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Abstract 

Background and Aim: Anticancer effects of androgens on colorectal cancer cells has been 

reported in clinical and experimental studies, however, few studies have been carried out on 

the anticancer effects of cortisol against colorectal cancer. We exerted the present study to 

determine the cytotoxic effects of cortisol and testosterone on colorectal cancer (HT29) cells 

in vitro. 

Methods: In this laboratory – experimental study colon cancer (HT29) cells were divided to 

control (untreated) group and groups exposed to different concentrations of cortisol, 

testosterone and “testosterone + cortisol”. Viability of cancer cells were measured using MTT 

assay method. The data were analyzed using one-way analysis of variance (ANOVA).  

Results: The results of this study indicated that higher concentrations of testosterone            

(>125 µg/ml) has cytotoxic effects on colon cancer cells with a dose dependent patter. 
Treatment of colon cancer cells with different doses of cortisol (0.1, 1, 10, 100, 1000 and 10000 

µg/ml)  did not show significant cytotoxic effects on colon cancer cells viability and treatment 

of the cells with 10000 µg/ml of cortisol with different testosterone concentrations indicated 

that cortisol prevents cytotoxic effects of higher testosterone concentrations (>250 µg/m) on 

colorectal cancer cells.   

Conclusion: We have shown that despite cortisol, testosterone has cytotoxic effects on 

colorectal cancer cells. Cortisol also can prevent anticancer effects of testosterone on colon 

cancer cells. 
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Introduction  
Cortisol as a corticosteroid is a well-established stress hormone, which is released in response 

to a variety of stimuli by the adrenal glands. The leading functions of this hormone include the 

regulation of glucose homeostasis, the suppression of immune system, along with the activation 

of a number of anti-stress and anti-inflammatory pathways [1]. Testosterone is the primary 

male sex hormone and anabolic steroid. In male humans, testosterone plays a key role in the 

development of male reproductive tissues such as testes and prostate, as well as promoting 

secondary sexual characteristics such as increased muscle and bone mass, and the growth of 

body hair[2]. 

 Colorectal cancer, also known as colon cancer is one of the most common malignancies in 

world. Most colorectal cancers are due to peripheral and lifestyle factors, and in some cases 

due to genetic disorders. Some peripheral factors, including poor diet, obesity, smoking and 

physical inactivity, as well as nutritional factors that increase the risk, include red and 

processed meat (sausage, salami) and alcohol consumption [3].  

Association of corticosteroids and male sex steroids with cancer has been reported in recent 

studies [4]-[7].Androgens have been reported to have protective effects on colorectal cancer[8].  
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However, less is known about androgen receptors in colorectal cancer carcinogenesis. [9], 

According to its incidence patterns, colorectal cancer (also tends to occur more frequently in 

males than in females, and the evidence shows that colorectal cancer is a hormone-related 

tumor. [10].  According to studies, there is also significant correlation between cortisol and 

colon cancer [11]. With respect to protective effects of androgens and corticosteroids against 

colorectal cancer, we carried out the present study to investigate the effects of cortisol and 

testosterone co-administration on colon cancer cells in vitro. 
 

Materials and Methods 
Colon Cancer (HT29) cell line was obtained from National Cell bank of Iran (NCBI) (Pasteur 

Institute of Iran (Pasteur Institute, Tehran, Iran). Cells were maintained in a humidified water-

jacked incubator with 5% CO2 at 37°C in RPMI-1640 supplemented with 10% fetal bovine 

serum (FBS), penicillin (100 U/mL), and streptomycin (100 μg/mL) (all purchased from 

Sigma, Germany). Cytotoxicity of the cortisol was evaluated using the MTT assay, which is 

based on the ability of viable cells to metabolize yellow tetrazolium salt MTT to purple 

formazan crystals by mitochondrial dehydrogenases. Briefly, cells were seeded at a density of 

15000 per well in 96-well plates; subsequently, after 24 h incubation, they were treated with 

various concentrations of cortisol, testosterone and testosterone + cortisol for 24 h. The 

untreated well was considered as a negative control. Afterward, the suspended medium was 

thrown away and 20 μL of 5 mg/mL MTT solution was added to each well and further 

incubated for 4 h at 37°C. Subsequently, the whole suspended medium was discarded from 

each well before adding 200 μL DMSO and 50 μL Sorenson buffer. In order to complete 

dissolution, the plate was incubated for 30 min with gentle shaking for 5 min. The cytotoxic 

effects of cortisol were monitored by measuring the absorbance of each well at 570 nm. 

 

Results 
The results of this study indicated that higher concentrations of testosterone (>125 µg/ml) has 

cytotoxic effects on colon cancer cells with a dose dependent pattern (Figure 1). 

 

 
Fig 1. Viability of HT29 cells treated with different concentration of testosterone. *** indicates significant difference 

compared with control group (P<0.0001). 
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Treatment of colon cancer cells with different doses of cortisol (0.1, 1, 10, 100, 1000 and 10000 

µg/ml)  did not show significant cytotoxic effects on colon cancer cells viability and treatment 

of the cells with 10000 µg/ml of cortisol with different testosterone concentrations indicated 

that cortisol prevents cytotoxic effects of higher testosterone concentrations (>250 µg/m) 

(Figure 2).  

    

 
Fig 2. Viability of HT29 cells treated with 10000 µg/ml of cortisol with different testosterone concentrations. *** 

indicates significant difference compared with control group (P<0.0001). 

 

Discussion 
Colorectal cancer is the most common cancer diagnosed in the world. While the incidence and 

the mortality rate of colorectal cancer has decreased due to effective cancer screening 

measures, there has been an increase in number of young patients diagnosed in colon cancer 

due to unclear reasons at this point of time [13]. Colorectal cancer incidence has been rapidly 

rising in those under the age of 50 over the last 20 years [14].  

Association between sex steroid hormones and corticosteroids with colon cancer has been 

reported [15], [16]. In the present study we found anticancer effects of testosterone on 

colorectal cancer cells, however, cortisol had not significant cytotoxic effects on colon cancer 

cells. Although colorectal cancer is generally not considered to be a hormone-related 

malignancy, accumulating evidence has suggested that sex hormones are relevant to its 

development or prevention. [17] The protective effects of androgens on colorectal cancer has 

been reported in experimental and clinical studies. In this respect, there is increasing evidence 

that the adrenocortical steroid, dehydroepiandrosterone (DHEA), is an important mammalian 

hormone. Administration of DHEA to laboratory mice and rats inhibits development of 

experimental tumors of the breast, lung, colon, liver, skin and lymphatic tissue. [18]  

We found in this study that cortisol can prevent anticancer effects of testosterone on colon 

cancer cells. This antagonistic effect of cortisol on testosterone needs further research to be 

justified.  

  

Conclusion 
We have shown that despite cortisol, testosterone has cytotoxic effects on colorectal cancer 

cells. Cortisol also can prevent anticancer effects of testosterone on colon cancer cells. 
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