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ABSTRACT 

 

Cortisol and testosterone can inhibit the proliferation of colorectal cancer 

cells. Cortisol may augment the anti-cancer activity of testosterone in 

colorectal cancer cells. This research aimed to assess the impact of cortisol 

and testosterone on the viability of colon cancer cells (HTCs). The cytotoxic 

effects of cortisol and testosterone were evaluated using the MTT assay. 

BAX and Bcl-2 expression levels were determined using real-time PCR. The 

colorimetric method was used to assess the activity of caspase-8 and 9 

enzymes. The expression levels of BAX and BCL-2 genes significantly 

increased (p<0.001), as well as the activity levels of caspase-8 and 9, were 

elevated (p<0.001). Testosterone may exert cytotoxic activity in colon cancer 

cells in the presence of cortisol, and cortisol and testosterone cotreatment 

may contribute to the elevated BAX and BCL-2 genes expression and 

caspase 8 and 9 activity enhancement in colorectal cancer cells. 
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INTRODUCTION 

Colorectal cancer, also known as colon cancer, is primarily defined by the uncontrolled growth of epithelial cells in 

the colon or rectum (a continuation of the sigmoid colon, which connects to the anus) [1]. Cancer is pathologically 

defined by the irregular growth of cells that can assault or spread to other regions of the body. Weight loss, 

abnormalities in bowel motions, blood in the stool, and persistent tiredness are some of the most common clinical 

signs of colon cancer. Most types of colorectal cancer are caused by environmental factors and lifestyle, and in 

some cases, genetic predisposition. Among environmental factors, a high-protein diet, obesity, smoking, sedentary 

work, and consumption of alcohol is recognized as colon cancer risk factors [2]. Cortisol is a steroid hormone 

belonging to the glucocorticoid family. Cortisol is prescribed as hydrocortisone, and it is naturally produced by 

adrenal glands present in the adrenal cortex of kidneys. This hormone is secreted in response to stress and low 

blood glucose levels which increases blood glucose through gluconeogenesis, leading to a weakened immune 

system, increased lipid, protein, and carbohydrate metabolism, as well as facilitating bone resorption [3]. A few of 

studies indicated that cortisol has an important role in the progress of colon cancer [4]. In this respect, colorectal 

cancers have been found to be a significant source of immunoregulatory glucocorticoids, and Tumor-derived 

glucocorticoids, according to researchers, may aid immune evasion by suppressing immune cell activation and 

stimulating apoptosis. Glucocorticoids are steroid hormones that are anti-inflammatory and pro-apoptotic. Even 

though previous descriptions of steroid production have occurred in a tumor derived from primary steroid 

organisms such as testis, ovaries, and adrenals, for the first time, this investigation demonstrates that a tumor 

derived from nonendocrine tissues has synthesized glucocorticoids. The function of nuclear receptor and 

transcription factor liver receptor homolog-1(LRH-1, NR5a2) is particularly intriguing in this regardLRH-1 is a 

transcription factor that is becoming more well-known for its function in steroid production, cell cycle control, and 

metabolism. The production of immune-cellulose glucocorticoids in the intestine of LRH-1 is significantly controlled 

by steroidogenic activation, which is more likely to lead to progress of experimental colitis by LRH-1-deficient mice. 

In colorectal tumor cells, as in primordial intestinal crypt cells, LRH-1 is a major regulator of glucocorticoid 

synthesis. Not unexpectedly, LRH-1 is substantially overexpressed in colorectal tumor cells while initial epithelial 

cells expressing the LRH-1 only in proliferatory crypt cells. The formation of colorectal cancers is based on the dual 

function of LRH-1. Although the stimulation of the production of glucocorticoids may support the removal of tumor-

infiltration immune cells and the ability to evade destruction via cytotoxic effector mechanisms, LRH-1 also 

stimulates proliferation of the tumor cells directly through cyclin D1 and E1. Glucocorticoid synthetization of tumor 

cells such as LRH-1 is most likely to be an epithelial immune evasion strategy [5,6].  

Testosterone, which is the primary sex hormone in males and categorized as anabolic steroids, plays a crucial role 

in carbohydrate, lipid, and protein metabolism Testosterone is recognized as a vital molecule in the production of 

muscle mass and body fat in males. Increased fat mass (especially central obesity), increased triglycerides and 

cholesterol, weakened glucose tolerance, reduced insulin sensitivity are all linked to testosterone deficiency [7] and 

also by effected on caspase pathway express p53 gene and leading to the degradation of some protein activation 

of other caspases. The BCL2 associated X gene, called Bax, belongs to a member of the BCL-2 gene family and 

serves as a regulator for apoptosis. Bax and BCL-2 proteins are able to form a heterodimer that can trigger 

apoptosis [8].  
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Studies indicated that Bax protein facilitates the voltage-dependent opening of mitochondrial anion channels, as a 

result, the mitochondrial membrane potential is lost, and cytochrome C is released. Tumor suppressor P53 controls 

the expression of the Bax gene, and consequently, promotes programmed cell death in a p53-dependent manner. 

Furthermore, Caspases are a family of enzymes that play a role in apoptosis by decomposing their specific 

substrates in a particular site, leading to the degradation of some protein activation of other caspases. In terms of 

priority and delay in participation in the process of cell death, caspases are classified into two categories of 

initiators and executioners. Initiator caspases, such as caspase-8, are activated at the initiation of the cell death 

process, while executioner caspases, such as caspase-3 and 9, are activated in later stages in response to initiator 

caspases [9]. The activation of executioner caspases ensures the beginning of caspase cascades and, 

subsequently, results in apoptosis. Studies show an association between steroid hormones and the development of 

some types of cancer [10]. Moreover, a variety of research has confirmed the correlation of steroid hormones with 

the development of gastrointestinal cancer [11].  

Some findings suggest that steroid hormones influence the pathogenesis of colorectal cancer [12]. Some 

investigations have also revealed the relation of cortisol and various cancer types [13], especially gastrointestinal 

cancer [14]. Some clinical analyses assigned a strong correlation between cortisol and the development of colorectal 

cancer. It is now known that sex hormones are potential biomarkers for the assessment of colorectal cancer risk in 

individuals [15]. It is shown testosterone can induce apoptosis in colon cancer cells, which is controlled by the 

PI3K/Rac1 signaling pathway [16,17]. Several lines of evidence showed a direct association between 

steroid/glucocorticoid hormones and the expression of some genes responsible for the modulation of apoptosis [18-

22]. Evidence also implies that steroid hormones and cortisol have a close relationship with the activation of 

caspases-8 and 9 [23,24]. However, in contrast, some studies have shown the inhibitory effects of cortisol on cancer 

progression [25]. Also, the effect of stress reduction on salivary cortisol and interleukin-6 secretion was evaluated in 

patients with advanced cancer using the Mindfulness-based stress reduction (MBSR) program [26,27]. In contrast to 

the above statements, cortisol has been shown to inhibit apoptosis [28].  

Based on evidence mentioned earlier, as well as the presence of contradictory results of steroid effects on cancer 

progression. The study's objective was to determine the influence on the viabilities of colorectal cancer cells, the 

HC29 cell line, of cortisol and testosterone. Besides, the BAX and BCL-2 gene expression levels were evaluated 

together with the Caspase-8 and 9 activity levels 

MATERIAL AND METHODS 

Cell culture and treatments 

 Colon Cancer (HT29) cell line was obtained from the National Cell Bank of Iran (NCBI), which is affiliated with the 

Pasteur Institute of Iran (Pasteur Institute, Tehran, Iran). The cell culture process was conducted at the Javid 

Biotechnology Research Center One month before the preparation of cortisol and testosterone. The stock solution 

of cortisol and testosterone was serially diluted to prepare different concentration. Cells were cultured in RPMI-

1640 supplemented with 10% fetal bovine serum (FBS), penicillin (100 U/mL), and streptomycin (100 g/mL) at 

37°C in a humidified water-jacked incubator with 5% CO2 (all purchased from Sigma, Germany). Cortisol and 

testosterone were purchased from the Pharma Shimi Pharmaceutical Company (Tehran, Iran). The MTT assay was 
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used to determine cortisol's cytotoxicity, which is based on the ability of viable cells to convert yellow tetrazolium 

salt MTT to purple formazan crystals via 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 (1000, 500, 250, 125, 62/5 µg/mL) and testosterone+cortisol for 24 h. 

The untreated wells were considered negative controls. Afterward, the supernatants were discarded 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 resulting 

supernatants were removed from the wells before, and then 200 µL DMSO and 50 µL Sorenson buffer were added 

to each well. The plate was incubated for 30 min with gentle shaking for 5 min. By measuring each well's 

absorbance at the wavelength 570 nm, the cytotoxic effects of cortisol were monitored. 

RNA extraction and real-time PCR 

Total RNA was isolated from the cells by means of the RNA extraction kit (RNeasy, Qiagen, Inc., Chatsworth, CA) as 

said by the manufacturer’s protocols. The isolated RNA was qualitatively and quantitatively evaluated by running 

the samples on the agarose gel and reading the optical absorbance of specimens by a Nanodrop instrument. Then, 

the extracted RNA was reverse-transcribed into complementary DNA (cDNA) using the First-Aid Reverse 

Transcription Kit (Fermentase). Real-time PCR reactions were performed using the SYBR Green master mix on the 

LightCycler 480 (LC480) instrument. The sequences of primer were designed by the NCBI primer design tool and 

synthesized by Primer Design (Ltd., Southampton, UK). The primer sequences of BAX, BCL-2, and GAPDH genes are 

depicted in Table 1. The relative expression (RQ) of target genes was assayed in comparison with the reference 

gene using the 2^-ΔΔCT formula. 

Table 1. List of primers. 

Gene Primer   

BAX 

Forward 5'CGGCAACTTCAACTGGGG-3' 

Reverse  5'TCCAGCCCAACAGCCG-3' 

BCL-2 

Forward 5'GGTGCCGGTTCAGGTACTCA-3' 

Reverse  5'TTGTGGCCCTTCTTTGAGTTCG-3' 

GAPDH 

Forward 5'CCCACTCCTCCACCTTTGAC-3' 

Reverse  5'CATACCAGGAAATGAGCTTGACAA-3' 

 

Caspase assay 

First, the laminar airflow was turned on, and the equipment under the airflow instrument, along with non-glass 

surfaces, was disinfected with 15% ethanol. Then, the cell culture flasks were opened, and the culture medium was 

removed using a pipette. Next, the PBS solution was added to cells cultured in special flasks. Then, the flasks were 

agitated for a few minutes, and the resulting solution was extracted. The trypsin enzyme was then removed with a 

pipette and released into the wall of the flask to avoid injury to the cells. Then, the lid of the flask was closed, and it 

was placed in an incubator for 3–4 min to separate the cells. Afterward, the wall of the flask was touched with the 

palm to separate the rest of the cells, and the activity and morphology of cells under a light microscope were seen. 

To eliminate the trypsin enzyme, 2 ml of the fresh cell culture medium was poured into the flasks under the airflow 

apparatus and repeatedly pipetted. The contents of the flask were then separated by a pipette and poured into a 
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15 ml Falcon and centrifuged at 1000 rpm for 10 min. The supernatants of Falcons containing the trypsin enzyme 

and dead cells were then discarded by a pipette (the pipette did not hit the bottom of falcons where viable cells 

were accumulated). Next, 4 ml of the fresh cell culture medium was poured into falcons and pipetted several times 

to isolate the cell aggregates. Then, 30 µl was then removed from the cell culture media and added to 30 µl Trypan 

Blue dye in a 96-well plate. Then, 10 µl of the mixture was placed on the Neubauer chamber for counting the cells. 

Then, the contents of falcons were poured into a 6-well plate until 50% of the wells were filled. Approximately 900 

µl of the contents of falcons was poured into each well. Next, 100µl of the FBS solution was added to each well. 

About 5 × 105 cells were seeded onto each well. For the culture of the cells, the 6-well plate was positioned at an 

angle of 31° in an incubator for 24 h to fill 50% of the surface of the wells. 

The plate was then sealed and stored at 37°C for 2–3 min to allow the cells to be fully trypsinized. For the control 

and treatment groups, two 1.5-ml microtubes were chosen individually. The contents of the three control groups 

were poured into a 1.5-ml microtube. After this period, microtubes were centrifuged at 1120,000 g for 1 min. 

Finally, 50 µl of the Caspase Assay Solution was added to each microtube under the laminar airflow (the amounts 

of Caspase Assay and Lysis buffer were the same). Microtubes were subsequently stored at 37°C for 2 h. The Eliza 

Reader device was then set at a wavelength of 400 nm, and the optical absorbance of each group was recorded. 

Statistical analysis 

The data analysis was carried out using the SPSS program version 16. The difference between the experimental 

groups was analyzed using one-way analysis of variance (one-way ANOVA) followed by Tukey’s post hoc test. The 

Kolmogorov-Smirnov test was also utilized to examine whether the data were normally distributed. In the case of 

normality, the Independent T-test was applied to compare the difference in the effects of cortisol and testosterone 

on the activity levels of Caspase-8 and 9 between the treated and control groups. 

RESULTS 

Cell cytotoxicity assay 

Cortisol showed no significant toxicity on the viability of colon cancer cells when they were treated with various 

concentrations of cortisol (Figure 1A). With regards to Figure 1B, the viability of colon cancer cells at an IC50 of 

250 µg/ml of testosterone is shown. 1000, 500, 250 and 125 µg/ml concentrations of testosterone significantly 

reduced viability percent in comparison to control. Cotreatment cortisol (104 µg/ml) + testosterone significantly 

reduced viability percent in 1000, 500, 250, 125, 62.5 and 31.25 µg/ml concentrations in comparison to 

control. Figure 1C also displays the viability of colon cancer cells at an IC50 of 106 µg/ml of 

testosterone+cortisol. 
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Figure 1. Viability of HCT cells exposed to various concentrations of testosterone and cortisol. 

 

 

(A) Various concentrations of cortisol (0.1-104 μg/ml) had no significant toxicity on the viability of colon cancer 

cells. (B) treatment with several concentrations of testosterone showed significant reduced viability percent (C) 

cortisol (104 μg/ml)+testosterone several concentrations cotreatment significantly reduced viability percent  

***represents significant difference compared to control group (***p<0.001). 

Bax and BCL-2 expressions 

In comparison to the control group, cortisol and testosterone co-treatment (IC50 concentration) resulted in a 

significant increase in BAX gene expression. (p<0.01) (Figure 2A). In comparison to the control group, cortisol 

and testosterone co-treatment significantly increased BCL-2 gene expression (p<0.01). (Figure 2B) demonstrates 

the impact of testosterone + cortisol (IC50 concentration) on the expression of the BCL-2 gene. 

Figure 2. Partial expression level (RQ) of BAX and BCL-2 in HCT cells exposed to effective concentration of 

Cortisol (104 µg/m) and Testosterone (500 µg/m). (B)  

***represents significant difference compared to control group (***p<0.001). 

 

 

 

Caspase activity 

Figure 3A exhibits the effect of testosterone+cortisol (IC50) on the activity rate of caspase-8, which has 

4



Research & Reviews: Reports in Cancer and Treatment 

 
 

 
 
  

 
Rep cancer Treat| Volume 6| Issue 6|May, 2022                                                                                                                                  1                   
2 

increased remarkably compared to the control group (p<0.01). Figure 3B shows the effect of 

testosterone+cortisol (IC50) on the activity rate of caspase-9, which has increased remarkably compared to the 

control group (p<0.01). 

Figure 3. Activity of caspase 8 and caspase 9 (B) in HCT cells exposed to effective concentration Cortisol (104 

µg/m) and Testosterone (500 µg/m). ***represents significant difference compared to control group 

(***p<0.001). 

 

DISCUSSION 

In-vitro cytotoxicity of cortisol and testosterone was determined in the HC29 cell line using the MTT assay. Our 

findings showed that cortisol has considerable cytotoxicity on the HC29 cell line at a dose of 250 µg/ml. In 

accordance with this finding, several studies showed the cytotoxic effects of cortisol and testosterone on colon 

cancer cells in-vivo and in-vitro. One in-vitro investigation indicated the anti-proliferative properties of cortisol and 

testosterone on colon cancer cells [29]. The inhibitory effect of testosterone on colon cancer cells has also been 

reported in the literature [30,31]. Recent studies indicated that cortisol inhibits colon cancer cell invasion and 

migration [32,33]; whereas some reports indicated that cortisol may promote colon cancer cell proliferation. 

Cortisol is capable of enhancing tumor cell proliferation and migration in sporadic colon cancer by a decrease in 

the secretion of interleukin-6. However, the testosterone-induced proliferation of colon cancer cells might be 

accompanied by using lower doses of testosterone during the research. 

Our findings revealed that the treatment of HC29 cells with 0/1, 1, 10, 100, 1000, and 10000 µg/ml of cortisol 

did not significantly change the cell viability of HC29 cells in-vitro. Previous studies have shown that cortisol has 

a significant effect on colon cancer proliferation. In this respect, a group of studies confirmed that colon cancer 

cells produce glucocorticoids with immunomodulatory and anti-depressant properties. It was first thought that 

glucocorticoids are exclusively produced by suprarenal glands; however, evidence indicates the presence of 

additional resources for the synthesis of these compounds. It has been shown that cortisol secretion has a 

profound effect on the LRH-1 expression. In colorectal tumor cells, LRH-1 is also an important regulator for 

glucocorticoid synthesis. Not unexpectedly, LRH-1 is substantially overexpressed in colorectal tumor cells while 

primary epithelial cells expressing the LRH-1 only in proliferatory crypt cells. In developing colorectal cancers, 

LRH-1 acting a double role. Although the stimulation of the production of glucocorticoids may support the 

removal of tumor-infiltration immune cells and the ability to avoid being destroyed by cytotoxic effector 

mechanisms, LRH-1 also stimulates proliferation of the tumor cells directly through cyclin D1 and E1 [34].  
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Sex steroid hormones were also found to have a significant impact on osteosarcoma cell proliferation, colony 

formation, apoptosis, migration, and invasion [35]. Sexual steroids, especially cortisol and testosterone, have 

proved to be crucial in the control of human cell proliferation [36]. Cortisol increases blood glucose through a 

process called gluconeogenesis, leading to a weakened immune system, stimulation of lipid, protein, and 

carbohydrate metabolism, and increased bone resorption [37]. Of note, cortisol had no significant cytotoxicity on 

colon cancer cells. While colorectal cancer is generally not considered a hormonal malignancy, accumulating 

evidence suggests that the effectiveness of sex hormones helps to develop and/or prevent certain types of 

malignancies [38]. The real-time PCR technique was employed to analyze the expression levels of BAX and BCL-2 

genes in HC29 cells treated with an effective concentration of cortisol (10000 µg/ml) and testosterone (500 

µg/ml). Our findings revealed an increase in the anti-apoptotic activity of BCL-2, as well as the pro-apoptotic 

activity of the BAX, in cancer cells. These results indicated that the cytotoxicity of cortisol and testosterone on 

HC29 cells is mediated through BAX-dependent apoptosis. The roles of cortisol and testosterone in the induction 

of BAX-dependent apoptosis have been addressed in previous studies. In addition, progesterone has been shown 

to induce apoptosis in cervical, ovarian, and colon cancer cells through the BAX-dependent pathway [29, 38-40].  

The protective effects of androgens on colorectal cancer have been reported in experimental and clinical studies. 

Adrenocortical steroids, Dehydroepiandrosterone (DHEA), are increasingly shown to be critical mammalian 

hormones, as the use of DHEA by mice and rats inhibits skin, colon, lungs, breast and lymphatic tissues from 

developing induced tumors [41,42]. 

In order to distinguish the extrinsic and intrinsic apoptotic pathways, the activity of the initiator caspase-8 and 9 

was calorimetrically measured in HC29 cells treated with an effective concentration of cortisol (10000 µg/ml) 

and testosterone (500 µg/ml). Our findings indicated a significant increase in the activity levels of caspases-8, 9 

in HC29 cells. Regarding the involvement of caspase-9 in the intrinsic pathway and caspase-8 in the extrinsic 

apoptotic pathway [43], it is conceived that cortisol and testosterone induce both pathways in HC29 cells. 

Apoptosis in cortisol and testosterone-treated HC29 cells was also confirmed by the Caspase kit and Real-time 

PCR methods. Consistent with our findings, there are some reports indicating that an effective concentration of 

cortisol (10000 µg/ml) and testosterone (500 µg/ml) induce apoptosis in cancer cells by triggering the caspase 

cascade. A number of studies indicated that that the activation of Caspas-8 pathway induces apoptosis in colonic 

cancer cells [44]. Caspase-8 has also been shown to be associated with the development of colon cancer, and 

such a correlation may be influenced by the activation of cortisol and testosterone receptors [24,45]. Based on our 

knowledge, the effects of cortisol and testosterone on the caspase cascade in osteosarcoma cells have not been 

reported in previous studies. 

CONCLUSION 

In conclusion, our findings show that cotreatment of cortisol and testosterone may cause apoptosis in colon 

cancer cells. In this regard, the combination of cortisol and testosterone increases the relative expression of BAX 

and Bcl-2 genes. Moreover, the IC50 value of cortisol+testosterone increased the activity levels of caspases-8 

and 9. Consequently, the IC50 concentration of cortisol+testosterone may induce BAX-dependent apoptosis via 

triggering the intrinsic and extrinsic apoptosis pathways in colon cancer cells. 
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