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Abstract  
Background and Aim: Cytotoxic effects of testosterone on cancer cells have been reported in 

recent studies; however, the molecular pathway is unclear. This study aimed to investigate the 

cytotoxic effects of testosterone on the expression level of iNOS gene in human gastric cancer 

cells (AGS).  

Methods: In this laboratory-experimental study, Cell line was divided into untreated (control) 

group and groups exposed to 0.001, 0.01, 0.1, 1 and 10 mg/ml of testosterone. The cytotoxic effect 
of testosterone was measured using the MTT assay method. iNOS gene expression was evaluated 

by real-time PCR method. The data were statistically analyzed between groups using ANOVA and 

student's t-test.  

Results: Decreased viability was observed in AGS cells exposed to 0.1 and 1 mg/ml of 

testosterone. Exposure of AGS cells to IC50 dose of testosterone led to no significant change in 

iNOS gene expression level.  

Conclusion: According to our finding, the only exposure to high doses of testosterone has 

cytotoxic effects on AGS cells with no change in iNOS gene expression in cell culture. 
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Introduction  
Gastric cancer (GC) is the fourth most common cancer and is the second leading cause of cancer-

related death worldwide, and it is more common in developing countries. [1, 2]. Epidemiological 

reports indicate that regardless of etiologies, there is a significant association between gender and 

GC incidence [3], which in part caused by sex steroid influence on GC development. In view of 

remarkable gender disparity and the role played by male sex steroids in gastric cancer 

development, some studies have explored the importance of the androgens in this cancer [4-6]. 

The findings have demonstrated the strong oncogenic properties of androgens in the etiology of 

gastric cancer [7]. In 1990, Wu demonstrated the presence of androgen receptors in gastric cancer 

tissues [8]. Androgen receptor not only mediates the effects of androgen but also functions as an 
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oncoprotein by interacting with other molecules implicating the proliferation and metastasis of 

cancer cells [9, 10]. Testosterone is the most important androgen in humans and has a significant 

impact on the development of many different tissues including cancerous tissues. It has been 

revealed that testosterone is a transcription factor regulating various genes expression and protein 

synthesis, and hence, plays a significant role in tissue proliferation [11]. Most recent research 

findings indicated that androgens have a profound impact on gastric cancer development. It has 

been found that sex hormone‐binding globulin is a blood plasma protein biomarker for gastric 

cancer [12]. Studies suggest that androgens influence gastric carcinogenesis [13]. Despite attempts 

to clarify the effects of testosterone on proliferation and growth of cancer cells including digestive 

system cancer cells, the relationship between testosterone and development of cancer still remains 

highly controversial [14]. iNOS expression and activities, which have been implicated in tumor 

progression and angiogenesis [15, 16], may be influenced by testosterone. However, there is not 

any report about the direct role of testosterone on iNOS expression level in gastric cancer. We, 

therefore, examined the effects of a cytotoxic dose of testosterone on iNOS gene expression level 

in human gastric cancer cells (AGS) in vitro. 

 

Materials and Methods 
In this laboratory-experimental study, AGS cells were divided in to control, and cells exposed to 

0.001, 0.01, 0.1, 1 and 10 mg/ml of testosterone. MTT assay was used to determine cytotoxic 

effects of the testosterone and real-time PCR for evaluation of iNOS gene expression. Data 

analysis was carried out using SPSS 20 and ANOVA. 

 

Results 
Our results showed that the exposure of AGS cells to 0.1 and 1 mg/ml of testosterone resulted in 

a significant decrease in cell viability compared to control and other experimental groups (Fig. 1). 

Exposure of AGS cells to 1 mg/ml of testosterone showed no significant change in iNOS gene 

expression level (Fig. 2). 

 

Fig. 1. Viability of AGS cells exposed to 0.001, 0.01, 0.1 and 1 mg/ml of testosterone. *, #, † and $ indicate significant 

difference compared with control, and groups exposed to 0.001, 0.01 and 0.1 mg/ml of testosterone, respectively. 

(***: P<0.001, ###: P<0.001, †††: P<0.001 and $$$: P<0.001). 
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Fig. 2. The partial expression level (RQ) of the iNOS gene in AGS cells exposed to an effective concentration of 

testosterone compared with the control group. 

 

Discussion 

Our findings indicated that lower testosterone concentrations )0.001 and 0.01 mg/ml) did not have 

a significant impact on the viability of AGS cancer cells in vitro, but higher testosterone 

concentrations (0.1 and 1 mg/ml) were shown to have anti-proliferative effects on AGS cancer 

cells. Our findings are in line with the studies showing that testosterone has inhibitory effects on 

the proliferation and development of various cancer cells including breast cancer cells [17]. 

Previous studies also demonstrated that a higher circulating level of androgen precursor has 

protective effects on the digestive system and is associated with a lower risk for colon cancer [18]. 

By contrast, it has been shown that high levels of androgens may increase the risk of cancer [19]. 

A 2014 study has suggested that increased plasma testosterone levels are associated with a high 

risk of cancer and premature death after cancer [20]. Another study shows that increased levels of 

testosterone are probably related to the increased risk of lung cancer and the risk of prostate cancer, 

but this is not the case for colon cancer, and studies on men show that there is no relationship 

between testosterone levels and the risk of colorectal cancer  [21]. According to previous studies, 

testosterone affects the proliferation of colon cancer cells and gastric cancer cells, also, can be 

assumed that lower testosterone concentrations activate non-classical receptors (membrane 

receptors) androgenized  [22] and This activates the non-genomic pathway in cell proliferation and 

thus the proliferation of cancer cells, but higher concentrations of testosterone through cytosolic 

receptors stimulate the pathway of apoptosis and thereby inhibit the proliferation of cancer cells  

[23]. Overall, according to the results of this study, testosterone has a protective effect on cells at 

lower doses, but at higher doses, it has cytotoxic effects.  

The findings of this study showed that the expression of AGS cells to testosterone did not show a 

significant increase in the iNOS gene compared to the control group (GAPDH gene). In many 

tumors, the iNOS express the ion is high, however, the role of iNOS during tumor development is 

very complex and quite perplexing, with both promoting and inhibiting actions being described. 

In earlier studies in the cultured cells, high levels of NO that was generated by iNOS transfection 

in tumor cell lines produced a cytotoxic or growth-inhibiting effect, whereas, in animal models, 

iNOS overexpression produced tumor or tumor-to-tumor effects on tumor growth, depending on 

the tumor microenvironment and the tumor type [24]. NO production via iNOS can directly induce 

GC to AT mutations in p53, which may contribute to the loss of its repressor activity. NO directly 

inhibits the activity of caspases, providing an effective means to block apoptosis. There is 
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enhanced expression of iNOS and eNOS in human colorectal cancers. Colon cancer tissue has also 

been found to express the NOS mRNA. In a study by Feng et al., When the lesions progressed 

from normal to chronic superficial gastritis (CSG), CAG, IM, DYS, and finally to Gastric 

carcinogenesis (GC), positive immunostaining rates for p53, iNOS, and VEGF were found to be 

significantly increased. The study demonstrated that the positive immunostaining rates of iNOS 

were well correlated with the metastatic Gthe C lymph node [25]. Inducible nitric oxide synthase 

(iNOS) has been reported to be regulated and regulated in colorectal cancer in both animal models 

and patient tissue samples. iNOS is calcium-independent, not expressed in most tissues under 

normal conditions, but can be induced by lipopolysaccharide and various other cytokines. It can 

produce large amounts of NO (μM) over extended periods (days to weeks). NO is reported to have 

anti-tumor activity as well as pro-tumor properties. Its effect may depend on timing, concentration 

and tissue type. Low concentrations of NO can stimulate cell growth and protect many cell types 

from apoptosis, whereas high concentrations of NO can inhibit cell growth and induce apoptosis. 

Studies on colorectal cancer show contradictory results. Some clinical studies have shown that 

iNOS is significantly increased in colon adenoma and carcinoma with little or no expression in 

normal colon tissue, while other studies report iNOS expression is decreased in colon cancer 

compared to high expression in normal colon tissue. In animal models, the induction of iNOS is 

correlated with colorectal cancer regression (both in situ and metastatic), whereas NOS inhibitors 

are reported to prevent colon aberrant crypt foci formation. NO is also shown to either promote or 

inhibit tumor growth of colorectal cancer cells and the effect has been suggested to be 

concentration-dependent [26]. Inducible nitric oxide synthase (iNOS) is an enzyme dominantly 

expressed during inflammatory reactions. Synthesis of high amounts of nitric oxide (NO) by iNOS 

has been demonstrated in pathophysiological processes such as acute or chronic inflammation and 

tumorigenesis in both rodents and humans. The role of iNOS activity in these diseases is still not 

clear. Gochman et al recently reported elevated levels of iNOS protein and nitro tyrosine 

expression in human colitis and colon cancer tissues compared with normal tissue. Current 

interpretations of the data suggest a dose-dependent relationship between NO expression and 

tumor response. NO is generally synthesized (picomolar to the nanomolar range) by 3 main forms 

of NOS enzymes, of which iNOS is calcium-independent and expressed upon induction. iNOS, 

once induced, is capable of generating a high output of NO compared with other NOS enzymes 

(100- to 1000-fold more). Specific targeting of tumor NOS enzymes using NOS inhibitors 

consistently has resulted in retarded tumor growth. iNOS expression was reported in a human 

colorectal adenocarcinoma cell line. The common observation of high expression of endogenous 

NO in tumors forms the basis for many studies supporting the hypothesis that NO has a 

protumorigenic function. Increased activity of iNOS in the gut is considered proinflammatory; it 

is associated with mucosal lesions, ulcerations, intraluminal bleeding, and bowel dilatation and 

dysfunction. Increased expression of iNOS protein and messenger RNA was found in acute colitis 

induced by 2,4,6-trinitrobenzene sulfonic acid along with neutrophil infiltration, inflammatory 

edema, and tissue damage. The roles of NO in pathogenesis have been implicated in tumor 

initiation, promotion, and progression. NO can cause oxidative damage to DNA, inhibition of 

DNA repair enzymes [27]. Increased iNOS expression with sustained NO levels has been reported 

in a number of human cancers: breast, prostate, bladder, esophagus, and colon. In human colorectal 

cancer, the clinical importance of iNOS expression remains controversial. Expression of iNOS 
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was positively correlated with increased tumor angiogenesis, vascular invasion, decreased 

lymphocyte response, metastasis, and poor prognosis. There is, however, a contradictory report 

that decreased expression of iNOS was associated with increasing tumor stage and decreased 

patient survival. iNOS is also expressed in many host cells, such as macrophages, endothelial cells, 

gastrointestinal epithelium, and platelets. When produced in activated macrophages as participants 

of host response, iNOS is instrumental in killing microorganisms and tumor cells. Several 

investigators have reported that macrophages can participate in the antitumor immune response 

and selectively destroy a variety of tumors both in vitro and in vivo, primarily through the 

production of NO. Accordingly, it brings into question whether iNOS and NO are pro-tumor or 

anti-tumor. Several explanations have been proposed to explain for these dual effects of NO, 

including its cellular source, local NO concentrations, and NO sensitivity among various types of 

tumor cells. Low levels of NO appear to favor tumor progression, whereas high levels of NO are 

tumoricidal. Most studies that demonstrated an inhibitory effect of NO/iNOS on tumorigenesis 

utilized biological systems that produced high levels of NO or exogenous NO donors. Thus, 

continuous high levels of NO synthesized by macrophages are cytotoxic/cytostatic toward tumor 

cells. By means of stimulation of iNOS expression or transfection with iNOS genes, high NO 

produced by tumor cells is associated with decreased tumor growth and metastasis in vivo. There 

were studies suggesting that high NO is required to induce apoptosis in some mammalian cells, 

while low NO may protect from apoptotic cell death [28]. The previous researches suggest that 

intratumoral iNOS activity favors the development of prostate cancer cells that are capable of 

proliferating the androgen receptor independently, thereby promoting the progression of the 

prostate tumor [29]. There is a huge controversy about the expression and role of iNOS in human 

colon carcinogenesis. While some authors seem to detect iNOS expression in 60% of human colon 

adenomas, other studies reported that levels of this isoenzyme were low or absent at all stages of 

the colon cancer [30]. According to previous studies, it can be concluded that the effect of cytotoxic 

concentration of testosterone on gastric cancer cells is increased by increasing the expression of 

iNOS gene during a possible mechanism of mediation with non-androgenic receptors and 

inhibiting them and increasing inflammation and functional damage in the tissue. Many molecules, 

such as the nuclear factor-kB (NF-kB) / 4 LPS / Toll-like, iNOS, COX-2, and PGE2 receptors, are 

involved in the development of colorectal cancer (CRC) associated with colitis in IBD [31]. A 

study has shown that the resveratrol nutritional supplement suppresses colitis caused by dextran 

sodium sulfate (DSS) through reduction of P38, prostaglandin E synthase -1, iNOS, and COX-2 

in mice [32]. Agreement with our study, Seril et al. (2007) investigated the role of nitric oxide 

(NO) in colorectal carcinogenesis induced by UC, and the results showed that there was a 

significant difference in the incidence of UC-related cancer in mice with iNOS +/+ and -/- iNOS 

does not indicate that in the absence of iNOS, other factors such as Enos may also play a role in 

nitrosative stress and UC-induced carcinogenesis in this model system. Possibly, the 

ineffectiveness of testosterone on the expression of the iNOS gene is also affected by other factors  

[33].  

Conclusion 
According to our finding, the only exposure to high doses of testosterone has cytotoxic effects on 

AGS cells with no change in iNOS gene expression in cell culture. 
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