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Abstract. Increasing evidence suggests that there is a strong 
relationship between diabetes mellitus (DM) and pancreatic 
cancer. Our previous study revealed that hyperglycemia could 
enhance the invasive and migratory activities of pancreatic 
cancer cells. Resveratrol, a natural polyphenolic phytoalexin, 
has many biological and pharmaceutical properties, including 
antioxidant and anti-tumorigenic capabilities. The aim of 
the present study was to evaluate whether resveratrol affects 
hyperglycemia-induced reactive oxygen species (ROS) 
production as well as the invasion and migration of pancreatic 
cancer and its underlying mechanisms. Human pancreatic 
cancer Panc-1 cells were exposed to high glucose condition 
with or without resveratrol, N-acetylcysteine (NAC, a scav-
enger of free radicals), PD 98059 (an ERK inhibitor) or SB 
203580 (a p38 MAPK inhibitor). The intracellular ROS and 
hydrogen peroxide (H2O2) were determined using 2,7-dichlo-
rodihydrofluorecein diacetate and H2O2 assay. MTT, wound 
healing assay and Transwell Matrigel invasion assay were used 
to detect the proliferation, migration and invasion potential of 
cancer cells. The expressions of uPA, E-cadherin and Glut-1 
were examined using QT-PCR and western blot analysis at 
mRNA and protein levels. The activation of p-ERK, p-p38 and 
p-NF-κB were measured by western blot analysis. The results 
of the present study showed that resveratrol could significantly 
decrease high glucose-induced production of ROS and H2O2 
in Panc-1 cells. Resveratrol was also able to inhibit high 

glucose-induced proliferation, migration and invasion of 
pancreatic cancer cells. High glucose-modulated expression 
of uPA, E-cadherin and Glut-1 were inhibited by resveratrol. 
In addition, high glucose-induced activation of ERK and p38 
MAPK signaling pathways as well as the transcription factor 
NF-κB could also be suppressed by resveratrol. Furthermore, 
resveratrol was able to suppress H2O2-induced migration and 
invasion abilities of pancreatic cancer cells. Taken together, 
these data indicate that resveratrol plays an important role in 
suppressing hyperglycemia-driven ROS-induced pancreatic 
cancer progression by inhibiting the ERK and p38 MAPK 
signaling pathways, providing evidence that resveratrol might 
be a potential candidate for chemoprevention of pancreatic 
cancer.

Introduction

Pancreatic cancer is a highly malignant and lethal tumor with 
a 5-year survival rate of less than 5%, partially because of the 
lack of early diagnosis and treatment options (1). Although 
the incidence of most other cancers have been declining, the 
rate of incidence for pancreatic cancer continues to increase 
by 1.5% per year (1). It has been projected that pancreatic 
cancer will become the leading cause of cancer-related deaths 
in the USA by 2050 (2). In China, it has been estimated that 
90,100 subjects will be newly diagnosed with pancreatic 
cancer and will account for 79,400 cancer-related death in 
2015 (3). However, there are very limited therapeutic options 
for pancreatic cancer currently. Therefore, it is important to 
gain increased understanding of tumor risk factors to allow 
for early disease detection and the development of therapeutic 
strategies. 

Epidemiologic studies as well as many meta-analyses have 
established clear evidence for the association between diabetes 
mellitus (DM) and pancreatic cancer that DM is not only a 
risk factor, but also a consequence of pancreatic cancer (4,5). 
Approximately 85% of patients diagnosed with pancreatic 
cancer have impaired glucose tolerance or even DM (6). Our 
previous studies demonstrated that hyperglycemia could not 
only promote the proliferation of pancreatic cancer cells, but 
also enhance the invasive ability in pancreatic cancer (7-9). We 
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proved that high glucose-induced hydrogen peroxide (H2O2) 
production contributes to the invasion in pancreatic cancer 
cells by modulating the expression of the metastasis-related 
factor urokinase plasminogen activator (uPA) through the 
activation of the extracellular signal-regulated kinase (ERK) 
and p38 mitogen activated protein kinase (MAPK) signaling 
pathways (10).

Reactive oxygen species (ROS), including H2O2, generated 
by the mitochondrial respiratory chain are a number of chemi-
cally reactive molecules derived from oxygen, which play a 
significant role in the initiation and progression of cancer (11). 
ROS may play dual roles in cancer progression in a dose-
dependent manner. On the one hand, excess ROS production 
can cause oxidative damage and trigger cancer cell death; on 
the other hand, mild intracellular ROS can stimulate tumor 
progression by promoting cell proliferation, survival, invasion 
and metastasis (12). Our previous studies have demonstrated 
that both hyperglycemic condition and superoxide dismutase 
(SOD)-induced mild ROS production were able to promote the 
invasive and migratory activities of pancreatic cancer (9,13). 
MAPK signaling pathways are important signaling cascades 
downstream of ROS that is involved in tumor migration and 
invasion (14).

Resveratrol (trans-3,4',5-trihydroxystilbene), a natural 
polyphenolic phytoalexin, has been found in various plants 
(such as grape skin and red wine) and in many types of 
traditional Chinese medicines (such as Rheum officinale Baill 
and Polygonum cuspidatum) (15). In recent years, resveratrol 
is gaining more and more attention for its anticancer effects 
and anti-oxidant properties as well as the influence on glucose 
metabolism (16,17). Our previous study has demonstrated that 
resveratrol could inhibit the growth of pancreatic cancer cells 
by inhibiting cell proliferation and promoting cell apoptosis 
via inhibition of the Hh signaling pathway (18). We have also 
shown that resveratrol plays an important role in suppressing 
the proliferation and epithelial-mesenchymal transition of 
pancreatic cancer cells via the PI-3K/Akt/NF-κB signaling 
pathway (19). Recently, we have also proven that resveratrol 
could suppress hypoxia-driven ROS-induced pancreatic 
cancer invasive and migratory abilities by inhibiting the Hh 
signaling pathway (20). However, whether resveratrol could 
influence hyperglycemia-induced proliferation and migration 
of pancreatic cancer cells has not been elucidated.

In the present study, we tested the hypothesis that resve-
ratrol is able to inhibit hyperglycemia-induced production of 
ROS and H2O2 as well as the invasion and migratory abilities 
of pancreatic cancer cells. We also investigated the effect of 
resveratrol on hyperglycemia-induced activation of ERK and 
p38 MAPK signaling pathways as well as the transcription 
factor, NF-κB. Results from this study suggest that resveratrol 
treatment may be a novel option for therapy of pancreatic 
cancer via the inhibition of the ERK and p38 MAPK signaling 
pathways.

Materials and methods

Cell culture and reagents. The human pancreatic cancer cell 
line, Panc-1, was obtained from the American Type Culture 
Collection (ATCC; Manassas, vA, USA). The cells were 
cultured in Dulbecco's modified Eagle's medium (DMEM) 

medium containing 10% dialyzed heat-inactivated FBS, 
100 U/ml penicillin, and 100 µg /ml streptomycin in a humidi-
fied atmosphere of 5% CO2 at 37˚C. Exponentially growing cells 
in complete medium were pretreated for 1 h with 50 µM resve-
ratrol, followed by continual incubation in normal culturing 
conditions (5.5 mM glucose) or high glucose (25 mM) condi-
tions for indicated time intervals according to the purpose of the 
experiment. DMEM and fetal bovine serum (FBS) were from 
Gibco (Grand Island, NY, USA). Resveratrol (>99% pure) was 
acquired from Xi'an Chongxin Natural Additive Co. (Xi'an, 
China). N-acetylcysteine (NAC) was purchased from Sigma. 
Millicell transwells for the invasion assays were obtained 
from Millipore (Billerica, MA, USA). Matrigel was from BD 
(Biosciences, Bedford, MA, USA). Primary antibodies against 
uPA, E-cadherin and glucose transporter type 1 (Glut-1) were 
procured from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). The anti-ERK, anti-phospho-ERK (Thr202/Tyr204), 
anti-p38 MAPK, anti-phospho-p38 MAPK (Thr180/Tyr182), 
anti-NF-κB and anti-phospho-NF-κB p65 (Ser468) antibodies 
were obtained from Cell Signaling Technology (Beverly, 
MA, USA). The ERK inhibitor PD 98059 and the p38 MAPK 
inhibitor SB 203580 were obtained from Sigma Chemical Co. 
Nitrocellulose membranes were from Millipore. The BCA 
assay kit and the chemiluminescence kit were from Pierce 
(Rockford, IL, USA). Other reagents were purchased from 
common commercial sources. All drug solutions were freshly 
prepared on the day of testing.

MTT proliferation assays. Panc-1 cells were seeded in 96-well 
plates at the density of 1x104 cells/well and incubated over-
night in 10% FBS medium. The cells were then treated with 
resveratrol in normal glucose or high glucose condition. After 
incubation for 24, 48 and 72 h at 37˚C, 15 µl of MTT solution 
[5 mg/ml in phosphate-buffered saline (PBS)] was added to 
each well, and then the cells were incubated for 4 h at 37˚C. 
A total of 100 µl of DMSO was then added to each well. The 
optical density (OD) value at 490 nm was determined using a 
spectrophotometer (Bio-Rad Laboratories, Inc., Hercules, CA, 
USA). 

Measurement of intracellular ROS. The level of intracellular 
ROS was measured using the reactive oxygen species assay 
kit. In brief, cells were incubated with 2,7-dichlorodihydro-
fluorecein diacetate (DCFDA) for 30 min, washed in PBS 3 
times, and fluorescence intensity measured using a fluorometer 
(Becton-Dickinson, Franklin Lakes, NJ, USA) with excitation 
at 488 nm and emission at 525 nm.

Hydrogen peroxide assay. The level of intracellular H2O2 was 
measured using a commercial kit (hydrogen peroxide assay 
kit) according to the manufacturer's instructions. In this kit, 
ferrous ions (Fe2+) were oxidative to ferric ions (Fe3+) by H2O2. 
The Fe3+ then formed a complex with an indicator dye xylenol 
orange and produced a visible purple colored complex which 
could be measured with a microplate reader at a wavelength of 
560-590 nm (Bio-Rad Laboratories).

Wound healing assay. Cell migratory ability was detected by 
a wound-healing assay. Panc-1 cells were seeded in 24-well 
plates (1.0x105 cells/500 µl). After the cells grew to 90-100% 
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confluence, a sterile pipette tip was used to produce a wound 
line between the cells. Cellular debris was removed by washing 
with PBS and then allowed to migrate for 24 h. Images were 
taken at time 0 and 24 h post-wounding under a Nikon Diaphot 
TMD inverted microscope (magnification, x10). The relative 
distance traveled by the leading edge from 0 to 24 h was 
assessed using Photoshop software (n=5).

Transwell matrigel invasion assay. The invasion of Panc-1 
cells was performed in Millicell invasion chambers. The 
8.0 µm pore inserts were coated with 30 µl Matrigel. After 
serum starvation for 24 h, the cell suspensions (5x104) were 
added to the upper chambers in DMEM containing 1% FBS. 
Simultaneously, 500 ml of DMEM containing 20% FBS was 
placed in the lower chambers. The Matrigel invasion chamber 
was incubated for 48 h in a humidified tissue culture incubator. 
The non-invading cells were removed from the upper surface 
by scraping with a wet cotton swab. After rinsing with PBS, 
the filter was fixed and stained with crystal violet. Invasion 
ability was determined by counting the stained cells.

Real-time quantitative PCR (QT-PCR). Total RNA was 
extracted from the pancreatic cancer cells using the Fastgen200 
RNA isolation system (Fastgen, Shanghai, China) according to 
the manufacturer's protocol. Total RNA was reverse-tran-
scribed into cDNA using the Fermentas RevertAid™ kit (MBI 
Fermentas, Canada). The primer sequences were as follows: 
uPA-F, 5'-TAAGAGCTGGTGTCTGATTG-3' and uPA-R, 
5'-TTGGATGAACTAGGCTAAAA-3'; E-cadherin-F, 5'-AT 
TCTGATTCTGCTGCTCTTG-3' and E-cadherin-R, 5'-AGT 
CCTGGTCCTCTTCTCC-3'; Glut-1-F, 5'-CAACCAAGTCT 
AAGCCGTTGCAGTGG-3' and Glut-1-R, 5'-TGCTTGTGG 
ATTGAGGGTAGGA-3-3'; β-actin-F, 5'-GACTTAGTTGCG 
TTACACCCTTTCT-3' and β-actin-R, 5'-GAACGGTGAAG 
GTGACAGCAGT-3'.

The PCR reactions consisted of 30 sec at 95˚C, followed by 
40 cycles of 95˚C for 5 sec, 60˚C for 30 sec and 72˚C for 30 sec. 
After each QT-PCR experiment, a dissociation curve analysis 
was conducted. The relative gene expression was calculated 
using the previously described 2-ΔΔCt method (21).

Western blotting. Proteins were electrophoretically resolved 
on a denaturing SDS-polyacrylamide gel and electrotrans-
ferred onto nitrocellulose membranes. The membranes were 
initially blocked with 5% non-fat dry milk in Tris-buffered 
saline (TBS) for 2 h and then probed with antibodies against 
uPA, E-cadherin, Glut-1, ERK, p-ERK, p38, p-p38, NF-κB, 
p-NF-κB or β-actin (loading control). After co-incubation 
with the primary antibodies at 4˚C overnight, membranes were 
blotted with the secondary antibody for 2 h at 37°C. The results 
were visualized using the ECL Western blotting substrate and 
photographed by GeneBox (SynGene).

Statistical analysis. Statistical analysis was performed using 
SPSS software (version 17.0; SPSS, Inc., Chicago, IL, USA). 
Data are presented as the means ± SEM of three replicate 
assays. Differences between the groups were analyzed by 
analysis of variance (ANOVA). Statistical significance was 
set at P<0.05. All experiments were repeated independently at 
least three times.

Results

Resveratrol inhibits high glucose-induced proliferation 
of Panc-1 cells. Our previous study proved that the 50% 
inhibitory concentration (IC50) for Panc-1 cells was ~50 µM of 
resveratrol, which exhibited no cytotoxic effects on the Panc-1 
cells (19). Therefore, 50 µM of resveratrol was used to treat the 
cells for the current experiments.

In order to explore whether resveratrol could influence high 
glucose-induced proliferation of pancreatic cancer, Panc-1 
cells were treated with high glucose condition and resvera-
trol alone or in combination. At the time-points indicated in 
Fig. 1, the proliferative rate of Panc-1 cells was determined 
by the MTT assay. The results showed that the proliferation 
of Panc-1 cells increased in high glucose condition compared 
with the control group and the increased rate of cell prolif-
eration induced by high glucose was reduced in the presence 
of resveratrol. Resveratrol alone was also able to inhibit the 
proliferative ability of Panc-1 cells.

Resveratrol decreased high glucose-induced production 
of ROS and H2O2 in pancreatic cancer cells. To explore 

Figure 1. The effects of resveratrol on high glucose-induced pancreatic 
cancer proliferation. Panc-1 cells were treated with 50 µM resveratrol under 
high glucose (25 mM) or normal glucose (5.5 mM) condition for 24, 48 or 
72 h to analyze the cell proliferation rates.

Figure 2. The effects of resveratrol on high glucose-induced ROS production. 
Panc-1 cells were treated with 50 µM resveratrol or 20 mM NAC for 24, 48 
or 72 h for ROS detection under high glucose condition (25 mM). *P<0.05 as 
compared with normal glucose group (5.5 mM); #P<0.05 as compared with 
high glucose group (25 mM).
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the possible relationship between resveratrol and oxidative 
stress, we first examined the effects of resveratrol on high 
glucose-induced ROS production in Panc-1 cells using the 
cell-permeable and redox-sensitive compound DCFDA by flow 
cytometry. Our results showed that high glucose significantly 
increased intracellular levels of ROS in a time-dependent 
manner, while resveratrol suppressed high glucose-induced 
production of ROS. NAC, a scavenger of free radicals, could 
also efficiently reduce the high glucose-induced ROS level in 
Panc-1 cells (Fig. 2).

H2O2 is an important component of ROS. We next exam-
ined the effects of hyperglycemia on H2O2 production in 
Panc-1 cells using H2O2 assay. As shown in Fig. 3, resveratrol 
could significantly inhibit hyperglycemia-induced production 
of H2O2 in different time-points.

Resveratrol downregulates hyperglycemia-induced activation 
of ERK and p38 mAPK pathways. ERK and p38 MAPK path-

Figure 3. The effects of resveratrol on hyperglycemia-induced H2O2 produc-
tion. Pancreatic cancer cells were treated with 50 µM resveratrol for 24, 48 
or 72 h for H2O2 detection under high glucose condition (25 mM). *P<0.05 as 
compared with normal glucose group (5.5 mM); #P<0.05 as compared with 
high glucose group (25 mM).

Figure 4. The roles of resveratrol in the hyperglycemia-induced phosphorylation of ERK, p38 MAPK and NF-κB. (A) Panc-1 cells were treated with 50 µM 
resveratrol for 24 h under high glucose (25 mM) or normal glucose (5.5 mM) condition to evaluate the phosphorylation levels of ERK, p38 MAPK and NF-κB. 
(B) Panc-1 cells were treated with 20 mM NAC and the activation of ERK, p38 MAPK and NF-κB were assessed via western blotting. (C) Pancreatic cancer 
cells were treated with PD 98059 (50 µM) or SB 203580 (20 µM) under high glucose condition and the activation of NF-κB was assessed via western blotting. 
*P<0.05 as compared with normal glucose group (5.5 mM); #P<0.05 as compared with high glucose group (25 mM).
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ways are important signaling cascades downstream of ROS, 
which are involved in tumor migration and invasion (14). 
It has been proven that ERK pathway induces activation 
of NF-κB transcription factor and is associated with cell 
migration activity (22). Our previous study showed that high 
glucose activates the ERK and p38 MAPK signaling path-
ways as well as the transcription factors NF-κB and AP-1 via 
the production of H2O2 (10). In the present study, we observed 
that the high glucose-induced level of p-ERK and p-p38 were 
inhibited after a 24-h treatment of resveratrol. In addition, 
the high glucose-induced phosphorylation of NF-κB was also 
decreased with the addition of resveratrol (Fig. 4A). In order 
to assess whether high glucose-induced activation of ERK 
and p38 MAPK signaling pathways were ROS dependent, 
we treated Panc-1 cells with NAC. As shown in Fig. 4B, 
NAC could significantly decrease high glucose-induced 
phosphorylation levels of ERK, p38 and NF-κB. Moreover, 
ERK inhibitor PD 98059 and p38 MAPK inhibitor SB203580 
could inhibit the expression of p-NF-κB, indicating that the 
NF-κB transcription factor is modulated by the ERK and p38 
MAPK pathways (Fig. 4C).

Resveratrol inhibits the expression of hyperglycemia-
modulated metastasis-related factors. Our previous study 
demonstrated that hyperglycemia could promote the invasive 
ability of pancreatic cancer cells through the regulation of 
metastatic-related factor uPA (9). Glut-1 is a member of the 
Glut family of facilitative glucose transporters that mediate 
Na+-independent cellular uptake of glucose. Glut-1 accounts 

for the high uptake of glucose by malignant cells (23). The 
results of many studies have also provided evidence that Glut-1 
is intimately related with epithelial mesenchymal transition 
(EMT) of tumor cells and may contribute to cancer develop-
ment by the activation of the ERK and NF-κB pathway (24-26). 
In the present study, we showed that high glucose condition 
downregulated the protein level of the E-cadherin, while 
the expression of uPA and Glut-1 were strongly increased. 
Resveratrol could significantly reverse all of these high 
glucose-induced effects (Fig. 5A).

To evaluate the effects of high glucose and resveratrol on 
the expression of E-cadherin, uPA and Glut-1 at mRNA level, 
we determined these factors in Panc-1 cells using QT-PCR. 
As shown in Fig. 5B, resveratrol reversed the high glucose-
modulated metastatic-related factors at the mRNA level, and 
the trend was consistent with the protein results.

Resveratrol inhibits hyperglycemia-induced wound closure 
and cell invasion of pancreatic cancer cells. Migration and 
invasion are important processes that lead to the ability of 
cancer cells to form metastasis. A wound-healing assay 
was used to test the effect of resveratrol on hyperglycemia-
induced pancreatic cancer cell motility. Results showed 
that the 24-h incubation of hyperglycemia significantly 
increased the migratory ability of Panc-1 cells. Resveratrol 
counter-balanced this effect of hyperglycemia (Fig. 6). In 
addition, NAC, PD 98059 and SB 203580 could also inhib-
ited hyperglycemia-induced wound closure of pancreatic 
cancer cells.

Figure 5. The effects of resveratrol on the high glucose-modulated expression of uPA, E-cadherin and Glut-1. Panc-1 cells were treated with 50 µM resveratrol 
under high glucose (25 mM) condition. Then, the protein (A) and mRNA (B) expression levels of uPA, E-cadherin and Glut-1 were determined. *P<0.05 as 
compared with normal glucose group (5.5 mM); #P<0.05 as compared with high glucose group (25 mM).
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Figure 6. The effects of resveratrol on high glucose-induced migration ability of cancer cells. The confluent monolayer was wounded with a sterile pipette 
tip, and the cells were allowed to migrate for 24 h. The migratory ability of Panc-1 cells was enhanced under high glucose (25 mM) condition, whereas the 
addition of resveratrol reduced the migration of pancreatic cancer cells. *P<0.05 as compared with normal glucose group (5.5 mM); #P<0.05 as compared with 
high glucose group (25 mM).

Figure 7. The effect of resveratrol on high glucose-induced invasion ability of cancer cells. Panc-1 cells were exposed to high glucose condition (25 mM) as 
well as 50 µM resveratrol, 20 mM NAC, 50 µM PD 98059 or 20 µM SB 203580 for 48 h, the number of migrated cells was quantified by counting the number 
of cells from 10 random fields at x200 magnification. *P<0.05 as compared with normal glucose group (5.5 mM); #P<0.05 as compared with high glucose 
group (25 mM).

Figure 8. The effect of resveratrol on H2O2-induced cancer cell invasion and migration. Panc-1 cells were treated with 200 µM H2O2 with or without 50 µM 
resveratrol. (A) The effects of resveratrol in pancreatic cancer cell invasion. The number of invasive cells was quantified by counting the number of cells from 
10 random fields at x200 magnification. (B) Resveratrol significantly inhibited H2O2-induced migration of cells into the denuded areas. *P<0.05 as compared 
with control group; #P<0.05 as compared with H2O2 group. 
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In order to confirm whether resveratrol could influence 
hyperglycemia-induced cancer cell invasive ability, we used a 
Transwell invasion assay. As shown in Fig. 7, hyperglycemia 
significantly increased pancreatic cancer invasion, while 
resveratrol decreased the average cell number that invaded into 
the lower chamber. NAC, PD 98059 and SB 203580 could also 
inhibit hyperglycemia-induced invasion of pancreatic cancer 
cells. These results indicate that resveratrol inhibits migration 
and invasion of pancreatic cancer cells under high glucose 
condition, which might be attributed to the ROS/ERK/NF-κB 
and ROS/p38 MAPK/NF-κB pathways.

Resveratrol inhibits H2O2-induced migration and invasion 
of pancreatic cancer cells. To examine the potential anti-
invasive effects of resveratrol on H2O2, the invasion ability of 
Panc-1 cells treated with resveratrol were analyzed. As shown 
in Fig. 8A, H2O2 exposure significantly increased the average 
cell number that invaded into the lower chamber. Resveratrol 
could efficiently reduce the H2O2-induced invasive ability of 
the cancer cells. In addition, H2O2 exposure for 24 h caused a 
significant increase in the migration of Panc-1 cells, whereas 
the cells treated with resveratrol showed delay in wound closure 
(Fig. 8B). These findings indicate that resveratrol might be an 
effective inhibitor of H2O2-induced migration and invasion of 
pancreatic cancer cells.

Discussion

As one of the most lethal malignant diseases, pancreatic cancer 
is characterized by poor outcome, short survival duration 
and resistance to therapy, due to its local recurrence, lymph 
node and liver metastases and peritoneal dissemination (27). 
Therefore, the exploration of risk factors, and metastatic 
mechanisms might lead to more effective therapeutic strate-
gies for pancreatic cancer. DM, a common metabolic disorder 
characterized by hyperglycemia, has been postulated to 
be both an independent risk factor and a consequence for 
pancreatic cancer in recent years (28). A meta-analysis of 6 
case-control studies and 3 cohort studies showed that a 2-fold 
higher risk of pancreatic cancer was observed in type-1 DM 
patients compared with individuals without DM (5). Another 
meta-analysis from three large case-control studies revealed 
a 1.8-fold increase in risk of pancreatic cancer associated 
with type-2 DM (7). Our previous study has also proven that 
high glucose may worsen the prognosis of pancreatic cancer 
by enhancing their migratory and invasive ability through 
H2O2 production via the activation of ERK and p38 MAPK 
signaling pathways (9,10). In the present study, we focus on 
whether resveratrol is able to suppress hyperglycemia-induced 
cancer invasion and migration abilities and its underlying 
mechanism.

Our data showed that resveratrol could significantly 
decrease high glucose-induced production of ROS and 
H2O2 in Panc-1 cells. Resveratrol was also able to inhibit 
high glucose-induced proliferation, migration and invasion 
abilities of pancreatic cancer cells. High glucose-modulated 
expression of uPA, E-cadherin and Glut-1 were inhibited 
by resveratrol. In addition, high glucose-induced activa-
tion of ERK and p38 MAPK signaling pathways as well as 
the transcription factor NF-κB could also be suppressed 

by resveratrol. Furthermore, resveratrol suppressses H2O2-
induced migration and invasion of pancreatic cancer cells. Our 
results indicate that resveratrol inhibits migration and invaison 
of pancreatic cancer cells under high glucose condition, which 
might be attributed to the ROS/ERK/NF-κB and ROS/p38 
MAPK/NF-κB pathways.

Recent studies showed that resveratrol was able to inhibit 
the proliferation and induce apoptosis as well as cell cycle 
arrest (20,29), moreover, it inhibited metastasis and invasion of 
pancreatic cancer cells (19). In addition, resveratrol suppressed 
the proliferation and viability of pancreatic cancer stem cells 
and enhance the chemoradiosensitization of pancreatic cancer 
cells (30,31). Resveratrol can inhibit tumor biological behavior 
through multiple signaling pathways. We have proven that 
resveratrol plays an important role in suppressing the prolif-
eration and EMT of pancreatic cancer cells via the PI-3K/Akt/
NF-κB signaling pathway (19). Recently, we have also shown 
that resveratrol could suppress hypoxia-driven ROS-induced 
pancreatic cancer invasive and migratory abilities by inhibiting 
the Hh signaling pathway (20). Ji et al (32) proved that resve-
ratrol could downregulate MALAT1 and decrease nuclear 
localization of β-catenin, which in turn attenuated Wnt/β-
catenin signaling pathway and led to the inhibition of invasion 
and metastasis of colorectal cancer cells. In addition, resvera-
trol could also inhibit hypoxia-induced HIF-1α accumulation 
and vEGF expression in both human tongue squamous cell 
carcinomas and hepatoma cells via the suppression of ERK1/2 
and Akt signaling pathway (33). In the present study, we found 
that resveratrol was able to inhibit high glucose-induced inva-
sion and migration abilities via the suppression of the ERK 
and p38 MAPK signaling pathways.

Insulin resistance, hyperinsulinemia, oxidative stress and 
hyperglycemia are the primary characteristics of DM, but 
all of these factors potentially promote tumor progression 
in various ways (27). It has been reported that resveratrol 
is able to attenuate hypoxia-induced insulin resistance in 
rats (34). Brasnyó et al (35) showed that resveratrol could 
improve insulin sensitivity in humans, which might be due to 
a resveratrol-induced decrease in oxidative stress that leads 
to a more efficient insulin signalling via the Akt pathway. 
Lin et al (36) recenly proved that resveratrol was able to 
inhibit glucose-induced migration of vascular smooth muscle 
cells mediated by focal adhesion kinase via AKT and ERK 
signaling pathways. Dai et al (37) indicated that resveratrol 
suppressed chondrosarcoma cell invasion via AKT and p38 
MAPK pathways. Here, we found that resveratrol was also 
able to inhibit hyperglycemia-induced invasion and migration 
abilities of pancreatic cancer cells. Recently, several studies 
have described an inhibitory effect of resveratrol on cellular 
glucose metabolism. Jung et al (17) showed that resveratrol 
could suppress cancer cell 18F-FDG uptake and glycolytic 
metabolism in a manner that depends on the capacity of 
resveratrol to inhibit intracellular ROS, which downregulates 
HIF-1α accumulation. In a human hepatoblastoma line, 
HepG2 cells, reduction of glucose utilization by resveratrol 
was associated with slowed cell cycle in the S phase (38). 
Iqbal et al (39) showed that decreased glucose uptake by 
resveratrol in several cancer cell lines was mediated by down-
regulated pyruvate kinase M2 expression through inhibition 
of mTOR signaling. 
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The MAPK signaling pathways are important signaling 
cascades downstream of ROS that are involved in tumor 
progression (14). Members of the MAPK family include ERK, 
c-jun NH-2 terminal kinase (JNK) and p38 MAPK. Our 
previous study demonstrated that a moderate amount of H2O2 
is able to promote pancreatic cancer invasion via the activation 
of the ERK and p38 MAPK signaling pathways (10). We have 
also proven that SOD could promote the EMT of pancreatic 
cancer cells via the activation of the H2O2/ERK/NF-κB axis 
(13). This study determined that resveratrol could inhibit the 
ROS/ERK/NF-κB and ROS/p38 MAPK/NF-κB pathways 
which in turn attenuates cell migration and invasion.

In conclusion, the present study demonstrates that 
resveratrol plays an important role in suppressing hypergly-
cemia-induced invasion and migration of pancreatic cancer 
cells in vitro by inhibiting the ROS/ERK/NF-κB and ROS/p38 
MAPK/NF-κB pathways. These results suggest that resvera-
trol might be a potential anticancer agent for the treatment of 
pancreatic cancer.
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