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Abstract. Hypoxia is a microenvironmental factor which 
plays a critical role in tumor development and chemoresis-
tance. Epithelial-to-mesenchymal transition (EMT) induced 
by hypoxia is one of the critical causes of treatment failure 
and chemoresistance in different types of human cancers. 
Stabilization of the hypoxia-inducible factor-1α (HIF-1α) tran-
scription complex, caused by intratumoral hypoxia, promotes 
tumor progression and chemoresistance. Previous evidence 
suggests that hypoxia can also activate nuclear factor-κB 
(NF-κB), a known mediator of EMT, which is accompanied 
by reduced expression of epithelial marker E-cadherin and 
enhanced expression of the mesenchymal markers Vimentin 
and N-cadherin as well as overexpression of various tran-
scription factors of EMT, such as Snail and Twist. Based on 
this evidence, the present study aimed to investigate whether 
downregulation of the p65 subunit of NF-κB or HIF-1α by 
small interfering RNA (siRNA) may reverse the EMT pheno-
type and inhibit the proliferation and induce the apoptosis of 
pancreatic cancer cell lines (PANC-1, BxPC3) under hypoxic 
conditions in vitro and enhance the efficacy of gemcitabine 
in the treatment of pancreatic cancer. These results provide 
molecular evidence showing that the activation of the HIF-1α 
and NF-κB loop is mechanistically linked with the chemo-
resistance phenotype (EMT phenotype) of pancreatic cancer 
cells under hypoxic conditions, suggesting that the inactivation 
of HIF-1α and NF-κB signaling by novel strategies may be a 

potential targeted therapeutic approach for overcoming EMT 
and chemoresistance induced by hypoxia.

Introduction

Pancreatic cancer, which is one of the most aggressive and 
lethal cancers worldwide, is highly resistant to chemo-
therapy (1). Even systemic therapy with gemcitabine, a current 
first-line treatment for advanced pancreatic cancer, offers only 
modest benefit due to pre-existing or acquired chemoresis-
tance (2,3). Furthermore, clinical studies indicate that only 
12% of patients with advanced pancreatic cancer exhibit a 
response to gemcitabine (4). The poor response rate suggests 
that pancreatic cancer either rapidly develops or has intrinsic 
gemcitabine chemoresistance. The mechanisms by which 
chemoresistance arises in pancreatic cancer are unknown; 
thus a better understanding of how resistance arises and what 
molecular alterations cause or correlate with resistance is likely 
to lead to novel therapeutic strategies for pancreatic cancer.

Hypoxia is an environmental stimulus that plays a key role 
in the development and progression of cancer. Tumoral hypoxia 
or expression of hypoxia-inducible factor-1 (HIF-1) has been 
linked to an aggressive phenotype which correlates with a 
poor response to chemotherapy and a worse overall survival 
of cancer patients (5,6). HIF-1 is a heterodimeric protein 
consisting of a constitutively expressed subunit, HIF-1β, 
and an oxygen-sensitive inducible subunit, HIF-1α. Under 
normoxia, the HIF-1α protein is hydroxylated by a family of 
oxygen-dependent prolyl hydroxylases (PHD1-3); this targets 
it for polyubiquitination by a protein complex containing 
von Hippel-Lindau protein (pVHL) and then degradation (7). 
Under hypoxic conditions, prolyl hydroxylases are inactivated 
and HIF-1α degradation is blocked; this allows HIF-1α to 
accumulate and associate with HIF-1β to form a functional 
transcription complex that triggers the transcription of a host 
of hypoxia-inducible genes (7).

Epithelial-to-mesenchymal transition (EMT) is the process 
by which adherent epithelial cells convert to motile mesen-
chymal cells and is essential in embryonic development. EMT 
is now known to also occur in a variety of diseases including 
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the progression of cancer (8). In a previous study, evidence 
was provided suggesting that moderate hypoxic conditions 
can trigger, acting as an independent factor, an EMT program 
leading different human cancer cells to significantly increased 
invasiveness (9). Detailed examinations of the multiple facets 
of the EMT program have revealed its involvement in more 
than just invasion and metastasis; previous studies show that 
the phenotype of EMT is associated with chemoresistance in a 
diverse array of solid tumors (10-17).

Nuclear factor-κB (NF-κB) is a ubiquitous transcription 
factor regulated by numerous stimuli including hypoxia, cyto-
kines and chemotherapeutic drugs, and has recently emerged 
as a target for cancer. NF-κB is constitutively activated in 
most (>70%) human pancreatic cancer cells and in primary 
tumor specimens, but not in normal pancreatic tissues or non-
tumorigenic cell lines (18-20). Previous studies have shown 
that hypoxia activates NF-κB (21,22), and induces the resis-
tance of pancreatic cancer cells to gemcitabine (23), whereas 
NF-κB can also regulate HIF-1 (24,25). Some studies have also 
reported that activation of NF-κB is closely involved in the 
progression of EMT (26-29). Recently, we reported that dihy-
droartemisinin or small interfering RNA (siRNA) inactivates 
NF-κB and potentiates the antitumor effect of gemcitabine on 
pancreatic cancer both in vitro and in vivo (30,31). Compared 
with HIF-1α, the regulation of NF-κB and EMT during 
hypoxia has been less studied, and although the phenomenon 
was previously observed, the molecular mechanisms involved 
remain unclear. Thus, we sought to determine the role of the 
HIF-1α and NF-κB loop in the hypoxic microenvironment in 
pancreatic cancer. Therefore, the present study was designed 
to investigate whether downregulation of the p65 subunit of 
NF-κB or HIF-1α by siRNA may reverse the EMT pheno-
type and inhibit the proliferation and induce the apoptosis 
of pancreatic cancer cells (PANC-1, BxPC3) under hypoxic 
conditions and enhance the efficacy of gemcitabine to treat 
pancreatic cancer.

Materials and methods

Cell lines and reagents. The human pancreatic cancer cell 
lines BxPC-3 and PANC-1 were obtained from the American 
Type Culture Collection (Rockville, MD, USA). Both cell 
lines were routinely cultured at 37˚C in RPMI-1640 medium 
supplemented with 10% fetal calf serum, penicillin (100 U/ml) 
and streptomycin (100 µg/ml) in an incubator with 95% air 
and 5% CO2. Hypoxic control cells were incubated under 
the same conditions but in a hypoxic incubator (Precision 
Scientific, Winchester, VA, USA) with 1% O2, 5% CO2 and 
94% N2. The antibodies against NF-κB(p65), SNAI1(H-130), 
TWIST(H-81) and β-actin were purchased from Santa Cruz 
Biotechnology, Inc. (Santa Cruz, CA, USA). The HIF-1α Ab 
was purchased from Abcam Inc. (Cambridge, MA, USA). The 
Vimentin, E-cadherin and N-cadherin Abs were purchased 
from ZSGB-BIO Inc. (Beijing, China). Annexin V-FITC 
and propidium iodide (PI) were purchased from Sigma Inc. 
(Beijing, China). Gemcitabine was purchased from Lily France 
(Fegersheim, France).

Preparation of siRNAs and transfection. To knock down the 
HIF-1α and NF-κB p65 subunit, synthesized siRNA duplexes 

were obtained from Invitrogen. A double-stranded siRNA 
(p65 siRNA) (sense, 5'-GCCCUA UCCCUU UACGUC A-3' 
and antisense 5'-UGACGU AAAGGG AUAGGG C-3') with 
two introduced thymidine residues at the 3' end, which encode 
amino acid residues 347 and 353 of the NF-κB p65 subunit 
was designed to target the NF-κB p65 subunit as described 
previously (31). Based on a previous report (32), the sequences 
of two oligonucleotides targeting HIF-1α were as follows; 
sense, 5'-GGGUAA AGAACA AAACAC A-3' and antisense 
5'-UGUGUU UUGUUC UUUACC C-3'. BxPC-3 and PANC-1 
cells were grown to 50% confluency in 6- or 96-well plates, 
and transfected with the siRNAs in serum-free medium 
without antibiotic supplements using Lipofectamine™ 2000 
(Invitrogen). Cells were allowed to stabilize for 48 h before 
being used in the experiments. Silencing of protein expression 
was confirmed by western blot analysis.

Assessment of cellular morphological changes and determi-
nation of cell viability. Cellular morphology was evaluated 
using phase-contrast microscopy, and images were captured 
with a computer-imaging system (Olympus Q-Color 3RTV 
camera). Cell viability was determined by the Cell Counting 
Kit-8 assay (Dojin Laboratory, Kumamoto, Japan) and crystal 
violet assay.

Cell Counting Kit-8 assay. BxPC-3 (3x103/well) and PANC-1 
(4x103/well) cells were split into a 96-well plate and incubated 
overnight in a humidified CO2 incubator (95% air and 5% 
CO2) to allow the cells to adhere and assume a healthy condi-
tion, and were then exposed to gradient doses of gemcitabine 
(0-200 µmol/l) for 48 h under hypoxic and normoxic condi-
tions. The cells were then incubated with WST-8 solution at 
37˚C for 1 h, and the absorbance at 450 nm was measured 
on a microplate reader (MPR-A4i; Tosoh Corporation, Tokyo, 
Japan). The cells cultured in RPMI-1640 medium served as the 
control. The cell viability index was calculated according to the 
formula: Experimental OD value/control OD value x 100%. 
All experiments were carried out in triplicate and repeated 
thrice.

Crystal violet assay. The cells (5x104/well) were seeded 
into 6-well plates and cultured overnight. Then the medium 
was replaced with complete culture medium containing 
gemcitabine (10 µmol/l for PANC-1 and 500 nmol/l for BxPC-3 
cells) for an additional 48 h under hypoxic and normoxic 
conditions. Cells were then washed twice with pre-warmed 
PBS, and then the cells remaining were stained for 2 h with 
a crystal violet solution (0.5% crystal violet, 20% methanol). 
After removal of the crystal violet solution, the plates were 
washed three times by immersion in a beaker filled with tap 
water. Plates were left to dry at 37˚C, and then the images were 
captured by camera.

Detection of cell apoptosis. After the designated treatment, 
BxPC-3 and PANC-1 cells were washed, harvested and 
counted. Cells (1x106) were resuspended in 100 µl binding 
buffer, before 5 µl of Annexin V and 5 µl of PI were added, 
and incubated for 15 min at room temperature in the dark, 
according to the manufacturer's instructions (Biosea, 
China). The apoptosis rate (%) was measured in a cytometer 
(Epics Altra II; Beckman Coulter, USA). Cells were viewed 
under a laser scanning confocal microscope (LSM-510; 
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Carl Zeiss Jena GmbH, Jena, Germany) to visualize those that 
had undergone apoptosis. The experiment was repeated thrice.

Electrophoretic mobility shift assay (EMSA). EMSA was 
performed by incubating 10 µg of nuclear protein, prepared 
according to a method described previously (30), with Gel Shift 
Binding buffer and 1 µg of poly(deoxyinosinic-deoxycytidylic 
acid) at 4˚C for 30 min, and then mixed with biotin-labeled 
oligonucleotide bio-NF-κB probe (5'-AGTTGA GGGGAC 
TTTCCC AGGC-3') at room temperature for 20 min, according 
to the manufacturer's instructions (Viagene, Beijing, China). 
The resulting DNA-protein complex was separated from the 
free oligonucleotide on a 4% polyacrylamide gel containing 
0.25X TBE (Tris/borate/EDTA) buffer. The dried gels were 
visualized with a Cool Imager imaging system (IMGR002), 
and radioactive bands were quantified using Scion Image 
software.

Western blotting. The methodology was described previ-
ously (30). Briefly, 5x105 cells were sonicated in RIPA buffer 
and homogenized. Debris was removed by centrifugation at 
12,000 x g for 10 min at 4˚C. The samples containing 50 µg 
protein were electrophoresed on polyacrylamide SDS gels, and 
transferred to polyvinylidene difluoride (PVDF) membranes. 
The membranes were blocked with 3% BSA, incubated with 
primary antibodies, and subsequently with alkaline phospha-
tase-conjugated secondary antibody. They were developed 
with 5-bromo-4-chloro-3-indolyl phosphate/nitro blue tetra-
zolium (Tiangen Biotech Co. Ltd., Beijing, China). Blots were 
also stained with anti-β-actin Ab as the internal control for the 
amounts of target proteins.

Statistical analysis. The results are expressed as mean 
values ± standard deviation, and a Student's t-test was used to 
evaluate statistical significance. A value of <0.05 (P<0.05) was 
used to indicate statistical significance.

Results

Morphological and cell biological changes characteristic 
of EMT under hypoxic conditions. In preliminary experi-
ments, 65-70% subconfluent pancreatic cancer cells (PANC-1, 
BxPC3) were exposed to hypoxic conditions (1% O2, 5% CO2 
and 94% N2) up to 48 h. As reported previously (9), PANC-1 
cells exposed to hypoxia up to 48 h underwent typical morpho-
logical and cellular changes of EMT; PANC-1 cells started to 
loose cell contacts, scattered from cell clusters and acquired 
a spindle-shaped and fibroblast-like phenotype. In the BxPC3 
cell lines, however, morphological and cellular changes did not 
significantly differ (Fig. 1A).

To further confirm whether pancreatic cancer cells under-
went EMT when exposed to hypoxia, we also determined 
the expression of markers of epithelial and mesenchymal 
phenotypes by western blotting. Induction of EMT was previ-
ously demonstrated in both cell lines after hypoxia, as shown 
by a shift in expression of epithelial markers (E-cadherin) to 
mesenchymal markers (Vimentin and N-cadherin) and various 
transcription factors of EMT, such as Snail and Twist, were 
overexpressed (33,34). We found that pancreatic cancer cells 
(PANC-1, BxPC3) after exposure to hypoxia for 48 h had 

Figure 1. Hypoxia induces an EMT-like fibroblastoid phenotype in pancre-
atic cancer cells. (A) Phase contrast analysis (original magnification, x100) of 
morphological changes detected in human pancreatic cancer cell lines under 
normoxic (N, 21% O2) or hypoxic (H, 1% O2) conditions. Representative 
images were captured after a 48-h incubation. (B) Western blot analysis of 
the expression of E-cadherin, Vimentin, N-cadherin, Snail and Twist from 
respective cell homogenate, with β-actin used as a protein loading control. 
Bottom panels: relative intensity of data presented in the top panels, com-
pared with the protein loading control. *P<0.05, significant difference in the 
relative intensity when compared to a normoxic condition (N, 21% O2). EMT, 
epithelial-to-mesenchymal transition.
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reduced expression of E-cadherin and increased expression of 
Vimentin, N-cadherin, Snail and Twist when compared with 
cells under a normoxic condition (Fig. 1B).

Hypoxia induces HIF-1α and NF-κB hyperexpression and 
decreases the susceptibility to gemcitabine of pancreatic 
cancer cells. Studies have previously shown that hypoxia 
results in activation of NF-κB (21,22) and EMT. Thus, we 
sought to determine whether the EMT observed in pancreatic 
cancer cells (PANC-1, BxPC3) was attributable to heightened 
NF-κB activity. First, to verify the expression of NF-κB and 
HIF-1α during hypoxia, pancreatic cancer cells were incu-
bated under hypoxic conditions for different periods of time 

(24, 48 and 72 h). After each indicated incubation period, 
the cells were collected, and total and nuclear proteins were 
extracted. HIF-1α and NF-κB were analyzed by western blot 
analysis (Fig. 2A). The NF-κB DNA binding activity was also 
determined by EMSA (Fig. 2B). Expression levels of HIF-1α 
and NF-κB proteins were increased 24 h after the initia-
tion of hypoxic treatment and reached a maximum by 72 h. 
NF-κB DNA binding activity was also increased 24 h after 
initiation of hypoxia and reached maximum activity by 72 h. 
These data demonstrated that the expression levels of HIF-1α 
and NF-κB were increased under hypoxia when compared to 
these levels under normoxic conditions in a time-dependent 
manner. Moreover, some studies have previously shown that 

Figure 2. Hypoxia induces HIF-1α and NF-κB overrexpression and decreases the susceptibility to gemcitabine of pancreatic cancer cells. PANC-1 and BxPC-3 
cells were cultured under normoxic (N, 21% O2) or hypoxic conditions (H, 1% O2) for various time periods (24, 48 and 72 h). After each indicated incuba-
tion period, the cells were collected. Nuclear extracts and total protein extracts were prepared. (A) HIF-1α and NF-κB(p65) were analyzed by western blot 
analysis from respective cell homogenates, with β-actin used as the protein loading control. (B) Electrophoretic mobility shift assay (EMSA) for NF-κB DNA 
binding activity of the respective nuclear extracts. Competitive assay confirmed the specificity of NF-κB binding to the DNA. Lane 1, control; lane 2, excess 
unlabeled (‘cold’) NF-κB oligonucleotide. Bottom panel: densitometric quantification of the data presented in the top panel. *P<0.05 and †P<0.01, compared 
with normoxia. (C) PANC-1 and BxPC-3 cells were divided into two groups (normoxia/N and hypoxia/H) and then exposed to gradient doses of gemcitabine 
(0-200 µmol/l) for 48 h. Cell Counting Kit-8 assay was used to assess the cell viability rate. *P<0.05, significantly higher cell viability rate when compared 
to normoxia (N, 21% O2). (D) The proliferation of cells was also measured by crystal violet assay. Images were selected as representative scenes from three 
independent experiments. HIF-1α, hypoxia-inducible factor-1α; NF-κB, nuclear factor-κB.
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EMT is a key step of drug resistance in a number of different 
tumors (10-17). Thus, we sought to examine the effects of 
EMT induced by hypoxia on the response to gemcitabine 
by pancreatic cancer cells. Pancreatic cancer cells, PANC-1 
and BxPC-3, were divided into two groups (N/normoxia and 
H/hypoxia) and exposed to gradient doses of gemcitabine 
(0-200 µmol/l) for 48 h. Cell Counting Kit-8 assay was used 
to assess the cell viability rate. Data are shown in Fig. 2C. 
When treated with concentrations of gemcitabine >100 nmol/l, 
hypoxia cells showed a significantly higher cell viability rate 
when compared with the normoxia cells (P<0.05) (Fig. 2C). 
These results were further confirmed by crystal violet 
assay (Fig. 2D). When treated with gemcitabine (10 µmol/l for 
PANC-1 and 500 nmol/l for BxPC-3) for 48 h, cells incubated 
under hypoxic conditions showed a significantly higher cell 
viability rate than that under a normoxic condition. Together, 
these findings validate the involvement of hypoxia in the 
activation of NF-κB and HIF-1α stabilization and chemoresis-
tance to gemcitabine in pancreatic cancer cells.

Effects of HIF-1α and NF-κB on EMT under hypoxic 
conditions. To test the effects of HIF-1α and NF-κB on the 
expression of specific EMT markers under hypoxic conditions, 
we knocked down NF-κB using siRNA in pancreatic cancer 
cells (PANC-1, BxPC3). As shown in Fig. 3A, the cells mani-
fested reduced E-cadherin expression and increased Vimentin, 
N-cadherin, Snail and Twist expression under hypoxic condi-
tions when compared with cells under normoxic conditions. 
Similar results were obtained when we silenced HIF-1α using 
siRNA. It has been shown that downregulation of NF-κB or 
HIF-1α is associated with EMT. Furthermore, cells that have 
undergone EMT tend to exhibit greater chemoresistance. The 

next question that remained to be addressed was whether 
HIF-1α and NF-κB contributed to the formation of the resis-
tance. We examined these properties in pancreatic cancer cells 
(PANC-1, BxPC3) with flow cytometry to confirm the role of 
HIF-1α and NF-κB in cells that underwent EMT resisting 
the apoptosis induced by gemcitabine. To test this, BxPC-3 
and PANC-1 cells were transfected with HIF-1α siRNA and 
NF-κB(p65) siRNA respectively, and the transfectants were 
treated with gemcitabine for 48 h under normoxic and hypoxic 
conditions. NF-κB(p65) siRNA or HIF-1α siRNA both abro-
gated the increase in NF-κB DNA binding activity induced 
by hypoxia when compared to the activity under normoxia 
and reversed the resistance of pancreatic cancer cells to 
gemcitabine. Furthermore, we also performed western blotting 
and EMSA (Fig. 3B) to determine the correlation between the 
expression of HIF-1α and NF-κB under hypoxic conditions. 
As shown in Fig. 3A, NF-κB(p65) siRNA had an effect on 
the expression of HIF-1α when compared to the control 
under hypoxic conditions, and vice versa. The data indicated 
that HIF-1α and NF-κB may affect each other and both may 
reverse EMT and the resistance of pancreatic cancer cells to 
gemcitabine induced by hypoxia.

As designated, PANC-1 and BxPC-3 cells were treated with 
gemcitabine (G/10 µmol/l and 500 nmol/l, respectively), or a 
combination with HIF-1α siRNA (G+si HIF-1α) or NF-κB(p65) 
siRNA (G+siP65) for 48 h under hypoxic (H) and normoxic 
(N) conditions, before being stained with Annexin V/PI for 
flow cytometric determination of the apoptotic rate.

As shown in Fig. 4, the apoptotic rate was increased 
significantly when cells were treated with gemcitabine under 
normoxic conditions (N/G) when compared with the rate in 
cells treated with gemcitabine under hypoxic conditions (H/G) 

Figure 3. HIF-1α siRNA (siHIF-1α) and NF-κB(p65) siRNA (siP65) reverse EMT in pancreatic cancer cells under hypoxic conditions and regulate each 
other. Cells were transfected with siHIF-1α and siP65, and then incubated under hypoxic conditions (H) for 48 h. (A) Western blot analysis of the expression 
of markers of EMT and HIF-1α and NF-κB(p65). (B) EMSA for NF-κB DNA binding activity in respective nuclear extracts. Bottom panel: densitometric 
quantification of data presented in the top panel. *P<0.05, compared with normoxia (N). HIF-1α, hypoxia-inducible factor-1α; NF-κB, nuclear factor-κB; 
siRNA, small interfering RNA; EMT, epithelial-to-mesenchymal transition; EMSA, electrophoretic mobility shift assay.
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(both P<0.05). This result suggests that the apoptosis induced 
by gemcitabine can be resisted by hypoxia.

Furthermore, our data showed that the apoptosis rate 
was increased significantly when cells were treated with 
a combination of gemcitabine and HIF-1α siRNA under 
hypoxic conditions (H/G+siHIF-1α) or NF-κB(p65) siRNA 
under hypoxic conditions (H/G+siP65) compared with treat-
ment with gemcitabine alone under hypoxic conditions (H/G) 
for 48 h (P<0.05, P<0.01, respectively). Meanwhile, our data 
also showed that the apoptosis rate was not significantly 
altered when the cells were treated with the combination 
of gemcitabine and HIF-1α siRNA (H/G+siHIF-1α) or 
NF-κB(p65) siRNA (H/G+siP65) under hypoxic conditions 
when compared with the apoptosis rate under normoxic condi-
tions (N/G+siHIF-1α, N/G+siP65) for 48 h. These findings 
validate that the involvement of hypoxia in the resistance to 
apoptosis induced by gemcitabine was mainly attributable to 
HIF-1α and NF-κB hyperactivity.

Together, our results suggest that hypoxia-induced EMT 
and resistance to gemcitabine were mainly attributable to 
HIF-1α and NF-κB hyperactivity.

Discussion

A hypoxic microenvironment is commonly found in the central 
region of solid tumors. Since hypoxia in tumors is associated 
with poor prognosis, resistance to chemotherapy and radiation 
therapy, and increased metastatic potential, targeting hypoxia 
response pathways is of potential therapeutic value (5). In 

recent years, it has become increasingly clear that EMT plays 
important roles in the progression of cancer and is also respon-
sible for the resistant phenotype of cancer cells to conventional 
chemotherapeutics (10-17). Induction of EMT has been previ-
ously demonstrated following hypoxia, as shown by a shift in 
expression of epithelial markers (E-cadherin) to mesenchymal 
markers (Vimentin and N-cadherin) (33-36). A number of 
factors including the zinc finger Snail and several basic helix-
loop-helix factors such as Twist that transcriptionally repress 
E-cadherin have emerged as potent EMT drivers during normal 
development and cancer (37,38). Overexpression of Twist was 
found to result in an increase in N-cadherin, which leads to 
a further decrease in E-cadherin expression (33,39). In the 
present study, we found that when pancreatic cancer cells were 
exposed to hypoxic conditions for up to 48 h, PANC-1 cells 
underwent typical EMT morphological and cellular changes. 
These cells lost cell contact, scattered from cell clusters and 
acquired a spindle-shaped and fibroblast-like phenotype. In 
the BxPC3 cell line, however, morphological and cellular 
changes did not differ significantly. Thus, BxPC3 cells were 
more sensitive to chemotherapeutics than PANC-1 cells. The 
loss of cellular polarity and homotypic adhesion are major 
components of EMT. One study reported that drug-resistant 
cells displayed a ‘more mesenchymal’ phenotype (12). To 
further confirm whether pancreatic cancer cells undergo 
EMT when exposed to hypoxia, we determined the expres-
sion of markers of epithelial and mesenchymal phenotypes 
by western blotting. We found that pancreatic cancer cells 
(PANC-1, BxPC-3) after exposure to hypoxia for 48 h had 

Figure 4. Cell apoptosis. PANC-1 and BxPC-3 cells were treated with gemcitabine (G/10 µmol/l and 500 nmol/l, respectively), or a combination with HIF-1α 
siRNA (G+siHIF-1α) or NF-κB(p65) siRNA (G+siP65) under hypoxic (H) and normoxic (N) conditions for 48 h. Flow cytometry was performed to measure 
the apoptosis rates (%). Bottom panel: apoptosis rates of data presented in the top panel, compared with cells treated with gemcitabine under hypoxic conditions 
(H/G). *P<0.05 and †P<0.01, significant increase in the apoptosis rate from the control (H/G). HIF-1α, hypoxia-inducible factor-1α; siRNA, small interfering 
RNA; NF-κB, nuclear factor-κB.
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reduced expression of E-cadherin and increased expression of 
Vimentin, N-cadherin, Snail and Twist when compared with 
the levels in cells under a normoxic condition. Furthermore, the 
pancreatic cancer cells that underwent EMT exhibited a resis-
tant phenotype to conventional chemotherapeutics. Our study 
also confirmed that hypoxia was responsible for chemoresis-
tance to gemcitabine in pancreatic cancer cells that underwent 
EMT. In the present study, the process of EMT in pancreatic 
cancer cells under a hypoxic condition was characterized by 
N-cadherin, Vimentin, Snail and Twist overexpression and 
E-cadherin suppression, striking morphological changes to the 
mesenchymal phenotype and a drug resistance to gemcitabin.

Although different factors are involved in the induc-
tion of EMT, studies have previously indicated that 
HIF-1α (33) and NF-κB (26-29) have a critical role in 
EMT. It was previously reported that HIF-1α may regulate 
NF-κB expression (21,22,40,41). Other studies reported that 
NF-κB transcriptionally induces HIF-1α expression (24,25). 
Therefore, the correlation between NF-κB and HIF-1 is not 
fully defined. In our experiments, EMSA performed with the 
NF-κB probe in pancreatic cancer cells demonstrated that the 
DNA binding activity of NF-κB was increased as well as the 
expression of NF-κB(p65) and HIF-1α protein in hypoxic cells 
in a time-dependent manner. Our data also demonstrated that 
the overexpression of NF-κB(p65) protein and NF-κB DNA 
binding activity were inhibited by HIF-1α siRNA, and vice 
versa. Expression of HIF-1α protein was also inhibited by 
NF-κB(p65) siRNA. It is well known that EMT characteristics 
must be reversed to overcome drug resistance, which may lead 
to the sensitization of drug-resistant cancer cells to conven-
tional chemotherapeutic agents. The results presented in the 
present study showed that HIF-1α siRNA and NF-κB(p65) 
siRNA, respectively, may reverse EMT and increase the 
sensitivity of pancreatic cancer cells to gemcitabine. The 
complete results of the present study indicated that the EMT 
program attributable to hypoxia was driven by a biochemical 
loop, NF-κB and HIF-1, and these two principal transcription 
factors can regulate each other in this process.

In conclusion, these exciting results should provide incen-
tives for further investigation and optimization in establishing 
the mechanistic role of the HIF-1α and NF-κB loop in the 
reversal of EMT characteristics and drug resistance and their 
utility in the clinical setting for the treatment of pancreatic 
cancer for which there is no effective and curative therapy.
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