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ABSTRACT 

In this study we investigated the immunohistochemical staining characteristics of cytochrome P450 1A1 (CYP1A1), CYPB1, CYP2E1 
and glutathione S-transferase P1 (GSTP1), GSTT1, GSTO1, GSTK1 isoenzymes in gastric tumor and surrounding tumor free (normal) 
gastric tissues from 40 patients. For immunohistochemical studies, tissues were obtained from 40 patients with gastric adenocarci-
noma. Tumor and non-tumoral control tissues of patients were compared according to their staining intensity. Relationships between 
CYP and GST isoenzyme expressions in adenocarcinoma tissues were examined by the Mann Whitney-U test, and the clinicopatho-
logical data were examined by the Spearman’s Rank Correlation test. CYP1B1, GSTT1, GSTO1 and GSTK1 expressions in gastric 
cancer cells were significantly higher than those in gastric normal epithelial cells (p< 0.05). However, CYP1A1, CYP2E1 and GSTP1 
expressions were not significantly higher in tumor epithelium than those in normal epithelium in human gastric adenocancer (p< 0.05). 
Among the studied CYPs and GSTs, there was not statistically significant association between the studied isoenzyme expressions 
and age, gender and tumor grade (p> 0.05). In patients with gastric adenocarcinoma, CYP1B1, GSTO1, GSTT1, and GSTK1 protein 
expressions are higher in tumor than normal gastric tissues.
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ÖZET

İnsan Gastrik Tümörü ve Tümör Olmayan Dokulardaki CYP ve GST İzozimlerinin Ekspresyonları

Bu çalışmada, 40 gastrik kanser hastasında, tümörlü ve tümör periferinde bulunan normal dokularında sitokrom P450 1A1 (CYP1A1), 
CYPB1, CYP2E1 ve glutatyon S-transferaz P1 (GSTP1), GSTT1, GSTO1, GSTK1 izozimlerinin immünohis¬tokimyasal boyanma 
özellikleri araştırılmıştır. İmmünohistokimyasal çalışmalar için dokular, gastrik adenokarsinomalı 40 hastadan elde edildi. Hastaların 
tümör ve normal kontrol dokuları boyama yoğunluğuna göre karşılaştırıldı. Adenokarsinoma dokularında CYP ve GST izoenzimlerinin 
ekspresyonları arasındaki ilişki Mann Whitney-U testi ile ve klinikopatolojik veriler Spearman korelasyon rank testi ile incelendi. Gas-
trik kanserli dokularda CYP1B1, GSTT1, GSTO1 ve GSTK1 ekspresyonlarının normal dokulara oranla daha fazla olduğu istatistiksel 
olarak anlamlı bulundu (p< 0.05). Fakat, CYP1A1, CYP2E1 ve GSTP1 ekspresyonlarının normal dokulara oranla daha az olduğu 
istatistiksel olarak anlamlı bulundu (p< 0.05). Çalışılan CYP ve GST izozimlerinin ekspresyonları ile yaş ve cinsiyet arasında istatistik-
sel olarak anlamlı bir ilişki bulunamadı (p> 0.05). Gastrik adenokarsinomalı hastalarda, CYP1B1, GSTO1, GSTT1 ve GSTK1 protein 
ekspresyonları tümörlü dokuda, normal gastrik dokulardan daha yüksektir.

Anahtar Kelimeler: Gastrik adenokarsinoma, Sitokrom P450 enzimleri, Glutatyon-S-transferaz
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INTRODUCTION

Gastric cancer is one of the most common malig-
nancies in the world. Nutritional, infectious and 
genetic factors have been shown to play a role 
in multistage process of gastric carcinogenesis.1-3 
Also, several lines of evidence have indicated that 
cigarette smoking is a risk factor for developing 
gastric cancer4,5 and that the carcinogens in tobac-
co smoke, such as benzo[α]pyrene6 and in drink-
ing water7 are involved in gastric carcinogenesis. 
Many potentially carcinogenic compounds first 
require metabolic activation by phase I enzymes 
and then are subjected to detoxification by phase 
II enzymes.

Phase I enzymes are encoded by the cytochrome 
P450 (CYP450s) gene family, and phase II en-
zymes include the glutathione-S-transferases 
(GSTs). The glutathione S-transferase (GST) fam-
ily of genes has a critical function in protection 
against electrophiles and the products of oxidative 
stress.8,9 GSTs are involved in the metabolism of 
many xenobiotics, including an array of environ-
mental carcinogens, chemotherapeutic agents and 
endogenously derived reactive oxygen species.8 
GSTs have classified into at least eight genetically 
distinct classes: alpha, mu, pi, theta, omega, kappa, 
zeta and sigma.10

Chen et al. found that GSTT1 null genotype was 
associated with a statistically significant increased 
risk of gastric cancer. They also showed that the 
frequency of GSTT1 null genotype was distinctly 
different between Asians and Caucasians.11

González et al. found no significant differences in 
GSTP1 Ile105Val (rs1695) and GSTP1 Val114Ala 
(rs1138272) genotype distribution were observed 
between gastric cancer patients and control.12

In this study, we aimed to investigate the expres-
sion of GSTT1, GSTP1, GSTO1,GSTK1 and CY-
P1A1, CYP1B1, CYP2E1 isoenzymes in gastric 
adenocarcinoma patients. 

PATIENTS AND METHODS 
Patients
Gastric adenocarcinoma and  normal (surround-
ing tumor-free) tissue samples were obtained from 
40 patients, 29 male and 11 female (mean age 

64.4±13.024) (Table 1), who were diagnosed at 
Health Sciences University Kecioren Training and 
Research Hospital, Ankara, Turkey, between 2009 
and 2012. The samples were stained immunohis-
tochemically with the antibodies. For all patients, 
questionnaires including information about age, 
gender, and smoking status were obtained. Opera-
tion material was examined macroscopically by 
two pathologists in each case. Tissues were fixed 
overnight. Two sections were taken from the pa-
tient: one from the tumor tissue and one from nor-
mal tissues adjacent to the tumor used as controls. 
Due to heterogeneity of the histological subtypes, 
gastric adenocarcinoma subtyping wasn’t per-
formed in the microscopical examination of the 
study. Grading of the tumor were not included to 
the study.

Immunohistochemical Staining
The tissues were fixed in 10% buffered formalin 
and embedded in paraffin blocks. Sections were cut 
4 µm thick, and one section was stained with he-
matoxylin and eosin to observe the tissue morphol-
ogy and tumor score. For immunohistochemistry, 
endogenous peroxidase activity was blocked by 
incubating the sections in 1% hydrogen peroxide 
(v/v) in methanol for 10 minutes at room tempera-

Table 1. Clinicopathologic characteristics of the patients in 
this study

  n %

GastricAdenocancer 40 100

Gender

 Male 29 72.5

 Female 11 27.5

Age                 Mean (64,4); Range (45-90) 

 <68 23 57.5

 >68 17 42.5

Tumor differentiation

G1 13 32.5

G2 14 35

G3 13 32.5

G1= Well differentiated Adenocarcinoma; G2= Moderately differen-
tiated Adenocarcinoma; G3= Poorly differentiated Adenocarcinoma
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ture (RT). The sections were subsequently washed 
in distilled water for 5 minutes, and antigen retriev-
al was performed for 3 minutes using 0.01M citrate 
buffer (pH 6.0) in a domestic pressure cooker. Af-
ter washing in water, the sections were transferred 
in 0.05M Tris-HCl (pH 7.6) containing 0.15M 
sodium chloride tris buffered saline (TBS). Then, 
the sections were incubated at RT for 10 minutes 
with super block (SHP125) (ScyTek Laboratories, 
USA) to block nonspecific background staining. 
The sections were then covered with the primary 
antibodies diluted 1:250 for anti-GSTP1, 1:400 
for anti-GSTK1, 1:500 for anti-GSTT1, 1:250 for 
anti-GSTO1, 1:50 for anti-CYP1A1, 1: 400 for 
anti-CYP1B1, 1:250 for anti-CYP2E1  in TBS 
at 4oC overnight. (Anti-GSTK1 (EPR1939) was 
from Origene Technologies Inc., USA; GSTO1 
(ab88604) was from Abcam Inc., USA; Anti-
CYP1A1 (sc-20772) and Anti-GSTP1 (sc-28494) 
were from Santa Cruz Biotechnology Inc., USA; 
Anti-CYP1B1 (sc-32882) was from Santa Cruz 
Biotechnology Inc., USA; Anti-CYP2E1 (PA1116) 
was from BOSTER Biological Technology., Ltd. 
USA). After washing in TBS for 15 minutes, the 
sections were incubated at RT for biotinylated link 
antibody (SHP125) (ScyTek Laboratories, USA). 
Then, treatment was followed with Streptavidin/
HRP complex (SHP125) (ScyTek Laboratories, 
USA). Diaminobenzidine was used to visualize 
peroxidase activity in the tissues. Nuclei were light-
ly counterstained with haemotoxyline, and then the 
sections were dehydrated and mounted. Both posi-
tive and negative controls were included in each 
run. Positive controls consisted of sections of gall-
bladder tissues for CYP1A1 and skeletal muscle 
tissues for CYP1B1, liver tissues for GSTK1 and 
GSTP1, lung tissues for GSTT1, CYP2E1, colon 
tissues for GSTO1. TBS was used in place of the 
primary antibody for negative controls.

Light microscopical examination of immunohis-
tochemically stained sections was performed by a 
pathologist and a biologist, who had no knowledge 
of the patients’ clinical information. Distribution, 
localization and characteristics of immunostain-
ing were recorded. Brown color in cytoplasm of 
epithelial cells was evaluated as positive staining. 
Scoring was also performed by pathologist una-
ware of the patient data. Scoring differences be-
tween pathologists were resolved by consensus. 
For each antibody, the intensity of the reaction; 
negative (-), weak (1+), moderate (2+) or strong 
(3+) was determined in order to describe the im-
munoreactions.

Statistical Analysis 
In the study, MINITAB 14 statistical software 
(MINITAB release 14.12.0, MINITAB INC. State 
Collage, Pennsylvania, United States) was used 
for statistical evaluations. Expressional differences 
of CYP and GST isoenzyms between tumor and 
normal tissues were examined by Mann-Whitney 
U Test and relationships between CYP and GST 
proteins expressions and clinical data of patients 
(such as age, gender, smoking status, tumor grade) 
were examined by the Spearman’s Rank Correla-
tion Test. The results were found to be significant 
for p< 0.05.

RESULTS
Fourty paired samples of gastric adenocarcinoma 
and the surrounding normal gastric tissue were ex-
amined from 40 patients. 

We found normal gastric mucosa to be character-
ized by a low frequency of expression of CYP1A1, 
CYP1B1, CYP2E1, GSTP1, GSTT1, GSTO1 and 
GSTK1. In contrast, gastric carcinoma cells were 
found to exhibit a very high frequency of expres-
sion of all the studied CYP and GST proteins with 
respect to normal gastric mucosa (Table 2, 3). 

Table 2. The number and percentages of patients with higher CYPs expressions in tumor tissues than normal tissues

             CYP1A1         CYP1B1         CYP2E1

  Total (n) Tumor (n) % Tumor (n) % Tumor (n) %

Gastric Cancer 40 10 25 24 60 11 27.5
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When tumor and normal tissues were matched and 
the protein expression levels were assessed, CY-
P1B1 expression was stronger in tumor epithelium 
than normal epithelium in 24 samples. However, 
CYP1A1 and CYP2E1 expressions were not sig-
nificantly higher in tumor epithelium than those in 
normal epithelium in human gastric adenocarci-
noma (11 and 10 patients, respectively) (Table 2). 

Among the studied proteins, GSTP1, GSTK1, 
GSTO1 and GSTT1 expressions were found in 
most of the tumor tissue samples of patients. 
GSTP1 expression was found in 18, GSTK1 ex-
pression was found in 27, GSTO1 expression was 
found in 20 and GSTT1 expression was found in 
21 out of 40 patients’ tumor tissues (Table 3). 

Protein expressions of CYP1B1 was significantly 
higher in tumors than their surrounding normal tis-
sue (p< 0.05) (Table 2). As shown in Table 3, tumor 
tissues had significantly higher GSTT1, GSTO1 
and GSTK1 expressions when compared to normal 
tissue (p< 0.05).

The stronger GSTK1 staining was observed in tu-
mor epithelium than normal epithelium in human 
gastric adenocarcinoma. The 27 patients was con-
sidered to have GSTK1 expression more than nor-
mal gastric tissue. GSTT1, GSTO1 and GSTP1 ex-
pressions were stronger in tumor epithelium than 
those in normal epithelium in gastric adenocarci-
nomas (21, 20, 18 patients, respectively) (Table 3).

The cells were stained with CYP1A1, CYP1B1, 
CYP2E1, GSTP1, GSTT1, GSTO1 and GSTK1 
antibodies and their positivity in tumors and nor-
mal gastric tissues were determined. Figure 1 
shows strong nuclear and cytoplasmic staining 
with CYP1A1 was observed in gastric adenocar-
cinoma cells. 

In Table 4, protein expressions of CYP isoenzymes 
in tumor and normal tissues of gastric adenocar-

cinoma patients and their statistical differences 
are given. When protein expression differences 
between tumor and normal tissues of gastric ad-
enocarcinoma patients were examined according 
to the averages of immunohistochemical scoring; 
it was seen that protein expressions of CYP1A1, 
CYP1B1 and CYP2E1 isoenzymes were higher in 
tumor tissues in comparison to normal tissues. In 
the conducted statistical analysis, higher protein 
expression of CYP1B1 isoenzyme in tumor tissues 
in comparison to normal tissues was found to be 
statistically significant (p< 0.05); protein expres-
sion differences of CYP1A1 and CYP2E1 isoen-
zymes could not be verified statistically (p> 0.05) 
(Table 4). When the average immunohistochemi-
cal scorings of well, moderately and poorly dif-
ferentiated gastric adenocarcinoma patients were 
examined based on tumor grades; it was found 
that protein expressions of CYP1A1, CYP1B1 
and CYP2E1 isoenzymes were higher in tumor tis-
sues in comparison to normal tissues, but whereas 
higher protein expression of CYP1B1 isoenzyme 
in tumor tissues in comparison to normal tissues 
was found to be statistically significant (p< 0.05) 

Figure 1. Immunohistochemical expression of CYP1A1 isoen-

zyme in patients with gastric adenocarcinoma. X200.

Table 3. The number and percentages of patients with higher GSTs expressions in tumor tissues than normal tissues

          GSTP1        GSTT1          GSTK1      GSTO1

 Total (n) Tumor (n) % Tumor (n) % Tumor (n) % Tumor (n) %

Gastric Cancer 40 18 45 21 52.5 27 67.6 20               50.0
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in poorly gastric adenocarcinoma patients, protein 
expression differences of CYP1A1 and CYP2E1 
isoenzymes could not be verified statistically (p> 
0.05) in other tumor grades (Table 4).

In Table 5, protein expressions of GST isoenzymes 
in tumor and normal tissues of gastric adenocar-
cinoma patients and their statistical differences 
are given. When protein expression differences 
between tumor and normal tissues of gastric ad-
enocarcinoma patients were examined according 
to the averages of immunohistochemical scoring; 
it was seen that protein expressions of GSTP1, 
GSTT1 and GSTA1 isoenzymes were higher in 
tumor tissues in comparison to normal tissues. 
In the conducted statistical analysis, higher pro-
tein expression of GSTP1 and GSTT1 isoenzyme 
in tumor tissues in comparison to normal tissues 
was found to be statistically significant (p< 0.05; 
p< 0.05 respectively); however, protein expres-
sion differences of GSTA1 isoenzyme could not 
be verified statistically (p> 0.05) (Table 5). When 
the average immunohistochemical scorings of 
well, moderately and poorly differentiated gas-
tric adenocarcinoma samples from patients were 
examined based on tumor grades; it was found 
that protein expressions of GSTP1, GSTT1 and 
GSTA1 isoenzymes were higher in tumor tissues 
in comparison to normal tissues, but higher protein 
expression of GSTT1 isoenzyme in tumor tissues 
in comparison to normal tissues was only found to 
be statistically significant (p< 0.05) in well differ-
entiated gastric adenocarcinoma patients, in other 
tumor grades protein expression differences of 
GSTP1 and GSTA1 isoenzymes could not be veri-
fied statistically (p< 0.05) in other tumor grades 
(Table 5). Figure 2 shows that moderate nuclear 
and cytoplasmic staining with GSK1 was observed 
in gastric adenocarcinoma cells. 

There was no statistically significant relationship 
between the clinical data of the patients such as 
gender, age, tumor grades and the expressions of 
CYP and GST isoenzymes in tumor and normal tis-
sues of patients (p> 0.05).

DISCUSSION
Glutathione S-transferases are the most important 
class of enzymes involved in the protection of cells T
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from the toxic effects of reactive electrophiles. 
Both increased and reduced levels of expression 
of specific GST isoenzymes in tumors, particularly 
in those that have become resistant to anti-cancer 
drugs, suggest a role for these proteins in the de-
velopment of resistance to chemotherapy. Deter-
mination of the GST isoenzyme profile of a cancer 
tissue could have prognostic value in the selection 
of treatment.13

To our knowledge, this study represents the first 
comprehensive description of tissue specific ex-
pression differences of CYPs and GSTs together 
between gastric tumor tissue and normal gastric 
tissue in the same patients. Cancer cells exhibit 
multiple alterations that result in functional and 
morphological differences from normal cells. Be-
cause tumor cells are known to change some of 
their functions especially overexpression of pro-
teins during the malignant transformation process, 
it can be suggested that higher expression levels of 
CYPs and GSTs in the tumor cells might be a result 
of this transformation.

GSTs are an important family of enzymes in-
volved in detoxification of several xenobiotics, so 
this mechanism protects tissues from the harmful 
effects of oxidative stress, and therefore against 
chemically induced tissue damage. We found that 
CYP1B1, GSTT1, GSTO1 and GSTK1 expres-
sions were stronger in gastric adenocarcinoma 
than normal tissue (p< 0.05).  High tissue levels of 
glutathione S-transferases (GSTs), a family of de-

Figure 2. Immunohistochemical expression of GSTK1 isoen-

zyme in patients with gastric adenocarcinoma X100.
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toxification enzymes, are inversely correlated with 
cancer risk in the human gastrointestinal tract.11 
An immunohistochemical study13 of GST in breast 
cancer reported in normal epithelium there was a 
stronger intensity of staining for GST alpha, mu, 
and pi expression than in invasive tumor tissues 
(p< 0.05). Oguztuzun S, et al.14 investigated the 
immunohistochemical staining characteristics of 
glutathione-S-transferase alpha, pi, mu, theta and 
p53 in non-small cell lung carcinoma and normal 
lung tissue from 50 patients. They found that glu-
tathione-S-transferase alpha, pi, mu, theta expres-
sions in tumor cells were significantly higher than 
normal cells (p< 0.05). Oguztuzun S, et al.15 using 
immunohistochemistry, detected  that the urothe-
lial cancer cells had stronger staining intensity than 
the benign cells had in 48% of cases for GSTA, 
46% of cases for GSTP, 38% of cases for GSTM4, 
and 42% of cases for GSTT1 from 124 bladder car-
cinoma patients. Simsek G, et al.16 investigated the 
immunohistochemical staining characteristics of 
glutathione-S-transferase (GST) alpha, pi, mu, and 
theta in prostatic acinar adenocarcinoma (PCA), 
prostatic intraepithelial neoplasia (PIN), and be-
nign prostatic tissues from 19 patients.They found 
that GST alpha, pi, mu, and theta expressions in 
tumor cells were significantly lower than in PIN 
and benign epithelial cells (p< 0.05). The down-
regulation of GST isoenzymes in PCA of the pros-
tate and shows that the loss of GST isoenzyme ex-
pression is a phenotype associated with malignant 
transformation.
La Torre et al. reported the results of a meta-analy-
sis concerning GSTM1 polymorphism and risk of 
gastric cancer.17 As GSTT1 is expressed at relative-
ly high levels in many cell types of the human gas-
trointestinal tract.18,19 Several case-control studies 
had null genotypes of GSTM1 and GSTT1 had an 
increased gastric cancer risk compared with those 
who had both active genes.20 Based on a recently 
published meta-analysis study, there is a significant 
association between GSTM1 polymorphism and 
risk of gastric cancer.21 Many studies reported the 
combination genotypes of GSTM1 and GSTT1 
in control subjects and gastric cancer patients in-
creased the risk of gastric cancer.22-27

Yoshinori et al. showed that patients who were 
heavy smokers with the genotypes Val/Val (V/V) 

for CYPIAI and the combined genotype of V/V for 
CYP1A1 and GSTM10 were a statistically high 
risk group for  esophageal carcinoma, compared 
with control subjects.28

Two previous studies (Kumarakulasingham et al., 
de Waziers et al. 29,30 which have analyzed the CY-
P1A1 protein expression in human colon failed to 
detect significant differences of CYP1A1 protein 
level between tumor mucosa samples and normal 
colon mucosa samples. In our study, CYP1B1 ex-
pression was stronger in tumor epithelium than 
normal epithelium in the majority of the samples. 

Gibson and coworkers31 detected higher CYP1B1 
expression in colon adenocarcioma tissue than 
adjacent normal mucosa by immunohistochemis-
try. Murray and coworkers32 found high CYP1B1 
expression in colon cancer but they did not detect 
CYP1B1 in normal colon. Kumarakulasingham 
et al.29 and Chang et al.33 found that immunohis-
tochemical staining of CYP1B1 showed greater 
intensity of expression in colorectal carcinoma 
patients compared to normal colorectal samples of 
healthy individuals. Based on these observations, 
higher expression of CYP1B1 in gastric adenocar-
cinoma appears to be a consistent finding.

Bergheim and coworkers34 detected the CYP2E1 
protein in colonic adenoma tissues by using West-
ern blot. They observed no difference between the 
mean protein levels of CYP2E1 in normal and 
neoplastic tissues of patients with adenoma. How-
ever, we have found a significant difference in the 
CYP2E1 expression between normal and gastric 
adenocarcinoma tissue of patients by immunohis-
tochemistry. 

In this study, although there were expressional dif-
ferences between the tumor and normal tissues, 
there was no statistically significant correlation be-
tween the expressions of CYP and GST, and age, 
gender and tumor differentiation of the patients. 
This result may show that the expression differ-
ences of these isoenzymes between tumor and nor-
mal tissues do not depend on variables such as age, 
gender of patients. Despite the presence of expres-
sion differences in tumor and normal tissues, there 
is no significant relationship between the expres-
sion of isoenzymes and tumor differentiation. 
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The number of gastric adenocancer patients in the 
present study was small. Future studies with sub-
stantially larger numbers of gastric cancer patients 
will be needed to prospectively examine the possi-
ble relationship between CYP and GST expression 
and prognostic factors.

To our knowledge, the present study represents the 
first comprehensive description of the three classes 
of CYPs and four classes of GSTs in gastric ad-
enocancer tissues. As a conclusion, these results 
suggest that the GST, CYP population, owing to 
higher expression of multiple GSTs, CYPs espe-
cially CYP1B1, GSTO1, GSTT1, and GSTK1, can 
play a role in tumor growth and carcinogenesis of 
the gastric adenocancer.

This study demonstrates the wide variability in 
CYP and GST proteins expression in gastric ade-
nocancer. Incorporating such an approach in larger 
trials may help elucidate the roles of these proteins 
in carcinogenesis and identify potential targets for 
chemoprevention.
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