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miRNA-181b increases the sensitivity of pancreatic
ductal adenocarcinoma cells to gemcitabine in vitro
and in nude mice by targeting BCL-2
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Abstract. Pancreatic ductal adenocarcinoma (PDAC) is a
highly lethal disease and is usually resistant to chemotherapy.
MicroRNA-181b (miR-181b) has been reported to be associated
with chemoresistance in various types of cancer. In this study, we
investigated the effects of miR-181b on the chemosensitivity of
PDAC cells to gemcitabine and the underlying molecular events.
miR-181b mimics and inhibitors were synthesized for transient
gene transfection in vitro. Lentivirus carrying miR-181b mimics
were used to infect PDAC cells for nude mouse xenograft assays
by implanting infected PDAC cells into recipient mice. Cell
viability was determined by MTT assays, while gene expression
was assessed using qRT-PCR, western blot analysis and enzyme-
linked immunosorbent assay (ELISA). miR-181b targeting
BCL-2 expression was assessed by a dual-luciferase activity
assay. The data showed that miRNA-181b expression sensitized
PDAC cells to gemcitabine treatment. Although gemcitabine-
resistant PDAC cell sublines (SW1990/GR and CFPAC-1/GR)
expressed higher levels of miRNA-181b, gemcitabine induced
higher levels of apoptosis in PDAC cells transfected with
miRNA-181b mimics. The nude mouse xenograft assay data
showed that miR-181b transfection also sensitized the cells
to gemcitabine treatment in vivo. Molecularly, bioinformatics
data predicted that miR-181b was able to bind to BCL-2
mRNA 3'UTR. The dual luciferase activity assay revealed that
miRNA-181b downregulated BCL-2 expression. The results
from western blot analysis showed a reduced BCL-2 expression
following miR-181b transfection but an enhanced caspase-3
activity in miRNA-181b mimic-transfected PDAC cells. This
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study demonstrates that miRNA-181b sensitizes PDAC cells to
gemcitabine by targeting BCL-2.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the most lethal
human malignancy worldwide and has a very low 5-year-survival
rate (approximately 6%). In the US alone, approximately 40,000
patients succumbed to the disease in 2011 (1). The majority
of PDAC patients are diagnosed at advanced stages, since the
disease does not cause specific symptoms during the early
stages. To date, surgery is the primary treatment for pancreatic
cancer. By contrast, chemotherapy is only used for patients who
are not suitable for surgical resection with curative intent. A
frequently used chemotherapeutic drug is gemcitabine, which
can effectively improve quality of life and increase patient
survival. Nevertheless, the high rate of resistance to gemcitabine
contributes to the poor prognosis of pancreatic cancer (2,3).
Thus, the development of novel therapeutic strategies is manda-
tory.

The development of pancreatic cancer, like most other
cancer types of cancer, involves the activation of oncogenes
and the inactivation of tumor suppressor genes, dysregulating
signaling proteins critical to cell growth. Thus, the effective
control of pancreatic cancer cell growth or the induction of
apoptosis should target multiple gene pathways. Otherwise, drug
resistance will eventually develop. The molecular mechanisms
responsible for the resistance of PDAC patients to gemcitabine
may be due to: i) An altered tumor microenvironment, such
as a dense desmoplastic stroma, preventing gemcitabine infu-
sion to the tumor parenchyma. A previous study demonstrated
that tumors from gemcitabine-resistant patients had increased
stimulation of stroma-related gene pathways (4). ii) The key
molecular pathway responsible for gemcitabine metabolism is
altered; thus, the activation of gemcitabine is anomalously inhib-
ited or the excretion of gemcitabine is accelerated. A previous
study demonstrated that the inactivation and downregulation of
deoxycytidine kinase, a key enzyme in gemcitabine activation,
plays a significant role in acquiring gemcitabine resistance (5).
Moreover, transmembrane xenobiotic transporters, such as
ATP-binding cassette sub-family G member 2 (ABCG-2),
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play a role in gemcitabine resistance (6). iii) The activation of
aberrant proliferative and apoptotic pathways may occur; thus,
drug-resistant PDAC cells have a survival advantage against
chemotherapy (7.8).

In order to overcome drug resistance, research is focusing
on microRNAs (miRNAs or miRs). miRNAs are a family
of naturally occurring, non-coding RNA molecules, 19 to
25 nucleotides in length. miRNAs post-transcriptionally
regulate the expression of target genes (9,10). Thus, miRNAs
participate in a wide range of biological processes, such as
embryonic development, organ formation and cell prolifera-
tion and apoptosis (11). miRNAs also play an important role in
tumorigenesis and chemosensitivity (12-14). miR-181b has been
found to be downregulated in glioblastoma and has been widely
studied in a variety of human cancers. For example, in urothe-
lial carcinoma (15), thyroid papillary carcinoma (16), acute
lymphocytic leukemia (17), chronic lymphocytic leukemia
(CLL) (18), colorectal cancer (19), breast cancer (20), prostate
cancer (21), retinoblastoma (22) and PDAC (23), miRNA-181b
is upregulated. Moreover, its expression is reduced in glioblas-
toma (24) and gastric cancer (25). The loss of miRNA-181b
expression may contribute to the resistance of leukemia cells to
chemotherapy (18). miRNA-181b is expressed during the stable
stages of CLL; however, a reduction in miRNA-181b expression
has been associated with disease progression and drug refrac-
tion (18).

Other studies have shown that miRNA-181b significantly
enhances drug sensitivity and its underexpression has been
associated with a shorter treatment-free survival in CLL
cells (26). However, another study reported the downregulation
of miRNA-181b in chemotherapy-responsive acute promy-
elocytic leukemia (27). miRNA-181b expression is increased
in chemoresistant hepatocellular carcinoma (28), colorectal
cancer (29) and breast cancer (30), as well as in drug-refractory
gastric and lung cancers (31). By targeting different genes,
miRNA-181b may play a complicated role in chemotherapy-
resistance, depending on the tumor type and anti-neoplastic
agent (12). In this study, we investigated whether miR-181b is
associated with the sensitivity of PDAC cells to gemcitabine
in vitro and in nude mouse xenografts.

Materials and methods

Cell lines and culture. The PDAC SW1990 and CFPAC-1
cell lines were obtained from Shanghai Cell Bank (Shanghai,
China). These cell lines were propagated and cultured in
Dulbecco's modified Eagle's medium (DMEM, Invitrogen,
Carlsbad, CA, USA), supplemented with 10% fetal bovine
serum (FBS; Sigma, St. Louis, MO, USA), 100 xg/ml peni-
cillin and streptomycin, in a humidified chamber at 37°C with
5% CO,.

Gemcitabine-resistant PDAC SW1990/GR and CFPAC-1/GR
cell sublines were acquired by culturing the parental cells with
gradually increasing concentrations of gemcitabine (Lilly,
Neuilly-sur-Seine Cedex, France) for approximately 6 months
as documented in a previous study (32). In brief, the cells were
cultured in gemcitabine-conditioned medium for 3 days at the
concentration of 3 M, followed by a recovery step, and agent-
free medium culturing until the cells recovered exponential
growth. MTT assays were performed to evaluate the ICs, of
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the gemcitabine-treated cells. The ICs, dose was used for the
gemcitabine-conditioned medium to treat the cells. By increasing
the dosage of gemcitabine in the culture medium intermittently
for approximately 6 months (24 weeks for SW1990 and
21 weeks for CFPAC-1 cells), stable gemcitabine-resistant cell
sublines (SW1990/GR and CFPAC-1/GR) were acquired. The
ICy;, in the SW1990/GR and CFPAC-1/GR cells was 232.2 and
314.4 uM, respectively.

miRNA mimics and inhibitor, gene transfection, miRNA-
overexpressed lentivirus and virus infection. miR-181b mimics,
inhibitor and negative control were designed and synthesized
by GenePharma Co., Ltd. (Shanghai, China). The primer
sequences are shown in Table I. For gene transfection, the cells
were cultured in 6-well plates to 40% confluence. miR-181b
mimics, inhibitor and negative control were mixed with
Lipofectamine 2000 (Invitrogen), and then added to the cell
culture medium according to the manufacturer's instructions.
After 24 h of transfection, total RNA and protein were prepared
from the cells and subjected to qRT-PCR and western blot
analyses, respectively.

A miRNA-181b lentivirus overexpression system was
obtained from GenePharma. Briefly, the miRNA-181b lentiviral
expression vectors, LV3-pGLV-H1-miRNA-181b-GFP-Puro and
LV3-pGLV-H1-Null-GFP-Puro (null control) were constructed.
The vectors were then transfected into 293-T cells. The super-
natant titer was determined to be 1x10® TU/ml. Subsequently,
the lentivirus was used to infect PDAC cells following the
manufacturer's instructions.

gRT-PCR. Total cellular RNA from the cultured cells was
isolated using TRIzol reagent (Invitrogen). RNA samples
(500 ng each) were then reverse-transcribed into cDNA
with miRNA-181b reverse transcriptase primers (Applied
Biosystems, Foster City, CA, USA) using a TagMan MicroRNA
Reverse Transcription kit (Applied Biosystems). Levels of
miRNA-181b and U6 expression were determined by qPCR
with TagMan MicroRNA Assays (Applied Biosystems) and an
ABI 7500 machine (Applied Biosystems). The levels of mature
miRNA-181b expression were then normalized to U6 and
calculated as the inverse log of the AACT. All procedures were
performed following the manufacturer's instructions.

Protein extraction and western blot analysis. Total cell protein
lysates were prepared using an RIPA buffer supplemented with
1% phenylmethylsulfonyl fluoride (PMSF). Protein concentra-
tion was determined by a BCA kit (Keygen, Nanjing, China).
Subsequently, 30 pg of protein sample each was separated by
SDS-PAGE (10% gels) and transferred onto a 0.45 pm poly-
vinylidene fluoride (PVDF) membrane (Millipore, Bedford,
USA) using a mini trans-blot system (Bio-Rad Laboratories,
Hercules, CA, USA). Primary antibodies and corresponding
secondary antibodies were then added followed by incubation.
A rabbit anti-human BCL-2 antibody was purchased from Cell
Signaling Technology (Danvers, MA, USA), and a mouse anti-
human GAPDH antibody and goat anti-rabbit or anti-mouse
secondary antibody were obtained from Beyotime (Nantong,
China). To quantify the protein expression, protein expression
was normalized to GAPDH levels (Chemilmager 5500; Alpha
Innotech Corp., San Leandro, CA, USA).
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Table I. Sequences of miR-181b mimics, inhibitor and negative control.

Mimic (5-3)

Inhibitor (5'-3')

miRNA-181b
Negative control

AACAUUCAUUGCUGUCGGUGGGU
UUCUCCGAACGUGUCACGUTT

ACCCACCGACAGCAAUGAAUGUU

Table II. Target sites of BCL-2 3'-UTR and their mutants or mismatch sequences.

Sequence (5'-3")

WT2896
MT2896
WT1752
MT1752

CTTATTGTTAAAAACATGTTAGAAGCAATGAATGTATATAAAAGCCTCAACTAGTCATTT
CTTATTGTTAAAAACATGTTAGAAGCAATTCCTACATATAAAAGCCTCAACTAGTCATTT

MT, mutant; WT, wild-type. The full line indicates the wild-type putative binding sequences and the dotted line indicates the mutant sites of

these sequences.

Enzyme-linked immunosorbent assay (ELISA). To detect
caspase-3 activity, we first seeded the cells at a density of
1.5x10° cells per well in 6-well plates. The cells were then
transfected with miRNA-181b mimics, inhibitor or nega-
tive controls for 48 h. Subsequently, caspase-3 activity
was analyzed using a CaspACE Assay System (Promega,
Madison, Wisconsin, USA) following the manufacturer's
instructions.

Cell viability MTT assay. To detect cell viability, we first
seeded 2x10° cells in 96-well plates, and then transfected them
with miR-181b mimics, inhibitor or negative controls for 72 h.
Subsequently, 20 pl per well of 3-(4,5-dimethythiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) solution (5 mg/ml,
Sigma) was added to the cells followed by incubation at 37°C for
4 h. Then, 150 pul of dimethyl-sulphoxide (DMSO) was substi-
tuted for the supernatant, followed by oscillation for 10 min.
Absorbance at 490 nm was detected using a microplate reader
(Multiskan MK3; Thermo Labsystems, Franklin, MA, USA).
All the results were normalized to the corresponding controls
and the percentage of the control was calculated.

Apoptosis Annexin V/flow cytometric assay. Cells were
incubated with culture medium containing gemcitabine at a
final concentration of 0.1 uM for 48 h. Cell pellets were then
collected, washed with phosphate-buffered saline (PBS),
resuspended in 100 pl of 1X binding buffer and stained with
5 ul phycoerythrin-Annexin V and 5 ul of 7-AAD (Becton-
Dickinson, Franklin Lakes, NJ, USA) at room temperature
for 15 min in the dark. A flow cytometer (Becton-Dickinson)
was utilized to evaluate the apoptotic levels in each sample.

Dual-luciferase reporter assay. Luciferase reporter constructs
carrying 60-bp-long synthetic oligonucleotides (Invitrogen,
Shanghai, China) and containing wild-type putative miRNA
binding sites from the human BCL-2 3'-UTR or their mutant
versions (www.targetscan.org; Table II) were inserted in Xbal-

Fsel sites of pGL3-control vectors (Promega). The construct
was confirmed by DNA sequencing. Aliquots of 1.5x10° cells
were seeded into 24-well plates. After 24 h, 200 ng of each
independent luciferase reporter plasmid plus 80 ng of pRL-TK
(Promega) plasmid as the control were co-transfected with
60 pmol of the miRNA-181b mimics, inhibitor or control.
Luciferase activity was then measured 48 h after transfec-
tion using the Dual-Luciferase Reporter Assay System with a
GloMax Luminometer (Promega). Firefly luciferase activity
was normalized to Renilla luciferase activity for each trans-
fected cell sample.

In vivo chemosensitivity assay. For in vivo chemosensitivity
analyses, 2x106 cells from the SW1990 and SW1990/GR
cell lines transfected with LV3-pGLV-HI-miRNA-181b-
GFP-Puro, LV3-pGLV-H1-Null-GFP-Puro and mock control
vectors were resuspended in 25 ul of DMEM, and then
injected into the pancreatic undercapsule in 4-week-old
BALB/c female nude mice (6 mice in each group). BALB/c
female nude mice were purchased from The Model Animal
Research Center of Nanjing University, Nanjing, China. Our
animal studies were approved by the Ethics Committee of
Nanjing Medical University. Two weeks after cell injection,
gemcitabine (150 mg/kg) was injected intraperitoneally twice
weekly for 28 days. At the end of the experiments, the mice
were euthanized and the tumor lesions were excised. Tumor
volume was determined as V = (L x W?)/2, where L represents
the length of the tumor and W represents the width of the
tumor.

Statistical analysis. All in vitro experiments were performed
in triplicate and repeated at least once. The Student's t-test
was performed to assess statistical differences between
2 groups and the F-test was used for comparisons among 3 or
more groups. The Q test was used for multiple comparisons.
A P-value <0.05 was considered to indicate a statistically
significant difference.
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Figure 1. Establishment of gemcitabine-resistant pancreatic ductal adenocarcinoma (PDAC) SW1990 and CFPAC-1 sublines. (A) Morphology of parental
and gemcitabine-resistant PDAC SW1990 and CFPAC-1 sublines. Compared to their parental cell lines, SW1990/GR and CFPAC-1/GR cells maintained a
fibroblast-like phenotype with loosening intercellular contact and invadopodia formation (original magnification, x200). However, at the full resistance stage,
the SW1990/GR and CFPAC-1/GR cell lines regained their parental morphology. (B) MTT assay. The graph shows the significantly enhanced gemcitabine
resistance of SW1990/GR and CFPAC-1/GR cells at a drug concentration >0.01 M ("SW1990 vs. SW1990/GR, p<0.05; ®, CFPAC-1 vs. CFPAC-1/GR, p<0.05).
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Figure 2. (A) qRT-PCR. Levels of miRNA-181b expression in PDAC cell lines (SW1990 vs. SW1990/GR: 1.00 vs. 1.86; CFPAC vs. CFPAC-1: 0.60 vs. 1.22;
“p<0.05). (B) qRT-PCR. Expression of miRNA-181b was elevated with rising IC50 levels of gemcitabine ('p<0.05). (C) MTT assay. Cells were grown and
transfected with miR-181b constructs, treated with gemcitabine, and then subjected to MTT assay. Cell viability was restrained in the cell lines transfected with
miRNA-181b mimics. More cells survived in the gemcitabine milieu (1 M) when miRNA-181b was inhibited ('p<0.05).

Results

Establishment of gemcitabine-resistant pancreatic cancer
cell sublines. In this study, we first established gemcitabine-
resistant pancreatic cancer cell sublines by cultivating SW1990
and CFPAC-1 cells with gradually increasing concentrations of
gemcitabine for 6 months. At first, SW1990 and CFPAC-1 cells
had partially increased viability with morphological changes,
followed by permanent gemcitabine resistance with phenotypic
recovery (Fig. 1A). The cell viability MTT assay confirmed the
increased resistance (Fig. 1B).

miRNA-181b regulates gemcitabine resistance in PDAC cells.
To assess the role of miR-181b in PDAC cells, we first deter-
mined the miRNA-181b expression in normal and resistant cell
lines. miR-181b indeed was differentially expressed between
the parental and resistant cell lines, suggesting that miR-181b
affects gemcitabine sensitivity in PDAC cells. In particular,
miRNA-181b was expressed in the SW1990 and CFPAC-1
cells, as detected by qRT-PCR (Fig. 2A). However, the
SW1990/GR and CFPAC-1/GR cells expressed significantly
higher levels of miRNA-181b (Fig. 2B). SW1990, CFPAC-1,
SW1990/GR and CFPAC-1/GR cells were transiently trans-
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Table III. Effects of miR-181b on PDAC cell viability following treatment with gemcitabine (1 xM) for 72 h (% of control).

Cell line
SW1990 SW1990/GR CFPAC-1 CFPAC-1/GR
miRNA-181b mimics 76.41% 89.64% 69.34% 86.43%
miRNA-181b inhibitor 114.15% 117.71% 120.94% 116.62%
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Figure 3. Effects of miR-181b on pancreatic ductal adenocarcinoma (PDAC) cell apoptosis. (A) Flow cytometric assay. Parental and drug-resistant cells
transfected with miRNA-181b mimics manifested higher apoptotic rates, whereas miRNA 181b inhibitor-transfected cells showed significantly lower apoptotic
rates than the control groups. miRNA-181b enhanced gemcitabine (0.1 #M)-induced apoptosis. Quad, quadrant; UL, upper left; UR, upper right; LL, lower left;

LR, lower right. (B) Quantified data from (A). "p<0.05.

fected with miRNA-181b mimics, inhibitor, or control, and
then treated with a gemcitabine-conditioned medium (1 ¥M)
for 72 h. The MTT assay showed that miRNA-181b mimics
increased the gemcitabine sensitivity of these 4 cell lines
(Table III and Fig. 2C).

miRNA-181b promotes the apoptosis of PDAC cells. To further
elucidate gemcitabine sensitivity in PDAC cells, we performed
a flow cytometric assay. Tumor cells were transiently trans-
fected with miRNA-181b mimics, inhibitor or control, and
then treated with gemcitabine (0.1 uM). The data showed that
miRNA-181b caused the PDAC cells to undergo apoptosis
(Fig. 3).

miRNA-181b promotes gemcitabine sensitivity in PDAC cells
in vivo. To confirm our in vitro data, we performed nude mouse
xenograft assays. PDAC SW1990 and SW1990/GR cells were

transfected with a lentivirus carrying miR-181b mimics or
negative control sequences in vitro that were then transplanted
into the pancreata of nude mice. Two weeks after tumor cell
transplantation, gemcitabine was administered to the mice at
150 mg/kg twice weekly for 4 weeks. The tumor size in the
mice in the miRNA-181b overexpression group was smaller
than that in the mice of the null control group (Fig. 4).

miRNA-181b affects the gemcitabine resistance of PDAC
cells by the downregulation of BCL-2 expression. To explore
the underlying molecular events, we performed western blot
analysis and found that miRNA-181b reduced the expression
of BCL-2 protein in vitro and in tumor xenografts (Fig. 5B).
We also performed ELISA to detect caspase-3 activity and
found that caspase-3 activity increased with miRNA-181b
overexpression, but was reduced following treatment with a
miRNA-181b inhibitor (Fig. 5C).
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Figure 4. Effects of miR-181b on tumor xenograft growth. (A) Nude mouse xenograft assay. Pancreatic ductal adenocarcinoma (PDAC) cells were transfected
with miR-181b lentivirus and then implanted into recipient mouse pancreata. Two weeks later, the mice were treated with 150 mg/kg gemcitabine twice a week
for 4 weeks. Subsequently, tumor xenografts were removed and images were taken. The overexpression of miRNA-181b led to a significantly smaller tumor
size in the normal and resistant cell lines. The images are representative of 6 specimens. (B) Tumor volume. “p<0.05.
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Figure 5. miR-181b targets BCL-2. (A) Dual-luciferase reporter assay. BCL-2 3'UTR sequences or mutated sequences were designed as MT2896, WT2896,
MT1752 and WT1752, and then inserted into a pGL3 vector. Subsequently, they were co-transfected with miRNA-181b mimics, inhibitor, or a negative control
into pancreatic ductal adenocarcinoma (PDAC) cells. The Renilla luciferase expression plasmid, pRL-TK, and the original pGL3 control were utilized as
an internal and external standard, respectively. Luciferase activity was downregulated by miRNA-181b mimics, but elevated by a miRNA-181b inhibitor in
the normal and resistant cell lines. Luciferase activity with the mutant sequences showed no significant changes among cells transfected with miRNA-181b
mimics, inhibitor or negative control ("p<0.05). (B) Western blot analysis. PDAC cells were transiently transfected with miRNA-181b mimics, inhibitor, or
control for 48 h. Total cellular protein was extracted and blotted using a BCL-2 antibody. The data revealed that miRNA-181b overexpression reduced BCL-2
expression, whereas a miRNA-181b inhibitor increased BCL-2 levels. (C) ELISA. Caspase-3 activity was significantly increased by the exogenous expression
of miRNA-181b and decreased by a miRNA-181b inhibitor in the parental and drug-resistant cells ("p<0.05).

We also performed bioinformatics analyses and found there
are 2 potential miR-181b target sites in the BCL-2 3'UTR. We
performed a dual-luciferase reporter assay to assess whether
BCL-2 is indeed a direct downstream target of miRNA-181b.
The luciferase activity was significantly restrained by
miRNA-181b mimics, while the miRNA-181b inhibitor led to
an enhancement of luciferase activity in normal and resistant
cell lines (Fig. 5A).

Discussion

In the present study, we investigated the effects of miRNA-181b
on PDAC cell sensitivity to gemcitabine and the potential
underlying molecular mechanisms. We found that although
gemcitabine-resistant PDAC sublines expressed higher levels
of miR-181b than the parental cell lines, miRNA-181b mimics
significantly induced PDAC cell sensitivity to gemcitabine in
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both parental and drug-resistant PDAC cells in vitro and in
nude mouse xenografts. By contrast, a miRNA-181b inhibitor
led gemcitabine resistance in PDAC cells. miR-181b mimics
also induced significantly higher levels of tumor cell apoptosis
than the controls. Molecularly, miR-181b suppressed BCL-2
expression and induced caspase-3 activity in PDAC cells.
Therefore, it can be concluded that miRNA-181b may be useful
in the clinical treatment of gemcitabine-resistant PDAC.

In this study, we first established gemcitabine-resistant
PDAC sublines and unexpectedly discovered that miR-181b
expression was higher in drug-resistant cells when compared to
parental cells, for an unknown reason. These data indicate that
during the establishment of gemcitabine resistance, miR-181b
itself is not sufficient to antagonize gemcitabine. By contrast,
the transient transfection of a miR-181b mimics sensitizes
PDAC cells to gemcitabine. This was further confirmed in
parental cell lines, as well as in in vivo experiments using nude
mice. In clinical practice, gemcitabine is frequently used as the
first-line chemotherapy for PDAC. A previous study showed
however, that gemcitabine had a response rate of <20% (33).
Thus, increasing drug sensitivity by miR-181b may be a novel
tool for PDAC chemotherapy and improving patient survival. In
this study, miR-181b increased the sensitivity of PDAC cells to
gemcitabine and induced PDAC cell apoptosis. The evasion of
apoptosis has long been acknowledged as one of the hallmarks
of cancer (34). The induction of apoptosis could effectively
control PDAC progression.

Recently, miRNA has been recognized to play a critical role
in the regulation of cell apoptosis and chemosensitivity (13,14).
Functionally, miRNA can complementarily target the mRNAs
of target genes, and thereby degrade or inhibit them from trans-
lating into proteins. Thus, the altered expression of miRNAs
contributes to a variety of human diseases, such as inherited
diseases, heart disease and cancer (35,36). miRNA-181b has
been reported to be involved in certain types of human malig-
nancies. Tissue inhibitor of metalloprotease 3 (TIMP3) and
BCL-2 mRNAs are major targets of miRNA-181b. Thus, the
overexpression of miR-181b may lead to the downregulation of
these genes and alter tumor progression and chemoresistance.
Previous studies have shown that miRNA-181b suppresses
TIMP3 expression in breast cancer and hepatocellular
carcinoma cells, and facilitates tumor progression and chemo-
resistance (28,30). By contrast, miRNA-181b expression has
been shown to enhance the sensitivity of B-cell CLL, as well as
that of gastric and lung cancer cells to chemotherapy through
the downregulation of BCL-2 expression (26,31). Moreover, in
pancreatic cancer, miRNA-181b is considered a prospective
biomarker for pre-operative diagnosis (23,37,38). However, the
mechanisms of miRNA-181b action in PDAC carcinogenesis
and chemoresistance remain unclear.

A number of gene pathways, including the Akt, EGFR,
SHH, Notch, MAPK and NF«kB pathways, have been associ-
ated with chemoresistance (39). BCL-2 plays an important
role in apoptosis and gemcitabine resistance (13,40). BCL-2
protein maintains the integrity of the mitochondrial membrane
by preventing caspase activation (e.g., caspase-3), resulting
in cell survival (41). Transcriptionally, various kinases and
transcription factors can induce BCL-2 expression (13,42). As
a target gene of miRNA-181b, BCL-2 facilitates cell survival
against chemotherapy via the blockage of Bax/Bak-induced
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apoptosis (18,26,31). A previous study showed that BCL-2 also
participates in gemcitabine resistance in PDAC (43). Thus, our
current data support the positive role of miR-181b in sensitizing
PDAC cells to gemcitabine.
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