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Progress in Research on Relationship Between Sex Hor-

mones and Gastric Cancer
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Abstract: The morbidity of gastric cancer is higher in men than that in women. Previous studies
have revealed that this gender difference cannot be attributed solely to known risk factors such as
smoking, alcohol consumption,and Helicobacter pylori infection. It has been speculated that sex
hormonal factors may play a role in the development of gastric cancer. This article summarizes the
progress in the research on the relationship of endogenous sex hormones and environmental hor-
mones with gastric cancer from the perspective of basic science and epidemiological studies in or-
der to provide scientific evidence for the pathogenesis of gastric cancer as well as the prevention
and control of risk factors.
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Figure 1 Meta-analysis of the relationship between HRT and gastric cancer in 11 studies
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Table 1 Summary of the association between estrogen receptors and gastric cancer

Outcome

Studies Detection method N
Yokozaki et al(1988) *¥  Immunohistochemical 108
Matsui et al(1992) Immunohistochemical 107
Yi et al(2014) B Immunohistochemical 932
Deng et al(2010) " Immunohistochemical 22
Xu et al(2010) Immunohistochemical 211
Wang et al(2007) B Immunohistochemical 39
Matsuyama et al(2002) ! Immunohistochemical 29
Ryu et al(2012) Immunohistochemical/ 148
tissue chip
Tang et al(2017) ¥/ Immunohistochemical 155
Jukic et al(2017) ! Immunohistochemical 60
Fu et al(2018) Immunohistochemical 86
Gan et al(2012) B! Immunohistochemical/ 866
tissue chip
Zhou et al(2013) ! Western blotting Culture
in vitro
Kim et al(2013) Immunohistochemical ~ Culture
in vitro

ERa(+): 30/108,the ER-positive rate of poorly differentiated adenocarci-
noma was significantly higher than that of highly differentiated adenocar-
cinoma,and ER-positive patients had a poor prognosis.

The ER-positive rate was 27.7% for males and 31.0% for females. The
ER-positive rate was slightly higher in young women and patients with
poorly differentiated gastric cancer.

ERa(+): 40/932,ER a(+) expression was associated with diffuse gastric
cancer and indicating poor prognosis.

ERa-36 mRNA was detected in 17 tumor samples, the content was higher
than normal tissue. The expression of ERa-36 is closely related to lymph
node metastasis of gastric cancer.

ERa(+): 48/211,ERB(+): 104/211,ERa(+) and ERB(-) indicate poor
prognosis.

ERa(+) was correlated with the depth of tumor invasion and only detected
in poorly differentiated adenocarcinomas. ERB expression was reduced in
tumor tissues compared to non-cancer tissues. It is speculated that ERB
has an anti-tumor cell proliferation effect.

ERB(+) and ERa(-) are present in all gastric cancer tissue. It is speculat-
ed that the role of estrogen in gastric cancer is mediated by ER3
ERB(+): 67 cases(45.3%), ERB-positive group was associated with lower
tumor stage,negative perineural invasion,lauren’s intestinal type,and
free of recurrence.

ERa positive is related to poor prognosis in Chinese patients with GC.

The incidence of ERa (+) in the tumor epithelium was lower than that in
the control group,but the difference was not statistically significant.

ERa promotes the pathogenesis of gastric cancer by regulating the ex-
pression of glucose-regulating protein in tumor cells through corresponding
signaling pathways.

Although the positive expressions of ERa and ERB can be detected in
both gastric cancer and normal tissues,the positive rate is at a low level
which have limited clinical pathological and prognostic significance in
gastric cancer.

Overexpression of ERa inhibits tumor cell growth and progression by in-
hibiting B-catenin in gastric cancer tissue.

Five gastric cancer cell lines were ERB(+) and three were ERa(+). ERB-
plays a more important role than ERa in tumorigenesis.
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Table 2 Summary of the association between AR and gastric cancer

Studies Detections N Outcomes

Kominea et al (2004) ! Immunohistochemical 86 The positive rate of AR is related to lymph node metastasis, and the
prognosis of AR positive patients is poor.

Zhang et al(2014) Immunohistochemical 40  Overexpression of AR can induce migration, invasion and proliferation of
gastric cancer cells.

Nakamura et al(2006) * Immunohistochemical 117 AR and androgen synthase and metabolic enzymes were detected in tu-
mor tissues.

Jukic et al(2017) ! Immunohistochemical 60 In women, AR positive cells were not found in T1 and T2 tumor tissues. In
men, the positive rate of AR at T3 and T4 was significantly higher than that
at T1 and T2. The AR positive rate of male is higher than that of female.

Liu et al(2003) B! Immunohistochemical 59 AR,RB and CyclinD1 have high positive expression rates in gastric can-
cer and participate in the regulation of the occurrence and development
of gastric cancer.

Li et al(2014) > Immunohistochemical 40 AR positive expression is closely related to the occurrence, differentiation
degree and lymph node metastasis of gastric cancer in Hui nationality.

Sun et al(2009) ! Immunohistochemical 42 The positive rate of cancer tissues was lower than that of adjacent tis-

Gan et al(2012) 5"

Immunohistochemical/ 866
tissue chip

sues,and the positive rate of AR was related to tumor tissue type,degree
of differentiation ,lymph node metastasis and TNM stage.

The AR-positive expression is related to tumor grade and pathological
classification. However,the low expression level of AR makes its clinico-
pathological and prognostic significance limited in gastric cancer.

Table 3 Relationship between environmental hormones and gastric cancer

Environmental Access to the .
Source Molecular mechanism

hormone body

Isoflavones Phytoestrogens, Ingestion (1)Associated with a lower risk of gastric cancer #';(2) Inhibit the growth
derived from legumes of helicobacter pylori®;(3) Reduce drug resistance in gastric cancer cells®.

However, the epidemiological studies on soy intake and gastric cancer
risk are controversial ‘%,

Agrochemical ~ Some pesticides, Inhalation, Disrupting the physiological effects of estrogen,the organochlorine
herbicides, plant and ~ 1ngestion, pesticides(DDT) can produce chronic teratogenic and carcinogenic effects,
animal growth percutaneous  especially in breast cancer and cancers of the reproductive system '©<,
regulators absorption The relationship between agrochemicals and gastric cancer remains

controversial due to the lack of studies®7".,

Dioxin Metal smelting, Food chain Dioxins can bind to aromatic hydrocarbon receptors in the body and

garbage incineration, concentration
chemical and
automobile exhaust

Bisphenol A Plastic products,food —Ingestion
and beverage
packaging materials

Phthalates Plastic products,food Inhalation,
and beverage ingestion ,
packaging materials,  percutaneous
cosmetics absorption

Cadmium Industrial emissions, ~ Water and diet

compound waste incineration and

fossil fuels

produce highly carcinogenic intermediate metabolites,leading to
biological toxicity reaction . The positive rate of aromatic hydrocarbon
receptor increased with the aggravation of gastric mucosal lesion ™.
Bisphenol A can bind to estrogen’s nuclear receptor'™’ and membrane
receptor™, producing an endocrine disrupting effect. With the increase of
BPA concentration,the growth of gastric cancer cells was abnormal and
the invasion ability was enhanced'”’, and the biological flora in the
gastrointestinal tract was changed™'.

(1) Enhance the cytotoxicity of helicobacter pylori and induce apoptosis of
gastric epithelial cells'™’;(2) Promote the expression of genes related to

gastric inflammation™”.

(1) Damage to the barrier of gastric mucosa®''; (2) Inducing DNA damage
and inhibiting DNA damage repair mechanisms to induce mutations ',
However, epidemiological studies on the relationship between the intake

of cadmium-containing food (rice) and the risk of gastric cancer are

controversial %,
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