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Abstract. The relationship between diabetes mellitus and 
pancreatic cancer is complex. Diabetes has been postulated 
to be both an independent risk factor and a consequence of 
pancreatic cancer. Our previous study confirmed that curcumin 
plays a vital role in inhibiting the epithelial-mesenchymal tran-
sition of pancreatic cancer cells. However, whether curcumin 
attenuates hyperglycemia-induced cancer invasive and migra-
tory abilities and the underlying mechanisms are not yet well 
understood. As high glucose is able to induce the expression 
of epidermal growth factor (EGF), which is intimately related 
with tumor progression, the aim of this study was to evaluate 
whether curcumin could influence the high glucose-induced 
EGF/EGFR pathway and the biological activity of pancreatic 
cancer cells. Human pancreatic cancer BxPC-3 cells were 
exposed to high glucose or EGF, with or without curcumin, 
LY 294002 (an Akt inhibitor) or PD 98059 (an ERK inhibitor). 
MTT, Transwell invasion and wound healing assays were used 
to detect the proliferation, invasion and migration potential 
of cancer cells. The activation of p-EGFR, p-ERK and p-Akt 
was determined by western blot analysis. The expression levels 
of uPA and E-cadherin were examined using qRT-PCR and 
western blot analysis. The results showed that high glucose 
could not only promote the proliferation, invasion and migra-
tion of pancreatic cancer cells, but also induce the expression 
of EGF and activation of EGFR, ERK and Akt. These 
effects of high glucose were counter-balanced by curcumin. 

EGF-induced proliferative, invasive and migratory abilities of 
BxPC-3 cells were abrogated by curcumin, LY 294002 and 
PD 98059. In addition, EGF-modulated activation of EGFR, 
ERK and Akt, as well as the expression of uPA and E-cadherin 
were inhibited by curcumin. Taken together, the present study 
indicates that curcumin suppresses hyperglycemia-driven 
EGF-induced invasion and migration of pancreatic cancer 
cells by inhibiting the EGF/EGFR signaling pathway and its 
downstream signaling molecules including ERK and Akt. 
Curcumin is a potential anticancer agent for pancreatic cancer.

Introduction

Pancreatic cancer is a highly aggressive and fatal malignant 
digestive tumor for which the 5-year relative survival rate is 
8%. The poor prognosis of this severe disease is mainly due 
to the local invasion and distant metastasis at an early stage. 
In 2018, 55,440  individuals were estimated to be newly 
diagnosed with pancreatic cancer, which may result in more 
than 44,000 cancer-related deaths in the United States (1). 
In China, pancreatic cancer accounts for the second leading 
upward trend of age-standardized mortality rates from 2000 
to 2011 (2). Routine treatments for this severe disease include 
surgery, radiation and chemotherapy. However, at present, 
approximately 80% of pancreatic cancer patients who are 
diagnosed do not qualify for surgical resection due to early 
relapse or metastatic spread of the disease. Therefore, the 
exploration of risk factors and novel effective therapeutic 
options are urgently needed to improve the treatment outcome 
in patients with pancreatic cancer (3).

Diabetes mellitus could be both a risk factor and a 
consequence of pancreatic cancer. A collaborative analysis 
from the International Pancreatic Cancer Case-Control 
Consortium analyzed more than 8,000  pancreatic cancer 
cases and confirmed that individuals with diabetes mellitus 
have an almost 2-fold increased risk of developing pancreatic 
cancer (4). In a Chinese retrospective cohort study, both male 
and female type 2 diabetes mellitus patients had an increased 
risk to develop pancreatic cancer compared with the general 
population with the standardized incidence ratios of 2.973 and 
2.687, respectively (5). Diabetes mellitus improves following 
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pancreatectomy, suggesting that diabetes may be induced by 
pancreatic cancer (6). Our previous studies confirmed that 
a hyperglycemic condition could promote the proliferation, 
invasion, epithelial-mesenchymal transition (EMT) as well as 
the metastasis of pancreatic cancer (7,8).

Epidermal growth factor (EGF) is a polypeptide that regu-
lates various cellular functions involving proliferation, survival, 
differentiation, angiogenesis and metastasis in many types of 
cancer. EGF binds with a high affinity receptor located in the 
cellular membrane and stimulates rapid activation of protein 
kinase activity (9). Overexpression of epidermal growth factor 
receptor (EGFR) and ligands has been shown in pancreatic 
ductal adenocarcinoma and pancreatic cancer cells, which is 
essential for the initiation and progression of this disease (10). 
In our previous study, it was shown that high glucose could 
promote pancreatic cancer cell proliferation via the induction 
of EGF expression and transactivation of EGFR (11).

Curcumin, a natural polyphenol compound derived from 
turmeric, has multiple biologic properties, including health 
maintenance and cancer prevention (12). Curcumin exhibits 
its antitumor effects via targeting multiple signaling pathways, 
including mitogen-activated protein kinase (MAPK), protein 
kinase B (Akt) and others (13). In a recent study, it was indi-
cated that curcumin plays an important role in suppressing 
superoxide dismutase-induced EMT of pancreatic cancer 
by inhibiting the PI-3K/Akt/NF-κB signaling pathway (14). 
It was also confirmed that curcumin could restrain hypoxia-
induced EMT via suppression of the hedgehog signaling 
pathway in pancreatic cancer cells (15). However, whether 
curcumin is able to inhibit high glucose-induced progression 
of pancreatic cancer and the related mechanisms have not yet 
been elucidated.

In the present study, the hypothesis that curcumin is able to 
inhibit high glucose-driven EGF-induced invasive and migra-
tory abilities in pancreatic cancer cells was tested. The effect 
of curcumin on high glucose-induced activation of EGFR, 
extracellular signal-regulated kinase (ERK) and Akt signaling 
pathways was also investigated. In addition, the effect of 
curcumin on EGF-modulated activation of EGFR, ERK and 
Akt, as well as the expression of uPA and E-cadherin was 
demonstrated. Results from this study suggest that curcumin is 
a potential anticancer agent for the therapy of pancreatic cancer 
via the suppression of the EGF/EGFR signaling pathway and 
its downstream signaling molecules including ERK and Akt.

Materials and methods

Cell culture and reagents. Human BxPC-3 pancreatic cancer 
cell line was obtained from the American Type Culture 
Collection (ATCC; Manassas, VA, USA). The cells were 
cultured in Gibco™ DMEM (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), which contained 10% dialyzed heat-
inactivated FBS, 100 U/ml penicillin as well as 100 µg/ml 
streptomycin in a humidified atmosphere of 5% CO2 at 37˚C. 
Exponentially growing cells in complete medium were treated 
with 50 ng/ml EGF, 20 µM curcumin, 10 µM LY 294002 
(a PI3K inhibitor), and/or 50 µM PD 98059 (an ERK inhibitor) in 
normal culturing conditions (5.5 mM glucose) or high glucose 
(25 mM) conditions for indicated time intervals according to 
the aim of the experiment. Curcumin, EGF, PD 98059 and 

LY294002 were purchased from Sigma-Aldrich; Merck KGaA 
(Darmstadt, Germany). Millicell® culture plate inserts for the 
Transwell assay were obtained from EMD Millipore (Billerica, 
MA, USA). Matrigel was purchased from BD Biosciences 
(Bedford, MA, USA). Primary antibodies [dilution at 1:100 in 
phosphate-buffered saline (PBS)-Tween-20] against EGF (cat. 
no. sc-374255), E-cadherin (cat. no. sc-52328) and uPA (cat. 
no. sc-59727) were obtained from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA). The anti-EGFR (cat. no.  4267), 
anti-phospho-EGFR (Tyr 1068, cat. no. 2234), anti-Akt (cat. 
no. 9272), anti-phospho-Akt (Ser473, cat. no. 4060), anti-ERK 
(cat. no. 9102) and anti-phospho-ERK (Thr202/Tyr204, cat. 
no. 9106) were purchased from Cell Signaling Technology 
(Beverly, MA, USA). Other reagents were purchased from 
common commercial sources. All drug solutions were freshly 
prepared on the day of testing.

MTT proliferation assays. BxPC-3 cells were seeded in 
96-well plates at the density of 1x104 cells per well. The cells 
were treated with curcumin, PD 98059 or LY 294002 in EGF 
or a high glucose condition. After incubation for 24 h at 37˚C, 
15 µl of MTT solution was added to each well and the cells 
were incubated for 4 h at 37˚C. DMSO (100 µl) 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).

Transwell Matrigel invasion assay. The 8.0-µm pore inserts 
of the Transwell chambers were coated with 30 µl of Matrigel. 
After serum starvation for 24 h, BxPC-3 cells were suspended 
in the top chamber at a concentration of 5x104 in DMEM 
containing 1% FBS in the absence or presence of high glucose, 
EGF, curcumin, PD 98059 and/or LY 294002. Simultaneously, 
in the lower chambers, 500 ml of DMEM containing 20% FBS 
was placed. The Matrigel invasion chamber was incubated for 
48 h in a humidified tissue culture incubator. The non-invading 
cells were then removed from the upper surface. After staining 
with crystal violet, the stained cells on the bottom surface were 
counted under an Nikon inverted microscope DIAPHOT-TMD 
(Nikon, Tokyo, Japan) to test the invasion ability of the cancer 
cells. Three random fields were captured at x20 magnification 
(n=3).

Wound healing assay. BxPC-3 cells (1.0x105 cells/500 µl) 
were seeded in 24-well plates. A sterile pipette tip was used 
to produce a wound line between the cells that grew to 
90-100% confluence and cellular debris was removed. Cells 
were allowed to migrate for 24 h. Images were captured at 
time 0 and 24 h post-wounding under a Nikon Diaphot TMD 
inverted microscope (x10 magnification). The relative distance 
traveled by the leading edge from 0 to 24 h was assessed using 
Photoshop software (Adobe Systems, Inc., San Jose, CA, USA) 
(n=5).

Real-time quantitative PCR (qRT-PCR). After being extracted 
from the BxPC-3 cells using the Fastgen 200 RNA isolation 
system (Fastgen, Shanghai, China) according to the manu-
facturer's protocol, the total RNA was reverse-transcribed 
into cDNA using the Fermentas RevertAid™ kit (MBI 
Fermentas, Burlington, ON, Canada). The primer sequences 
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were as follows: uPA-F,5'-TAA GAG CTG GTG TCT GAT 
TG-3' and uPA-R, 5'-TTG GAT GAA CTA GGC TAA AA-3'; 
E-cadherin-F, 5'-ATTCTGA TTCTGCTGCTCTTG-3' and 
E-cadherin-R, 5'-AGTCCTGGTCCTCTTCTCC-3'; β-actin-F, 
5'-GACTTAGTTGCGTTACACCCTTTCT-3' and β-actin-R, 
5'-GAACGGT GAAGGTGACAGCAGT-3'. The PCR reac-
tions 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 qRT-PCR experiment, a dissociation curve analysis was 
conducted. The relative gene expression was calculated using 
the previously described 2-∆∆Cq method (16).

Western blot analysis. Total protein from BxPC-3 cells was 
extracted from cultured cells in Radio-immunorrecipitation 
assay (RIPA) lysis buffer on ice for 25 min. Insoluble materials 
were removed by centrifugation at 4˚C with 15,000 x g for 
15 min. Subsequently, supernatants were collected and total 
protein concentrations were measured using the BCA assay 
kit (Pierce, Rockford, IL, USA). Clarified protein lysates 
(30-80 µl) from the BxPC-3 cancer cells were electropho-
retically resolved on a denaturing SDS-polyacrylamide gel 
(10-12%) and electrotransferred onto polyvinylidene difluoride 
(PVDF) 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 E-cadherin, 
uPA, EGF, EGFR, p-EGFR, Akt, p-Akt, ERK, p-ERK and 
β-actin (Control). After incubation with the primary anti-
bodies at 4˚C overnight, the membranes were hybridized with 
secondary goat anti-mouse (cat. no. 7056) or goat anti-rabbit 
(cat. no. 7074) antibodies at 1:1,000 dilution (Cell Signaling 
Technology, Beverly, MA, USA) for 2 h at room temperature. 
Immunopositive bands were developed using an enhanced 
chemiluminescence (ECL) detection system (Amersham, 
Piscataway, NJ, USA). Immunodetection was visualized on a 
Gel Doc 2000 Imaging System (Bio-Rad Laboratories). All 
analyses were conducted in triplicate. The data were analyzed 
as (p-protein/control)/(total protein/control).

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 followed by least significant 
difference (LSD)]. Statistical significance was set at P<0.05. 
All experiments were repeated independently at least three 
times.

Results

Curcumin inhibits high glucose and EGF-induced prolif-
eration in pancreatic cancer cells. Our previous study 
demonstrated that a hyperglycemic condition promotes the 
proliferation of pancreatic cancer cells via the induction of 
EGF expression as well as the transactivation of EGFR (11). 
As our previous studies found that curcumin shows a 50% 
inhibitory concentration (IC50) of ~20 µM and this concen-
tration exhibited no cytotoxic effects in BxPC-3 cells, the 
treatment concentration of 20 µM of curcumin was used in the 
present experiments (17). Here, it was shown that both a high 
glucose condition and EGF stimulation accelerated the growth 

of BxPC-3 cells, which was able to be counter -balanced by 
curcumin. In addition both PD 98059 and LY 294002 inhib-
ited the high glucose- and EGF-induced cellular proliferation, 
which indicated that the growth of tumor cells was mediated 
via the ERK and Akt pathways (Fig. 1).

Curcumin inhibits high glucose-induced invasive ability and 
wound closure of pancreatic cancer cells. Invasion and migra-
tion of cancer cells are considered detrimental aspects in the 
development of tumor metastasis. In order to confirm whether 
curcumin influences high glucose-induced pancreatic cancer 
cell invasion and migration, Transwell invasion and wound-
healing assays were conducted. As shown in Fig. 2, the average 
cell numbers that invaded into the lower chamber were signifi-
cantly increased in the high glucose condition after incubation 
for 48 h and this increase was reversed by co-treatment with 
curcumin. The migratory ability of BxPC-3 cells after incuba-
tion for 24 h was also suppressed by curcumin.

Curcumin downregulates high glucose-induced activation 
of EGF/ERK and EGF/Akt pathways. In order to form 
metastases, cancer cells undergo various steps, including 
local invasion, intravasation, survival in the circulation, 
arrest at distant organ site, micrometastasis formation and 
metastatic colonization (18). Different molecular pathways 
are activated to pass these important steps, such as the ERK 
pathway and PI-3K/Akt pathway (18). The ERK pathway, 
which belongs to the mitogen-activated protein kinase 
(MAPK) signaling pathway, is involved in tumor prolif-
eration, differentiation, migration and invasion  (19). The 
PI3K/Akt pathway promotes cancer development, angiogen-
esis as well as metastasis (20).

Our previous study confirmed that high glucose could 
promote the expression of EGF and transactivation of EGFR (11). 
Hyperglycemic conditions could also activate the ERK and 
p38 MAPK signaling pathways via the production of H2O2 in 

Figure 1. Effects of curcumin on high glucose- or EGF-induced pancreatic 
cancer cell proliferation. BxPC-3 cells were treated with normal glucose 
(control, 5.5 mM), high glucose (25 mM) or EGF (50 ng/ml) condition with 
or without 20 µM curcumin, 10 µM LY 294002 (a PI3K inhibitor), 50 µM 
PD 98059 (an ERK inhibitor) for 24 h to analyze the cell proliferation rates. 
*P<0.05 as compared with the control group (normal glucose, 5.5 mM); 
#P<0.05 as compared with the high glucose group (25 mM) or EGF group. 
EGF, epidermal growth factor.

https://www.spandidos-publications.com/10.3892/or.2018.6833
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Figure 3. Role of curcumin in high glucose-induced EGF expression and phosphorylation of EGFR, ERKas well asAkt. BxPC-3 cells were treated with 20 µM 
curcumin for 24 h under high glucose (25 mM) or normal glucose (5.5 mM) condition to evaluate the expression of EGF and the phosphorylation levels of 
EGFR, ERK and Akt. *P<0.05 as compared with the 5.5 mM glucose group; #P<0.05 as compared with the 25 mM glucose group. EGF, epidermal growth 
factor; EGFR, epidermal growth factor receptor; ERK, extracellular signal-regulated kinase; Akt, protein kinase B.

Figure 2. Effects of curcumin on the high glucose-induced invasive and migratory ability of cancer cells. Pancreatic cancer cells were exposed to normal 
glucose (5.5 mM), high glucose (25 mM) condition as well as 20 µM curcumin for 24 or 48 h. The number of migrated cells was quantified by counting the 
number of cells at x200 magnification after 48 h treatment. The confluent monolayer was wounded with a sterile pipette tip and the cells were allowed to 
migrate for 24 h. *P<0.05 as compared with the 5.5 mM glucose group; #P<0.05 as compared with the 25 mM glucose group.



ONCOLOGY REPORTS  41:  650-658,  2018654

pancreatic cancer (21). In this study, it was shown that a high 
glucose condition activated ERK and Akt signaling pathways, 
as both ERK and Akt phosphorylation were strongly increased. 
Curcumin was able to suppress the expression of EGF and 
activation of EGFR, ERK and Akt in the high glucose condi-
tion (Fig. 3).

In order to assess whether the high glucose-induced 
activation of ERK and Akt signaling pathways was EGF/
EGFR-dependent, BxPC-3 cells were treated with EGF. As 
shown in Fig. 4, EGF significantly promoted the phosphory-
lation of EGFR, ERK and Akt, while curcumin was able to 
counter-balance these effects of EGF.

Curcumin inhibits EGF-induced invasive ability of pancre-
atic cancer cells. Growth factors, such as EGF and vascular 
endothelial growth factor (VEGF), are intimately related with 
cancer cell migration, angiogenesis, regulation of cell adhesion 
and EMT (22). Activation of ErbB ligands and overexpression 
of EGFR significantly promote tumor metastasis via chemo-
taxis and intravasation (23).

In order to confirm whether curcumin inhibits EGF-induced 
BxPC-3 cell invasion, a Transwell invasion assay was utilized. 
As shown in Fig. 5, the number of cells that invaded into 
the lower chamber was increased with the addition of EGF 
after incubation for 48  h. This increase was reversed by 
co-treatment with curcumin. In addition, both PD 98059 and 
LY 294002 also suppressed the effect of EGF which indicated 
that EGF-induced invasion was related to the ERK and Akt 
pathways.

Curcumin suppresses EGF-induced wound closure of pancre-
atic cancer cells. A classic wound healing assay was used to 
evaluate the effect of curcumin on EGF-induced BxPC-3 cell 
motility. The results showed that EGF significantly increased 
the migratory ability of the BxPC-3 cells after incubation for 
24 h. Curcumin counter-balanced these effects of EGF. Both 
PD 98059 and LY 294002 inhibited EGF-induced wound 
closure of pancreatic cancer cells. Curcumin exerts its inhibi-
tory effect on cellular motility, which might be attributed to the 
suppression of the EGF/ERK and EGF/Akt pathways (Fig. 6).

Figure 4. Role of curcumin in EGF-induced phosphorylation of EGFR, ERK and Akt. BxPC-3 cells were treated with 20 µM curcumin for 24 h with or without 
EGF (50 ng/ml) to evaluate the phosphorylation levels of EGFR, ERK and Akt. *P<0.05 as compared with the control group; #P<0.05 as compared with the EGF 
group. EGF, epidermal growth factor; EGFR, epidermal growth factor receptor; ERK, extracellular signal-regulated kinase; Akt, protein kinase B.

Figure 5. Effects of curcumin on EGF-induced invasive ability of pancreatic cancer cells. Pancreatic cancer cells were exposed to EGF (50 ng/ml) as well as 
20 µM curcumin, 50 µM PD 98059 (an ERK inhibitor) or 10 µM LY 294002 (a PI3K inhibitor) for 48 h, and the number of migrated cells was quantified by 
counting the number of cells at x200 magnification. *P<0.05 as compared with the control group; #P<0.05 as compared with the EGF group. EGF, epidermal 
growth factor.

https://www.spandidos-publications.com/10.3892/or.2018.6833
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Curcumin inhibits EGF-modulated expression of metastatic-
related factors. Our previous study demonstrated that a high 
glucose condition could induce the invasive and migratory 
abilities of pancreatic cancer cells by regulating metastatic-
related factors, including uPA and E-cadherin (24). In the 
present study, it was shown that EGF direct stimulation also 
promoted the mRNA expression of uPA and down-regulated 
the mRNA level of E-cadherin. Curcumin significantly 
reversed these EGF-induced effects (Fig.  7). In addition, 
curcumin also reversed the EGF-modulated metastatic-related 
factors at the protein level, and the trend was consistent with 
the mRNA results. Taken together, these results indicate that 
curcumin inhibits invasion and migration of pancreatic cancer 
cells under high glucose conditions, which maybe attributed to 
the EGF/ERK and EGF/Akt signaling pathways.

Discussion

Due to local recurrence, lymphnode and liver metastases as 
well as peritoneal dissemination, pancreatic cancer is one 
of the most aggressive malignant diseases, the hallmarks of 
which includes poor outcome, short survival duration and 
resistance to therapy (25). In China, pancreatic cancer is the 
seventh deadliest disease with annual mortality rates almost 
equal to incidence rates, of which the 5-year relative survival 
rate is 4.1% and the median survival time is 3.9 months (6). 
The exploration of risk factors and newer effective therapeutic 
options are important to improve the treatment outcome for 
pancreatic cancer patients. Diabetes mellitus can be both 
a risk factor and a consequence of pancreatic cancer. Our 

previous study confirmed that high glucose could promote 
pancreatic cancer cell proliferation via the induction of 
epidermal growth factor (EGF) expression and transactiva-
tion of the epidermal growth factor receptor (EGFR) (11). 
Hyperglycemic conditions could worsen the prognosis of 
pancreatic cancer by enhancing invasive ability and promoting 
epithelial-mesenchymal transition (EMT) through the produc-
tion of hydrogen peroxide (8). In addition, diabetes mellitus 
was also found to enhance perineural invasion in pancreatic 
cancer patients and to aggravate a poor prognosis (7). It has 
been verified that the addition of 5.5 and 25 mM glucose 
resulted in balanced osmotic pressure inside and outside the 
cell membrane (21), thus we used 5.5 and 25 mM of glucose 
as it has been applied worldwide in the related field as a clas-
sical high glucose model in the cell culture. In the present 
study, we focused on whether curcumin is able to suppress 
high glucose-induced cancer proliferation, migratory and 
invasive abilities and the underlying mechanism.

Our data showed that a high glucose condition could 
promote the proliferation, migration and invasion of pancreatic 
cancer cells. High glucose was not only able to increase the 
expression of EGF and transactivation of EGFR, but also acti-
vate the ERK and Akt signaling pathways. Curcumin was able 
to abrogate these effects of a high glucose condition. In addi-
tion, in order to ascertain whether the effect of a high glucose 
condition on pancreatic cancer cells was EGF-dependent, we 
also treated BxPC-3 cells with EGF directly. Data showed 
that EGF treatment significantly promote the proliferative, 
migratory and invasive abilities of the BxPC-3 cells. EGF 
treatment also modulated the expression levels of p-EGFR, 

Figure 6. Effects of curcumin on EGF-induced migration of BxPC-3 cells.The confluent monolayer was wounded with a sterile pipette tip, and the cancer cells 
were allowed to migrate for 24 h. The migratory ability of BxPC-3 cells was enhanced by EGF, whereas the addition of 20 µM curcumin, 50 µM PD 98059 
(an ERK inhibitor) or 10 µM LY 294002 (a PI3K inhibitor) reduced the migration of pancreatic cancer cells. *P<0.05 as compared with the control group; 
#P<0.05 as compared with the EGF group. EGF, epidermal growth factor.
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p-ERK, p-Akt, uPA and E-cadherinin pancreatic cancer 
cells. Curcumin was also able to suppress the effects of EGF 
treatment. The addition of PD 98059 and LY 294002 to the 
cell culture resulted in the inhibition of cellular growth and 
invasion. Our results indicate that curcumin inhibits high 
glucose-induced invasion and migration of pancreatic cancer 
cells, which might be attributed to the EGF/ERK and EGF/Akt 
signaling pathways.

EGF belongs to the EGF family, which includes EGF, 
transforming growth factor α(TGFA), amphiregulin, 
betacellulin,cripto, heparin-binding EGF (HB-EGF), epigen, 
epiregulin and neuregulin.EGF exertsits biological effects by 
binding to the receptors in an autocrine or paracrine manner.
The ErbB family consists of four receptors: EGFR (ErbB-1), 
ErbB-2, ErbB-3 and ErbB-4. After binding of EGF, the four 
members of the family are able to form various heterodimers, 
which lead to autophosphorylation and further activatedown-
stream signaling pathways, including the PI3K/Akt pathway 
and MAPKs, such as the ERK pathway (9). The signaling 
cascades activated by EGF/EGFR could further regulate 
different cellular responses such as proliferation, survival, 
migration, invasion, intravasation and metastasis (26).

The ERK MAPK signaling pathway is involved in the 
regulation of several cancer cell processes, including prolifera-
tion, differentiation, survival, cellular motility and metastasis. 
Aberrant signaling drives tumor initiation and progression.
The PI3K/Akt/mTOR signaling pathway also promotes cancer 
development, migration, invasion, angiogenesis and metas-
tasis (18). Overexpression or mutational activation of EGFR 
has been found in cancer cells leading to activation of the 
ERK and PI3K/Akt signaling pathways (27). Various EGFR 
inhibitors have been developed for cancer treatment, including 
EGFR monoclonal antibodies (cetuximab, panitumumab) and 
tyrosine kinase inhibitors, including erlotinib, gefitinib and 
lapatinib.These drugs have been successfully approved for 
the treatment of metastatic colorectal cancer (cetuximab and 
panitumumab), locally advanced, unresectable, or metastatic 
pancreatic cancer (erlotinib), breast cancer (lapatinib) and 
non-small cell lung cancer (gefitinib and erlotinib) (28). In the 

present study, it was found that high glucose and EGF stimula-
tion could activate EGFR, ERK and Akt, which further induce 
cancer proliferation, migration and invasion. As a type of 
natural polyphenol compound derived from turmeric,curcumin 
was able to abrogate these effects leading to cancer prevention.

Accumulating evidence suggests that curcumin inhibits 
cancer initiation promotion and progression through regula-
tion of multiple signaling pathways including EGF/EGFR, 
Akt/mTOR, NF-κB, Notch as well as MAPK pathways (29). 
Soung and Chung (29) showed that curcumin was able to 
inhibit cancer cell functions by disrupting the interaction 
between integrin α6β4 and EGFR. Cheng et al (12) demon-
strated that curcumin could exhibit inhibitory effects on the 
proliferation, invasion and metastasis of prostate cancer via 
inhibition of MMP-9 activity, downregulation of cellular 
matriptase, suppression of the effects of androgens and EGFR 
ligands on the protease and promotion of protease shedding. 
Le et al (30) found that targeting EGFR with EGF-conjugated 
curcumin liposomes increased the antitumor activity of 
curcumin against pancreatic cancer cells. Treatment with 
curcumin effectively attenuated tobacco smoke-induced acti-
vation of the ERK and JNK MAPK pathways as well as EMT 
alterations in the mouse liver (31). Curcumin was also found 
to weaken pancreatic cancer cell growth, clonogenic potential, 
migration and invasion abilities by downregulation of the 
expression of two homologous transcriptional co-activators, 
YAP (Yes-associated protein) and TAZ (transcriptional 
coactivator with PDZ-binding motif) via the Notch signaling 
pathway (32). As an activator of the ligase anaphase-promoting 
complex/C (APC/C), cell division cycle 20 (Cdc20) plays an 
oncogenic role in tumorigenesis. 

A recent study found that curcumin could suppress cell 
growth, induce apoptosis and trigger cell cycle arrest via 
inhibition of Cdc20 expression in pancreatic cancer cells (33). 
S-phase kinase associated protein 2 (Skp2) plays an onco-
genic role in pancreatic cancer development and progression. 
Su et al  (34) demonstrated that curcumin-induced cellular 
proliferation inhibition, cell cycle arrest, apoptosis and invasion 
suppression in pancreatic cancer cells was partly attributed to 

Figure 7. Effects of curcumin on the high glucose-modulated expression of uPA and E-cadherin. BxPC-3 cells were treated with 20 µM curcumin and/or 
50 ng/ml EGF and the expression of uPA and E-cadherin at the mRNA and protein levels was determined. *P<0.05 as compared with the control group; #P<0.05 
as compared with the EGF group. EGF, epidermal growth factor.
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the downregulation of Skp2. Curcumin exerts its anticancer 
effects both alone and in combination with other anticancer 
drugs, including gemcitabine and 5-fluorouracil, by modu-
lating multiple therapeutical molecular targets and signaling 
pathways. For instance, curcumin sensitized gemcitabine-
resistant cancer cells by inhibiting the expression of the 
PRC2 subunit EZH2 and its related lncRNA PVT1 (35).We 
demonstrated that curcumin suppressed hydrogen peroxide-
inducedcell migration and invasion through the inhibition of 
the ROS/ERK/NF-κB signaling pathway (17). Curcumin was 
also found to inhibit superoxide dismutase-induced cancer 
EMT via the suppression of the PI3K/Akt/NF-κB signaling 
pathway in pancreatic cancer cells (14). In the present study, 
our data showed that curcumin inhibited the invasive and 
migratory abilities of pancreatic cancer cells under high 
glucose conditions, which maybe attributed to the EGF/ERK 
and EGF/Akt signaling pathways. Our future experiments 
may include more in vivo experiments to further validate 
the findings.

In conclusion, the present study demonstrated that curcumin 
plays an important role in suppressing high glucose-induced 
proliferative, invasive and migratory abilities of pancreatic 
cancer cells via inhibiting the EGF/ERK and EGF/Akt 
signaling pathways. Curcumin might be a potential anticancer 
agent for the treatment of pancreatic cancer patients.
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