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miRNA-27a promotes the proliferation and inhibits apoptosis
of human pancreatic cancer cells by Wnt/f3-catenin pathway
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Abstract. A specific expression of miRNA in pancreatic
cancer renders it the novel diagnostic marker of pancreatic
cancer. Therefore, we investigated how the anticancer effect
of miRNA-27a suppressed cell growth and induced apoptosis
of human pancreatic cancer cells. We upregulated miRNA-27a
expression in PANC-1 cells using miRNA-27a mimic, which
demonstrated that induction of cell growth and suppres-
sion of apoptosis of human pancreatic cancer cells were
observed. However, anti-miRNA-27a inhibited cell growth
and apoptosis in pancreatic cancer cells. The downregulation
of miRNA-27a suppressed Wnt/f3-catenin pathway. The inhibi-
tion of Wnt/B-catenin pathway increased the anticancer effects
of anti-miRNA-27a on human pancreatic cancer cells. Taken
together, miRNA-27a promotes the proliferation and inhibits
apoptosis of human pancreatic cancer cells via Wnt/p-catenin
pathway.

Introduction

In recent years, the death rate of pancreatic cancer ranks in the
top five of malignant cancers in developed countries with its
morbidity ascending (1). More than 90% of pancreatic malig-
nant tumor originates from pancreatic ductal adenocarcinoma
which highly concentrates in malignancy and appears mlig-
nant in prognosis (2). Reliable early diagnostic markers and
effective therapies are still inadequate. Approximately 60% of
patients with pancreatic cancer were at advanced stage when
diagnosed and most patients died within 1 year after receiving
a confirmed diagnosis (3).

Classical Wnt/B-catenin signaling pathway is one of signal
transduction pathways widely studied in recent years. When
Wnt pathway is activated abnormally, B-catenin is separated
from compounds constituted of axin/APC and GSK-3f,
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accumulate and is transferred into cells, followed by the
combination with TCF/LEF (4). Expression of downstream
target genes as c-Myc and cyclin D1 are regulated to control
cell cycle progress (5). Abnormally activated Wnt/p-catenin
signaling pathway plays an essential role in occurrence and
metastasis of PAD. Activation of Wnt/B-catenin signaling
pathway at different levels has been shown in cell lines of
pancreatic cancer and animal models of pancreatic cancer (6).
Through blocking Wnt/B-catenin signaling pathway, cell
proliferation can be inhibited and cell apoptosis promoted (6).

MicroRNA (miRNA) is a class of widely distributed
non-coding small RNA, which is the single-strand small
molecule RNA about 19-23 nucleotides in length at matu-
ration stage (7). Mature miRNA inhibits target mRNA
translation through complementary base pairing with
3'-untranslated region (UTR), 5'-UTR and coding domain
of target mRNA (7). In this way, it can regulate target gene
expression at post-transcription level (8). Bioinformatics
research has indicated that single miRNA molecule can bond
with hundreds of target mRNAs with diverse functions, thus
exerting the regulatory function (9). Moreover, it is involved
in almost all pathological and physiological activities in
mammals, such as individual development, tissue differentia-
tion, cell apoptosis and energy metabolism (10). In addition,
it is closely associated with the genesis and development of
numerous diseases (10). Plenty of recent studies have reported
that serum/plasma miRNA expression profile can effectively
distinguish tumor patients from healthy individuals (11).
Therefore, the aims of this study were to examine the effect
of miRNA-27a on cell growth and induction of apoptosis of
human pancreatic cancer cells.

Materials and methods

Patients samples. Six pancreatic cancer patients and six healthy
volunteers were collected from Department of Oncology,
Tianjin Nankai Hospital. Serum of pancreatic cancer patients
and healthy volunteers were collected and centrifuged at
1,000 g for 20 min at 4°C, and saved at -80°C.

RNA extraction and quantitative real-time polymerase chain
reaction. Total RNA was extracted with miRNeasy Mini kit
(Qiagen Co., Hilden, Germany). cDNA was reverse transcribed
using the TransScript First-Strand cDNA Synthesis SuperMix
(Invitrogen). qRT-PCR was performed by ABI 7500 real-time
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PCR instrument (ABI Co., Oyster Bay, NY, USA) using
FastStart Universal STBR Green Master (ROX) (Roche,
Basel, Switzerland). miR-27a: 5'-GGCTTAGCTGCTTGTGA
GCA-3'; reverse primer of miR-27a: 5-GCGGAACTTAG
CCACTGTGA-3'. U6-F: 5-CTCGCTTCGGCAGCACA-3',
U6-R: 5-AACGCTTCACGAATTTGCGT-3'.

Chemicals. Dulbecco's modified Eagle's medium (DMEM)
and fetal bovine serum (FBS) were obtained from Gibco BRL
(Grand Island, NY, USA). Penicillin and streptomycin were
obtained from Invitrogen (Carlsbad, CA, USA). Guava Nexin™
kit was obtained from Roche (Indianapolis, IN, USA).
Caspase-Glo assays were obtained from Provo McGonagall
(Beijing) Biological Technology Co., Ltd. (Beijing, China).

Cell culture and luciferase assay. Human pancreatic cancer
cell PANC-1 cells were obtained and were maintained in
DMEM medium containing penicillin (50 U/ml), streptomycin
(50 U/ml) and 10% FBS in an incubator with a humidified
atmosphere of 5% CO, at 37°C. Cell viability of PANC-1 cells
was determined using MTT assay (Sigma-Aldrich, St. Louis,
MO, USA). miRNA-27a, anti-miRNA-27a and negative mimics
were purchased from Sangon Biotech Co., Ltd. (Shanghai,
China). Cell was transfected using Lipo 3000 reagent (Thermo
Fisher Scientific, Inc., Waltham, MA, USA).

Cell viability assay and cytotoxicity. PANC-1 cells were
seeded in 96-well plates and transfected with miRNA-27a,
anti-miRNA-27a and negative mimics for 0, 24, 48 and 72 h.
MTT assay (10 pul) (5 ug/ml) was added to each well and
incubated for 4 h at 37°C in the dark. DMSO assay (200 pl)
was dissolved into each well and shaked for 20 min. In brief,
LDH assay induced nicotinamide adenine dinucleotide, which
modified tetrazolium dye to a soluble, colored formazan
derivative. Plate microreader (Perkin-Elmer, San Diego, CA,
USA) was used to detect cell absorbance at 490 nm.

Determinationofapoptosis. PANC-1 cells were seeded in 6-well
plates and transfected with miRNA-27a, anti-miRNA-27a and
negative mimics for 48 h. Apoptosis of PANC-1 cells were
analyzed using the Guava Nexin™ kit by flow cytometry
(Roche, Indianapolis, IN, USA). Annexin V-P (10 ul) was
added into PANC-1 cells and incubated for 30 min in dark-
ness. PI (10 ul) was added into PANC-1 cells and incubated
for 30 min in darkness. Flow cytometry (BD Biosciences) was
used to detect apoptosis.

Measurement of caspase-3/9 activity. PANC-1 cells were
seeded in 6-well plates and transfected with miRNA-27a,
anti-miRNA-27a and negative mimics for 48 h. Appropriate
Caspase-Glo reagent (100 pl) was added into each well and
incubated for 1 h at room temperature. Plate microreader
(Perkin-Elmer) was used to detect caspase-3/9 activity absor-
bance at 405 nm.

Western blot analysis. PANC-1 cells were seeded in 6-well
plates and transfected with miRNA-27a, anti-miRNA-27a and
negative mimics for 48 h. The cells were then cultivated by
collecting the supernatant and lysed on ice in a buffer (Beyotime
Biotech, Nanjing China). Protein content was quantitated using
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MicroRNA-27a expression
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Figure 1. miRNA-27a expression of pancreatic cancer. Control, normal
control group. Pancreatic cancer, pancreatic cancer patients group. *p<0.01
compared with control group.

BCA protein assay kit (Pierce, Rockford, IL, USA). A protein
sample of 20 yg was resolved on 12% SDS-PAGE gel and trans-
ferred onto polyvinylidene difluoride membrane. Then, the
membrane was washed three times with 0.1% (v/v) Tween-20
in Tris-buffered saline solution (TTBS; Biosharp, St. Louis,
MO, USA). The membrane was incubated with anti-PAK1
(diluted 1:500; Santa Cruz Biotechnology, Santa Cruz, CA,
USA), anti-phosphorylation of ERK (p-ERK, diluted 1:1,000;
Santa Cruz Biotechnology), anti-Wnt (diluted 1:1,000; Santa
Cruz Biotechnology), anti-f3-catenin (diluted 1:1,000; Santa
Cruz Biotechnology) and GAPDH (Beyotime Biotech) at 4°C
for 6 h. The membrane was incubated the secondary alkaline
phosphatase conjugated goat anti-mouse IgG (diluted 1:500 in
TBS; Beyotime Biotech) for 2 h.

Statistical analysis. The data are expressed as the mean +
standard deviation analyzed using SPSS version 17.0 statis-
tical software (SPSS, Inc., Chicago, IL, USA). An analysis of
variance was performed where appropriate, and the Student-
Newman-Keuls method was used for pairwise comparison.
P<0.05 was considered to indicate a statistically significant
difference.

Results

miRNA-27a expression of pancreatic cancer. To determine
whether the expression of miRNA-27a altered pancreatic
cancer, we extracted serum to measure miRNA-27a expres-
sion. As shown in Fig. 1, miRNA-27a expression in serum of
pancreatic cancer was upregulated, compared with normal

group.

Upregulation of miRNA-27a expression induces cell growth
and migration of pancreatic cancer. To investigate the specific
role of miRNA-27a in regulation of cell growth of pancreatic
cancer, miRNA-27a was upregulated using miRNA-27a
mimics. As shown in Fig. 2A-D, miRNA-27a expression
was significantly upregulated, upregulation of miRNA-27a
expression significantly induced cell growth and migration of
pancreatic cancer, compared with control group.

Upregulation of miRNA-27a expression inhibits apoptosis of
pancreatic cancer. Apoptosis rate and caspase-3/9 activity
were significantly inhibited by miRNA-27a upregulation of
pancreatic cancer, compared with control group (Fig. 2E-H).
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Figure 2. Upregulation of miRNA-27a expression induces cell growth, mig
growth (B), migration rate (C and D), apoptosis rate (E and F), and caspase-3
upregulation of miRNA-27a group. p<0.01 compared with the control group.

Upregulation of miRNA-27a expression inhibits Bax and
induced cyclin DI protein of pancreatic cancer. The protein
expression of Bax was significantly suppressed, cyclin D1
protein expression was significantly induced by miRNA-27a
upregulation of pancreatic cancer, compared with control
group (Fig. 3A-C).

Upregulation of miRNA-27a expression induces Wnt/f3-catenin
pathway of pancreatic cancer. To assess the mechanism
by which miRNA-27a induces apoptosis of PANC-1 cells,
Wnt/B-catenin pathway was analyzed. As shown in Fig. 3D-F,
upregulation of miRNA-27a expression significantly induced
Wnt/p-catenin pathway of pancreatic cancer, compared with
control group.

Downregulation of miRNA-27a expression reduces cell
growth and migration of pancreatic cancer. Next, we reduced
miRNA-27a expression using anti-miRNA-27a mimics.
As shown in Fig. 4A-D, the downregulation of miRNA-27a
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ration and apoptosis of pancreatic cancer. miRNA-27a expression (A), cell
(G) and caspase-9 activity (H). Control, negative control group; miRNA-27a,

expression significantly reduced cell growth and migration of
pancreatic cancer, compared with the control group.

Downregulation of miRNA-27a expression induces apoptosis
of pancreatic cancer. Fig. 4E-H showed that the downregula-
tion of miRNA-27a expression significantly induced apoptosis
and caspase-3/9 activity of pancreatic cancer, compared with
control group.

Downregulation of miRNA-27a expression induces Bax
and suppresses cyclin DI protein of pancreatic cancer.
Downregulation of miRNA-27a expression significantly
induced Bax protein expression and suppressed cyclin D1
protein expression of pancreatic cancer, compared with control
group (Fig. 5A-C).

Downregulation of miRNA-27a expression suppressed
Wnt/(-catenin pathway of pancreatic cancer. To study the
mechanism of miRNA-27a on apoptosis of pancreatic cancer,
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Figure 3. Upregulation of miRNA-27a expression affects Bax, cyclin D1, Wnt and f3-catenin protein of pancreatic cancer. Bax and cyclin D1 protein expres-
sion (A and B), and western blot analysis for Bax and cyclin DI protein expression (C). Western blot analysis for Wnt and $-catenin protein expression (D),
and Wnt and B-catenin protein expression (E and F). Control, negative control group; miRNA-27a, upregulation of miRNA-27a group. *#p<0.01 compared with

control group.

Whnt/p-catenin pathway was measured using western blot
analysis. Wnt/B-catenin pathway of pancreatic cancer was
significantly suppressed by miRNA-27a downregulation,
compared with the control group (Fig. SD-F).

The inhibition of Wnt/B-catenin pathway suppresses
Wnt/B-catenin pathway of pancreatic cancer following
anti-miRNA-27a. In order to strengthen the involvement
of Wnt pathway in anti-miRNA-27a induced apoptosis, we
next checked the levels of Wnt protein expression after Wnt
inhibitor. As showed in Fig. 6A-C, Wnt inhibitor, Wnt-C59,
25 pM, for 48 h, suppressed Wnt/f-catenin pathway of
pancreatic cancer following anti-miRNA-27a, compared with
anti-miRNA-27a group.

The inhibition of Wnt/3-catenin pathway increases the
anticancer effects of anti-miRNA-27a on Bax and cyclin DI
protein of human pancreatic cancer. The induction of Bax
protein expression and suppression of cyclin D1 protein of
human pancreatic cancer following anti-miRNA-27a were
promoted by inhibition of Wnt/B-catenin pathway, compared
with anti-miRNA-27a group (Fig. 6D-F).

The inhibition of Wnt/3-catenin pathway increases the anti-
cancer effects of anti-miRNA-27a on human pancreatic cancer
cells. Compared with anti-miRNA-27a group, the inhibition
of Wnt/B-catenin pathway increased the anticancer effects of

anti-miRNA-27a on the inhibition of human pancreatic cancer
cell growth and migration of pancreatic cancer (Fig. 7A-D).

The inhibition of Wnt/(3-catenin pathway increases the anti-
cancer effects of anti-miRNA-27a on apoptosis of human
pancreatic cancer. The promotion of apoptosis rate and
caspase-3/9 activity of human pancreatic cancer following
anti-miRNA-27a was increased by inhibition of Wnt/p-catenin
pathway, compared with anti-miRNA-27a group (Fig. 7D-G).

The inhibition of Wnt/f-catenin pathway decreases the effects
of miRNA-27a on human pancreatic cancer cell. Moreover, we
found that the inhibition of Wnt/B-catenin pathway suppressed
the effects of anti-miRNA-27a on the induction of Wnt/p-
catenin pathway in human pancreatic cancer cells, compared
with miRNA-27a group (Fig. 8A-C). However, the inhibition
of Wnt/B-catenin pathway induced Bax protein expression and
suppressed cyclin D1 protein expression in human pancreatic
cancer cells, compared with miRNA-27a group (Fig. 8D-F).

The inhibition of Wnt/f-catenin pathway decreases the effects
of miRNA-27a on apoptosis of human pancreatic cancer. The
inhibition of Wnt/B-catenin pathway decreased the effects
of miRNA-27a on the promotion of cell growth and migra-
tion of pancreatic cancer, and the inhibition of apoptosis and
caspase-3/9 activity of human pancreatic cancer, compared
with miRNA-27a group (Fig. 9).
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Figure 4. Downregulation of miRNA-27a expression reduced cell growth, migration and apoptosis of pancreatic cancer. miRNA-27a expression (A), cell
growth (B), migration rate (C and D), apoptosis rate (E and F), and caspase-3 (G) and caspase-9 activity (H). Control, negative control group. Anti-miRNA-27a,
downregulation of miRNA-27a group. #p<0.01 compared with control group.

Discussion

With a rapid course, the onset of pancreatic cancer is hidden.
Early diagnostic methods have not been identified. When
making definite diagnosis, metastasis has already occurred. It
is low in resectability with poor prognosis (1). Statistics from
American Cancer Society show that in 2006, ~33,730 new
cases of pancreatic cancer occurred in US and ~32,300 people
died of it (2). Its morbidity rate has not obviously changed for
decades. Its death rate ranks the fourth among all malignant
cancers. Herein we found that miRNA-27a expression in serum
of pancreatic cancer was upregulated, compared with normal
group. In this study, we only measured miRNA-27a expression
serum of pancreatic cancer, which may still be insufficient,
and we will analyze the expression of miR-27 in cancer cells
from cell line or human tissue in further study.

Molecular diagnostics is a novel clinical diagnostic
method developed in recent years, targeting the detection of
DNA, RNA and protein (12). miRNA has attracted extensive

attention from specialists and scholars in recent years (13).
Altogether 1,048 kinds of human miRNAs have been discov-
ered at present, which differ in their functions to regulate
expression (13). Moreover, abnormal miRNA expression is
suggested to be the early event in pancreatic cancer, which can
reflect the genesis, development and pathological classification
of pancreatic cancer (14). This makes it possible to use miRNA
as the novel biomarker in the early diagnosis of pancreatic
cancer (15). Our study showed that anti-miRNA-27a inhibited
cell growth and apoptosis in pancreatic cancer cells. Li and
Luo ascertained that miR-27a-3p promotes nasopharyngeal
carcinoma cell proliferation and migration (16).

PAKI1 has high expression in various tumor cells, and
also participates in events such as genetic transcription, cell
division and cell movement. We have little knowledge on the
relationship between PAK and Wnt signaling pathway (17).
Current studies are being concentrated on the interaction
between PAK1 and proteins in Wnt signaling pathway. Other
connection between PAK1 and Wnt signal is that Wntl can
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activate PAK1 by inducing expression of WRCHI. The asso-
ciation between PAK1 and Wnt signal is close. It is reported
that silent PAK1 would inhibit the accumulation of (3-catenin
stimulated by insulin. Moreover, reduction of phosphorylation
levels at B-catenin S675 locus was also observed (18). In the
present study, anti-miR-27a significantly suppressed PAK1
pathway of PANC-1 cells. Wang er al identified that miR-27a
regulates Wnt/p-catenin signaling through targeting SFRP1
in glioma (19). However, we only used Wnt-C59 together
with anti-miRNA-27a in this study, which may be insufficient
and we will execute miRNA-27a together with Wnt-C59 to
examine whether a reverse effect existed.

‘Wht signaling pathway plays an important role in embryonic
development and tumorigenesis and 3-catenin is a key compo-
nent in signal processing of Wnt (5). c-Myc functions as the
second target in Wnt signaling pathway. After shifting into cell
nucleus, B-catenin reacts with transcription factors in Tcf/Lef
family (20). B-catenin/Tcf complex activates target genes
such as c-Myc, c-jun and cyclin D1 (5). Furthermore, it causes
abnormal cell proliferation and differentiation, leading to the

occurrence of tumors. In our study we found that anticancer
effect of anti-miR-27a suppresses Wnt/p-catenin pathway of
PANC-1 cells. Wu et al showed that miR-27a could promote
the proliferation and invasion of human gastric cancer via
Wnt/B-catenin signaling pathway (21). Wnt/B-catenin pathway
is complicated, we only checked the p-catenin signaling
pathway and we will explore more signaling pathways (such as
Akt, GSK-3) for miR-27a/Wnt in a further study.

In conclusion, we demonstrated that the miRNA-27a
promotes the cell proliferation and inhibited apoptosis of
human pancreatic cancer cell by activation of Wnt/f-catenin
pathway. These data suggest that miRNA-27a may represent
a promising new index in currently human pancreatic cancer.
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