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MicroRNA-539 inhibits cell proliferation, colony
formation and invasion in pancreatic ductal
adenocarcinoma by directly targeting IGF-1R
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Abstract. MicroRNAs (miRNAs) possess oncogenic and
tumour-suppressive roles in the carcinogenesis and progression
of pancreatic ductal adenocarcinoma (PDAC) by regulating
the expression of numerous cancer-related genes. Thus, the
investigation on the expression and roles of miRNAs in PDAC
may facilitate the identification of novel and effective targets
for the clinical diagnosis and treatment of patients with PDAC.
miRNA-539 (miR-539) has been studied in multiple types of
human cancer. However, its expression and potential biological
function in PDAC remain unclear. In the current study, the
expression level, clinical significance, roles and underlying
molecular mechanism of miR-539 in PDAC. The present results
demonstrated that miR-539 expression was downregulated in
PDAC tissues and cell lines. A low miR-539 level was associ-
ated with TNM stage and lymph node metastasis of patients
with PDAC. miR-539 overexpression induced a significant
reduction in the proliferation, colony formation and invasion
of PDAC cells. Insulin-like growth factor 1 receptor (IGF-1R)
was confirmed as a direct target gene of miR-539 in PDAC.
Further analysis indicated that IGF-1R was overexpressed in
PDAC tissues. Notably, the mRNA expression of IGF-1R was
negatively correlated with miR-539 levels in PDAC tissues.
In addition, the recovered IGF-1R expression also partially
counteracted the suppressive roles of miR-539 overexpression
in PDAC cells. Overall, miR-539 may inhibit the aggressive
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behaviour of PDAC by directly targeting IGF-1R and may
serve as a novel therapeutic target for patients with this disease.

Introduction

Pancreatic cancer, the most malignant type of digestive
system tumour, ranks as the seventh-most common cause of
cancer-related deaths globally (1). Pancreatic ductal adeno-
carcinoma (PDAC), the main subtype of pancreatic cancer,
accounts for approximately 90% of all pancreatic cancer
cases (2). Despite a remarkable development in treatments
and perioperative management, the prognosis of patients with
PDAC remains poor. The median survival period and 5-year
overall survival rate of patients with PDAC are approximately
6 months and less than 5%, respectively (3). The poor thera-
peutic outcomes of PDAC patients are due to the late onset
of presentation, metastasis and unresponsiveness to chemo-
therapy and radiation therapy (4). The pathogenesis of PDAC
is influenced by various factors, including poor dietary habits,
smoking, excessive drinking, long-term exposure to chemical
carcinogens, diabetes mellitus and chronic pancreatitis (5,6).
However, the detailed mechanisms of the formation and
progression of PDAC remain largely unknown. Therefore, the
molecular mechanism of PDAC onset and development should
be understood, and new therapeutic targets for the treatment
of patients with this highly aggressive malignancy should be
explored.

MicroRNAs (miRNAs) are noncoding and highly conserved
short RNA molecules with 19 to 24 nucleotides implicated in
gene regulation (7). miRNAs are involved in the regulation
of their target genes by base pairing with the 3'-untranslated
regions (3'-UTRs) of their target genes, thereby degrading
mRNA and suppressing translation; thus, the expression levels
of associated proteins are inhibited (8). miRNA dysregulation
frequently occurs in numerous human malignancies, such
as PDAC (9), melanoma (10), gastric cancer (11), colorectal
cancer (12) and bladder cancer (13). Aberrantly expressed
miRNAs play key roles in the initiation and progression of
PDAC by improving oncogene expression or by downregu-
lating the level of tumour suppressor genes (14-16). Hence, an
in-depth understanding of miRNAs expression patterns and
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biological roles in PDAC may be advantageous to the develop-
ment of miRNA-based targeted therapy, which may enhance
the diagnosis, treatment and prognosis of patients with this
fatal disease.

miR-539 has been studied in multiple types of human
cancer (17-19). However, its expression and potential biological
function in PDAC remain unclear. In our current study, we
detected the expression level, clinical significance, roles and
underlying molecular mechanism of miR-539 in PDAC.

Materials and methods

Tissue samples. Forty-five pairs of PDAC tissues and adja-
cent normal pancreatic tissues were collected from patients
who received surgical resection at Yidu Central Hospital of
Weifang between February 2014 and August 2016. All of
the patients did not receive other treatments before surgery.
This research was approved by the Ethics Committee of Yidu
Central Hospital of Weifang (no. 2014036). The use of these
tissue samples was approved by all of the patients before they
participated in this project, and written informed consent was
obtained from all of the patients.

Cell lines. Normal human pancreatic cell line (HPDE6c7) was
acquired from American Type Culture Collection (Manassas,
VA, USA). Four PDAC cell lines (Sw1990, Panc-1, Bxpc-3 and
Aspc-1) from Shanghai Cell Bank of the Chinese Academy of
Sciences (Shanghai, China) were grown in Dulbecco's modi-
fied Eagle's medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin mixture
(all from Gibco; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) and then maintained in a humidified atmosphere with
5% CO, at 37°C.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA of tissue samples or cells was isolated
with a TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.), in accordance with the manufacturer's instructions.
Afterwards, the concentration of total RNA was detected using
a NanoDrop 2000 (NanoDrop Technologies; Thermo Fisher
Scientific, Inc., Pittsburgh, PA, USA). To quantify miR-539
level, total RNA was reversed transcription into complementary
DNA (cDNA) with a TagMan MicroRNA reverse transcription
kit, and then quantitative PCR was conducted with a TagMan
MicroRNA PCR kit (all from Applied Biosystems; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) under Applied
Biosystems® 7900HT Real-Time PCR system (Thermo Fisher
Scientific, Inc.). To analyse IGF-1R mRNA expression, cDNA
was synthesized from total RNA using a Primescript™ RT
reagent kit. Subsequently, the cDNA was subjected into ampli-
fication with a SYBR Premix Ex Tag™ II kit (all from Takara
Biotechnology Co., Ltd., Dalian, China). Relative miR-539
and IGF-1R mRNA expression was normalized to U6 snRNA
and B-action, respectively. Data were analyzed using the 2-44¢4
method (20).

Cell transfection. miR-539 mimics and negative control
miRNA mimics (miR-NC) were obtained from GenePharma
(Shanghai, China). Insulin-like growth factor 1 receptor
(IGF-1R) overexpression vector (pCMV-IGF-1R) and empty
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pCMYV vector were generated from Amspring Biological
Technology Co., Ltd. (Changsha, China). For functional
experiments, the cells were plated in 6-well plates 1 day prior
to transfection. Cell transfection or cotransfection was carried
out using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
The transfected cells were then cultured at 37°C in a humidi-
fied atmosphere with 5% CO,, and the culture medium was
replaced with fresh DMEM containing 10% FBS at 6 h post
transfection.

Cell Counting Kit (CCK)-8 and colony formation assays.
CCK-8 assay was utilised to determine cell proliferative ability.
For CCK-8 assay, the transfected cells were collected and
seeded into 96-well plates at a density of 3x10? cells per well
with 100 pl of the culture medium. The extent of proliferation
was evaluated at 0, 24,48 and 72 h after incubation at 37°C in a
humidified atmosphere with 5% CO,. At each time point, 10 ul
of CCK-8 solution (Dojindo Molecular Technologies, Inc.,
Kumamoto, Japan) was added, and the cells were incubated
for another 2 h. Absorbance was detected at a wavelength of
450 nm by using an enzyme-linked immunosorbent assay
plate reader (BioTek Instruments, Inc., Winooski, VT, USA).

Colony formation assay was carried out to examine the cell
colony formation ability. The transfected cells were harvested
and plated into 6-well plates at a density of 1x10° cells per well.
The plates were shaken to disperse the cells equally, and the
cells were cultured in an incubator at 37°C for 7 days. On day
8, the colonies were fixed with 100% methanol, stained with
0.5% crystal violet and rinsed in phosphate-buffered saline
(PBS). The colonies were observed using a microscope, and
the colonies containing >50 cells were counted.

Cell invasion assay. Transwell chambers with 8 ym pores (BD
Biosciences, San Jose, CA, USA) were applied to assess the
cell invasive ability. The upper chambers were precoated with
100 ul of diluted Matrigel (1 mg/ml; BD Biosciences) and then
incubated at 37°C for additional 1 h. Afterwards, 1x10° trans-
fected cells in FBS-free DMEM were plated into the upper
chambers, and 500 pl of DMEM containing 10% FBS was
added into the lower chambers. The cells were cultured at 37°C
for 24 h, and the cells remaining on the upper chambers were
scraped off gently with cotton swabs. The invading cells were
fixed with 100% methanol, stained with 0.5% crystal violet
and washed with PBS. The invading cells were photographed
and counted under an inverted microscope (CKX41; Olympus,
Tokyo, Japan) in five randomly selected fields.

Bioinformatics prediction. TargetScan (http:/www.targetscan.
org/) and PicTar (http://pictar.mdcberlin.de/) were employed to
predict the potential targets of miR-539. IGF-1R, a well-known
oncogene, was predicted as a major highly conserved target of
miR-539.

Luciferase reporter assay. Luciferase reporter plasmids,
pMIR-IGF-1R-3-UTR wild-type (Wt) and pMIR-IGF-1R-3-UTR
mutant (Mut), were designed, synthesised and confirmed by
GenePharma. The cells were seeded into 24-well plates at
a density of 6x10* cells per well 1 day prior to transfection.
These cells were then transfected with miR-539 mimics or
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miR-NC and cotransfected with pMIR-IGF-1R-3'-UTR Wt or
pMIR-IGF-1R-3'-UTR Mut by using Lipofectamine® 2000,
according to the manufacturer's instructions. Relative luciferase
activities were measured at 48 h posttransfection with a dual-lucif-
erase reporter assay kit (Promega Corporation, Madison, WI,
USA) and normalised to that of Renilla activities.

Western blot analysis. Total protein of tissues or cells was
lysed in a radioimmunoprecipitation assay lysis buffer, and
the concentration of the total protein was detected with a
bicinchoninic acid assay kit (all from Beyotime Institute of
Biotechnology, Haimen, China). Equal amounts of protein
were separated through 10% sodium dodecyl sulfate polyacryl-
amide gel electrophoresis and transferred to polyvinylidene
fluoride membranes (EMD Millipore, Billerica, MA, USA).
These membranes were blocked with 5% non-fat powdered
milk in TBS-Tween-20 (TBST), incubated with primary
antibodies overnight at 4°C, washed with TBST thrice and
further incubated with horseradish peroxidase-conjugated
secondary antibody at room temperature for 1 h. The protein
signals were visualised using an enhanced chemiluminescence
reagents (Pierce; Thermo Fisher Scientific, Inc.). Densitometric
analysis was performed using Quantity One software version
4.62 (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
The primary antibodies used in this study include mouse
anti-human IGF-1R monoclonal antibody (1:1,000 dilution; cat
no. sc-462; Santa Cruz Biotechnology, Inc., Dallas, TX, USA)
and mouse anti-human GAPDH monoclonal antibody (1:1,000
dilution; cat no. sc-365062; Santa Cruz Biotechnology, Inc.).

Statistical analysis. Data were expressed as mean + standard
deviation from at least three separate experiments. SPSS 19.0
(SPSS, Inc., Chicago, IL, USA) was used to perform statis-
tical analysis. Qualitative data were analysed with chi-square
test. Independent Student's t-test and one-way ANOVA with
Student-Newman-Keuls post hoc test were performed to
compare the differences between groups. Spearman correla-
tion analysis was used to examine the correlation between
miR-539 and IGF-1R mRNA in PDAC tissues. P<0.05 was
considered statistically significant.

Results

miR-539 is significantly downregulated in PDAC tissues
and cell lines. To investigate the expression pattern of
miR-539 in PDAC, we measured the miR-539 expression
in 45 pairs of PDAC tissues and adjacent normal pancreatic
tissues using RT-qPCR. Our data showed that the miR-539
expression obviously decreased in PDAC tissues compared
with that in adjacent normal pancreatic tissues (Fig. 1A,
P<0.05). The association between this expression and the
clinicopathological characteristics of PDAC was evaluated
to determine the clinical value of miR-539 in PDAC. Table I
shows that the expression level of miR-539 was significantly
associated with TNM stage (P=0.011) and lymph node
metastasis (P=0.026). However, no correlation was observed
between miR-539 and other clinicopathological features,
including age, sex, tumour site and tumour differentiation
(all P>0.05). RT-qPCR analysis was performed to quantify
the miR-539 expression in four PDAC cell lines, including
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Table I. Association between miR-539 expression and clinico-
pathological characteristics of patients with pancreatic ductal
adenocarcinoma.

miR-539
expression
Clinicopathological
characteristics Low High P-value
Age 0.273
<60 years 11 7
=60 years 12 15
Sex 0.465
Male 15 12
Female 8 10
Tumour size 0.661
<2 cm 10 11
=2 cm 13 11
Tumour differentiation 0.449
Well 11 13
Poor 12 9
TNM stage 0.011*
I-1I 5 13
I-1v 18 9
Lymph node metastasis 0.026°
Negative 7 14
Positive 16 8
“P<0.05.

Sw1990, Panc-1, Bxpc-3 and Aspc-1. The expression level
of miR-539 was underexpressed in all four PDAC cell lines
compared with that of the normal human pancreatic cell
line HPDEG6c7 (P<0.05; Fig. 1B). These results suggested
that miR-539 downregulation might be correlated with
PDAC progression.

miR-539 plays a negative role in human PDAC cell prolifera-
tion, colony formation and invasion. To evaluate the effect of
miR-539 on the oncogenic phenotype of PDAC, we upregulated
the miR-539 expression in Sw1990 and Bxpc-3 cells, whose
endogenous miR-539 expression was relatively lower among
that of the four PDAC cell lines (P<0.05; Fig. 2A). The effect
of miR-539 overexpression on PDAC cell proliferation was
examined with a CCK-8 assay. We found that miR-539 upregu-
lation reduced Sw1990 and Bxpc-3 cell proliferation (P<0.05;
Fig. 2B). A colony formation assay was further conducted
to confirm the inhibitory effect of miR-539 on PDAC cell
proliferation. In Fig. 2C, the upregulation of miR-539 caused
a significant decrease in the colony formation of Sw1990 and
Bxpc-3 cells (P<0.05). We next explored the effect of miR-539
on the cell invasion ability of PDAC. The results of cell inva-
sion assay revealed that miR-539 overexpression decreased
the invasion capacities of Sw1990 and Bxpc-3 cells (P<0.05;
Fig. 2D). These results suggested that miR-539 could perform
tumour suppressive roles in PDAC.
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Figure 1. miR-539 expression levels in PDAC tissues and cell lines. (A) RT-qPCR was used to detect the miR-539 level in 45 pairs of PDAC tissues and adjacent
normal pancreatic tissues. "P<0.05 vs. normal pancreatic tissues. (B) miR-539 expression was determined in four human PDAC cell lines (Sw1990, Panc-1,
Bxpc-3 and Aspe-1) and a normal human pancreatic cell line (HPDE6¢7). "'P<0.05 vs. HPDE6¢7. PDAC, pancreatic ductal adenocarcinoma; RT-qPCR, reverse
transcription-quantitative polymerase chain reaction.
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Figure 2. miR-539 upregulation represses the proliferation, colony formation and invasion of Sw1990 and Bxpc-3 cells. Sw1990 and Bxpc-3 cells were trans-
fected with miR-539 mimics or miR-NC and used in the following assays. (A) Transfection efficiency was evaluated through RT-gPCR. "P<0.05 vs. miR-NC.
(B) Cell proliferative ability was examined with CCK-8 assay. "P<0.05 vs. miR-NC. (C) Colony formation assay was performed to analyse the colony formation
ability. The number of cell colonies was counted under an inverted microscope. ‘P<0.05 vs. miR-NC. (D) Invasion ability was determined using a cell invasion
assay. The invading cells were photographed and counted under an inverted microscope at a magnification of x200. "P<0.05 vs. miR-NC. NC, negative control,
CCK-8, Cell Counting Kit-8; RT-qPCR, reverse transcription-quantitative polymerase chain reaction.

IGF-IR is a direct target of miR-539 in PDAC. To elucidate  as a major highly conserved target of miR-539 and was
the mechanisms by which miR-539 executed its inhibitory  selected for further analysis. Luciferase reporter assay was
effects on PDAC cells, we predicted the putative targets of  performed to validate this speculation and to investigate
miR-539 through bioinformatics prediction. IGF-1R (Fig. 3A),  whether miR-539 could directly interact with the 3'-UTR of
a well-known oncogene in PDAC (21-27), was predicted IGF-1R. miR-539 mimics or miR-NC was transfected into
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Figure 3. IGF-IR is a direct target gene of miR-539 in PDAC. (A) Predicted binding sites of miR-539 in the 3'-UTR of IGF-1R and its mutant control.
(B) Luciferase activities were measured in Sw1990 and Bxpc-3 cells transfected with miR-539 mimics or miR-NC together with pMIR-IGF-1R-3'-UTR Wt
or pMIR-IGF-1R-3'-UTR Mut. ‘P<0.05 vs. miR-NC. (C and D) RT-qPCR and western blot analysis of the mRNA and protein expression levels of IGF-IR in
Sw1990 and Bxpc-3 cells transfected with miR-539 mimics or miR-NC, respectively. ‘P<0.05 vs. miR-NC. IGF-IR, insulin-like growth factor 1 receptor;
PDAC, pancreatic ductal adenocarcinoma; 3'-UTR; 3'-untranslated region; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; NC,

negative control.

Sw1990 and Bxpc-3 cells in combination with pMIR-Report
vector containing wild-type (Wt) IGF-1R 3'-UTR or mutant
(Mut) IGF-1R 3'-UTR. The ectopic of miR-539 expression
resulted in a significant decrease in the luciferase activities of
pMIR-IGF-1R-3'-UTR Wt (P<0.05). However, the mutation of
the binding sequences of miR-539 in the 3'-UTR of IGF-1R
abolished the suppressive effect of miR-539 on luciferase
activities (Fig. 3B). We also examined the effect of miR-539
on the endogenous IGF-1R expression in PDAC. RT-qPCR and
Western blot analysis demonstrated that the enforced expres-
sion of miR-539 reduced the IGF-1R expression in Sw1990 and
Bxpc-3 cells at mRNA (P<0.05; Fig. 3C) and protein (P<0.05;
Fig. 3D) levels. These results evidently suggested that IGF-1R
is a direct target of miR-539 in PDAC.

IGF-IR upregulation in PDAC tissues is inversely correlated
with miR-539 level. RT-qPCR analysis was carried out on
45 pairs of PDAC tissues and adjacent normal pancreatic
tissues to further examine the association between miR-539
and IGF-1R in PDAC. The mRNA expression level of IGF-1R
was remarkably overexpressed in the PDAC tissues compared
with that in the adjacent normal pancreatic tissues (P<0.05;
Fig. 4A). Western blot analysis also revealed that PDAC
tissues exhibited a significantly upregulated protein level of

IGF-1R compared with that in the adjacent normal pancreatic
tissues (Fig. 4B). Furthermore, the association between the
mRNA expression of IGF-1R and miR-539 levels in the PDAC
tissues was examined through Spearman correlation analysis.
In Fig. 4C, the mRNA expression of IGF-1R was inversely
associated with miR-539 expression levels in the PDAC
tissues (r=-0.5841, P<0.0001). These results suggested that
the miR-539 downregulation might at least partly increase the
IGF-1R expression in PDAC tissues.

Recovered IGF-IR expression partially counteracts the
suppressive effects of miR-539 overexpression on PDAC
cells. A series of rescue experiments were applied to further
address that the tumor suppressive roles of miR-539 on PDAC
cells were mediated by the inhibition of IGF-1R. Sw1990
and Bxpc-3 cells were cotransfected with miR-539 mimics
and empty pCMYV vector or IGF-1R overexpression vector
(pCMV-IGF-1R). After transfection for 72 h, western blot
analysis confirmed that the IGF-1R protein levels were restored
in Sw1990 and Bxpc-3 cells cotransfected with miR-539
mimics and pCMV-IGF-1R compared with those in the cells
cotransfected with miR-539 mimics and pCMV (P<0.05;
Fig. 5A). CCK-8, colony formation and cell invasion assays
indicated that the IGF-1R overexpression partially rescued the
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CCK-8, Cell Counting Kit-8.

inhibitory effects of the miR-539 overexpression on Sw1990
and Bxpc-3 cell proliferation (P<0.05; Fig. 5B), colony forma-
tion (P<0.05; Fig. 5C) and invasion (P<0.05; Fig. 5D). Overall,
the tumour-suppressing effects of miR-539 overexpression on
PDAC cells are partly achieved by downregulating the IGF-1R
expression.

Discussion

miRNAs possess the oncogenic and tumour-suppressive roles
in the carcinogenesis and progression of PDAC by regulating
the expression of numerous cancer-related genes (28-30).
Thus, the investigation on the expression and roles of miRNAs

in PDAC may promote the identification of novel and effec-
tive targets for the clinical diagnosis and treatment of patients
with this cancer. This study is the first to explore the expres-
sion pattern, biological roles and underlying mechanisms of
miR-539 in PDAC. Here, we found that miR-539 was obvi-
ously downregulated in the PDAC tissues and cell lines. The
decreased miR-539 level was strongly correlated with TNM
stage and lymph node metastasis. Functional experiments
indicated that the upregulation of miR-539 restricted the
cell proliferation, colony formation and invasion of PDAC.
Furthermore, IGF-1R was confirmed as a direct target of
miR-539 in PDAC. IGF-1R upregulation in the PDAC tissues
was inversely correlated with the miR-539 level. IGF-1R
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overexpression partially rescued the suppressive roles in the
PDAC cells induced by miR-539 overexpression. These results
suggested that miR-539 might be a suitable therapeutic target
for the treatment of patients with this fatal malignancy.

miR-539 dysregulation has been observed in multiple types
of human cancer. For example, miR-539 is downregulated
in colorectal cancer tissues, and this phenomenon is associ-
ated with clinical stage and lymph node metastasis (17). The
expression pattern of miR-539 is also decreased in glioma (18),
oesophageal cancer (19), hepatocellular carcinoma (31,32),
prostate cancer (33), nasopharyngeal carcinoma (34), osteosar-
coma (35) and thyroid cancer (36). These findings suggested
that miR-539 downregulation is a common event in human
cancer and may represent useful markers for cancer diagnosis.

miR-539 performs important functional roles in tumour
occurrence and development. For instance, miR-539
re-expression suppresses the growth and metastasis of
colorectal cancer cells in vitro and impairs tumour growth
invivo (17). Quan et al (18) found that ectopic miR-539 expres-
sion causes an evident reduction in the cell proliferation and
invasion of glioma. Li et al (19) reported that the ectopic of
miR-539 expression represses the epithelial-to-mesenchymal
transition of cells in oesophageal cancer. Zhu (31) and
Liu et al (32) demonstrated that miR-539 upregulation restricts
the growth and metastasis of hepatocellular carcinoma cells,
induces apoptosis in vitro, decreases tumour growth and
tumourigenesis in vivo and increases the chemosensitivity of
trioxide-resistant cells to arsenic trioxide. Zhang et al (33)
revealed that miR-539 overexpression inhibits the prolifera-
tion, migration and invasion of prostate cancer cells in vitro
and in vivo. Lv et al indicated that the induced miR-539 expres-
sion attenuates the proliferation of nasopharyngeal carcinoma
cells, triggers cell cycle arrest in vitro and reduces cell growth
in vivo (34). Jin and Wang (35) and Gu and Sun (36) showed
that the resumption of miR-539 expression prevents the migra-
tion and invasion of osteosarcoma and thyroid cancer cells.
These findings suggested that exogenous miR-539 may have a
therapeutic value for patients with cancer.

miRNAs can affect carcinogenesis and cancer progres-
sion by directly regulating target genes expression. Several
targets identified for miR-539 thus far include RUNX?2 (17)
in colorectal cancer, DIXDC1 (18) in glioma, TWIST1 (19) in
esophageal cancer, FSCNI1 (32) in hepatocellular carcinoma,
SPAGS (33) in prostate cancer, CDK4 (34) in nasopharyngeal
carcinoma, MMPS8 (35) in osteosarcoma and CARMA1 (36)
in thyroid cancer. In our study, IGF-1R, a transmembrane tyro-
sine kinase receptor, was validated as a novel target of miR-539
in PDAC. IGF-IR protein is composed of two extracellular a
subunits with a ligand-binding site and two transmembrane 3
subunits with intracellular tyrosine kinase activity (37). IGF-1R
is overexpressed in numerous kinds of human malignancies,
such as ovarian cancer (38), hepatocellular carcinoma (39),
renal cell carcinoma (40), lung cancer (41), gastric cancer (42)
and bladder cancer (43). IGF-1R is also highly expressed in
PDAC tissues, and this upregulation is strongly associated with
tumour location, histological grade and TNM stage (21,22).
The prognosis of patients with PDAC with a high IGF-1R
expression is poorer than that of patients with a low IGF-1R
expression (22). IGF-1R dysregulation is implicated in the
aggressiveness of PDAC by regulating various pathological
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processes, such as cell proliferation, apoptosis, migration,
invasion, epithelial-to-mesenchymal transition, angiogenesis
and chemoresistance (23-27). Thus, the inhibition of IGF-IR is
a promising therapeutic strategy for patients with PDAC.

In conclusion, this study demonstrated that the miR-539
expression was downregulated in PDAC tissues and cell lines.
Decreased miR-539 levels were significantly correlated with
TNM stage and lymph node metastasis. miR-539 upregulation
restricted the proliferation, colony foramtion and invasion of
PDAC cells by directly targeting and inhibiting IGF-1R. These
findings may provide novel insights into the mechanisms asso-
ciated with the rapid growth and early metastasis of PDAC.
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