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insulin-like growth factor-1 signaling pathway
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Abstract. Hepatocellular carcinoma (HCC) is one of the most
harmful types of cancer. Previous studies have demonstrated
that microRNA (miR)-223 is downregulated in the serum and
tumor tissue of patients with HCC. The present study aimed
to investigate the regulatory role of miR-223 on insulin-like
growth factor-1 receptor (IGF-1R) and downstream factors
in HCC. The Hep3B cell line was transfected with miR-223
mimic and inhibitor. Following transfection, cell prolif-
eration was analyzed using a cell counting kit 8 assay and
cellular apoptosis was assessed using flow cytometry. The
expression of key molecules in the IGF-1 signaling pathway,
including IGF-IR, protein kinase B (Akt) and extracel-
lular signal-regulated kinase (ERK) were determined using
reverse transcription-quantitative polymerase chain reaction
and western blot analysis. The results demonstrated that the
mRNA and protein levels of IGF-1R were decreased in cells
transfected with miR-223. Transfection with miR-223 also
decreased cell proliferation and promoted cell apoptosis.
Expression of total Akt and ERK, and their active forms phos-
phorylated Akt and ERK, were also downregulated following
transfection with miR-223. By contrast, transfection with
miR-223 inhibitor did not induce any effects on Hep3B cell
proliferation and apoptosis, and did not affect the expression
of key molecules in the IGF-1 pathway. Therefore, the results
of the present study indicate that miR-223 decreases the prolif-
eration and promotes the apoptosis of HCC cells. Its molecular
mechanism of action may at least partially occur via the direct
regulation of IGF-1R and indirect reduction of the downstream
molecules Akt and ERK.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most harmful
types of cancer in humans; it is highly malignant and the
prognosis of patients is poor (1). Recently, the incidence and
mortality rates of HCC have been increasing, particularly
across Eastern Asia, including in China. According to data
taken from the National Central Cancer Registry in 2015, there
were 466,100 new HCC cases and 422,100 HCC-associated
mortalities in China in 2015, making HCC one of the top five
malignant tumors in the incidence and mortality rates (2). The
median survival time following HCC diagnosis is very short
(usually <6 months) as the tumors are difficult to resect, due
to high recurrence rates following surgery, and due to poor
responses to chemotherapy and radiotherapy (3). Currently the
molecular mechanisms that lead to the onset, development and
metastasis of HCC remain to be elucidated.

It has been suggested that microRNAs (miRNAs) may be
used as diagnostic and prognostic biomarkers for various types
of tumors. miRNAs are endogenous, evolutionarily conserved,
serum stable, non-coding RNAs (4); these characteristics mean
that they are well suited to be used as biomarkers. miRNAs
are also key regulators of gene transcription. Therefore, deter-
mining the regulatory mechanisms of miRNAs may improve
understanding of cancer pathogenesis. Genome-wide miRNA
profiling studies have revealed that there are numerous differ-
entially expressed miRNAs in HCC, including miR-223 (5,6).
Furthermore, it has been demonstrated that the expression of
miR-223 is reduced in HCC liver biopsy specimens compared
with normal adjacent liver tissues (6,7).

The increased expression of miR-223 is usually observed
in cells with a myeloid lineage, as miR-223 serves an impor-
tant role in granulopoiesis (8). The aberrant expression of
miR-223 has been identified in leukemia and lymphoma (9).
In addition, miR-223 is involved in the tumorigenesis of solid
types of cancer; it was demonstrated that the overexpression
of miR-223 inhibits HeLa cell proliferation and tumor growth
in nude mice (10). This inhibitory role of miR-223 has also
been observed in other tumors, including osteosarcoma (11).
In HCC, the downregulation of miR-223 is correlated with
the upregulation of stathminl, a potential target of miR-223
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that is frequently overexpressed in cancer (6). Insulin-like
growth factor-1 receptor (IGF-1R) is another potential
target of miR-223; eosinophil production is increased in
miR-223-/- mice, potentially due to the effects of miR-223 on
IGF-1R (12).

IGF-1IR is a key protein involved in the IGF-1 signaling
pathway and is a highly conserved regulatory module involved
in cell proliferation, differentiation and metabolism (13).
IGF-1 is primarily secreted by the liver following stimulation
by the growth hormone (14). It binds to its receptor IGF-1R,
which is a transmembrane receptor tyrosine kinase and is
activated by phosphorylation. Activation of IGF-IR leads
to the downstream activation of the protein kinase B (Akt)
and extracellular signal-regulated kinase (ERK) signaling
pathways, two pathways that are linked to the development of
numerous types of cancer including prostate cancer, gastric
cancer, non-small cell lung cancer, ovarian cancer and
HCC (15). The dysregulation of IGF-1R has been identified
in multiple malignant tumors, including HCC, prostate and
pancreatic cancer (16).

Based on these previous reports, it was hypothesized that
the IGF-1 signaling pathway may mediate the regulatory role
of miR-223 in HCC. In the present study, the role of miR-223
in cell proliferation, as well as its possible influence on IGF-1R,
Akt and ERK, was investigated.

Materials and methods

Cell culture. The HCC cell line Hep3B [hepatitis B virus
(HBV)-positive and hepatitis C virus (HCV)-negative; ATCC,
Manassas, VA, USA] was used in the current study. Cells
were cultured in Dulbecco's modified Eagle's medium (Gibco;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% (v/v) fetal bovine serum (Gibco; Thermo
Fisher Scientific, Inc.). The cells were incubated were at 37°C
in a humidified hood with 5% CO,.

Celltransfections.The predicted binding sites between miR-223
and IGF-1R were obtained using the TargetScanHuman
online software 7.1 (http:/www.targetscan.org/vert_71/). All
transfections were performed using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). Cells were grown
to ~70% confluence and divided into four groups: The blank
(BL) control group in which cells were treated with culture
media; the miR-223 mimic group in which cells were trans-
fected with 100 pmol miR-223 mimic (5-UGUCAGUUUGUC
AAAUACCCC-3"); the miR-223 inhibitor group in which cells
were transfected with 100 pmol miR-223 inhibitor (5'-UGG
GGUAUUUGACAAACUGACA-3"); the NC group in which
cells were transfected with 100 pmol non-specific control
RNA (5'-CAGUACUUUUGUGUAGUACAA-3"). Nucleotides
were designed and synthesized by Shanghai GenePharma Co.
Ltd. (Shanghai, China). The cells were harvested 48 h after
transfection for RT-qPCR, western blot and cell apoptosis
analyses.

Tumor samples. A total of 30 HCC tumor tissue samples
were used to analyze the levels of miR-223 and IGF-1R
in HCC. Samples were randomly selected from the
pathology department of the First Affiliated Hospital to
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Zhejiang University (Hangzhou, China). Tissue samples
were collected from 30 patients (49«11 years old; 24 males
and 6 females) that underwent curative surgery for HCC
at the hospital. The sample collection dates were from
August 2012 to June 2015. Samples were stored in liquid
nitrogen (-196°C) until further experiments. The study
protocol was approved by the Ethics Committee of the
First Affiliated Hospital, College of Medicine, Zhejiang
University and informed consent was obtained from each
patient or their family prior to surgery.

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was extracted
from cells using TRIzol® (Invitrogen; Thermo Fisher
Scientific, Inc.). Total RNA from tissue samples was extracted
using the RNAprep Pure Tissue kit (Tiangen Biotech Co.,
Ltd., Beijing, China). Complementary DNA was synthesized
from RNA using the PrimeScript RT Master Mix reagent kit
(Takara Biotechnology, Co., Ltd., Dalian, China). The primer
sequences used for reverse transcription were as follows:
miR-223, 5-GTCGTATCCAGTGCAGGGTCCGAGGTA
TTCGCACTGGATACGACTGGGGT-3% U6, 5-AAAATA
TGGAACGCT-3' and IGF-1R, 5-TGCATACAGAATTAT
TTTATTT-3". The oligo dT primer was used for the other
genes. qPCR was performed using the SYBR premix EX
Taq kit (Takara Biotechnology, Co., Ltd.). The thermocycling
conditions were as follows: 95°C for 30 sec, and 40 cycles of
95°C for 5 sec and 60°C for 34 sec. U6 was used as control for
miR-223. GAPDH was used as control for the other genes. The
primers used for qPCR were as follows: miR-223, forward,
5'-GTGCAGGGTCCGAGGT-3' and reverse, 5'-CGGGCT
GTCAGTTTGTCA-3"; U6, forward, 5'-CTCGCTTCGGCA
GCACA-3' and reverse, 5-AACGCTTCACGAATTTGC
GT-3'; IGF-1R, forward, 5'-GGACAGGTCAGAGGGTTT
C-3'and reverse, 5'-CTCGTAACTCTTCTCTGTGCC-3'"; Akt,
forward, 5'-ATCGTCGCCAAGGATGAGGT-3" and reverse,
5"TCTCGTGGTCCTGGTTGTAG-3"; ERK, forward, 5'-CCT
AAGGAAAAG-CTCAAAGA-3" and reverse, 5-AAAGTG
GATAA-GCCAAGAC-3"; GAPDH, forward, 5'-ATGGGT
GTGAACCATGAGAAGTATG-3' and reverse, 5'-GGTGCA
GGAGGCATTGCT-3" The relative expressions of the target
genes were normalized to GAPDH expression using the 2-44¢4
method (17).

Western blot analysis. Cells were lysed in sodium dodecyl
sulfate (SDS) lysis buffer (Beyotime Institute of Biotechnology,
Shanghai, China). Protein concentrations were determined
using the Bradford Protein Assay kit (Beyotime Institute of
Biotechnology). For each sample, 30 ug/lane of total proteins
were separated using 12% SDS-PAGE. Proteins were then
transferred onto nitrocellulose membranes (EMD Millipore,
Billerica, MA, USA), blocked with 5% bovine serum albumin
(Gibco; Thermo Fisher Scientific, Inc.) at room temperature for
2 h. The membranes were probed with the relevant primary
antibodies overnight at 4°C. The primary antibodies used were
as follows: Rabbit polyclonal to IGF-1R (G1155; 1:1,000; cat.
no. BS1182; Biocompare, South San Francisco, CA, USA);
rabbit polyclonal to ERK 1/2 (1:1,000; cat. no. ab196883);
rabbit polyclonal to phosphorylated (p)-ERK 1/2 (1:1,000; cat.
no.ab214362); rabbit polyclonal to Akt (1:1,000; cat. no. ab8805);
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Figure 1. miR-223 regulates IGF-1R expression in the Hep3B cell line. (A) The 224-231 of the IGF-1R 3'-untranslated region is the putative target site of
miR-223. (B) Relative mRNA expression of IGF-1R in cells transfected with miR-223 mimic, miR-223 inhibitor and NC, compared with the BL. The expres-
sion of IGF-1R mRNA was normalized to GAPDH. (C) Expression of IGF-1R protein detected by western blotting in cells transfected with miR-223 mimic,
miR-223 inhibitor or NC, compared with the BL group. GAPDH was used as a loading control. Quantified data are presented as the mean + standard deviation.
“P<0.01 vs. BL. BL, blank control; NC, negative control RNA; mimic, miR-223 mimic; inhibitor, miR-223 inhibitor; IGF-1R, insulin-like growth factor-1

receptor; miR-223, microRNA-223.

rabbit polyclonal to p-Akt (1:1,000; cat. no. ab38449); and
rabbit polyclonal to GAPDH (1:1,000; cat. no. ab9485; all
Abcam, Cambridge, MA, USA). Membranes were then incu-
bated with horseradish peroxidase-conjugated goat-anti rabbit
immunoglobulin G secondary antibody (cat. no. SC-2030,
1:2,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA).
Signals were detected using an enhanced chemiluminescence
kit (Pierce; Thermo Fisher Scientific, Inc.).

Cell proliferation assay. Cell proliferation was measured
using a Cell Counting Kit-8 (CCK-8) assay. A total of 24 h
after transfection, 3,000 cells/well were seeded into a 96-well
plate. CCK-8 reagent (Sangon Biotech, Co., Ltd., Shanghai,
China) was added 72 h following seeding. Optical density was
measured at 450 nm using a microplate reader.

Cell apoptosis assay. Cell apoptosis was measured using
Annexin V apoptosis assay kit and 7-amino-actinomycin D
staining kit (both Sangon Biotech, Co., Ltd.) and measured
on BD LSRFortessa Cell Analyzer and analyzed by BD
FACSDIVA software version 8.0.1 (BD Biosciences, Franklin
Lakes, NJ, USA).

Statistical analysis. All statistical analyses were performed
using SPSS software version 16.0 (SPSS, Inc., Chicago,
IL, USA). Continuous variables were expressed as the
mean + standard deviation. Comparison of the relative mRNA
expression and cell proliferation rate among multiple groups
was assessed by one-way analysis of variance followed
by Fisher's Least Significant Difference test. Correlations
between miR-223 and IGF-IR mRNA levels in tumor tissues
were analyzed using the linear regression method. P<0.05 was
considered to indicate a statistically significant difference.

Results

miR-223 regulates IGF-IR expression in HCC. It was deter-
mined whether the expression of IGF-1R is regulated by
miR-223. The position 224-231 within the 3'-untranslated
coding region of IGF-1R was predicted to be the binding region
of miR-223 (Fig. 1A). Following transfection of miR-223
mimic, the relative expression of IGF-1R mRNA was reduced
by 38.8% compared with the blank control (P<0.01; Fig. 1B).
The expression of IGF-1R protein was also reduced in cells
transfected with miR-223 mimic (Fig. 1C). However, transfec-
tion with the miR-223 inhibitor did not alter the levels of IGF-1R
mRNA or protein. These results indicate that IGF-1R expres-
sion is regulated by miR-223.

The effect of miR-223 on HCC cell proliferation and apop-
tosis. Subsequently, the role of miR-223 on Hep3B cell
proliferation and apoptosis was investigated. The results of
the CCK-8 assay demonstrated that cell proliferation was
significantly suppressed following transfection of miR-223
mimic (P<0.01; Fig. 2A). The relative expression of IGF-1R
mRNA was reduced by 11.3% compared with controls
(P<0.01; Fig. 2A). Furthermore, the rate of cell apoptosis was
significantly increased following transfection with miR-223
mimic compared with the control, from 8.16 to 28.16%
(P<0.01; Fig. 2B and C). Transfection with NC or miR-223
inhibitor did not significantly affect cell proliferation or
apoptosis compared with the control. These results indicate
that upregulation of miR-223 may reduce the tumorigenicity
of HCC cells in vitro.

miR-223 reduces p-Akt and p-ERK expression. Since activa-
tion of Akt and ERK are essential for tumor progression, it
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Figure 2. miR-223 suppresses the proliferation and increases the apoptosis of Hep3B cells. Cells were transfected with miR-223 mimic, miR-223 inhibitor or
NC and compared with the BL group. (A) Cell proliferation was measured using the cell counting kit-8 assay. (B) Cell apoptosis assay. Cells (10,000/treatment)
were stained with Annexin V-fluorescein isothiocyanate and propidium iodide and assessed using flow cytometry. (C) Quantification of cell apoptosis.
Quantified data are presented as the mean + standard deviation. “P<0.01 vs. BL. BL, blank control; NC, negative control RNA; mimic, miR-223 mimic;

inhibitor, miR-223 inhibitor; miR-223, microRNA-223.

was investigated whether miR-223 overexpression affected
the expression and phosphorylation of these molecules. The
results of western blotting indicated that levels of p-Akt and
p-ERK were reduced following transfection with miR-223

mimic (Fig. 3A). Notably, levels of total Akt and ERK were
also reduced. Levels of Akt and ERK mRNA were also
measured and it was demonstrated that levels of Akt and ERK
mRNA were significantly decreased following transfection



SPANDIDOS
B) PUBLICATIONS

A L
(8)
O R
L X
& & & §
Akt S
P-Akt — e o

ERKI/2 e o e e
P-ERK1/2 S G w—
GAPDH «s s GNP e

B
1.5+
<
Z_
E z
-2 1.0 T T
= =
<o
é % £
oo
E % 0.5
o @
=
l_
0.0-
BL NC mimic  inhibitor
1.5

- T

-
[=]
1

The relative ERK mRNA
expression (fold)
e
i

0.0-

BL NC mimic  inhibitor
Figure 3. miR-223 regulates downstream signaling of the IGF-1 pathway.
The expression of Akt and ERK were measured in cells transfected with
miR-223 mimic, miR-223 inhibitor or NC and compared with the BL group.
(A) The expression of total Akt, total ERK, and their active forms p-Akt
and p-ERK were measured by western blot analysis. (B) Relative mRNA
level of Akt and ERK normalized to GAPDH. Quantified data are presented
as the mean + standard deviation. “"P<0.01 vs. BL. BL, blank control; NC,
negative control RNA; mimic, miR-223 mimic; inhibitor, miR-223 inhibitor;
IGF-1R, insulin-like growth factor-1 receptor; miR-223, microRNA-223;
p-, phosphorylated; Akt, protein kinase B; ERK, extracellular-signal
regulated kinase.

(P<0.01; Fig. 3B). These results indicate that miR-223 affects
downstream signaling of the IGF-1 pathway at the mRNA and
protein levels.

miR-223 expression is negatively correlated with IGF-IR
expression. To confirm the correlation between miR-223
and IGF-1R, their levels were measured in 30 HCC tissues.
As presented in Fig. 4, a significant inverse correlation
was identified between miR-223 and IGF-1R mRNA
expression (regression equation: Y=-2.5178X+2.6642,
r=-0.965). Therefore, taken together, the results of the
present study indicate that IGF-1R is directly regulated by
miR-223.
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Figure 4. Correlation between miR-223 and IGF-1R expression in tumor
tissues of patients with hepatocellular carcinoma. r=-0.965; P<0.001.
miR-223, microRNA-223; IGF-1R, insulin-like factor 1 receptor.

Discussion

It has been determined that miR-223 expression is
downregulated in HCC tumor tissue compared with matching
adjacent normal liver tissue (6). Therefore, the aim of the
present study was to assess whether miR-223 may act as a
tumor suppressor in HCC by inhibiting cell proliferation and
promoting apoptosis. Furthermore, the current study aimed
to identify the method by which miR-223 acts as a tumor
suppressor. One potential mechanism by which it may act may
be via the direct modulation of IGF-IR and the downstream
regulation of Akt and ERK. Jung and Suh (13) indicated that
the Akt and ERK pathways are involved in cell proliferation
and apoptosis by regulating the expression of Bcl-2, p27, fork-
head box protein (FOXO) transcription factors and BAD.

The most common risk factors for HCC are chronic infec-
tion with viral hepatitis B and C, and dietary exposure to
aflatoxin B, (2). Since miR-223 may be a negative regulator
of inflammation (8), the chronic inflammatory response in
the liver may be explained by miR-223 repression. Although
miR-223 is commonly downregulated in HCC tumor tissue, its
levels of expression in the sera of patients with HCC are vari-
able. Xu et al (18) reported elevated miR-223 levels, whereas
Bhattacharya et al (7) reported reduced miR-223 levels in
the sera of patients with HCC. These contrasting results
suggest that serum miR-223 may not be suitable as a standard
biomarker for HCC; further studies are required to evaluate its
diagnostic value.

The role of miR-223 in cell proliferation has been observed
in multiple HCC cell lines. Wong et al (6) identified that
miR-223 expression was reduced in 11 HBV-related cell lines, 4
HCV-related cell lines and 3 non-B or non-C-related cell lines,
including the Hep3B cell line used in the current study. The
results of a previous study also indicated that the IGF-1 signaling
pathway is a crucial regulatory route of miR-223 in HeLa
cells (10). IGF-1-mediated regulation by miR-223 has also been
reported in Lewis lung carcinoma cells (19). Furthermore, it has
been demonstrated that the transcription factor FOXO1 medi-
ates the influence of miR-223 on the proliferation of HCT116
colorectal cancer cells, HeLLa cervical cancer cells and HuH-7
hepatoma cells (20). Activation of the Akt pathway results in
the downstream activation FOXOI; therefore, the involvement
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of miR-223 in the IGF-1 pathway does not merely occur via
IGF-1R, other factors are also involved. However, regulation
of the IGF-1 pathway using miRNAs or miRNA-targeting
oligonucleotides is an attractive strategy for the treatment of
cancer. Several ongoing clinical trials have already tested the
efficiency and safety of drugs targeting IGF-1R, including the
IGF-1R antibodies MK-0646 and the IGF-1R tyrosine kinase
inhibitor OSI-906 (21,22).

The regulation of miR-223 expression may, at least
partially, be induced by the p53 R175H gain-of function muta-
tion. This mutation inhibits the miR-223 promoter in colon and
breast cancer cell lines and is associated with chemoresistance
in tumor cells (23). Inhibition of oncogenic Notch signaling
may induce miR-223 expression in T-lineage acute lympho-
blastic leukemia cells, implicating that Notch may be another
regulator of miR-223 expression in cancer cells (24).

Although miR-223 has proven to be a tumor suppressor
in HCC, miR-223 may serve opposing roles in the migration
and invasion of different types of cancer cells. In esophageal
cancer cells, miR-223 seems to suppress cell migration and
invasion (25), whereas in metastatic gastric cancer cells and
recurrent ovarian cancer, miR-223 is overexpressed and
promotes metastasis (26,27). These contrasting results indi-
cate that further studies are required to determine the roles
miR-223 serves in different types of cancer.

Theoretically, repression of miR-223 is supposed to promote
IGF-1R production. However, in the present study, transfection
with miR-223 inhibitor did not significantly increase IGF-1R
production compared with the control. This may be due to the fact
that miR-223 is already downregulated in HCC tumor cells and
further inhibition of miR-223 may not lead to the marked promo-
tion of IGF-1R expression. Another possible explanation is that
IGF-1R is under the regulation of many factors and the effect of
inhibiting miR-223 expression may be restricted by those other
factors.

In conclusion, it has been demonstrated that miR-223 serves
arole as a tumor suppressor in HCC cells by regulating IGF-1R
expression. There were a few limitations of the current study.
Only one HCC cell line was tested; experiments in other HCC
cell lines should be performed to verify if the regulation of
IGF-1R by miR-223 is universal in HCC cells. Furthermore, the
current study was an in vitro study; in vivo studies, for example,
studies investigating the effects of miR-223 on tumor forma-
tion in nude mice, are required to confirm the regulating role
of miR-223 via the IGF-1 pathway. miR-223 may have other
targets besides IGF-1R, therefore future studies should investi-
gate whether miR-223 also regulates other target genes in HCC.
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