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Notch signaling molecule is involved in the
invasion of MiaPaCa2 cells induced by CoCl, via
regulating epithelial-mesenchymal transition
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Abstract. Pancreatic cancer exhibits a high mortality rate
resulting from metastasis and there is currently no effective
treatment strategy. Hypoxia serves an important role in cancer
cells, where cellular metabolic rate is high. The underlying
mechanisms that trigger hypoxia and the invasion of pancreatic
cancer cells remain unknown. Investigation of the importance
of hypoxia in the invasion of pancreatic cancer cells for poten-
tial, novel treatment strategies is of primary concern. Cell
Counting Kit-8 assay, invasion assay, western blotting and
reverse transcription-quantitative polymerase chain reaction
were used to investigate invasion and epithelial mesenchymal
transition (EMT) and the expression of Notchl in MiaPaCa2
cells treated with cobalt II chloride (CoCl,). Hypoxia-inducible
factor 1o (HIF-1a) small interfering (si)RNA and Notchl inhib-
itor N-[N-(3,5-Difluorophenacetyl)-L-alanyl]-S-phenylglycine
t-butyl ester (DAPT) were also selected to investigate these
mechanisms. Data indicated that CoCl, increased the invasion
ability and altered EMT in MiaPaCa2 cells. CoCl, regulated
the expression of HIF-1a and Notchl in MiaPaCa2 cells. In
addition, HIF-1a siRNA inhibited the effects of CoCl, on the
expression of Notchl and decreased Snail, EMT and invasion
in MiaPaCa2 cells. DAPT increased the expression of epithe-
lial-cadherin and decreased the content of neural-cadherin,
Snail and invasion in MiaPaCa2 cells in the presence or
absence of CoCl,. CoCl, promoted invasion by stimulating the
expression of HIF-1a and regulating the expression of Notchl
and EMT in MiaPaCa2 cells. Targeting the Notchl signaling
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molecule may be a novel treatment strategy for the prevention
and treatment of pancreatic cancer.

Introduction

Pancreatic cancer, one of the most frequently occurring cancers
in the world, is a devastating malignant disease with a median
survival of 3-6 months and a 5-year survival rate of less than
5% (1-4). Despite improvements in surgical techniques and
adjuvant medical therapy, pancreatic cancer remains a threat to
human health. Previous data demonstrated that 48,960 people
were estimated to be diagnosed with pancreatic cancer in
2015, and 40,560 people would succumb to pancreatic cancer
in the United States (5). It is therefore urgent to discover the
mechanism of progression of pancreatic cancer, and thereby
contribute to investigating novel therapeutic strategies for
preventing and treating pancreatic cancer.

A significant feature of cancer is a high rate of cellular
metabolism, which results in a lack of oxygen and creates a
hypoxic environment for cancer cells (6). Hypoxia serves an
important role in the development of cancer and is a common
condition in the microenvironment of solid tumors. Hypoxia
promotes Rab5 activation and regulates cell migration and
invasion in lung carcinoma, breast cancer and melanoma (6).
A decline in oxygen may additionally result in cancer cells
resistant to radiotherapy and anti-cancer drugs, by inducing
the expression of various anti-apoptotic genes (7-10). Hypoxia
affects the maintenance of the characteristic belonging to
cancer stem cells, resulting in cancer recurrence and progres-
sion (11). It has been reported that pancreatic cancer is also
associated with hypoxia, which promotes cancer progres-
sion (12), however the mechanism by which hypoxia affects
the development in pancreatic cancer remains unclear.

The high metastatic rate is the reason that pancreatic
cancer possesses a poor prognosis. In the present study, the
role of hypoxia in the invasion of pancreatic cancer stem cells
in vitro and its mechanism was investigated, which contrib-
uted to research for a novel potential treatment strategy for
pancreatic cancer.

Cobalt II chloride (CoCl,), an inorganic compound, may be
used to provide a hypoxic environment (13), which is similar
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to the normal environment of cancer cells and has been used
to investigate the role of hypoxia in the progression of cancer
development (14).

Epithelial-mesenchymal transition (EMT) is associ-
ated with metastasis, which alters the cytoskeleton and
regulates migration and invasion of cancer cells (15,16).
Hypoxia-inducible factor (HIF)-la affects EMT resulting
in an increase in migration and invasion from the primary
tumor (17-19) and affects the Notch signaling pathway, which
is very important in regulating cell behaviors, including
proliferation, apoptosis, and migration and invasion (20-22).
It has been reported that the Notch signaling pathway could
regulate the content of epithelial (E)-cadherin (a marker of
epithelial cells) and neural (N)-cadherin (a marker of mesen-
chymal cells) by altering the expression of Snail, leading to
EMT (23,24). However, whether HIF-1a induced by CoCl,
increases EMT to promote invasion via the Notch signaling
pathway in pancreatic cancer stem cells is unclear.

Materials and methods

Reagents. Anti-E-cadherin antibody, anti-N-cadherin
antibody, anti-Snail antibody, anti-HIF-la antibody,
anti-Notchl antibody, anti-B-actin antibody and horse-
radish peroxidase-conjugated anti-rabbit antibody, and
N-[N-(3,5-Difluorophenacetyl)-L-alanyl]-S-phenylglycine
t-butyl ester (DAPT) were purchased from Santa Cruz
Biotechnology, Inc., (Dallas, TX, USA). CoCl, was
purchased from Sigma-Aldrich; Merck KGaA (Darmstadt,
Germany).

Cell culture. MiaPaCa2 cells used in the present study were
obtained from American Type Culture Collection (Manassas,
VA,USA). The cell line was maintained in Dulbecco's modified
Eagle's medium (DMEM; HyClone; GE Healthcare, Logan,
UT, USA) supplemented with 10% (v/v) fetal bovine serum
(FBS; Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) and 1% (v/v) penicillin/streptomycin (Invitrogen;
Thermo Fisher Scientific, Inc.), incubated at 37°C in a carbon
dioxide incubator.

Cell viability assay. The effects of CoCl, on the growth of
MiaPaCa2 cells were detected using a Cell Counting Kit
(CCK)-8. A total of 1x10* cells per well in 96-well plate were
treated with or without CoCl, (0.08 or 0 mM, respectively) in
the presence or absence of HIF-1a small interfering (si)RNA
(5 or 0 ug, respectively) or DAPT (0.01 or 0 mM, respec-
tively). In addition, the control cells were treated with an
equal volume (100 pl) of DMEM. Cell viability was detected
at 24 h following treatment with CoCl,. A solution containing
WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2 4-
disulfophenyl)-2H-tetrazolium, monosodium salt) was added to
cells according to the manufacturer's protocol and absorbance
was detected at a wavelength of 450 nm. All experiments were
performed in triplicate.

Invasion assay. Cell invasion was analyzed using the BD
BioCoat™ Matrigel™ Invasion Chamber (BD Biosciences,
Franklin Lakes, NJ, USA), according to the manufacturer's
protocol. Individual cells were plated in the upper insert, at a
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density of 1.5x10° cells/ml in a 24-well chamber, in serum-free
DMEM containing 10% FBS as a chemoattractant was added
to the wells. Then cells were treated with or without CoCl,
(0.08 or 0 mM, respectively) for 24 h in the presence or
absence of HIF-1a siRNA (5 or 0 pg, respectively) or DAPT
(0.01 or 0 mM, respectively). Invaded cells were stained by
0.5% crystal violet (25°C for 1 h; Beijing Solarbio Science
& Technology Co., Ltd., Beijing, China) according to the
manufacturer's protocol. Invaded cells were counted in three
suitable areas by stereoscopic microscope (BH-2; Olympus
Corporation, Tokyo, Japan) at x200 magnification.

Hematoxylin and eosin (H&E) staining. H&E staining using
the kit (Beyotime Institute of Biotechnology, Jiangsu, China),
according to the manufacturer's protocol. In brief, MiaPaCa2
cells (1x10° cells/ml) were treated with or without CoCl, for
24 hin the presence or absence of HIF-1a. siRNA or DAPT, and
then cells were stained with H&E (hematoxylin for 5 min at
25°C, eosin for 2 min at 25°C) and observed from five randomly
selected microscopic visual fields (magnification, x200) by
stereoscopic microscope (BH-2; Olympus Corporation).

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gqPCR) assay. Total RNA was
extracted from the cells with RNAiso plus reagent (Takara
Biotechnology Co., Ltd., Dalian, China) following the manu-
facturer's protocol. The concentration of RNA was determined
by a spectrophotometer. First-strand cDNA was synthesized
using a Transcriptor First Strand cDNA Synthesis kit (Roche
Diagnostics GmbH). The reaction was conducted using a 7500
Fast Real-time quantitative PCR System (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The SYBR® Fast gPCR Mix
containing the fluorophore reagent, was obtained from Takara
Biotechnology Co., Ltd. The qPCR amplification conditions
were as follows: 50°C for 2 min and 95°C for 10 min, followed
by 40 cycles of 95°C for 10 sec, 58°C for 10 sec, and 72°C for
10 sec. The forward and reverse primer sequences qPCR for
E-cadherin were: Forward, 5-GAGAACGCATTGCCACAT
ACAC-3' and reverse, 5-AAGAGCACCTTCCATGACAGA
C-3'; for N-cadherin were forward, 5'-CATCATCCTGCTTAT
CCTTG-3" and reverse, 5-AAGTCATAGTCCTGGTCTTC-3"
for Snail were forward, 5" TCGCTGCCAATGCTCATC-3'
and reverse, 5'-CCTTTCCCACTGTCCTCATC-3"; for HIF-1a
were forward, 5"TCGGCGAAGTAAAGAATC-3' and reverse,
5" TTCCTCACACGCAAATAG-3"; for Notchl were forward,
5'-GACGCACAAGGTGTCTTC-3' and reverse, 5-TTGCCC
AGGTCATCTACG-3"; for GAPDH were forward, 5'-CAC
CCACTCCTCCACCTTTG-3' and reverse, 5'-CCACCACCC
TGTTGCTGTAG-3". The contents on RNA level were decided
by 2-44¢4 method (25).

Western blotting assay. Cells (1x10° cells/ml) were dissolved
using the radioimmunoprecipitation assay lysis buffer
(Beyotime Institute of Biotechnology) and the lysate was
centrifuged at 10,000 x g at 4°C for 30 min following incuba-
tion on ice for 50 min. Then, each sample containing 40 ug
protein as subjected to 12% (w/v) SDS-PAGE and transferred
to polyvinylidene fluoride transfer membranes (GE Healthcare,
Chicago, IL, USA). Following blocking in 5% (w/v) skimmed
milk (25°C for 1 h), membranes were incubated (4°C, overnight)
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with anti-E-cadherin antibody (1:1,000; sc-7870; Santa Cruz
Biotechnology), anti-N-cadherin antibody (1:1,000; sc-7939;
Santa Cruz Biotechnology), anti-Snail antibody (1:1,000;
sc-28199; Santa Cruz Biotechnology), anti-HIF-1a antibody
(1:1,000; sc-10790; Santa Cruz Biotechnology), anti-Notch1
antibody (1:1,000; sc-9170; Santa Cruz Biotechnology)
and anti-GAPDH antibody (1:1,000; sc-25778; Santa Cruz
Biotechnology), and then incubated (25°C for 1 h) with the
horseradish peroxidase-conjugated anti-rabbit secondary anti-
body (1:5,000; sc-2004; Santa Cruz Biotechnology). Finally,
proteins were detected by chemiluminescence (PerkinElmer,
Inc., Waltham, MA, USA) and densitometric analysis used
Image] software (1.8.0_112; National Institutes of Health,
Bethesda, MD, USA).

SiRNA. MiaPaCa2 cells were transfected with three different
HIF-1a siRNA (siRNAI1, siRNA2 and siRNA3) (sequences
as 5'-GCCACATTCAGTATATATGA-3', 5'-GCCGCT
CATTTATGAATA-3' and 5-GGGCAATGAATGGAT
GAAA-3' respectively), or negative control siRNA (5'-TTC
TCCGAACGTGTCACGTTT-3',) using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). At subconfluent
conditions, ~50% density, transfection reagents containing
12 pmol siRNA and 16 ul Lipofectamine® 2000 in a final
volume of 1.6 ml with Opti-MEM I (Invitrogen; Thermo
Fisher Scientific, Inc.) was added to each flask, and incubated
for 48 h prior to culture with CoCl, (0.08 mM).

Statistical analysis. The statistical analysis was achieved by
the SPSS 18.0 statistical software (SPSS, Inc., Chicago, IL,
USA). All data were shown as the mean + standard error (+S).
The comparisons between two groups was conducted with
the LSD method (least significant method) in the One-way
analysis of variance method and P<0.05 was considered to
indicate a statically significant difference.

Results

CoCl,increases the invasion of MiaPaCa?2 cells. To investigate
the effects of hypoxia on pancreatic cancer, MiaPaCa2 cells
were cultured with CoCl,, which creates a hypoxic-like-micro-
environment, and their growth and invasion were measured by
CCK-8 assay and invasion assay. Data indicated that CoCl, at
different concentrations had various effects on the growth of
MiaPaCa2 cells, a pancreatic cancer cell line (Fig. 1). When
the concentration of CoCl, was 0.02 mM, it demonstrated
little effect on the viability of MiaPaCa2 cells (Fig. 1C). When
CoCl, reached 0.04 or 0.08 mM, it significantly increased
cell viability in MiaPaCa2 cells (P<0.01; Fig. 1C). CoCl,
(0.08 mM) increased the cell viability by 20%, compared with
those cells not treated with CoCl, (Fig. 1C).

The effects of CoCl, at different concentrations on the
invasion of MiaPaCa2 cells were analyzed using an inva-
sion assay. Data demonstrated that CoCl, exhibited effects
on the invasion of MiaPaCa2 cells (Fig. 1A and B). When
CoCl, reached 0.08 mM the cell invasion rate significantly
increased from 100-200%, two-fold, compared with 0 mM
CoCl, (P<0.001; Fig. 1A and B). Once the concentration of
CoCl, exceeded 0.08 mM, the increase in invasion reduced in
a dose-dependent manner (Fig. 1A and B). According to the
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effects of CoCl, (0.08 mM) on cell viability and cell invasion,
CoCl, increased the cell growth and the invasion of MiaPaCa2
cells.

CoCl, promotes EMT in MiaPaCa?2 cells. Invasion ability is
different between mesenchymal and epithelial cells resulting
from a difference in the cytoskeleton, which allows cell types
to be distinguished from one another. The marker of epithelial
cells is E-cadherin, and N-cadherin marks mesenchymal cells,
which means during EMT there is a decline in E-cadherin and
an increase in N-cadherin.

To investigate whether CoCl, promoted invasion via regu-
lating EMT, the morphology of MiaPaCa2 cells were detected
by H&E staining following treatment with CoCl, (0.08 mM).
The results of the present study demonstrated that CoCl,
altered the morphology of MiaPaCa2 cells from epithelioid
to spindle shaped, which is similar to the morphology of
mesenchymal cells (Fig. 2A). Western blotting and RT-qPCR
experiments demonstrated that CoCl, significantly decreased
the expression of E-cadherin and significantly increased the
content of N-cadherin on a transcriptional and translational
level (P<0.001; Fig. 2B and C). Consequently, EMT induced
by CoCl, may result in an increase in invasion of MiaPaCa2
cells.

To investigate the role of Snail in EMT and invasion
induced by CoCl,, the expression of Snail was detected by
RT-qPCR and western blotting in MiaPaCa2 cells. It was
observed that the mRNA and protein expression of Snail
significantly increased in MiaPaCa2 cells treated with CoCl,
(0.08 mM) compared with untreated cells (P<0.001; Fig. 2B
and C). CoCl, may increase the expression of Snail, and then
promote EMT, leading to an increase to invasion in MiaPaCa?2
cells.

Knockdown of HIF-1a decreases the invasion of MiaPaCa2
cells induced by CoCl,. CoCl, was used in the present study
to imitate the hypoxia like microenvironment of cancer and
HIF-1a expression was induced. To prove that CoCl, regulated
EMT and invasion resulting from an increase in the expression
of HIF-1a., the content of HIF-1a was measured in MiaPaCa2
cells by RT-qPCR and western blotting. Data indicated that
CoCl, increased the expression of HIF-1a on a transcriptional
and translational level (Fig. 2B and C). Then, HIF-1a siRNA
was selected by RT-qPCR to identify the role of HIF-1a in
MiaPaCa2 cells treated with CoCl,. It was observed that
HIF-1a siRNA decreased the expression of HIF-1a, particu-
larly siRNA1, which significantly decreased the content of
HIF-1a to 30% at 48 h and to 20% at 72 h (P<0.001; Fig. 3A).
Data indicated that the knockdown of HIF-1a inhibited EMT
and the invasion in MiaPaCa2 cells (Fig. 3B and C; Fig. 4).
Additionally, HIF-1a siRNA inhibited the effects of CoCl,
on the expression of Snail, EMT and invasion in MiaPaCa2
cells (Fig. 3B and C; Fig. 4). CoCl, imitated a hypoxic environ-
ment and increased the expression of Snail, and then induced
EMT resulting in an increase in invasion by stimulating the
expression of HIF-1a.

Notchl inhibitor DAPT decreases the invasion of MiaPaCa2
cells induced by CoCl,. Whether the Notch signaling pathway
is involved in invasion mediated by HIF-1a in MiaPaCa2 cells
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Figure 1. Effects of CoCl, on cell growth and invasion in MiaPaCa2 cells. (A) Cell invasion was detected in MiaPaCa2 cells following treatment with CoCl,
at 0,0.02,0.04,0.08,0.10 and 0.16 mM for 24 h. Invaded cells were stained with crystal violet and observed from five randomly selected microscopic visual
fields (magnification, x200). (B) Invaded cells were counted and expressed as cell invasion rate (%) compared with the untreated cells. (C) Cell viability was
measured using Cell Counting Kit-8 assay and analyzed by the absorbance at a wavelength of 450 nm, following treatment with 0, 0.02, 0.04, 0.08, 0.10 and
0.16 mM CoCl, for 24 h. Data were representative of three independent experiments and expressed as the mean + standard error of the mean. “P<0.05, “P<0.01,
“"P<0.001 vs. control. CoCl,, cobalt II chloride.
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Figure 2. Effects of CoCl, on proteins involved in epithelial-mesenchymal transition in MiaPaCa2 cells. (A) The morphology of cells was detected by
hematoxylin and eosin staining and observed from five randomly selected microscopic visual fields (magnification, x200) following treatment with or without
CoCl, for 24 h. Red arrow represented cells with spindle shape. (B) The mRNA expression levels of E-cadherin, N-cadherin, Snail, HIF-1a, Notchl in
MiaPaCa2 cells treated with or without CoCl, for 24 h was detected using reverse transcription-quantitative polymerase chain reaction. (C) The protein content
of E-cadherin, N-cadherin, Snail, HIF-1a, Notchl in MiaPaCa2 cells treated with or without CoCl, for 24 h was detected by western blotting. GAPDH was
included as mRNA-loading and protein-loading control. Data were representative of three independent experiments and expressed as the mean + standard error
of the mean. ““P<0.001 vs. control. N, neural; E, epithelial; HIF-1a, hypoxia inducible factor-1a; NC, negative control; CoCl,, cobalt IT chloride.

treated by CoCl, has not yet been verified. The content of translational expression of Notchl increased in MiaPaCa2
Notchl was detected in MiaPaCa2 cells following treatment  cells treated with CoCl, (Fig. 5). Additionally, HIF-1a siRNA
with CoCl,. It was observed that the transcriptional and  had the ability to inhibit the expression of Notchl. Therefore,
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Figure 3. Effects of HIF-1a siRNA on epithelial-mesenchymal transition in MiaPaCa2 cells treated with CoCl,. (A) HIF-1a siRNA was selected by RT-qPCR
in MiaPaCaz2 cells following transfection with three different HIF-1a siRNA or NC siRNA for 24,48 and 72 h. (B) The mRNA expression levels of E-cadherin,
N-cadherin, Snail, HIF-1a, Notchl were detected using RT-qPCR in MiaPaCa2 cells treated with or without CoCl, for 24 h in the presence or absence of
HIF-1a siRNA. (C) The protein content of E-cadherin, N-cadherin, Snail, HIF-1a, Notchl was detected by western blotting in MiaPaCa2 cells treated with or
without CoCl, for 24 h in the presence or absence of HIF-1o. siRNA. GAPDH was included as mRNA-loading and protein-loading control. “P<0.05, “P<0.01,
“"P<0.001. si, small interfering; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; HIF-la, hypoxia inducible factor-la; NC, negative
control; E, epithelial; N, neural; CoCl,, cobalt II chloride.
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Figure 4. Effects of HIF-1a siRNA on morphology and invasion in MiaPaCa?2 cells treated with CoCl,. (A) The morphology of cells was detected by hema-
toxylin and eosin staining and observed from five randomly selected microscopic visual fields (magnification, x200) following treatment with or without CoCl,
for 24 h in the presence or absence of HIF-1a siRNA. (B) Cell invasion was detected in MiaPaCa2 cells following treatment with or without CoCl, for 24 h in
the presence or absence of HIF-1a siRNA. Invaded cells were stained with crystal violet and observed from five randomly selected microscopic visual fields
(magnification, x200). (C) Number of invaded cells were counted and expressed as cell invasion rate (%) compared with those untreated cells without CoCl,
or HIF-1a siRNA. Data were representative of three independent experiments and expressed as the mean + standard error of the mean. “P<0.01, ““P<0.001.
HIF-1a, hypoxia inducible factor-1a; si, small interfering; NC, negative control; CoCl,, cobalt II chloride.
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Figure 5. Effects of DAPT on epithelial-mesenchymal transition in MiaPaCa2 cells treated with CoCl,. (A) The expression of Notchl was measured by
western blotting in MiaPaCa?2 cells in the presence or absence of DAPT for 1, 2, 4 and 8 h. (B) mRNA expression levels of E-cadherin, N-cadherin, Snail,
HIF-1la, Notchl were detected using RT-qPCR in MiaPaCa2 cells treated with or without CoCl, for 24 h in the presence or absence of DAPT. (C) The
protein content of E-cadherin, N-cadherin, Snail, HIF-1a, Notchl was detected by western blotting in MiaPaCa2 cells treated with or without CoCl, for
24 h in the presence or absence of DAPT. GAPDH was included as mRNA-loading and protein-loading control. "P<0.05, “P<0.01, ““P<0.001. RT-qPCR,
reverse transcription-quantitative polymerase chain reaction; HIF-1a, hypoxia inducible factor-la; NC, negative control; E, epithelial; N, neural; DAPT,
N-[N-(3,5-Difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester; CoCl,, cobalt II chloride.
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Figure 6. Effects of DAPT on morphology and invasion in MiaPaCa2 cells treated with CoCl,. (A) The morphology of cells was detected by hematoxylin
and eosin staining and observed from five randomly selected microscopic visual fields (magnification, x200) following treatment with or without CoCl,
for 24 h in the presence or absence of DAPT. (B) Cell invasion was detected in MiaPaCa2 cells following treatment with or without CoCl, for 24 h in
the presence or absence of DAPT. Invaded cells were stained with crystal violet and observed from five randomly selected microscopic visual fields
(magnification, x200). (C) Invaded cells were counted and expressed as cell invasion rate (%) compared with those untreated cells without CoCl, or DAPT.
Data were representative of three independent experiments and expressed as the mean + standard error of the mean. "P<0.05, “P<0.01, ""P<0.001. DAPT,
N-[N-(3,5-Difluorophenacetyl)-L-alanyl]-S-phenylglycine t-butyl ester; CoCl,, cobalt II chloride.

HIF-1a induced by CoCl,, regulated the expression of Notchl.  could repress the activation of Notch signal pathway, was used
However, it was unclear whether Notchl was associated with ~ in MiaPaCaz2 cells in the presence or absence of CoCl,. Data
the promotion of EMT and invasion stimulated by CoCl, in ~ demonstrated that DAPT (0.01 mM) inhibited the content of
MiaPaCa2 cells. A type of inhibitor designated DAPT, which ~ Notchl following treatment for 8 h in MiaPaCa2 cells, which
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restrained EMT and invasion (Fig. 5). Therefore, Notchl
serves an important role in the regulation of EMT and invasion
in MiaPaCa2 cells. The results of the present study suggested
that CoCl, may increase cell viability and spindle shape, to
favor the promotion of EMT and cell invasion. Additionally,
DAPT had the ability to reverse the increase of cell viability
and spindle shape induced by CoCl, (Fig. 6).

Discussion

Cellular metabolism associated with cell proliferation,
anti-apoptosis, metastasis and resistance is abnormal in
tumorigenesis, probably resulting from the regulation of
Whnt/p-catenin pathway, mitogen-activated protein kinase
signaling pathway and other signaling pathways, and hypoxia
has an important role in this process (26,27). It has been
reported that hypoxia is also able to maintain the character-
istic of cancer stem cells and induce the progression of cancer
cells (28). Pancreatic cancer possesses the characteristics of a
solid tumor and hypoxia also exists in pancreatic cancer (29),
however the mechanism involved in the pathogenesis of
pancreatic cancer remains unclear. In the present study,
Mia-PaCa2 cells, a pancreatic cancer cell line with high rate of
metastasis, were used to investigate the effects and mechanism
of hypoxia on pancreatic cancer cells.

The CCK-8 assay demonstrated that CoCl, (0.08 mM)
increased the invasion rate by two-fold in MiaPaCa2 cells,
whereas CoCl, at this concentration had a mild effect on the
growth of MiaPaCa2 cells. The invasion ability is different
between mesenchymal cells and epithelial cells resulting from
differences in the cytoskeleton. The results of the present study
indicated that CoCl, altered cell morphology to spindle shaped,
which is similar to that of mesenchymal cells and the expres-
sion of E-cadherin and N-cadherin was altered in MiaPaCa2
cells treated with CoCl, on a transcriptional and translational
level. An increase in invasion in MiaPaCa2 cells may be
induced by CoCl, and results in EMT. It has been reported that
Snail, a transcription factor, combines with E-cadherin and
inhibits the transcriptional activity of E-cadherin, leading to
a promotion to EMT in pancreatic cancer (30-33). The content
of Snail increased in MiaPaCa2 cells in the presence of CoCl,
in the present study.

To identify if CoCl, could act as hypoxia inducer, HIF-1a,
which is induced by hypoxia, was detected in MiaPaCa2
cells treated with CoCl,. The present study demonstrated that
CoCl, promoted the expression level of HIF-1a. The results
demonstrated that HIF-1a siRNA reversed the increase in the
expression of Snail, EMT and invasion induced by CoCl, in
MiaPaCaz2 cells. This indicated that CoCl, simulated hypoxia,
which induced the expression of HIF-1la and increased the
expression of Snail, and then promoted EMT leading to an
increase to invasion.

Furthermore, the mechanism by which HIF-1a regulates
the expression of Snail and EMT was also investigated in the
present study. It has been reported that the Notch signaling
pathway is involved in EMT and HIF-la is able to regulate
its activation in cancer cells (20,21). The present study
demonstrated that CoCl, increased the expression of Notchl,
which was associated with an increase to transcriptional
expression. DAPT targeted Notchl and inhibited the function
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of Notchl leading to an inhibition of the signaling pathway
and decreased expression of Snail, EMT and cell invasion
in MiaPaCa2 cells, induced by CoCl,. In addition, HIF-1a
siRNA also possessed the ability to repress the expression of
Notchl. Therefore, CoCl, induced the expression of HIF-1a,
stimulated the activation of Notchl signal molecule, and then
increased the expression of Snail at a transcriptional and trans-
lational level, leading to a promotion of EMT and an increase
in invasion of MiaPaCa2 cells. Targeting Notchl is a potential
treatment strategy to inhibit the increase in EMT and invasion
induced by hypoxia.

In conclusion, DAPT regulated the expression of HIF-1a
at a transcriptional and translational level, which suggests the
existence of a feedback loop in the HIF-1la/Notchl signaling
pathway. Additionally, EMT is associated with cancer stem
cells, which control recurrence (34). DAPT may also have
the ability to inhibit the recurrence of pancreatic cancer by
regulating EMT and affecting the behaviors of cancer stem
cells, however further investigation is required. DAPT or other
inhibitors of Notchl signaling molecule may have potential in
the treatment of pancreatic cancer in the future.
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