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Resveratrol affects 3-catenin and GSK-3[3 gene
expression in Wnt-signalingpathway in HCT-116
human colorectal cancer cells
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ABSTRACT

Background: Colorectal canceris one ofthe mostly diagnosed malignancies worldwide.
The main risk factors for colorectal cancer include the mutation of tumor suppressor
genes or proto-oncogenes and unhealthy lifestyle. Vegetable and fruit consumption with
multiple anticancer agents can reduce the risk of colon cancer. Resveratrol is a natural
polyphenolic product that inhibits proliferation and induces apoptosis through several
pathways. In this study the effects of resveratrol on B-catenin (CTNNB1) and GSK-3[3
expression in the Wnt-signaling pathway were examined and, morphology changes
were analyzed in colon cancer cells with high levels of B-catenin such as HCT-116.

Methods: HCT-116 cells were seeded into 6-well plates, and the cells were treated
with various concentrations of resveratrol (25, 50 and 100 uM) for 24, 48 and 72 hours
respectively. Quantitative Real-time PCR examined [(3-catenin and GSK-3[3 expres-
sion and morphology changes were analyzed.

Results: The results showed that, in 25 and 50 UM concentrations, resveratrol reduced
B-catenin and GSK-3[3 expression in 24 h (p-value; 0.001). Gene expressions were
found to increase in 48 h and 72 h treatment with resveratrol in the concentrations of
50 and 100 pM respectively (p-value; 0.001).

Conclusion: considering our data, it can be concluded that low doses of resveratrol
could reduce B-catenin expression, which can affect the Wnt-signaling pathway. High
doses can increase the GSK-3[3 expression, playing a role in the destruction of 3-cat-
enin, inhibition of its accumulation in the cytoplasm and nuclear, apoptosis induction
and cellular proliferation inhibition while low doses of resveratrol can decrease GSK-
3P expression and suppress proliferation.

Abbreviations: LEF/TCF, lymphoid enhancing factor/T-cell factor; APC, adenoma-
tous polyposis coli; GSK-3[3, glycogen synthase kinase 3B; CK, casein kinase 1; RSV,
resveratrol; DMSO, dimethyl sulfoxide; DMEM-F12, Dulbecco's Modified Eagle's
Medium F-12; FBS, fetal bovine serum; CIN, chromosomal instability; PI3K, phos-
phatidylinositol-3-kinase; TGF-3, transforming growth factor-B; GFR, Growth Factor
Receptor; KRAS, Kirsten rat sarcoma viral oncogene homolog; PTEN, Phosphatase
and tensin homolog; COX, Cytochrome ¢ oxidase; IGF-1R, insulin-like growth factor
1 (IGF-1) receptor; Akt, Protein kinase B (PKB);

Keywords: B-catenin, Colorectal cancer, CTNNB1, GSK-3B, HCT-116, Resveratrol,
Wnht signaling



INTRODUCTION:

Colorectal cancer and signaling pathway

Colorectal cancer (CRC) is the second most commonly
diagnosed cancer in females and the third in males in the
world'. The lowest incidence rates of colorectal cancer
are found in Africa, whereas the highest ones are found
in Australia, New Zealand, Europe, and North Ameri-
ca’. The treatment approaches to colorectal cancer in-
clude surgical resection or radiotherapy combined with
chemotherapy’. Amongst the modifiable risk factors are
physical inactivity, overweight and central obesity, the
Western diet (e.g., saturated fats, red and processed meat
consumption, excessive alcohol consumption and per-
haps refined carbohydrates) and smoking*”. In addition,
CRC may occur in form of one of the most studied three
patterns, including familial, inherited and sporadic®’.
The Wnt-signaling pathway is a tightly regulated cas-
cade. Wnt-factors, which constitute a large family of
cell-signaling glycoproteins, play a key role during
normal animal development®’. The Wnt-signaling path-
ways are a group of signal transduction pathways made
of proteins, which pass signals from outside of a cell
through cell surface receptors to the inside of the cell.
Three Wnt signaling pathways have been characterized:
the canonical Wnt pathway, the noncanonical planar
cell polarity pathway and the noncanonical Wnt/cal-
cium pathway'’. The binding of a Wnt-protein ligand
activates all the three Wnt signaling pathways to a Friz-
zled family receptor, which passes the biological signal
to the protein dishevelled inside the cell. Wnt signaling
pathways use either nearby cell-cell communication
(paracrine) or same-cell communication (autocrine)'’.
The canonical Wnt pathway (or Wnt/B-catenin path-
way) is the Wnt pathway that acts along with -catenin.
Catenin beta-1 also known as B-catenin is a protein that,
in humans, is encoded by the CTNNB1 gene. B-catenin
is a dual function protein, regulating the coordination
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of cell-cell adhesion and gene transcription. It is a sub-
unit of the cadherin protein complex and acts as an in-
tracellular signal transducer in the Wnt signaling path-
way''. Signaling through the Wnt- 3-catenin-LEF/TCF
complex plays crucial roles in tissue homeostasis'>. In
unstimulated cells, free cytoplasmic B-catenin is dest-
abilized by a multi-protein complex containing tumor
suppressor APC, the central scaffold protein Axin,
GSK-3[ and CK1 as the core components’. Upon cell
stimulation by Wnt-ligands, the destabilization of free
cytoplasmic 3-catenin is inhibited. Stabilized B-catenin
will be increased and translocate into the nucleus. In the
nucleus, B-catenin binds to members of LEF/TCF fam-
ily of transcription factors, leading to transcription/acti-
vation of Wnt-target genes that stimulate or inhibit the
molecules in the cell cycle'>'*. Mutations and overex-
pression of B-catenin are associated with many cancers,
including hepatocellular carcinoma, colorectal carcino-
ma, lung cancer, malignant breast tumors, ovarian and
endometrial cancer''. The role of GSK-3B in tumori-
genesis and cancer progression is controversial; it may
function as a promoter of growth and development with
effects on some factors (NF-KB and AP-1), i.e. over-
expression of a constitutively active form of GSK-3[3
increases cyclin D1 expression and induces cell cycle
progression of some cancer cells, or it may act as a
tumor suppressor for certain types of tumors through
regulating the Wnt/ B-catenin signaling pathway'’.

According to the results of several epidemiological
studies, vegetable and fruit consumption is associat-
ed with a reduced risk of colorectal cancer; multiple
phytochemicals have been introduced as potential an-
ticancer agents from commonly consumed fruit and
vegetables'®. RSV; 3, 4', 5-trihydroxy-trans-stilbene is
a well-known natural polyphenolic product and a phy-
toalexin, produced by about 70 plant species, including
grapes, peanuts, mulberries, berries, plums, and pines,

and is widely present in red wine'”'®. Resveratrol in-
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take has been reported to have an anti-inflammatory
and anti-oxidative impact and to be capable of improv-
ing the immunomodulatory pathways'® **. Moreover,
it plays a crucial role in inhibiting the growth of can-
cer cell lines derived from various origins such as the
breast, colon, melanoma, uterine, lung and leukemia
cells''*. As reported in the previous studies, resvera-
trol suppresses colon cancer cell proliferation and ele-
vates apoptosis through several pathways, namely via
suppression of IGF-1R/Akt/Wnt-signaling pathways'”.
The present study aimed to investigate the time- and
dose-dependent manner effects of resveratrol on 3-cat-
enin and GSK-3f expression in the Wnt-signaling
pathway in HCT-116 human colorectal cancer cells.
In the cell line the level of B-catetin is high. A study
conducted in 2013 found that in colorectal cancer cells
with high levels of B -catenin, inhibitors of AKT (a
class of chemotherapy drugs) may increase the FOX-
O3a. Typically, FOXO3a causes apoptosis in cells, but
high concentrations of B -catenin within the cell causes
the metastasis. The purpose of this study was to inves-
tigate the effect of resveratrol on the concentration of

B -catenin by measuring changes in gene expression.

METHODS:

Chemicals and reagents

Resveratrol (Product Number: R5010) and Sodium
bicarbonate (Product Number: S5761) were obtained
from Sigma Aldrich (St.Louis, Mo). RSV was dis-
solved to the concentration of 50 UM in 100% dime-
thyl sulfoxide (DMSO). Dimethyl sulfoxide (DMSO)
was purchased from Sigma Aldrich (St.Louis, Mo /
Product Number: D2650), as a stock solution, and
stored at -20°C. The final DMSO concentrations used
in the present study were <0.1%. Dulbecco's Modified
Eagle's Medium F-12 (DMEM-F12) (Product Num-
ber: 32500032), fetal bovine serum (FBS) (Product
Number: 10270106), Penicillin-Streptomycin (Prod-

24'
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uct Number: 15140-122) and Trypsin/EDTA (Product
Number: 25200-056) were purchased from the Gibco
(Pittsburgh, PA).

Cell lines and culture conditions

Human colorectal cancer cell lines HCT-116 were
purchased from national cell bank of Iran (Pasteur In-
stitute, [ran). Cells were maintained at 37°C incubator
with 5% CO2 in DMEM-F12 medium supplemented
with antibiotics (100 U/ml penicillin, 100 g/ml strep-
tomycin) and 10% (v/v) heat-inactivated FBS and
sodium bicarbonate. All cell cultures were monitored
routinely. The cells were kept sub-confluent and the
media were changed every one to two days. All cells

used were within 2 to 3 passages.
Treatment condition, RNA isolation and creating
the cDNA

HCT-116 cells (6 x10%) were seeded into 6-well plates
and allowed to adhere for 24 hours. When the prolif-

eration of the cells was 60-70%, the cells were treated
with DMEM-F12/FBS %5 containing various concen-
trations of resveratrol (25, 50 and 100 yM) and DMSO
(vehicle control) for 24, 48 and 72 hours and collected
by trypsinization. Because of some of the limitations,
we didn't MTT assay to confirm any toxicity of the
resveratrol concentrations in the HCT-116 cell line
and then to choose the best concentrations. So we re-

2124 and chose the dose and

viewed several past studies
timing of the intervention. At the end of each round of
treatment with resveratrol, cell changes were recorded.
Total RNA was isolated from the cells, using RNeasy
Mini Kit according to the manufacturers’ instructions
(Qiagen, CA, USA / Product Number: 74134). RNA
concentration and purity were checked by A260/A280
optical density ratio and NanoDrop 2000c Spectropho-
tometer (Thermo, USA). cDNA was generated from 1

Mg RNA, using PrimeScriptTM RT reagent Kit (TA-
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KARA /Cat. RR037A), and random primers, and was
subjected to 40 cycles quantitative RT-PCR analysis.

Quantitative RT-PCR analysis

Quantitative Real-time PCR was done, using a SYBR
Premix Ex TagTM n (Tli RNaseH Plus), Bulk (TaKa-
Ra-cat: RR820L) in StepOne system (Applied Biosys-
tems, Foster City, CA). The primer sequences used for
quantitative RT-PCR were as follows: B-catenin (CTN-
NB1) forward 5’- CGAAATCTTGCCCTTTGTCC-3’,
reverse 5’-GTTGTGAACATCCCGAGCTAG-3’; GSK-
3B forward5’GGTCTATCTTAATCTGGTGCTGG-3,
reverse S’TGGATATAGGCTAAACTTCGGAAC-3’
and (B-actin as reference gene with 5’-AGCCTCGCCT-
TTGCCG-3’ forward primer and 5’-ATCACGCCCT-

GGTGCCT-3’ reverse primer served as an internal

control. Primer sequence was designed as follows: 1)
find the Proper sequence from related articles. 2) go
to NCBI (National Center for Biotechnology Infor-
mation) webpage: http://www.ncbi.nlm.nih.gov/ and
Select BLAST engine. 3) Go to Primer-3 Software:
http://www-genome.wi.mit.edu/cgi-bin/primer/prim-

er3_www.cgi.

Statistical analysis

All experiments were done in three technical repli-
cates, and the results were repeated at two independ-
ent biological replicates. To determine the effects of
time and dose of intervention, the data were analyzed
by pairwise fixed reallocation randomization test, us-
ing Relative Expression Software Tool (Rest-RG and
Rest-MCS) software. Results were considered signifi-

cantwithP-valuelessthan0.05.

RESULTS:
Expression of CTNNB1 and GSK-3 in the
Wnt-signaling

Effects of RSV at varying concentrations (25, 50 and
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100 uM) and time points (24-48-72 h) on the expres-
sion of CTNNBI1 and GSK-3B in HCT-116 cell line
were determined by Quantitative real time PCR. The
results showed that resverator dose- and time-depend-
ent manner effects on the expression of these genes
(Figure. 1, 2, 3, 4). The effect of DMSO in HCT-116
cells was compared with the control non-treated cells,
and no significant differences were observed between
non-treated and DMSO treated cells. Cells treated with
DMSO were used as the control.

Dose-dependent effects

The effects of doses of 25, 50 and 100 uM resveratrol
on the expression of B-catenin gene.

Comparison of B-catenin expression after 24 hours of
treatment with 25, 50 and100 yM concentrations of
resveratrol showed that B-catenin expression in 25 and
50 uM doses of resveratrol decreased (p-value; 0.001),
but increasing in 100 uM. After 48 hours, GSK-3 ex-
pression increased in all of the doses of resveratrol but
in 50 it was significant. Besides, GSK-33 expression
elevated significantly upon treatment with the 25, 50
and 100 uM (p-value; 0.001) concentration of resvera-
trol after 72 h (p-value; 0.001) (Figure 1).

The effects of doses of 25, 50 and 100 yM

resveratrol on the expression of GSK-3[3 gene

The results of 24-hours treatment of GSK-33 expres-
sion with resveratrol in different concentrations, i.e.
25, 50 and 100 puM; showed that GSK-3f expres-

sion in 25 and 50 uyM doses of resveratrol (p-value;

0.001) decereased, but it increased in 100 uM (p-value;
0.001). After 48 hours, GSK-33 expression increased
in all of the doses of resveratrol but in 50 and 100 pM it
was significant. Besides, GSK-3[3 expression elevated
significantly upon treatment with the 25, 50 and 100
MM (p-value; 0.001) concentration of resveratrol after
72 h (p-value; 0.001) (Figure 2).
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Figure 1. The effects of resveratrol (25, 50 and 100 mM) on the B-catenin (CTNNB1) gene expression
in the HCT-116 cell line.

Comparison of B-catenin expression after 24 h, 48 h and 72 h of treatment with resveratrol (25, 50 and
100 uM), measured by quantitative real-time PCR and represented as amount of mRNA, normalized to
actin, and graphed as 2Log of expression Ratios (y-axis). Resveratrol concentrations included 25, 50,
and 100 pM (x-axis). Error bars represent SEM.

*and Y denote statistically significant difference (p-value < 0.05) compared to control cells (DMSO), and
previous intervention group ,respectively

Time-dependent effects: trol after 72 h (Figure 3).

Time-dependent (24, 48 and 72 h) manner effects of Time-dependent (24, 48 and 72 h) manner effects of

resveratrol on the expression of 3-catenin gene resveratrol on the expression of GSK-3(3 gene

Besides, B-catenin expression elevated upon treatment Results of time-dependent manner effect of resveratrol

with the 25, 50 and 100 UM concentrations of resvera- on GSK-3[3 expression showed that the expression of
26 l

I Basic & Clinical Cancer Research, 2018; 10(1): 22-33 www.bccrjournal.com



Resveratrol inhibits Wnt-signaling by affecting...

48h 72h

Expression Ratios(2log)

S
FONIC

S N N

&

&
&

Resveratrol concentration

Figure 2. The effects of resveratrol (25, 50 and 100 mM) on the GSK-3B gene expression in the HCT-

116 cell line.

Comparison of GSK-3[ expression after 24 h, 48 h and 72 h of treatment with resveratrol (25, 50 and
100 uM), measured by quantitative real-time PCR and represented as amount of mMRNA, normalized to
actin, and graphed as 2Log of expression Ratios (y-axis). Resveratrol concentrations included 25, 50,

and 100 yM (x-axis). Error bars represent SEM

*and Y denote statistically significant difference (p-value < 0.05) compared to control cells (DMSO) , and

previous intervention group ,respectively

GSK-3[ reduced at 25 UM and 50 UM of resveratrol
in 24 h (p-value; 0.001), compared with 48 h and 72
h, but GSK-3[3 expression increased significantly after
72 h (p-value; 0.001) (Figure 4).

Morphological changes

www.bccrjournal.com

The untreated HCT-116 cells with resveratrol were
observed to be healthy with clear skeletons and spin-
dle-like and fusiform features, whereas after resvera-
trol treatment, cells began to change morphologically.
An increase in size, a more polygonal shape, blurring

of the border between the cytoplasm and the nucleus
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Figure 3. The effects of time 24, 48 and 72 h on the expression of B-catenin gene in the HCT-116 cell
line. Comparison of 3-catenin expression after treatment with 25, 50 and 100 uM between 24 h, 48 h and
72 h, measured by quantitative real-time PCR and represented as amount of mMRNA, normalized to actin,
and graphed as 2Log of expression Ratios (y-axis). Resveratrol concentrations included 24, 48, and 72 h
(x-axis). Error bars represent SEM.

*and W denote statistically significant difference (p-value < 0.05) compared to control cells (DMSO) , and
previous intervention group ,respectively

and nucleus-cytoplasm fusion were the changes ob- DISCUSSION:

served. These changes were more intuitive when the Colorectal cancer is one of the mostly diagnosed ma-

dose and duration of exposure to cells were increased lignancies with high prevalence in western countries.

by resveratrol intervention; a dose of 100 UM in 72 The American Cancer Society reported 39,870 new

hours caused the cell death and removal of the cells cases of rectal and 101,340 cases of colon cancers and

from the floor of the plates (Figure 5). 49,380 deaths in 2011 in the United States®. There are
28 I
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Figure 4. The effects of time 24, 48 and 72 h on the expression of GSK-3B gene in the HCT-116 cell line.

Comparison of GSK-3 expression after treatment with 25, 50 and 100 uM between 24 h, 48 h and 72 h,
measured by quantitative real-time PCR and represented as amount of mRNA, normalized to actin, and
graphed as 2Log of expression Ratios (y-axis). Resveratrol concentrations included 24, 48, and 72 h (x-ax-

is). Error bars represent SEM.

* and W denote statistically significant difference (p-value < 0.05) compared to control cells (DMSO) , and

previous intervention group ,respectively

many pathways which are responsible for the onset
and also progression of colorectal cancer, including
Wnt/3-catenin signaling, TGF-( signaling, KRAS sig-
naling, Hedgehog signaling and apoptotic signaling®.
[B-catenin performs several functions in Wnt-signaling,
and most colorectal cancer cells are predisposed to the

www.bccrjournal.com

mutation of B-catenin''. Indeed, B-catenin is a structur-
al protein and plays a role in cell adhesion, controlling
the GI to S phase transition in the cell cycle''""?.
Also, Wnt-signaling is required for the routine renewal
cycle of intestinal and colonic tissues, but its hyperac-

tivation results from APC, GSK-3[3, AXIN, and CK1a
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72h

100 M

Figure 5. (A, E, J) control Group for 24 h, 48 h and 72 h, (B, F, K) the cell line treated with 25 uM of resveratrol for

24 h, 48 h and 72 h. (C, G, L) the cell line treated with 50 uM of resveratrol for 24 h, 48 h and 72 h. (D, H, M) the
cell line treated with 100 uM f resveratrol for 24 h, 48 h and 72 h.
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or B-catenin mutations triggers uncontrolled cell pro-
liferation and eventually leads to cancer’’. GSK-3B, a
family of protein-serine kinases, was initially charac-
terized as a regulator of glycogen metabolism and criti-
cal cellular functions such as mobility, gene expression
and apoptosis®**?. Levels of GSK-3[3 expression and
amounts of its active form in colon cancer cell lines
in colorectal cancer patients are higher than those in
their normal counterparts. Therefore, GSK-3[3 may be
a “‘tumor promoter” for certain types of tumors. For
this reason, inhibition of GSK-3[3 has been proposed to
be an attractive therapeutic approach for the treatment
of colorectal cancer'. This study aimed to investigate
Whnt-signaling by assessing [-catenin and GSK-3[3
gene expression in response to resveratrol treatments in
HCT-116 cells. The ameliorative effects of resveratrol
on cancers have been investigated in several previous
studies®'®*. Resveratrol was discovered in 1940 and
has been shown to suppress the proliferation of a wide
variety of tumor cells, including lymphoid and mye-
loid cancers; breast, colorectal’™’', pancreas, stomach,
prostate, head and neck, liver, ovary, lung and cervical
cancers and melanoma. Besides inhibiting prolifera-
tion, resveratrol also induces apoptosis through several
pathways**™°.

In a study, conducted in 2008, on the effects of resver-
atrol in a dose-dependent Wnt signaling pathway in co-
lon cancer cells, it was found that low concentrations
of resveratrol inhibits the activity of the B-catenin by
reducing the accumulation of B-catenin in the nucleus
and decreasing expression of regulatory factors (Im-
printed genes (IGs), Pygopus)*'. Another study in 2012
showed that resveratrol reduces target gene expression
in Wnt signaling pathways, such as Cyclin D1, Axin2,
ET-1, c-Myc and inhibit cell growth. In this study, the
effect of resveratrol on the concentration of cytoplas-

www.bccrjournal.com
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mic and nuclear B-catenin wasn’t reported®. In 2013,
Qing Ji et al. demonstrated that resveratrol through af-
fecting MALATI can inhibit the accumulation of in-
tracellular 3-catenin. Resveratrol also reduced the ex-
pression of Wnt signaling products®.Ying-Zi Liu Study
in 2014 suggested that resveratrol may inhibit the
signaling pathway, via effects on gene expression of
B-catenin'®. Our result showed that resveratrol in low
concentration (25 IM) reduced B-catenin expression
in 24 hours. At 50 UM resveratrol, gene expression in
24 h reduced, but with overtime expression it increased
so that in 72 h this increase was significant. So, it could
be concluded that the best dose and timing of inhibito-
ry effect of resveratrol on the expression of B-catenin
is 25 UM and 50 UM after 24 hours.

A study in 2009 on the effect of resveratrol on the sig-
naling pathway Wnt\B-catenin in mesangial cells at
varying concentrations (1, 5, 10 and 50 yM) showed
that low doses of resveratrol could decrease the lev-
el of phosphorylation of GSK-3B. Another study in
2010 on the effects of resveratrol on HUVECs (human
umbilical vein endothelial cells) showed that at dos-
es of 1 UM to 10 UM of resveratrol the total GSK-3[3
and phosphorylated GSK-3f3 is low. With the increase
of the dose, it was observed that the total amount of
GSK3B remained high and the concentration of phos-
phorylated GSK-3[ increased in the cells®. Also, in
another study in 2011 on the Neuro-2A (N2A) cell line
at concentrations of 10, 50, 100, 200 UM of resveratrol,
it was found that phosphorylates GSK-3[3 increased
significantly at 100 UM in 2 hours®*. We have studied
the effect of resveratrol on GSK-3f3 gene expression.
In the 24 h, 25 PM dose and 50 UM of resveratrol re-
duced the GSK-3[3 expression and 100 UM increased
the expression. 50 UM and 48 h after treatment was

found to increase the expression of genes.
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CONCLUSION:

The results of our study uncovered a Wnt inhibitory
activity of resveratrol and compared the effects of low
vs high doses of resveratrol treatment in HCT-116
colorectal cancer cell lines. Low dose of resveratrol
reduced B-catenin expression, which can affect Wnt-
signaling and suppress the proliferation. On the oth-
er hand, resveratrol can decrease GSK-3[3 expression
in low dose, but increase its expression in high doses.
Therefore, resveratrol can act in two ways: First, by
increasing Wnt-signaling pathway, it can play a role in
the destruction of B-catenin complex and inhibition of
accumulation in the cytoplasm which finally leads to
transcription/activation of Wnt target genes that induce
cellular proliferation. Second, resveratrol via decreas-
ing GSK-3[ affects some transcriptional or molecular
factors in cell cycle and results in proliferation inhibi-
tion and apoptosis induction. Moreover, According to
the phosphorylation of gene products and their effects
on different cellular signalings, assessing the amount
of protein produced by the western blotting is recom-

mended in future studies.
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