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Abstract: Objective: The purpose of the present study was to investigate the mechanisms and signaling pathways by
which microRNA-218 (miR-218) regulates the chemosensitivity of pancreatic cancer cells to gemcitabine (GEM), to
explore the mechanisms underlying the resistance of pancreatic cancer cells to GEM and to provide novel approach-
es and strategies for treatment of pancreatic cancer. Methods: MiR-218 was overexpressed in GEM-resistant PANC-
1 cells through transfection of the cells with a miR-218 mimic. Quantitative real-time polymerase chain reaction
(gRT-PCR) was performed to examine the changes in miR-218 expression in PANC-1 cells. The Cell Counting Kit-8
(CCK-8) was used to examine the effect of miR-218 on the viability of GEM-induced PANC-1 pancreatic cancer cells.
An enzyme-linked immunosorbent assay (ELISA) was conducted to investigate effect of miR-218 and GEM on the
secretion of high mobility group box | (HMGB1) protein by PANC-1 cells. Western blot analysis was performed to ana-
lyze the effect of miR-218 on the expression of HMGB1 and beclin 1 in PANC-1 cells. In addition, beclin 1 expression
was knocked down in PANC-1 pancreatic cancer cells using RNA interference (RNAI) technology. After knockdown of
beclin 1, the CCK-8 assay was performed to examine the viability of GEM-induced PANC-1 cells. Finally, the effects of
miR-218 overexpression on the expression of AKT and phospho-AKT (p-AKT) in GEM-induced PANC-1 cells as well as
on cell viability were examined using the phosphatidylinositol-3-kinase (PI3K) pathway inhibitor, wortmannin, with
western blot analysis and the CCK-8 assay. Results: The gRT-PCR results showed that compared with the control
group, miR-218 expression was significantly increased in PANC-1 cells at 48 h after transfection with the miR-218
mimic (P<0.01). The CCK-8 assay results showed that the viability of PANC-1 cells was markedly reduced after
transfection with the miR-218 mimic and treatment with 5 yM GEM (miR-218 mimic+GEM group) compared with
the mimic ctrl+GEM group and the normal control group (P<0.01). The ELISA results showed that GEM induced the
secretion of HMGB1 by PANC-1 cells (P<0.01), whereas miR-218 and quercetin inhibited the secretion of HMGB1
by GEM-induced PANC-1 cells (P<0.01). The western blot analysis showed that miR-218 inhibited the expression of
HMGB1 and beclin 1 in PANC-1 cells (P<0.01). Transfection of PANC-1 cells with beclin 1 shRNA effectively reduced
the expression of beclin 1 in PANC-1 cells (P<0.01). Knockdown of beclin 1 expression in PANC-1 cells enhanced
the sensitivity of PANC-1 cells to GEM (P<0.01), whereas overexpression of HMGB1 effectively reversed the beclin
1 knockdown-induced susceptibility to GEM (P<0.01). The results of the western blot analysis and CCK-8 assay
showed that compared with the control group, wortmannin significantly inhibited the expression of p-AKT in PANC-1
cells (P<0.01). In addition, wortmannin promoted the effect of miR-218 on the sensitivity of GEM-induced PANC-1
cells (P<0.05). Conclusion: Overexpression of miR-218 promotes the sensitivity of PANC-1 cells to GEM. The effect
of miR-218 is achieved mainly through inhibiting the secretion of HMGB1 by PANC-1 cells and the PI3K/Akt pathway.
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Introduction

Pancreatic cancer is a highly malignant tumor.
Early pancreatic cancer lacks typical symp-
toms. By the time pancreatic cancer is discov-
ered, the cancer has often invaded into the sur-

rounding tissues and metastasized to distant
sites. Therefore, pancreatic cancer typically has
a poor prognosis [1, 2]. The worldwide inci-
dence of pancreatic cancer continues to show
an upward trend year after year. Pancreatic
cancer has become the fourth leading cause of
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cancer-related deaths. Most pancreatic can-
cers are already in advanced stages when diag-
nosed, and the 5-year survival rate is less than
5% [3, 4]. Pancreatic cancer is fundamentally a
genetic disorder. Pancreatic cancer arises from
atypical endothelial hyperplasia, which is devel-
oped into carcinoma in situ and further into
invasive tumor. The process of pancreatic can-
cer development and progression involves mul-
tiple stages and multiple steps, and it requires
continuous accumulation of multiple genetic
alterations [5, 6]. During the process, a number
of genes that control cell differentiation, prolif-
eration and apoptosis display abnormal chang-
es, including mutation or overexpression of
oncogenes and inactivation of tumor suppres-
sor genes. MicroRNAs (miRNAs) are also
involved in the pathogenesis of pancreatic can-
cer [7-9].

MiRNAs are a class of endogenous, non-cod-
ing, single-stranded small RNA molecules that
are approximately 22 nucleotides (nt) in length.
Through complementarily pairing with the 3’
untranslated region (3’'UTR) of the target gene
MmRNAs, miRNAs regulate mRNA expression at
the posttranscriptional level, thereby partici-
pating in physiological processes, such as cell
proliferation, apoptosis, differentiation, metab-
olism and development, as well as pathological
processes, such as cardiovascular diseases,
neurological disorders and tumors [10-12]. Zhu
et al. demonstrated that microRNA-218 (miR-
218) is expressed in pancreatic ductal adeno-
carcinima (PDAC) and is related to the develop-
ment of pancreatic cancer [13]. The results of
our previous study showed that miR-218
expression is downregulated in human pancre-
atic cancer tissues and cell lines. MiR-218 neg-
atively regulates the expression of high mobility
group box | (HMGB1) protein and inhibits the
proliferation and invasion of pancreatic cancer
cells.

Pancreatic cancer typically has a poor progno-
sis. The 5-year survival rate of pancreatic can-
cer patients is less than 50%. Chemotherapy-
based adjuvant therapy plays an important role
in treatment of pancreatic cancer [14]. Chem-
otherapy not only improves the symptoms of
advanced pancreatic cancer but also prolongs
the survival time [15]. Chemotherapy remains
one of the important means of prolonging the
survival time of patients with pancreatic can-
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cer. However, lack of chemosensitivity in tumors
has been an important reason underlying the
poor efficacy of chemotherapy [16, 17]. Co-
mpared with 5-fluorouracil, gemcitabine (GEM)
significantly improves the symptoms of patients
and prolongs the median survival time of
patients. Therefore, GEM has become the pre-
ferred chemotherapy drug for advanced pan-
creatic cancer [18-21]. In long-term clinical
practice, however, the efficacy of GEM in treat-
ment of pancreatic cancer is far from ideal. The
overall efficacy of GEM is less than 20%. The
main underlying reason is the acquired or intrin-
sic drug resistance of pancreatic cancer cells,
which leaves many patients who receive GEM-
based chemotherapy to suffer the side effects
of chemotherapy without obtaining the desired
therapeutic effect [22-24]. A previous study has
demonstrated that miR-218 is a tumor sup-
pressor miRNA. In addition, Li et al. reported
that miR-218 inhibits the growth of cervical
cancer and enhances the sensitivity of cervical
cancer to cisplatin-based chemotherapy [25].
The results of our previous study showed that
miR-218 expression is downregulated in a
GEM-resistant cell line. MiR-218 promotes the
sensitivity of PANC-1 cells to GEM, and the
effect of miRNA is exerted mainly through regu-
lation of HMGB1 expression in PANC-1 cells.
The mechanisms and molecular signaling path-
ways by which miR-218 enhances the sensitiv-
ity of PANC-1 cells to GEM remain to be
identified.

HMGBL1 is widely distributed and present in the
nuclei and cytoplasm of nearly all metazoan
and plant cells. HMGB1 was initially discovered
as a chromatin-associated protein containing a
large number of acidic and basic amino acids
[26-28]. HMGB1 undergoes extensive post-
translational modifications, including glycosyl-
ation, acetylation, methylation, oxidation and
phosphorylation. However, only acetylated HM-
GB1 effectively forms complexes with homolo-
gous DNA polymerase o and promotes the
activity of DNA polymerase o [29]. Conventional
anti-tumor therapies, such as radiotherapy and
chemotherapy, induce tumor stress or death
[30, 31]. The presence of extracellular HMGB1
suggests that some cells are under stress or
have already died. In addition, extracellular
HMGB1 serves as an alert signal to other cells
and activates anti-damage mechanisms [32].
Necrotic tumor cells release HMGBI, thereby
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regulating tumor immunity and interfering with
the efficacy of chemotherapy and radiotherapy.
HMGB1 and other factors released during che-
motherapy or radiotherapy are important com-
ponents of the disordered tumor microenviron-
ment [33]. A recent study has shown that
HMGBL1 is capable of interacting with beclin 1
and regulating the occurrence of autophagy
[34]. Therefore, in the present study, we exam-
ined the relationship between miR-218 and the
chemosensitivity of pancreatic cancer cells to
GEM. We also investigated the effect of miR-
218 on HMGB1 release and beclin 1 expres-
sion in GEM-induced pancreatic cancer cells,
and we explored the mechanisms and molecu-
lar signaling pathways by which miR-218 pro-
motes the sensitivity of PANC-1 cells to GEM.
This study provided novel ideas and experimen-
tal evidence for the identification of effective
treatment for pancreatic cancer.

Materials and methods
Main reagents

The GEM-resistant pancreatic cancer cell line,
PANC-1, was purchased from American Type
Culture Collection (ATCC, MD, USA). Fetal bo-
vine serum (FBS), Dulbecco’s Modified Eagle’s
medium (DMEM), Roswell Park Memorial
Institute (RPMI) 1640 medium, L-glutamine,
4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid (HEPES), Lipofectamine 2000 and TRIzol
reagent were purchased from Life Technologies
(USA). Cell culture plates and dishes were pur-
chased from Corning Inc. The reverse transcrip-
tion (RT) kit was purchased from Qiagen. The
HMGB1 ELISA kit was purchased from Shino-
Test Corporation (Kanagawa, Japan). The
pGEM-T and pcDNA3.1 vectors were purchased
from Life Technologies (USA).

The TagMan miRNA Isolation Kit, TagMan
microRNA Assay Kit, TagMan microRNA Assay
and TagMan Universal PCR Master Mix were
purchased from Life Technologies, Inc. (Walt-
ham, MA, USA). The miR-218 RT primer, miR-
218 mimic and non-specific control (mimic ctrl)
were synthesized by Shanghai Gene Pharma
Co., Ltd. The beclin 1 shRNA and negative con-
trol (control shRNA) were purchased from
Sigma-Aldrich (San Diego, CA, USA).

The following primers used for construction of
the recombinant HMGB1 expression vector
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were synthesized by Shanghai Invitrogen
Biotechnology Co., Ltd.: upstream primer,
5-CGGAA TTC ATG GGC AAA GGA GAT CCT AA-3’
(containing the EcoR | restriction site); and
downstream primer, 5-CG GGA TCC TTC ATC
ATC ATC ATC TTC TT-3’ (containing the BamH |
restriction site). The EcoR | and BamH | restric-
tion endonucleases were purchased from
TaKaRa Biotechnology (Dalian) Co., Ltd. The
Taq DNA polymerase was purchased from
Fermentas, Inc. (Glen Burnie, MD, USA).

GEM was purchased from Eli Lilly and Company
(USA and Canada). Quercetin was purchased
from Sigma-Aldrich (San Diego, CA, USA).
Wortmannin, an inhibitor of the phosphoinosit-
ide 3-kinase (PI3K) pathway, was purchased
from Axxora Life Sciences Inc. (San Diego, CA).
Protein Extraction and Quantitation Kits were
purchased from Bio-Rad Laboratories, Inc. The
Cell Counting Kit-8 (CCK-8) was purchased
from Beyotime Institute of Biotechnology
(Shanghai). Trypsin and phosphate buffered
saline (PBS) were purchased from Sigma-
Aldrich (USA). The rabbit anti-human HMGB1
monoclonal antibody, mouse anti-human
B-actin monoclonal antibody and rabbit anti-
human beclin 1 polyclonal antibody were pur-
chased from Abcam (UK). Primary antibodies
against AKT and phospho-AKT (p-AKT; Ser473)
were purchased from Cell Signaling Technology,
Inc. (Beverly, MA, USA). The horseradish peroxi-
dase (HRP)-conjugated affinity-purified goat
anti-mouse IgG and HRP-conjugated affinity-
purified goat anti-rabbit IgG secondary antibod-
ies were purchased from Sigma-Aldrich (San
Diego, CA).

Construction of recombinant HMGB1 expres-
sion vector

The human HMGB1 mRNA sequence was
obtained from GenBank (NM_002128.4 in
GenBank), and the primers were designed to
flank the HMGB1 open reading frame (ORF).
Both the primer design and restriction enzyme
analysis were performed by Primer Premier 5
software.

Total RNA was extracted from PANC-1 cells
using the TRIzol reagent according to the
instruction manual followed by quantification.
cDNA was synthesized from the mRNA tem-
plate from PANC-1 cells, and PCR was conduct-
ed using the HMGB1 primers. The PCR prod-
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ucts were cloned into the pGEM-T vector. After
cleavage and identification with restriction
endonucleases, the correct recombinant plas-
mid was sequenced. The pcDNA3.1 vector and
the pGEM-HMGB1 recombinant plasmid were
simultaneously cleaved with BamH | and EcoR |
restriction endonucleases, and the target frag-
ments were purified and joined by T4 DNA
ligase. The resulting pcDNA3.1-HMGB1 recom-
binant plasmid was transformed into DH5«
competent cells.

Processing of cells

PANC-1 cells were cultured in DMEM containing
10% FBS, 1.5 g/L NaHCO, and 4 mM L-glu-
tamine under standard conditions (37°C, 5%
CO, and saturated humidity). The growth state
of the cells was monitored using an inverted
microscope. Once grown to 70% to 80% conflu-
ence, the cells were digested with 0.25% tryp-
sin and passaged. The culture medium was
changed every other day, and the cells were
passaged every 3-4 days. Cells in logarithmic
growth phase were harvested for the assays.

Normally cultured PANC-1 cells were seeded
uniformly into 6-well culture plates at a density
of 3x10°% cells/ml in a volume of 1 ml. After
the cells adhered to the culture surface, the
miR-218 mimic, non-specific control (mimic
ctrl), recombinant HMGB1 expression vector
(pcDNA3.1-HMGB1), empty pcDNA3.1 vector
(vector ctrl), beclin 1 shRNA and shRNA ctrl
were transfected into the cells using the
Lipofectamine 2000 transfection reagent
according to the manufacturer’s instructions.
The normal control group (normal ctrl) was
established at the same time. The miR-218
mimic, mimic ctrl, pcDNA3.1-HMGB1, vector
ctrl, beclin 1 shRNA and shRNA ctrl were dilut-
ed in serum-free Minimum Essential Media
(MEM). Subsequently, Lipofectamine 2000 was
diluted by gently mixing the liposome with MEM
and incubating at room temperature (RT) for 5
min. The MEM-diluted Lipofectamine 2000 was
then evenly mixed with diluted miR-218 mimic,
mimic ctrl, pcDNA3.1-HMGB1 and vector ctrl.
The mixtures were incubated at RT for 20 min
to allow the formation of complexes. The com-
plexes were added to the cell culture plates
containing PANC-1 cells. After addition of the
complexes, the cells were placed into a humidi-
fied incubator (37°C and 5% CO,). After 5 h of
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incubation, the complex-containing medium
was replaced with either fresh MEM supple-
mented with 10% FBS or MEM containing 10%
FBS and 5 yM GEM (final concentration). The
cells were then cultured for an additional 48 h.

Measuring the effect of miR-218 on the vi-
ability of GEM-induced pancreatic cancer cells
using the CCK-8 assay

MiR-218 was overexpressed in PANC-1 cells by
transfecting PANC-1 cells with miR-218 mimic.
At 48 h after transfection of PANC-1 cells with
either miR-218 mimic or mimic ctrl, the normal
ctrl group was established. RNAs were extract-
ed from all groups of PANC-1 cells using the
TagMan miRNA Isolation Kit. Changes in miR-
218 expression in various groups of PANC-1
cells were examined using quantitative real-
time polymerase chain reaction (QRT-PCR).

Cell viability was determined using the CCK-8
Assay Kit in accordance with the manufactur-
er's instructions. PANC-1 cells were transfected
with either miR-218 mimic or mimic ctrl.
Subsequently, GEM was added to each well of
cell culture medium at a final concentration of
5 uM. After treating the cells with GEM for 48 h,
CCK-8 solution was added to the cells, and the
cells were incubated (at 37°C at 5% CO,) for 2
h. The normal ctrl group was set up at the same
time. The optical density (OD) of the cells was
measured at 450 nm (reference wavelength of
630 nm) using a microplate reader (Bio-Tek,
USA). Ten replica wells were set up for each
experimental group, and each experiment was
repeated three times.

Examination of the effect of miR-218 on
HMGB1 secretion by GEM-resistant pancreatic
cancer cells using an enzyme-linked immuno-
sorbent assay (ELISA)

During chemotherapy, HMGB1 released by
tumor cells affects the chemosensitivity of the
tumor cells [35]. MiR-218 promotes the sensi-
tivity of pancreatic cancer cells to GEM-based
chemotherapy. Therefore, we tested if miR-218
affects the sensitivity of pancreatic cancer
cells to GEM through regulating HMGB1 secre-
tion. In the present study, an ELISA was con-
ducted to analyze the effect of miR-218 on
HMGB1 secretion by GEM-induced pancreatic
cancer cells.

Int J Clin Exp Med 2016;9(3):7018-7030



microRNA-218 in pancreatic cancer

PANC-1 cells were transfected with the miR-
218 mimic or mimic ctrl. Following transfection,
GEM was added to the cells at a final concen-
tration of 5 uM. The normal ctrl group was set
up at the same time. After 48 h of GEM treat-
ment, the cell culture supernatant was collect-
ed. According to the instruction manual of the
ELISA kit, the OD value of each well was mea-
sured at a wavelength of 450 nm. Based on the
concentrations of the standard and the corre-
sponding OD values, the linear regression
equation of the standard curve was deter-
mined. Subsequently, the HMGB1 concentra-
tion in each group of samples was calculated
from the corresponding OD value using the
regression equation. Quercetin inhibits the
release of HMGB1 by cells [36]. In the present
study, the CCK-8 assay was performed to
determine if quercetin affects the viability of
pancreatic cancer cells after GEM induction.

Examination of the effect of miR-218 on beclin
1 expression in pancreatic cancer cells by
western blot analysis

A recent study has demonstrated that HMGB1
can interact with beclin 1 and regulate the
occurrence of autophagy [34]. In the present
study, western blot analysis was performed to
examine the effect of miR-218 on the expres-
sion of the autophagy-related protein, beclin 1,
in pancreatic cancer cells.

Normally cultured PANC-1 pancreatic cancer
cells were seeded uniformly into 6-well culture
plates at a density of 3x10° cells/ml. PANC-1
cells were transfected with the miR-218 mimic
or mimic ctrl, and the normal ctrl group was set
up at the same time. At 48 h after transfection,
1 ml of cell lysis buffer was added to each well
of PANC-1 cells. The resulting cell lysates were
transferred to 1.5 ml centrifuge tubes and cen-
trifuged at 160,00 g for 30 min. The superna-
tants were collected, and the protein concen-
trations in the supernatants were measured
using the bicinchoninic acid (BCA) assay.
Subsequently, a 5% stacking gel and 15% sep-
arating gel were poured. Total protein (50 ug)
was loaded in each lane, separated by electro-
phoresis and transferred to polyvinylidene
difluoride (PVDF) membrane using a wet trans-
fer system (Bio-Rad Laboratories, Inc., USA).
The membrane was blocked at RT in Tris-
Buffered Saline-Tween 20 (TBST) solution (10
mM Tris-HCI, pH 7.5; 150 mM NaCl; and 0.1%
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Tween-20) containing 5% nonfat dry milk for 1 h
and then incubated with the rabbit anti-human
HMGB1 monoclonal antibody (1:1000 dilution),
rabbit anti-human beclin 1 polyclonal antibody
(1:500 dilution) or mouse anti-human B-actin
monoclonal antibody (1:1000 dilution) at 4°C
overnight. The membrane was washed three
times with TBST (5 min each) and incubated
with HRP-labeled goat anti-rabbit IgG or HRP-
labeled goat anti-mouse IgG secondary anti-
body at 37°C for 1 h. The membrane was
washed three times with TBST (5 min each),
incubated with enhanced chemiluminescence
(ECL) reagent and autoradiographed. The rela-
tive contents of HMGB1 and beclin 1 were
expressed as the grayscale ratios of HMGB1/[3-
actin and beclin 1/B-actin, respectively. Chan-
ges in the relative expression of HMGB1 and
beclin 1 were analyzed using PDQuest software
(Bio-Rad Laboratories, Inc., Richmond, CA).

Investigation of the effect of miR-218 on the
sensitivity of pancreatic cancer cells to GEM-
based chemotherapy through regulation of
HMGB1 and beclin 1 using RNA interference
(RNAI)

Normally cultured PANC-1 pancreatic cancer
cells were seeded uniformly into 6-well culture
plates at a density of 3x10° cells/ml. PANC-1
cells were transfected with beclin 1 shRNA or
control shRNA, and the normal ctrl group was
set up at the same time. At 48 h after transfec-
tion, western blot analysis was conducted to
determine the interference efficiency of beclin
1 shRNA.

After knockdown of beclin 1 or simultaneous
knockdown of beclin 1 and overexpression of
HMGB1 in PANC-1 pancreatic cancer cells, the
CCK-8 assay was conducted to examine the
viability of PANC-1 cells treated with GEM.
PANC-1 cells were divided into the following five
experimental groups: normal ctrl group, control
shRNA+GEM group, beclin 1 shRNA+GEM
group, pcDNA3.1-HMGB1+control shRNA+GEM
group and pcDNA3.1-HMGB1+beclin 1 shRNA+
GEM group. After 48 h of treatment, CCK-8
solution was added to the cells, and the cells
were incubated (at 37°C and 5% CO,) for 2 h.
The normal ctrl group was set up at the same
time. The OD of the cells was measured at 450
nm (reference wavelength of 630 nm) using a
microplate reader (Bio-Tek, USA). Ten replica
wells were set up for each experimental group,
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Figure 1. Examination of the effect of miR-218 on the viability of GEM-induced pancreatic cancer cells. A. The ef-
fect of transfection of PANC-1 pancreatic cancer cells with miR-218 mimic or mimic ctrl on miR-218 expression. B.
Analysis of the effect of miR-218 overexpression on the viability of GEM-induced pancreatic cancer cells using the

CCK-8 assay. ##P<0.01 versus normal control group (normal ctrl), **P<0.01.

and each experiment was repeated three
times.

Determination of the signaling pathways
through which miR-218 affects the chemosen-
sitivity of GEM-induced pancreatic cancer cells

Normally cultured PANC-1 cells were seeded
uniformly into 6-well culture plates at a density
of 3x10° cells/ml. PANC-1 cells were transfect-
ed with the miR-218 mimic or mimic ctrl. After
transfection, GEM was added to the PANC-1
cells at a final concentration of 5 uM.
Subsequently, the PISK pathway inhibitor, wort-
mannin, was added to the transfected PANC-1
cells (final concentration of 5 uM), and the nor-
mal ctrl group was set up at the same time.
After 48 h, the cells were washed one to two
times with PBS. Protein was extracted from the
various groups of cells, and protein concentra-
tions in the supernatants were measured using
the BCA method. The proteins were separated
by electrophoresis and transferred to PVDF
membrane using a wet transfer system (Bio-
Rad Laboratories, Inc., USA). The membrane
was blocked at RT in TBST solution containing
5% nonfat dry milk for 1 h and then incubated
with the anti-AKT, anti-p-AKT (Ser473) (1:500
dilution) or mouse anti-human -actin monoclo-
nal antibody (1:1000 dilution) at 4°C overnight.
Subsequently, the membrane was incubated
with the corresponding HRP-labeled secondary
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antibodies (diluted 1:2000 in PBS) at 4°C over-
night. The membrane was washed with TBST,
incubated with ECL reagent and autoradio-
graphed. The grayscale ratio of p-AKT/AKT was
analyzed using Quantity One software. The
effects of the PI3K pathway inhibitor, wortman-
nin, on the ectopic expression of miR-218 and
the viability of GEM-induced PANC-1 cells were
analyzed using the CCK-8 assay.

Statistical analysis

Experimental data were statistically analyzed
using SPSS17.0 statistical analysis software.
Comparison between two groups of data was
conducted using a t test, while comparisons
between multiple groups of data were per-
formed using analysis of variance (ANOVA). P
values less than 0.05 were considered statisti-
cally significant.

Results

Effect of miR-218 on the viability of GEM-
induced pancreatic cancer cells using the
CCK-8 assay

MiR-218 was overexpressed in PANC-1 cells by
transfection with the miR-218 mimic. Differ-
ences in miR-218 expression among the groups
of PANC-1 cells were examined using qRT-PCR.
The gRT-PCR results showed that miR-218

IntJ Clin Exp Med 2016;9(3):7018-7030
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Figure 2. Examination of the effect of miR-218 on HMGB1 secretion by GEM-induced pancreatic cancer cells. A.
Examination of the effect of miR-218 on HMGB1 secretion by GEM-induced pancreatic cancer cells using ELISA. B.
Analysis of the effect of quercetin (Q) on the viability of GEM-induced pancreatic cancer cells using the CCK-8 assay.
#P<0.05 and ##P<0.01 versus normal control group (normal ctrl), **P<0.01.

expression was significantly elevated in PANC-1
cells transfected with the miR-218 mimic com-
pared to the normal ctrl and negative control
(mimic ctrl) groups (P<0.01). The results are
shown in Figure 1A.

The effect of miR-218 on the viability of GEM-
induced pancreatic cancer cells was analyzed
using the CCK-8 assay. The viability of GEM-
treated PANC-1 cells was significantly decr-
eased in comparison with the untreated normal
ctrl and negative control (mimic ctrl) groups
(P<0.01). In addition, cell viability was markedly
reduced in the GEM-treated miR-218-transfect-
ed group compared to the negative control
(mimic ctrl) group (P<0.01). The results are
shown in Figure 1B. The results indicated that
miR-218 enhances the sensitivity of pancreatic
cancer cells to GEM-based chemotherapy.

Effect of miR-218 on the secretion of HMGB1
by GEM-induced pancreatic cancer cells using
an ELISA

PANC-1 cells were transfected with the miR-
218 mimic or mimic ctrl. After transfection,
GEM was added to the cells at a final concen-
tration of 5 yM. The normal ctrl group was set
up at the same time. After treatment for 48 h,
cell culture supernatants were collected, and
the concentrations of HMGB1 in the superna-
tants were determined by ELISA. The HMGB1
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concentration was lower in the supernatant of
the miR-218 mimic-transfected group com-
pared to the normal ctrl and negative control
(mimic ctrl) groups (P<0.05). In addition, the
HMGB1 concentration was significantly higher
in the supernatant of GEM-treated PANC-1 cells
compared with the untreated group (P<0.01).
The results are shown in Figure 2A. The results
indicated that GEM promoted the release of
HMGB1 by PANC-1 cells, whereas miR-218
inhibited the release of HMGB1 by GEM-
induced PANC-1 cells.

Quercetin inhibits the release of HMGB1 by
cells [36]. In the present study, the CCK-8 assay
was conducted to determine if quercetin affects
the viability of GEM-induced pancreatic cancer
cells. The results showed that cell viability was
significantly decreased in the quercetin-treated
group compared with the untreated group
(P<0.01). The results are shown in Figure 2B.
The results indicated that quercetin inhibits the
release of HMGB1 by PANC-1 cells and pro-
motes the sensitivity of pancreatic cancer cells
to GEM.

Effect of miR-218 on the expression of beclin
1 in pancreatic cancer cells by western blot
analysis

A recent study has shown that HMGB1 can
interact with beclin 1 and regulate the occur-
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Figure 3. Examination of the effect of miR-218 on the expression of HMGB1 and beclin 1 in pancreatic cancer cells
by western blot analysis. **P<0.01 versus normal control group (normal ctrl).

25+

Beclin 1/ -actin (%)
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rence of autophagy [34]. In the present study,
western blot analysis was performed to exam-
ine the effect of miR-218 on the expression of
the autophagy-related protein, beclin 1, in pan-
creatic cancer cells. The expression levels of
HMGB1 and beclin 1 were significantly lower in
the miR-218 mimic-transfected group com-
pared to the normal ctrl and negative control
(mimic ctrl) groups (P<0.01). The results are
shown in Figure 3. The results indicated that
miR-218 inhibits the expression of HMGB1 and
beclin 1 in PANC-1 cells.

Effect of miR-218 on cell sensitivity to GEM-
based chemotherapy through regulation of
HMGB1 and beclin 1 using RNAi

Normally cultured PANC-1 pancreatic cancer
cells were seeded uniformly into 6-well culture
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plates at a density of 3x10° cells/ml. PANC-1
cells were then transfected with beclin 1 shRNA
or control shRNA, and the normal ctrl group
was set up at the same time. At 48 h after
transfection, western blot analysis was per-
formed to determine the interference efficiency
of beclin 1 shRNA. The western blot analysis
showed that the expression level of beclin 1
was significantly decreased in the beclin shR-
NA-transfected group compared to the normal
ctrl and negative control (control shRNA) groups
(P<0.01). The results are shown in Figure 4.

After knockdown of beclin 1 or simultaneous
knockdown of beclin 1 and overexpression of
HMGB1 in PANC-1 pancreatic cancer cells, the
CCK-8 assay was conducted to examine the
viability of GEM-treated PANC-1 cells. Treatment
of the beclin 1 shRNA-transfected group with

IntJ Clin Exp Med 2016;9(3):7018-7030
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1 cells with 5 yM GEM and 5
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significantly reduced cell via-
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| bility compared with the nor-
mal ctrl (P<0.01) and miR-218
mimic+GEM (P<0.05) groups.
The results are shown in
Figure 7. The results indicated
#it that overexpression of miR-
218 enhances the sensitivity
of PANC-1 cells to GEM and
that miR-218 exerts its effect
through the PI3K/Akt signal-
ing pathway.

Discussion

GEM (2’,2’-difluorodeoxycytid-

GEM (5HM)

Figure 5. Examination of the viability of GEM-treated PANC-1 pancreatic
cancer cells after knockdown of beclin 1 or simultaneous knockdown of
beclin 1 and overexpression of HMGB1 in PANC-1 cells using the CCK-8
assay. ##P<0.01 versus normal control group (normal ctrl), *P<0.05 and

**P<0.01.

GEM resulted in significantly decreased cell
viability compared to the negative control (con-
trol shRNA) group (P<0.01). Cell viability was
significantly higher in the pcDNA3.1-HMGB1+
Beclin 1 shRNA+GEM group compared with the
beclin 1 shRNA+GEM group (P<0.05). The
results are shown in Figure 5. The results indi-
cated that knockdown of beclin 1 expression
enhances the sensitivity of pancreatic cancer
cells to GEM, whereas overexpression of
HMGB1 reverses the effect of suppressed
beclin 1 expression.

Signaling pathways through which miR-218
affects the chemosensitivity of GEM-induced
pancreatic cancer cells

The PI3K pathway inhibitor, wortmannin, was
utilized to explore the signaling pathways medi-
ated by miR-218. The western blot results
showed that treatment of the miR-218 mimic-
transfected PANC-1 cells with 5 yM GEM for 48
h resulted in a markedly reduced p-AKT/AKT
ratio in comparison to the normal ctrl group
(P<0.01). However, no significant difference
was detected when compared with the wort-
mannin treated group. The results are shown in
Figure 6.

The CCK-8 assay results showed that treat-
ment of the miR-218 mimic-transfected PANC-
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pcDNA3.1-HMGB1+ GEM (5 HM)

ine, dFdC) is a structural ana-
logue of a DNA nucleotide. In
cells, GEM is converted to
active gemcitabine diphosph-
ate (dFACDP) and gemcitabine
triphosphate (dFACTP) by the
action of nucleotide kinases
[37, 38]. GEM pairs with multiple nucleotides,
but GEM exhibits a different terminal structure,
which is unrecognizable to DNA exonucleases.
As the result, DNA exonuclease-mediated DNA
repair is inhibited, which induces apoptosis dur-
ing the S phase of cell cycle (DNA synthesis
phase) via the caspase cascade amplification
system [39, 40]. Chemotherapy is an important
adjunctive therapy for pancreatic cancer, and it
plays a role in improving the quality of life of
patients and prolonging the survival time of
patients [41, 42]. Currently, GEM is the first-line
drug utilized in chemotherapies for pancreatic
cancer. However, the overall efficacy of GEM is
less than 20% [43, 44]. The main problem
causing the low efficacy is that the majority of
pancreatic cancer patients will develop resis-
tance to GEM [45]. Therefore, identification of
the GEM resistance-related genes in pancreat-
ic cancer and enhancement of the efficacy of
GEM are the issues that urgently need to be
solved in clinical practice.

Studies on the relationship between miRNAs
and tumor chemosensitivity have received
increasing attention from scholars in the field
of cancerresearch and have become a research
hotspot in recent years. Previous studies have
demonstrated that miR-218 is a tumor-sup-
pressing miRNA. In addition, Li et al. demon-
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Figure 6. Western blot analysis of the protein expres-
sion of p-AKT, AKT and B-actin in various groups of
PANC-1 cells. #P<0.05 and ##P<0.01 versus normal
control group (normal ctrl), **P<0.01.

strated that miR-218 inhibits the growth of cer-
vical cancer and enhances the sensitivity of
cervical cancer to cisplatin-based chemothera-
py [25]. The results of our previous study
showed that miR-218 expression is downregu-
lated in human pancreatic cancer tissues and
cell lines. MiR-218 negatively regulates the
expression of HMGB1 protein and inhibits the
proliferation and invasion of pancreatic cancer
cells. In the present study, we first transfected
PANC-1 pancreatic cancer cells with the miR-
218 mimic and performed the CCK-8 assay to
examine the relationship between miR-218 and
the chemosensitivity of pancreatic cancer cells
to GEM. The results showed that miR-218
enhances the sensitivity of pancreatic cancer
cells to GEM-based chemotherapy.

HMGBI is a member of the high mobility group
protein (HMG) family. HMGB1 is abundantly
expressed in the nuclei of eukaryotic cells [46,
47]. Research on HMGB1 and tumors has
become one of the most active fields in life sci-
ence. Tremendous progress has been made
enabling the public to gain a more profound
understanding of the pathogenesis of tumors.
HMGBL1 is often highly expressed in immature
and malignant cells. Upregulated HMGB1
expression has been observed in leukemia,
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Figure 7. Examination of the viability of various
groups of PANC-1 cells using the CCK-8 assay.
##P<0.01 versus normal control group (normal ctrl),
*P<0.05.

colorectal cancer, breast cancer, pancreatic
cancer, melanoma and chest tumors. In addi-
tion, the ligand of HMGB1, receptor for
advanced glycation end products (RAGE), is
expressed in various types of tumor cells.
Blockage of the interaction between HMGB1
and its receptor inhibits the metastasis of solid
tumors [26-28]. Necrotic tumor cells release
HMGBZ1, thereby regulating tumor immunity
and interfering with the efficacy of chemothera-
py and radiotherapy [33]. The results of our pre-
vious study showed that miR-218 inhibits the
proliferation and invasion of pancreatic cancer
cells and promotes the sensitivity of pancreatic
cancer cells to GEM through negatively regulat-
ing the expression of HMGB1 protein. Thus, we
speculated that miR-218 affects the sensitivity
of pancreatic cancer cells to GEM through regu-
lating the release of HMGB1. Therefore, an
ELISA was performed in the present study to
examine the effects of miR-218 on the secre-
tion of HMGB1 by pancreatic cancer cells. The
results showed that GEM promotes the release
of HMGB1 by PANC-1 cells, while miR-218
inhibits the release of HMGB1 by GEM-induced
PANC-1 cells.

Binding of HMGB1 to RAGE promotes autopha-
gy, inhibits apoptosis and promotes the surviv-
al of colon cancer cells [48]. A recent study has
shown that HMGBA1 interacts with beclin 1 to
regulate autophagy [34]. In the present study,
the effect of miR-218 on the expression of
beclin 1 in PANC-1 pancreatic cancer cells was
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analyzed using western blot analysis. In addi-
tion, the hypothesis that miR-218 affects the
sensitivity of pancreatic cancer cells to GEM-
based chemotherapy through regulating HM-
GB1 and beclin 1 was examined using RNAI
technology and the CCK-8 assay. The results
showed that miR-218 inhibits beclin 1 expres-
sion in PANC-1 cells. Knockdown of beclin 1
expression promotes the sensitivity of pancre-
atic cancer cells to GEM, whereas overexpres-
sion of HMGB1 reverses the effect of sup-
pressed beclin 1 expression.

PI3K is a type of cytosolic phosphatidylinositol
kinase. The PI3K protein family is involved in
the regulation of various cell activities, includ-
ing cell proliferation, differentiation, apoptosis
and glucose transport. Activity of the PI3K
pathway is enhanced in a variety of tumors
where their pathogenesis is related to receptor
tyrosine kinases (RTKs). Moreover, activation of
the PI3K pathway is strictly regulated by RTKs
[49]. The PI3K pathway is closely related to
autophagy [50]. Using the PI3K pathway inhibi-
tor, wortmannin, the present study demonstrat-
ed that overexpression of miR-218 enhances
the sensitivity of PANC-1 cells to GEM and that
the effect of miR-218 is likely exerted through
the PI3K/Akt signaling pathway.

In conclusion, overexpression of miR-218 en-
hances the sensitivity of PANC-1 cells to GEM.
The effect of miR-218 is caused by inhibiting
HMGBL1 release by pancreatic cancer cells and
by reducing the expression of the autophagy-
related protein, beclin 1. The PI3K/Akt pathway
is the molecular pathway underlying the effect
of miR-218.

Acknowledgements

This study was supported by Liaoning Provincial
Department of education science research
project (L2014299), Liaoning province science
and technology plan project (2011404013-4),
and Shenyang Municipal Science and technol-
ogy project (F12-277-1-73).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Yuanhong Xu, De-
partment of Pancreatic Surgery, First Hospital of
China Medical University, Shenyang, China. Tel: +86-
24-83283350; E-mail: xuyhsy@yeah.net

7028

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

Kaur S, Krishn SR, Rachagani S, Batra SK. Sig-
nificance of microRNA-based biomarkers for
pancreatic cancer. Ann Transl Med 2015; 3:
277.

Lee KC, Maturo C, Perera CN, Luddy J, Rodri-
guez R, Shorr R. Translational assessment of
mitochondrial dysfunction of pancreatic can-
cer from in vitro gene microarray and animal
efficacy studies, to early clinical studies, via
the novel tumor-specific anti-mitochondrial
agent, CPI-613. Ann Transl Med 2014; 2: 91.
Rozengurt E. Mechanistic target of rapamycin
(mTOR): a point of convergence in the action of
insulin/IGF-1 and G protein-coupled receptor
agonists in pancreatic cancer cells. Front
Physiol 2014; 5: 357.

Goossens N, Nakagawa S, Sun X, Hoshida Y.
Cancer biomarker discovery and validation.
Transl Cancer Res 2015; 4: 256-269.
Newhook TE, LaPar DJ, Lindberg JM, Bauer TW,
Adams RB, Zaydfudim VM. Morbidity and Mor-
tality of Pancreaticoduodenectomy for Benign
and Premalignant Pancreatic Neoplasms. J
Gastrointest Surg 2015; 19: 1072-7.

Gao C, Li S, Zhao T, Chen J, Ren H, Zhang H,
Wang X, Lang M, Liu J, Gao S, Zhao X, Sheng J,
Yuan Z, Hao J. SCF, Regulated by HIF-1alpha,
Promotes Pancreatic Ductal Adenocarcinoma
Cell Progression. PLoS One 2015; 10:
e0121338.

Yang J, Zeng Y. Identification of miRNA-mRNA
crosstalk in pancreatic cancer by integrating
transcriptome analysis. Eur Rev Med Pharma-
col Sci 2015; 19: 825-834.

Shen Y, Pan Y, Xu L, Chen L, Liu L, Chen H,
Chen Z, Meng Z. Identifying microRNA-mRNA
regulatory network in gemcitabine-resistant
cells derived from human pancreatic cancer
cells. Tumour Biol 2015; 36: 4525-34.

Kojima M, Sudo H, Kawauchi J, Takizawa S,
Kondou S, Nobumasa H, Ochiai A. MicroRNA
Markers for the Diagnosis of Pancreatic and
Biliary-Tract Cancers. PLoS One 2015; 10:
€0118220.

Wang Q, Wei L, Guan X, Wu Y, Zou Q, Ji Z. Brief-
ing in family characteristics of microRNAs and
their applications in cancer research. Biochim
Biophys Acta 2013; 1844: 191-7.

Kaplan BB, Kar AN, Gioio AE, Aschrafi A. Mi-
croRNAs in the axon and presynaptic nerve
terminal. Front Cell Neurosci 2013; 7: 126.

Li M, Fu W, Wo L, Shu X, Liu F, Li C. miR-128
and its target genes in tumorigenesis and me-
tastasis. Exp Cell Res 2013; 319: 3059-64.
Zhu Z, Xu Y, Du J, Tan J, Jiao H. Expression of
microRNA-218 in human pancreatic ductal ad-
enocarcinoma and its correlation with tumor

Int J Clin Exp Med 2016;9(3):7018-7030



(14]

(15]

(16]

(17]

(18]

[19]

[20]

[21]

[22]

microRNA-218 in pancreatic cancer

progression and patient survival. J Surg Oncol
2014; 109: 89-94.

Hiroshima Y, Maawy A, Zhang Y, Murakami T,
Momiyama M, Mori R, Matsuyama R, Chishima
T, Tanaka K, Ichikawa Y, Endo |, Hoffman RM,
Bouvet M. Fluorescence-guided surgery, but
not bright-light surgery, prevents local recur-
rence in a pancreatic cancer patient derived
orthotopic xenograft (PDOX) model resistant to
neoadjuvant chemotherapy (NAC). Pancreatol-
ogy 2015; 15: 295-301.

Kim BH, Kim K, Chie EK, Jang JY, Kim SW, Han
SW, Oh DY, Im SA, Kim TY, Bang YJ, Joo |, Ha
SW. Prognostic Value of Splenic Artery Invasion
in Patients Undergoing Adjuvant Chemoradio-
therapy after Distal Pancreatectomy for Pan-
creatic Adenocarcinoma. Cancer Res Treat
2014; 47: 274-81.

Desai NV, Sliesoraitis S, Hughes SJ, Trevino JG,
Zlotecki RA, Ivey AM, George TJ Jr. Multidisci-
plinary neoadjuvant management for poten-
tially curable pancreatic cancer. Cancer Med
2015; 4: 1224-39.

Page AJ, Cosgrove D, Elnahal SM, Herman JM,
Pawlik TM. Organizing a multidisciplinary clin-
ic. Chin Clin Oncol 2014; 3: 43.

Li Q, Yuan Z, Yan H, Wen Z, Zhang R, Cao B.
Comparison of gemcitabine combined with tar-
geted agent therapy versus gemcitabine
monotherapy in the management of advanced
pancreatic cancer. Clin Ther 2014; 36: 1054-
1063.

Lee HW, Chung MJ, Kang H, Choi H, Choi YJ,
Lee KJ, Lee SW, Han SH, Kim JS, Song SY.
Gemcitabine-induced hemolytic uremic syn-
drome in pancreatic cancer: a case report and
review of the literature. Gut Liver 2014; 8: 109-
112.

Gupta AA, Yao X, Verma S, Mackay H, Hopkins
L. Chemotherapy (gemcitabine, docetaxel plus
gemcitabine, doxorubicin, or trabectedin) in in-
operable, locally advanced, recurrent, or meta-
static uterine leiomyosarcoma: a clinical prac-
tice guideline. Curr Oncol 2013; 20: e448-454.
Von Hoff DD, Ervin T, Arena FP, Chiorean EG,
Infante J, Moore M, Seay T, Tjulandin SA, Ma
WW, Saleh MN, Harris M, Reni M, Dowden S,
Laheru D, Bahary N, Ramanathan RK, Taber-
nero J, Hidalgo M, Goldstein D, Van Cutsem E,
Wei X, Iglesias J, Renschler MF. Increased sur-
vival in pancreatic cancer with nab-paclitaxel
plus gemcitabine. N Engl J Med 2013; 369:
1691-1703.

Kuroda T, Kumagi T, Yokota T, Seike H, Nishi-
yama M, Imai Y, Inada N, Shibata N, Imamine
S, Okada S, Koizumi M, Yamanishi H, Azemoto
N, Miyaike J, Tanaka Y, Tatsukawa H, Utsu-
nomiya H, Ohno Y, Miyake T, Hirooka M, Furu-
kawa S, Abe M, Ikeda Y, Matsuura B, Hiasa Y,

7029

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

Onji M; EPOCH Study Group. Improvement of
long-term outcomes in pancreatic cancer and
its associated factors within the gemcitabine
era: a collaborative retrospective multicenter
clinical review of 1,082 patients. BMC Gastro-
enterol 2013; 13: 134.

Jordheim LP, Dumontet C. Do hENT1 and
RRM1 predict the clinical benefit of gem-
citabine in pancreatic cancer? Biomark Med
2013; 7: 663-671.

Heinemann V, Haas M, Boeck S. Neoadjuvant
treatment of borderline resectable and non-
resectable pancreatic cancer. Ann Oncol 2013;
24: 2484-2492.

Li J, Ping Z, Ning H. MiR-218 Impairs Tumor
Growth and Increases Chemo-Sensitivity to
Cisplatin in Cervical Cancer. Int J Mol Sci 2012;
13: 16053-16064.

Shen X, Li WQ. High-mobility group box 1 pro-
tein and its role in severe acute pancreatitis.
World J Gastroenterol 2015; 21: 1424-1435.
Chirico V, Lacquaniti A, Salpietro V, Munafo C,
Calabro MP, Buemi M, Arrigo T, Salpietro C.
High-mobility group box 1 (HMGB1) in child-
hood: from bench to bedside. Eur J Pediatr
2014; 173: 1123-1136.

Magna M, Pisetsky DS. The role of HMGB1 in
the pathogenesis of inflammatory and autoim-
mune diseases. Mol Med 2014; 20: 138-146.
Wang H, Ward MF, Sama AE. Targeting HMGB1
in the treatment of sepsis. Expert Opin Ther
Targets 2014; 18: 257-268.

Musumeci D, Roviello GN, Montesarchio D. An
overview on HMGB1 inhibitors as potential
therapeutic agents in HMGB1-related patholo-
gies. Pharmacol Ther 2014; 141: 347-357.
Sun X, Tang D. HMGB1-dependent and -inde-
pendent autophagy. Autophagy 2014; 10:
1873-1876.

Chen R, Hou W, Zhang Q, Kang R, Fan XG, Tang
D. Emerging role of high-mobility group box 1
(HMGB2) in liver diseases. Mol Med 2013; 19:
357-366.

Guo S, Bai R, Liu W, Zhao A, Zhao Z, Wang Y,
Wang Y, Zhao W, Wang W. miR-22 inhibits os-
teosarcoma cell proliferation and migration by
targeting HMGBZ1 and inhibiting HMGB1-medi-
ated autophagy. Tumour Biol 2014; 35: 7025-
7034.

Xu W, Jiang H, Hu X, Fu W. Effects of high-mo-
bility group box 1 on the expression of Beclin-1
and LC3 proteins following hypoxia and reoxy-
genation injury in rat cardiomyocytes. Int J Clin
Exp Med 2014; 7: 5353-5357.

Lu F, Zhang J, Ji M, Li P, Du Y, Wang H, Zang S,
Ma D, Sun X, Ji C. miR-181b increases drug
sensitivity in acute myeloid leukemia via tar-
geting HMGB1 and Mcl-1. Int J Oncol 2014,
45: 383-392.

IntJ Clin Exp Med 2016;9(3):7018-7030



(36]

[37]

[38]

[39]

[40]

[41]

[42]

microRNA-218 in pancreatic cancer

Karuppagounder V, Arumugam S, Thandava-
rayan RA, Pitchaimani V, Sreedhar R, Afrin R,
Harima M, Suzuki H, Nomoto M, Miyashita S,
Suzuki K, Nakamura M, Watanabe K. Modula-
tion of HMGB1 translocation and RAGE/
NFkappaB cascade by quercetin treatment
mitigates atopic dermatitis in NC/Nga trans-
genic mice. Exp Dermatol 2015; 24: 418-23.
Palmieri G, Buonerba C, Ottaviano M, Federico
P, Calabrese F, Von Arx C, De Maio AP, Marino
M, Lalle M, Montella L, Merola C, Milella M,
Bergaglio M, Di Lorenzo G, Damiano V.
Capecitabine plus gemcitabine in thymic epi-
thelial tumors: final analysis of a Phase |l trial.
Future Oncol 2014; 10: 2141-2147.

Sheyman AT, Wald KJ, Pahk PJ, Freund KB.
Gemcitabine associated retinopathy and ne-
phropathy. Retin Cases Brief Rep 2014; 8:
107-109.

Delavan JA, Chino JP, Vinson EN. Gemcitabine-
induced radiation recall myositis. Skeletal Ra-
diol 2014; 44: 451-5.

Blanco FF, Pishvaian MJ, Brody JR. Upgrading
gemcitabine with recycled kinase inhibitors.
Cell Cycle 2014; 13: 2810-2811.

Fuchs CS, Azevedo S, Okusaka T, Van Laethem
JL, Lipton LR, Riess H, Szczylik C, Moore MJ,
Peeters M, Bodoky G, lkeda M, Melichar B,
Nemecek R, Ohkawa S, Swieboda-Sadlej A,
Tjulandin SA, Van Cutsem E, Loberg R, Haddad
V, Gansert JL, Bach BA, Carrato A. A Phase 3
Randomized, Double-Blind, Placebo-Controlled
Trial of Ganitumab or Placebo in Combination
With Gemcitabine as First-Line Therapy for
Metastatic Adenocarcinoma of the Pancreas:
the GAMMA Trial. Ann Oncol 2015; 26: 921-7.
Watanabe T, Ueno H, Watabe Y, Hiraoka N,
Morizane C, Itami J, Okusaka T, Miura N, Kak-
izaki T, Kakuya T, Kakuya T, Kamita M, Tsuchi-
da A, Nagakawa Y, Wilber H, Yamada T, Honda
K. ACTN4 copy number increase as a predic-
tive biomarker for chemoradiotherapy of local-
ly advanced pancreatic cancer. Br J Cancer
2015; 112: 704-13.

7030

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Fiorini C, Cordani M, Gotte G, Picone D, Don-
adelli M. Onconase induces autophagy sensi-
tizing pancreatic cancer cells to gemcitabine
and activates Akt/mTOR pathway in a ROS-de-
pendent manner. Biochimica Biophys Acta
2014; 1853: 549-560.

Sun M, Zhao W, Xie Q, Zhan Y, Wu B. Lentinan
reduces tumor progression by enhancing gem-
citabine chemotherapy in urothelial bladder
cancer. Surg Oncol 2014; 24: 28-34.

Sherman WH, Chu K, Chabot J, Allendorf J,
Schrope BA, Hecht E, Jin B, Leung D, Remotti
H, Addeo G, Postolov I, Tsai W, Fine RL. Neoad-
juvant gemcitabine, docetaxel, and capecita-
bine followed by gemcitabine and capecita-
bine/radiation therapy and surgery in locally
advanced, unresectable pancreatic adenocar-
cinoma. Cancer 2014; 121: 673-80.
Srinivasan M, Banerjee S, Palmer A, Zheng G,
Chen A, Bosland MC, Kajdacsy-Balla A, Kalya-
nasundaram R, Munirathinam G. HMGB1 in
hormone-related cancer: a potential therapeu-
tic target. Horm Cancer 2014; 5: 127-139.
Pisetsky DS. The expression of HMGB1 on mi-
croparticles released during cell activation and
cell death in vitro and in vivo. Mol Med 2014;
20: 158-163.

Tang D, Loze MT, Zeh HJ, Kang R. The redox
protein HMGB1 regulates cell death and sur-
vival in cancer treatment. Autophagy 2010; 6:
1181-1183.

Yi XP, Han T, Li YX, Long XY, Li WZ. Simultane-
ous silencing of XIAP and survivin causes par-
tial mesenchymal-epithelial transition of hu-
man pancreatic cancer cells via the PTEN/
PI3K/Akt pathway. Mol Med Rep 2015; 12:
601-8.

Wang ZG, Wang Y, Huang Y, Lu Q, Zheng L, Hu
D, Feng WK, Liu YL, Ji KT, Zhang HY, Fu XB, Li
XK, Chu MP, Xiao J. bFGF regulates autophagy
and ubiquitinated protein accumulation in-
duced by myocardial ischemia/reperfusion via
the activation of the PI3K/Akt/mTOR pathway.
Sci Rep 2015; 5: 9287.

Int J Clin Exp Med 2016;9(3):7018-7030



