
Abstract. Background: Gender difference in survival of
patients with gastric cancer is not well investigated. The aim
of this study was to analyze the gender-related distribution
of estrogen receptor alpha (ERα) and androgen receptor
(AR) in the epithelium and stroma of intestinal-type gastric
cancer. Materials and Methods: Immunohistochemical
analysis was performed in 60 patients (42% females).
Results: In gastric cancer patients, frequency of ERα-
positive cells was lower in epithelium than in healthy
individuals, but not significantly. In stroma and epithelium,
AR-positive cells were absent from samples of women with
T1 and T2 stage disease, while in men, their frequency was
significantly increased in stroma of those with T3 and T4
stages and was significantly higher compared to women.
AR-positive cells in stroma were fibroblasts, myofibroblasts
and mast cells. Conclusion: To our knowledge, this study is
the first to show gender differences in the distribution and
frequency of AR-positive cells in neoplastic stroma of
gastric cancer. 

Major risk factors for developing gastric cancer are infection
with Helicobacter pylori, peptic ulcer, dietary habits,
ionizing radiation, smoking, alcohol and pernicious anemia

(1-3). Despite the global reduction in gastric cancer
incidence and mortality (4), it is still one of the leading
causes of cancer death (5).

Men exhibit a higher incidence and mortality of gastric
cancer than women (6, 7). Therefore, the role of testosterone
and estrogen in gastric cancer etiology, response to therapy
and survival have been investigated during the last several
decades, but the involved mechanisms and pathways still
remain unclear. Data regarding the level of ERα in gastric
neoplastic tissue in comparison with normal gastric tissue
are still contradictory (8-12). The expression of ERα and
ERβ mRNA has been shown to be related to a poorer
prognosis and increased metastatic potential of gastric
cancer (10-13). It has additionally been shown in an animal
model that estrogen directly promotes apoptosis in gastric
cancer (14) and reduces the size of gastric lesions caused by
H. pylori, probably by enhancing the function of interleukin
(IL)-10 thus decreasing expression of interferon-γ and
IL1βa induced by H. pylori (15). The expression of ERα in
in vitro experiments with MKN28 gastric cancer cells was
associated with the promotion of apoptosis and inhibition of
cell growth (16).

Recent studies have shown that the AR is involved in a
number of pathways associated with carcinogenesis of
tissues other than reproductive organs. Overexpression of AR
seems to promote carcinogenesis and has been reported in
association with lymph node metastases and poor prognosis
(17, 18). Studies analyzing neoplastic gastric tissue have
found positive AR reaction to correlate with poorer survival
but not with other clinicopathological parameters (17, 19,
20). An experimental model in rats showed that testosterone
delayed the healing of gastric ulcer and increased plasma
levels of IL1β and tumor necrosis factor α (21).

197

*These Authors contributed equally to this study. 

Correspondence to: Aleksandra Fucic, Institute for Medical
Research and Occupational Health, Ksaverska c 2, 10000 Zagreb,
Croatia. Tel: +385 14682500, e-mail: afucic@imi.hr

Key Words: Intestinal gastric cancer, estrogen receptor, androgen
receptor, stroma, mast cell, myofibroblast.

ANTICANCER RESEARCH 37: 197-202 (2017)
doi:10.21873/anticanres.11306

Gender Difference in Distribution of Estrogen and 
Androgen Receptors in Intestinal-type Gastric Cancer

ZORAN JUKIC1,5*, PETRA RADULOVIC2*, RANKO STOJKOVIĆ3, AUGUST MIJIC2, JOSIP GRAH4,5, 
BOZO KRUSLIN2,6, ZELJKO FERENCIC7 and ALEKSANDRA FUCIC8

1General Hospital Nova Gradiska, Nova Gradiska, Croatia;
2Sestre Milosrdnice University Hospital Center, Zagreb, Croatia;

3Rudjer Boskovic Institute, Zagreb, Croatia;
4Rebro, Clinical Hospital Centre, Zagreb, Croatia;

5School of Medicine, J.J. Strossmayer University of Osijek, Osijek, Croatia;
6School of Medicine, University of Zagreb, Zagreb, Croatia;

7Srebrnjak Clinical Hospital, Zagreb, Croatia;
8Institute for Medical Research and Occupational Health, Zagreb, Croatia

0250-7005/2017 $2.00+.40



The expression of sex hormones is correlated with other
molecules described in neoplastic tissue and relevant to the
etiology and therapy of gastric cancer. Thus, susceptibility
to developing gastric cancer has been suggested to be
correlated with a decreased expression of the trefoil factor 1
(TFF1) gene related to polymorphism of the estrogen
response element (22).

The significance of stroma in cancer progression and
invasiveness has been investigated in different types of
cancers. Activation of stroma is generated by invading
tumor cells supported by activated fibroblasts and
myofibroblasts with a high proliferative rate and capacity to
produce different growth factors and cytokines, including
those that promote angiogenesis (23, 24). As yet, the
mechanisms and pathways crucial for the activation of
stromal cellular and acellular components are not familiar
at a level that would enable the introduction of stromal
biomarkers as prognostic parameters or drugs with impact
on the elimination of stromal elements in angiogenesis or
metabolic support for neoplastic cells. It seems that
stromatogenesis occurs simultaneously with the neoplastic
process at the invasive front of an active tumor and at sites
of tumor metastasis (25).

The aim of this study was to investigate the distribution
of ERα and AR in stroma and neoplastic epithelium in
patients with intestinal-type gastric cancer. Although both
ERα and ERβ have been described in gastric cancer, this
study analyzed ERα because of its suggested association
with cancer invasiveness and as further investigations are
still needed due to contradictory findings (13, 26, 27). In
order to obtain better insight into the gender difference in
intestinal gastric tumor biology, both male and female
patients were included in the study. The aim of this study
was also to compare ERα and AR distribution in different
stages of intestinal gastric cancer. 

Materials and Methods

All procedures were performed in accordance with the ethical
standards of the national regulations and with the 1964 Declaration
of Helsinki and its later amendments or comparable ethical
standards. This study was approved by the Ethical Committee of
Sestre Milosrdnice University Hospital Center, Croatia (no. EP-
1538913-9). This article does not include any studies with animals
performed by any of the Authors. Tissue specimens used in the
current study were part of the hospital tissue archive. For this type
of study formal consent is not required. 

In this study, 60 histological specimens from patients with
intestinal-type gastric cancer were analyzed, of which 26 were from
women and 34 from men. Stages from T1N0 to T4N2 were
included. Comparison of results was performed based on Lauren’s
classification (28) between those with T1 and T2 versus those with
T3 and T4 stages. The mean age of patients was 69 years
(range=35-90 years). All neoplastic tissue specimens were obtained
before anticancer therapy. 

Resected tissue specimens were formalin-fixed, paraffin-
embedded and cut on a microtome to form tissue sections (thickness
5 μm) which were routinely stained with hematoxylin and eosin dye.
Immunohistochemical analysis was performed after tissue section
deparaffinization following the microwave streptavidin
immunoperoxidase protocol and using labelled streptavidin-biotin
method on a DAKO TechMate™ Horizon automated immunostainer.
Monoclonal antibodies against ERα (Dako, Glostrup Denmark) and
AR (Abcam, Cambridge, UK) were used. Human breast cancer
tissue expressing ERα and human prostate cancer tissue expressing
AR were used as positive control. Negative control was performed
by incubation of sections without primary antibody. 

The scoring of nuclear and cytoplasmic immunoreactivity in
cancer epithelium and stroma was performed as follows (20, 29).
ERα- and AR-positive cells in cancer epithelium and stroma were
classified into the following two groups: positive, more than 10%
positive cells; and negative, fewer than 10% positive cells or no
immunoreactivity. The evaluation was performed by two of the
authors (BK and PR), independently. Discordant results between the
investigators were re-evaluated together. The AR scoring in
carcinoma cells was performed on high-power fields (×400) using
standard light microscopy. In each case, more than 500 carcinoma
cells were counted. Percentage of immunoreactivity, i.e. labelling
index (LI), was determined. Cases with more than 10% LI were
regarded as positive and cases with less than 10% LI as negative. 
In order to estimate difference in frequency of ERα- and AR-
positive cells in epithelium and stroma and to compare frequency
between genders and TN stages, statistical analysis was performed
using Kruskal-Wallis ANOVA test.

Results

Expression of ERα and AR was analyzed in 60 patients with
intestinal-type gastric cancer staged from T1N0 to T4N2. Of
this group, 42% were female. The average age of patients was
69.8±13.8 years for women and 69.3±10.5 years for men.
Immunohistochemically stained receptors were analyzed in
normal and neoplastic epithelium and stroma as well as in the
muscular layer of the gastric wall. Immunostaining was
observed both in the nucleus and cytoplasm.

Expression of ERα was detected in the neoplastic
epithelium, nuclei of fibroblasts within gastric cancer stroma,
nuclei of monocytes and lymphocytes, cytoplasm of mast cells
and neutrophils, as well as in goblet cell vacuoles in the area
of intestinal metaplasia adjacent to the tumor. Positive AR
immunoreactivity was detected in the nuclei of gastric cancer
cells, cytoplasm of intratumoral and extratumoral mast cells,
as well as in the nuclei of myofibroblast cells in the vicinity
of blood vessels and at the invasive border of the tumor. 

For both genders with T2 or T3 stage tumors, ERα-
positive cells were present in inflammation. In stroma, AR-
positive cells were detected in men in T1, T2 and T3 stages
in myofibroblasts next to blood vessels, mast cells,
fibroblasts, and lymphocytes. 

For both genders, the frequency of cases with ERα-
positive cells in neoplastic epithelium and stroma was lower
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than in the controls, although the difference was not
significant. In women AR-positive cells were absent in those
with stage T1 and T2 disease both from the stroma and the
epithelium. In men, frequency of cases with AR-positive
cells in the stroma was significantly higher in those with T3
and T4 in comparison to stages T1 and T2 and was
significantly higher than in women (Table I).

Discussion

According to the International Agency for Research on
Cancer (http://globocan.iarc.fr/old/FactSheets/cancers/
stomach-new.asp), approximately one million new cases of
gastric cancer were estimated to have occurred in 2012,
making it the fifth most common malignancy in the world.
It is the third leading cause of cancer death in both sexes
worldwide. Age-standardized incidence rates are about twice
as high in men as in women and there is a higher survival
rate of women after anticancer therapy. 

In this study, the frequency of cases with ERα-positive
cells in epithelium and stroma was lower than that in the
controls, although not significantly. There was no significant
difference in frequency of cases with ERα-positive cells
between TN stages and gender. In women, AR-positive cells
were not detected in stages T1 and T2, neither in the
neoplastic epithelium nor in the stroma. In men, the
frequency of cases with AR-positive cells in stroma with T3
and T4 stage disease was significantly higher in comparison
with men with stage T1 and T2, and with women. As far as
we are aware, this study is the first to show that the major
difference between men and women in intestinal-type gastric
cancer lies in the expression of stromal AR, suggesting that
the stroma plays a significant role in gender differences in
invasiveness and survival following intestinal gastric cancer.

The gender difference in gastric cancer incidence and
survival has so far been suggested originate in gender

differences of ER and AR expression in gastric tissue (30,
31). The results of this study are in agreement with a recent
similar study where a decrease in frequency of ERα-positive
cells was detected in the neoplastic tissue of patients with
stomach cancer (12, 32) and correlated with poorer survival
prognosis. 

It was shown in an animal model that both castration and
administration of 17β-estradiol to male rats reduced the
incidence of experimentally-induced gastric tumors. The
incidence of gastric cancer in MNNG-treated castrated rats
was lower than in 17b-estradiol treated intact male rats,
suggesting not only that 17β-estradiol may protect against
gastric carcinogenesis but also that testosterone may take
part in the promotion of gastric cancer (33-35). Additionally,
it has been shown that the origin of the higher resistance in
women to gastric ulceration caused by stress may have origin
in higher levels of estrogen than in men (36). Similarly, the
incidence of intestinal metaplasia induced in rats by X rays
was higher in ovariectomized females than in intact ones,
and increased in those with testosterone pretreatment and
decreased in those pretreated with dimethyl estradiol (37).
Presence of inflammation in gastric cancer may also be
related with a decrease in estrogen-directed control of
immunological defense mechanisms (38). According to
recent findings, both ERα and ERβ mediate in acetic acid-
induced gastric damage in rats, play equal and efficient roles
in the anti-inflammatory mechanisms of estrogen, and limit
the migration of neutrophils to inflamed tissues (39). Some
studies have shown that estrogen has an impact on genes
related to cell differentiation (40). Using an MKN28 gastric
cell line with ERα overexpression, it was shown that ERα
reduces the motility and invasion of gastric cancer cells as
suggested by a decrease of β-catenin (16). An in vitro model
showed that estradiol reduced the migration speed, apoptosis
and cell proliferation of a gastric adenocarcinoma cell line
(16, 41), and that a physiological dose of estrogen reduced
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Table I. Distribution of frequencies of estrogen receptor α (ERα)- and androgen receptor (AR)-positive cells in epithelium and stroma in patients
and healthy individuals. p-Values are for the difference in frequency of cases with ERα-/AR-positive cells in epithelium and stroma between genders
and cancer stage.

Stage                Gender                                      ERα-positive                                                                     AR-positive                                            Whole 
                                                                                                                                                                                                                                      cohort
                                         Epithelium        p-Value         Stroma         p-Value        Epithelium           p-Value          Stroma             p-Value              78
                                                 N                                         N                                          N                                              N                                              

T1+T2                  M                 3                   0.48                1                 0.87                   1                      0.39                  2                    <0.01               10
                              F                  3                                          1                                           0                                               0                                              9
T3+T4                  M                 4                                          1                                           5                                              11                                            24
                              F                  2                                          1                                           4                                               1                                             17
Control                                     11                                         0                                           5                                               2                     0.10                18

M: Male; F: female; N: number of individuals with ERα-/AR-positive cells.



granulocyte activity by stimulating NO release by activation
of ER (42). Thus, the reduction of ERα and increase of AR
in neoplastic tissue reported in our study are in concordance
with results of these experimental studies.

There has been increased interest regarding the role of AR
in the etiology of cancer and its impact on survival. AR
expression has been reported in liver, colon, gastric and brain
tumors and better survival is associated with tumor AR
negativity (43). Apart from reproductive organs, testosterone
has been described as a mitogen in other specific tissues
during development, as well as in some neoplasms and in in
vitro studies (44-46). It has been suggested that AR-mediated
metastasis regulation involves mechanisms via the AKT
pathway (43). Interactions between ERα, ERβ and AR in
normal and neoplastic gastric tissue are still unknown.
However, it has been shown that androgen-synthesizing and
-metabolizing enzymes are present locally in gastric cancer
tissue (20). The impact of testosterone on cancer-invasive
growth is additionally shown as AR-positive cells have also
been detected in lamina propria as a significant location for
neoplastic growth (47).

The stroma is a crucial milieu both for the homeostasis of
healthy tissue and for carcinogenesis. It has been suggested
that mast cells in stroma may inhibit the proliferation and
dissemination of gastric cancer cells as well as ER-positive
mast cells (48) via release of TNF (49). Additionally,
estrogen initiates the degranulation of mast cells in stroma
and promotes angiogenesis, even in tumors which are ER-
negative (23, 50, 51). 

In conclusion, the results of this study showed lower
frequency of cases with ERα-positive cells in neoplastic
epithelium than in controls although, not significant.
Significantly higher frequency of cases with AR-positive
cells in stroma of intestinal gastric cancer of men than in
women may be the main origin of the greater invasiveness
of this cancer type in men. AR predominance over ERα in
intestinal gastric cancer stroma might be used for future
therapies based on AR-targeted agents. 
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