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This study explored the effects of microRNA-3178 (miR-3178) on hepatocellular carcinoma (HCC) tumor
endothelial cells (TECs) and on the target mRNA. Real-time polymerase chain reaction (PCR) was per-
formed to detect the differential expression of miR-3178 in hepatic sinusoidal endothelial cells (HSECs)
and HCC TECs. Furthermore, HCC TECs were transfected with miR-3178 mimic/inhibitor or their
respective negative controls. The expression of miR-3178 before and after transfection was confirmed
through RT-PCR. The effects of miR-3178 on the proliferation, apoptosis, cell cycle, invasion, migration,
and angiogenesis of HCC TECs were also investigated through methyl thiazol tetrazolium assay, flow
cytometry, matrigel invasion assay, transwell migration assay, and tube formation assay. Early growth
responsive gene 3 (EGR3), as the putative target of miR-3178, was detected through RT-PCR and Western
blot. Compared with HSECs, HCC TECs had lower miR-3178 expression levels (P < 0.001). MiR-3178
mimic inhibited proliferation, arrested cell cycle in G1 phase, and increased apoptosis. The numbers of
migrated and invaded cells and capillary-like structures were significantly less in the mimic group than
in the other groups. MiR-3178 mimic significantly decreased the mRNA and protein expression levels of
EGR3. By contrast, miR-3178 inhibitor induced opposite effects. We conclude that miR-3178 was lowly
expressed in HCC TECs, and miR-3178 mimic specifically inhibited the proliferation, migration, invasion,
and angiogenesis and promoted the apoptosis and G1 phase arrest of HCC TECs in vitro through the
inhibition of EGR3 expression. Thus, miR-3178 might be a critical target in HCC therapy.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

advanced HCC is usually treated using anti-angiogenetic ap-
proaches, such as transcatheter arterial chemoembolization [3].

Hepatocellular carcinoma,a highly malignant tumor, is the fifth
common malignancy and the second highest fatal neoplasm
worldwide [1]. Given its insidious onset, HCC is usually diagnosed
at advanced stages when tumors are in high grade and rapidly
progressing [2]; about 70% of HCC patients eventually die because
of the lack of effective treatments to prevent disease progression.
Thus, new agents must be developed to treat HCC.

Angiogenesis is a multi-step process wherein vascular endo-
thelial cells form new capillaries through budding. This process
accelerates tumor growth and helps tumor cells escape and enter
the circulation. Given its high propensity for vascular invasion,
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However, some HCC patients do not benefit from anti-angiogenetic
treatments [4]. Furthermore, tumor and normal endothelial cells
show many differences at the molecular and functional levels. Thus,
the selective inhibition or direct damage of HCC TECs may provide
an effective and safe treatment for HCC.

MicroRNAs (miRNAs) are small adjustment RNAs recently
discovered in epigenetics. These molecules can inhibit target gene
expression at the transcription level and play essential roles in
many normal biological processes involving cell growth, differen-
tiation, apoptosis, and stress resistance [5,6]. At present, many
miRNAs with abnormal expression are found in HCC, and some
specific miRNAs are reportedly associated with the metastasis,
recurrence, and prognosis of HCC [7—9]. Increasing evidence in-
dicates that miRNAs regulate angiogenesis [ 10]. However, the effect
of miRNAs on HCC TECs remains unclear. We hypothesized that
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miRNAs regulate the biological processes of HCC TECs and thus
influence the blood vessel formation of HCC. In our previous study,
we found 15 differentially expressed miRNAs between HSECs and
HCC TECs by using HmiOA v4 Human miRNA OneArray® Chip [11].
Among these miRNAs, miR-3178 showed a significantly low
expression (log2 = —0.932224, P = 0.000313) and was not reported
in other studies. In the present study, we further investigated the
role of miR-3178 in HCC TECs.

2. Materials and methods
2.1. Cell culture

Human HCC TECs and HSECs were originally obtained from
Shanghai Xinran Biotechnology (Shanghai, China) and cultured in
DMEM (Dulbecco's Modified Eagle's Medium) high-glucose me-
dium supplemented with10% fetal bovine serum (FBS) in humidi-
fied air at 37 °C with 5% CO,.

2.2. Synthetic miRNA transfection

HCC TECs were divided into five groups: the CON group that
consisted of normal TECs without mimic or inhibitor transfection;
the nc-mimic group that consisted of normal TECs transfected with
negative control mimic; the mimic group that consisted of normal
TECs transfected with mimic; the nc-inhibitor group that consisted
of normal TECs transfected with negative control inhibitor; and the
inhibitor group that consisted of normal TECs transfected with in-
hibitor. All synthetic miRNAs were purchased from GenePharma
Co., Ltd. (Shanghai, China). HCC TECs were transfected with miR-
3178 mimic, nc-mimic, miR-3178 inhibitor, and nc-inhibitor at a
final concentration of 20 nmol/L by using Lipofectamine 2000
(Invitrogen Life Technologies) in accordance with the manufac-
turer's instructions.

2.3. Quantitative RT-PCR

2.3.1. Identification of miR-3178 expression

After 72 h of transfection, total RNAs were extracted using Trizol
reagent in accordance with the manufacturer's protocol (Invi-
trogen) and were reverse-transcribed into cDNA by using Primer-
script™ First-Strand cDNA Synthesis Kit with hsa-miR-3178 or
RUNG6B-specific RT primers (TaKaRa). The expression of miRNA-
3178 was normalized to the endogenous U6 small nuclear RNA.

2.3.2. Gene expression assays

qPCR of EGR3 was performed using the standard TagMan miRNA
assay on an ABI ViiA7 RT-PCR detection system. The reaction was
conducted at 95 °C for 10 min, followed by 40 cycles at 95 °Cfor 15 s
and 60 °C for 60 s. Homo actin was used as an internal control.

2.4. Detection of HCC TEC proliferation through methy! thiazol
tetrazolium (MTT) assay

After transfection, cell proliferation over a 72 h period was
measured. The cells were seeded in a 96-well culture plate at a
density of 10> cells per well. The cells were washed twice with PBS
buffer and then cultured with serum-free DMEM for 12 h. To each
well, 100 uL of MTT solution was added (5 mg/mL, 0.5% MTT) and
then incubated for 4 h. Subsequently, the supernatant was dis-
carded, and 150 pL of dimethyl sulfoxide was added to each well.
The absorbance value of each well at OD 490 nm was measured
using a Multilabel Counter Microplate Reader. Cell proliferation
ability was expressed as cell proliferation rate (%) = (average Asgo
value of experimental groups — average A4gp value of control

groups)/(average A4gp value of 0 h — average A4gp value of control
groups) x 100.

2.5. Detection of HCC TEC apoptosis through flow cytometry

After 72 h of transfection, the cells were washed with PBS. The
supernatant was discarded, and the cells were resuspended in PBS.
To each sample, 500 uL of binding buffer, 5 uL of AnnexinV, and 5 puL
of propidium iodide (PI) were added in the dark for 15 min at room
temperature. Subsequently, 400 uL of incubation buffer was added
and transferred into flow cytometry tubes for detection within 1 h.

2.6. Detection of cell cycle through flow cytometry

After 48 h of transfection, the cells were washed twice with PBS.
To each tube, 250 pL of pancreatic enzyme, 200 pL of trypsin in-
hibitor, and 50 pg/mL RNaseA were added. The precooled PI (50 pg/
mL) was added to each tube after 10 min, stained in the dark at 4 °C
for 30 min, and then transferred into flow cytometry tubes for
detection within 3 h.

2.7. Detection of invasion and migration through transwell assay

After 48 h of transfection, migration assay was performed in 24-
well transwell chambers (8 pm; Corning Inc., Corning, NY, USA). The
suspended cells were seeded in the upper chamber, and 600 pL of
DMEM containing 10% serum was added to the lower chamber.
After incubation for 24 h at 37 °C, the cells on the upper surface of
the membrane were removed, and then the migrated cells were
fixed with 95% ethanol and stained with 0.1% crystal violet for
20 min. The chambers were removed after rinsing for several times,
and the cells on the surface of the bottom of the chamber were
wiped out. The membrane was stripped off with tweezers and
inverted to dry. The number of migrated cells was determined by
counting five random fields on each membrane. The invasion assay
protocol was similar to that of the migration assay, but the upper
chambers were first covered with 1 mg/mL Matrigel precooled with
serum-free DMEM at 4 °C.

2.8. Detection of HCC TEC angiogenesis through tube formation
assay

The formation of capillary-like structures was observed in vitro.
Matrigel was incubated at 4 °C overnight and mixed with pre-
cooling serum-free DMEM in 1:2 ratio in a 96-well plate. Then, HCC
TECs (2 x 10% cells per well) were seeded onto Matrigel-coated
wells. Tube formation was observed every 2 h under an inverted
fluorescence microscope (Olympus IX51) equipped with an
Olympus Qcolor 3 digital camera. Tube formation was determined
by counting 10 random fields on each well. All images were pro-
cessed with Image Pro Plus (Media Cybernetics).

2.9. Detection of protein expression through Western blot assay

The cells were treated with RIPA lysis buffer on ice for 20 min.
Protein concentration was determined using the BCA Kit. Allocation
of 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) gels was performed on the basis of protein concen-
tration. Cell lysates were run on SDS-PAGE gels and transferred to
polyvinylidene fluoride (PVDF) membranes. PVDF membranes
were blocked with TBST containing 5% skimmed milk powder at
room temperature for 2 h and then incubated overnight with pri-
mary antibody at 4 °C. PVDF membranes were washed with TBST
and then incubated with HRP-conjugated secondary antibodies for
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2 h at room temperature. Finally, the proteins were visualized using
an Odyssey CLx infrared imaging system.

2.10. Statistical analysis

Experimental data were analyzed by SPSS 19.0 software. Values
were presented as the mean + standard deviation (SD). Data of the
two groups were compared by t test. P value < 0.05 indicated that
the difference was significant.

3. Results

3.1. Identification of differential miR-3178 expression in HSECs and
HCC TECs through RT-PCR

The expression of miR-3178 was significantly lower in HCC TECs
(0.31 + 0.03) than in HSECs (1.04 + 0.08) (P < 0.001; Fig. 1A). The
results are consistent with our previous microarray results, proving
the reliability of our microarray.

3.2. Detection of miR-3178 expression in HCC TECs before and after
transfection through RT-PCR

After transfection, no significant difference in miR-3178
expression was detected between the CON group (1.04 + 0.14)
and the nc-mimic (0.99 + 0.09) or nc-inhibitor group (1.02 + 0.11)
(P > 0.05). The mimic group (365.98 + 49.49) showed significantly
higher miR-3178 expression than the other groups (P < 0.001),
whereas the inhibitor group (0.19 + 0.04) showed significantly
lower miR-3178 expression than the other groups (P < 0.001;
Fig. 1B). The results prove the effectiveness of RNA interference
reagent in upregulating or downregulating miR-3178 expression.

3.3. Detection of HCC TEC proliferation through MTT assay

After transfection, we observed HCC TEC proliferation for 3 d. At
24, 36, 48, and 72 h, no significant difference in the proliferation
rate of HCC TECs was observed between the CON group and the nc-
mimic or nc-inhibitor group (P > 0.05). The proliferation rate of HCC
TECs in the mimic group gradually decreased over time after
transfection and achieved the lowest rate after 72 h. The prolifer-
ation rate of HCC TECs was lower in the mimic group than in the
other groups at corresponding time points after transfection. The
proliferation rate in the inhibitor group gradually increased over
time after transfection and achieved the highest rate at 72 h. The
proliferation rate of HCC TECs was higher in the inhibitor group
than in the other groups at corresponding time points after trans-
fection (Fig. 1C).

3.4. Detection of HCC TEC apoptosis through flow cytometry

In accordance with the principle of double staining Annexin V/
PI, cells in the second and fourth quadrants represent late and early
stages of apoptosis, respectively. At 72 h after transfection, no sig-
nificant difference in the apoptotic rate of HCC TECs was detected
between the CON group (6.43 + 1.23)% and the nc-mimic group
(6.41 + 1.56)% or the nc-inhibitor group (6.54 + 1.53)% (P > 0.05).
The mimic group (18.19 + 2.25)% showed significantly higher
apoptotic rate than the other groups (P < 0.01), whereas the in-
hibitor group (3.2 + 0.69)% showed significantly lower apoptotic
rate than the other groups (P < 0.05; Fig. 2A and C). The results
suggest that miR-3178 upregulation significantly promoted
apoptosis in HCC TECs.
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Fig. 1. MiR-3178 expression regulates HCC TECs proliferation. (A) The relative mRNA
expression of miR-3178 in HSECs and HCC TECs was measured using RT-PCR. (B) The
expression of miR-3178 in HCC TECs was measured through RT-PCR by comparing the
transfection of 20 nmol/L miR-3178 mimic, nc-mimic, inhibitor, or nc-inhibitor. (C)
Proliferation of HCC TECs at 24, 36, 48, and 72 h was determined through MTT assay.
Values are expressed as mean + SEM of 3 independent experiments. P < 0.05 and
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3.5. Detection of cell cycle through flow cytometry

After 48 h of transfection, no significant difference in the cell
population at the GO/G1 phase was observed between the CON
group (55.12 + 4.13) % and the nc-mimic (54.08 + 4.72) % or nc-
inhibitor group (55.09 + 4.65) % (P > 0.05). The mimic group
(69.12 + 4.87) % showed significantly higher GO/G1 phase cell
population than the other groups (P < 0.05). The inhibitor group
(41.79 + 3.88) % showed significantly lower GO/G1 cell population
than the other groups (P < 0.05). No significant difference in the
percentage of S phase cells was detected between the CON group
(24.23 + 2.13) % and the nc-mimic (24.78 + 2.24) % or nc-inhibitor
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Fig. 2. MiR-3178 regulates apoptosis and cell cycle of HCC TECs. (A and C) Cell apoptosis was analyzed through flow cytometry. The Q1 quadrant contains cells undergoing necrosis,
the Q2 quadrant contains cells undergoing late-stage apoptosis, the Q3 quadrant contains cells undergoing early-stage apoptosis, and the Q4 quadrant contains viable cells. (B and
D) Cell cycle was analyzed through flow cytometry. Values are expressed as mean + SEM of 3 independent experiments.’P < 0.05 and “P < 0.01.

group (23.88 + 2.09) % (P > 0.05). The mimic group (10.98 + 1.76) %
showed significantly lower S phase cell population than the other
groups (P < 0.01), whereas the inhibitor group (34.65 + 2.62) %
showed significantly higher S phase cell population than the other
groups (P < 0.01; Fig. 2B and D). The results indicate that miR-3178
upregulation can induce cell cycle arrest at the GO/G1 phase and
reduce S phase cell population.

3.6. Measurement of HCC TEC invasion through transwell invasion
assay

After transfection, no significant difference in the number of
invaded cells was detected between the CON group (41 + 2.1) and
the nc-mimic group (39 + 1.6) or the nc-inhibitor group (42 + 2.4)
(P > 0.05). The mimic group (20 + 1.1) showed significantly lesser
number of invaded cells than the other groups (P < 0.001), whereas
the inhibitor group (61 + 2.8) showed significantly greater number
of invaded cells than the other groups (P < 0.001; Fig. 3A and C).
Therefore, miR-3178 probably negatively regulated the invasion of
HCC TECs.

3.7. Measurement of HCC TEC migration through transwell
migration assay

After transfection, no significant difference in cell migration was
observed between the CON group (54 + 2.5) and the nc-mimic
group (57 + 2.9) or the nc-inhibitor group (60 + 2.8) (P > 0.05).
The mimic group (29 + 1.5) had significantly lesser number of
migrated HCC TECs than the other groups (P < 0.001), whereas the
inhibitor group (83 + 3.7) showed significantly greater number of
migrated cells than the other groups (P < 0.001; Fig. 3B and D).
Thus, miR-3178 probably negatively regulated the metastasis of
HCC TECs.

3.8. Detection of HCC TEC angiogenesis through tube formation
assay

After transfection, no significant difference in the number of
capillary-like structures was found between the CON group
(18 + 0.83) and the nc-mimic group (16 + 0.89) or the nc-inhibitor
group (17 + 0.79) (P > 0.05). The mimic group (8 + 0.43) showed
significantly lesser number of capillary-like structures than the
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nc-mimic (1.01 + 0.09) or nc-inhibitor group (0.99 + 0.07)
(P > 0.05). The mimic group (0.69 + 0.05) showed significantly
lower EGR3 expression than the other groups (P < 0.01), whereas
the inhibitor group (1.31 + 0.11) showed significantly higher EGR3
expression than the other groups (P < 0.05; Fig. 4D). The results
indicate the silencing effect of miR-3178 on EGR3 mRNA.

3.10. Identification of EGR3 protein expression in HCC TECs through
Western blot analysis

After transfection, no significant difference in EGR3 protein
expression was detected between the CON group (0.77 + 0.08) and
the nc-mimic (0.73 + 0.06) or nc-inhibitor group (0.79 + 0.07)
(P > 0.05). The mimic group (0.51 + 0.04) showed significantly
lower EGR3 protein expression than the other groups (P < 0.01),
whereas the inhibitor group (1.27 + 0.12) showed significantly
higher EGR3 protein expression than the other groups (P < 0.01;
Fig. 4B and E). The results indicate the silencing effect of miR-3178
on EGR3 protein expression.

4. Discussion

MiRNAs are highly conserved noncoding small RNAs with a
length of 20—24 nt, and they widely exist among eukaryotes. These
molecules play important roles in the translation of target mRNAs
by binding to the 3’-untranslated region (3’UTR) of mRNAs. Thus
far, nearly 2000 human miRNA sequences have been registered
[12—14].

Furthermore, cancer-specific miRNAs have been found in
various types of cancers and considered as potential tumor bio-
markers [15,16]. Recent research has shown that the abnormal
expression of miRNAs is closely related to the formation of HCC
[17]. Another research reported that miRNAs regulate angiogenesis
[18]. These differentially expressed miRNAs may be new anti-
angiogenesis targets for HCC [19].

TECs differ from vascular endothelial cells in terms of morpho-
logical, structural, growth, and immunological characteristics [20].
In the present study, HCC TECs were closely arranged in typical
“filamentous rod-shaped” morphology. However, HSECs were ar-
ranged regularly and showed “cobblestone-like” morphology.
Cancer has generally low miRNA expression [21]. MiR-3178 has
lower expression in human pancreatic cancer tissues than in
healthy control tissues [22]. In the current study, RT-PCR results
validated that miR-3178 expression was significantly down-
regulated in HCC TECs. This result is consistent with the results of
previous microarray analysis. Mimic is a partially double-stranded
RNA that can simulate the endogenous precursor of miRNAs [23].
MiR mimics have become promising treatments against cancer or
diseases involving gene/protein upregulation [24]. Designing of
miRNA mimics and inhibitors is important to study the function of
miRNAs. We transfected miR-3178 mimic and inhibitor into HCC
TECs to establish stable cell lines with high or low miR-3178
expression. Subsequently, RT-PCR was used to identify miR-3178
expression before and after transfection. Results showed that
miR-3178 mimic significantly increased miR-3178 expression,
whereas miR-3178 inhibitor significantly reduced miR-3178
expression. This result confirms the successful transfection of
miR-3178 mimic and inhibitor.

Cell proliferation was detected through MTT assay. The prolif-
eration of HCC TECs was accelerated after miR-3178 inhibitor
transfection and achieved the highest rate at 72 h. By contrast, the
proliferation of HCC TECs was inhibited after miR-3178 mimic
transfection and achieved the lowest rate at 72 h. The initial MTT
assay results showed that miR-3178 mimic transfection at 72 h
presented the most significant proliferation inhibition and was

used as the time point for apoptosis detection. The results of flow
cytometry showed that miR-3178 mimic transfection significantly
increased the apoptotic rate of HCC TECs. By contrast, miR-3178
inhibitor transfection significantly decreased the apoptotic rate of
these cells. Promoting the G;/S phase is likely to prevent tumor
proliferation. Cell cycle was detected through flow cytometry in our
study. The mimic group showed significantly higher GO/G1 phase
cell population and significantly lower S phase cell population than
the other groups. By contrast, the inhibitor group showed signifi-
cantly lower GO/G1 phase cell population and significantly higher S
phase cell population than the other groups, these data indicate
that miR-3178 can inhibit HCC TEC growth. These findings help
explain the mechanism of the relationship between miR-3178 and
HCC TEC proliferation. The results of the MTT assay and flow
cytometry demonstrate that miR-3178 acts as a tumor suppressor
gene during the occurrence and progression of HCC TECs.

Cancer cells lose their contacts and invade surrounding tissues
and subsequently distant organs [25,26]. Therefore, we investi-
gated the effects of miR-3178 on the metastasis of HCC TECs. The
results of transwell invasion and migration assays showed that
miR-3178 mimic decreased the number of invaded and migrated
cells in vitro. By contrast, miR-3178 inhibitor increased the number
of invaded and migrated cells in vitro. Our study demonstrates that
miR-3178 upregulation decreases the aggressiveness and inva-
siveness of HCC TECs.

The angiogenic activity of HCC correlates with the risk of
metastasis and prognostic significance [27]. Previous research re-
ported that anti-angiogenesis might be highly efficient for the
treatment of HCC by inhibiting angiogenesis in tumor tissues
[28—30]. However, one study indicated that HCC TECs have stron-
ger resistance to drugs than normal peritumoral vascular endo-
thelial cells [31]. Another also suggested that TECs are more
appropriate for screening anti-angiogenesis drugs than normal ECs
[32]. In the present study, the results of tube formation assay
showed that miR-3178 influenced HCC angiogenesis without
contamination with hepatocytes. MiR-3178 mimic decreased the
number of capillary-like structures in vitro, whereas miR-3178 in-
hibitor increased the number of capillary-like structures in vitro.
These results confirm the role of miR-3178 on anti-angiogenesis in
HCC TECs.

Considering that miRNAs negatively regulate gene expression at
the transcription level, we speculated that miRNA-3178 regulates
the biological behavior of HCC TECs by regulating the expression of
some oncogenes. Target gene prediction software showed EGR3 as
a possible candidate target. Current studies about EGR3 mainly
concentrated on neural development and virus. Studies reported
that vascular endothelial growth factor (VEGF) upregulates EGR3
expression in human umbilical vein endothelial cells (HUVECs) and
that EGR3 knockdown in HUVECs reduces proliferation, migration,
and angiogenesis [33,34]. These studies showed that EGR3 is a key
factor of activated signaling pathways of VEGF in endothelial cells.
The results of Western blot and RT-PCR showed that miR-3178
mimic decreased the mRNA and protein expression of EGR3,
whereas miR-3178 inhibitor induced opposite effects. These results
confirmed that miR-3178 significantly inhibited the expression of
EGR3. Basing from the above mentioned data, we hypothesized that
miR-3178 regulates the proliferation, apoptosis, cell cycle, invasion,
migration, and angiogenesis of HCC TECs by inhibiting EGR3
expression. However, a single miRNA may have many targets; our
study could only indicate that EGR3 is a potential target gene of
miR-3178. In our future studies, luciferase reporter assay will be
conducted to investigate the role of miRNA-3178 on EGR3. More-
over, we will construct a nude mouse model of human HCC TEC
xenograft tumors and observe the influence of miRNA-3178 on
xenograft tumor and tube formation.
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In summary, our study demonstrated the following results. First,
miR-3178 expression is significantly reduced in HCC TECs. Second,
miR-3178 acts as a tumor suppressor to inhibit proliferation,
migration, invasion, and angiogenesis; promote apoptosis; and ar-
rest G1 phase in HCC TECs in vitro. Third, EGR3 may be a target gene
of miR-3178. These findings indicate that our study has clinical
relevance and that miR-3178 overexpression may have potential for
HCC treatment.

Transparency document
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