cooker. All sections
were scored independently by two independent
researchers in a blinded manner. The staining intensities
and the percentage of positive cells were assessed
independently for all primary tumor tissues (N=143).
Previously used modified histoscore (H-score) method
was performed for scoring of GSTP1 immunostaining.™®!
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Statistical analysis

The data was statistically analyzed using the Statistical
Package for Social Sciences (SPSS) software version 17
(SPSS Inc., USA). The distribution of genotypes in
patients and healthy individuals was first tested for the
Hardy-Weinberg equilibrium (HWE) by a goodness-of-
fit Chi-square (y°) test to compare the observed genotype
frequencies to the expected ones. Two-tailed y* test was
used to assess the associations of GSTP1 polymorphism
and protein expression with clinicopathological
parameters. Correlation between two parameters was
calculated using Spearman’s correlation coefficient (r)
method. RFS and OS were calculated using Kaplan-
Meier estimates and the difference in survival curve was
calculated using Log rank test. P value <0.05 was
considered significant.

RESULTS

Incidence of GSTP1 Illel05Val polymorphism and
association with clinicopathological parameters

In CRC patients, GSTP1 Ilel05Val polymorphism
showed 51% (72/143) A/A homozygous wild type
genotype, 42% (60/143) AJ/G heterozygous variant
genotype, whereas only 7% (11/143) G/G homozygous
variant genotype. The genotype distribution of this
polymorphism was consistent with HWE among CRC
patients (x*=0.095, P=0.757). The representative gel
image is shown in Figure 1. With regard to
clinicopathological parameters, a significant higher
incidence of variant genotypes (A/G+G/G) was observed
in patients with family history (P=0.020) and rectal
cancer (P=0.036) as compared to those without family
history and colon cancer, respectively (Table 1).

Table 1: Correlation of GSTP1 polymorphism and protein expression with clinicopathological parameters.

ch . GSTP1 llel05Val Cytoplasmic GSTP1 Nuclear GSTP1
aracteristics N . P . . P . . [
polymorphism protein expression protein expression
W'E/R/pe Vzggzic:;t/)g)e Low High Low High
N (%) N (%) N (%) N (%) N (%) N (%)
Age (years)
Median: 52 years
<52 68 38 (56) 30 (44) 0.210 | 36 (53) 32 (47) 0.042 | 39 (57) 29 (43) 0.080
>52 75 34 (45) 41 (55) 27 (36) 48 (64) 32 (43) 43 (57)
Gender
Female 58 31 (53) 27 (47) 0.544 | 26 (45) 32 (55) 0.879 | 29 (50) 29 (50) 0.945
Male 85 41 (48) 44 (52) 37 (43) 48 (57) 42 (49) 43 (51)
Habit*
No 77 39 (51) 38 (49) 0.939 | 34 (44) 43 (56) 0.979 | 38 (49) 39 (51) 0.939
Yes 66 33 (50) 33 (50) 29 (44) 37 (56) 33 (50) 33 (50)
Family history
No 133 71 (53) 62 (47) 0.020 | 58 (44) 75 (56) 0.950 | 67 (51) 66 (49) 0.760
Yes 10 01 (10) 09 (90) 05 (50) 05 (50) 04 (40) 06 (60)
Diet
Vegetarian 95 48 (51) 47 (49) 0.953 | 42 (44) 53 (56) 0.959 | 48 (51) 47 (49) 0.770
Veg+Non-veg 48 24 (50) 24 (50) 21 (44) 27 (56) 23 (48) 25 (52)
Tumor site
Colon 69 41 (59) 28 (41) 0.036 | 35 (51) 34 (49) 0.123 | 36 (52) 33 (48) 0.563
Rectum 74 31 (42) 43 (58) 28 (38) 46 (62) 35 (47) 39 (53)
Tumor size
T2 36 20 (56) 16 (44) 16 (44) 20 (56) 0.905 | 21 (58) 15 (42) 0.644
T3 95 48 (51) 47 (49) 0.261 | 42 (44) 53 (56) 42 (44) 53 (56)
T4 12 04 (33) 08 (67) 05 (42) 07 (58) 08 (67) 04 (33)
Nodal status
Negative 90 47 (52) 43 (48) 0.563 | 41 (46) 49 (54) 0.641 | 47 (52) 43 (48) 0.426
Positive 53 25 (47) 28 (53) 22 (42) 31 (58) 24 (45) 29 (55)
TNM stage
| 24 13 (54) 11 (46) 10 (42) 14 (58) 14 (58) 10 (42)
I 64 33 (52) 31 (48) 0.473 | 31(48) 33 (52) 0.508 | 32 (50) 32 (50) 0.331
Il 51 25 (49) 26 (51) 22 (43) 29 (57) 23 (45) 28 (55)
v 04 01 (25) 03 (75) 00 (00) 04 (100) 02 (50) 02 (50)
Tumor
differentiation
Well 29 16 (55) 13 (45) 0.564 | 11 (38) 18 (62) 0.460 | 13 (45) 16 (55) 0.564
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Moderate/Poor 114 56 (49) 58 (51) 52 (46) 62 (54) 58 (51) 56 (49)
Histologic type
Adenocarcinoma | 103 48 (47) 55 (53) 0.152 | 39 (38) 64 (62) | 0.017 | 53(52) | 50(48) | 0.492
II‘\i/InLé]C::r;cI)IUS/SIgnEt 40 24 (60) 16 (40) 24 (60) | 16 (40) 18 (45) | 22 (55)
Pre-op
circulating CEA
levels (ng/ml)

(N=131)
<5.0 68 37 (54) 31 (46) 0.555 | 31 (46) 37 (54) | 0.499 | 34 (50) 34 (50) | 0.528
>5.0 63 31 (49) 32 (51) 25 (40) 38 (60) 28 (44) 35 (56)

*Tobacco chewing, smoking, alcohol, snuff (anyone or in combination)

Figure 1: Representative image of GSTP1 lle105Val polymorphism on 2.5% agarose gel in CRC patients.

Lanes 1, 3, 5, 7: undigested PCR products at 176 bp

Lane 2: presence of A/A homozygous wild type genotype at 176 bp
Lanes 4, 8: presence of A/G heterozygous variant genotypes at 176, 91 and 85 bp
Lane 6: presence of G/G homozygous variant genotype at 91 and 85 bp

Lane 10: negative control
Lane 9: 50 bp ladder

Incidence of GSTP1 protein expression and its
association with clinicopathological parameters
GSTP1 exhibited cytoplasmic and/or nuclear expression
with heterogenous immunoreactivity in 95% of CRC
patients (Figure 2). For statistical evaluation,
cytoplasmic and nuclear expressions were scored
independently and compared separately. Cytoplasmic
GSTP1 expression was observed in 94% of tumors and
nuclear GSTP1 expression was present in 75% of
tumors. The median H-score values of cytoplasmic and
nuclear GSTP1 expressions were used as cut-off value to
divide the patients into low (H-score <median) and high
(H-score >median) expression groups. Cytoplasmic
GSTP1 expression was found to be significantly higher
in patients with older age as compared to younger age
group (P=0.042); and adenocarcinoma as compared to
mucinous/signet ring cell adenocarcinoma (P=0.017).
Also, a trend of higher nuclear GSTP1 expression was
observed in older age group patients as compared to
younger age group patients (P=0.080) (Table 1).

Survival analysis of GSTP1 lle105Val polymorphism

Survival analysis was performed amongst individual
three genotypes as well as wild vs combined variant
genotypes. In total patients, Kaplan-Meier univariate
survival analysis demonstrated that patients with G/G
genotype showed a trend of reduced RFS (P=0.051;
Figure 3a) and a significant reduced OS (P=0.030;
Figure 3b) as compared to those with A/A or A/G
genotypes. Further, in early stage disease, A/A genotype
was associated with a trend of reduced RFS (P=0.053;
Figure 3c), while G/G genotype was associated with a
trend of reduced OS (P=0.074; Figure3d). In advanced
stage patients, a trend of reduced OS was observed with
combined variant genotypes (A/G+G/G) as compared to
AJA genotype (P=0.088; Figure 3e). G/G variant type
also showed a significant reduced OS in the subgroup of
rectal cancer patients (P=0.015; Figure 3f).

In relation to adjuvant treatment, a significant higher
incidence of disease relapse in the subgroup of patients
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having variant G/G genotype treated with combined drug
(67%, 2/3) was observed as compared to those treated
with single drug (50%, 1/2; Log rank=6.226, df=2,
P=0.044). Also, a trend of higher incidence of death with

variant G/G genotype (75%, 3/4) was noted in the
subgroup of patients treated with combined drug as
compared to those treated with single drug (50%, 1/2;
Log rank=5.505, df=2, P=0.064).
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Figure 2: Representative photomicrographs showing (a) Negative (b) cytoplasmic/nuclear staining of GSTP1
(40x).
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Figure 3: Kaplan-Meier survival curves in relation to GSTP1 llel05Val polymorphism (a) RFS (b) in total
patients; (¢c) RFS and (d) OS in early stage patients; (e) OS in advanced stage patients (f) OS in rectal cancer

patients.

Survival analysis of GSTP1 protein expression
low cytoplasmic GSTP1

In early stage patients,

expression was associated with a significant reduced OS
(P=0.026; Figure 4a). While, in advanced stage disease,
patients with high cytoplasmic GSTP1 expression
showed a trend of reduced OS (P=0.086; Figure 4b).
Similarly, low nuclear GSTP1 expression showed a

significant reduced RFS (P=0.029; Figure 4c) and OS
(P=0.005; Figure 4d) in early stage patients; whereas in
advanced stage patients, a significant reduced OS was
observed with high nuclear GSTP1 expression (P=0.012;
Figure 4e). Further, no significant correlation of
cytoplasmic or nuclear GSTP1 expression was observed
with survival in relation to adjuvant treatment.
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Figure 4: Kaplan-Meier survival curves in relation to cytoplasmic GSTP1 protein expression (a) OS in early
stage patients (b) OS in advanced stage patients; Kaplan-Meier survival curves in relation to nuclear GSTP1
protein expression (¢) RFS and (d) OS in early stage patients; () OS in advanced stage patients.

Intercorrelation

When GSTP1 polymorphism and protein expressions
were intercorrelated, a trend of positive correlation was
observed  between GSTP1  polymorphism and
cytoplasmic GSTP1 expression (r=+0.149, P=0.076).
Moreover, a significant positive correlation was observed
between cytoplasmic GSTP1 and nuclear GSTP1 protein
expressions (r=+0.387, P<0.001).

DISCUSSION

In present study, GSTP1 Ilel05Val polymorphism
showed only 7% G/G (Val/Val) homozygous variant
genotypes as compared to 51% of A/A (lle/lle) wild type
and 42% of AJG (lle/Val) heterozygous variant
genotypes in CRC patients. In concordance with present
results, the frequencies of GSTP1-105 were 55% (A/A),
37% (A/G) and 8% (G/G) in advanced CRC patients.™*"!
Likewise, in mCRC, the frequencies of lle/lle, lle/Val
and Val/Val were observed to be 46%, 44% and 9%,
respectively;*® and 40.3%, 48.1% and 11.6%,
respectively.'  Analogous frequencies were also
observed in advanced CRC patients®™?! and colon
cancer patients.”” Present study was conducted in
Western India (Gujarat) and in discordance with present
results, in geographically different region of Kashmir,
prevalence of lle/lle (75.6%) was observed as compared
to lle/Val (16.3%) and Val/Val (8.1%) in CRC cases.!*!
Another study in same region by Pandith et al also
observed similar frequencies for GSTP1 Illel05Val
genotypes in bladder cancer patients.”®! While, in small

number of CRC patients (N=16) amongst South Indian
population, Ramalakshmi et al reported lle/lle (37.5%),
lle/Val (37.5%) and Val/Val (25%) frequencies.[*!! These
variable results attributed that the differences in
genotypic frequencies are mostly based on ethnicity and
the Indian population comprised multiple ethnic groups
[ differing in their lifestyle and environmental factors.

Current study suggests the association of variant
genotypes with aggressiveness of tumor as it showed a
high incidence of variant genotypes (A/G+G/G) in
patients with family history and biologically aggressive
tumor site rectum. In contrast, Holley et al in CRC
showed a trend for increasing frequency of lle/lle
compared with combined lle/Val and Val/Val, with more
advanced Dukes' stage and that this genotype was more
common in patients presenting with metastases.’?
However, no significant  correlation  between
clinicopathological characteristics and GSTP1-105
polymorphism was observed in colon cancer patients,?”

CRC patients @27 and in epithelial ovarian
carcinoma.”®®
When the prognostic importance of GSTP1

polymorphism was explored, the present results revealed
that G/G variant genotype was associated with
unfavorable survival as compared to A/A and A/G
genotypes in total and rectal cancer patients.
Contradictorily, other studies described the association of
variant genotypes with longer survival and higher
response rate to oxaliplatin based therapy in CRC
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patients.**?2?%1 |n accordance with present results, in
other malignancies there exist reports on the association
of Val/Val genotype with worse disease outcome. In
ovarian cancer, Khrunin et al found that patients with
lle/lle genotype had an increased PFS compared with
that of patients with one or two Val alleles.*™ Moreover,
association of Val/Val genotype was noted with worse
outcome in breast cancer®, basal cell carcinomal® and
epithelial ovarian cancer.”®! Nevertheless, GSTP1 105
polymorphism was reported to be not associated with
survival in CRC patients,**! colon cancer,? ovarian
cancer, and breast cancer.**!

Interestingly, present study reported that in early stage
disease, patients with wild type A/A genotype had poor
RFS and those with variant G/G genotype had poor OS.
While, in advanced stage patients, carriers of variant
genotypes (A/G+G/G) were associated with poor OS. It
probably suggests that GSTP1 genotypes functioned
differently in both early and advanced disease stage.

Further, the current finding of association of variant G
allele with worse clinical outcome in the subgroup of
patients treated with combined drug as compared to
single drug would be explained as follows. The direct
involvement of GSTP1 in detoxification of platinum
compound has experimentally been well established.™®
Also, both in-vitro and in-vivo studies are indicative of
involvement of GSTPL1 in the resistance to platinum
compounds.®”®! Hence, the worse outcome in patients
with variant G allele could be due to decrease
effectiveness of 5-FU+OX combination therapy as
compared to 5-FU single agent therapy. Thus, it could be
inferred that, CRC patients with presence of G allele had
survival benefit when treated with single agent 5-FU as
probably they were sensitive and responded better to 5-
FU therapy.

In CRC, considerably less work has been carried out on
GSTP1 (GST m) protein expression. In present study,
GSTP1 protein expression was observed to be located in
cytoplasm and/or nucleus of tumor cells. Cytoplasmic
positive staining was noted in 94% tumors, while nuclear
staining was present in 75% tumors. Kim et al showed
positive GST n nuclei or cytoplasmic immunoreactivity
in 71.4% of cases in advanced CRC.E¥ This finding is in
accord with the reports in nasopharyngeal cancer™® and
NSCLC.™2  |n  breast cancer too, GSTP1
immunoreactivity showed cytoplasmic or nuclear
staining in more than 50% of patients.®**4l |n epithelial
ovarian cancer, GSTP1 cytoplasmic expression was
observed in 65% of patients, whereas 71% of patients
showed nuclear staining.?®

In current study, a significant higher incidence of
cytoplasmic GSTP1 expression was found in patients
with older age and adenocarcinoma as compared to their
respective counterparts. Moreover, a trend of high
nuclear GSTP1 expression was observed in patients with
older age as compared to those with younger age. Ali-

Osman et al also found a strong positive correlation
between the presence of GST-n expression in cell nuclei
and patient age in human gliomas."® However, several
others have shown no significant association of GSTP1
positive ex?ression with clinicopathological parameters
in CRC," NsCLC,"™ breast cancer,” and gastric
cancer.*®

In relation to prognostic role of GSTP1 protein, Allen et
al found that positive GSTP1 nuclear and cytoplasmic
staining was associated with decreased survival in stage |
and I squamous cell lung carcinomas.”! Gilbert et al
suggested that increased GST-pi expression could be an
important predictor of early recurrence and death in node
negative  breast cancer patients.’!  However,
experimental evidence shows that breast epithelial cells
with lack of GSTP1 expression would suffer from DNA
damage more easily upon exposure to carcinogen
pointing towards GSTP1 expression might play a
protective tool from cancer initiation. It indicates
potential role of GSTP1 in an early event in breast
carcinogenesis.[***®! Hence, it might probably the reason
of significant association between low nuclear as well as
cytoplasmic GSTP1 expressions and worse disease
outcome in subgroup of early stage patients in current
study. Although modulation of other signaling pathways
mediated by GSTP1 can also be responsible, since
present study observed contradictory findings in
advanced stage patients showing association of both high
cytoplasmic and nuclear GSTP1 expressions with worse
OS. In accordance, Yamamoto et al in esophageal
squamous-cell carcinoma (ESCC) demonstrated that high
GSTP1 protein expression level was associated with
worse prognosis than low GSTP1 expression level in the
patients treated by adjuvant chemotherapy.™” Similarly,
patients with GSTPi positive tumors had worse DFS as
compared to those with GSTPi negative tumors in breast
cancer.’®! High GST-pi expression in tumor cells and the
presence of the GST-pi protein in tumor cell nuclei are
associated with clinically more aggressive gliomas and
are strong predictors of poor patient survival.® Thus,
current study observed dual function of GSTP1 protein
expression in early and advanced stage CRC. The exact
reason for the same however needs to be elucidated.

The positive intercorrelation between GSTP1 Ile105Val
polymorphism and protein expression in present study
suggests that GSTP1 wild type Ille/lle genotype
associated with low GSTP1 expression and variant type
associated with high GSTP1 expression. Thus, wild or
variant type of polymorphism may affect the levels of
protein expression. However, in epithelial ovarian
cancer, Howells et al (2004) reported a significant
association between the GSTP1 lle/lle genotypes and
increased overall GSTP1 expression (P=0.049), and the
GSTP1 lle/Val genotypes and reduced overall GSTP1
expression (P=0.046).® Hence, further studies are
needed to examine the correlation between GSTP1
lle105Val polymorphism and GSTP1 protein expression
in CRC.
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