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miR-205 targets runt-related transcription factor 2
to inhibit human pancreatic cancer progression
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Abstract. Previous studies have demonstrated that
microRNAs (miRs) serve important roles in the progression
of human cancer types, including pancreatic cancer (PC), a
highly lethal malignancy. In the past few decades, several
miRs have been identified to be associated with the overall
survival of patients with PC and have been demonstrated to
be potential therapeutic targets. However, to the best of our
knowledge, the association between miR-205 expression
and the progression of PC has rarely been investigated. In
the current study, low miR-205 expression was revealed in
PC tumor tissues and indicated poor prognosis in patients
with PC. In addition, miR-205 overexpression reduced and
miR-205 depletion enhanced PC cell proliferation and migra-
tion in vitro. Using bioinformatics, a luciferase reporter assay
and western blot analyses, the current study identified that
runt-related transcription factor 2 (RUNX2) was a target of
miR-205 in PC and overexpression of miR-205 suppressed the
expression of RUNX2. Notably, overexpression of RUNX2
partially reversed the inhibitory effect of miR-205 on PC cell
proliferation and migration in vitro. Therefore, the results of
the present study revealed that miR-205 functions as a tumor
suppressor in PC by targeting RUNX2.

Introduction

Pancreatic cancer (PC) is one of the most lethal malignancy
types, with a 5-year survival rate of ~8% (1). The low survival
rate is partly due to more than 50% of patients with PC being
diagnosed at advanced stages (1). Therefore, understanding the
mechanisms underlying the initiation and progression of PC
may assist the development of novel therapeutic strategies.
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MicroRNAs (miRNAs or miRs) are small non-coding
RNAs that participate in diverse cellular processes and nega-
tively regulate gene expression at the post-transcriptional level
by binding with 3'-untranslated regions (3'-UTRs) (2-4). A
number of studies have demonstrated that altered expression
of miRs serves critical roles in human cancers by directly
regulating cell behaviors (5-7). miR-205 expression in humans
was validated by Landgraf et al (8), however, its role in tumor
progression is contradictory (9-12). Zhang et al (9) revealed
that expression of miR-205 was significantly decreased
in radioresistant subpopulations of breast cancer cells
and loss of miR-205 expression was associated with poor
distant relapse-free survival in patients with breast cancer.
Furthermore, the authors identified that miR-205 mimics
could sensitize the tumor to radiation in a xenograft model. By
contrast, miR-205 expression has been identified to be signifi-
cantly increased in several human cancer types, including
ovarian cancer, endometrial cancer and laryngeal squamous
cell carcinoma, in which it was identified to function as an
oncoprotein (10,11,13).

Runt-related transcription factor 2 (RUNX?2), a member of
the RUNX family, functions as a critical regulator for osteoblast
differentiation (14). In addition, Kayed et al (15) demonstrated
that RUNX?2 was overexpressed in PC and could be regulated
by certain cytokines, including transforming growth factor 1
and bone morphogenetic protein 2. However, to the best of
our knowledge, the miRs that regulate RUNX?2 expression
in tumors are unknown. The current study demonstrated
that miR-205 was a tumor suppressor in PC and a regulator
of RUNX2 expression. In addition, the results revealed that
miR-205-induced downregulation of RUNX?2 was associated
with the inhibition of PC cell proliferation and migration.

Materials and methods

Tissue samples. A total of 48 paired fresh frozen PC tumor
tissues and matched normal pancreatic tissues were obtained
from patients who underwent treatment at the Changhai
Hospital, Second Military Medical University (Shanghai,
China) between January 2010 and December 2011. Written
informed consent was obtained from all enrolled patients
(25 female and 23 male; age, 36-74 years). No patients had
ever received preoperative chemotherapy or embolization.
The experimental protocols were approved by the Ethics
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Committee of Changhai Hospital, Second Military Medical
University and conducted according to The Declaration of
Helsinki.

Cell culture. Human PC cell lines (CFPAC-1 and PANC-1)
were obtained from American Type Culture Collection
(Manassas, VA, USA) and grown in Dulbecco's modified
Eagle's medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) (both from Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA). The immortalized
human pancreatic ductal epithelial cell line (HPC-Y5) was
obtained from the Cell Bank of Type Culture Collection,
Chinese Academy of Sciences (Shanghai, China) and cultured
in DMEM supplemented with 10% FBS. Cultured cells were
maintained in a humidified 5% CO, atmosphere at a tempera-
ture of 37°C.

Transfection procedure. miR-205 mimic (5'-UCCUUCAUU
CCACCGGAGUCUG-3") and control (miR-con, 5'-GGU
CCGUCCGUAAUUAUCCUCC-3") oligonucleotides were
purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou,
China). RUNX2 small interfering RNA (siRNA, 5'-AAG
GACAGAGTCAGATTACAG-3") and control (si-con, 5-ATA
AGGTATCGAGACCAGAGA-3") oligonucleotides were also
purchased from Guangzhou RiboBio Co., Ltd. The RUNX2
open reading frame cloned into pcDNA3.1 vector and the empty
vector pcDNA3.1 were purchased from GenScript (Nanjing,
China). Transfection was conducted with Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol (100 nM miRNAs and siRNAs, 5 ug
RUNX2 construct and empty vector). Following transfection
for 48 h, the cells were used for subsequent experiments.

Dual-luciferase 3'-UTR reporter assay. Using the online
prediction algorithm (TargetScan version 7.2; http:/www.
targetscan.org/vert_72/), it was identified that the 3'-UTR of
RUNX2 contains a putative binding sequence of miR-205.
The wild-type (wt) RUNX2 3'-UTR or mutant (mut) RUNX2
3'-UTR sequences were cloned into a pmirGLO control
vector (Promega Corporation, Madison, WI, USA). Cells
were co-transfected with either wt RUNX2 3'-UTR or mut
RUNX2 3'-UTR and miR-205 mimic or miR-con using
Lipofectamine 2000 according to the manufacturer's protocol.
At 48 h following transfection, cells were harvested and lucif-
erase activity relative to the Renilla luciferase activity was
measured using a Dual Luciferase Reporter system (Promega
Corporation) according to the manufacturer's protocol.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was extracted from PC tumor tissue,
matched normal pancreatic tissue and the cell lines CFPAC-1,
PANC-1 and HPC-Y5 using TRIzol reagent (Beyotime
Institute of Biotechnology, Haimen, China) according to the
manufacturer's protocol. For measurement of miRNA expres-
sion levels, 100 ng total RNA was reverse transcribed into
c¢DNA using PrimeScript miRNA cDNA Synthesis kit (Takara
Biotechnology Co., Ltd., Dalian, China). gPCR was subse-
quently performed using SYBR Premix Ex Taqll (Takara
Biotechnology Co., Ltd.) with an Applied Biosystems 7500
Real-Time PCR system (Applied Biosystems; Thermo Fisher
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Scientific, Inc.). The expression of miRNA was normalized to
the expression of the control U6 snRNA. The primers used
were as follows: miR-205 forward, 5'-GCTCCTTCATTCCAC
CGG-3' and reverse, 5'-CAGTGCAGGGTCCGAGGT-3"; and
U6 snRNA forward, 5'-CTCGCTTCGGCAGCACATATA
CT-3' and reverse, 5'"ACGCTTCACGAATTTGCGTGTC-3".
The following thermocycling protocol was used: Denaturation
at 95°C for 10 min, followed by 45 cycles of denaturation at
95°C for 15 sec, annealing at 60°C for 30 sec, and extension
at 72°C for 1 min. Relative expression levels were determined
using the 2424 method (16).

Western blot assay. Total protein was extracted from frozen
tissues and cell lines using RIPA lysis buffer (Beyotime Institute
of Biotechnology) according to the manufacturer's protocol.
The protein concentration was measured using a bicincho-
ninic acid protein concentration determination kit (Beyotime
Institute of Biotechnology). Protein extracts (50 ug) loaded
to each lane were then separated by SDS-PAGE (10% gels)
and transferred onto polyvinylidene fluoride membranes
(EMD Millipore, Billerica, MA, USA). The membranes were
blocked with fat-free milk at room temperature for 4 h. Then,
the membranes were incubated with primary anti-RUNX?2
(1:5,000; cat. no. ab23981) or anti-GAPDH (1:5,000; cat.
no. ab181602) (both from Abcam, Cambridge, UK) at 4°C
overnight. Subsequently, the membranes were incubated with
horseradish peroxidase conjugated goat anti-rabbit secondary
antibody (1:1,000; cat. no. ab205718; Abcam) at room
temperature for 1 h. Bands were visualized using an enhanced
chemiluminescence kit (Beyotime Institute of Biotechnology).
GAPDH was used as a loading control.

Cell proliferation. The rate of cell proliferation was
measured using Cell Counting Kit-8 (Beyotime Institute of
Biotechnology) according to the manufacturer's protocol. Cells
were seeded onto 96-well plates at a density of 4x10° cells per
well. CCK-8 reagent (10 ul) was added to each well at indicated
time points (days 0, 1, 2 and 3). The absorbance was measured
and recorded at 450 nm using a microplate reader (Thermo
Fisher Scientific, Inc.).

Cellular migration. The rate of cellular migration was
measured using a wound-healing assay. A scratch was created
using a micropipette tip on a monolayer surface of cultured
cells. The initial gap length (0 h) and residual gap length at
24 h following wounding were calculated from photomicro-
graphs.

Statistical analysis. Data are presented as the mean + standard
deviation. Student's t-test was used to analyze differences
between two groups. One-way analysis of variance and Tukey's
test were used to analyze differences among three or more
groups. Kaplan-Meier curves were used to establish overall
survival and the survival differences were analyzed using a
log-rank test. The correlation between miR-205 and RUNX2
expression in PC tissues was calculated using Spearman's
correlation coefficient. Data analysis was performed using
SPSS statistical software (version 17.0; SPSS, Inc., Chicago,
IL, USA). P<0.05 was considered to indicate a statistically
significant difference.
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Figure 1. miR-205 expression in pancreatic cancer tissues and cell lines, and its association with overall survival. (A) miR-205 expression levels were analyzed
by RT-qPCR in human pancreatic cancer cell lines (CFPAC-1 and PANC-1) and the immortalized human pancreatic ductal epithelial cell line, HPC-Y5.
“P<0.01 vs. HPC-Y5. (B) miR-205 expression levels were analyzed by RT-qPCR in 48 pairs of human pancreatic cancer tissues and matched non-tumor tissues.
“P<0.01 vs. NT. (C) Kaplan-Meier curve for overall survival analysis of miR-205 expression levels in patients with pancreatic cancer. RT-qPCR, reverse
transcription-quantitative polymerase chain reaction; miR-205, microRNA-205; T, tumor; NT, non-tumor.

Results

miR-205 expression is downregulated in PC tissues and cell
lines. The current study identified that miR-205 expression
levels were significantly downregulated in PC cell lines
(CFPAC-1 and PANC-1) compared with the HPC-Y5 cell
line (Fig. 1A). It was also revealed that miR-205 expression
levels were downregulated in PC tumor tissues compared
with their matched noncancerous tissues (Fig. 1B). miR-205
expression levels in the tumor tissues were used to stratify
the patients into low or high miR-205 expression groups
(cut-off value, 0.55). Results from Kaplan-Meier survival
analysis demonstrated that patients with low levels of
miR-205 expression had a significantly shorter overall
survival compared with those with high miR-205 expression
levels (Fig. 1C).

miR-205 inhibits the expression of RUNX2 in PC. Next, it
was identified that RUNX2 protein expression levels were
significantly increased in PC tissues and cell lines compared
with matched noncancerous tissues and the HPC-Y5 cell line,
respectively (Fig. 2A and B). Furthermore, transfection with
miR-205 mimic significantly increased miR-205 expression
but decreased RUNX2 protein expression levels in PC cell
lines compared with miR-con transfection (Fig. 2C and D).
The online prediction algorithm TargetScan was used to
analyze whether miR-205 could bind to the 3'-UTR of
RUNX?2. It was identified that the 3-UTR of RUNX2 contains
a putative binding sequence of miR-205 (Fig. 2E). Luciferase
reporter assay revealed that transfection with miR-205 mimic
significantly decreased the luciferase activity of the wt
RUNX?2 3'-UTR but had no effect on the luciferase activity of
mut RUNX2 3'-UTR (Fig. 2F). Notably, an inverse correlation
between miR-205 and RUNX2 expression levels was identified
in PC tumor tissues (Fig. 2G).

Elevated expression of miR-205 inhibits PC cell proliferation
and migration in vitro. The effects of miR-205 expression on
PC cell proliferation and migration were assessed by CCK-8
and wound healing assays, respectively. It was identified that
the rate of cellular proliferation in PC cells transfected with
miR-205 mimic was significantly lower compared with those

transfected with miR-con (Fig. 3A). A significant decrease was
also identified in the rate of cell migration in miR-205 mimic
transfected PC cells compared with those transfected with
miR-con (Fig. 3B).

miR-205 inhibits PC cell proliferation and migration by
targeting RUNX2 in vitro. It was then investigated whether
miR-205 targets RUNX2 to regulate PC cell proliferation
and migration. It was first demonstrated that RUNX2 protein
expression levels were decreased by si-RUNX?2 transfection
in PC cell lines (Fig. 4A). In addition, it was identified that
the downregulation of RUNX2 significantly decreased PC
cell proliferation (Fig. 4B) and migration (Fig. 4C) in vitro.
Furthermore, it was demonstrated that RUNX2 protein
expression levels were higher in PC cell lines co-transfected
with miR-205 mimic and RUNX2 expression plasmid
compared with those co-transfected with miR-205 mimic
and pcDNA3.1 (Fig. 4D). In vitro functional assays revealed
that RUNX?2 restoration significantly decreased the inhibition
effect of miR-205 on cell proliferation (Fig. 4E) and migra-
tion (Fig. 4F).

Discussion

PC presents a serious public health challenge due to its
poor overall survival rate and increasing incidence rate in
China (17,18). The association between miRNA expression and
cancer development was first established in 2002 as miR-15 and
miR-16-1 were identified to be aberrantly expressed in 69% of
patients with chronic lymphocytic leukemia (19). Therefore,
targeting miRNAs was recognized as a novel approach for the
treatment of tumors (20,21). Notably, a miRNA mimic termed
MRX34 has entered into a phase I clinical trial for cancer
therapy (22).

miR-205 expression levels vary in humans to function as
either tumor suppressors or promoters (23). However, to the
best of our knowledge, the precise functions of miR-205 in PC
have not been fully understood. In the current study, miR-205
expression levels were revealed to be significantly lower in PC
tumor tissues compared with noncancerous tissues and low
miR-205 expression levels were associated with poor 5-year
overall survival. Therefore, it is of interest to investigate
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Figure 2. miR-205 inhibits RUNX2 expression in pancreatic cancer. (A) RUNX2 expression was evaluated by western blot analysis in pancreatic cancer tissues
and matched non-tumor tissues. (B) RUNX2 expression was evaluated by western blot analysis in human pancreatic cancer cell lines (CFPAC-1 and PANC-1)
and the immortalized human pancreatic ductal epithelial cell line, HPC-Y5. (C) RUNX2 expression levels were evaluated by western blot analysis in CFPAC-1
and PANC-1 cell lines following transfection with miR-205 mimic or miR-con. (D) miR-205 expression levels were analyzed by RT-qPCR in CFPAC-1 and
PANC-1 cell lines following transfection with miR-205 mimic or miR-con. (E) The predicted miR-205 binding sequence within the 3'-UTR of RUNX2.
(F) Relative luciferase activity in human pancreatic cancer cell lines (CFPAC-1 and PANC-1) co-transfected with either wt RUNX?2 3'-UTR or mut RUNX2
3'-UTR and miR-205 mimic or miR-con. (G) Inverse correlation between miR-205 and RUNX2 expression levels in patients with pancreatic cancer (r=-0.49).
“P<0.01, ""P<0.001 vs. miR-con. miR-205, microRNA-205; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; T, tumor; NT, non-tumor;
wt, wild-type; mut, mutant; miR-con, microRNA control; UTR, untranslated region; RUNX?2, runt-related transcription factor 2.
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Figure 3. miR-205 inhibits cell proliferation and migration in CFPAC-1 and PANC-1 cell lines. (A) Cell proliferation of CFPAC-1 and PANC-1 cell lines
following transfection with miR-205 mimic or miR-con. ““P<0.001 vs. miR-con. (B) Cell migration of CFPAC-1 and PANC-1 cell lines following miR-205
mimic or miR-con transfection. “P<0.01 vs. miR-con. miR-205, microRNA-205; miR-con, microRNA control.

the biological role of miR-205 in PC development. In vitro  demonstrated that miR-205 overexpression inhibited PC stem
functional assays demonstrated that elevated miR-205 levels  cell proliferation (24). These results suggest that miR-205
inhibited PC cell proliferation and migration. A recent study  functions as a tumor suppressor in PC.
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Figure 4. RUNX2 restoration partially reverses the effects of miR-205 mimic on cell proliferation and migration. (A) RUNX2 expression levels were evaluated
by western blot analysis in CFPAC-1 and PANC-1 cell lines following si-RUNX2 or si-con transfection. (B) Cell proliferation of CFPAC-1 and PANC-1 cell
lines following si-RUNX2 or si-con transfection. ““P<0.001 vs. si-con. (C) Cell migration of CFPAC-1 and PANC-1 cell lines following si-RUNX2 or si-con
transfection. “P<0.01 vs. si-con. (D) RUNX?2 expression was evaluated by western blot analysis in CFPAC-1 and PANC-1 cell lines following co-transfection
with miR-205 mimic and RUNX2 expression plasmid or pcDNA 3.1. (E) Cell proliferation of CFPAC-1 and PANC-1 cell lines following co-transfection
with miR-205 mimic and RUNX2 expression plasmid or pcDNA 3.1. ““P<0.001 vs. miR-205 mimic + pcDNA 3.1. (F) Cell migration of CFPAC-1 and
PANC-1 cell lines following co-transfection with miR-205 mimic and RUNX2 expression plasmid or pcDNA 3.1. “P<0.01 vs. miR-205 mimic + pcDNA 3.1.
RUNX2, runt-related transcription factor 2; miR-205, microRNA-205; si, small interfering; con, control; OD, optical density.

It has been recognized that miRNAs exert their biological
function through regulating the expression of a number of target
genes (3). For example, zinc finger E-box binding homeobox
1 was identified as a target of miR-205 in epithelial ovarian
cancer and breast cancer (9,10). Using online bioinformatics
analysis, the current study identified that RUNX?2 may be a
target of miR-205. This prediction was further supported by
luciferase reporter and western blot analyses. Notably, it was
revealed that miR-205 and RUNX2 expression were inversely

correlated in PC tumor tissues. In addition, it was identified
that RUNX2 overexpression reversed the inhibitory effects of
miR-205 mimic on PC cell proliferation and migration in vitro.

In summary, the current results demonstrated that miR-205
may serve a critical role in the development and progression
of PC. miR-205 was validated as a tumor suppressor in PC
through the regulation of RUNX2 expression. The current
study provided critical insights into the use of miR-205 as a
potential therapeutic miRNA for PC.
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