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ABSTRACT 
 
Recent studies have demonstrated that obesity is a significant risk factor for the development of several malignancies such as 
cancer. Colorectal cancer is among the most common cancers worldwide and is strong linked to obesity. A healthy lifestyle, 
characterized by hypocaloric diet and physical activity, is important to reduce a chronic inflammation, oxidative stress and metabolic 
disorders typical of obesity (Messina et al, 2018; Messina et al, 2017; Messina et al, 2015). It is well known that the chronic 
inflammation state and oxidative stress are responsible for the aging and development of many diseases, such as cancer. 
Dysregulation of cytokine’s secretion probably participates in the establishment of cancer in obese patients. The aim of this study 
is to analyse the effects of sera from obese patients subjected to a physical activity program before and after weight loss on cell 
viability, apoptosis and oxidative stress in HCT116 carcinoma cell line treated for 24, 48 and 72 hours through MTT test. We 
analysed the expression of cytokines in HCT116 cells. We found that sera from obese after physical activity intervention compared 
to treatment with sera from obese patients before physical activity intervention reduce the survival rate of HCT116 cells through 
induction of apoptosis and oxidative stress. Finally, we found a reduction of mRNA levels corresponding to the pro-inflammatory 
IL-6 and IL-8 cytokines together with an increase of the anti-inflammatory IL-10 cytokine. We can conclude that the physical activity 
has numerous beneficial effects also in colorectal cancer cell, indeed the physical activity and weight loss in obese subjects have 
an inhibitory and anti-inflammatory effects in a short period on carcinoma cell line. 
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INTRODUCTION 
 
Obesity is the serious problem and it has an important impact on public health. This disease is characterized 
by many factors such as energy imbalance, due to that energy intake exceeds energy expenditure and such 
as deregulation of other metabolic parameters as worse lipid profile, increased insulin resistance and a 
chronic pro-inflammatory state (Bray et al., 2017). It is well known that in obese subjects there is an 
accumulation of visceral adipose tissue in the abdominal area of the body. The accumulation of visceral 
adipose tissue is dangerous because it induces an imbalance in endocrine mediators such as adipokines 
and pro-inflammatory and anti-inflammatory cytokines by immune cells which perfused adipose tissue 
(Monda V et al, 2017). For these reasons, the accumulation of visceral fat creates a chronic low inflammation, 
elevate oxidative stress that leads to a development a cancer and immune diseases obesity correlates (Polito 
et al., 2018). Colorectal cancer is a type of cancer that strongly correlates to nutrition and obesity and it is 
know that among risk factors, weight excess has been suggested to positively influence dysplasia 
progression (Dore et al 2020; Messina G. et al, 2015). In this scenario, a healthy lifestyle, characterized by 
hypocaloric diet and physical activity, is important to reduce a chronic inflammation, oxidative stress and 
metabolic disorders typical of obesity (Bray et al., 2017). These are epigenetic factors which are able to 
reduce or prevent cancer process, reducing inflammation and oxidative stress (Nigro et al, 2018). DNA 
methylation is one of the most important epigenetic mechanisms of transcription control and plays a 
fundamental role in cell senescence, apoptosis and therefore in cancer (Horvath et al, 2018). A correct 
nutrition, adequate physical activity and abstention from smoking are important measures against aging and 
prevention of cardiovascular disease and cancer (Larsen et al, 2019). Data literature reported that physical 
activity reduces or slows the onset of diseases related to obesity, inducing a considerable weight loss and 
having beneficial and anti-inflammatory effects, reducing the production of free radicals, and favouring 
greater resistance to stress and prolonging lifespan (Carpagnano et al, 2020). Furthermore, a healthy lifestyle 
induces the expression of a many genes involved in the repair of cellular damage and reduces the expression 
of genes involved in the mechanisms of oxidative stress and inflammation (Nigro 2016). Data literature 
reported that a correct nutrition and regular physical activity are able to activate numerous metabolic 
pathways such as SIRT1 that deacetylates nuclear and cytoplasmic proteins that control apoptotic processes, 
and down-regulates the production of mediators of inflammation and reduces ROS production (Moro 2016, 
Chieffi 2017). Furthermore, constant physical activity is able to regulate in the skeletal muscle the production 
of pro and anti-inflammatory interleukins such as IL-6, IL-8 and IL-10 (Di Meo et al, 2019). In the light of these 
evidences, the aim of this study is to evaluate the effects of obese sera population before and after physical 
activity intervention on carcinoma cell line (HCT116) to demonstrate the beneficial effects of physical activity. 
 
MATERIAL AND METHODS 
 
Participants 
Twenty obese subjects (10 females, 10 males), aged between 45-55 years (mean 52 ± 2.5 years), 
volunteered to participate in the study. Written informed consent for participation in the study was obtained 
from every patient. This study was performed in accordance with the Declaration of Helsinki and approved 
by the local ethics committee. Participants were excluded if they had a prior medical history of renal 
insufficiency, hyperuricemia, severe hepatic insufficiency, atrioventricular block, heart failure, cardiovascular 
and cerebrovascular diseases, unbalanced hypokalaemia, neoplasms, pregnancy and lactation. The 
anthropometric and biochemical characteristics of the 20 included patients are evaluated at baseline and 
after twelve months of physical activity program. Blood tests were taken at baseline and 6 months, after a 
12h fast. Fasting blood samples were collected at 8:00 am from an antecubital vein, using a 21G Vacutainer 
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blood collection set (BD Diagnostics, Franklin Lakes, NJ, USA). Blood samples were centrifuged and the 
resultant serum stored at -80 °C, until use. 
 
Physical activity protocol 
The obese subjects following this mixed exercise program. The protocol consist in 90 minutes per week in 2 
session. In the first time obese subjects following an aerobic session, 20 minutes on treadmill (60-80% of 
VO2max). In the second step the patients are subjected to resistance exercise (65% of 1RM). The protocol 
provides transverse thrust movements, frontal traction movements of the upper limbs, distension of the lower 
limbs, trunk flexions for the abdominals and 3 stretching positions. In addition, the participants underwent 
echocardiography and cardiopulmonary exercise testing at baseline and 6 months. 
 
Cell culture and cell proliferation assay 
The HCT116 Cell line, derived from human colon carcinoma, was purchased from the American Type Culture 
Collection (ATTC, LGC Standards srl, Italy). Cells were seeded at 4 X 103 cells/well in 96 well plates and 
cultured at 37°C, in 5% CO2 in DMEM (Sigma-Aldrich, Italy), supplemented with 2 mM L-glutamine (Sigma-
Aldrich, Italy), 100 U/ml penicillin/streptomycin and 10% (v/v) FBS (Euroclone, Italy). Cultures were incubated 
at different time intervals (24h, 48h and 72h) in the presence of either 5% (v/v) pooled sera from obese 
subjects, collected prior and after physical activity intervention or 5% (v/v) of FBS serum as control. As 
previously reported (Valenzano et al 2019) after 24h, 48h, 72 h incubation, cell viability was analysed by a 
Cell Proliferation Assay Kit (MTT- Sigma-Aldrich), following manufacturers’ instructions. At the end of sera 
incubation, we added 10 µl MTT labelling reagent and incubate the cells for 4 h at 37°C in a humidified 
atmosphere. At the end of 4 h, we added 100 µl of solubilization solution and incubate overnight at 37°C in 
a humidified atmosphere . After overnight incubation, we measure the spectrophotometrical absorbance of 
the samples using a microplate (ELISA) reader. The wavelength to measure absorbance of the formazan 
product is 550 nm. 
 
RNA extraction and real‐time PCR 
HCT116 cell line, after 12-h starvation, were treated in 5% FBS medium as control and with 5% pooled sera 
from obese subjects, collected prior and after physical activity intervention for 48 h. After incubation, total 
RNA was isolated using TRIzol (Invitrogen, CA) and Real-time PCR was performed with appropriate primers 
for IL-6, IL-8, IL-10. The experiments were performed two times in triplicate. 
 
Statistical analysis 
Because this study used a "pre-post" design and the comparison of interest was the change from baseline 
to 12 months physical activity intervention, a two-tailed paired t test was used to test for statistical significance 
of outcome variables. Statistical analyses were performed using the StatView software 5.0.1.0. All data are 
presented as mean ± SE. A p value of ≤ .05 was used for statistical significance. 
 
RESULTS 
 
Anthropometric and biochemical parameters of obese subjects before and after physical activity 
intervention 
Our results show a significant change in the anthropometric and biochemical parameters of obese subjects 
before and after physical activity intervention. First of all, anthropometric parameters such as weight and BMI 
are statistically reduced in obese subjects before and after physical activity (Table 1). Furthermore, there is 
a strongly modulation of all biochemical parameters, such as glycaemic and lipid profile. 
 

https://www.sigmaaldrich.com/content/dam/sigma-aldrich/docs/Roche/Bulletin/1/11465007001bul.pdf
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Table 1. Biochemical features of obese subjects before and after physical activity intervention. 
 VLCKD obese subjects  

 T0 T1 p-value 

Age 52 ± 2.5  ns 
Height (m) 1.70 ± 0.11  ns 
Weight (kg) 92.33 ± 17.11 80.73 ± 13.36 < .001 
BMI (kg/m²) 33.19 ± 4.78 27.76 ± 3.62 < .001 
Total Cholesterol (mg/dl) 230.13 ± 10.77 153.91 ± 12.3 < .05 
HDL (mg/dl) 43.13 ± 10.14 46 ± 9.14 ns 
LDL (mg/dl) 153 ± 6.48 106 ± 7.72 < .05 
Triglycerides (mg/dl) 165.54 ± 25.27 93.25 ± 26.14 < .05 
Insulinemia (uUl/ml) 10.3 ± 7.18 4.37 ± 3.79 < .05 
Total Protein (g/dl) 6.80 ± 0.4 7.13 ± 0.4 ns 
AST-GOT (U/L) 21.27 ± 5.98 23.31 ± 11.47 < .05 
ALT-GPT (U/L) 26.51 ± 14.89 26.06 ± 16.27 < .05 
Gamma GT (U/L) 31.19 ± 19.88 15.31 ± 5.41 < .05 
CRP mg/ml 0.99 ± 0.1 0.49 ± 0.07 < .05 

 
MTT test 
To investigate which effects on cell viability the sera from obese subjects before and after physical activity, 
we treated HCt116 cells for 24 h, 48 h and 72 h with these sera and evaluated cell proliferation using the 
MTT assay kit. As control, we used cells incubated with 5% FBS. We found that sera from obese after physical 
activity intervention compared to treatment with sera from obese patients before physical activity intervention 
reduce the survival rate of HCT116. 
 

 
 
Figure 1. Obese sera after 6 months physical activity reduce survival rate of human carcinoma cell line 
(HCT116). 
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Pro-inflammatory and anti-inflammatory m-RNA levels in HCT116 
To investigate whether the treatment with obese sera regulates pro- and anti- inflammatory cytokines 
production in HCT116 cell line, we quantified the mRNA expression of IL-6, IL-8 and IL-10 after incubation of 
the cells with 5% of pooled obese sera before and after physical activity for 48 h. We found that the treatment 
with pooled sera after physical activity intervention increased the expression of IL-10 48 h of incubation 
(Figure 2) while decreases the expression of IL-6 and IL-8 after 48 h (Figure 2) 
 

 
Figure 2. The treatment with obese sera after physical activity protocol induces IL-10 m-RNA expression and 
reduces IL-6 and IL-8 m-RNA expression in human carcinoma cell line (HCT116). 
 
DISCUSSION AND CONCLUSIONS 
 
Obesity is a chronic disease associated to insulin resistance, diabetes mellitus and altered lipid profile. In 
addition, obesity and obese-diseases correlated, lead to the development of many disease such as liver 
diseases, immune disease and cancer (Boutari et al., 2018, Messina et al, 2018). One of the characteristics 
of obesity is the accumulation of visceral fat mass, that is also a predictor of hyperinsulinemia and insulin 
resistance and responsible of chronic low-inflammation. (Viaggiano et al, 2009; Viggiano et al, 2016; 
Mahmoud et al., 2018). The visceral fat mass has an important role in the development of obesity. In obesity 
the strongly presence of visceral fat mass is responsible of an alteration of adipose tissue and its functions 
(Corbi et al, 2019). Indeed, the visceral fat mass creates a chronic low inflammation through an imbalance of 
the production of adipokines and cytokines by adipose tissue. For these reasons, the reduction of visceral 
adipose tissue leads to a decrease of chronic inflammation, blocking pro-inflammatory cytokines production 
and enhancing anti-inflammatory production (Di Zazzo et al, 2018). The strongly weight-loss and the 
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reduction of BMI is associated also to the strongly reduction of visceral adipose tissue. Indeed, as reported 
by Moreno et al, the reduction of visceral fat leads to also reduce the risk of cardiovascular disease, diabetes, 
and even several kinds of cancer (Moreno et al., 2016). In particular, many data literature reported that the 
colon cancer is strongly associated with obesity and body weight (Dore et al, 2020). Furthermore, the 
production of pro-inflammatory cytokines is a characteristic of chronic low inflammation of obese subjects 
and is strongly involved also in oxidative stress and ROS production (Vicario et al, 2019; Di Mauro et al, 
2019; Mauri et al, 2019). The obesity is a multifactorial disease, and it is evidenced that the healthy lifestyle 
represents the factor that have a major impact in its development. For these reasons, the diet and the physical 
activity is the epigenetic factors which has fast and important beneficial effects (Panico et al, 2017; Moscatelli 
et al, 2016; Moscatelli et al 2015; Sessa et al, 2018). Indeed, has reported by Francavilla et al, physical 
exercise protects against cardiovascular, bone and joint, and metabolic and inflammatory disorders such as 
colon cancer and that it is an effective means in the prevention and treatment of cancer (Francavilla C et al. 
2013, Francavilla et al., 2015; Mazzeo et al, 2013). It follows than that physical well-being plays a central role 
in our lives. Physical activity improves cardiovascular performance and protects against many preventable 
diseases. We can consider the physical activity as a therapy in many metabolic and inflammatory disease 
and also in obesity and diseases correlated such as colon cancer (Francavilla et al, 2017; Patti et al 2017, 
Bianco et al., 2018). Indeed, as shown by our results, the treatment with obese sera after physical activity 
intervention strongly reduces human colon carcinoma cell line cell viability and pro-inflammatory cytokines 
m-RNA levels compared to obese subjects at baseline. On the contrary increased IL-10 m-RNA levels that 
is an anti-inflammatory mediator. Greco et al, reported that physical activity is able to activate the Nrf2/ARE 
system in both acute and chronic settings (Greco et al., 2016) reducing ROS production, increasing SOD 1 
and SOD 2 and reduced pro-inflammatory cytokines production, increasing anti-inflammatory mediators 
production (Jornayvaz et al., 2010; Newsholme et al, 2016). In the light of these evidences, we can concluded 
that the physical activity has numerous beneficial effects also in colorectal cancer cell, indeed the physical 
activity and weight loss in obese subjects have an inhibitory and anti-inflammatory effects in a short period 
on carcinoma cell line, but further studies are needed to clarify the molecular mechanisms. 
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