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MicroRNA-183-5p promotes the proliferation, invasion and
metastasis of human pancreatic adenocarcinoma cells
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Abstract. The aim of the current study was to investigate
the potential role of microRNA-183-5p (miR-183-5p) in
the proliferation, invasion and metastasis of pancreatic
cancer, and to identify promising target genes of oncogenic
miR-183-5p. Western blotting and quantitative polymerase
chain reaction (QPCR) were used to investigate whether
these oncogenic microRNAs may be useful as biomarkers
in pancreatic carcinoma (PaCa). Potential target genes were
verified using miRDB, PicTar and TargetSCAN, and qPCR
was used to detect the expression of miR-183 and suppressor of
cytokine signaling 6 (SOCS-6; a potential target of miR-183)
in PANC-1 PaCa cells and in the HPDE6-C7 pancreatic
ductal cell line for comparison. The function of miR-183 in
cell proliferation, wound healing, invasion and migration
was also investigated using a miR-183 inhibitor. Western blot
analysis was used to confirm SOCS-6 as a tumor suppressor
and qPCR was used to detect and confirm that this potential
target gene is directly regulated by miR-183. The results indi-
cated that the expression of miR-183 in PANC-1 cells was
upregulated compared with that in HPDE6-C7 cells, whilst
the expression of SOCS-6 was downregulated. SOCS-6
expression was also significantly lower in PaCa tissues
compared with that in matched normal pancreatic tissues
from PaCa patients. Furthermore, expression of miR-183 was
inversely correlated with that of SOCS-6. miR-183 knock-
down decreased cell growth and motility in pancreatic cancer
cells and significantly increased the expression of SOCS-6.
These data suggest that oncogenic miR-183 may be useful
as a pancreatic cancer biomarker. In addition, inhibition of
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miR-183 expression may be beneficial as PaCa treatment.
SOCS-6 is a potential target gene of miR-183.

Introduction

Pancreatic carcinoma (PaCa) is the fourth leading cause of
cancer-related mortality in the USA (1) and is associated with
~227,000 mortalities per year worldwide (2). It is one of the
most aggressive malignancies, with a 5-year survival rate of
<2% (3). Research has confirmed that PaCa may be consid-
ered a disease of genetic mutation, involving tumor-suppressor
gene inactivation and oncogene activation (4). Alterations
in microRNA (miRNA) expression appear to contribute to
pancreatic cancer development and progression; overexpres-
sion of a number of miRNAs, including miR-21, miR-34,
miR-155 and miR-200, is reported to be important for
neoplastic progression (5-8).

miRNAs are a class of small, conservative and endogenous
non-coding single-stranded RNAs of 17-24 nucleotides in length.
These molecules regulate the expression of protein-coding
genes at the translational level via complementary sequences
in the 3'-untranslated region (3'UTR) of mRNA: miRNAs form
part of an RNA-induced silencing complex (9), which binds to
the 3'UTR of a target gene, triggering degradation or preventing
translation of the target mRNA (10,11).

miRNA-183 (miR-183) is located on chromosome 7q32
and is dysregulated in numerous types of tumor (12). Studies
have demonstrated that miR-183 is involved in the modulation
of various cellular processes and is important in the differ-
entiation of malignant tumors (13-15). In addition, miR-183
is involved in the regulatory mechanisms of tumor invasion
and metastasis (16). Studies have reported that miR-183
is overexpressed in the majority of tumor types, including
breast cancer (17) and prostate cancer (18). A number of
experimental studies have found that miRNAs are involved in
multiple processes of cancer progression, including cancer cell
proliferation and metastasis (19-21). However, we also found
that miR-183 is downregulated in certain tumors, such as reti-
noblastoma (22) and lung cancer (23), and may act as a tumor
suppressor. A number of studies have demonstrated that the
miR-183 carcinogenic mechanism depends on the regulation
of oncogenes or tumor-suppressor genes: Ueno et al (24) iden-
tified Dkk-3 and SMAD4 as potential target genes of miR-183,
whilst Tanaka et al (25) reported that the upregulation of
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miR-183 in glioblastomas is associated with the expression
of hypoxia-inducible factor la. In addition, Sarver et al (26)
confirmed miR-183 acts as an oncogene through regulation
of two tumor-suppressor genes, early growth response 1 and
phosphatase and tensin homolog.

The literature indicates that miR-183 may be an oncogene
in a number of cancer types. High expression levels of miR-183
have also been reported in pancreatic cancer (27); however, the
biological characteristics and targets of miR-183 are not well
understood. Meanwhile, suppressor of cytokine signaling 6
(SOCS-6) is a known tumor suppressor. Based on findings
from target gene detection software (miRDB, PicTar and
TargetSCAN), we hypothesized that the differential expres-
sion of miR-183 may result in the downregulation of SOCS-6
proteins, which are important mediators of cellular growth,
invasion and metastasis.

Materials and methods

Tissue samples and cell lines. Pancreatic adenocarcinoma
tissues and respective adjacent normal ductal epithelial tissues
were obtained postoperatively from 24 patients (18 males
and 6 females; mean age, 59.8 years; range, 48-75 years),
following pancreaticoduodenal resection, who were pathologi-
cally diagnosed with stage I disease, according to Hermeck
staging (28), at Fujian Medical University Union Hospital
(Fuzhou, China) between January 2009 and August 2013. All
diagnoses were based on pathological evidence. The tissue
samples were paraffin-embedded and stored prior to use. The
human pancreatic cancer cell line PANC-1 and pancreatic
ductal cell line HPDE6-C7 were obtained from the Institute
of Liver and Gallbladder Surgery of Union Hospital, and were
maintained in Dulbecco's modified Eagle's medium (DMEM)
supplemented with 10% fetal bovine serum (FBS; Gibco Life
Technologies, Grand Island, NY, USA). Cells were grown in
an incubator at 37°C in a humidified atmosphere of 5% CO,.
This study was approved by the ethics committee of Fujian
Medical University Union Hospital.

Target prediction. Target gene detection software, TargetSCAN
(http:/www.targetscan.org/mamm_31/; Whitehead Institute for
Biomedical Research, Cambridge, MA, USA), miRDB (http://
www.mirdb.org/miRDB/) (29) and PicTar (http:/www.pictar.
org/; Max Delbriick Center for Molecular Medicine, Berlin,
Germany) were used to identify complementary sequences
between the miR-183-5p and SOCS-6 genes, using the miRNA
gene name 'has-miR-183' to predict miRNA targets.

Cell transfections. The miR-183-5p inhibitor and negative
control (NC) gene fragments were obtained from Shanghai
GenePharma, Co.. Ltd., (Shanghai, China). Transfections
were performed using Lipofectamine 2000 (Invitrogen Life
Technologies, Carlsbad, CA, USA) according to the manufac-
turer's protocol. Cells were grown in 6-well culture plates until
70-80% confluence. For each well, 5 ul human miR-183-5p
inhibitor or NC were added to 250 1l DMEM with 5 ul
Lipofectamine 2000. The mixture was added to the cells and
incubated for 24-48 h. Total RNA and protein were used for
quantitative polymerase chain reaction (QPCR) or western blot
analysis following transfection.
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qPCR. Total RNA was extracted from cells using Trizol reagent
according to the manufacturer's instructions (Invitrogen Life
Technologies). The miR-183-5p and SOCS-6 levels in PANC-1
cells were quantified and validated by gPCR using Maxima®
SYBR Green/ROX qPCR Master Mix (2X) (#K0221; Thermo
Fisher Scientific, Pittsburgh, PA, USA), with U6 small nuclear
RNA as an internal normalized reference. For mRNA detection,
reverse transcription was performed according to the protocol
provided with the RevertAid First Strand cDNA Synthesis Kit
(#K1622; Thermo Fisher Scientific). Using GAPDH mRNA levels
fornormalization,relative levels of miR-183-5p and SOCS-6 were
measured in triplicate in a StepOne™ Real-Time PCR System
(Applied Biosystems Life Technologies, Foster City, CA, USA)
according to the supplier's instructions. The primers used were
as follows: miR-183-5p forward, 5'-CGCGGTATGGCACTGG-
TAGA-3', and reverse, 5" AGTGCAGGGTCCGAGGTATTC-3";
U6 forward, 5'-CTCGCTTCGGCAGCACATA-3, and reverse,
5'-CGAATTTGCGTGTCATCCT-3"; SOCS-6 forward,
5'-CCCGAGGATGAGAGTCAGGTAG-3', and reverse,
5-"TGGAGGTAGCAATGGTGAGAGTG-3'; and GAPDH
forward, 5'"TGCACCACCAACTGCTTAGC-3', and reverse,
5-AGCTCAGGGATGACCTTGCC-3". The qPCR conditions
consisted of a uracil-N-glycosylase carry-over protection step of
55°C for 2 min, 10 min of DNA polymerase activation at 95°C,
followed by 40 cycles of 95°C for 15 sec and 60°C for 60 sec.
The expression level of miRNA was statistically evaluated by
a Student's #-test using GraphPad Prism 5 software (GraphPad
Software, Inc., La Jolla, CA, USA).

Western blotting and immunohistochemistry (IHC). Total
protein extracted from the untransfected, miR-183-5p inhib-
itor-transfected and NC-transfected PANC-1 cells was subjected
to 10% SDS-PAGE (Bio/West, Inc., Salt Lake City, UT, USA)
at 80 V and transferred to polyvinylidene fluoride membranes
(Millipore, Billerica, MA, USA) at 120 V. The transferred
membranes were blocked for 2 h with 5% non-fat powdered milk
and incubated with the following primary antibodies, diluted
1:1,000, overnight at 4°C: Monoclonal mouse anti-human SOCS6
(#ab56516; Abcam, Cambridge, MA, USA) and monoclonal
mouse anti-human (-actin antibody (#sc-47778; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA). The membranes were
subsequently incubated for 30 min at room temperature with
the respective monoclonal goat anti-mouse horseradish peroxi-
dase-conjugated IgG secondary antibodies (#A0216; Beyotime
Institute of Biotechnology, Shanghai, China; dilution, 1:5,000)
following the manufacturer's instructions, and then exposed to
X-ray film (Kodak, Rochester, NY, USA). B-actin levels were
used to standardize protein loading, with the assumption that
the level of -actin would be similar in all cells. IHC (30) was
performed with a rabbit polyclonal IgG antibody against human
SOCS-6 (#sc-5608; Santa Cruz Biotechnology, Inc.; dilution,
1:200) and MaxVision™ HRP-Polymer anti-Mouse IHC Kit
(Fuzhou Maixin Biotech, Co., Ltd., Fuzhou, China) using the
standard method.

Cell proliferation assay. The Cell Counting Kit-8 (CCK-8;
Beyotime Institute of Biotechnology) was used for the detec-
tion of cell proliferation. In 96-well plates, ~10° cells per well
were incubated in DMEM for 48 h prior to the addition of
10 ul CCK-8 solution. The mixture was incubated at 37°C
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for 4 h, during which time CCK-8 was cleaved to an orange
formazan dye by metabolically active cells. Following incu-
bation, the absorbance of the formazan product was measured
using an enzyme-linked immunosorbent assay reader (550;
Bio-Rad Laboratories, Inc., Hercules, CA, USA) at 450 nm.

Wound-healing assay. Pancreatic cancer cells were seeded in
6-well plates and transfected with miR-183-5p inhibitor or NC,
or untreated. After 24 h, a wound was formed by scraping the
cells with a 20 pl pipette tip and washing twice with DMEM.
The cells were kept without bovine serum albumin (BSA) in
DMEM. Cells were observed at 0 and 48 h after scraping and
images were captured under a microscope (TE2000-U; Nikon
Corporation, Tokyo, Japan).

Cell invasion assays. Invasion assays were performed using
24-well transwell chambers (8 ym; Corning Life Sciences,
Corning, NY, USA), fibronectin (FN; BD Biosciences,
San Jose, CA, USA) and Matrigel™ (BD Biosciences). The
upper chambers were covered with 50 mg/ml Matrigel™ inside
and FN outside. PANC-1 cells transfected with miR-183-5p
inhibitor or NC were suspended in DMEM without FBS in
the upper chambers, and the cell concentration was adjusted
to 5x10° cells/ml. Aliquots of the suspension (~200 ul)
were seeded into the upper chambers, and 1 ml of DMEM
containing 10% FBS was added to the lower chambers. After
48 h, the migrated cells were fixed with 95% ethanol and
5% acetic acid before staining with hematoxylin (Beyotime
Institute of Biotechnology) for 5 min.

Statistical analysis. Data collected from at least three inde-
pendent experiments are expressed as the mean + standard
deviation. Differences between groups were analyzed using
two-tailed Student's #-test after fitting a normal distribution
using an F-test. All tests performed were two-sided. All
statistical analyses were performed using GraphPad Prism 5
software and P<0.05 was regarded to indicate statistical
significance.

Results

SOCS-6 may be a target gene of miR-183. qPCR was used
to detect the expression of miR-183 in the PaCa cell line
PANC-1 and in the normal pancreatic cell line HPDE6-C7
to confirm whether miR-183-5p is dysregulated in pancreatic
cancer. The expression of miR-183-5p in PANC-1 cells was
observed to be significantly higher than that in HPDE6-C7
cells (P=0.0003; Fig. 1A).

To establish more regarding the biological relationship
between SOCS-6 and miR-183-5p in pancreatic cancer, the
miRNA target gene prediction software TargetSCAN was
used to forecast the target genes of miR-183-5p. miR-183
was found to be complementary to the 3'-UTR of SOCS-6
(Fig. 1B). qPCR was subsequently used to test SOCS-6
expression in PANC-1 and HPDEG6-C7 cells, revealing
that SOCS-6 expression was downregulated in PANC-1
compared with HPDE6-C7 (Fig. 1A, P<0.0001). However,
transfection of PANC-1 cells with a miR-183-5p inhibitor
resulted in an increase in SOCS-6 expression relative to
that of untransfected PANC-1 cells (Fig. 1C, P=0.0028).
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Figure 1. (A) miR-183-5p level was analyzed by qPCR. miR-183-5p
expression in PANC-1 pancreatic carcinoma cells was significantly higher
than that in HPDE6-C7 normal pancreatic cells (P=0.0003); however, the
SOCS-6 level was downregulated in PANC-1 compared with HPDE6-C7
(P<0.0001). (B) Complementary sequence between miR-183-5p and SOCS-6
3-UTR. (C) SOCS-6 expression levels increased markedly in PANC-1 cells
transfected with miR-183-5p inhibitor vs. untransfected cells (P=0.0028),
however, the levels of SOCS-6 in PANC-1 cells transfected with NC did not
differ from that of untreated PANC-1 cells. The results represent the relative
level of SOCS-6 in PANC-1. (D) Western blot analysis revealed that SOCS-6
expression was significantly higher after transfection with a low dose of
miR-183 inhibitor than in PANC-1 cells treated with NC or untreated. -actin
was used as internal reference positive control. miR/miRNA, microRNA;
qPCR, quantitative polymerase chain reaction; SOCS-6, suppressor of cyto-
kine signaling 6; NC, negative control; UTR, untranslated region.

Western blot analysis (Fig. 1D) was also used to analyze
the change in SOCS-6 expression in cells transfected with
the miR-183-5p inhibitor. The outcome was consistent with
that of the qPCR. All results indicated that SOCS-6 may be
a target gene of miR-183-5p. Thus, further investigation of
the changes in SOCS-6 expression in pancreatic cancer tissue
must be conducted.
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Figure 2. Immunohistochemistry revealed that SOCS-6 expression was significantly higher in (A) PaCa-adjacent normal pancreatic tissue compared with
(B) PaCa tissue. PaCa, pancreatic carcinoma. Magnification, x400.
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Figure 3. (A) miR-183-5p transfected PANC-1 pancreatic carcinoma cells; the transfection efficiency was ~60%. (B) CCK-8 assay: Cell proliferation decreased
significantly in PANC-1 cells transfected with miR-183-5p inhibitor compared with PANC-1 cells transfected with NC (P<0.001) and untreated PANC-1 cells
(P<0.001). (C) Wound-healing assay: Adhered cell monolayers were scratched with a 20 y1 pipette tip and wound-healing capacity was monitored by microscope
after 0 and 24 h. The wound closure rate of PANC-1 cells transfected with miR-183 inhibitor was significantly lower than that of PANC-1 cells transfected with
NC (P=0.0004) and untransfected PANC-1 cells (P=0.0012). (D) PANC-1 cells were transfected with miR-183-5p inhibitor or NC for 48 h; cell invasion ability
was measured by Matrigel invasion assays. After transfection with miR-183-5p inhibitor, the PANC-1 cell invasion ability was lower compared with that of
untransfected PANC-1 cells (P<0.0001) or cells transfected with NC (P<0.0001). miR, microRNA; NC, negative control; CCK-8, cell counting kit-8.
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To further confirm these findings, IHC was performed on
PaCa tissue and adjacent normal pancreatic tissue from PaCa
patients, revealing that SOCS-6 expression was significantly
higher in normal pancreatic tissue compared with that in PaCa
cells (Fig. 2). The result is consistent with those of the western
blot and qPCR.

Inhibition of miR-183-5p expression inhibits cell prolifera-
tion in PANC-I cells. The SOCS family has been proposed
to act predominantly as negative regulator of signaling by
cytokines and certain growth factors (31). We hypoth-
esized that SOCS6 is a direct target of miRNA-183-5p and,
therefore, that miR-183-5p is likely to be connected with
tumor proliferation. To confirm this, CCK-8 assays were
performed in PANC-1 human PaCa cells, which highly
express miR-183-5p. The miR-183-5p inhibitor was observed
to reduce cell proliferation at 1-3 days after transfection
(transfection efficiency, ~60%; Fig. 3A) compared with the
NC-transfected and untransfected PANC-1 cells (P<0.001;
Fig. 3B), which remained similar throughout the 72 h assay
period. These results indicate that anti-miR-183-5p may
repress the proliferation of PANC-1 cells.

Inhibition of miR-183-5p expression represses PANC-1 cell
migration and invasion. To study the role of miR-183-5p in
the invasion and metastasis of pancreatic cancer, a transwell
assay and wound healing/scratch test were used to detect the
capacity of invasion and migration in PANC-1 cells following
transfection with a miR-183-5p inhibitor. As shown in
Fig. 2C, transfection with the miR-183-5p inhibitor reduced
the migratory ability of PANC-1 cells compared with the
untreated (P=0.0012) and NC cells (P=0.0004). Invasive
capacity was also repressed by the miR-183-5p inhibitor
compared with that in NC and untreated cells (P<0.001;
Fig. 2D). These results indicate that downregulation of
miR-183-5p inhibits the migration and invasion of PANC-1
cells in vitro.

Discussion

Various miRNAs have been reported to be dysregulated in
PaCa; these molecules may function as tumor-suppressor
genes (Let-7, miR-20a, miR-143) (32-34) or oncogenes
(miR-181, miR-21, miR-10a, miR-196a) (30,35-40). A
number of these miRNAs are associated with the invasive
and metastatic abilities of pancreatic cancer cells. For
example, downregulation of miR-218 has been demonstrated
in PANC-1 cells. Forced expression of miR-218 was found
to inhibit cell migration and invasion in a roundabout
homolog 1 (ROBOI1)-dependent manner and ROBOI1
has previously been identified as a functional target of
miRNA-218's downstream pathway, which is involved in the
invasion and migration of pancreatic cancer (41). miR-26a
has also been reported to impair cell migration, invasion
and apoptosis in PANC-1 cells by controlling the expression
of high mobility group AT-hook 1 (HMGAI1); the authors
demonstrated that the oncogene HMGA1 was a direct target
of miR-26a (42). In addition, a previous study revealed
that expression of miR-126 was promoted in pancreatic
carcinoma cells, and the expression of the tumor suppressor
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gene, disintegrin and metalloproteinase domain-containing
protein 9 (ADAMDY), was suppressed; blocking miR-126
decreased migration and invasion (43). These results indi-
cated that the miR-126/ADAMD axis exerts a critical role in
pancreatic carcinoma (43). Another previous study showed
that endogenous miR-224 and miR-468 inhibited the expres-
sion of the tumor suppressor gene, CD40, in PANC-1 and
promoted cell metastasis and invasion, indicating that they
exhibited an important role in the progression of pancreatic
cancer (44). These findings demonstrate that miRNA expres-
sion is dysregulated in PaCa cell lines, and miRNAs may
promote or inhibit PaCa cell migration and invasion by
targeting certain mRNAs.

Invasion and metastasis are the main determinants of
poor prognosis in pancreatic cancer (7). The functional study
of miR-183 in malignancy has been previously reported in
most tumors (15,45-47). miR-183 is downregulated in HeLa
cells, and has been demonstrated to mediate the invasive
and metastatic ability of HeLa cells by directly targeting
integrin Bl (48). miR-183 is likely to have numerous targets
via which it modulates biological functions in cancer
cells (45,46,49). However, miR-183 is rarely reported in
similar research reports regarding pancreatic carcinoma
and did not show relevant biological characteristics and
molecular mechanisms. In the current study, the expression
of miR-183-5p was found to be significantly upregulated in
PaCa cell lines, whilst expression of SOCS-6 was markedly
downregulated in PaCa tissues and cell lines. To inves-
tigate the mechanism by which miR-183 may promote the
metastasis of PaCa, the miRNA target prediction programs
TargetScan, PicTar and miRDB were employed to identify
the direct targets of miR-183 (50). All three programs
predicted SOCS-6 to be a target of miR-183. To verify the
effect of miR-183 on SOCS-6 expression, a miR-183 inhibitor
was transfected into PANC-1 cells. Notably, following
transfection with the miR-183 inhibitor, SOCS-6 expression
these cells increased significantly, as indicated by qPCR and
western blot analysis. By contrast, PANC-1 cells transfected
with NC or without transfection exhibited no significant
change in SOCS-6 expression. The current study also found
that suppressing the expression of miR-183-5p significantly
repressed the proliferative, invasive and metastatic abilities
of PANC-1 cells. Taken together, these findings suggest that
miR-183 may promote proliferation, invasion and migration
of PaCa cells. In addition, SOCS-6 expression is inversely
associated with the proliferation, invasion and migration of
PaCa cells. By downregulating SOCS-6, miR-183 may act as
an accelerant factor in the progression of PaCa cells.

The SOCS family of proteins consist of eight members:
SOCSI1 to SOCS7 and cytokine-inducible SH2-containing
protein (CISH) (51). Similar to other SOCS family members, the
degradation of target proteins is the predominant regulatory effect
of SOCS-6 (52). Sriram et al (53) reported that loss of SOCS-6 is
associated with significantly shorter overall survival time in lung
small cell carcinoma. The downregulation of SOCS-6 mRNA
expression has been observed in >50% of patients with gastric or
colorectal cancer (54,55). Wu et al (56) proposed that SOCS-6
is a tumor-suppressor gene in pancreatic cancer. Through the
collection of clinical specimens and detecting SOCS-6 expres-
sion, the present study identified a significant reduction in
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SOCS-6 expression in pancreatic cancer tissues compared with
that of adjacent normal pancreatic tissues. This result was consis-
tent with that of Wu et al, which also demonstrated that SOCS-6
was downregulated in pancreatic cancer.

In the current study, the expression level of miR-183-5p
was observed to be inversely correlated with SOCS-6 expres-
sion in PaCa cell lines. To the best of our knowledge, this
study is the first in vitro study to demonstrate the regulation
of metastasis and progression of PaCa cell lines by down-
regulation of miR-183-5p to target the expression of SOCS-6.
The expression of miR-183-5p in PaCa cell lines is consistent
with the study by Park et al (57), which revealed that miR-183
was upregulated in pancreatic cancer. The findings of the
current study indicate a promotional role for miR-183 in cell
proliferation, migration and invasion of PaCa cells by down-
regulating SOCS-6. This may provide an important basis for
further analysis in vivo with the aim of developing a novel
potential diagnostic and therapeutic target for the screening
and treatment of metastatic PaCa. Further studies are neces-
sary in order to elucidate the regulatory mechanisms of
miR-183-5p and SOCS-6 in PaCa cells, in vitro and in vivo.

In conclusion, the present study has demonstrated the
upregulation of miR-183-5p in PaCa cell lines compared
with normal pancreatic cancer cells, and in vitro experiments
indicated that this miRNA was able to enhance the prolifera-
tion, migration and invasion of PaCa cells. Downregulation
of miR-183-5p partially attenuated oncogenic effects, indi-
cating that this molecule may act as an oncogene. In addition,
SOCS-6 was identified as a target of miR-183-5p, and may
present a potential target for PaCa therapy. Therefore,
miR-183-5p may be a key molecule for the diagnosis and
treatment of pancreatic cancer in the future.
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