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Abstract

MicroRNAs (miRNAs) being proved to be involved in the carcinogenesis of numerous tumors.
MicroRNA-124 (miR-124), identified as a tumor suppressor, has been demonstrated to exert pivotal
roles in multiple processes of tumorigenesis. The present study demonstrated that miR-124 was
low-expressed in human hepatocellular carcinoma (HCC) tissues and cell lines. In addition,
overexpression of miR-124 through infected with miR-124 lentivirus inhibited the proliferation and
migration of HCC in vitro and tumorigenesis in vivo, whereas inhibition of miR-124 expression can reverse
the process. Moreover, Baculoviral IAP Repeat Containing 3 (BIRC3) was identified as a target gene of
miR-124. The BIRC3 mRNA expression was increased in HCC tissues and negatively correlated with
miR-124 expression. Knockdown of BIRC3 recovered the miR-124-induced inhibiting effect on HCC
progression. Furthermore, we found that up-regulation of miR-124 significantly inhibited p-P65, p-IkBa
and c-Myc proteins expression. However, the effect of miR-124 up-regulation on HCC development was
partly reversed by BIRC3 restoration. In conclusion, our data proved that miR-124 inhibits the
proliferation and migration of HCC at least partly through targeting BIRC3 and regulating NF-kB signaling
pathway, and it may be a therapeutic target for HCC prognosis.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
most common and aggressive malignance in the
world [1]. Due to the occurrence of liver cancer
metastasis, the prognosis and survival of HCC
patients remain undesirability despite there are a
large number of advanced facilities and medical
technology [2]. Therefore, the underlying molecular
mechanism under investigation is urgently needed for
the diagnosis and treatment of HCC patients.

microRNAs (miRNAs) are a class of short
endogenously and noncoding RNAs, which have
functional of regulating the expression of genes
through binding directly to the 3'untranslated region
(3’-UTR) of the target messenger RNAs (mRNAs).
miRNAs affect the pathological development of HCC
through its own alteration and dysfunction [3-5].
Recent research found that miRNAs were involved in
various biological processes of tumor, such as cellular
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differentiation, apoptosis, and mutation [6, 7].
miRNA-124, a novel tumor-related miRNA, inhibited
tumor development by regulating target genes
expression. For example, miR-124 inhibits cell
proliferation, metastasis and invasion in CRC by
targeting ROCK1 [8]. miR-124-1 suppresses
tumorigenesis in hepatocellular carcinoma by
targeting CASC3 [9]. miR-124 reverses EMT and
inhibits invasion in endometrial cancer cells via the
direct repression of IQGAP1 expression [10].
Although a large number of studies have
demonstrated the importance of miR-124 in tumor
progression, the potential molecular mechanism and
regulatory signaling pathway involved in this process
remain unclear.

Baculoviral IAP Repeat Containing 3 (BIRC3) is
the main regulator of apoptosis that belongs to the
inhibitor of apoptosis proteins (IAP) family. BIRC3
exerts a functional role in many malignancies,
including  oral squamous cell carcinoma,
glioblastoma, pancreatic cancer. In addition, it plays
an important role in regulating nuclear factor-xB
(NF-xB) signaling pathway, which is involved in the
development of cancer [11, 12].

In this study, we found that miR-124 inhibited
the proliferation and migration of HCC cells through
targeting BIRC3, and the miR-124-BIRC3 axis
participated in the HCC process by regulating the
NF-xB signaling pathway. Our results suggest that
miR-124 functions as a tumor suppressor and it may
be a therapeutic target for HCC prognosis.

Materials and methods

Ethics statement

This study was approved by the Ethics
Committee of Human Research at Qingdao
University, Department of Hepatobiliary Surgery. The
written information were provided from all patients
enrolled in the study for the publication of the data.

Human tissue specimens and cell lines

A total of 18 paired HCC tissues and adjacent
non-cancerous tissues were obtained immediately
following hepatic carcinectomy at the Affiliated
Hospital of Qingdao University. The fresh samples
were snap-frozen in liquid nitrogen after resection to
extract RNA. Human HCC cell lines SMMC7721,
HepG2, and HCCLM3 were purchased from the
American Type Culture Collection (ATCC, Mannasas,
VA, USA), HCC cell line SK-HEP1 and normal hepatic
cell line HL7702 were purchased from Shanghai
Genechem Co.Ltd (Shanghai, China). The cells were
routinely maintained in Dulbecco's modified Eagle's
medium (DMEM, HyClone, Logan, UT, USA),
including 10% fetal bovine serum (FBS, Invitrogen,

Carlsbad, CA, USA) and 1% penicillin-Streptomycin
Solution at 37 °C under 5% CO..

Real time quantitative reverse
transcription-PCR (qRT-PCR)

Total RNA was extracted using TRIzol Reagent
(Invitrogen, USA) as per manufacturer’s instructions.
cDNA was synthesized from reverse transcription
with RNA through miRNA reverse transcription kit
(TaKaRa, ShangHai, China). The PCR amplification
for the quantification was performed with specific
primers and carried out using the SYBR-Green PCR
system (Takara Bio, Inc.). PCR reaction procedure was
40 cycles of 95 °C 5's, 60 °C 30's, 94 °C 90 s. The primer
sequences for the miR-124 and U6, BIRC3 and p-actin
were listed in Table 2. The data were normalized
using the U6 and P-actin transcripts for miRNA and
genes, respectively. The relative expression of each
gene was quantified by the 2-22Ct method. Each
reaction was performed in triplicate.

Western blotting

Cells were harvested in the RIPA lysis buffer
(Beyotime Biotechnology, Shanghai, China) and the
protein concentration of each sample was determined
using BCA protein assay reagent kit (Thermofisher
Scientific, Inc) after transfection of 48 h. The
supernatants containing total protein were mixed
with corresponding volume of 5xSDS loading buffer
(Beyotime Biotechnology, Shanghai, China) and
heated at 100 °C for 10 min. The lysates of 20 pg were
electrophoresed on 10% SDS-PAGE and transferred to
PVDF membranes. The proteins were blocked
containing 5% defatted milk for 1 h at room
temperature. Subsequently, primary antibodies were
incubated at 4 °C overnight, which consisted of the
following: BIRC3 (Abcam, cat: ab32059, 1:1000); p-P65
(Abcam, cat: ab6503, 1:1000); P65 (Abcam, cat:
ab16502, 1:1000); IxBa (CST, cat: #4812, 1:1000);
p-IxBa (CST, cat: #2859, 1:1000); c-myc (CST, cat: 5605,
1:1000); GAPDH (Novus Biologicals, cat: 2D4A7,
1:5,000). Followed by incubation with the horseradish
peroxidase  conjugated secondary  antibodies
(anti-rabbit, 1:10,000; cat: #7074; or anti-mouse,
1:10,000; cat: #7076; both from CST, Inc.) for 1.5 h at
room temperature. To ensure that equal amounts of
sample protein were applied for electrophoresis,
GAPDH was used as an internal control.

Luciferase reporter assay

All stable transfection were completed using
Effectene transfection reagent (Invitrogen). Human
embryonic kidney 293T (HEK293T) cells were seeded
in 12-well plates and were transiently added
LV-miR-124 and reporter gene plasmids. The cells
were harvested for 48 h and luciferase activity was
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measured using a dual reporter assay kit (Promega,
WI, USA) according to the manufacturer’s
instructions. The Renilla luciferase activity was used
as normalization.

MTT and colony formation assays

Cell proliferation was performed using MTT
assay kit (Solarbio, Shanghai, China) according to the
manufacturer’s instructions. The cells were seeded in
96-well plates and were cultured for 24 h, 48 h, 72 h
and 96 h after infected with LV-miR-124 or
LV-miR-CON, respectively. For colony formation
assay, 8x10° cells were added into 6-well plate and
suspended in DMEM medium for 10-15 day with
refreshment of medium every 3 days. Then, these
dishes were fixed with 100% methanol for 15 min and
stained with crystal violet for 10 min. The number of
colonies were observed and calculated from random
area using Photoshop software. All experiments were
performed in triplicate.

Wound-healing assay

Cells were seeded in twelve-well plate with
DMEM medium and infected with lentiviral vectors
(LV-miR-124 or LV-miR-CON) for 48 h until cell
density reached 90%. The cell monolayer was
scratched using 200 yellow tip and then exfoliated
cells were washed with 1xPBS. Subsequently, the cells
were cultured for additional 24h. The speed of wound
closure was observed and photographed using
Inverted microscopyy (Nikon, Tokyo, Japan). Cell
mobility was assessed by measuring three randomly
perpendicular wound width.

The “Transwell” cell migration assay

Corning Incorporateed Transwell Chambers
(Corning, 8 pm, NY, USA) were used to detect the
migration capacity in this research. Placed the
chambers into the 24-well plate that contained culture
medium supplemented with 20% FBS as a
chemo-attractant. For HCCLM3, 2x104 cells were
suspended in serum-free medium and loaded onto
the upper chamber. Cells were incubated at 37 °C and
allowed to invade through the membrane pores.
Subsequently, the non-invading cells were removed
using swab after 15 h and the lower side of the
membrane were fixed with 100% methanol and
stained with crystal violet. Cells that migrated onto
the lower surface were counted from representative
areas using Image]J software (NIH, Bethesda, MD).

Immunofluorescence staining

The cells were planted and adhered to glass
slides (NEST, USA) into 24-well plate and then
infected with viral vector for addiontial 48 h. The cells
were collected and washed with cold PBS, and then

fixed with 4% paraformaldehyde on ice for 15 min.
Subsequently, they were permeabilized with 0.3%
Triton X-100 and blocked with 5% normal goat serum
for 30 min at room temperature. The fixed cells were
incubated overnight at 4 ‘C with antibody against
anti-P65 (1:100, Abcam, USA), and followed by
incubation with secondary antibody: Alexa Fluor
488-conjugated goat anti-rabbit IegG,
Cy5/FITC-labeled anti-rabbit IgG (1:1000, CWBIO,
China). The cover slips were visualized with DAPI
staining (dilution: 1:1000, Sigma, USA) for 6 min in
the dark. The fluorescence images were finally
observed and analyzed by Fluorescence microscope
(Nikon, Tokyo, Japan).

Immunohistochemistry (IHC)

The paraffin-embedded tissues were
deparaffinized using xylene and rehydrated through
graded concentrations of alcohol solution.
Subsequently, the slides were incubated with 0.3%
hydrogen peroxide for 30 min to inactivate
endogenous peroxidase. Followed by tissue sections
with citrate buffer to repair the antigen in a
microwave. The slides were rinsed with 1xPBS for 15
min and followed by blocked containing goat serum
for 1 h at room temperature. The primary antibodies
were incubated at 4 °C overnight: a rabbit
BIRC3-antibody (1:100, Abcam, cat: ab32059, USA)
and a rabbit P65-antibody (1:100, Abcam, cat: ab16502,
USA). After washing for 15 min with PBS, the sections
were covered with secondary antibody for 1 h at room
temperature. Then the sections were visualized with
3, 3'-diaminobenzidine (DAB) chromogenic fluid and
counterstained with hematoxylin (CWBIO, Beijing,
China).

In vivo tumorigenicity assay

Female BalB/C nude mice were purchased from
the Beijing Vital River Laboratory Animal Technology
Co., Ltd (Beijing, China) aged 4-6 weeks. Animals
were subcutaneously injected HCCLM3-LV-miR-
CON or HCCLM3-LV-miR-124 cells containing 1x10°
into the dorsal flanks of mouse to detect the vivo
tumorigenic capacity. The tumor growth was assessed
with electronic calipers by recording tumor length
and width for 4 weeks. Subsequently, the animals
were sacrificed and tumor mass was collected to
weigh and photograph. Animal experiments were
done in accordance with protocols approved by the
Animal Care and Use Committee of Qingdao
University.

Statistical analysis

Statistical testing was conducted with the
assistance of SPSS 17.0 software and GraphPad Prism
6. All assays were conducted three times and data
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were presented as mean * SD. Statistical differences
were determined by t test. Results were considered
significant when P values < 0.05.

Results

Expression of miR-124 is significantly
decreased in HCC tissues and cell lines

Studies have shown that miR-124 is abnormally
expressed in a variety of tumors [13]. Here, we firstly
evaluated the expression of miR-124 in 18 pairs of
HCC tumor tissues and matched adjacent
non-cancerous tissues by qRT-PCR, and U6 RNA as
an endogenous control. The results manifested that
miR-124 expression was significantly decreased in
tumor tissues than that in adjacent non-tumor tissues
(Figure 1A and Table 1). Moreover, the expression of
miR-124 in HCC cell lines (SMMC7721, HepG2,
SK-HEP1, Hep3B and HCCLMB3) were strikingly

LV-miR-124 (Figure 2B). Second, the effect of miR-124
on proliferation ability of HCC was evaluated by MTT
and clone formation assays. The results demonstrated
that the proliferation ability of HCCLM3 cells was
reduced when infected with LV-miR-124 compared
with control group (Figure 2C and 2D). Then, wound
healing and Transwell assays were performed to
detect the effect of miR-124 on migration ability of
HCC cells. Consistently, the migration ability was also
dramatically decreased when overexpression of
miR-124 (Figure 2E and 2F). Taken together, these
results supported that miR-124 plays an important
role in regulating the biological characteristics of
HCC.

Table 1: Relative miR-124 expression in tumor tissues compared
to the matched adjacent non-tumor tissues

Subjects Gender Ages Degrees of TNM  Lymphonode Relative

B . differentiation Stages metastasis miR-124
lower than normal hepatic cell line HL7702. expression
Particularly, miR-124 has relatively highest  HCC0lL M 65 Low I No 2n

7 . HCCO2 M 54 Low I No 0.69
expression in SMMC7721 f:ell'hne a'nd the lowest ooy M % Low I No 061
expression in HCCLM3, which is cell line with strong ~ nccos 64 Low I No 042
migration ability (p < 0.01) (Figure 1B). HEQs — F 65 Low - Yes 068

HCCO6 M 40  Low I No 071

: S : HCCO? M 50  High I No 275
mlR. 124 |.nh|b|ts tht? cap?aty of.HCC cell Heos F 2 High - No 020
proliferation and migration in vitro HCCO9 M 49 Low I No 027
. . . HCC10 M 56 Medium I Yes 0.16

To 1nvest1gate'whther m1R—124.1 affects HCCcell o0 v 2% Medim 1 No 025
morphology and biological properties, we evaluated  ncci2z 21 High i No 023
the proliferation and migration of HCC cells through ~ HCC13 M 59 High - Yes 0.08
. f functional iments.  First HCCl4 M 6  Low M Yes 0.10

a series of functional experiments. First, we  pecs y 5 Medwum  w No 1
successfully constructed and infected the miR-124  Hccie M 59 Medium I No 1.32
overexpression lentivirus vector (LV-miR-124) and  HCCI7 M 47 Low n No 034
HCCI8 M 42 Low I No 0.03

corresponding control vector (LV-miR-CON) into
HCCLMS3 cells (Figure 2A). Compared with control
group (LV-miR-CON), the expression of miR-124 was
significantly =~ increased =~ when infected  with

A

ox}

*%

BIRC3 is a functional target of miR-124 in HCC

It has been reported that miRNA
plays an important role in mainly
regulating the expression of target genes

-
o
L
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Pathway PCR Array (QIAGEN, German,
Cat No APH-025) to detect the
expression of genes, which are involved
in the NF-xB signaling pathway (Figure
3A). Subsequently, the potential targets
of miR-124 were predicted using
publicly available databases, such as
MiRanda, PicTar and TargetScan. Then,
we used the luciferase reporter assay to
detect whether BIRC3 is a downstream
target of miR-124 (Figure 3B). The
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Figure 1: Aberrant expression of miR-124 in HCC tissues and cell lines. (A) miR-124 expression levels
were analyzed by qRT-PCR in 18 pairs of HCC tumor tissues and adjacent non-tumor tissues. (B) The
expression of miR-124 was analyzed by qRT-PCR in HCC cell lines (SMMC7721, HepG2, SK-HEP1, Hep3B
and HCCLM3) and normal hepatic cell line (HL7702) (**p < 0.01).

HEK?293T cells were co-transfected with
pcDNAmiR-124 and BIRC3-WT-3'UTR
or BIRC3-Mut-3'UTR. The result showed
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Figure 2: miR-124 up-regulation inhibits the proliferation and migration of HCC cells in vitro. (A) Observed green fluorescence under the fluorescence microscope and verified
the infection efficiency of lentivirus in HCCLM3 cells. (B) Validated the expression of miR-124 when infected with LV-miR-124 or corresponding negative control (LV-miR-CON)
by qRT-PCR. The cell proliferative ability was detected by MTT (C) and clone formation assays (D). The cell migration ability was validated by wound-healing (E) and transwell

assays (F) (**p < 0.01).

that miR-124 reduced the luciferase activity of wild
type BIRC3 (BIRC3-WT) (p < 0.05), while no effect on
the mutant type BIRC3 (BIRC3-Mut) (p > 0.05) (Figure
3C). These data indicate that BIRC3 was a potential
target of miR-124 through directly targeting 3'-UTR.

Table 2: The sequences of primers used for qRT-PCR

Primer Sequence (5'>3')

miR-124

forward GGGCGTGTTCACAGCGGAC
reverse CAGTGCGTGTCGTGGAGT

U6

forward ATTGGAACGATACAGAGAAGATT
reverse GGAACGCTTCACGAATTTG
BIRC3

forward CCAAGTGGTTTCCAAGGTGT
reverse TGGGCTGTCTGATGTGGATA
B-actin

forward TGACGTGGACATCCGCAAAG

CTGGAAGGTGGACAGCGAGG

reverse

Knockdown of BIRC3 partially reverses the
effect of miR-124 on HCC cell proliferation
and migration

In order to explore the effect of BIRC3 on
miR-124-regulated proliferation and migration, we
first examined the BIRC3 expression by IHC staining
and qRT-PCR assays. Our results showed that the
expression of BIRC3 in tumor tissues was significantly
higher than in adjacent non-tumor tissues (Figure 4A
and 4B). And then we transfected miR-124
interference  lentivirus  (LV-miR-124-in)  into
SMMC7721 cells to detect infection efficiency (Figure
5A). Furthermore, a series of functional experiments
have been completed to elucidate that the regulation
of miR-124 on HCC progression by inhibiting BIRC3.
As shown in Figure 5B, BIRC3 protein levels were
restored when co-transfected with BIRC3 and
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miR-124 interference vectors compared with single
transfected with siBIRC3. In addition, the reduction of
BIRC3 can restore the promotion of cell proliferation
and migration caused by miR-124 down-regulation
(Figure 5C—5E). Collectively, these data indicated
that the inhibitory effect of miR-124 on HCC cells can
be achieved by targeting BIRC3.

miR-124 affects the development of HCC by
targeting BIRC3 and regulating NF-kB
signaling pathway

NF-xB signaling pathway has drawn widely
concerned in tumor formation and tumorigenesis [16],
which is best known for its important role in
regulating the expression of most gene families [17].
To investigate the molecular mechanism of miR-124
and BIRC3 involved in the development of HCC, we
preferred to detect the expression of P65 by
immunofluorescence assay. The result showed that
P65 was activated when BIRC3 participates in the
regulation of miR-124 (Figure 6A). Previous research
reported that BIRC3 is a specific transcriptional target
of P65 [18], which is consistent with our research.
Next, the member protein levels of the NF-kB
signaling pathway, including P65, p-P65, IkBa, p-IxBa
and c-Myc, were detected by western blotting. The
results found that overexpression of miR-124
significantly inhibited p-P65, p-IkBa and c-Myc
protein expression. However, up-regulation of BIRC3
reversed the inhibition of miR-124 on the above
mentioned protein expression (Figure 6B). Taken
together, the results indicated that miR-124 inhibits
the development of HCC through targeting BIRC3
and regulating NF-xB pathway.
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sites of miR-124 in the BIRC3 3’UTR region. (C) Relative luciferase activity was
analyzed after infected with LV-miR-124 and co-transfected reporter gene plasmids
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miR-124 inhibits the tumorigenesis of HCC in
vivo

To better illustrate the function of miR-124 in the
progression of HCC, xenograft tumor were
constructed and implanted into BalB/C nude mice to
examine miR-124-mediated inhibition of tumor
growth in vivo (Figure 7A). Consistent with the results
observed in vitro, tumor growth, including tumor
volume and tumor weight, were also significantly
decreased compared with the control group (Figure
7B and 7C). Meanwhile, we examined the expression
of BIRC3 and P65 derived from mouse tissue samples
using immunohistochemistry assay. The results
showed that the expression of BIRC3 and P65 after
infected with LV-miR-124 were lower than that of
infected with LV-miR-CON (Figure 7D). Taken
together, these data illustrated that miR-124 can
effectively suppress the HCC tumorigenesis and
growth in vivo.

Discussion

An increasing number of evidence indicates that
miRNAs play a crucial role in both formation and
development of cancer [19]. Among the numerous
miRNAs, miR-124 has been reported to be lowly
expressed in many malignant tumors. Meanwhile, the
downregulation of miR-124 will increase the cell
proliferation and cycle progression in different cancer
[20-23]. Previous studies have reported that miR-124

mostly acts as a tumor suppressor gene in HCC [24,
25]. In the present study, we firstly detected the
expression of miR-124 in HCC. We found that
miR-124 was significantly decreased in HCC tissues
and cell lines. Furthermore, with many functional
experiments, including MTT, clone formation,
Transwell, wound-healing and tumorigenicity assays,
we proved that overexpression of miR-124 inhibited
HCC cell proliferation and migration in vitro and
tumor growth in vivo. In contrast, knockdown of
miR-124 can reverse the process. Together, these
findings imply that miR-124 plays an important role
in regulating the development of HCC.

BIRC3, also known as cIAP2, a member of the
inhibitor of apoptotic proteins (IAP) families that
inhibits apoptosis by directly inhibiting caspases
cascade [26]. It has been reported that BIRC3 was
involved in multiple biological processes, including
cell proliferation, migration and apoptosis [27], and
high expression of BIRC3 was found in variety of
human malignant tumors [28]. For example, Gressot
[29] et al reported that BIRC3 accelerated malignant
transformation of low-grade gliomas (LGG) to
high-grade gliomas (HGG) as a facilitator of
malignant progression in glioma. Wang [30] et al
found that up-regulation of BIRC3 resulted in
apoptosis evasion and therapeutic resistance in
glioblastoma both in vivo and in vitro. In our study, we
found that BIRC3 was frequently observed to be
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highly expressed in HCC tumor tissues, which is
negatively correlated with miR-124 expression.
Further investigation showed that BIRC3 was a
functional target of miR-124 in HCC. On the one
hand, aberrant expression of miR-124 suppressed the
activity of the luciferase reporter vector containing the
BIRC3 3'UTR. On the other hand, down-regulation of
BIRC3 partially reversed the effect of miR-124
reduction on HCC cell proliferation and migration.
These results suggested that the regulation of miR-124
on HCC progression is partly achieved through
targeting of BICR3.

Recent studies have shown that BIRC3 plays a
pivotal role in regulation of NF-kB signaling pathway,
which control the development of tumor promotion
and tumor suppression [31-34]. Sequence analysis of
the BIRC3 promoter revealed two critical NF-xB and
two potential activator protein-1 (AP-1)-binding sites
[35]. It is well known that NF-xB signaling pathway
has drawn widely concerned in tumor formation and
tumorigenesis. In the present study, our results
manifested that the protein expression of BIRC3,
p-P65, p-IxBa and c-Myc were apparently decreased
in correlation with miR-124 overexpression. Whereas
BIRC3 restoration eliminated the inhibition of
miR-124 up-regulation on the above proteins. Thus,
miR-124 may affect the development of HCC mainly
through targeting BIRC3 and regulating NF-xB
signaling pathway.

In conclusion, our data indicate that miR-124
was apparently down-regulated and greatly
suppressed HCC cell proliferation and metastasis in
vitro and in vivo. We identified BIRC3, as a novel
target of miR-124, participated in the progression of
HCC by regulating NF-xB signaling pathway. These
findings give new insights to investigate the
molecular mechanism underlying HCC development,
and miR-124 can be used as a candidate diagnostic
and treatment biomarker for HCC.
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