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ORIGINAL ARTICLE

Anti-Tumorigenic Effect of Resveratrol in HepG2 cells
Controlled with Cytochrome-c Dependent Cell Death
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Abstract. Resveratrol is a phytochemical that is regarded as a potential anticancer agent in liver cancer prevention.
It had also been shown that resveratrol has role in the prevention of cancer and anti-cancer properties. In this
study, we aimed to investigate the effects of resveratrol on cell viability, apoptosis, cellular proliferation, JAK/STAT
pathway and epithelial-mesenchymal transition (EMT) in human hepatocellular carcinoma cell (HepG2) line. Cell
growth and cytotoxicity were evaluated with MTT assay with different concentrations (5, 10, 25, 50, 100 uM) of
resveratrol in HepG2 cells. The distribution of FasL, cyt-c, caspase-3, Ki-67, ACTA2, CD133,JAK2, N-cadherin,
vimentin and STAT3 in HepG2 cells were analyzed using indirect immunoperoxidase technique. The effective
dose and incubation time for inhibition of cell growth in HepG2 cells was determined as 100 pM for 48 hours.
Decreased Ki-67 immunoreactivity following resveratrol application was significant in HepG2 cells. Increased
cyte-c, STAT3, vimentin, N-cadherin and CD133 immunoreactivities were significant between resveratrol appli-
cated HepG2 cells and control group. According to our results, resveratrol induced mitochondrial-dependent cell
death and suppressed proliferation in HepG2 cells. On the other hand, our results showed that resveratrol stimu-
lated cellular self-protection responses through activation of EM'T and STAT3 protein expression in HepG2 cells.
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Hepatocellular carcinoma (HCC) is the sixth
most common cancer and is the third common cause
of cancer mortality worldwide (1). Liver transplanta-
tion, chemotherapy, surgical resection and radiother-
apy are current curative treatment options in HCC.
However, recurrence and metastasis are very common
in HCC. For this reason the length and quality of life
are still poor in HCC (2). Extensive scientific research-
es over the past decade showed that critical mutations
and epigenetic alterations in cellular signaling pathway
molecules are involved in hepatocarcinogenesis (3). In
this respect, development of new target therapeutics
against critical cellular signaling pathways such as re-

mitogen-activated protein kinase (MAPK) pathways
are very important for halting the progression of HCC
(4). However, poorly understood and complex molec-
ular crosstalk in signaling pathways cause chemoresis-
tance and/or decrease effectiveness of cancer therapy
in HCC (5).

In HCC treatment, systemic chemotherapy is
still lack. Although, FDA-approved sorafenib is used
for HCC treatment, it causes many adverse effects.
Thence, alternative therapeutic strategies are urgent
to improve liver cancer treatment (6). Recent studies
have shown that natural multifunctional polyphenolic
compound such as resveratrol has protective impacts to
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reduce the side effects that are induced by chemother-
apeutic drugs. Resveratrol is one of the polyphenolic
compounds which is found in various dietary sources
such as red wine, white, peanut, blueberry, green grape,
black grape, and raisin, etc (7). Moreover, resveratrol
has been shown to modify molecular pathways in-
volved in redox signaling and inflammation which are
involved in HCC development and progression (7,8).
Within the past decade, many research groups have
evaluated the anticancer potential of resveratrol using
in vitro studies. Several research demonstrated that
resveratrol was shown to have cytotoxic and proapop-
totic effects on HepG2 cells (9-18). Sun et al. report-
ed that resveratrol inhibited the H22 hepatoma cell’s
growth in a dose and time-dependent manner (13).
Additionally, Michels et al. observed that resveratrol
stimulated the apoptosis of metabolically active H4IIE
rat hepatoma cells by caspase activation (14).

In HCC, metastasis of cancer cells and recurrence
after chemotherapy are reported problems. Poor prog-
nosis of patients indicates that epithelial-mesenchy-
mal transition (EMT) mediates tumor progression in
HCC (15). EMT is a crucial key event in the early
step of tumor metastasis. EMT is a molecular process
which epithelial cells lose polarity and cell-cell con-
tacts, and gain invasive mesenchymal stem cell like
properties. Additionally, the expression of mesen-
chymal cell proteins such as E-cadherin is loss while
N-cadherin and vimentin are expressed in cancer cells
(16). HCC cells gain a more invasive, aggressive, che-
moresistance and stemness properties like cancer stem
cells through EMT (17-19). Recent studies reported
that EMT markers including E-cadherin, N-cadherin
and vimentin expression were correlated with a shorter
survival, worse prognosis and extrahepatic recurrence
in HCC (20-23).

Several studies demonstrated that resveratrol
suppresses the tumor metastasis via inhibiting signal-
ing pathways related with EMT in different types of
cancer cells (24,25). Ji et al. reported that resveratrol
inhibited EMT and invasion via reducing Smad2/3
expression in colorectal cancer (26). It has also shown
that resveratrol inhibited EMT in A549 lung cancer
cells through inhibiting the E-cadherin expression and
attenuating the vimentin expression (27). Moreover,
resveratrol has been shown to suppress the pancreatic

cancer PANC-1 cell’s metastatic potential via regu-
lating EMT-associated factors such as vimentin and
N-cadherin (28,29). To the current knowledge, there
is no reported in vitro studies addressing the effects of
resveratrol for EMT related proteins such as vimentin
and N-cadherin in HepG2 cells. The specific effects of
resveratrol to EMT in HepG2 cells remain undefined.

The aims of this study were: (i) to investigate the
effect of resveratrol on cell viability in HepG2 cells; (ii)
to determine the effect of resveratrol on expression of
EMT markers, N-cadherin, vimentin and ACTA2 in
HepG2 cells; (iii) to examine proapoptotic effects of
resveratrol via FasL, cytochrome-c (cyt-c) and caspase-3
expression in HepG2 cells; (iv) to investigate effects of
resveratrol on JAK/STAT pathway through JAK2 and
STAT3 expression in HepG2 cells; and (v) to deter-
mine antiproliferative and stemness effects of resveratrol

via Ki-67 and CD133 expression in HepG2 cells.

Materials and Methods
Cell Line and Cell Culture

HepG2 (human liver hepatocellular carcinoma
cell line, ATCC: CRL-10741) was used in this study.
RPMI 1640 (Gibco, Catalog no: 11875101) were
used as supplements that contained 10% heat-inacti-
vated fetal bovine serum (FBS) (Capricorn Scientific,
Catalog no: FBS-HI-11B), 1% penicillin-strepto-
mycin (Capricorn Scientific, Catalog no: PS-B) and
1% L-glutamine (Capricorn Scientific, Catalog no:
GLN-B) for HepG2 cells culture. Cells were cultured
in a humidified atmosphere at 37 °C and 5% CO,.
When the cultured cells reached confluency state, they
were sub-cultured using a 0.25% trypsin-EDTA solu-
tion (Capricorn Scientific, Catalog no: TRY-1B).

Cell Viability and Growth Assay

Effect of resveratrol ((E)-5-(2-(4-hydroxyphenyl)
ethenyl)-1,3-benzenediol; 99% pure) (Sigma, Catalog
no: R5010) on cell proliferation was assessed by MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl

zolium bromide) (Glentham Life Sciences, Catalog

tetra-

no: GC4568). Assay as described our previous report
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with slight modifications (30). The stock resveratrol
solution was prepared in dimethyl sulfoxide (DMSO)
(Sigma-Aldrich, Catalog no: D2650). At the time of
analysis, resveratrol diluted in culture medium with
five concentrations (5, 10, 25, 50, and 100 pM). The fi-
nal concentration of DMSO in culture medium of the
cells was less than % 0.05. HepG2 cells were cultured
in 96-well plates for 24 h and 48h, cell density in each
well was 5x10° in 100 pL of culture medium. After the
incubation, 10 pl MTT solution was added into each
well and incubated for 4 h at 37 . Subsequently, 50 pl
of DMSO was added to dissolve the formazan crys-
tals. Absorbance of plate was measured at 540 nm with
a UV-visible spectrophotometer (Versa Max, Molec-
ular Device, Sunnyvale USA). All of the experiments
were repeated minimum of three times independently.

Immunocytochemistry

The previously described indirect immunoperox-
idase staining protocol was used for evaluating FasL,
cyt-c, caspase-3, Ki-67, ACTA2, CD133, JAK2,
N-cadherin, vimentin and STAT3 distributions in
HepG2 cells (28). Briefly, 5x10° HepG2 cells were
plated in each well of 24-well plate and allowed to
attach overnight and, then were applied with resver-
atrol, which was diluted with HepG2 culture medi-
um, in resveratrol group. The control group cells were
cultured with HepG2 culture medium as same culture
time with study group cells. Both resveratrol and con-
trol HepG2 cells were fixed with 4% paraformaldehyde
after incubation. After washing with phosphate buffer
saline (PBS), they were incubated with blocking solu-
tion for 1 h, cells were then incubated with primary
antibodies; FasL. (Santa Cruz Biotechnology, Catalog
no: sc-834), cyt-c (Santa Cruz Biotechnology, Catalog
no: sc-13156), caspase-3 (Santa Cruz Biotechnology,
Catalog no: sc-7272), Ki-67 (Thermofisher Scien-
tific, Catalog no: B-081-A1), ACTA2 (Proteintech,
Catalog no: 14395-1-AP), CD133 (Abcam, Catalog
no: ab19898), JAK-2 (Abcam, Catalog no: ab32101),
N-cadherin (Proteintech, Catalog no: 13769-1-AP),
vimentin (Proteintech, Catalog no: 10366-1-AP) and
STAT3 (Abcam, Catalog no: ab68153) for overnight
at 4°C. Then washing with PBS, the cells were subse-
quently incubated with biotinylated secondary antibody

(Thermo Fischer, Histo Stain-Plus, Catalog no: HRP
859043) and streptavidin-peroxidase complex, respec-
tively. For immune labeling, they were incubated with
diaminobenzidine (DAB) (Scytec, Catalog no: 36038)
for 5 minutes. Then, HepG2 cells were counterstained
with Mayer’s hematoxylin solution (Bio Optica, Cata-
log no: 1213) for 5 minutes. They were mounted using
the mounting medium (Merck Millipore, Catalog no:
107961, Germany) and examined under a light micro-
scope (Olympus BX40, Tokyo, Japan).

Staining of FasL, cyt-c, caspase-3, Ki-67, ACTA2,
CD133,JAK2, N-cadherin, vimentin and STAT3 was
graded semi-quantitatively using the H-SCORE. In
H-SCORE= (i+1) formulation, i is the intensity of
dyeing with a value of 1, 2 or 3 (mild, moderate, or
strong, respectively). is the percentage of cells stained
(between 0 and 100%) with each intensity.

Statistical Analysis

Mean + SD (standard deviation) was used for data
expression. Graph Pad Prism 7 software was used for
analyzing and group differences were analyzed with
Mann-Whitney U tests. A p <0.05 was regarded as
statistically significant.

Results
Cell Viability and Cytotoxicity

In this study, we determined the cytotoxicity of
resveratrol on HepG2 cells using MTT assay. HepG2
cells were treated with five different resveratrol con-
centrations (5-100 puM) for 24 and 48 h. After MTT
assay, resveratrol application at 100 uM concentration
was more effective in suppressing HepG2 cell viability
when compared with other dilutions for 48 h (Figure
1 A and B).

Cell Morphology

HepG2 cells are epithelial-like and adhesive cells (Fig-
ure 2B). After application with resveratrol, HepG2
cell number decreased and their shapes changed to
oval (Figure 2A).
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Figure 1. Cell viability and IC50 value. (A) MTT assay show-
ing the viability of HepG2 cells after application increasing
concentrations of resveratrol for 24 h and 48 h. (B) IC50 values
of resveratrol for HepG2 cells. IC50 of the resveratrol was cal-
culated as 111.6 pM.

Immunohistochemical evaluation

Regarding to the apoptotic markers, the im-
munostaining intensity of FasL and caspase-3 were
moderate in HepG2 cells after resveratrol application
(Figure 3A and 3E) and these intensities were higher
than control HepG2 cells (Figure 3B and 3F), but they
were not statistically significant (p> 0.05, Table 1).
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Figure 3. Immunoreactivity of FasL, cyt-c and caspase-3 in
HepG2 cells in 48 h culture exposed with 100 uM resveratrol
(A, C, E) or standard culture conditions (control group) (B, D,
F). Scale bars: 500 pm.

Figure 2. HepG2 cells imaged under the inverted microscope: (A) Resveratrol and (B) control groups of HepG2 cells. Scale bars: 200 pum.
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On the other hand, strong immunostaining of
cyt-c was detected in resveratrol group HepG2 cells
(Figure 3C), this increased intensity was significant
when compared to control group HepG2 cells (Figure
3D) (p <0.05, Table 1).

The immunoreactivity of Ki-67 was weak in res-
veratrol group HepG2 cells (Figure 4A) and strong in
control group HepG2 cells (Figure 4B). Also, the stain-
ing intensity of Ki-67 in resveratrol group HepG2 cells
group was statistically significant (p<0.05, Table 1).

Immunostaining of CD133, N-cadherin, STAT3
and vimentin were very strong in resveratrol group
HepG2 cells (Figure 4G, 41, 4K and 4M). Addition-
ally, increase staining intensity of CD133, N-cadherin,
STAT3 and vimentin were detected in resveratrol group
HepG2 cells in comparison with control group, and the
differences were statistically significant (p< 0.05, Table
1). While the intensity of ACTA2 and JAK2 were very
moderate in HepG2 cells after resveratrol application
(Figure 4C and 4E) and these intensities were higher
than control HepG2 cells (Figure 4D and 4F), but they
were not statistically significant (p> 0.05, Table 1).

Discussion

HCC is one of the common cancers types in the
world. HCC is an extremely challenging disease to

Table 1. The H-SCORE of FasL, cyt-c, caspase-3, Ki-67, ACTA2,
JAK2, STAT3 CD133, N-cadherin and vimentin immunolabel-
ling in both resveratrol and control groups of HepG2 cells for 48 h.

Resveratrol Group Control Group
FasL 282.9 £ 47.4 238.6 + 22.08
Cyt-c 310.3 + 31.67* 244.5 + 20.64
Caspase-3 120.5 + 5.4 106.6 + 8.36
Ki-67 120.4 + 17.44* 319.5 +27.18
ACTA-2 274.9 + 45.48 263.7 + 43.82
JAK2 177.2 + 45.37 161 +32.47
STAT3 228.9 = 39.44* 116.5 + 15.34
N-cadherin 309.5 + 47.58* 122.7 + 8.87
Vimentin 178.2 + 44.69* 119.1 +3.39
CD133 330.1 £ 25.77* 193.6 + 52.73

Data are expressed as means + SD and were compared by

Mann-Whitney U test.

* The data was significant when compared with control group

(p<0.05).

treat, due to different disease molecular mechanisms.
The goal of utilization a molecular target-specific drug
is to suppress a target central to a main disease mech-
anism of interest in HCC. Whereas, single molec-
ular target drugs have very little therapeutic impacts
in complex disease as HCC. The multi-target treat-
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Figure 4. Immunoreactivity of Ki-67, ACTA2, JAK2, CD133,
N-cadherin, STAT3 and vimentin in HepG2 cells in 48 h cul-
ture exposed to 100 pM resveratrol (A, C, E, G, I, K, M). or
standard culture conditions (control group) (B, D, F, H, ], L,
N). Scale bars: 500 pm
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ment approach can be especially beneficial in HCC
(1). In the last decade, natural compounds combined
treatment strategies have been examined to suppress
multi-molecular signaling cascades in HCC. Howev-
er, resveratrol-related investigations for HCC treat-
ment are still limited (31). In the present study, we
demonstrated that resveratrol had pro-apoptotic and
antiproliferative effects on HepG2 cells. Interestingly,
resveratrol application stimulated EMT and expres-
sion of STAT3 protein and thereby activation cellular
self-protection response in HepG2 cells.

Resveratrol can trigger mitochondrial-dependent
cell death (intrinsic apoptotic pathway) to stimulate
release of pro-apoptotic factors from mitochondria,
and this capability has been used as a potential strat-
egy in cancer treatment (32). Ou et al. found that
resveratrol induces apoptosis through intrinsic path-
way in HepG2 cells (33). Ma et al. showed that res-
veratrol stimulated cell death in HepG2 cells through
intrinsic apoptotic pathway including mitochondrial
membrane potential loss and releasing of cytochrome
¢ (cyt-c). Also, authors demonstrated that resveratrol
increased intracellular Ca®* ion concentration in mito-
chondria that may compromise mitochondrial mem-
brane potential. Progressive Ca** loading ultimately
caused the mitochondrial permeability transition pore
to open and released apoptotic signaling molecules
such as cyt-c into the cytoplasm in HepG2 cells. Then,
the cyt-c activated caspase-9 which cleaved and ac-
tivated calpain enzymes, executioner caspase-3 and
caspase-6 resulting in HepG2 cell apoptosis (34). In
our results showed that cyt-c intensity was found to be
increased after resveratrol application in HepG2 cell
after 48 h culture time. Moreover, resveratrol appli-
cation increased in both FasL and caspase-3 intensi-
ties in HepG2 cells while results did not statistically
significant. The results indicated that resveratrol may
be effective in triggering intrinsic apoptotic pathway
in HepG2 cells, but, 48 h culture time may not be ef-
fective to be significant stimulation of the caspase-3
secretion.

Abnormal activation of intracellular signaling
pathways contained in cell proliferation, differentia-
tion, survival and apoptosis have been found to con-
tribute to development and progression of HCC.
JAK/STAT signaling pathway is one of the signaling

pathway which is involved in HCC development (35).
The JAK/STAT signaling pathway has crucial roles in
numerous cellular functions such as cell proliferation,
differentiation, stem cell maintenance and immune/
inflammatory response modulation. This pathway can
be activated by cytokines and growth factors, includ-
ing EGF family members, interferons and interleuk-
ins, which bind to their transmembrane receptors. The
cytoplasmic tails of these transmembrane receptors
are associated with JAKs that are activated onto li-
gand-induced and phosphorylate tyrosine residues on
the receptors cytoplasmic tail (36). Then, JAKs phos-
phorylate STATs (signal transducers and activators of
transcription) such as STAT3 which are form dimers
and translocate to the nucleus of cell. Also, STAT3
signal transduction cascade is activated by distinct re-
ceptors stimuli such as growth factors, oxidative stress
and cytokines (37). Studies into HCC have demon-
strated that STAT3 is key role in various tumorigen-
esis processes including proliferation, invasion, metas-
tasis, survival, inflammation and angiogenesis (38,39).
Due to the oncogenic role of STAT3 dysregulation,
many molecule inhibitors that target STAT3 have
been developed and tested for against HCC (40,41).
Moreover, Li et al. reported that resveratrol inhibit-
ed STATS3 signaling pathway via SIRT1 signaling in
high glucose-exposed HepG2 cells (42). Trung et al.
showed that resveratrol inhibited constitutively active
STAT3 and JAK2 phosphorylation however did not
effect on other STAT3 activation upstream media-
tors, such as JAK1, PTEN and TYK2 in natural killer
(NK) (43). In contrast to previous studies, resveratrol
increased STAT?3 intensity in HepG2 cell in our study.
Also, resveratrol application elevated JAK2 inten-
sity but results were not statistically significant. We
speculate that antitumor effects of resveratrol may be
through different signaling pathways from JAK/STAT
pathway in HepG2 cells.

Hepatocellular EMT is an important event in
cancer cell invasion and metastasis in HCC progres-
sion. During the tumor cells invasion process, can-
cer cells lose cell-cell contacts and lose polarity due
to loss of E-cadherin expression while mesenchymal
proteins such as N-cadherin and vimentin expression
are increased. Additionally, molecular signaling path-
ways which indicate partial recurrence of embryonic



Progress in Nutrition 2022; Vol. 24, N. 1: ¢2022006

programs such as TGF- and Wnt/ -catenin signal-
ing pathways are activated and play key role in the
EMT of HCC cells (15). Especially, TGF-f activat-
ed transcription ACTA2 (actin alpha 2) which is an
EMT-associated marker and known to contribute to
cell movement. Elevation of ACTA2 levels are related
with cancer cells invasion and metastasis (44). When
EMT is activated in HCC, cancer cells gain properties
of stem cells that contribute to self-renew abilities and
can be marked by CD133, CD44 and CD90 proteins
(45). In HCC, the expression of CD133, CD90 and
CD44 has been correlated to EMT and can predict
metastasis. Many studies reported that resveratrol in-
hibited the development of tumor cell invasion and
metastasis via suppressing signaling pathways related
with EMT in different cancer types (26,27). In our
previous study, we showed that resveratrol increased
the N-cadherin and vimentin expression in CD133-
and CD133+ pancreatic cancer cells when compared
with the control groups but the differences were not
significant (28). In the current study, the intensity of
N-cadherin, vimentin and CD133 were significantly
increased after resveratrol application in HepG2 cells.
Also, resveratrol application increased in ACTA2 in-
tensity in HepG2 cells while results did not statisti-
cally significant. Our results indicated that resveratrol
application in different cancer cell types may be lead to
diverse responses through signaling pathway activation
or inhibition. EMT related signaling pathways may be
activated by resveratrol in HepG2 cells.
Antiproliferative potential of resveratrol was re-
vealed in cell growth experiments. The results showed
that resveratrol inhibited proliferation and delayed or
prevented the HepG2 cells from entering mitoisis. The
tumor cell proliferation and growth are associated with
Ki-67, nuclear protein expression (10,46,47). Clinical-
ly, Ki-67 protein is associated with the intrinsic cell
populations proliferative activity in malignant tumors
and it is used as a prognostic marker for cancer diag-
nosis and treatment (48). In our study, the intensity
of Ki-67 was significantly decreased after resveratrol
application in HepG2 cells. Our results exhibited that
resveratrol inhibited cell proliferation in HepG2 cells.
The in vitro studies that investigate effects of the
resveratrol on EMT, apoptosis, stemness properties,

proliferation and JAK/STAT3 pathway in HCC are

still limited (31). In conclusion, we showed that resver-
atrol induced mitochondrial-dependent cell death and
suppressed proliferation in HepG2 cells. On the other
hand, our results showed that resveratrol stimulated
cellular self-protection responses through activation of
EMT and STAT3 protein expression in HepG2 cells.
Therefore, resveratrol could be able to trigger apoptotic
cell death rather than metastatic properties in HepG2
cells. Our results presented new concerns on the res-
veratrol side-effects of administration which may
break the balance of the pro and anti-growth signal
in HCC. In order to verify exact anti-cancer activities
of resveratrol on HepG2 cells, further assessment with
different cellular signaling pathway molecules that in-
clude all possible cancer promotion, and metastasis
mechanisms, is necessary.
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