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Abstract 

Background and Aim: Cortisol has been shown to have cytotoxic effects on some types of cancer 

cells.  We investigated the cytotoxic effects of cortisol on gastric cancer cells compared to its 

cytotoxic effects on human embryonic non-cancer cells. 

Methods: Human gastric cancer (AGS) and human embryonic non-cancerous (Hek293) cells were 

purchased from National Cell Bank of Iran (Pasteur Institute, Tehran, Iran) and divided to control 

(untreated) group and the group exposed to 0.001, 0.01, 0.1, 1 and 10 mg/ml of cortisol.  The cells 

were cultured in DMEM enriched with 10% FBS and exposed to cortisol with different 

concentrations. Cell viability was measured using MTT assay method. Data were analyzed using 

the SPSS and ANOVA. 

Results: Cell viability of Hek293 cells significantly decreased when exposed to 10mg/ml of 

cortisol and viability of AGS cells significantly decreased when exposed to 1 and 10 mg/ml of 

cortisol. 

Conclusion: Low concentration of cortisol had no cytotoxic impact on AGS cells, however, higher 

cortisol dose had cytotoxic effects on human gastric cancer cells in vitro. 
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Introduction  
Stomach cancer, also known as gastric cancer, is a cancer that develops from the lining of the 

stomach. Early symptoms may include heartburn, upper abdominal pain, nausea and loss of 

appetite. Later signs and symptoms may include weight loss, yellowing of the skin and whites of 

the eyes, vomiting, difficulty swallowing and blood in the stool among others. [1] Gastric cancer 

is associated with high morbidity and mortality rates worldwide. Identifying individuals at high 

risk is important for surveillance and prevention of gastric cancer [2]. Less than a century ago, 

gastric cancer was the most common cancer in the United States and perhaps throughout the world. 

Despite its worldwide decline in incidence over the past century, gastric cancer remains a major 

killer across the globe [3]. Surgery is currently considered to be the only radical treatment. As 

surgical techniques improve and progress is made in traditional radiotherapy, chemotherapy, and 

the implementation of neoadjuvant therapy, the 5-year survival rate of early gastric cancer can 

reach >95% [4]. Gastric cancer is a multistage pathological state that arises from environmental 

factors; dietary factors in particulary are considered to play an important role in the etiology of 

gastric cancer. In the field of genetics, anticancer research has mainly focused on the various 
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genetic markers and genetic molecular mechanisms responsible for the development of this of this 

disease [5]. Cortisol is a steroid hormone, in the glucocorticoid class of hormones. When used as 

a medication, it is known as hydrocortisone.  Cortisol is synthesized from cholesterol. Synthesis 

takes place in the adrenal cortex. It functions to increase blood sugar through gluconeogenesis, to 

suppress the immune system, and to aid in the metabolism of fat, protein, and carbohydrates. It 

also decreases bone formation [6]. The results demonstrate evidence of a cancer-associated 

glucocorticoid system and show the functional significance of cancer-

derived cortisol in tumour progression [7]. In the present study, we investigated the cytotoxic 

effects of cortisol on gastric cancer cells compared to its cytotoxic effects on human embryonic 

non-cancer cells. 

 

Materials and Methods 
Human gastric cancer (AGS) and human embryonic non-cancerous (Hek293) cells were purchased 

from National Cell Bank of Iran (Pasteur Institute, Tehran, Iran) and divided to control (untreated) 

group and the group exposed to 0.001, 0.01, 0.1, 1 and 10 mg/ml of cortisol.  The cells were 

cultured in DMEM enriched with 10% FBS and exposed to cortisol with different concentrations. 

Cell viability was measured using MTT assay method. Data were analyzed using the SPSS and 

one-way analysis of variance (ANOVA). 

 

Results 
Cell viability of Hek293 cells significantly decreased when exposed to 10mg/ml of cortisol and 

viability of AGS cells significantly decreased when exposed to 1 and 10 mg/ml of cortisol. (Figure 

1 and 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 1. Cell viability in Hek293 cells exposed to different concentrations of cortisol. *** indicates significant 

difference compared to control group (P<0.0001). 
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Fig 2. Cell viability in AGS cells exposed to different concentrations of cortisol. **, *** indicates significant 

difference compared to control group (P<0.01 and P<0.001, respectively). 

 

Discussion 
Cortisol is the most important human Glucocorticoids (GCs). It is essential for life and it regulates 

a variety of important cardiovascular, metabolic, immunologic and homeostatic functions [8]. 

Studies show that gastric cancer cell line has high levels of glucocorticoid receptors [9]. Nearly 20 

percent of cancer-related deaths are associated with inflammation and infection along the tumor 

pathway [10]. Evidence also suggests strong association between Helicobacter pylori infection and 

gastric cancer [11], [12] and may cause inflammation in the tissue. The function of glucocorticoids 

is to prevent the exacerbation of inflammation [13].  Glucocorticoids are also able to upregulate 

the expression of anti-inflammatory proteins and downregulate the expression of proinflammatory 

proteins [14]. In addition, glucocorticoids by their cytotoxic effects can induce apoptosis in 

monocytes, macrophages and T lymphocytes providing further evidence of their ability to regulate 

normal immune function [15]. In research, corticosteroid hormones have been reported to be very 

effective in the treatment of adenocarcinoma [16] While other research has reported the stability 

and unchanged properties of some corticosteroid-treated cancerous tissue in the culture [17]   

Glucocorticoids also interfere with various abnormal mechanisms in cancer cells, so they are used 

in high doses to treat certain malignancies [8]. Cortisol, as a glucocorticoid, is stress hormone [18]. 

A number of studies have demonstrated that stress can disrupt neuroendocrine circadian rhythms 

[19] is considered a risk factor for gastrointestinal cancers [20]. Cortisol as well as other 

glucocorticoids may have a bimodal effect on tumor cells. For example, at lower doses can 

stimulate tumor growth, but at higher doses it inhibits tumor growth [21]. In addition, cortisol may 

act in a synergistic fashion with catecholamines [22]. Evaluation of glucocorticoid effect on 

tumorigenesis in cell culture, showed that this hormone significantly increased the number of 

tumors of stomach, kidney, intestine, lung, breast and ovary and showed more than one 

concentration response to hormone. It seems to differ by receptors and by the type of 
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glucocorticoid [23]. The effect of glucocorticoid treatment on gastric cancer cell line was also 

associated with increased expression of glucocorticoid receptor in the cancer cell layer and caused 

a significant increase in arginase production in the cancer cells by these receptors and Induction 

of arginase production was inhibited against glucocorticoid antagonist [9]. The effects of stress on 

tumor angiogenesis have also been examined using in vivo models of cancer.  Angiogenesis, as 

reflected by microvessel density counts, was significantly increased in tumors from stressed 

compared with control mice. [24] There are limited data regarding the effects of cortisol on 

angiogenesis. Synthetic glucocorticoids treatment of cancer cells resulted in 50–60% 

downregulation of VEGF mRNA and this effect was dependent on glucocorticoid receptor 

function [25]. However, in many cancer cell lines, cortisol alone had some stimulatory effects on 

VEGF production in vitro at lower doses, but inhibitory effects at pharmacologic doses [26]. 

Effects of glucocorticoids on cancer cell proliferation have also been reported [27]. The effects of 

several steroid hormones on human mammary carcinoma cells have demonstrated that 

physiological concentrations of glucocorticoids enhanced proliferation by nearly twofold [28]. 

Glucocorticoids regulate a wide variety of cellular processes. Recent studies have demonstrated 

that while glucocorticoids induce apoptosis in lymphocytes [29], continuous upregulation of the 

human glucocorticoid receptor-encoding gene generates two isoforms, alpha and beta, that alpha 

isoforms are responsible for inducing apoptosis [30]. Glucocorticoid can activate cell death by 

inducing pro-apoptotic members of BCL2 [31]. Protective effects of glucocorticoids also have 

been reported on gastric tissue [23]-[34].Clinically, glucocorticoids are frequently administered 

with cytotoxic agents to reduce the risk of emesis and other potential acute toxicities[35]. Studies 

have been demonstrated that Glucocorticoids reduces sensitivity of hepatocellular and colorectal 

tumors toward cytotoxic therapy [36]. The use of a single dose of corticosteroids in patients with 

gastric cancer after subcutaneous diagnostic endoscopy has reduced its pain [37].  But, long-term 

use of corticosteroids and combination chemotherapy has been associated with damage to cancer 

patients [38]. 

Conclusion 
Low concentration of cortisol had no cytotoxic impact on AGS cells, however, higher cortisol dose 

had cytotoxic effects on human gastric cancer cells in vitro. 
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