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Abstract: MicroRNAs (miRNAs) are a class of small, non-coding RNAs, which have demonstrated to important gene
regulators, and have critical roles in diverse biological processes including cancer cell proliferation. Previous studies
suggested microRNA-338-3p (miR-338-3p) was down-regulated and play tumor suppressor roles in gastric cancer,
colorectal carcinoma and lung cancer. However, the role of miR-338-3p in hepatocellular carcinoma (HCC) is still
unclear. In this study, we analyzed the expression of miR-338-3p in HCC tissues and HCC cell lines. We find that miR-
338-3p was downregulated in HCC tissues and cell lines. Then functional studies demonstrate ectopic miR-338-3p
expression significantly suppressed the in vitro proliferation and colony formation of HCC cells and cause to cell
cycle arrest. Using bio-informatic method and report assay we identified a novel miR-338-3p target, FOXP4 in HCC
cells. Furthermore, knockdown of FOXP4 have the similar effects in HCC corrected with miR-338-3p. These findings
suggest that miR-338-3p regulates survival of HCC cells partially through the downregulation of FOXP4. Therefore,
targeting with the miR-338-3p/FOXP4 axis might serve as a novel therapeutic application to treat HCC patients.
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Introduction

Hepatocellular carcinoma (HCC), which is the
sixth most commonly malignant tumor and
third leading cause of cancer-related death
worldwide [1, 2], has a high mortality [3]. The
tumorigenesis process of HCC is a complicate
and involving many gene alterations inclu-
ding microRNAs (miRNAs) [4]. Although many
researchers have demonstrate many signal
pathways in HCC proliferation and cell cycle,
understanding the molecular mechanism of
HCC cell growth is full of challenge. Currently,
miRNA offers a novel molecular approach and
has been reported to be involved in HCC patho-
genesis [5].

MicroRNAs (miRNA) are small, non-coding
RNAs, approximate 22nt in length and bind to
partially complementary recognition sequenc-
es of MRNA, causing either degradation or inhi-
bition of translation, thus effectively silencing
their mRNA target [6]. The smaller gene regula-

tor has been reported to be participating in vari-
ous biological processes such as differentia-
tion, morphogenesis and tumorigenesis [7, 8].
Previous studies have indicated miRNAs could
play oncogene or tumor suppressor roles in the
etiology and pathogenesis of cancer by target-
ing tumor suppressors or oncogenes [9, 10].
Many miRNAs have been identified to partici-
pated in HCC cellular transformation and tumor-
igenesis such as MiR-126-3p [11] and miR-
1285-3p [12]. However the characterization of
miR-338-3p associated with HCC progression
and development is still unclear.

The aim of the present study was to demon-
strate the role of miR-338-3p in HCC. And we
explored its functions in HCC HepG2 and Hep-
3B cells with MTT and Colony formation assays.
Then we want to examine the effects of miR-
338-3p on the cell cycle of HCC cells. Moreover,
the direct target of miR-338-3p was finding in
HCC cells. To our knowledge, our study is the
first to document the role of miR-338-3p-3p in
HCC.
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Materials and methods
Tissue samples

A total of 30 patients who were diagnosed
as primary HCC in Department of Oncology,
Jinan Central hospital were included in this
study. None of these patients received chemo-
therapy and radiotherapy before the surgery.
Tumor and corresponding non-tumor lung tis-
sue samples were collected and rapidly frozen
in liquid nitrogen and stored at -80°C. Ethical
approval was obtained from the hospital and
fully informed consent from all patients before
sample collection.

Cell culture

Two HCC cell lines (HepG2 and Hep-3B) were
cultured in RPMI 1640 (GIBCO-BRL) medium
supplemented with 10% fetal bovine serum,
100 U/ml penicillin, and 100 mg/ml streptomy-
cin in humidified air at 37°C with 5% CO,,.

Bioinformatics methods

The miRNA targets predicted by computer-aid-
ed algorithms were obtained from targetscan
(http://www.targetscan.org).

Real-time reverse transcription (QRT) poly-
merase chain reaction (PCR)

A TagMan miRNA-assay kit was obtained from
Applied Biosystems (Foster City, CA, USA) for
the detection of mature miR-338-3p expres-
sion. According to the manufacturer’s instruc-
tions, the 2-DeltCt method was used in con-
junction with the RNUGB gene as a control for
normalization. All experiments were performed
in triplicate and repeated once. To verify integ-
rity of FOXP4 expression, GAPDH gene was
used as an internal control. PCR conditions
were 30 cycles consisted of denaturation at
94°C for 30 s, annealing at 56°C (58°C for
GAPDH) for 30 s, and extension at 72°C for 30
s. Each PCR product was separated by 1.5%
agarose gel electrophoresis and visualized by
ethidium bromide staining.

Western blot assay

Cell protein lysates were separated in 10%
sodium dodecyl sulfate polyacrylamide gels,
electrophoretically transferred to polyvinyli-
denedifluoride membranes (Roche Diagnostics,
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Mannheim, Germany), then detected with anti-
FOXP4. Protein loading was estimated using
mouse anti-GAPDH monoclonal antibody. Lab
Works Image Acquisition and Analysis Software
(UVP, Upland, CA, USA) were used to quantify
band intensities.

Assay of luciferase activity

The 3'UTR of FOXP4 was amplified and cloned
into the downstream of pGL3/Luciferase vec-
tor. Then the mutant 3'UTR of FOXP4 (several
nucleotides within the binding sites were
mutantant) was amplified using pGL3/Luc-
FOXP4 3’'UTR as the template, and then was
cloned into the downstream of pGL3/Luciferase
vector. For the luciferase reporter assay, the
cells were co-transfected with miR-338-3p
mimics or control and pGL3/Luciferase-FOXP4
3'UTR or the mutant 3’UTR, together with
the controls. At 48 h after transfection, the
cells were lysed using RIPA buffer, and then
Luciferase intensity was measured by an F-
4500 Fluorescence Spectrophotometer (HIT-
ACHI).

Cell proliferation (MTT) assay and colony for-
mation assay

The transfected cells were plated into 96-well
plates at a density of 5000 cells/well. At 48 h
after transfection, the cells were incuba-
ted with MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) for 4 h at 37°C.
Then the cells were agitated with MTT solvent
on an orbital shaker for 10 min avoiding light.
The absorbance at 490 nm (OD490 nm) was
measured with a spectrophometer. The cells
were seeded into 12-well plate at a density of
200 cells/well after transfection. The medium
was changed every three days. Approximately
10 days later, most of the cell clones contained
more than 50 cells. The clones were washed
with 1xPBS and stained with crystal violet for
about 5 min. Finally the clones were taken pic-
tures and counted. The colony formation rate =
(number of clones)/(number of seeded cells)
x100%.

Statistical analysis

All the data were shown as mean + SD and the
experiments were repeated three times. The
difference was determined by two-tailed stu-
dents’t-test and P < 0.05 was considered sta-
tistically significant.
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Figure 1. Determining miR-338-3p expression in HCC tissues and cell lines. A. Relative expression of miR-338-3p
in HCC tissues in comparison with corresponding non-tumor lung tissues. B. The miR-338-3p expression was sig-
nificantly lower in HCC cell lines compared with Normal tissue or LO2 cells. MiR-338-3p expression was normalized
to U6 expression. And the results were reproducible in three independent experiments. *P < 0.05 was considered

as statistic significant.

Table 1. Characteristics of HCC patients in
this study

Features Number of cases

Tumor size (cm)

<5 12

>5 18
HBV infection

Negative 5

Positive 25
Age

>60 13

<60 17
Differentiation

Well and moderate 15

Poor or no differentiation 15
TNM stage

[+l 14

+1v 16
Lymphatic metastasis

pN (NO) 12

pN (N1+N2+N3) 18
Results

Decreased miR-338-3p expression in HCC tis-
sues and HCC cell lines

MiR-338-3p could be observed to be signifi-
cantly downregulated in HCC tissues compared
with that in matched adjacent normal lung tis-
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sues (Figure 1A). The characteristics of 30 HCC
patients were shown (Table 1). Among 30
matched normal and HCC tumor tissues, miR-
338-3p was significantly downregulated in 30
cancer tissues compared with the normal tis-
sues. Furthermore, we also examined the
expression of miR-338-3p in HCC cells HepG2,
QGY7703 and Hep-3B compared to Normal tis-
sue and LO2 cells (Figure 1B). The miR-338-3p
downregulation in HCC cell lines was correlated
with HCC tumor tissues. Therefore, we conclud-
ed that downregulation of miR-338-3p expres-
sion might play important roles in HCC progres-
sion and development.

Effects of miR-338-3p expression on in vitro
proliferation of HCC cells

Based on miR-338-3p was downregulated in
HCC tissues and cell lines, we ectopic over-
expressed miR-338-3p in HCC cells. As results
from TagMan real-time PCR assay, miR-338-3p
could significantly upregulate the level of miR-
338-3p expression in HepG2 and Hep-3B cells
by 8.5 or 7.2-fold, respectively (Figure 2A). To
testify that miR-338-3p may function as a
tumor suppressor, the effects of miR-338-3p
overexpression on the proliferation of HCC cell
were determined in vitro. Thereafter, a 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazo-
lium bromide (MTT) and colony formation
assays were performed to detect the cell viabil-
ity. HepG2 and Hep-3B cells transfected with
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mMiR-338-3p target FOXP4 in HCC

104 Hep-3B 2.0-
*

o
[
1

Cell viability (OD 570)
o

(UG RNA as control)
N\ ¥

Relative miR-338-3p expression level

o
o
I

-

Relative colony formation rate (100%)
o
(-]

) = o
i W B
0.0 ; ? = £ 3
> R > R e
o‘éo o;b% 0&“‘0 :5%:5 g
& & & &
& <€ & &

154 EE3 miR-338-3p

Hep-3B E miR-control
k. .y .

Cc
HepG2 Hep-3B
2.0-
- E3 miR-control
w,?., EE3 miR-338-3p
o
=]
>
=
2
&
2z
®
Q
K
) F
miR-338-3p i evlle]]
e ] 150 E3 S
= é2m
HepG2 - Hep-3B
= 1004
Q —
(5]
s
2 504
0
N >
&© il & R
'006“ o ,&& oo
& & & &

Figure 2. Overexpression of miR-338-3p inhibits in vitro growth of HCC cells. (A) HepG2 and Hep-3B cells were trans-
fected with miR-338-3p or miR-controls, respectively. (B, C) At 12 h, 24 h and 48 h after transfection, MTT assay was
performed to determine the proliferation of HepG2 and Hep-3B cells. Data represent the mean + s.d. from three
independent experiments. (D, E) Colony formation rate are shown in each group. Representative results of colony
formation of HepG2 and Hep-3B cells transfected with miR-338-3p or miR-control (F) FACS was used to detect the
effect of miR-338-3p on cell cycle in HepG2 and Hep-3B cells. The results were reproducible in three independent
experiments. *P < 0.05 was considered as statistic significant.

miR-338-3p was observed to grow more slowly
than those cells transfected miR-controls
(Figure 2B, 2C). And Figure 2D and 2E shows
the colony numbers of HepG2 and Hep-3B cells
transfected with miR-338-3p were significantly
lower than those transfected with miR-control.
To further verify the role of miR-338-3p in HCC
cells, cell cycle analysis was performed in
HepG2 and Hep-3B cells. The results shows
over-express miR-338-3p could caused to the
G1 to S spare arrest in HCC cells (Figure 2F)
Thus, these results indicated that ectopic miR-
338-3p expression could inhibit in vitro prolif-
eration of HCC cells.

MiR-338-3p directly targets FOXP4 gene by
interaction with the binding site in the 3’-UTR

The miRNA target prediction algorithm Tar-
getScan was used to computational screen for
genes with complementary sites of miR-338-
3p in their 3'-UTR. We found that forkhead box
P4 (FOXP4) was a putative target of miR-338-
3p. To confirm this possibility, the miR-338-3p
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binding sequences present at the 3-UTR of
FOXP4 mRNA (WT-3-UTR) or its mutant site
(FOXP4-3'UTR-mut) were subcloned into the
downstream of the luciferase reporter gene in
pGL3 vector (Figure 3A) and then co-transfect-
ed with into HepG2 and Hep-3B cells. The rela-
tive luciferase activity of the reporter that con-
tained wildtype 3-UTR was significantly de-
creased by 30% when miR-338-3p was co-
transfected, but the luciferase activity of
FOXP4-3'UTR-mut reporter was unaffected by
simultaneous transfection of miR-338-3p
(Figure 3B, 3C). These results suggesting that
miR-338-3p might suppress FOXP4 expression
through the putative binding site in its 3'UTR.
Furthermore, real time PCR and Western Blot
assays were performed to check whether miR-
338-3p expression affects the expression of
endogenous FOXP4 at both transcriptional and
translational levels. Consistent with the results
of Luciferase report assay, the levels of FOXP4
MRNA showed a significant decreasing between
miR-338-3p transfected HCC cells and miR-

Int J Clin Exp Pathol 2015;8(1):337-344
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Figure 3. MiR-338-3p directly targets FOXP4. A. The putative miR-338-3p-binding sites in the 3’-UTR of FOXP4
mRNA was shown. Mutation was generated on the FOXP4 3’-UTR sequence in the complementary site for the seed
region of miR-338-3p. B, C. The wild type (FOXP4 3’-UTR-WT) or mutant (FOXP4 3’-UTR-mut) reporter plasmids was
co-transfected into HepG2 and Hep-3B cells with miR-338-3p or miR-control. The normalized luciferase activity in
the control group was set as relative luciferase activity. D. The expression of FOXP4 mRNA was analyzed by real time
PCR assay. GAPDH was used as an internal control. E. The expression of FOXP4 protein was analyzed by western
blot assay. GAPDH was used as an internal control. All experiments were at least repeated in triplicate with similar
results (*P < 0.05 was considered as statistic significant).

control transfected cells (Figure 3D). And
Western blot analysis showed that the level of
FOXP4 protein expression in miR-338-3p trans-
fected HCC cells was significantly inhibited by
80% compared with that in miR-control trans-
fected cells (Figure 3E). These data indicated
that miR-338-3p could directly target FOXP4 in
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HCC cells by interaction with the binding site in
3’-UTR of FOXP4 gene.

Knockdown of FOXP4 inhibits cell proliferation

To investigate the function of FOXP4 in HCC
cells, HepG2 and Hep-3B were transfected with

Int J Clin Exp Pathol 2015;8(1):337-344
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Figure 4. Knockdown of FOXP4 inhibits the cell proliferation of HCC cells. A, B. Western blot was used to detect the
transfection efficiency of siRNA FOXP4 in HCC cells. C. The long term cell growth as determined by colony formation
assay. D, E. Cell survival was determined by MTT assay. All experiments were at least repeated in triplicate with
similar results (*P < 0.05 was considered as statistic significant).

FOXP4 siRNA. As shown in Figure 4A and 4B
FOXP4 siRNA decreased 75% and 90% of the
expression of FOXP4 in HepG2 and Hep-3B
cells, respectively. Colony formation and MTT
assays were performed to examine the effects
of FOXP4 on cell growth in vitro. Our data dem-
onstrated that relative cell growth was signifi-
cantly inhibited in FOXP4 siRNA transfected
cells (Figure 4C-E). These results may partly
elucidated the miR-338-3p induced growth
inhibition of HCC cells though directly target
FOXP4.

Expression of FOXP4 in HCC tissues and cell
lines

Since we have demonstrated the expression
levels of miR-338-3p in HCC cell lines and tis-
sues, we then used quantitative real-time PCR
(gRT-PCR) to measure FOXP4 mRNA expression
levels in the 30 pairs HCC tissues and adjacent
normal tissues. Compared to Normal tissues,
the expression of FOXP4 was obviously in-
creased in HCC tissues (Figure 5A). Fur-
thermore, the expression of FOXP4 was down-
regulated in HCC cell lines showed in Figure 5B.
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These results demonstrate the oncogene role
of FOXP4 in HCC and imply the miR-338-3p/
FOXP4 may serve as a potential target for HCC
therapy.

Discussion

Hepatocelluar carcinoma (HCC) is currently the
fifth highest in solid tumor and is the third lead-
ing cause of cancer death worldwide, which
accounting for approximately one million
deaths annually [3, 13]. Althogh these years
the techniques treated to HCC have been
improved, unfortunately, the survival rate of
HCC patients remains poor despite recent
advances in medical treatment and surgical
techniques [14, 15]. So it is important to under-
standing the molecular mechanism of HCC
development for effective therapy.

Evidences have been report that numerous of
mMiRNAs expressions were deregulated occurs
frequently in HCC, and contributed to tumori-
genesis. Therefore, it is crucial to explore the
function of deregulated miRNAs in HCC.
Previous studies have discovered that miR-

Int J Clin Exp Pathol 2015;8(1):337-344



miR-338-3p target FOXP4 in HCC

A
T
o 10+ *
o f 1
g
O g
< F L]
Qoo
X X
OO0 6 g
W ..
o =
'EE " LPPYY
32 ee®
s o g%
% ®eger A
'5_ 0 T T
3 & &
P P
g >
& o
o o‘&
X

o]

Relative FOXP4
expression level (FOXP4/GAPDH)
w
1

Qélr ‘\Q'b g
%Qn c;\’\ \be’Q
G

Figure 5. FOXP4 expression levels in HCC tissues. A. gRT-PCR was used to detect the expression of FOXP4 in HCC
tissues and adjacent normal tissues (Normal tissue); B. gRT-PCR was used to detect the expression of FOXP4 in
HCC cell lines Normal tissue. All experiments were at least repeated in triplicate with similar results (*P < 0.05 was

considered as statistic significant).

338-3p is downregulated in colorectal carcino-
ma and gastric Cancer [16, 17]. However, the
role of miR-338-3p in HCC was still poorly
explored. In this study, we determined the
deregulated expression of miR-338-3p in HCC
using real time PCR, and confirmed miR-338-
3p was significantly down-regulated in HCC tis-
sues and cell lines compared to the corre-
sponding matched adjacent normal tissues.

Previous study has demonstrated that miR-
338-3p act as tumor suppressor role in CRC
cells and suppressed cell proliferation and
induced apoptosis. This tumor suppressor
MiRNA also has been investigated to suppress
invasion of liver cancer cell [18]. So we specu-
late miR-338-3p may inhibit HCC cell prolifera-
tion. MTT, colony formation assay and cell cycle
assay were performed to demonstrate this
idea. Indeed, the ectopic expression of miR-
338-3p could suppress HCC cells proliferation
and induce cell cycle arrest in HepG2 and Hep-
3B cells. These results demonstrated miR-338-
3p suppress the proliferation of HCC cells, and
triggered cell cycle arrest in vitro further sup-
port the tumor suppressor role in HCC.

MiIRNA could function as tumor suppressor or
oncogene through target oncogene or tumor
suppressor gene. In this study, we want to
explore the targets of miR-338-3p that may
explain its cell proliferation inhibitor role in
HCC. We used Targetscan bioinformatics for
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target genes prediction, and the FOXP4 as the
potential target for further validation. FOXP4,
as a member of the Foxp subfamily of winged-
helix transcription factors, encodes a 685-ami-
no-acid protein that is similar to Foxpl and
Foxp2. Foxp4 gene expression is observed pri-
marily in pulmonary, neural, and gut tissues
during embryonic development [19]. To the
present, Wiehagen KR et al reported Foxp4 is
dispensable for T cell development, but re-
quired for robust recall responses [20]. Long et
al. provide further support for association of
the FOXP4 with prostate cancer in Eastern
Asian populations [21]. In this study, we per-
formed Luciferase reporter assay, Western blot
assay and real time PCR assays to verify that
miR-338-3p can directly target FOXP4 though
interaction with the biding sites in its 3’UTR.
And knockdown of FOXP4 has the similar
effects with miR-338-3p overexpression in HCC
cells, which may explained the miR-338-3p
induced HCC cell growth inhibition.

In conclusion, we have these major findings: 1)
miR-338-3p was downregulated in HCC tissues
and cell lines compared with the normal tis-
sues. 2) Overexpression of miR-338-3p inhibits
HCC cell proliferation and induces cell cycle
arrest. 3) miR-338-3p could directly target
FOXP4, which as a novel target of miR-338-3p.
4) Knockdown of FOXP4 has the similar effects
with miR-338-3p overexpression in HCC.

Int J Clin Exp Pathol 2015;8(1):337-344
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