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Abstract

Background miR-17-5p is reported to be overexpressed
in pancreatic cancer, and it plays an important role in
carcinogenesis and cancer progression. Gemcitabine is the
standard first-line chemotherapeutic agent for pancreatic
cancer, however the chemoresistance limits the curative
effect.
Aims In the present study, we investigated whether inhi-
bition of miR-17-5p could enhance chemosensitivity to
gemcitabine in pancreatic cancer cells.

Methods miR-17-5p inhibitor was transfected to pancre-
atic cancer cell lines Panc-1 and BxPC3, and then cell
proliferation, cell apoptosis, caspase-3 activation, and
chemosensitivity to gemcitabine were measured in vitro.
Results Our data showed that Panc-1 and BxPC3 cells
transfected with miR-17-5p inhibitor showed growth inhi-
bition, spontaneous apoptosis, higher caspase-3 activation,
and increased chemosensitivity to gemcitabine. In addition,
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miR-17-5p inhibitor upregulated Bim protein expression in a
dose-dependent manner without changing the Bim mRNA
level, and it increased the activity of a luciferase reporter
construct containing the Bim-3’ untranslated region.
Conclusions These results prove that miR-17-5p negatively
regulates Bim at the posttranscriptional level. We suggest that
miR-17-5p inhibitor gene therapy would be a novel approach
to chemosensitization for human pancreatic cancer.

Keywords miR-17-5p - Pancreatic cancer - Gemcitabine -
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Introduction

Pancreatic cancer is one of the most common invasive
malignancies, and it is the fourth major cause of cancer-
related deaths in the world [1]. Gemcitabine has been con-
sidered the first-line treatment for patients with advanced
pancreatic cancer over the past two decades, and it has offered
some relief of clinical symptoms, however, even the combi-
nation therapy using gemcitabine with other agents has not
been successful in increasing the 5-year survival rate [2, 3].
Drug resistance remains the major clinical obstacle to che-
motherapy and results in poor prognosis. More understanding
of the drug-resistance mechanisms is necessary in order to
improve the current chemotherapy effect. Thus, it remains an
urgent task to develop new effective treatment for pancreatic
cancer.

MicroRNAs (miRNAs) are small noncoding RNAs of
14-24 nucleotides regulating gene expression posttran-
scriptionally, and it plays critical roles in diverse biological
processes. Recently, increasing studies have indicated that
aberrant miRNA expression is strongly involved in anti-
cancer drug resistance phenotype. Xu et al. [4] reported
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that overexpression of miR-122 by adenovirus vector could
render cells sensitive to adriamycin and vincristine in
hepatocellular carcinoma cells by inhibiting expression of
MDR. miR-15b, -16, and -181b were reported to modulate
multidrug resistance by targeting BCL2 in human gastric
cancer cells [5, 6]. miRNA involvement in tumor cell
response to chemotherapeutic agents was confirmed by
many studies [7-9]. Previous miRNA microarray data
revealed that miR-17-5p, a member of the miR-17-92
cluster, is overexpressed in pancreatic carcinoma [10]. Yu
et al. [11] reported that miR-17-5p plays an important role
in pancreatic carcinogenesis and cancer progression, and it
is also associated with poor prognosis of pancreatic cancer.
So we proposed that inhibition of miR-17-5p expression
may inhibit cell proliferation, and enhance apoptosis and
chemosensitivity in pancreatic cancer.

In the present study, the miR-17-5p inhibitor was
transfected to pancreatic cancer cell lines Panc-1 and
BxPC3. The changes of cell proliferation, cell apoptosis,
caspase-3 activation, and chemosensitivity to gemcitabine
in vitro were investigated.

Materials and Methods
Materials

Gemcitabine was purchased from Eli Lilly (Indianapolis,
IN, USA). miR-17-5p inhibitor and scramble (control miR)
were from GenePharma (Shanghai, China). Monoclonal
antibody specific to Bim and caspase-3 was from Santa
Cruz Biotechnology (Santa Cruz, CA, USA) and Cell
Signaling Technology (Beverly, MA, USA) respectively.
QuikChange II Site-Directed Mutagenesis Kit was from
Stratagene (La Jolla, CA, USA). PGL3-control vector and
Dual-Luciferase Reporter Assay System were purchased
from Promega (Madison, WI, USA).

Cell and Cell Culture

Panc-1 and BxPC3 cells were obtained from the American
Type Culture Collection and cultured in DMEM culture
medium supplemented with 10 % fetal bovine serum (Gib-
co), and maintained at 37 °C in a humidified atmosphere
with 5 % CO,. All cell lines were grown under identical
conditions.

miRNA Transfection

Cells in exponential phase were plated in 60-mm plates at
1 x 10° cells/plate and cultured for 16 h, and then trans-
fected with the miR-17-5p inhibitor or scramble (400 nM)
using Lipofectamine™ 2000 (Invitrogen Life Technologies,

Carlsbad, CA, USA), according to the manufacturer’s pro-
tocol. The effects of miR-17-5p inhibitor on Bim and cas-
pase-3 expression were examined 48 h after transfection.

Cell Viability Assay

Twenty-four hours after transfection with miR-17-5p inhibi-
tor, cells were plated in triplicate in 96-well plates at 3 x 10°
viable cells/well overnight. The cells were then incubated
with medium containing 500 nmol/l gemcitabine for 24 h.
Cell viability was determined by 3-(4,5-dimethylthiazol-2-
yD)-2, 5-diphenyltetrazolium bromide (MTT) assay. The
absorbance at 490 nm was read on a spectrophotometer.

Apoptosis Assay by Flow Cytometry

Panc-1 and BxPC3 cells were seeded in six-well plates
5 x 105/well) and transfected with miR-17-5p inhibitor or
scramble. Twenty-four hours later, gemcitabine was added
with a final concentration of 500 nmol/l. After another
24 h, cells were harvested, washed in cold PBS, and dou-
ble-stained with FITC-conjugated Annexin V and propi-
dium iodide (PI), and then analyzed by flow cytometry
(Coulter Biosciences).

Acridine Orange/Ethidium Bromide (AO/EB)
Fluorescence Staining

Cellular morphological changes were investigated by AO/
EB staining and observed by a fluorescence microscopy.
Panc-1 and Bxpc3 cells were transfected with miR-17-5p
inhibitor for 24 h, and then exposed to 500 nmol/l gem-
citabine for another 24 h. Cells were harvested, washed,
and resuspended in 200 pl of medium. Then, 8 pl mixture
of fluorescent dye containing 100 pg/ml AO and 100 pg/
ml EB (Sigma) was gently added to the cells. The cells
were finally visualized under a fluorescent microscope
(100x) (Leica Microsystems GmbH, Wetzlar, Germany)
with excitation at 488 nm and emission at 520 nm.

Western-Blot Analysis

After 48 h of transfection with miR-17-5p inhibitor or
scramble (400 nM), Panc-1 and BxPC3 cells were har-
vested, and then 80 pg of total protein extract was sepa-
rated by 10 % SDS-PAGE gels and transferred to PVDF
membranes (BD). The membrane was probed with mono-
clonal anti-Bim and anti-Bcl-2 (1:500, Santa Cruz), anti-
caspase-3 (1:500, Cell Signaling) used to recognize the
cleaved (active) caspase-3 (17 kDa) and full-length (FL)-
caspase-3 (35 kDa), and anti-GAPDH (1:1,000, Sigma).
The membrane was further probed with peroxidase-con-
jugated secondary antibodies at optimized concentrations,
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and the protein bands were visualized using enhanced
chemiluminescence (Amersham Pharmacia Corp, Piscata-
way, NJ, USA).

Luciferase Reporter Assay

The 3’-UTR of Bim mRNA containing the miR-17-5p
binding site was amplified by PCR, and the product was
inserted to the Xbal site of pGL3 vector (Promega). The
primers used for the amplification were 5° BimFL (TTTT
GTCGACCAGGTTCTTTGCGGAGCC) and 3’ BimFL
(TTTTGCGGCCGCATTGCACAAGTAAAGTGGCAAT
TA). A mutant with a deletion of 5 bp from the fully
complementary site was also generated by using the Quik-
Change II Site-Directed Mutagenesis Kit (Stratagene, La
Jolla, CA, USA). Wild-type and mutant inserts were con-
firmed by sequencing. Twenty-four hours before transfec-
tion, Panc-1 cells were plated at 1.5 x 10° cells/well in
24-well plates. Eight hundred ng of pGL3-Bim-3’-UTR or
pGL3-mutBim-3’-UTR plus 16 ng of pGL4.73 (Promega)
were transfected alone or in combination with 50nM of miR-
17-5p inhibitor to the cells using Lipofectamine 2000. Forty-
eight hours after transfection, luciferase activity was assayed
by using the Dual-Luciferase Reporter Assay System
(Promega).

Statistical Analysis

Each experiment was repeated at least three times.
The results were calculated using SPSS 16.0 software
(SPSS Inc., Chicago, IL, USA), and analysis of variance
(ANOVA) was used to determine the statistical differences
among the groups. Differences were considered statisti-
cally significant when p < 0.05.

Results

miR-17-5p Inhibitor Enhances Chemosensitivity
to Gemcitabine in Pancreatic Cancer Cells

We investigated the chemosensitivity to gemcitabine in
human pancreatic carcinoma cells transfected with miR-17-
Sp inhibitor in vitro. Cells were either treated with miR-17-
Sp inhibitor (400 nmol/l) alone for 48 h or added with
gemcitabine (500 nmol/l) for 24 h, and cell viability was
determined by MTT assay. We noticed that treatment with
miR-17-5p inhibitor for 48 h or with gemcitabine for 24 h
alone caused 20.67 £ 3.26 and 34.15 + 4.27 % loss of
viability respectively in Panc-1 cells, but miR-17-5p inhib-
itor combined with gemcitabine caused 62.87 + 5.93 %
loss of viability (Fig. la). It caused 19.45 & 3.41 and
32.36 & 4.19 % loss of viability, respectively, in BxPC-3
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cells after treatment with miR-17-5p inhibitor for 48 h or
with gemcitabine alone for 24 h, but the combined therapy
caused 60.36 £ 6.27 % loss of viability (Fig. 1b). These
data showed that inhibition of miR-17-5p could markedly
decrease the proliferation and enhanced the chemosensitiv-
ity of pancreatic cancer cells.

miR-17-5p Inhibitor Enhances Cell Apoptosis
with Gemcitabine

No obvious cell apoptosis was detected in blank control or
negative control cells, but it was detected in 11.08 £ 1.34 %
of Panc-1 cells and 9.36 £ 1.09 % of BxPC3 cells, respec-
tively, after transfection with miR-17-5p inhibitor. After
24 h with gemcitabine, the apoptosis rates of Panc-1 cells in
the blank control group, negative control group, and positive
experiment group were 31.65 + 3.82, 30.86 £ 4.03, and
53.46 £ 5.89 %, respectively. The results were similar in
BxPC3 cells, which were 34.15 & 3.71, 35.46 & 4.26, and
51.39 + 5.53 %, respectively (Figs. 2, 3). These data
showed that inhibition of miR-17-5p could induce the
spontaneous apoptosis of both panc-1 and BxPC3 cells, and
it could significantly enhance cell apoptosis with gemcita-
bine chemotherapy.

Cell Morphology Validates Cell Apoptosis Using
AO-EB Staining

AO/EB staining distinguished apoptosis and necrosis of
cancer cells. Early and late apoptotic cells showed cell
shrinkage, bright green or orange nuclei, and condensed or
fragmented chromatin, respectively. Necrotic cells lost
their selective permeability and produced a red intact
nuclei. After 48 h exposure to miR-17-5p inhibitor or with
gemcitabine for 24 h, Panc-1 and BxPC3 cells showed
typical apoptotic characteristics, while uniformly green
live cells with normal morphology were observed in the
control group. Our results showed that miR-17-5p inhibitor
was able to induce marked apoptotic morphology in both
Panc-1 and BxPC3 cells. miR-17-5p inhibitor could also
significantly enhance gemcitabine-induced apoptosis and
necrosis (p < 0.05) (Fig. 4).

miR-17-5p Inhibitor Regulates Bim Expression

To gain insight into the molecular mechanisms underlying
the phenotypes observed in Panc-1 and BxPC3 cells, we
searched for miR-17-5p targeting genes predicted by Tar-
getScan, and focused on genes known to be involved in
apoptosis. Our attention was drawn to Bcl2111/Bim, a pro-
apoptotic gene. Bim belong to a small group of genes that
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Fig. 1 Cell viability was assessed by MTT assays. The results
indicate that miR-17-5p inhibitor can inhibit cell viability of both
Panc-1 and BxPC3 (p < 0.05). After chemotherapy with gemcitabine

for 24 h, miR-17-5p inhibitor can significantly enhance the inhibition
rates of proliferation to 62.87 £ 5.93 and 60.36 &+ 6.27 % in Panc-1
and BxPC3, respectively (*p < 0.01)
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Fig. 2 Panc-1 and BxPC3 cell apoptosis detected by flow cytometry. a Cancer cells transfected with miR-17-5p inhibitor; b cancer cells with
gemcitabine; ¢ cancer cells with scramble + gemcitabine; d cancer cells with miR-17-5p inhibitor 4+ gemcitabine

has a strong potential for coordinate regulation by miR-17-
5p. Our data showed that Bim protein level was elevated
when transfected with miR-17-5p inhibitor in Panc-1 or
BxPC3 cells, however Bcl-2 protein level was downregu-
lated (p < 0.05). Meanwhile, we found that miR-17-5p
inhibitor led to significant caspase-3 activation by Western-
blot assay, as evidenced by increased ratios of cleaved
caspase-3 fragment (17 kDa) to FL-caspase-3 (35 kDa)
(p < 0.05) (Fig. 5a). The Bim protein level was increased
in a dose-dependent manner when pancreatic cancer cells
were transfected with 0—-400 nM of miR-17-5p inhibitor

(p < 0.05) (Fig. 5b), without any change on Bim mRNA
level.

miR-17-5p Regulates Bim by Targeting
Its 3’ Untranslated Region

To determine whether the 3’ untranslated region (UTR) of
Bim mRNA is a functional target of miR-17-5p, we cloned
the putative miR-17-5p targets (Fig. 6) in the Bim 3’-UTR
into a luciferase construct. The construct was cotrans-
fected with miR-17-5p inhibitor to Panc-1 cells, and then
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Fig. 3 Cell apoptosis detected by flow cytometry. Forty-eight hours
after transfection, miR-17-5p inhibitor induce spontaneous apoptosis
to 11.08 £ 2.34 and 9.36 & 1.09 % in Panc-1 and BxPC3 cells,
respectively, while there was no obvious cell apoptosis in the blank
control or the negative control group (p < 0.05). Meanwhile, miR-17-
5p inhibitor significantly promoted gemcitabine-induced apoptosis to
5346 £5.89 and 51.39 & 5.53 % in Panc-1 and Bxpc3 cells,
respectively, compared with chemotherapy alone (p < 0.05)

luciferase activity was significantly increased (p < 0.05;
Fig. 7). This effect was abolished with the mutation of the
putative miR-17-5p target sites in Bim 3’-UTR. These
results suggested that miR-17-5p binds to Bim 3’-UTR and

untreated

+miR-17-5p inhibitor

Panc-1

BxPC3

Living cell

Early apoptosis

Fig. 4 Apoptotic morphological changes in Panc-1 and BxPC3 cells
detected by AO/EB staining under fluorescence microscope. Uni-
formly green cells with normal morphology were observed in the
control group. Apoptotic cells with cell shrinkage, chromatin
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regulates Bim expression at the posttranscriptional level in
pancreatic cancer cells.

Discussion

In this study, we demonstrated that transfection with miR-
17-5p inhibitor led to growth inhibition, spontaneous
apoptosis, higher caspase-3 activation and increased
chemosensitivity to gemcitabine in both Panc-1 and BxPC3
cells. Meanwhile, we found that miR-17-5p inhibitor
upregulated Bim protein expression in a dose-dependent
manner without changing the Bim mRNA level, and it also
could increased the activity of a luciferase reporter con-
struct containing the Bim-3’ UTR. These results prove that
miR-17-5p negatively regulates Bim at the posttranscrip-
tional level by binding to its 3’ UTR.

miRNAs encoded by the miR-17-92 polycistron and its
paralogs are known as oncogenes [12]. The miR-17-92
cluster promotes cancer cell proliferation, suppresses cell
apoptosis, and induces tumor angiogenesis [13]. Of the more
than 1,500 miR-17-92 targets predicted by TargetScan pro-
gram, ten targets (E2F1, E2F3, Pten, AMLI1, Bim, AIBI,
TGFBRIIL, Tspl, CTGF, and p130) have been identified [14—
17] to be key players in hematopoiesis, apoptosis, cell-cycle
progression, angiogenesis, and tumorigenesis. As a member

+miR-17-5p inhibitor +GEM

Late apoptosis Necrotic cell
condensation, and bright green or orange nuclei were observed in
the miR-17-5p-treated cells. miR-17-5p can significantly enhance
gemcitabine-induced apoptosis and necrosis (p < 0.05)
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Fig. 5 Protein expression level detected by Western-blot analysis.
a miR-17-5p inhibitor upregulated three major isoforms of Bim and
downregulated bcl-2 protein levels 48 h after transfection. miR-17-5p
inhibitor led to significant caspase-3 activation, as evidenced by
increased ratios of cleaved caspase-3 fragment (17 kDa) to FL—
caspase-3 (35 kDa). b Bim protein level was increased in a dose-
dependent manner with miR-17-5p inhibitor transfection (p < 0.05)
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Fig. 7 Luciferase reporter assay. Panc-1 cells were co-transfected
with Bim-3’ UTR vector or Bim-mut3’ UTR luciferase reporter and
miR-17-5p inhibitor. Luciferase activity was significantly increased in
the cells cotransfected with Bim-3’ UTR luciferase reporter
(p < 0.05). This effect was abolished in the cells cotransfected with
Bim-mut3’ UTR one. It suggested miR-17-5p directly targets the
Bim-3’ UTR at the posttranscriptional level

of the miR-17-92 cluster, miR-17-5p is reported to be
overexpressed in pancreatic carcinoma, and it plays an
important role in pancreatic carcinogenesis and cancer pro-
gression [11]. So we proposed that the downregulation of
miR-17-5p may suppress pancreatic cancer progression. In
the present study, our data confirmed that transfection of
miR-17-5p inhibitor could inhibit cell proliferation, induce
spontaneous apoptosis, and enhance chemosensitivity to
gemcitabine in both Panc-1 and BxPC3 cells.

The Bcl-2 family consists of prosurvival proteins and two
factions of proapoptotic proteins that include multidomain
Bak and the BH3-only proteins (Bad, Bim, Bid, Puma, and
Noxa). Resistance of the tumors to cytotoxic chemotherapy
might be due to the frequent expression of prosurvival Bcl-2
proteins (Bcl-2, Bcl-xL, Mcl-1, and Bcl-w) that are potent
inhibitors of the intrinsic mitochondrial apoptotic pathway
[18]. BH3 proteins are induced by cellular stress and binded to
the prosurvival Bcl-2 family proteins to neutralize them,
allowing apoptosis to occur [19, 20]. Bim critically regulates
apoptosis in a variety of tissues by activating proapoptotic
molecules like Bax and Bad and antagonizing antiapoptotic
molecules like Bcl-2 and BelXL [21]. A fine balance of Bim
and its partner proteins in the intracellular concentration is
crucial to properly regulate apoptosis. Notably, Bim is the key
downstream apoptotic effector of the TGFf pathway, and its
down-modulation abrogates TGFf-dependent apoptosis in
Snu-16 cells [22]. Bim also mediates tumor cell death induced
by radiotherapy or chemotherapy including paclitaxel, which
is among the most effective chemotherapeutic agents for
patients with lung, prostate, and breast cancer [23-25]. These
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studies indicate that Bim can act as a tumor suppressor and
that cancer cells may be driven to undergo apoptosis by
increasing the intracellular concentration of Bim.

Thus, we searched for effectors of apoptosis by the Tar-
getScan database, and we identified BCL2L11 (Bim) as the
only strong candidate out of 18 human genes harboring
putative binding sites for miR-17-5p. Bim is induced by Myc
in acute B cell leukemia and it mediates apoptosis, and
inactivation of even a single allele accelerates Myc-induced
development of tumors in mice [26]. Thus, we wanted to
verify whether Bim was a direct target of miR-17-5p. Our
results showed that Panc-1 and BxPC3 cells expressed all the
three major isoforms of Bim, named Bim EL, Bim L, and
Bim S. Intriguingly, transfection of miR-17-5p inhibitor
induced an upregulation of all the three isoforms of Bim in
both cell lines, without any change on Bim mRNA. Fur-
thermore, miR-17-5p inhibitor could have increased the
activity of a luciferase reporter construct containing the Bim-
3’ UTR instead of the mutant one, which indicates that miR-
17-5p negatively regulated Bim expression by binding
directly to the 3’ UTR of Bim mRNA. Caspase-3 activation is
one of the final key steps of cell apoptosis [27], and we found
that miR-17-5p inhibitor led to significant caspase-3 acti-
vation, as evidenced by increased ratios of cleaved caspase-3
fragment to FL—caspase-3. We also found that Bcl-2 protein
level was down-regulated at the same time, which was
probably in part because of Bim neutralization. Our studies
are consistent with another report that treatment with an-
tagomir-17-5p abolishes the growth of therapy-resistant
neuroblastoma through upregulation of BIM [28].

In summary, our study indicates that transfection of
miR-17-5p inhibitor could inhibit cell proliferation and
enhance chemosensitivity to gemcitabine in pancreatic
carcinoma cells in vitro, and the effects are probably
caused by upregulation of Bim protein expression at the
posttranscriptional level, followed by caspase-3 activation.
Together, we suggest that inhibition of miR-17-5p would
be a potential approach to chemosensitization for pancre-
atic carcinoma in the future.
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