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Abstract. Squamous cell carcinoma (SCC) is the most 
common epidermal malignancy, and Wnt/β-catenin signaling 
is frequently activated in SCC. Resveratrol prevents rodent 
epidermal carcinogenesis, while its effect on human epidermal 
cancer remains unknown. To address this issue, the impact 
of resveratrol on the growth and Wnt signaling of skin SCC 
Colo16 cells were investigated at the cellular and molecular 
biology levels by flow cytometry, immunocytochemistry, 
reverse transcription-polymerase chain reaction, western blot-
ting and β‑catenin‑specific small interfering RNA (siRNA) 
transfection. Resveratrol (100 µM) suppressed cell growth 
and induced apoptosis in Colo16 cells. Wnt2 and its down-
stream genes were downregulated, which was accompanied 
by increased expression of the Wnt signaling inhibitor Axin2. 
Transfection with a β‑catenin‑specific siRNA did not affect 
cell growth but enhanced the resveratrol susceptibility of 
Colo16 transfectants. The present results suggest the inhibi-
tory effects of resveratrol on epidermal SCCs and inactivation 
of Wnt signaling as one of the resveratrol-caused molecular 
events in Colo16 cells. β‑catenin oriented siRNA is insufficient 
to induce cell crisis, implicating the presence of more critical 
cancer-associated element(s) as the target in Colo16 cells. 

Introduction

Squamous cell carcinoma (SCC) is the most common skin 
malignancy, with aggressive behavior and poor prognosis at 
the advanced stage. Surgery remains the first choice of SCC 
treatment, but the highly invasive tendency and chemore-
sistance to local therapy of SCC cells usually lead to in situ 

occurrence and distal dissemination (1). Therefore, exploring 
a better adjuvant therapy for advanced skin SCCs would 
improve patients' life quality and survival rates.

Resveratrol possesses a wide range of biological activi-
ties, including cancer preventive and therapeutic effects (2). 
Previous studies performed on rodent models revealed that 
resveratrol regulated apoptosis and cell survival in mouse 
skin tumors (3), and exerted chemopreventive effects against 
ultraviolet-B exposure-mediated damages in SKH-1 hairless 
mouse skin (4). Nevertheless, the impact of resveratrol on 
human epidermal SCCs has been less described. The current 
study therefore aims to investigate i) the biological effects of 
resveratrol on human epidermal SCC cells; ii) the status of 
Wnt signaling in resveratrol-treated cells; and iii) the response 
of normally cultured and resveratrol-treated Colo16 cells 
when Wnt signal transduction is specifically suppressed by  
β‑catenin‑specific small interfering RNA (siRNA).

Materials and methods

Cells and treatment. Colo16 human cutaneous SCC cells 
were cultured in RPMI 1640 medium supplemented with 10% 
fetal bovine serum (both Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) at 37˚C in 5% CO2 (5). Resveratrol 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) was 
dissolved in dimethylsulfoxide (DMSO) and diluted with 
culture medium to 100 µM just prior to use. The treatments 
lasted for 72 h, and the cells were collected in 24-h intervals 
for different experimental purposes. Normally cultured cells 
and cells cultured in medium containing 0.2% DMSO were 
used as controls. The experiments were repeated ≥3 times to 
establish a reliable conclusion.

Cellular and molecular examinations. Hematoxylin and eosin 
(H&E) morphological staining and immunocytochemical (ICC) 
staining for Ki-67 (sc-23900; Santa Cruz, Biotechnology, Inc., 
Dallas, TX, USA), Wnt2 (sc‑514382; Santa Cruz Biotechnology, 
Inc.), Wnt5a (sc‑365376; Santa Cruz Biotechnology, Inc.), 
β-catenin (sc-7963; Santa CruzBiotechnology, Inc.), cyclin 
D1 (sc‑8396; Santa Cruz Biotechnology, Inc.), c‑Myc (sc‑40; 
Santa Cruz Biotechnology, Inc.), vascular endothelial growth 
factor (VEGF; sc-7269; Santa Cruz Biotechnology, Inc.), 
surviving (sc-17779; Santa Cruz, Biotechnology, Inc.) and 
Axin2 (BS7417; Bioworld Technology, Inc., St Louis Park, 
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MN, USA) were performed on cell‑bearing coverslips by 
methods described elsewhere (6,7). The proliferation activity 
and death pattern of resveratrol-treated Colo16 cells were 
further analyzed by flow cytometry (BD Biosciences, San Jose, 
CA, USA) and terminal deoxynucleotidyl transferase dUTP 
nick-end labeling colorimetric apoptotic cell assay (Promega 
Corporation, Madison, WI, USA), as previously described (7). 
The cell viability was determined after treatment for 24 or 
48 h with different concentrations of resveratrol using an MTT 
assay as previously described (7). The results are presented 
as the percentage of cell viability [optical density (OD) of the 
experiment samples/OD of the control] or OD values. The 50% 
inhibitory concentration (IC50) value was statistically analyzed 
by SPSS version 15.0 (SPSS, Inc., Chicago, IL, USA). RNA 
and protein samples were prepared from the experimental 
groups and subjected to reverse transcription-polymerase 
chain reaction (RT-PCR) and western blot analyses for the 
same parameters evaluated by ICC staining (Table I)(6,8).

Transfection of β‑catenin RNA interference (RNAi). Since 
β-catenin is the central player of Wnt2-mediated signaling (9), 
the influence of β-catenin downregulation in the resveratrol 
sensitivity of Colo16 cells was evaluated by RNAi transfection 
according to the manufacturer's protocol (Roche Diagnostics 
GmbH, Mannheim, Germany). Three RNAi candidate 
sequences for the β-catenin transcript were transfected into the 
cells for 24 h at a final concentration of 0.5 nmol/l. Scrambled 
oligonucleotides (mock RNA; sense 5'‑UUC UCC GAA CGU 
GUC ACG UTT‑3' and antisense 5'‑ACG UGA CAC GUU CGG 
AGA‑3') and p53 siRNAs (sense 5'‑CUA CUU CCU GAA AAC 
AAC GdTdT‑3' and antisense 5'‑CGU UGU UUU CAG GAA 
GUA GdTdT‑3') were used as negative and positive controls 
of transfection efficiency, respectively. The siRNAs were 
synthesized by Shanghai Genepharma, Co., Ltd., Shanghai, 
China. Upon ascertaining the efficiency of β-catenin inhibi-
tion according to the gray analysis, Colo16 transfectants were 
further treated with 100 µM resveratrol, and the cellular 
responses were evaluated by H&E staining, flow cytometry 
and ICC staining (7).

Results

Resveratrol inhibits the growth of Colo16 cells. Colo16 SCC 
cells were treated with 0, 50, 75, 100, 125 and 150 µM resvera-
trol for 72 h. The IC50 value was determined to be 113.79 µM 
(data not shown); therefore, 100 µM resveratrol was selected to 
treat Colo16 SCC cells in subsequent experiments. After 36 h 
of treatment, decreased Ki-67 production and apoptotic pheno-
types could be observed in the Colo16 cell population, which 
became particularly distinct at 48 h. The majority of treated 
cells died at 72 h (Fig. 1A). Flow cytometry analysis further 
demonstrated accumulation of S-phase cells and increased 
apoptotic fraction (16.804%) in resveratrol‑treated cells at 48 h 
(Fig. 1B) and MTT assay showed growth suppression (Fig 1C).

Resveratrol inhibits Wnt activation. The expression of Wnt2, 
Wnt5a and four target genes of the classical Wnt signaling 
pathway in Colo16 cells with and without resveratrol treatment 
was examined by RT‑PCR and western blot analyses. As shown 
in Fig. 2, constitutive expression of Wnt2, Wnt5a, survivin, 

VEGF, cyclin D1 and c‑Myc was observed in Colo16 cells 
under normal culture conditions. Upon resveratrol treatment, 
Wnt2, survivin, cyclin D1, c‑Myc and VEGF transcription was 
downregulated, while the levels of Wnt5a expression were 
almost unchanged. As presented in Table II, the expression of 
Axin2, a negative regulator of the Wnt signaling pathway, was 
upregulated in resveratrol-treated Colo16 cells (10).

Enhanced resveratrol sensitivity by β‑catenin siRNA trans‑
fection. RT-PCR analysis revealed that β-catenin expression 
was inhibited by siRNA approach. According to the results 
of gray analysis, the siRNA candidates in the sequences of 
sense 5'‑GCU UUA UUC UCC CAU UGA ATT‑3' and antisense 
5'‑UUC AAU GGG AGA AUA AAG CAG‑3' exhibited a marked 
inhibitory effect (63%) on β-catenin expression (Fig. 3B), 
which was accompanied with less frequent β-catenin nuclear 
translocation in the transfectants (Fig. 3A). Distinct apop-
tosis (14.896%) appeared much earlier in resveratrol‑treated 
transfectants than in Colo16 cells treated by resveratrol only 
(Fig. 3A and C). Almost all cells in the Res + RNAi group died 
at the 48‑h time point.

Discussion

Resveratrol exerts therapeutic effects on different types of 
human malignancies at a concentration of 100 µM (11-13), 

Figure 1. Effects of resveratrol on Colo16 human cutaneous squamous cell 
carcinoma cells. (A) Evaluation of the response of Colo16 cells to 100 µM 
resveratrol by hematoxylin and eosin morphological staining, immunocy-
tochemical staining for Ki‑67 and TUNEL apoptotic cell labeling. (B) Flow 
cytometry fractionation of cell cycle phases and apoptosis in Colo16 cell 
populations without and with resveratrol treatment for 48 h. (C) MTT results 
following treatment for 24 or 48 h with various concentrations of resveratrol. 
TUNEL, terminal deoxynucleotidyl transferase dUTP nick‑end labeling. 
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while its influence in the growth and survival of human 
cutaneous SCCs remains obscure. To shed light on this issue, 
Colo16 cutaneous SCC cells were treated with 100 µM resve-
ratrol in the present study. Decreased Ki‑67 production and 
apoptotic phenotypes in the Colo16 cell population were mark-
edly distinct at 48 h, and the majority of treated cells died at 
72 h. Accumulation of S‑phase cells and increased apoptotic 
fraction (16.804%) in resveratrol‑treated cells were observed at 
48 h. These results suggest that Colo16 is a resveratrol‑sensitive 
human SCC cell line.

Frequent activation of Wnt signaling has been observed in 
human cutaneous SCC cells (6), but its biological importance 
in these cells is less known. Therefore, RT-PCR and western 
blot analyses were performed in the present study to detect the 
expression of Wnt2, Wnt5a and target genes of the classical 
Wnt signaling pathway in Colo16 cells. The results suggest that 

resveratrol can lead Colo16 cells to growth arrest and apop-
tosis, probably due to inhibition of the classical Wnt signaling 

Table II. Resveratrol-regulated gene expression in Colo16 
cells.

Gene  ICC  Western blotting  RT-PCR 

Wnt2  ↓  ― ↓ 
Wnt5a  ― ― ―
Axin2  ↑  ↑  ↑ 
Survivin  ↓  ↓  ↓ 
c-Myc  ↓  ↓  ↓ 
cyclin D1  ↓  ↓  ↓ 
VEGF  ↓  ↓  ↓

ICC, immunocytochemical; RT-PCR, reverse transcription-poly-
merase chain reaction; VEGF, vascular endothelial growth factor.

Table I. The primer sequences for reverse transcription-quantitative polymerase chain reaction.

   Amplicon  Annealing
Gene Primers Size (bp) temperature (˚C)

Wnt2  F: 5'‑GCCACACGCTGCACCTAAAGC‑3' 
 R: 5'‑CAATTACCCTAAGGGTGGTAGC‑3'  379  63 
Wnt5a  F: 5'‑CTAACTTAGCTGTGTGGGACATG‑3' 
 R: 5'‑AAATGCAGAAAGCAAGCTAGCAG‑3'  254  60 
Axin2  F: 5'‑GGTGTTTGAGGAGATCTGGG‑3' 
 R: 5'‑TGCTCACAGCCAAGACAGTT‑3'  153  58 
Survivin  F: 5'‑GGC ATG GGT GCC CCG ACG TTG‑3' 
 R: 5'‑CAG AGG CCT CAA TCC ATG GCA‑3'  439  58 
c‑myc  F: 5'‑TGGTCTTCCCCTACCCTCTCAAC‑3' 
 R: 5'‑GATCCAGACTCTGACCTTTTGCC‑3'  265  56 
Cyclin D1  F: 5'‑CTGTGCTGCGAAGTGGAA ACCAT‑3' 
 R: 5'‑TTCATGGCCAGCGGGAAGACCTC‑3'  257  57 
VEGF  F: 5'‑CGA AGTGGTGAAGTTCATGGATG‑3' 
 R: 5'‑TTCTGTATCAGTCTTTCCTGGT‑3'  470  60 
β‑actin  F: 5'‑GCATGGAGTCCTGTGGCAT‑3' 
 R: 5'‑CATGAAGCATTTGCGGTGG‑3'  326  58 

Bp, base pair; F, forward; R, reverse; VEGF, vascular endothelial growth factor.

Figure 2. Analyses of Wnt2, Wnt5a, Axin2 and Wnt target gene (survivin, 
c‑Myc, cyclin D1 and VEGF) expression in Colo16 cells without and 
with 100 µM resveratrol treatment for 48 h by RT‑PCR and western blot-
ting. β-actin was used as a quantitative control. Gray density analysis was 
conducted on the Wnt2, Wnt5a, Axin2 and Wnt target gene data. N, normal 
culture; R, 100 µM resveratrol treatment; VEGF, vascular endothelial growth 
factor; RT-PCR, reverse transcription-polymerase chain reaction.



LIU et al:  RESVERATROL SUPPRESSES WNT SIGNALING IN SCC CELLS2242

pathway and downregulation of certain Wnt target genes 
that are critical for human SCCs (6,14,15). This notion was 
further supported by the remarkable upregulation of Axin2 
expression in resveratrol‑treated Colo16 cells, since Axin2 
acts as a negative regulator of the Wnt signaling pathway by 
promoting glycogen synthase kinase 3β-dependent phosphor-
ylation of β-catenin (16). The unchanged Wnt5a expression 
in resveratrol-treated Colo16 cells observed in the present 
study was not unexpected, as Wnt5a mediates non‑canonical 
(i.e. β-catenin-independent) signaling and functions as a 
negative regulator of Wnt/β-catenin activity (17) or as a 
tumor-suppressor gene (18).

β-catenin serves a central role in the classical Wnt signaling 
pathway through nuclear translocation to initiate Wnt target 
gene transcription (9). To ascertain the importance of Wnt 
activation in Colo16 cells, β-catenin expression was inhibited 
by siRNA approach in the present study. The results revealed 
that β‑catenin siRNA treatment by itself failed to cause cell 
death, suggesting that the suppressed biological activities 
of Wnt signaling may be compensated by other activated 
signaling pathways to maintain the survival of Colo16 cells. 
Furthermore, distinct apoptosis (14.896%) appeared much 
earlier in resveratrol-treated transfectants than in Colo16 
cells treated with resveratrol only. This phenomenon further 
suggested multiple molecular targeting features of resveratrol 
in cancer cells (13,19). In this context, resveratrol treatment 
rather than a signaling‑specific strategy may achieve better 
therapeutic effects on human epidermal SCCs.
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