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MiR-138-5p predicts negative prognosis
and exhibits suppressive activities in
hepatocellular carcinoma HCC by targeting FOXCI1

G. YANG, S. GUO, H.-T. LIU, G. YANG

Clinical Laboratory, Zhongnan Hospital of Wuhan University, Wuhan, Hubei, China

Abstract. — OBJECTIVE: Accumulating ev-
idence verified that microRNAs (miRNAs) par-
ticipate in the development of several cancers.

PATIENTS AND METHODS: The levels of miR-
138-5p and forkhead box c¢1 (FOXC1) were ex-
amined using quantitative Real-time PCR (qRT-
PCR). Cell Counting Kit-8 (CCK-8), colony forma-
tion, migration, and Transwell invasion assays
were conducted to examine the impact of miR-
138-5p on hepatocellular carcinoma (HCC) cells.
The protein expression of FOXC1 was detected
using Western blotting assay. The tumor growth
of HCC cell in vivo was analyzed using trans-
planted tumor model. The expressions of FOXC1
and Ki67 in vivo were assessed using immuno-
histochemistry (IHC) assay.

RESULTS: We testified that miR-138-5p was
down-expressed in HCC and the low level of
miR-138-5p was related to the poor clinical out-
come of patient with HCC. Moreover, miR-138-
5p repressed the growth and metastatic pheno-
types of HCC cells. Consistent with the results
in vitro investigations, we revealed that miR-138-
5p served as a suppressive miRNA in the growth
of HCC cell in vivo. By using the luciferase assay
and immunoblotting, we validated that FOXC1
was a potential downstream gene of miR-138-5p.
Finally, our results showed that re-expression of
FOXC1 rescued the growth and metastatic-re-
lated traits of HCC cell inhibited by miR-138-5p.

CONCLUSIONS: Altogether, our observations
imply that miR-138-5p restrains the aggressive
phenotypes of HCC cell via modulating FOXC1.
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Introduction

Hepatocellular carcinoma (HCC) is still a le-
thal malignancy and the primary cause of cancer
related mortality worldwide. Owing to the great
advances in the treatments, the overall survival

of patients with HCC have improved. However,
the five-year survival rate of patients with HCC
is less than 5%. Local diffusion and distant
metastases are the main reasons for the poor
clinical outcome of HCC. Hence, further inves-
tigations of exact mechanisms are necessary and
helpful to explore effective treatment options for
anticancer therapy.

MicroRNAs (miRNAs) are small noncoding
RNAs which suppress mRNAs translation and/
or negatively modulate the stability mRNAs
through interaction with the 3’-untranslated
regions (3’-UTRs) of their target genes'?. In
malignancies, miRNAs act as either anti-on-
cogenes or cancer-promoting genes. MiRNAs
participate in numerous biological processes of
cancers, including cell proliferation, metastasis
and apoptosis. In particular, miR-194 dereg-
ulation induces the growth and metastases of
colorectal carcinoma cell via targeting serine/
threonine kinase 2 (AKT2)’. MiR-143-3p acts
as a tumor suppressive miRNA through regu-
lating the growth, invasiveness and the epithe-
lial-mesenchymal transition (EMT) through tar-
geting KH Domain Containing RNA Binding-5
(QKI-5) in esophageal squamous cell carcinoma
(ESCC)*. Downregulation or overexpression of
miR-138 has been shown to play crucial actions
in regulating the aggressiveness of cancers, in-
cluding lung cancer, leukemia and pancreatic
cancer. Besides, miR-138-5p has been proved to
contribute to the proliferation and invasion of
bladder cancer cells by targeting surviving’. Of
note, miRNA-138-5p regulates the proliferation
of pancreatic carcinoma cell via directly regu-
lating FOXCI1. Nevertheless, the exact role of
miR-138-5p in HCC development is still largely
unknown. Also, the precise underlying molecu-
lar mechanisms through which miR-138-5p reg-
ulates HCC metastasis remains largely unknown
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and deep explorations are needed. In the current
study, we demonstrated that miR-138-5p was
strikingly down-expressed in both clinical HCC
samples and liver cancer cells. Transfection of
miR-138-5p markedly impaired the growth, mi-
grate and invasive abilities of HCC cell in vitro.
In addition, miR-138-5p significantly repressed
HCC cell growth in vivo. Specifically, we re-
ported that FOXC1 was a functional target of
miR-138-5p in HCC. MiR-138-5p inhibited the
proliferation and aggressive phenotypes of HCC
cell via downregulation of FOXCI. Our findings
implied that miR-138-5p/FOXC1 axis was a vital
element of HCC growth and metastasis.

Patients and Methods

Tissue Samples

48 cases of HCC samples and adjacent non-can-
cerous tissues were collected from the Zhongnan
Hospital of Wuhan University were stored at
-80°C. The study was approved by the Eth-
ics Committee of Zhongnan Hospital of Wuhan
University (Approval No. ZHWU20170911) and
the written informed consent was obtained from

patients before this study. The patients’ character-
istics are presented in Table I.

Cell Culture

The human HCC cell lines PLC/PRF/5, HepG2,
SMMC-7721 and HuH?7 as well as human normal
hepatocytes (LO2 cell) were bought from Nan-
jing Keygen (Nanjing, Jiangsu, China). HCC cells
were maintained using RPMI-1640 and LO2 cell
was cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM) containing 10% fetal bovine
serum (FBS) in a humidified atmosphere of 5%
CO, at 37°C.

In Situ Hybridization (ISH) of miR-138-5p

Locked nucleic acids (LNA)-modified probe
was 5 labeled with digoxigenin (Qiagen, Hilden,
Germany). After 15 pg/ml proteinase K diges-
tion, 30 nM of the probes were hybridized to
HCC tissues for 15 hours at 62°C. The probe
target was detected using alkaline phosphatase
activity on the nitroblue tetrazolium and bro-
mochloroindoyl phosphate substrate followed by
Nuclear Red counterstain.

Table I. Relationship between the expression of miR-138-5p and clinicopathological parameters in patients with HCC.

miR-138-5p
Parameter High Low p-value
Age (years) 0.078
<50 16 12
>50 9 11
Gender 0.106
Male 18 14
Female 10 6
Tumor size (cm) 0.143
<5 14 16
=5 8 10
TNM stage 0.004
I+HI 19 10
II+V 5 14
AFP (ng/mL) 0.083
<400 12 11
>400 15 10
Differentiation 0.248
Poorly 20 7
Moderately well 9 12
Distant Metastasis 0.031
Positive 3 13
Negative 13 19
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Cells Transfection

MiRNA-138-5p mimics, miR-138-5p inhibi-
tor (anti-miR-138-5p), miRNA negative control
(miR-NC), small interfering RNA (siRNA) neg-
ative control and siRNA targeting FOXC1 (si-
FOXC1) were obtained from RiboBio (Guang-
zhou, Guangdong, China). MiRNA-138-5p mim-
ics were transfected into HCC cells by using
Lipofectamine 2000 (Thermo Fisher Scientific,
Waltham, MA, USA) for 48 hours. To increase
the level of FOXCI1, the full-length sequence
of FOXC1 was constructed by GeneCopocia
(Guangzhou, Guangdong, China) and was insert-
ed into pcDNA3.1 vector (RiboBio).

qgRT-PCR Assay

Total RNAs were isolated using TRIzol kit
(Thermo Fisher Scientific, Waltham, MA, USA).
The miScript Reverse Transcription kit (Qia-
gen, Hilden, Germany) was used to construct
complementary DNA (cDNA) from total RNAs.
Then, the cDNA was amplified by using a miS-
cript SYBR Green PCR kit (Qiagen, Hilden,
Germany) on a Roche Light Cycler 480 Re-
al-Time PCR System (Roche Diagnostics, Ba-
sel, Switzerland). To quantify FOXCl1 mRNA
level, reverse transcription was conducted using
a PrimeScript RT Reagent Kit (TaKaRa Bio-
technology, Dalian, China). After that, qRT-PCR
was carried out using a SYBR Premix Ex Taq™
Kit (TaKaRa Biotechnology, Dalian, China). The
sequences of the primers were listed as follows:
miR-138-5p forward primer 5-GCGAGCTGGT-
GTTGTGAATC-3' and reverse primer 5-AGTG-
CAGGGTCCGAGGTATT-3’; U6 forward primer
5'-AAAGCAAATCATCGGACGACC-3' and re-
verse primer 5-GTACAACACATTGTTTCCTC-
GGA-3; GAPDH forward primer 5-AATGGA-
CAACTGGTCGTGGAC-3' and reverse primer
5'-CCCTCCAGGGGATCTGTTTG-3,; FOXCI
forward primer 5-GGCGAGCAGAGCTAC-
TACC-3' and reverse primer 5-TGCGAGTA-
CACGCTCATGG-3; RARA forward primer
5-AAGCCCGAGTGCTCTGAGA-3" and reverse
primer 5-TTCGTAGTGTATTTGCCCAGC-3'
Small nuclear RNA U6 and GAPDH were endog-
enous controls. All results were analyzed using
2724 method.

Luciferase Reporter Gene Assay

The 3'-UTR fragments of FOXCI containing
wild-type (wt) or mutant type (mut) miR-138-5p
binding sites were produced by GeneCopoeia
(Guangzhou, Guangdong, China) and inserted
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into pmirGLO luciferase reporter gene (Promega,
Madison, WI, USA), and named as FOXC1-Wt or
FOXC1-Mut. HCC cell was cultured in 24-well
plates and transfected with plasmid combination
with miR-138-5p by using Lipofectamine 3000.
After 48 hours, the luciferase activities were ana-
lyzed using luciferase reporter system (Promega,
Madison, WI, USA)

Proliferation Assay

Cells (5x10° per well) were cultured into
96-well plates and cultured for 24 hour, 48 hour,
72 hours or 96 hours, respectively. After each
time point, CCK-8 solution was added to the
plates. Cells were incubated for four hours and
the optical density (OD) was assessed at 450 nm
under a micro-plate reader (BioRad, Hercules,
CA, USA).

Colony Formation

HCC cells (1x10%) were seeded in six well
plates. The cell colonies were stained using crys-
tal violet (0.1%) after two weeks. The number of
colonies (more than 50 cells) was counted.

Migration Analysis

HCC cells (3x10°) were plated into 6 well
plates. After 24 hours, straight wounds were
made using 100 pl pipette tip. The width of the
wound gap was recorded under an inverted mi-
croscope and photographed at 0 hour or 24 hours,
respectively.

Invasion Assay

The upper chamber of 8-pum pore size Tran-
swell plate (Corning, MA, USA) was coated with
Matrigel. 200 pl of HCC cells (5 x 10*) was added
into the upper compartment and 500 pl of culture
medium containing 20% FBS was plated into the
lower compartment. 24 hours later, invaded HCC
cells were stained using crystal violet (1%) and
counted.

Immunoblotting

Whole-cell lysates were prepared using ra-
dio-immunoprecipitation assay (RIPA) buffer. 30
ug proteins were separated using 10% sodium
dodecyl sulfate polyacrylamide gel electrophore-
sis (SDS-PAGE) and then transferred onto poly-
vinylidene difluoride (PVDF) membrane. After
blocking using 5% BSA, the PVDF membrane
was incubated with FOXC1 or GAPDH antibody
(Santa Cruz Biotechnology, CA, USA) overnight.
After that, the PVDF membrane was incubated
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with horseradish peroxidase (HRP)-conjugated
goat-anti-rabbit IgG antibody (Bioworld, Nanjing,
Jiangsu, China). Target bands were detected using
an enhanced electrochemiluminescence (ECL)
system (Thermo-Fisher Scientific, Waltham, MA,
USA).

Tumorigenicity in Vivo

MiR-138-5p or miR-NC transfected SM-
MC-7721 cells were subcutaneously adminis-
tered into BALB/c nude mice (Shanghai Slack
Laboratory Animal Co., Ltd., Shanghai, China).
The width and length of tumor xenografts were
measured every week. BALB/c nude mice were
sacrificed at 35 days and tumor tissues were
excised. Tumor volume was calculated using the
following equation: 0.5 X length x width?. This
xenograft experiment was approved by the Eth-
ics Review Committee of Zhongnan Hospital of
Wuhan University.

Statistical Analysis

Results were expressed as Means #standard
deviation (SD). Statistical differences between
the two groups were analyzed using the Student’s
t-test. Comparison between multiple groups was
done using the One-way ANOVA test followed
by post-hoc test (Least Significant Difference).
p<0.05 was considered as statistically significant.

Results

MiR-138-5p Is Related to the
Poor Survival of Patient With HCC

In order to study the functions of miR-138-5p
in the development of HCC, we firstly analyzed
the levels of miR-138-5p in normal liver samples
and corresponding HCC samples using ISH as-
say. As demonstrated in Figure 1A, miR-138-5p
positive staining was markedly lower in HCC
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Figure 1. The relationship between miR-138-5p level in HCC tissues and clinical significance. A. In situ hybridization to
detect miR-138-5p expression in 48 paired HCC and adjacent non-cancerous tissues (Normal) (x 200). B. Quantitation of
miR-138-5p was performed using qRT-PCR in 48 HCC and adjacent normal tissues. **p<0.01 vs. Normal. C-D. miR-138-5p
expression was detected in primary tumor tissues and the patients were grouped according to distant metastasis status or
clinical stages. *p<0.05, **p<0.01 vs. I+II or No metastasis. E. Kaplan-Meier overall survival curves according to high and

low miR-138-5p expression in 48 patients with HCC.
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samples than that in the corresponding normal
liver tissues. In addition, the qRT-PCR results
indicated that miR-138-5p was downregulated in
HCC than in normal liver tissues (n = 48, Figure
1B). We also observed that the expression of miR-
138-5p was lower in HCC tissue from patient with
distant metastasis and advanced clinical stages
(Figure 1C-1D). Finally, Kaplan-Meier survival
test suggested that the lower expression of miR-
138-5p was connected to the poor overall surviv-
al (OS) in HCC patients (Figure 1E). All these
findings indicated that miR-138-5p was strikingly
downregulated and associated with the progres-
sion of HCC.

MiR-138-5p Represses HCC Cell Growth
and Metastatic Ability

Among the five HCC cell lines, we found
that SMMC-7721 cell line had the lowest level
of miR-138-5p (Figure 2A) when compared to
normal human liver cell line, LO2. Therefore,
SMMC-7721 was selected for following cell
growth, colony formation, invasiveness, and
migration assay. SMMC-7721 cell was trans-
fected with miR-138-5p mimics and the ex-
pression of miR-138-5p was detected by using
qRT-PCR. As shown in Figure 2B, transfection
of miR-138-5p mimics raised the level of miR-
138-5p in SMMC-7721 cell. Next, we observed
that miR-138-5p distinctly suppressed the pro-
liferation and colony formation of SMMC-7721
cell (Figure 2C-2D). Meanwhile, transfection
of miR-138-5p markedly reduced the migration
capability and invasiveness of SMMC-7721 cell
in vitro (Figure 2E-2F). Next, HCC cell line,
PLC/PRF/5 was transfected with miR-138-5p
inhibitor to confirm the inhibitory impact of
miR-138-5p (Figure 3A). Firstly, we found that
miR-138-5p inhibitor enhanced the aggressive-
ness phenotypes of PLC/PRF/S cell in vitro,
including growth (Figure 3B) and colony for-
mation ability (Figure 3C). Meanwhile, the mi-
gration and invasion capacities of PLC/PRF/5
were also improved by miR-138-5p inhibitor
(Figure 3D-3E). All these data indicated that
miR-138-5p suppressed HCC cell growth, mi-
gration and invasion abilities.

FOXCT Is a Target of miR-138-5p in HCC

To reveal the potential mechanism through
which miR-138-5p modulates HCC cell aggres-
siveness, the downstream target of miR-138-5p
was searched using bioinformatics methods (mi-
crol, RNA22, PicTar, miRTarBase, TargetScan
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and miRanda). As shown in Figure 4A, two
candidate genes (FOXCI and RARA) were iden-
tified in the Venn diagram. To verify whether
FOXC1 was indeed the target gene of miR-
138-5p, SMMC-7721 and PLC/PRF/S cell was
transfected with miR-138-5p and we observed
that miR-138-5p significantly reduced the level
of FOXC1 in HCC cell (Figure 4B and 4C).
Next, luciferase reporter gene assay was car-
ried out to reveal the interaction between miR-
138-5p and FOXCI. As shown in Figure 4D,
miR-138-5p distinctly decreased the luciferase
activity in HCC cell that was cotransfected with
pmirGLO luciferase reporter carrying FOXCI-
Wt, while miR-138-5p had no suppressive role
on the luciferase activity in HCC cell that was
cotransfected with pmirGLO luciferase reporter
carrying FOXCI1-Mut. Altogether, these results
indicated that miR-138-5p bound with the 3’-
UTR of FOXCI.

MiR-138-5p Represses HCC by
Modulating FOXCT1

Next, several rescue experiments were carried
out to verify that FOXCI gene was the direct-
ly target of miR-138-5p. SMMC-7721 cell was
transfected with miR-138-5p alone or cotrans-
fected miR-138-5p mimics and FOXCI. The
protein expression of FOXCI in SMMC-771
cell was reduced by miR-138-5p and recovered
by cotransfection of pcDNA3.1 vector carrying
FOXCI1 (Figure 5A). Next, the following func-
tional assays suggested that the colony forma-
tion and aggressive phenotypes inhibited by
miR-138-5p were rescued by FOXC1 (Figure
5B-5E). Next, PLC/PRF/5 cell was transfect-
ed with miR-138-5p inhibitor (anti-miR-138-5p)
alone or cotransfected anti-miR-138-5p and si-
FOXCI. The protein expression of FOXCI in
PLC/PREF/5 cell was increased by anti-miR-138-
5p and reduced by cotransfection of siFOXCI
(Figure 6A). Afterwords, we observed that the
colony formation and aggressive phenotypes
enhanced by anti-miR-138-5p were inhibited by
siFOXC1 (Figure 6B-6E). Altogether, these re-
sults indicated that miR-138-5p suppressed HCC
through targeting FOXCI.

MiR-138-5p Inhibits Tumor Growth of
HCC Cell in Vivo

We finally explored the suppressive effects of
miR-138-5p on the growth of HCC cell in vivo.
SMMC-7721 cell was transfected with miR-138-
5p or miR-NC. The upregulation of miR-138-5p
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Figure 2. miR-138-5p overexpression inhibited SMMC-7721 cell proliferation, colony formation, and migration. A. The level
of miR-138-5p in four HCC cell lines. **p<0.01 vs. LO2 cell. B. Quantitation of miR-138-5p level after the transfection of
miR-138-5p mimic in SMMC-7721 cell line. C. Cell growth curve measured using CCK-8 assay after the transfection of miR-
138-5p mimic in SMMC-7721 cell line. D. Representative images and quantitative results of colony formation were obtained
after transfection with miR-138-5p mimic in SMMC-7721 cell line (x 200). E. Representative images and quantitative results
of the wound healing assay were obtained after transfection with miR-138-5p mimic in SMMC-7721 cell (x 200). Scale bars
represent 200 um. F. Representative images and quantitative results of the Transwell assay were obtained after transfection
with miR-138-5p mimic in SMMC-7721 cell (x 200). **p<0.01 vs. miR-NC. Scale bars represent 100 um.

in SMMC-7721 cell after lentiviral infection
was determined by using qRT-PCR (Figure 7A).
Next, SMMC-7721 cells were subcutaneous-
ly injected in BALB/c nude mice. The tumor
growth curve indicated that the growth rate was
significantly inhibited in miR-138-5p-overregu-

lated group (Figure 7B). Then, the tumor tissues
in the two groups were dissected and weighted
(Figure 7C). Moreover, tumor tissues were sub-
jected to immunohistochemistry (IHC) assay
using Ki-67 antibody. The Ki-67 staining was
significantly reduced in tumors derived from
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Figure 3. Repression of miR-138-5p expression significantly promoted cell growth, colony formation, and migration in PLC/
PREF/5 cell. A. Quantitative measurement of miR-138-5p level after the transfection of miR-138-5p inhibitor in PLC/PRF/5 cell.
B. Cell growth curve measured by CCK-8 after transfection with miR-138-5p inhibitor in PLC/PRF/S cell. C. Representative
images and quantitative results of colony formation were obtained after transfection with miR-138-5p inhibitor in PLC/PRF/5
cell (x 200). D. Representative images and quantitative results of the wound healing assay were obtained after the transfection
of miR-138-5p inhibitor in PLC/PRF/5 (x 200). Scale bars represent 200 pm. E. Representative images and quantitative results
of the Transwell assay were obtained after the transfection of miR-138-5p inhibitor in PLC/PRF/S cell (x 200). **p<0.01 vs.
anti-miR-NC. Scale bars represent 100 pm.

miR-138-5p overexpressing SMMC-7721 cells from miR-138-5p-overregulated SMMC-7721
(Figure 7D). Furthermore, a markedly decrease cells compared with the staining in the miR-NC
in FOXCI staining was found in tumors derived group (Figure 7 E).
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after co-transfection of cells with miR-138-5p mimic and pmirGLO luciferase reporter containing Wt or Mut FOXC1 3’-
UTR region in SMMC-7721 and PLC/PRF/5 cell. *¥p<0.01 vs. miR-NC + Wt-FOXC1.

Discussion

MicroRNAs have been proved to be involved in
the tumorigenesis and process of multiple tumor
types®®. The alteration in miR-138-5p expres-
sion has been observed in several cancers™'*'!,
So, miRNA-138-5p inhibits the migration, in-
vasion and epithelial-mesenchymal transition
(EMT) of breast cancer through targeting rhom-
boid domain-containing protein 1 (RHBDD1)".
MiR-138-5p also represses the EMT, growth and
metastasis of lung adenocarcinoma cell by mod-
ulating zinc finger E-box-binding homeobox 2
(ZEB2)®. In this research, we revealed that miR-
138-5p was distinctly down-expressed in human
HCC tissues. A low level of miR-138-5p was
also observed in HCC cells lines when compared
to LO2 cell. Meanwhile, the low expression of
miR-138-5p was closely related to higher stage
and distant metastasis of HCC. Furthermore, the
patients with HCC harboring lower miR-138-5p
levels showed significantly shorter overall sur-
vival than HCC patients with higher miR-138-5p

expression. These findings are in line with previ-
ous investigations, which indicate that the level
of miR-138-5p is commonly down-expressed in
cancers and may be closely related to HCC pro-
gression.

Plenty of miRNAs have cancer-inhibitory
roles in HCC and other types of cancers. In
particular, miR-525-3p induces the invasion and
migration of HCC cell through modulating zinc
finger protein 395 (ZNF395)"“. MiRNA-302a/d
represses the self-renewal ability of liver cancer
stem cell through regulating the E2F Transcrip-
tion Factor 7/Serine/Threonine Kinase (E2F7/
AKT) axis'. In this research, we proved that
transfection of miR-138-5p repressed the cell
proliferation and colony formation of HCC
cells. Meanwhile, upregulation of miR-138-5p
restrained the migration and invasion capacities
of HCC cells in vitro. Nevertheless, down-regu-
lation of miR-138-5p caused completely opposite
results. Recent reports have indicated that miR-
138-5p 1is strikingly downregulated in gastric
cancer (GC) and pancreatic cancer'®!”. In human
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Figure 5. MiR-138-5p repressed HCC by modulating FOXCI1. A. The protein level of FOXC1 in SMMC-7721 with co-
transfection of miR-138-5p mimics and pcDNA3.1 vector containing FOXC1. B-C. Cell proliferation and colony formation
assay of co-transfection cell with miR-138-5p mimics and FOXC1 plasmid (x200). D-E. Wound healing and Transwell assay
of co-transfection cell with miR-138-5p mimics and FOXCI plasmid (x 200). Scale bars represent 100 pm. **p<0.01 vs. miR-

NC, #p<0.01 vs. miR-138-5p.

retinoblastoma, miR-138-5p functions as a can-
cer-suppressive miRNA through modulating py-
ruvate dehydrogenase kinase 1 (PDHA1)". MiR-
138-5p is also down-expressed in colorectal
carcinoma (CRC) and is related to the advanced
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stage and poor clinical outcomes of patients'®.
All observations support our findings that miR-
138-5p serves as a cancer suppressive miRNA.
MiRNAs are primarily processed by the
RNA-mediated interference machinery to trig-
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Figure 6. Rescue assays were performed to confirm that FOXCI is the functional target of miR-138-5p.

A. The protein level

of FOXC1 in PLC/PRF/S with co-transfection of miR-138-5p inhibitor (anti-miR-138-5p) and siFOXCI1. B-C. Cell proliferation
and colony formation assay of co-transfection cell with anti-miR-138-5p and siFOXC1 (x200). D-E. Wound healing and
Transwell assay of co-transfection cell with anti-miR-138-5p and siFOXC1 (x 200). Scale bars represent 100 pm. **p<0.01 vs.

anti-miR-NC, #p<0.01 vs. anti-miR-138-5p.

ger partial or complete target gene mRNA deg-
radation?’. Our bioinformatics analysis indi-
cated that FOXC1 was a potential target gene
of miR-138-5p. The result of luciferase reporter
gene assay further indicated that miR-138-5p
directly interacted with the 3'-UTR of FOXCI.

FOXC1 is a member of the forkhead box family
of transcription factors (TFs) and has been shown
to have a critical role in embryogenesis, differ-
entiation, and angiogenesis. Recently, FOXC1
has been found overexpressed in cancers* . In
primary hepatocellular carcinoma, FOXCI con-
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Figure 7. miR-138-5p suppressed tumor growth of HCC cell in vivo. A. The level of miR-138-5p in miR-138-5p mimics
transfected SMMC-7721 cell was assessed using qRT-PCR assay. B-C. MiR-138-5p transfected SMMC-7721 cells were
subcutaneously injected into nude mice. The tumor volumes and tumor weights were analyzed. D-E. Immunohistochemistry
of Ki67 and FOXCI in tumor tissues dissected from nude mice treated with miR-138-5p or miR-NC transfected SMMC-7721
cells (x 200). Scale bars represent 100 pm. **p<0.01 vs. miR-NC.

tributes to the microvascular invasion of cancer
cell through regulating EMT?. In our study, the
expressions of FOXCIl were markedly reduced
by miR-138-5p in HCC cells as demonstrated by
gRT-PCR and Western blotting assays.

To characterize the detailed roles of miR-138-
5p/FOXC1 axis in HCC progression, HCC cell
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was transfected with miR-138-5p and pcDNA3.1
vector containing FOXCI1. The several rescue ex-
periments indicated that re-expression of FOXCI
restored the growth and metastatic-related traits
of HCC cells that were impaired by miR-138-5p.
As expected, FOXC1 silencing weakened the
growth and metastatic-related traits of HCC cells



MiR-138-5p predicts negative prognosis and exhibits suppressive activities in HCC by targeting FOXCI

that were enhanced by miR-138-5p inhibitor. All
these observations suggested that miR-138-5p
might inhibit HCC growth and aggressiveness
through regulating FOXCI. Finally, we proved
that transfection of miR-138-5p significantly in-
hibited HCC cell growth in vivo. The Ki-67
staining was markedly reduced in the tumor tis-
sue formed by miR-138-5p-overexpressing HCC
cell. The immunohistochemistry (IHC) staining
results further showed that FOXCI staining in
xenograft tumors of the miR-138-5p transfected
HCC group were significantly reduced than that
in tumor tissue derived from miR-NC transfected
cell, indicating that the growth of HCC cells and
the expression of FOXC1 were decreased by miR-
138-5p in vivo.

Conclusions

In short, our findings indicate that miR-138-5p
is down-expressed in human HCC and miR-138-
5p might act as a potential predictor for the clin-
ical outcomes of patients with HCC. Moreover,
we demonstrate that miR-138-5p possesses the
inhibitory effects in HCC growth and aggressive
phenotypes through modulating its target gene,
FOXCI. Our data suggest that miR-138-5p serves
as an antioncogene in HCC and reveals the cru-
cial role of miR-138-5p /FOXCI in the progres-
sion of HCC.
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