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Abstract. Chemotherapy resistance (congenital or acquired)
is one of the principal challenges for the treatment of
pancreatic carcinoma. Recent evidence has demonstrated that
epithelial to mesenchymal transition (EMT) is associated
with chemoresistance in pancreatic carcinoma cells. However,
the molecular mechanism underlying the development of
chemoresistance remains unknown, and limited therapeutic
options are available. Therefore, to anticipate individual
chemosensitivity or acquired chemoresistance for patients
with pancreatic carcinoma, predictive biomarkers are urgently
required. Extensive evidence suggests that microRNAs
(miRNAs) serve a crucial role in regulating EMT. The aim of this
study was to examine the potential role of miRNA (miR)-200b
and miR-301 in predicting the chemo-responses to treatment
for pancreatic carcinoma. The present results demonstrate
that miR-200b expression predicted chemo-sensitivity and
may have potential as a biomarker. In six different pancreatic
carcinoma cell lines (Capan-1, Capan-2, Panc-1, MIAPaCa-2,
BxPC-3 and PL4S5 cells), the expression of miR-200b correlated
positively with chemosensitivity. Moreover, the enhanced
expression of miR-200b increased chemosensitivity and
induced mesenchymal to epithelial transition. Conversely,
miR-301 modulated gemcitabine resistance and induced
EMT through the downregulation of cadherin 1 expression.
In addition, gemcitabine-resistant cells (Capan-2 and Panc-1)
exhibited upregulated miR-301 expression and downregulated
gemcitabine-induced apoptosis. In summary, these two miRNAs
may serve roles as biomarkers in pancreatic carcinoma,
miR-200b expression may predict chemosensitivity, and
elevated miR-301 expression may have potential applications in
the prediction of acquired gemcitabine resistance.
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Introduction

Pancreatic carcinoma is one of the most lethal diseases, with
an extremely poor prognosis. Current cancer statistics indicate
that pancreatic carcinoma is the fourth leading cause of
cancer-associated mortality in the USA, with an incidence of
53,000 new cases and a high mortality rate of 42,000 in 2016 (1).
For patients with unresectable or recurrent pancreatic
carcinoma, the standard chemotherapy is gemcitabine in
combination with other chemo-therapeutic agents (2). Despite
accumulated knowledge regarding pancreatic carcinoma
etiology, the prognosis has not significantly improved in the
last decade (3). The development of gemcitabine resistance
during chemotherapy serves an important role in the prognosis
of pancreatic carcinoma and has become an increasingly
common phenomenon (4). However, the molecular mechanisms
underlying gemcitabine resistance remain unclear. Therefore,
to improve the prognosis of patients with pancreatic carcinoma,
it is important to identify innovative biomarkers that are able to
predict the risk of recurrence and chemoresistance in patients
who are receiving gemcitabine-based chemotherapy.

MicroRNAs (miRNAs) represent novel single-stranded,
small non-coding RNA molecules. Mature miRNAs bind
directly to specific targets within mRNA 3'-untranslated
regions of target RNAs and negatively regulate translation or
mRNA cleavage through partial sequence homology at the
post-transcriptional level (5). Previous data have demonstrated
frequent deregulation of miRNAs in the majority of
malignant human tumors (6-9). Deregulated miRNAs are
associated with behavior as either oncogenes or tumor
suppressor genes. Certain miRNAs have been implicated
in cellular processes involving proliferation, invasiveness,
apoptosis, and chemoresistance (10-13). Moreover, current
evidence has demonstrated that miRNAs are critically
involved in regulating drug resistance-mediated epithelial to
mesenchymal transition (EMT) (14-16).

Among these miRNAs, there is evidence that miRNA
(miR)-200b is downregulated in numerous types of
cancer, including pancreatic, colorectal, gastric and lung
cancer (17-22). Additionally, miR-200b inhibition induces
EMT through upregulated zinc finger E-box-binding
homeobox 1 (ZEBI) (23) and induces chemoresistance (24,25).
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By contrast, miR-301 has been reported to be associated
with cell invasion, migration and drug-resistance in breast
cancer (26). More recently,datahave demonstrated that miR-301
is associated with gemcitabine resistance through EMT and
enhanced cell proliferation in pancreatic carcinoma (13).
Based on these reports, the purpose of the present study was
to investigate the roles of miR-200b and miR-301 as potential
biomarkers for chemosensitivity or acquired chemoresistance
in pancreatic carcinoma. A total of six different pancreatic
carcinoma cell lines were used to investigate the mechanisms
of miR-200b and miR-301 expression in pancreatic carcinoma.
It was observed that the miR-200b expression level correlated
with cadherin 1 (CDH1) expression and chemosensitivity in the
six cell lines. In addition, it was demonstrated that transfection
with miR-200b upregulated gemcitabine sensitivity.
Conversely, it was observed that stable gemcitabine-resistant
cell lines, Capan-2 and Panc-1, exhibited increased miR-301
expression and inhibited CDH1 expression. Unlike miR-200b,
the overexpression of miR-301 induced chemoresistance
and reduced apoptosis. These findings indicated that the
miR-200b/CDHI1 and miR-301/CDHI signaling axes serve
important roles in mediating the response to chemotherapy in
pancreatic carcinoma (Fig. 1). Moreover, these results implied
that miR-200b and miR-301 may be potential therapeutic
targets in pancreatic carcinoma.

Materials and methods

Oligonucleotides.Pre-miR-200b (cat. no. PM10492), pre-miR-301
(cat. no. PM12929), negative control (cat. no. AM17110),
miR-200b inhibitor (cat. no. AM10492), miR-301 inhibitor (cat.
no. AM12929) and their negative controls (cat. no. AM17010)
were purchased from Ambion (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA).

Cell culture conditions. Human pancreatic carcinoma cell
lines (Capan-1, Capan-2, Panc-1, MIAPaCa-2, BxPC-3 and
PL45) were obtained from the American Type Culture
Collection (Manassas, VA, USA). Panc-1, MIAPaCa-2 and
PL45 were maintained in Dulbecco's modified Eagle's medium
(DMEM; Thermo Fisher Scientific, Inc.; cat. no. 10566-016)
supplemented with 10% fetal bovine serum (FBS). Capan-1,
Capan-2 and BxPC-3 cells were grown in RPMI-1640 (cat.
no. 61870-036) with 10% FBS (both from Thermo Fisher
Scientific, Inc.; cat. no. 10437028). The two media contained
antibiotics (100 U/ml penicillin and 100 pxg/ml streptomycin).
All cell lines were routinely passaged as monolayer cultures
at 37°C in a humidified atmosphere of 95% air and 5% CO,.

Establishment and characterization of gemcitabine-resistant
Panc-1 and Capan-2 cells. In order to further identify the
association between chemoresistance and miRNA expres-
sion, gemcitabine-resistant cells were generated. The
gemcitabine-resistant cell lines (Capan-2 GEM-R and Panc-1
GEM-R) were generated in RPMI-1640 or DMEM medium
with 15% FBS and continuous exposure to the respective
half-maximal inhibitory concentration (IC,) of gemcitabine
(uM) (Tocris Bioscience, Bristol, UK) for >5 months (27).
To assess the gemcitabine resistance of Capan-2 GEM-R and
Panc-1 GEM-R cells, colorimetric assays were performed

FUNAMIZU et al: miR-200b/301 PREDICT GEMCITABINE RESPONSE IN PANCREATIC CARCINOMA

following treatment with gemcitabine. Secondly, in the two
generated gemcitabine resistant cell lines, miR-301 was
measured by reverse transcription-quantitative polymerase
chain reaction.

RNA preparation and RT-qPCR analysis. RT-qPCR was
performed as described previously (28). Total RNA was extracted
from cultured cells using a standard TR1zol® (Invitrogen; Thermo
Fisher Scientific, Inc.) protocol. Cell pellets were suspended in
an aliquot of 1 ml/well of TRIzol in a 6-well plate. Isolated RNA
was reverse-transcribed using a High-Capacity cDNA RT kit
(Applied Biosystems; Thermo Fisher Scientific, Inc.), according
to the manufacturer's protocol. cDNA was diluted and stored at
-20°C prior to use. Gene expression levels were measured with a
custom-designed, TagMan qPCR (Applied Biosystems; Thermo
Fisher Scientific, Inc.) containing probes for six genes: CDH1
(ID: Hs00156401_m1), ZEB1 (ID: Hs00232783_m1), ZEB2
(ID: Hs00207691_m1), Vimentin (ID: Hs00185584_m1l), inter-
leukin (IL)-6 (ID: Hs00174131_m1), miR-200b (ID: 002251)
and miR-301 (ID: 002392), with GAPDH (ID: Hs99999901_s1)
for mRNA or RNAU6 (ID: 001002) for miRNA as an internal
control. The relative expression levels of genes, miR-200b and
miR-301 relative to GAPDH or RNAU6 were calculated using
the relative quantification AACq method (29). RT-qPCR reac-
tions were performed using TagMan Gene Expression Assays
on an ABI prism 7900HT Sequence Detection instrument
(Applied Biosystems; Thermo Fisher Scientific, Inc.). qPCR was
performed as follows: 95°C for 10 min, followed by 40 cycles of
95°C for 15 sec and 60°C for 60 sec, according to the manufac-
turer's protocol. Each sample was assayed in triplicate.

Pre-miR-200b, miR-200b and miR-301 inhibitor transfection
experiments. miRNA precursor molecules corresponding
to miR-200b or miR-200b inhibitor, and miR-301 inhibitor,
were transfected using the RNAIMAX Transfection Reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) into Capan-2 and
Panc-1 cells, and the effects on the respective oligonucleotide
were measured by RT-qPCR. Capan-2 and Panc-1 cells at
a density of 1x10° cells/well were transfected with 50 nM
microRNA in a 6-well plate for RNA extraction or a 10-cm
dish for gemcitabine sensitivity and proliferation assays,
following the manufacturer's protocol. Cells in the 6-well
plate were collected 48 h post-transfection to extract RNA
and measured for miR-200b or miR-301 expression. After
12 h of transfection, transfected cells in the 10-cm dish were
seeded into 96-well plates for proliferation. These transfection
experiments were repeated independently three times.

Gemcitabine sensitivity assay with transfection of pre-miR-200b
or miR-200b and miR-301 inhibitors. The colorimetric assay was
performed essentially as described in a previous method (30).
Briefly, cells were seeded in a 6-cm dish at 70% confluency. After
12 h, pre-miR-200b or miR-200b/301 inhibitors and respective
controls were transfected in each dish overnight. Transfected cells
were seeded in 96-well plates at 4,000 cells/well in triplicate. After
incubating for 12 h, cell viability was determined by treating the
cells with stepwise 4-fold serial dilutions of gemcitabine (from
100 #M) and incubated at 37°C for 96 h. To evaluate cell survival,
the cells were fixed with 25% glutaraldehyde for 30 min at room
temperature and stained with 200 ul 0.05% methylene blue for
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Figure 1. A putative pathway for predicting chemosensitivity and chemoresistance. The proposed pathway demonstrates that miR-200b and miR-301 may
control chemosensitivity or resistance through EMT. EMT, epithelial to mesenchymal transition; MET, mesenchymal to epithelial transition; miR, microRNA;
CHDI, cadherin 1; ZEB, zinc finger E-box-binding homeobox; NF-«xB, nuclear factor-xB.

20 min at room temperature. The dye was eluted with 0.33 M
HCI for 20 min with agitation. Absorbance was measured using
a microplate reader (model no. 3550; Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) at 598 nm. The ICy, for cell growth was
calculated. The morphology of Panc-1 and Capan-2 cells was
assessed using light microscopy (x20 magnification).

Cell proliferation assay. The cell growth of pancreatic
carcinoma cell lines was studied using the colorimetric
methylene blue assay, as described previously (31,32). To test
cell growth, cells were transfected with miR-200b or 200b
inhibitor or negative control in a 10-cm dish, counting the first
12 h as Day 0. Transfected cells at 4,000 cells/well were plated
in a 96-well plate for 24 h. Mean values were calculated from
three different wells in triplicate for 4 days.

Apoptosis assay. To evaluate whether miR-200b or acquired
gemcitabine resistance contributes to a decrease in caspase-3/7,
Capan-2 or Panc-1 cells were cultured for 12 h in 96-well
plates in triplicate, and treated with 50 nM pre-miR-200b or
miR-200b inhibitor, or their respective controls. The assay was
analyzed using a caspase-3/7 assay kit (Promega Corporation,
Madison, WI, USA), according to the manufacturer's protocol.

Cell invasion assay. The invasion assay was performed in
24-well Biocoat Matrigel invasion chambers (BD Biosciences,
San Jose, CA, USA), according to a previous protocol (25,33).
Briefly, cells were transfected with pre-miR-200b or
pre-miR-301 and the negative control in a 10-cm dish. After
12 h transfection, cells were harvested and plated in the
Matrigel-coated wells (4x10* cells/well) and control insert wells
(4x10* cells/well) using Capan-2 and Panc-1 cells, respectively.
After 20 h incubation, seeded cells on the membrane were
removed by wiping with a cotton swab, and the invasive cells
through the membrane were fixed with methanol for 5 min and
stained with crystal violet for 5 min. Under a light microscope
(x20 magnification), invasive cells were counted in three
random fields. All assays were performed in triplicate.

Immunofluorescence imaging. Immunofluorescence was
performed as previously described (13). Briefly, cells were
seeded into a chamber slide at 40% confluence. Following
incubation overnight, the cells were fixed with 4% parafor-
maldehyde for 20 min at room temperature and permeabilized
with 0.15% Triton X-100 in PBS for 20 min. Subsequently,
the cells were blocked with 5% goat serum (cat. no. ab7481;

Abcam, Cambridge, MA, USA) in PBS for 1 h at room
temperature. CDHI1 and nuclear factor (NF)-xB protein
expression was detected using anti-CDH1 (cat. no. ab15148;
Abcam; 1:1,000) and anti-NF-«B (cat. no. 3033; Cell Signaling
Technology Inc., Danvers, MA, USA; 1:500) antibodies at
4°C overnight, according to the manufacturer's protocol.
An Alexa Fluor-conjugated antibody (cat. no. abl500083;
1:2,000) was used as a secondary antibody at 37°C for 2 h.
The cell nucleus was counterstained with DAPI for 20 min
at room temperature. The coverslips were mounted on slides
prior to viewing using a fluorescence microscope (magnifica-
tion, x20).

Statistical analysis. All experiments were performed in
triplicate and conducted at least twice. Data are presented as
the mean + standard deviation where applicable. GraphPad
Prism version 5.0 (GraphPad Software Inc.,La Jolla, CA, USA)
was used for all statistical analysis. Levels of significance
for comparisons between cell lines were determined by the
Student's t-test distribution. To assess the correlation between
miR-200b expression, CDHI expression and ICs,, Pearson's
correlation analysis was performed in six different pancreatic
carcinoma cell lines. To analyze multiple comparisons,
one-way analysis of variance and the Bonferroni test as a
post hoc test was used. P<0.05 was considered to indicate a
statistically significant difference.

Results

miR-200b expression correlates negatively with the ICs, of
gemcitabine in pancreatic carcinoma cell lines. To examine
the correlation between miR-200b and ICs,, the present study
focused on CDHI1 expression, which is known to be a target for
miR-200b and the EMT markers. To identify the correlation,
miR-200b and CDHI1 expression was initially investigated using
six different cell lines (Capan-1, Capan-2, Panc-1, MIAPaCa-2,
BxPC-3 and PL45) using RT-qPCR (Fig. 2A). Next, the ICs, of
gemcitabine was measured using a colorimetric assay in the
six pancreatic carcinoma cell lines (Fig. 2B). As expected,
the results demonstrated a clear positive correlation between
miR-200b and CDHI expression according to the Pearson
data (r*=0.8165; Fig. 2C). By contrast, an inverse correlation
between ICs, and miR-200b or CDH1 was observed (1?=0.7042
and r’=0.9030, respectively; Fig. 2C). These data indicated
that miR-200b is a putative biomarker for chemosensitivity in
pancreatic carcinoma.
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Figure 2. Functional analysis of miR-200b in pancreatic carcinoma cells. (A) miR-200b and CDHI mRNA were measured using reverse transcription-quan-
titative polymerase chain reaction analysis in six different pancreatic carcinoma cell lines (Capan-1, Capan-2, Panc-1, MIAPaCa-2, BxPC-3 and PL45). Data
represent the mean of triplicate samples from three independent experiments. (B) A gemcitabine sensitivity assay was performed using a colorimetric assay
at the ICs, of the cell lines. (C) The correlation between miR-200b and ICs, was evaluated using Pearson’s correlation analysis. miR, microRNA; CDHI,

cadherin 1; ICs,, half-maximal inhibitory concentration.

Forced expression of miR-200b induces CDH1 expression
and promotes gemcitabine sensitivity in Capan-2 and Panc-1
cells. To evaluate the functional role of miR-200b in pancreatic
carcinoma, pre-miR-200b or miR-200b inhibitor were
transfected into Capan-2 and Panc-1 cells using RNAIMAX
Transfection Reagent. The efficacy of the transfection
was confirmed using RT-qPCR. miR-200b overexpression
upregulated CDHI, and suppressed ZEB1 and ZEB2 (Fig. 3A).
Conversely, miR-200b inhibition reduced CDHI1 expression in
the two cell lines (Fig. 3B). Moreover, miR-200b overexpression
improved sensitivity to gemcitabine, and miR-200b inhibitor
significantly affected gemcitabine sensitivity in the two cell
lines (Fig. 4). Furthermore, the capacity for cell growth was
evaluated using a proliferation assay in the two cell types.
Forced expression of miR-200b reduced cell growth, while
miR-200b inhibition did not affect cell growth (Fig. 5A).
These results were consistent across the two cell lines were in
accordance with a previous study (25).

miR-200b and miR-301 expression affects apoptosis and cell
invasiveness.Overexpressed miR-200b enhanced apoptosis and
inhibited cell invasiveness in the two cell lines (Fig. 5B and C).
By contrast, downregulated miR-200b reduced apoptosis and
enhanced cell invasiveness (Fig. 5B and C).

Gemcitabine-resistant cells were generated from Capan-2
and Panc-1 cells. To examine the mechanisms underlying
gemcitabine resistance, two sub-cell lines were generated,
which were derived from Capan-2 and Panc-1 cells. These
were cultured in the presence of high concentrations of
gemcitabine (IC,), by gradually increasing the concentration
of gemcitabine over 5 months. Cells in which the ICy, values
were over four times higher compared with their controls were
defined as Capan-2 GEM-R and Panc-1 GEM-R. The IC;, of
these cells was evaluated using a colorimetric assay, and they
exhibited strong gemcitabine resistance compared with each
control cell line (Fig. 6A). Moreover, the two GEM-R cell lines
exhibited increased cell growth (Fig. 6B).

Gemcitabine-resistant Capan-2 and Panc-1 cells exhibited
increased miR-301 expression. The present study also
examined whether acquired gemcitabine resistance in cells was
associated with miR-301 expression. Gemcitabine-resistant
cells exhibited increased miR-301 and reduced miR-200b
expression (Fig. 7A). No explanation became clear as to
why miR-200b was reduced in gemcitabine-resistant cells.
However, Wang et al (34) recently reported that gemcitabine
treatment induced reduced miR-200b in pancreatic carcinoma
cell lines. In addition, resistant cells exhibited an anti-apoptotic
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Figure 3. A validation study of the association between miR-200b and EMT-associated genes in pancreatic carcinoma cells. (A) miR-200b was transfected in
Capan-2 and Panc-1 cells. Transfection efficiency was determined using reverse transcription-quantitative polymerase chain reaction analysis and is displayed
as a relative fold change. Data represent the mean of triplicate samples from three independent experiments. (B) Cells transfected with miR-200b inhibitor

exhibited reduced CDHI1 expression at the mRNA level in the two cell lines. miR,

ZEB, zinc finger E-box-binding homeobox; CDHI1, cadherin 1; KD, knockdown.
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Figure 4. A functional study of the effect of miR-200b on chemosensitivity. (A) miR-200b or its control was transfected at 50 nM for reverse transcrip-

tion-quantitative polymerase chain reaction analysis in Capan-2 and Panc-1 cells.

Transfected cells (miR-200b OE) exhibited increased gemcitabine sensitivity

in the two cell lines. All quantitative values are presented as the mean + standard deviation. (B) miR-200b inhibition (miR-200b KD) reduced gemcitabine
sensitivity in Capan-2 and Panc-1 cells. miR, microRNA; OE, overexpression; KD, knockdown.

effect and increased cell invasiveness compared with control
cells (Fig. 7B).

Gemcitabine-resistant cells revealed activated NF-xkB and
decreased CDHI expression at the protein level. In the two
gemcitabine-resistant cell lines, immunofluorescence was
performed for NF-xB and CDHI1. Gemcitabine-resistant cells
exhibited NF-kB activation and decreased CDHI expression,
as expected (Fig. 8A). The difference was less marked in
Panc-1 cells due to the lower expression levels of CHDI and

higher activation levels of NF-kB in the control cells. It was
not possible within the scope of this investigation to perform
western blot analysis using a fractionated sample (Cyto/Nuc)
and quantification of the expression of target proteins of NF-«xB.
As an alternative, IL-6 expression was measured to verify
the NF-kB activation in gemcitabine-resistant cells (Fig. 8B).
In addition, RT-qPCR analysis demonstrated a decrease in
CDHI expression. The expression of EMT-associated genes,
including vimentin, ZEB1 and ZEB2, was measured using
RT-qPCR. The results did not exhibit a consistent pattern
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Figure 5. Further analysis of the effect of miR-200b on cell proliferation, apoptosis and invasion. (A) According to the colorimetric assay, miR-200b signifi-
cantly reduced cell proliferation in Capan-2 and Panc-1 cell lines compared with the control. By contrast, miR-200b inhibition induced cell growth in the two
cell lines. Values are the mean of three independent experiments performed in triplicate. Error bars indicate the standard deviation. Data from Day 4 were used
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or miR-200b inhibitor (miR-200b KD), or their controls. miR-200b OE contributed to the induction of apoptosis. Successful induction of apoptosis was
assessed by measuring caspase-3/7 activity. Data represent the mean of three replicates + standard deviation. (C) Following transfection with 50 nM miR-200b
(miR-200b OE) or miR-200b inhibitor (miR-200b KD), or their controls, cells were seeded in Matrigel-coated chambers for the invasion assays. miR-200b OE
significantly reduced cell invasiveness in the two cell lines. Invasive cells were fixed with methanol prior to being stained with crystal violet and photographed.
Stained cells were counted in three separate microscopic fields per well. The values were averaged, and the mean + standard deviation was calculated from
triplicate samples. miR, microRNA; OE, overexpression; KD, knockdown; OD, optical density.
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tant; OD, optical density; ICs,, half-maximal inhibitory concentration.
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Figure 7. Functional analysis of GEM-R cells regarding miR-301 expression, apoptosis and invasion. (A) GEM-R cells expressed higher levels of miR-301
compared with control Capan-2 and Panc-1 cells. (B) GEM-R cells exhibited resistance to apoptosis and acquired cell invasiveness in the two cell lines.

GEM-R, gemcitabine-resistant; miR, microRNA.
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Figure 8. Immunostaining results suggest that GEM-R cells may be involved in NF-kB activity and CDHI1 expression in Capan-1 and Panc-1 cell lines.
(A) GEM-R cells exhibited increased nuclear translocation of p65 compared with control cells in the two cell lines. In addition, GEM-R cells exhibited down-
regulation of CDHI expression. Representative images of two independent experiments are shown (magnification, x20). (B) NF-«B target gene IL-6 expression
levels were increased in the two GEM-R cell lines. GEM-R, gemcitabine-resistant; CDH1, cadherin 1; NF-kB, nuclear factor-xB; IL-6, interleukin-6.

of gene expression to explain how gemcitabine resistance
led to EMT in the cell lines (Fig. 9), although western blot
analysis was not presented. In addition, morphology remained
unaltered in gemcitabine-resistant cells (data not shown). In
the same manner, miR-301 overexpression revealed decreased
CDHI expression levels, an enhanced anti-apoptotic effect, an
increased ICs, of gemcitabine and increased cell invasiveness,
as previously reported (13). Contrary to expectations, miR-301
inhibition did not induce the remission of gemcitabine resis-
tance (Fig. 10). These data are consistent with a previous
report (13). Based on the present data, elevated miR-301
expression may affect acquired gemcitabine resistance, and
an increase in miR-301 may be a predictive biomarker for
acquired gemcitabine resistance in patients with pancreatic
carcinoma.

Discussion

Pancreatic carcinoma has an extremely poor prognosis; early
diagnosis is difficult to achieve, and it exhibits aggressive
invasion, early distant metastasis, and resistance to anticancer
drugs (1,35). However, gemcitabine-based chemotherapy
remains the first-line chemotherapy regimen (36). Gemcitabine
became the most widely used anticancer drug for the initial
treatment of advanced and recurrent pancreatic carcinoma
when Burris er al (37) reported in 1997 that gemcitabine
had better clinical outcomes compared with 5-fluorouracil.
Gemcitabine contributed only 6.2 months to the median
survival time for locally advanced or metastatic pancre-
atic carcinoma (36). Recently, a number of trials have been
performed to compare gemcitabine alone with combinations
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Figure 9. GEM-R cells are associated with EMT. EMT-associated genes, including vimentin, ZEB1 and ZEB2, were quantified using RT-qPCR analysis, and
data are expressed as a relative fold change. RT-qPCR data represent the mean of three biological replicates and are representative of three independent experi-
ments. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; GEM-R, gemcitabine-resistant; EMT, epithelial to mesenchymal transition;
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Figure 10. miR-301 inhibition did not affect gemcitabine resistance in GEM-R cells. miR-301 inhibitor was transfected in Capan-2 and Panc-1 GEM-R cells.
Transfection efficiency was determined using reverse transcription-quantitative polymerase chain reaction analysis, and data are displayed as a relative
fold change. Data represent the mean of triplicate samples from three independent experiments. The gemcitabine sensitivity assay demonstrated that miR-301
inhibition did not reduce gemcitabine resistance in either cell line. miR, microRNA; KD, knockdown; GEM-R, gemcitabine-resistant.

with alternative drugs; however, the combined regimens,
including oxaliplatin, erlotinib and nab-paclitaxel, have
not produced markedly different results in terms of overall
survival (38-40). Therefore, it is necessary to identify effective
biomarkers for chemosensitivity to gemcitabine and to elucidate
the mechanism underlying the development of gemcitabine
resistance. Recently, evidence has suggested that a number of
miRNAs may affect chemosensitivity to gemcitabine for the
treatment of malignant tumors, including miR-301, miR-200b,
miR-29a and miR-145 (13,21,41,42). The present study focused
on miR-200b and miR-301, as they are known to be involved
in the progression of several types of cancers (13,17,18).
Since the molecular mechanisms of miR-200b and miR-301
in pancreatic carcinoma in relation to gemcitabine treatment
remain unclear, it was hypothesized that the expression levels
of miR-200b and miR-301 may serve as surrogate predictors
of chemosensitivity and chemoresistance through EMT in
pancreatic carcinoma treated with gemcitabine. miR-200Db is
known to be a tumor suppressor, and serves an important role
in the development and progression of malignant tumors. A
number of studies have demonstrated that miR-200b expression

is reduced in various types of cancer, including pancreatic
carcinoma (18,22). Additionally, Gui et al (43) reported that
overexpressed miR-200b significantly inhibited cell migration
by targeting ZEBI in pancreatic carcinoma cells. Moreover,
it was demonstrated that overexpressed miR-200b increased
chemosensitivity to gemcitabine (43). Notably, a recent
report revealed that docetaxel chemoresistance is closely
associated with the downregulation of miR-200b and the
corresponding upregulation of autophagy-associated gene 12
in lung cancer (44). Furthermore, Asakura et al (45) reported
that miR-200b is associated with proteasome inhibitor resis-
tance by targeting E-cadherin suppression. Consistently,
our previous study also illustrated the same phenomenon of
gemcitabine resistance through EMT in pancreatic carcinoma
cells (25). Therefore, miR-200b may be associated with the
regulation of gemcitabine sensitivity as a tumor suppressor
gene. Secondarily, accumulated evidence has revealed that
miR-301 expression is upregulated in a number of malignant
tumors (46). Furthermore, miR-301 reportedly functions as
an oncogene (47). In addition, Shi ef al (26) reported that
reduced miR-301 expression increased tamoxifen sensitivity
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via targeting of forkhead box F2, BCL2 biding component 3,
phosphatase and tensin homolog and collagen type II al chain.
Moreover, a recent study revealed that miR-301 contributes
to the activation of NF-kB in pancreatic carcinoma (48). In
previous work, it was demonstrated that the miR-301/NF-xB
axis critically promotes the upregulation of gemcitabine resis-
tance in pancreatic carcinoma cells (13). Therefore, the present
findings indicated that miR-301 may serve an important role
as an oncogene.

In the current study, it was identified that miR-200b expres-
sion correlated positively with ICs, in six pancreatic carcinoma
cell lines, and overexpressed miR-200b affected gemcitabine
sensitivity, cell invasiveness, apoptosis and cell proliferation.
These results suggested that miR-200b expression may predict
gemcitabine sensitivity prior to the introduction of initial
chemotherapy. By contrast, it was observed that miR-301
promoted gemcitabine resistance in Capan-2 and Panc-1 cells.
Furthermore, it was demonstrated that gemcitabine-resistant
cells exhibited increased miR-301 expression in the Capan-2
and Panc-1 cell lines. Capan-2-GEM-R and Panc-1-GEM-R
cells exhibited increased ICy, values for gemcitabine
compared with their respective control cell lines. By contrast,
exogenous miR-301 inhibited apoptosis and enhanced cell
invasion, consistent with previous data (13). However, a limita-
tion of the present study is the lack of flow cytometry or data
on poly-ADP-ribose polymerase to reinforce the association
between miR-301 and apoptosis. Notably, miR-200b and
miR-301 affected EMT through CDHI1 expression (13,25).
However, no morphological alterations were observed in either
cell line despite the alteration of CDHI expression. Based on
these results and the evidence above, the present data suggested
that miR-200b and miR-301 may be predictive markers for
response to gemcitabine in patients with pancreatic carcinoma.
However, the exact molecular mechanisms underlying the
ability of miR-200b and miR-301 to regulate chemosensitivity
and acquired chemoresistance are unknown, and these mecha-
nisms require further investigation and validation in additional
studies in vivo.

In conclusion, the present study provided evidence that
miR-200b and elevated miR-301 may be useful biomarkers
to predict the chemosensitivity and acquired chemoresistance
of pancreatic carcinoma to gemcitabine. The present data also
indicated that tailoring treatments according to miR-200b and
miR-301 expression in such patients may be considered for the
treatment of pancreatic carcinoma in routine clinical practice.
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