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Abstract. Objective: Resveratrol is a phenolic compound that classified in stilbenoid and used as anticancer 
agent in many cancer types. The purpose of the study is to determine apoptotic and senescence inducing 
effects in primary (Colo-320) and metastatic (Colo-741) colon cancer cells. Methods: Cell growth and cyto-
toxicity were detected by MTT method in both Colo-320 and Colo-741 cell lines. Apoptotic and senescence 
inducing activities were tested with TUNEL staining, X-gal staining and immunocytochemistry using an-
tibodies directed against to Bax, Bcl-2, caspase-3, Hsp27, Lamin B1, p16, cyclin B1. Results: According to 
MTT results, 25 μg/mL and 10 μg/mL concentrations of resveratrol were found more effective for Colo-320 
and Colo-741 cell lines, respectively. As a result of immunocytochemical staining, Bax immunoreactivity was 
significantly increased while Bcl-2 immunoreactivity significantly decreased in Colo-320 cell line. Increased 
Hsp27, lamin B1 and p16 immunoreactivities on Colo-320 cells were not significant. In Colo-741 cells, Bcl-2 
immunoreactivity was significantly increased. Hsp27 immunoreactivity in Colo-320 cell line was significantly 
higher than Colo-741 cell line. In addition, after resveratrol administration, while the TUNEL positive cells 
significantly increased in Colo-320 cells, X-gal positive cells was detected in Colo-741 than Colo-320 cells.  
Conclusion: Resveratrol can inhibit cell viability both in primer and metastatic colon cancer cells. However, 
resveratrol might be more effective triggering mitochondrial-mediated apoptosis in primary colon cancer 
cells. Apoptotic and cell cycle inhibiting effects of resveratrol may differ by cell type. Therefore, resveratrol 
may be a potential phytotherapeutic agent for colon cancer according to the cell origin. 
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Introduction

Colorectal cancer is the third most common can-
cer worldwide and the second leading cause of can-
cer mortality (1). Colon cancer cells have the ability 
to metastasize and avoid apoptosis via several mecha-
nisms, therefore, treatment should be based on tumor-
specific molecular features (2).

Resveratrol (3,5,4′-trihydroxy-trans-stilbene) is a 
stilbenoid, a type of natural phenol and it has poten-
tial antioxidant, anti-inflammatory, anti-diabetic, 
anti-aging, cardioprotective, neuroprotective and anti-
cancer effects (3,4). 

Apoptosis is programmed cell death in normal 
and pathological conditions (5). Apoptosis can be 
triggered for anticancer therapy. Apoptosis is carried 
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Material and methods

Cell lines and cell culture

Colo-320 (ATCC: CCL-220.1) and Colo-741 
(ECACC: 93052621) cell lines were cultured in the 
RPMI-1640 medium (Biochrom, FG 1215) supplied 
with 10% heat inactivated fetal bovine serum (FBS) 
(Capricorn Scientific, FBS-11B), 1% penicillin-
streptomycin (Biochrom, A2213) and 1% glutamine 
(EMD Millipore, K0282). Cells were incubated in a 
humidified atmosphere of 5% CO2 at 37 °C. Confluent 
cultured cells were sub-cultured using 0.25% trypsin 
EDTA solution (Biochrom, L 2143).

Cell viability and growth assay

Cytotoxicity was assessed using the MTT assay. 
MTT assay is based on colorimetric measurement of the 
reduction of MTT (3-(4,5-di-methylthiazol-2-yl)-2,5 
Diphenyltetrazolium Bromide) (Biotium, #30006) by 
living cells to yield a purple formazan product. Colo-320 
and Colo-741 cells were collected, suspended in medium 
and seeded in 96-well culture plates at a density of 5×104/
ml cells in each well with 100 μl culture medium. The 
negative control contained neither cells nor resveratrol 
(Sigma, R5010) and positive control only had the seeded 
cells. 5 μg/ml, 10 μg/ml, 25 μg/ml, 50 μg/ml and 100 μg/
ml concentrations of resveratrol were loaded in triplicate 
and both cell lines were incubated for 24 h and 48 h. After 
incubation, MTT solution was heated to 37°C and then 
10 μl was added to each well. Following incubation at 
37°C in 5% CO2 for 4 h, 200 μl DMSO (dimethylsulfox-
ide) was added to dissolve the formazan salts. The absorb-
ance was measured at 570 nm with a spectrophotometer 
(Versa Max, Molecular Devices, Sunnyvale, USA). All 
experiments were performed in triplicate.

Immunocytochemistry

Cultured Colo-320 and Colo-741 cells were 
assessed immunocytochemically for binding of anti-
bodies against Bax, Bcl-2, caspase-3, Hsp27, lamin 
B1, p16 and cyclin B1. Colo-320 and Colo-741 cells 
were fixed with paraformaldehyde in PBS (phosphate 
buffered saline) at 4°C for 30 min. Tween 20 (Sigma-
Aldrich) was added for permeabilization for 15 min. 

out by caspases and elevated caspase-3 levels have been 
shown in several colon carcinoma cell lines (e.g. Caco-
2, HT-29, and Colo-201) after resveratrol treatment 
through increased ROS production (6,7). Resveratrol 
combined with grape seeds induced Bax expression 
and decreased Bcl-2 levels in HCT-116 colorectal 
carcinoma cell lines after 24 h incubation (8). There-
fore, the levels of caspase-3 (a common executor pro-
tein involved in both extrinsic and intrinsic apoptotic 
pathways), Bcl-2 and Bax (survival and death activa-
tor mitochondrial proteins) may be used to determine 
response to anti-cancer treatment (9).

Senescence is defined as permanent cell cycle 
arrest in different cell types induced by depletion of 
the cell pool (10). Cyclin B1, one of the senescence 
regulators, p16 INK4a, a cyclin-dependent kinase (CDK) 
inhibitor and lamin B1 could be used for the detection 
of senescent cells in the tissue (10). While p16 INK4a is 
expected to increase in senescent cells, lamin B1 level 
is decreased (10,11). Colin et al. reported that resvera-
trol increased p16 levels to trigger senescence in SW 
620 colon cells (12). Cancer cells are immortal and may 
avoid senescence. During cancer therapy, some treat-
ments either cause cell death or lead to senescence.  
Therefore, therapy-induced apoptosis or senescence 
has a crucial role in controlling proliferation, spread-
ing and/or transition of the cancer cells (13). Hsp27 
is a potentially oncogenic inhibitor of apoptosis that 
also suppresses senescence, which may promote cell 
survival in normal and pathological conditions (14).

The cancer cells proliferate indefinitely and may 
avoid senescence to get the ability to survive. If the 
cancer cells bypass senescence in the course of their 
immortalization, the therapy-induced senescence in 
cancer cells may loss replicative capacity in virtually 
cancer cells (10). In addition, some cancer cells are 
unable to undergo apoptosis, maintain their propen-
sity to senesce (15). Therefore, the balance between 
apoptosis and senescence is important during cura-
tive treatment of cancer cells. The protective effects of 
resveratrol on cancer may be related to modulating of 
the cell cycle. In addition, its effect may vary depend-
ing on the cell, tissue and primary and metastatic can-
cers (15). This study aimed to determine the potential 
effects of resveratrol on the mechanisms of cell death 
and senescence in primary (Colo-320) and metastatic 
(Colo-741) colon cancer cell lines.
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The cells were washed with PBS and endogenous per-
oxidase activity was quenched by incubation with  H2O2 
for 5 min at room temperature. After washing cells with 
PBS three times for 5 min, primary antibodies Bax, 
Bcl-2, caspase-3, Hsp27, lamin B1, p16, and cyclin 
B1 were added and incubated overnight at 4°C. Bioti-
nylated secondary antibody (Histostain-Plus, IHC Kit, 
HRP, 859043, Thermo Fischer) was added and incu-
bated for 30 min followed by PBS wash (×3) for 5 min. 
Streptavidin-peroxidase complex (100 μl) was added to 
cultured cells which were then washed with PBS. DAB 
(diaminobenzidine) was added and incubated for 5 min 
for the enhancement of immuno-labeling. DAB was 
washed with distilled water. Cells were counterstained 
with Mayer’s hematoxylin for 5 min and mounted using 
the mounting medium (Merck Millipore, 107961, 
Germany). All specimens were examined under a light 
microscope (Olympus BX40, Tokyo, Japan). 

Staining of Bax, Bcl-2, caspase-3, Hsp27, 
lamin B1, p16 and cyclin B1 was also graded semi-
quantitatively using the H-SCORE that was calcu-
lated with the following equation: H-SCORE=Σπ 
(i+1), where i is the intensity of staining with a value of 
1, 2 or 3 (mild, moderate, or strong, respectively) and 
π is the percentage of cells stained at each intensity, 
varying between 0 and 100%.

TUNEL assay

TUNEL assay was performed to determine DNA 
fragmentation in apoptotic cells. In situ Apoptosis 
Detection Kit (Apoptag Plus Peroxidase In Situ detec-
tion kit, S7101, Millipore, USA) was used labeling 
the apoptotic cells. Cultured cells fixed with 4% para-
formaldehyde used in fixation of the cells at 4 °C for 
30 minutes. After fixation cultured cells washed three 
times with PBS and incubated with H2O2 for 5 min at 
room temperature. Then TdT enzyme added and the 
cells incubated for 1 h at 37 °C. After that, the cells 
washed with stop wash buffer for 10 min at room tem-
perature and then washed with PBS three times for 
5 min. And then they were incubated with streptavi-
din-peroxidase for 45 min and washed with PBS three 
times for 5 min again. Cultured cells were incubated 
with DAB for 5 min to make staining visible. After 
this, the cells were rewashed with distilled water and 
mounted with mounting medium.

X-gal assay

The cultured cells were fixed with 4% paraform-
aldehyde in 2 mM MgCl twice in PBS for 30 min at 
room temperature. After this the cells were labelling 
with -gal staining buffer containing 40 mM citric acid  
(Likitkimya., 77-92-9), 150 mM sodium chloride 
(Surechem, S0102/R6), 5 mM potassium ferro cya-
nide (K4Fe(CN)6 , Labshop41, 13746-66-2), 5 mM 
potassium ferri cyanide(K3Fe(CN)6, Zag Chem., 
14459-95-1), 2 mM MgCl (Fluka,63063), monoba-
sic sodium phosphate 2 (NaH2PO4 (Merck, 10634), 
and 1 mg/ml X-gal (C14H15BrClNO6, NZYtech, 
MB020501), then incubated overnight at 37 °C. After 
this, the cells washed three times with aspirated stain-
ing and buffer solutions. After washing the cells, they 
were stained with Mayer’s hematoxyline and washed 
with distilled water once and closed with mounting 
medium.

Statistical analysis

Results were expressed as mean ± standard 
deviation (SD). The study data were analyzed using 
the GraphPad Prism 8 statistical software. Statisti-
cal differences among groups were analyzed using 
the two-way ANOVA and Mann Whitney U where 
appropriate. A P value of less than 0.05 was considered 
statistically significant.

Results

Cell viability and cytotoxicity

MTT analyses showed that resveratrol led to 
greater inhibition of cell growth at 25 μg/ml concen-
tration for Colo-320 cells (Figure 1A) and 10 μg/ml 
concentration for Colo-741 cells (Figure 1B) in com-
parison to other concentrations after 48 h incubation. 

Immunocytochemical evaluation

Bax immunoreactivity was detected in all groups but 
Colo-320 control group showed less immunostaining 
intensity for Bax (Figure 2A,B). After H-SCORE anal-
yses, Bax immunoreactivity was only significantly higher 
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in resveratrol-treated Colo-320 cells than in Colo-320 
control group (p < 0.05, Table 1). Additionally, there was 
no difference between either resveratrol-treated Colo-
741 or Colo-741 control (Figure 3A,B) or resveratrol-
treated Colo-320 groups (Table 1) for Bax intensity. 

Bcl-2 immunoreactivity was weak or negative in 
resveratrol-treated Colo-741 group and other groups, 
respectively (Figure 2C,D and 3C,D). While the 
H-SCORE value of Bcl-2 was decreased after resvera-
trol administration in Colo-320 group, it was higher in 
resveratrol-treated Colo-741 group, and these immu-
noreactivities were significant in comparison to control 
groups (p < 0.05, Table 1). 

Moderate or strong caspase-3 immunoreactivi-
ties were detected in resveratrol-treated or control 
groups of Colo-320 and Colo-741 cells, respectively 
(Figure  2E,F and 3E,F).  Resveratrol-treated Colo-
320 cells showed lowest H-SCORE value versus 
control group, but the difference was not significant 
(p > 0.05, Table 1). In addition, H-SCORE value of 
caspase-3 was not significant in resveratrol-treated or 
control groups (p > 0.05, Table 1).

Immunoreactivity of Hsp27 was strong in control 
Colo-320 cells (Figure 2G) and decreased to moder-
ate level after resveratrol administration (Figure 2H). 
However, this reduction was not significant (p > 0.05, 
Table 1). In Colo-741 cells, Hsp27 intensity was very 
weak or negative (Figure 3G,H). The H-SCORE 
value of Hsp27 was significantly higher in resveratrol-
treated Colo-320 cells in comparison to resveratrol-
treated Colo-741 cells (p < 0.05, Table 1).

Figure 1. Dose-response curves and IC50 values of resveratrol Colo-320 (A) and Colo-741  
(B) cells treated with different concentrations of resveratrol for 24 and 48 hrs respectively

Figure 2. Immunoreactivity of Bax (A,B),  Bcl-2 (C,D), 
Caspase-3  (E,F), Hsp27 (G,H), Lamin B1 (I,J), p16 (K,L), Cyc-
lin B1 (M,N) in control (A,C,E,G,I,K,M) and 25μg/ml resvera-
trol-treated (B,D,F,H,J,L,N) Colo-320 cells. Scale bars= 20 μm.
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Table 1. H-SCORE analysis of Bax, Bcl-2, Caspase-3, Hsp27, Lamin B1, p16 and Cyclin B1 for control and resveratrol groups of 
Colo-320 and Colo-741 cells.

Colo-320 cells Colo-741 cells

Control group Resveratrol group Control group Resveratrol group

Bax 227.763±8.217 317.929±58.848a 293.750±14.930 287.289±10.666

Bcl-2 247.115±20.038 105.463±5.787a,b 100.000±0.000 289.583±35.599a,b

Caspase-3 293.808±16.584 242.445±11.318 285.972±10.974 290.416±68.019

Hsp27 266.915±23.396 290.873±4.095b 100.000±0.000 144.047±66.340b

Lamin B1 290.059±14.510 310.742±30.516 281.250±37.500 257.916±61.242

p16 286.356±15.351 287.196±17.897 313.125±33.112 278.125±25.769

Cyclin B1 100.000±0.000 101.408±2.816 100.000±0.000 100.000±0.000

Data are expressed as means ±SD and were compared by 2 way-ANOVA
aSignificant difference between resveratrol-treated group and control group both in Colo-320 and Colo-741 cells (P < 0.05)
bSignificant difference between resveratrol-treated Colo-320 cells and resveratrol-treated Colo-741 cells (P < 0.01)

Immunostaining intensity of lamin B1 was very 
strong and similar in all groups (Figure 2I,J and 3I,J). 
The H-SCORE values of lamin B1 in all groups were 
similar and non-significant (Table 1). 

A strong immunoreactivity for p16 was detected 
in both resveratrol-treated Colo-320 (Figure 2L) and 
Colo-741 cells (Figure 3L) these intensities were simi-
lar (p > 0.05, Table 1). In addition, greatest intensity of 
p16 was only detected in control group of Colo-741 
cells (Figure 3K), but H-SCORE value for this inten-
sity was not significant when compared to resveratrol-
treated Colo-741 cells (p > 0.05, Table 1). 

Very weak immunoreactivity (Figure 2M,N and 
3M,N ) and similar H-SCORE values (Table 1) for 
cyclin B1 were detected in all groups but there was 
no significant difference  between  resveratrol-treated 
Colo-320 cells and control group (p > 0.05) or between  
resveratrol-treated Colo-741 cells and control group 
(p > 0. 05). 

TUNEL Assay

TUNEL assay was used both Colo-320 and Colo-
741 cells that were incubated with 25 μg/mL and 10 μg/
mL doses of resveratrol for 48 h, respectively. TUNEL 
positive cells increased in resveratrol-treated Colo-320 
cells (Figure 4A,B) when compared with control group 
(p < 0.001, Table 2.) On the other hand, TUNEL 
positive cells were found in resveratrol-treated Colo-
741 cells, but the difference was not significant when 

Figure 3. Immunoreactivity of Bax (A,B),  Bcl-2 (C,D), Cas-
pase-3  (E,F), Hsp27 (G,H), Lamin B1 (I,J), p16 (K,L), Cyclin 
B1 (M,N) in control (A,C,E,G,I,K,M) and 10μg/ml resvera-
trol-treated (B,D,F,H,J,L,N) Colo-741 cells. Scale bars= 20 μm.    
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Figure 4. Evaluation of TUNEL staining:  
(A) Colo-320 control cells, (B) resveratrol-treated 
Colo-320 cells, (C) Colo-741 control cells,  
(D) resveratrol-treated Colo-741 cells.

Table 2. The percentage of TUNEL positive Colo-320 and 
Colo-741 cells treated with resveratrol at 25 µg/ml and 10 μg/
ml concentration for 48h, respectively.

Control group Resveratrol group

Colo-320 cells 1.30±1.56 18.12±10.52a

Colo-741 cells 25.00±50.00 100.00±0.00b

Data are expressed as means ±SD and were compared by Mann 
Whitney U
aSignificant difference between resveratrol-treated group and 
control group both in Colo-320 and Colo-741 cells (P < 0.05)
bSignificant difference between resveratrol-treated Colo-320 
cells and resveratrol-treated Colo-741 cells (P < 0.05)

compared with control group (Figure 4C,D, Table 2). 
The number of TUNEL positive cells in Colo-741 
(Figure  4D) cell line was significantly greater than 
Colo-320 cells (p < 0.05, Figure 4B, Table 2).

X-gal Staining

Decreased X-gal positive cells was detected in 
resveratrol-treated Colo-320 cells versus control group 
but the difference was not significant (Figure 5A,B, 
Table 3). Senescent cells were similar in resveratrol-
treated Colo-741 cells and control group (Figure 5 
C,D, Table 3). On the other hand greater X-gal posi-
tive cells was detected in resveratrol-treated Colo-
741 than resveratrol-treated Colo-320 cells (p < 0.05, 
Figure 5B,D Table 3).

Discussion

Resveratrol is a bioactive compound that has 
shown preventive and therapeutic effects against many 
cancer types (3). Based on recent studies, resveratrol 
induces apoptosis and cell cycle arrest and suppresses 
several cancer cell lines to induce cell proliferation 
and growth (16).  Resveratrol and its metabolites can 
also show inhibitory effects on metastasis of cancer 
cells (17). Several studies have demonstrated that the 
anti-cancer mechanism of resveratrol differs according 
to the type and origin of cancer cells (18). 

The biological effect of resveratrol on cellular death 
or senescence may be controlled in various molecu-
lar pathways, however, its role is unknown in primary 
or metastatic cancer cells (15). In addition, induction 
of cell senescence may be an important mechanism 

Figure 5. Evaluation of X-gal staining: (A) Colo-
320 control cells, (B) resveratrol-treated Colo-320 
cells, (C) Colo-741 control cells, (D) resveratrol-
treated Colo-741 cells.

Table 3. Quantitative analysis of the percentage of X-Gal 
positive Colo-320 and Colo-741 cells treated with resveratrol at  
25 µg/ml and 10 μg/ml concentration for 48h, respectively.

Control group Resveratrol group

Colo-320 cells 17.33±21.17 9.63±2.77b

Colo-741 cells 100.00±0.00 100,00±0,00b

Data are expressed as means ±SD and were compared by Mann 
Whitney U
aSignificant difference between resveratrol-treated group and 
control group both in Colo-320 and Colo-741 cells (P < 0.05)
bSignificant difference between resveratrol-treated Colo-320 
cells and resveratrol-treated Colo-741 cells (P < 0.05)
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preventing the differentiation and proliferation of 
tumor cells and may induce apoptosis (15). Therefore, 
the balance of the cellular senescence and apoptosis 
post-cancer therapy should be investigated further. 

Bax and Bcl-2 are important regulatory proteins 
for mitochondria-mediated apoptosis and the Bax/
Bcl-2 ratio is considered as a marker for cell apop-
tosis or survival (9). Resveratrol triggers apoptosis by 
increasing Bax and caspase-3 expression and decreas-
ing Bcl-2 and Bcl-2/Bax ratio in a dose- and time-
dependent manner in lung and colon cancer cell lines 
(19,20). Also, Baek et al. showed that resveratrol sup-
pressed the expression of anti-apoptotic Bcl-2 protein 
and promoted apoptosis in squamous cell carcinoma 
of the head and neck cells (21). In this current study, 
resveratrol increased the level of the pro-apoptotic 
protein Bax. In addition, because of reduced Bcl-2, the 
Bax/Bcl-2 ratio was greater in Colo-320 cells than in 
Colo-741 cells. These results show that resveratrol trig-
gers the mitochondria-mediated apoptotic pathway in 
primary colon cancer cell lines. On the other hand, 
our results suggest that metastatic colon cancer cells 
might increase Bcl-2 expression to protect cell survival 
to overcome resveratrol action or maybe the dose of 
resveratrol and incubation time were not enough to 
trigger Bax expression in Colo-741 cells in this study. 
Using resveratrol at a higher dose or in combination 
with another phenolic compound may facilitate apop-
tosis in metastatic colon cancer cells.

Caspases are enzymes that control apoptosis (22). 
Caspases-8 and 9 activate caspase-3 in mitochondria 
or cell membrane-mediated apoptosis, respectively 
which is the final step of apoptosis (9,22). El-Readi 
et al. reported that resveratrol increased caspase-3,8 
and caspase-6/9 activity similar to anticancer drug 
camptothecin in Caco-2 cell lines (7). Chen et al. 
demonstrated that resveratrol increased caspase-3 
and 9 expressions in metastatic colon cancer cell line 
SW620 (23). In the present study, the caspase-3 level 
was reduced in resveratrol-treated Colo-320 cells 
but it was increased in Colo-741 cells versus control 
groups, albeit non-significantly. Although resveratrol 
decreased cell survival both in primary and metastatic 
colon cancer cells, it was unable to trigger caspase-3 
activity in a dose- and time-dependent manner in the 
studied cell lines. Testing caspase-8 and 9 activations 

may be helpful to determine the apoptotic phase in 
these cell lines. Moreover, using a higher dose of 
resveratrol and a combination of resveratrol with an 
anticancer drug might be more effective in trigger-
ing caspase-3 activity in these cells. Also, our results 
showed that TUNEL positive cells increased in resver-
atrol-treated Colo-320 cells. It may suggest that res-
veratrol may induce apoptosis via caspase-independent 
pathways in primary colon cancer cells. 

Senescence drives cells to stop their cell cycle, 
resulting in a loss of proliferative ability (10). Previ-
ous studies have demonstrated that resveratrol and its 
metabolites promote cellular senescence in different 
types of cancer by controlling “senescence-associated 
molecular markers” (24,25). Hsp27 is a heat shock 
protein that regulates senescence and is overexpressed 
in different types of cancer cells (14). It was shown that 
a high dose of resveratrol (250 μM) decreased Hsp27 
expression in breast cancer cell line MCF-7 and effec-
tively sensitized cells to doxorubicin at 48 h (26). 
However, the relationship between decreased Hsp27 
and senescence through resveratrol induction is still 
unclear. In contrast to other studies, Hsp27 expression 
increased non-significantly in the resveratrol group 
in both Colo-320 and Colo-741 cell lines. However, 
greater Hsp27 expression was observed in primary 
colon cancer cells than in metastatic colon cancer cells 
in the current study. These results may suggest that res-
veratrol causes more stress in primary colon cancer cell 
lines than in metastatic colon cancer cells. The expres-
sion of the survival protein Hsp27 was increased to a 
greater extent in primary cancer cells to escape senes-
cence when compared to metastatic cells.

Bcl-2 proteins, play an important role in the reg-
ulation of the intrinsic pathway of apoptosis,  include 
pro-apoptotic members such as Bax and anti-apop-
totic members mainly Bcl-2 (27). Bax protein stimu-
lates the intrinsic apoptotic pathway through inducing 
the efflux of cytochrome c from the mitochondria. 
Cytochrome c interacts with cytosolic apoptosis pro-
tease-activating factor-1 (Apaf-1) and pro-caspase-9 
to form apoptosome which activates caspase-3 and 
apoptosis in the cell (28). On the other hand, Hsp-27 
indirectly inhibits Bax protein translocation to mito-
chondria and prevents apoptosis via obstruction of 
cytochrome c releasing (29). In our study, resveratrol 



Progress in Nutrition 2021; Vol. 23, N. 1: e20210188

induced intrinsic apoptosis with elevated level of Bax 
protein in primary colon cancer cells. However, Hsp27 
protein level increased in colon cancer cells that may 
be escape apoptosis by this way. Also, our results indi-
cated that metastatic colon cancer cells have resistance 
to resveratrol. Interestingly, Bcl-2 immunoreactivity 
increased in resveratrol-treated metastatic colon can-
cer cells which might provide highly proliferating can-
cer cells escape death pathways.

In recent years, the number of studies have demon-
strated that resveratrol can modulate tumor cell migration 
and invasion through regulation of epithelial‑mesenchy-
mal transition in different cancers types such as glioma 
and pancreatic cancer (30,31). Matrix metalloproteinase 
2, MMP 2, is a Hsp27 activated enzyme and related to 
metastatic progression (32). Elevated levels of Hsp27 
proteins showed that resveratrol might not effective 
inhibiting metastasis of colon cancer cells in this study. 
These results also need to be evaluated with further 
assessment of different signaling pathway molecules that 
includes all metastasis pathways in colon cancer.

Lamin B1 is a protein found in the nuclear mem-
brane and regulates cellular proliferation (33). Lamin 
B1 expression differs according to the type of cancer 
(33). Moreover, prostate, liver and pancreatic cancers 
seem to be associated with higher lamin B1 expression, 
whereas gastric, lung and colon cancers are linked to 
lower lamin B1 expression (33,34). Additionally, lower 
lamin B1 expression can be detected in senescent cells 
and this could help cancer cells to hide in a dormant 
state (35). Studies showed that different active com-
pounds increase lamin B1 expression in colorectal 
cancer cell lines and drive cancer cell senescence (36). 

However, there is not any data that conclusively shows 
the relationship between resveratrol and senescence 
through lamin B1. In the current study, lamin B1 levels 
increased in Colo-320 cells whereas a reduction was 
observed in Colo-741 cells after resveratrol adminis-
tration. However, this difference was not significant, 
suggesting that it may be dose- and time-dependent.  
Colo-320 cells might have increased their lamin B1 
levels to escape senescence.  On the other hand, res-
veratrol was more effective in decreasing lamin B1 in 
Colo-741 cells. However, decreasing lamin B1 and 
promoting senescence may be a defense mechanism 
for metastatic cancer cell line to help the maintenance 
of cancer cells and escape apoptosis.

CDK inhibitors regulate the cell cycle through 
cyclins and CDKs. p16 is a tumor suppressor protein 
from the CDK inhibitor family and has a role in cellu-
lar senescence (37).  Ji et al. showed that a 100 μM dose 
of resveratrol led to an increase in p16 and induced 
premature cell senescence in lung cancer (24). Colin et 
al. reported that resveratrol induces an increase in p16 
levels and promotes cellular senescence in colon cancer 
cells. However, they also found that as the exposure 
time increased, the colon cancer cells became resistant 
to resveratrol (12). Our results showed similar p16 lev-
els between control and resveratrol groups in the Colo-
320 cell line but decreased p16 levels were found in 
the resveratrol-treated Colo-741cell line, with no sig-
nificant difference compared to control group.  It can 
be suggested that resveratrol may induce senescence 
in Colo-741 cells line when used at a higher dose via 
increasing p16 levels.

Cyclin B1 is a key regulator of the cell cycle 
and its expression is upregulated in cancer cells such 
as colon cancer (38). Silencing cyclin B1 drives pan-
creatic cancer cells into senescence (39). The current 
study is the first to investigate the relationship between 
resveratrol and senescence through cyclin B1. Accord-
ing to our results, cyclin B1 expression did not change 
after resveratrol administration in Colo-320 cells or 
Colo-741 cells. Considering the X-gal staining results, 
senescent cells decreased in resveratrol-treated Colo-
320 cells but it was not significant. It may be suggested 
that resveratrol may be stimulate apoptosis in primary 
colon cancer cells rather than senescence. On the other 
hand, greater senescent cells were found in resveratrol-
treated Colo-741 cells when compared to Colo-320 
cells. Furthermore, metastatic cancer cells may be 
avoiding from apoptosis through senescence. It may 
be considered that higher dose and incubation dura-
tion may be helpful to observed significant increased 
senescent cells and decreased lamin B1 levels after res-
veratrol administration in metastatic cells.

Resveratrol and its metabolites have several effects 
on cancer cells but their exact intracellular concentra-
tions associated with their anti-cancer activities have 
yet to be determined. Primary and metastatic cancer 
cells display distinctive cell characteristics and there-
fore, the main limitation of our study might involve 
a lack of assessment of the intracellular level of the 
agent. Moreover, it may be useful to test caspases-8 
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and 9 to determine the phase of resveratrol-induced 
apoptosis in colon cancer cells. The findings of the cur-
rent study may serve as a basis for future studies.

Conclusion

The effects of resveratrol on apoptosis and cell 
survival were evaluated in primary and metastatic 
colon cancer cells. The results demonstrated that res-
veratrol induced mitochondria-mediated apoptosis 
and decreased cell survival in primary colon cancer 
cells rather than senescence. Moreover, decreased cell 
viability without the apoptotic pathway further con-
firmed the effect of resveratrol in metastatic colon 
cancer cells. Triggering of apoptosis or controlling the 
balance between survival and death signaling pathways 
may be crucial to prevent metastasis and for the treat-
ment of cancer patients. Besides, control of senescent 
cancer cells still poorly understood for therapy effec-
tiveness and patient survival. Resveratrol may affect 
apoptosis and cell cycle via different mechanisms 
depending on the specific cell type. Further studies are 
needed to investigate the pharmacotherapeutic effects 
of resveratrol. 

Conflict of interest

No potential conflict of interest relevant to this article was 
reported by the authors.

Acknowledgement: 

The authors would like to thank Near East University, 
Research Center of Experimental Health Sciences (DESAM) 
and Manisa Celal Bayar University, Histology and Embryology 
Laboratory for their support throughout the study.

Funding

This research did not receive any specific grant from fund-
ing agencies in the public, commercial, or not-for-profit sectors.

References

1.	WHO. Cancer facts&Figures 2017-2019. https://www.who 
.int/news-room/fact-sheets/detail/cancer date the access:  
30.09.2019.

2.	WHO. IARC handbooks of cancer prevention. Colorectal 
Cancer Screening. Lyon Cedex 08, France. 2019.

3.	Sales MJ., Resurreccion AVA. Resveratrol in peanuts.  Crıt 
Rev Food Sci 2014;54: 734-70.

4.	Park JE., Pezzuto MJ. The pharmacology of resveratrol in 
animals and humans. Biochimia Et Biophysica Acta 2015; 
1852: 1071-13.

5.	Alberts B., Johnson A., Lewis J., Morgan D., Raff M., Rob-
erts K. et al. Molecular biology of the cell 6th Ed. New York: 
Garland Science, Taylor&Francis, 2015.

6.	Miki H., Uehara N., Kimura A., Sasaki T., Yuri T., 
Yoshizawa K., et al. Resveratrol induces apoptosis via 
ROS-triggered autophagy in human colon cancer cells. Int  
J Oncol 2012; 40: 1020-1028.

7.	El-Readi MZ, Eid SY, Abdelghany AA, Al-Amoudi 
HS, Efferth T, Wink M. Resveratrol mediated cancer cell 
apoptosis, and modulation of multidrug resistance pro-
teins and metabolic enzymes. Phytomedicine 2019; 55: 
269-81.

8.	Radhakrishnan S., Reddivari L., Sclafani R., Das UN., 
Vanamala J. Resveratrol potentiates grape seed extract 
induced human colon cancer. Cell Apoptosis. Front Biosci 
(Elite Ed) 2011; 1: 1509-23.

9.	Elmore S. Apoptosis: a review of programmed cell death. 
Toxicol Pathol 2007; 35: 495-516.

10.	Gonzalez LC., Ghadaouia S., Martinez A., Rodier F. 
Premature aging/senescence in cancer cells facing therapy: 
good or bad? Biogerontology 2016; 17: 71-87.

11.	Lukášová E., Kovařík A., Kozubek S. Consequences of 
lamin B1 and lamin B receptor downregulation in senes-
cence. Cells 2018; 7: 11-9.

12.	Colin DJ., Limagne K., Lizard G., Ghiringhelli F., Solary 
E., et al. The role of reactive oxygen species and subse-
quent dna-damage response in the emergence of resistance 
towards resveratrol in colon cancer models. Cell Death Dis 
2014; 5: 1533-45.

13.	Mikuła-Pietrasik J., Niklas A., Uruski P., Tykarski A., 
Książek K. Mechanisms and significance of therapy-induced 
and spontaneous senescence of cancer cells. Cell. Mol 2019; 
14: 1-7.

14.	O’callaghan-Sunol C., Gabai VL, Sherman M.Y. Hsp27 
modulates p53 signalling and suppresses cellular senescence. 
Cancer Res 2007; 67: 11779-88.

15.	Farhadnejad H., Emamat H., Zand H. The Effect of Res-
veratrol on Cellular Senescence in Normal and Cancer 
Cells: Focusing on Cancer and Age-Related Diseases. Nutr 
Cancer 2019; 71: 1175-80.

16.	Jiang Z., Chen K., Cheng L., Yan B., Qian W., Cao J., Li J., 
Wu E., Ma Q., Yang W. Resveratrol and cancer treatment: 
updates. Ann. N. Y. Acad. Sci 2017; 1403: 59-9.



Progress in Nutrition 2021; Vol. 23, N. 1: e202101810

17.	Kim CW., Hwang KA., Choi KC. Anti-Metastatic poten-
tial of resveratrol and its metabolites by the inhibition of 
epithelial-mesenchymal transition, migration, and invasion 
of malignant cancer cells. Phytomedicine 2016; 23: 1787-96.

18.	Elshaer M., Chen Y., Wang XJ., Tang X. Resveratrol: an 
overview of its anti-cancer mechanisms. Life Sci 2018; 207: 
340-49.

19.	Wang X., Wang D., Zhao Y. Effect and mechanism of res-
veratrol on the apoptosis of lung adenocarcinoma cell line 
A549.  Cell Bıochem Bıophys 2015; 73: 527-31.

20.	Chen J., Dong XS., Guo XG. Inhibitory effect of resvera-
trol on the growth of human colon cancer ls174t cells and 
its subcutaneously transplanted tumor in nude mice and 
the mechanism of action. Zhonghua Zhong Liu Za Zhi 
[Chinese Journal Of Oncology] 2009; 31: 15-9.

21.	Baek SH., Ko JH., Lee H., Jung J., Kong M., Lee JW., Lee J.,  
Chinnathambi A., Zayed ME., Alharbi SA., Lee SG. Res-
veratrol inhibits STAT3 signaling pathway through the 
induction of SOCS-1: Role in apoptosis induction and radi-
osensitization in head and neck tumor cells. Phytomedicine 
2016; 23: 566-77.

22.	Pistritto G., Trisciuoglio D., Ceci C., Garufi A., D’orazi G. 
Apoptosis as anticancer mechanism: function and dysfunc-
tion of its modulators and targeted therapeutic strategies. 
Aging 2016; 8: 603-19.

23.	Chen H., Jin ZL., Xu H. MEK/ERK signalling pathway 
in apoptosis of SW620 cell line and inhibition effect of res-
veratrol. Asian Pac. J. Trop. Med 2016; 9: 49-53.

24.	Ji S., Zheng Z., Liu S., Ren G., Gao J., Zhang Y., Li G. 
Resveratrol promotes oxidative stress to drive dlc1 mediated 
cellular senescence in cancer cells. Exp Cell Res 2018; 370: 
292-302.

25.	Giménez-Bastida JA., Ávila-Gálvez MA., Espín JC., 
González-Sarrías A. Conjugated physiological resveratrol 
metabolites induce senescence in breast cancer cells: role 
of p53/p21 and p16/Rb pathways, and abc transporters. 
Mol. Nutr. Food Res 2019; 63: 1900629.

26.	Díaz-Chávez J., Fonseca-Sánchez MA., Arechaga-Ocampo 
E., Flores-Pérez A., Palacios-Rodríguez Y., Domínguez-
Gómez G., Marchat LA., Fuentes-Mera L., Mendoza-
Hernández G., Gariglio P., López-Camarillo C. Proteomic 
profiling reveals that resveratrol inhibits Hsp27 expression 
and sensitizes breast cancer cells to doxorubicin therapy. 
Plos One 2013; 8:  64378.

27.	Wei MC., Zong WX., Cheng EH., Lindsten T., Panout-
sakopoulou V., Ross AJ., Roth KA., MacGregor GR., 
Thompson CB., Korsmeyer SJ. Proapoptotic BAX and 
BAK: a requisite gateway to mitochondrial dysfunction and 
death. Science 2001; 292: 727-30.

28.	Li P., Nijhawan D., Budihardjo I., Srinivasula SM., 
Ahmad M., Alnemri ES., Wang X. Cytochrome c and 
dATP-dependent formation of Apaf-1/caspase-9 com-
plex initiates an apoptotic protease cascade. Cell 1997; 9: 
479-89.

29.	Acunzo J., Katsogiannou M., Rocchi P. Small heat shock pro-
teins HSP27 (HspB1), αB-crystallin (HspB5) and HSP22 
(HspB8) as regulators of cell death. The international journal 
of biochemistry & cell biology 2012; 44: 1622-31.

30.	Cilibrasi C., Riva G., Romano G., Cadamuro M., Baz-
zoni R., Butta V., Paoletta L., Dalpra L., Strazzabosco M., 
Lavitrano M., Giovannoni R. Resveratrol impairs glioma 
stem cells proliferation and motility by modulating the wnt 
signaling pathway. PLoS One 2017; 12: e0169854

31.	Hoca M., Becer E., Kabadayı H., Yücecan S., Vatansever 
HS. The effect of resveratrol and quercetin on epithelial-
mesenchymal transition in pancreatic cancer stem cell. Nutr 
Cancer 2019; 8: 1-2.

32.	Paul C., Manero F., Gonin S., Kretz-Remy C., Virot S., 
Arrigo A.P. Hsp27 as a negative regulator of cytochrome C 
release. Molecular and Cellular Biology 2002; 22: 816-34.

33.	Sakthivel KM., Sehgal P. A novel role of lamins from genetic 
disease to cancer biomarkers. Oncol Rev 2016; 10: 309.

34.	Izdebska M., Gagat M., Grzanka A. Overexpression of 
lamin b1 induces mitotic catastrophe in colon cancer Lovo 
cells and is associated with worse clinical outcomes. Int  
J Oncol 2018; 52: 89-102

35.	Malvezzi H., Viana BG., Dobo C., Filippi RZ., Podgaec S., 
Piccinato CA. Depleted lamin B1: a possible marker of the 
involvement of senescence in endometriosis? Arch Gynecol 
Obstet 2018; 297: 977-84.

36.	Liu L., Wang J., Shi L., Zhang W., Du X., Wang Z., Zhang 
Y. β-asarone induces senescence in colorectal cancer cells 
by inducing lamin B1 expression. Phytomedicine 2013; 20: 
512-520.

37.	Yamashiro Y., Sasaki H., Ibaraki N., Nagai K., Kawakami 
Y., Yaguchi H., Fujita N., Osada H., Sasaki K. Cyclin-
dependent kinase inhibitor p16 and p21 expression, and cell 
cycle change in human lens epithelial cell line SRA 01/04 
following contact inhibition in normal culture. Ophthalmic 
Res 2011; 46: 38-43.

38.	Ye C., Wang J., Wu P., Li X., Chai Y. Prognostic role of cyc-
lin B1 in solid tumours: a meta-analysis. Oncotarget 2017; 
8: 2224-2232.

39.	Zhang H., Zhang X., Li X., Meng WB., Bai ZT., Rui SZ., 
Wang ZF., Zhou WC., Jin XD. Effect of Ccnb1 silencing 
on cell cycle, senescence, and apoptosis through the p53 sig-
nalling pathway in pancreatic cancer. J Cell Physiol 2019; 
234: 619-31.

Correspondence: 
Servet Madencioğlu
Near East University
Faculty of Health Science
Department of Nutrition and Dietetics
Nicosia, Cyprus, 99138
+90 392 2236464 Ext: 3434
E-mail: servetmadencioglu@hotmail.com


