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Abstract

AIM: To investigate the mechanism by which miR-204-
3p inhibits the growth of hepatocellular carcinoma (HCC)
tumor endothelial cells (TECs).

METHODS: Flow cytometry was used to identify
HCCTECs and analyze their purity. Differentially ex-
pressed miRNAs in HCC TECs as compared to normal he-
patic sinusoidal endothelial cells (HSECs) were examined
using the HmiOA v4 Human miRNA OneArray® microar-
ray. miR-204-3p showed the most significant decrease
in expression and was further studied. Over-expression
of miR-204-3p was achieved using lentiviral transduc-
tion into TECs of HCC. The biological changes in HCC
TECs before and after transduction were detected using
MTT and apoptosis assays. The association between
miR-204-3p and fibronectin 1 (FN1) was determined
using the dual luciferase activity assay. Changes in FN1
protein expression before and after transduction were
detected using Western blot analysis.

RESULTS: Microarray results showed that compared to
normal HSECs, 15 miRNAs were differentially expressed
in HCC TECs, including 6 miRNAs with increased expres-
sion and 9 miRNAs with decreased expression. Among
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them, miR-204-3p showed the most significant de-
crease in expression (log2 = -1.233477, P = 0.000307).
Over-expression of miR-204-3p in HCC TECs via lentivi-
ral transduction significantly inhibited the proliferation
of HCC TECs and promoted apoptosis. Results from
the dual luciferase activity experiment showed that the
luciferase intensity in the wild type FN1 group was sig-
nificantly inhibited (P < 0.05), while that in the mutant
FN1 group was not obviously affected. This observation
indicated that FN1 was one of the potential targets of
miR-204-3p. After over-expression of miR-204-3p in
HCC TECs, Western blot analysis showed that the ex-
pression of FN1 protein was significantly inhibited.

CONCLUSION: MiR-204-3p acts on its potential target
gene, FN1, and inhibits its expression, thus blocking
the adhesion function of FN1 in promoting the growth
of TECs.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: This study first employed a microarray to de-
tect differentially expressed miRNAs in hepatocellular
carcinoma (HCC) tumor endothelial cells (TECs), as
compared to hepatic sinusoidal endothelial cells with
the goal of identifying specific miRNAs that play impor-
tant roles in the angiogenesis of HCC. Our study proved
that fibronectin 1 (FN1) is a potential target gene of
miR-204-3p, suggesting that FN1 regulates the growth
of HCC TECs via the miR-204-3p/FN1 signaling path-
way. The underlying mechanism was also investigated
to provide new targets and a theoretical basis for the
anti-angiogenic gene therapy of HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a solid malignancy
with rich blood supply. Its growth, invasion, and me-
tastasis are all closely associated with angiogenesis, and
regulation of tumor angiogenesis can therefore control
tumor growth". During the progression of tumors from
the avascular stage to the vascular stage, angiogenesis is
regulated by angiogenic growth factors and their inhibi-
tors, and once this balance is disturbed, angiogenesis can
be accelerated”. Although significant progress has been
achieved in studies focusing on HCC treatment, effective
treatment methods are still missing, and the prognosis
remains pootr. Anti-angiogenic therapy targeting tumor

neovasculature is a new route for HCC treatment. There-
fore, the identification of specific molecular markers
of tumor vascular endothelial cells can provide a new
basis for the diagnosis and targeted therapy of HCCPY,
MicroRNAs (miRNAs) are non-coding, small RNAs
that regulate gene expression at the post-transcriptional
level. They regulate the expression of downstream target
genes at the protein level, thus playing important regula-
tory roles in cellular pathways. Abnormal expression of
miRNA target genes is associated with many diseases,
such as cancer and cardiovascular disorders” . Current
studies on miRNAs are mostly focused on tumor cells.
Thus far, no studies have described miRNAs in tumor
endothelial cells (TECs) of human HCC. Therefore, this
study first employed a microarray to detect differentially
expressed miRNAs in HCC TECs as compared to not-
mal hepatic sinusoidal endothelial cells (HSECs) with the
goal of identifying specific miRINAs that play important
roles in the angiogenesis of HCC. Of the identified dif-
ferentially expressed miRNAs, miRNA-204-3p had the
most significant decrease in expression and was further
studied to investigate its role in the growth of TECs of
HCC. Fibronectin 1 (FN1), a target gene of miR-204-3p,
might participate in the miR-204-3p-mediated regulation
of TEC growth. FN1 is an important component of the
extracellular matrix and a multi-functional, glycoprotein
macromolecule that patticipates in the processes of cel-

]; it also

lular adhesion, migration, and damage repair™
plays important roles in resistance to infection and the
maintenance of microvascular integriqum’m. In addition,
FN1 binds to the cell surface integrin receptor to initi-
ate cell adhesion-mediated drug resistance (CAMDR)".
This study transduced TECs with a lentiviral vector to
over-express miR-204-3p and showed that the expression
of FN1 protein was significantly inhibited. Our study
proved that FN1 is a potential target gene of miR-204-
3p, suggesting that FN1 regulates the growth of HCC
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TECs via the miR-204-3p/FN1 signaling pathway. The
underlying mechanism was also investigated to provide
new targets and a theoretical basis for the anti-angiogenic

gene therapy of HCC.

MATERIALS AND METHODS

Cells

TECs of human HCC, human HSECs, and 293T cells
were purchased from Shanghai Xinran Biotechnology
(Shanghai, China) and cultured in DMEM (Dulbecco’s
Modified Eagle’s Medium) high-glucose medium supple-

mented with 10% fetal bovine serum.

Flow cytometric detection of expression of TEC cell
surface molecules CD105 and CD31

After TECs were collected and washed twice with phos-
phate-buffered saline (PBS), human IgG (1 pg/L X 10°
cells) was added to block the cells at room temperature
for 15 min. After centrifugation, the cells were aliquoted
into flow cytometry tubes. Different fluorescence-cou-
pled antibodies were added to each tube and incubated at
4 °C for 30-45 min. After PBS washes and centrifugation,
the cells were resuspended in 100-200 pl. PBS for flow
cytometric analysis.

Quality control of RNA samples before microarray
hybridization

Total RNA samples were analyzed using electrophoresis
to ensure that the bands of the samples were clear and
complete without smearing and diffusion. The OD230,
0OD260, and OD280 of the total RNA samples were
determined using a NanoDrop instrument. The samples
were required to meet the criteria of OD260/280 > 1.8
and OD260/230 > 1.5. The requited amount of total
RNA samples was greater than 5 pg.

Detection of microarray expression profile using the
HmiOA v4 Human miRNA OneArray® Chip

The RNA samples that passed the quality control were
used for reverse transcription and RNA fluorescence
labeling reactions. After microarray hybridization and
washing, the hybridized microarray was scanned using
a laser confocal scanner. Background subtraction and
normalization of the hybridization signals were then pet-
formed. Genes with greater than 2 folds of differential
expression were listed in a table, followed by statistical
analysis.

Construction, packaging, and titer detection of
miR-204-3p overexpressing lentiviral vector

The primers were synthesized as follows: forward,
5-AGC TGT ACA AGT AAG CCT GAT CAT GTA
CCC ATA GG-3’ and reverse, 5-GGG AGA GGG
GCT TAG CTT ATG GGA CAG TTA TGG GC-3.
A recombinant viral plasmid encoding lentiviral particles
and two helper packaging and pseudotyping plasmids
were prepared. Endotoxin-free, high-purity extraction of
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these plasmids was performed, and the plasmids were co-
transfected into 293T cells according to the instruction
manual provided with Lipofectamine 2000 (Invitrogen).
Eight hours after transfection, the culture medium was
replaced with complete culture medium. After another 48
h of culture, the cell culture supernatant rich in lentiviral
particles was collected and concentrated to obtain a high-
titer, concentrated lentiviral solution. The virus titer was
determined and calibrated in 293T cells.

Infection of TECs by lentiviruses

The experimental cells were divided into 3 groups: the
CON group consisted of normal TECs without lentivi-
ral infection, the NC group consisted of normal TECs
infected with negative control viruses, and the micro-
up group included normal TECs infected with the miR-
204-3p-up virus containing the target gene. Cells under
good culture conditions from each experimental group
were inoculated into 6-well plates one day prior to vi-
ral infection. On the day of infection, lentiviruses were
added into each group of cells to perform the infection
experiments. Three days after infection, the expression of
GFP was observed under a fluorescence microscope, and
the percentage of cells with positive fluorescence was
more than 90%. When cells became confluent, they were
harvested and examined.

Detection of TEC proliferation before and after
transduction by MTT assay

Cells from each group in logarithmic phase were digested
with trypsin and resuspended in complete culture me-
dium. Cells were counted using a hemocytometer, and
the cell density used for inoculation was determined ac-
cording to the growth rate (usually 2000 cells/well). Each
group had 3-5 duplicate wells with 100 pL of cell suspen-
sion in each well; a total of 5 96-well plates were used,
and the observation was continued for 5 d. When adding
cells to the tissue culture plates, the cell number in each
well was consistent. After cells were plated, they were cul-
tured at 37 'C in a 5% CO:2 incubator. During the period
starting from the second day of plating to 4 h before the
termination of culture, 10 pL of 5 mg/mL MTT was
added to each well without changing the medium. After 4
h, the culture medium was discarded, and 100 ul. DMSO
was added to each well to stop the reaction. After vortex-
ing for 5-10 min, the OD value was detected at 490 nm
using a microplate reader, and the results were statistically

plotted.

Flow cytometric detection of TEC apoptosis before and
after transfection by annexin V-APC single staining

Cell culture supernatant from each group was collected
into 5 mL centrifuge tubes after the cells were infected
for 4 d. Cells were washed once with D-Hanks and di-
gested with trypsin; the digestion was stopped by the
addition of culture supernatant. Cells were harvested and
collected into the same 5 mL centrifuge tube, and each
group had three duplicate wells. After washing with PBS,
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1 mL 1 X binding buffer, and 1 mLL 1 X staining buffer,
cell suspensions were collected, stained with 5 yL an-
nexin V-APC, and transferred into flow cytometry tubes
for detection.

Construction of plasmids over-expressing wild type and
mutant FN1

The primer sequence for synthesizing the 3’-untrans-
lated region (3’-UTR) sequence of the FN1 gene was
5-GCTCTAGATTCTAGAGC-3". The plasmid contain-
ing the chemically synthesized target gene was digested
with Xbal. PCR was used to isolate the target gene
from the plasmid. The target vector was digested with
enzymes, and the digested product was recovered after
electrophoresis to perform exchange. The product was
then transformed into competent bacterial cells. The
forward PCR primer sequence was 5’-GAGGAGTTGT-
GTTTGTGGAC-3, and the reverse primer sequence
was 5-GACGATAGTCATGCCCCGCG-3’. The result-
ing clones were first identified by colony PCR, and the
PCR positive clones were sequenced. Subsequently, the
sequences were compared and analyzed, and the clones
with the correct sequence were kept as the successfully
constructed target plasmids.

Luciferase analysis after plasmid transfection

Cultured 293T cells were inoculated into 24-well culture
plates one day prior to plasmid transfection. Twenty-four
hours after transfection, the expression of the intracel-
lular fluorescent marker gene (GIP) was observed under
a fluorescence microscope. Cells were then processed
using the Dual-Glo™ Luciferase Assay System (E2920,
Promega) and luciferase expression was measured. Fire-
fly/Renilla luminescence represented the ratio between
the firefly luciferase value and the Renilla luciferase value
of the same sample well, which indicated the activity of
firefly luciferase (ze., the expression level).

Detection of FN1 protein expression in TECs by Western
blot analysis

Protein samples were lysed in sample lysis buffer to a
final concentration of 0.5-1 mg/mL. After boiling in a
100 ‘C water bath for 3 min, the samples were electro-
phoresed on pre-made SDS-polyacrylamide gels. After
destaining and washing, the nitrocellulose (NC) mem-
brane was incubated with specific primary antibodies, fol-
lowed by overnight incubation in a shaker at 4 C. After
washing with TBST (Ttis-buffered saline and Tween 20)
3 times, the membrane was transferred into a solution
with diluted enzyme-labeled secondary antibodies. The
membrane was washed, exposed and developed in a dark
room.

Statistical analysis

Statistical analyses was performed using the SPSS 13.0
software. All experiments were independently repeated
three times. Compatison between the two groups of data
was performed using Student’s 7 test. A P value < 0.05
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Figure 1 Comparison of the morphology of Tumor endothelial cells and Hepatic sinusoidal endothelial cells. TECs had different sizes, irregular morphology,
and a scattered distribution. HSECs had a uniform morphology and showed a clustered distribution. (A: TEC 100 x; B: HSEC 100 x). TEC: Tumor endothelial cell;

HSEC: Hepatic sinusoidal endothelial cell.

indicated that the difference was statistically significant.

RESULTS
Cell morphology

Observation under the microscope revealed that TECs
showed a thin and long “filamentous rod-shaped” moz-
phology, while HSECs showed a typical “cobblestone-
like” morphology (Figure 1).

Expression of TEC cell surface molecules CD105 and
CD31

Currently, the main molecular markers used for sorting
vascular endothelial cells are CD31 and CD105. How-
ever, since CD31 can cross-react with hematopoietic
cells, CD105 becomes the best choice for sorting HCC
TECs™. Flow cytometry results showed that the posi-
tive rates of CD105 and CD31 expression were 100%
and 98.7%, respectively, which excluded the possibility of
hepatoma cell, macrophage, and fibroblast contamination

(Figure 2).

Volcano plot

The volcano plot shows the distribution of differential
expressed probes while dotted line in red and green rep-
resenting the cut-off, a measurement of fold-change on
the x-axis s a measure of significance (negative logarithm
of the P value) on the y-axis. The log2 scale of the ex-
pression signal values were plotted for all probes, exclud-
ing control and flagged probes (Figure 3).

Clustering analysis

For advanced data analysis, all biological replicates were
pooled and calculated to identify differentially expressed
genes based on the threshold of fold change and P value.
The correlation of expression profiles between biological
replicates and treatment conditions was demonstrated by
unsupervised hierarchical clustering analysis. A subset of
genes was selected for clustering analysis. An intensity fil-
ter was used to select genes where the difference between
the maximum and minimum intensity values exceeds 75
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among all microarrays. For this microarray project, the
number of genes clustered was 108 (Figure 4).

Number of differentially expressed genes

There are 15 differentially expressed miRNAs in HCC
TECs, including 6 miRNAs with increased expression
and 9 miRNAs with decreased expression. Standard se-
lection criteria to identify differentially expressed genes
are established at log2|Fold change| = 0.585 and P <
0.05 (Tables 1 and 2).

Determination of lentivirus titers after infection of TECs
Three days after infection, the expression of GFP was
observed under a fluorescence microscope. The results
showed that the CON group had no green fluorescence,
the NC group had green fluorescence that was not specif-
ic to the target gene, and the micro-up group contained
green fluorescence as granules of the target gene; the
percentage of cells with positive fluorescence was over
90% (Figure 5).

Detection of TEC proliferation before and after
transduction by MTT assay

After 5 d of continuous observation, it was found that
cell proliferation was significantly inhibited in the micro-
up group, while cell proliferation in the CON and NC
groups was not affected. On day 4, compared with the 2
control groups, the difference in proliferation inhibition
in the micro-up group (3.61 £ 0.29) was the largest (P <
0.01), although there was no significant difference (P >
0.05) between the CON group (6.31 £ 0.14) and the NC
group (6.11 £ 0.31) (Figure 06).

Flow cytometric detection of apoptosis in each group
after transduction

Four days after transduction, the confluence of each group
of cells was approximately 90%. There was no significant
difference between the CON group (1.54% =+ 0.11%) and
the NC group (1.61% = 0.25%), while the micro-up group
(4.09% £ 0.16%) showed significant apoptosis compared
to the other groups (P < 0.01) (Figure 7).
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Figure 2 Flow cytometry results. The positive rates of CD105 and CD31 expression were 100% and 98.7%, respectively, which excluded the possibility of hepa-

toma cell, macrophage, and fibroblast contamination.
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Figure 3 Volcano plot of sample hepatic sinusoidal endothelial cells vs
tumor endothelial cells. Standard selection criteria to identify differentially
expressed genes are established at |Fold change| = 0.585 and P value < 0.05
(Blue dot in figure). TEC: Tumor endothelial cell; HSEC: Hepatic sinusoidal en-
dothelial cell.

Identification of FN1 as a target gene of miR-204-3p by
dual luciferase activity assay

The luciferase activity in the wild type FN1 (FN1-WT)
group (0.52 * 0.01) was significantly lower than that
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in the FN1-MUT group (0.71 + 0.02) (P < 0.05). This
finding indicated that miR-204-3p had an inhibitory ef-
fect on FN1 expression, and the inhibitory effect was
achieved through miR-204-3p binding to the FN1 3’
UTR region, suggesting that FN1 is a target gene of
miR-204-3p (Figure 8).

Silencing effect of miR-204-3p on the expression of FN1
in TECs

After infection, the expression of FN1 protein in TECs
was significantly reduced, and there were significant dif-
ferences between the groups (P < 0.01). In contrast, the
FNT1 protein expression in the CON and NC groups did
not change significantly (Figure 9).

DISCUSSION

Tumorigenesis is a very complex process involving the
regulation of multiple genes at multiple steps. Its mecha-
nism has not been fully elucidated, and factors such as
cell mutation and proliferation, signal transduction, and
angiogenesis all have important influences'”. Primary
HCC is one of the most common malignant tumors of
the digestive system. Surgical treatment by hepatectomy
and liver transplantation is currently the only possible
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Figure 4 Clustering analysis. Clustering was performed to visualize the cor-
relations among the replicates and varying sample conditions. Up- and down-
regulated genes are represented in red and green colors, respectively. TEC:
Tumor endothelial cell; HSEC: Hepatic sinusoidal endothelial cell.
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approach to cure HCC. However, surgical treatment
has strict indications and contraindications. Radio- and
chemotherapeutic technologies are the most widely used
treatment approaches, although normal cells are inevi-
tably damaged during these treatment processes due to
the current lack of specific and effective therapiesm.
Therefore, the research and development of specifically
targeted therapeutic drugs for HCC have become a top
priority. The development of molecularly targeted drugs
has become a new hope for the systemic treatment of
HCC. HCC is a type of tumor with rich blood vessels.
The selective inhibition or direct killing of HCC TECs
as well as blocking tumor angiogenesis and blood supply
as much as possible provides a new therapeutic method
for HCC patients that is more effective and less toxic
than the existing treatments. Thus, the identification of
specific markers for HCC TECs and the investigation of
specific targeted therapies against TECs have become
new hot spots in the field of tumor therapy"*'",

MiRNAs are non-coding, small RNAs that regulate
gene expression at the post-transcriptional level. Their
lengths are usually between 21-23 nucleotides. They can
inhibit protein synthesis or induce mRNA degradation
through complementary base-pairing with the 3’-UTR
of the target mRINA, thus achieving negative regulation
of target genes at the post-transcriptional level. MiRNAs
can act not only as tumor suppressor genes to down-reg-
ulate the activity of proto-oncogenes'” but also as onco-
genes to down-regulate the activity of tumor suppressor
genes, thus regulating the biological characteristics of tu-
mors' ™", This study is the first to use a microarray analy-
sis to detect the differentially expressed miRNAs between
normal HSECs and HCC TECs. The tesults showed that
there are 15 differentially expressed miRNAs in HCC
TECs, including 6 miRNAs with increased expression
and 9 miRNAs with decreased expression. These 15
differentially expressed miRNAs may participate in the
regulation of proliferation and apoptosis of HCC TECs,
thereby providing references for further investigation
of the mechanism underlying miRNA regulation of the
growth of HCC TECs. The verification and functional
study of these screened, differentially expressed miR-
NAs are the focuses of our future studies. These small
molecule substances may become new anti-angiogenesis
targets for HCCP',

We mentioned above that miRNAs participate in
tumor occurrence and development through the regula-
tion of downstream target genes. Therefore, the focus of
this study was to select specific miRNAs and their target
genes and to investigate the related functional mecha-
nisms of the two. This study selected miR-204-3p, which
showed significantly decreased differential expression,
for the subsequent studies. The miR-204-3p-up lentiviral
vector was constructed and used to infect HCC TECs.
MTT assay showed that the proliferation of TECs in the
micro-up group was significantly inhibited starting from
the day 3, while the proliferation of untreated TECs and
TECs treated with the negative control virus was not
affected. The difference was most significant on day 4.
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Figure 5 Determination of lentivirus titers after infection of tumor endothelial cells. GFP expression 3 d after infection. B and G indicate the bright field and the
green fluorescence field, respectively (A: CON 100 x B; B: CON 100 x G; C: NC 100 x B; D: NC 100 x G; E: Micro-up 100 x B; F: Micro-up 100 x G). The micro-up
group achieved relatively ideal transduction efficiency. The percentage of cells with positive fluorescence was over 90%.

Based on the initial MTT assay results, day 4 presented
the most significant proliferation inhibition and was used
as the time point for apoptosis detection. The results
showed that TECs in the micro-up group demonstrated
apoptosis with statistical significance. However, the apop-
tosis rate was only 4.09% £ 0.16%, and there were no
significant large areas of apoptosis. It was speculated that
miR-204-3p alone might not have obvious effects in pro-
moting apoptosis in HCC TECs without the involvement
of other miRNAs or signal molecules to jointly provide
the regulatory effects. The specific mechanism underly-
ing this observation still requires further investigation,
Mikhaylova ez a/* showed that compared with normal
kidney tissues, the expression level of miR-203-3p in re-
nal cell carcinoma was significantly decreased, and over-
expression of miR-204-3p had a significant inhibitory
effect on the growth and metastasis of the tumor. The
results from this study, however, confirmed that miR-
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204-3p was also involved in regulating the growth of
TECs, and miR-204-3p inhibited the proliferation and
promoted the apoptosis of TECs of HCC through the
regulation of specific target genes.

To further investigate the mechanism of action of
miR-204-3p, we showed that FN1 was one of its target
genes using the target gene prediction software. FN1
plays important roles in the proliferation, apoptosis, and
metastasis of tumor cells""*". Fibronectin proteins can
mediate adhesion of many types of cells via the various
integrin receptor domains on molecules and can also
transduce specific signals, thus causing cells to produce
specific physiological and pathological responses and af-
fecting the proliferation, migration, differentiation, and
apoptosis of cells. Studies have suggested that inhibition
of tumor cell apoptosis by FN1 may be associated with
increased bcl-2 expression™?". Tumor growth requires
blood vessels to provide oxygen and nutrients, and in the

May 14, 2014 | Volume 20 | Issue 18 |



Cui ZH et a/. Mir-204-3p and tumor endothelial cells

g . —— CON
rrrrrrr NC

—A—  Micro-up

OD 490/fold
EN

Figure 6 Detection of tumor endothelial cell proliferation before and after
transduction. Five days of continuous observation of each group’s OD values
demonstrated that the proliferation of these groups started to show significant
differences from day 3; cell proliferation in the micro-up group (2.36 + 0.23) was
significantly lower than that in the CON group (3.65 + 0.17) and the NC group
(3.83 + 0.39), and the proliferation inhibition rate in the micro-up group (3.61 +
0.29) presented the largest difference on day 4, as compared to the other two
groups (P < 0.01).

absence of blood supply, the diameter of a tumor cannot
exceed 1.5 mm™”. FN1 can be highly expressed in vascu-
lar endothelial cells, vascular smooth muscle, and perivas-
cular matrix of many types of tumors™. Wijelath e a/*”
showed that the full-length fibronectin protein molecule
can form a structural and functional complex with vascu-
lar endothelial growth factor (VEGF) to promote angio-
genesis and endothelial cell migration. This complex can
protect VEGF from rapid degradation by proteolytic en-
zymes and significantly increase the migration capacity of
endothelial cells. The expression of FN1 shows a positive
correlation with that of VEGF and microvessel density
(MVD)™. The luciferase assay results showed that the lu-
ciferase intensity in the FN1-WT group was significantly
suppressed (P < 0.05), while that in the FN1-MUT group
was basically not affected. This finding indicated that
FNT1 is one of the potential target genes of miR-204-3p
and verified the authenticity of the target gene prediction
software. Western blot was petformed to examine the ex-
pression of fibronectin protein in HCC TECs before and
after infection with miR-204-3p lentiviruses, as well as
in TECs infected with negative control lentiviruses. The
results showed that over-expression of miR-204-3p sig-
nificantly inhibited the expression of fibronectin protein,
which further verified the target gene prediction results
and indicated that miR-204-3p inhibits the proliferation
and promotes the apoptosis of HCC TECs through the
silencing of its target gene, FN1.

This study, for the first time, examined the differen-
tially expressed miRNAs in HCC TECs and HSECs and
identified 15 specific miRNAs that may have regulatory
functions in the proliferation and apoptosis of HCC
TECs. These miRNAs can be used as specific targets to
provide new ideas and directions for specific targeted
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Figure 7 Apoptosis of the three groups of cells. There were no significant
differences between the CON group (1.54% + 0.11%) and the NC group (1.61%
+ 0.25%), while the micro-up group (4.09% + 0.16%) showed significant apop-
tosis compared to the other groups (P < 0.01). Over-expression of transduced
miR-204-3p significantly promoted apoptosis in tumor endothelial cells.

therapies against TECs in the future. The miR-204-3p
that showed significantly decreased differential expression
was further studied. The experimental results confirmed
that it plays important roles in the proliferation and
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Figure 8 Identification of fibronectin 1 as a target gene of miR-204-3p. Comparison of the firefly luciferase activities (i.e., the GFP expression level) of the two
groups of cells 24 h after transfection showed that the luciferase activity in the wild type fibronectin 1 (FN1-WT) group was significantly inhibited. The luciferase activity
in the FN1-WT group (0.52 + 0.01) was significantly lower than that in the FN1-MUT group (0.71 £ 0.02) (P < 0.05). A: FN1-WT 100 x B; B: FN1-WT 100 x G; C: FN1-
MUT 100 x B; D: FN1-MUT 100 x G.

15 [
- CON NC micro-up

210 -

3 1.
.g |

(=%
= L
[T

0.0
CON NC micro-up

Figure 9 Silencing effect of miR-204-3p on the expression of fibronectin 1 in tumor endothelial cells. Western blot analysis showed that after over-expression
of miR-204-3p, the fibronectin 1 (FN1) protein expression level in tumor endothelial cells was significantly lower than those in the CON and NC groups, which verified
the silencing effect of miR-204-3p on the FN1 gene.
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Table 1 Differentially expressed transcripts (up-regulated)

Name Normalized intensity cv Log2 (Ratio) P value
HSEC TEC HSEC TEC TEC/HSEC TEC/HSEC
hsa-miR-1 68.257645 186.191599 0.029597 0.068251 1.447725 0.000086
hsa-miR-3127-5p 131.708413 205.954953 0.021898 0.041495 0.644981 0.000128
hsa-miR-3146 126.901537 261.084309 0.090416 0.054737 1.040806 0.000266
hsa-miR-3198 115.365033 179.95054 0.020914 0.063584 0.641394 0.000680
hsa-miR-3673 71.141771 126.901537 0.023094 0.050363 0.834941 0.000125
hsa-miR-4701-5p 494146893 744.766395 0.047938 0.083445 0.591848 0.002918

There are 6 miRNAs with increased expression in hepatocellular carcinoma TECs. Selection criteria to identify differentially
expressed genes are established at log2 | Fold change| = 0.585 and P < 0.05. HSECs: Hepatic sinusoidal endothelial cells;
TECs: Tumor endothelial cells.

Table 2 Differentially expressed transcripts (down-regulated)

Name Normalized intensity cv Log2 (Ratio) P value
HSEC TEC HSEC TEC TEC/HSEC TEC/HSEC

hsa-miR-1224-5p 320.137967 213.236189 0.040860 0.040824 -0.586241 0.000285
hsa-miR-204-3p 583.554793 305.8119 0.066696 0.115901 -1.233477 0.000307
hsa-miR-3178 638.353184 271.486074 0.084331 0.052030 -0.932224 0.000313
hsa-miR-3960 2801.44755 1866.07669 0.118070 0.118846 -0.586164 0.014876
hsa-miR-4488 1266.13124 816.538576 0.075747 0.081919 -0.632834 0.003703
hsa-miR-4497 5067.40908 2926.01657 0.111816 0.104477 -0.792310 0.003316
hsa-miR-4521 137.476665 89.455182 0.063787 0.037967 -0.619950 0.000703
hsa-miR-4649-5p 8288.01626 5290.33783 0.045593 0.035977 -0.647667 0.000935
hsa-miR-933 1310.3545 721.882512 0.247288 0.215769 -0.860121 0.047015

There are 9 miRNAs with decreased expression in hepatocellular carcinoma TECs. Selection criteria to identify differentially
expressed genes are established at log2|Fold change| = 0.585 and P < 0.05. HSECs: Hepatic sinusoidal endothelial cells;

TECs: Tumor endothelial cells.

apoptosis of TECs of HCC. The mechanism is through
silencing of the expression of its target gene FN1, thus
regulating the important function of FN1 in the prolif-
eration, adhesion, and migration of vascular endothelial
cells. Therefore, the 15 differentially expressed miRNAs
headed by the miR-204-3p/target gene FN1 signaling
pathway can be used as new targets for gene therapy and
can provide effective and specific reference indicators for
HCC anti-angiogenic therapy and prognosis evaluation.

COMMENTS

Background

MicroRNAs (miRNAs) are non-coding, small RNAs that regulate gene expres-
sion at the post-transcriptional level. These RNAs regulate the expression of
downstream target genes at the protein level, thus playing important regulatory
roles in cellular pathways. Abnormal expression of miRNA target genes is as-
sociated with many diseases, such as cancer and cardiovascular disorders.
Research frontiers

Current studies on miRNAs are mostly focused on tumor cells. Thus far, no
studies have described the miRNAs in tumor endothelial cells (TECs) of human
hepatocellular carcinoma (HCC). The underlying mechanism was also inves-
tigated to provide new targets and a theoretical basis for the anti-angiogenic
gene therapy of HCC.

Innovations and breakthroughs

This study first employed a microarray to detect the differentially expressed
miRNAs in HCC TECs as compared to normal hepatic sinusoidal endothelial
cells with the goal of identifying specific miRNAs that play important roles in
the angiogenesis of HCC. Of the differentially expressed miRNAs, miRNA-204-
3p had the most significant decrease in expression and was further studied to
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investigate its role in the growth of TECs of HCC. Fibronectin 1 (FN1), a target
gene of miR-204-3p, might participate in the miR-204-3p-mediated regulation of
TEC growth.

Applications

The 15 differentially expressed miRNAs headed by the miR-204-3p/target gene
FN1 signaling pathway can be used as new targets for gene therapy and can
provide effective and specific reference indicators for HCC anti-angiogenic
therapy and prognosis evaluation.

Terminology

MiRNAs are non-coding, small RNAs that regulate gene expression at the post-
transcriptional level. Abnormal expression of miRNA target genes is associated
with many diseases, such as cancer and cardiovascular disorders. FN1 is an
important component of the extracellular matrix and a multi-functional macro-
molecule; it also plays important roles in resistance to infection and the mainte-
nance of microvascular integrity.

Peer review

The authors report that fifteen differentially expressed miRNAs were identified
that may participate in the proliferation and metastasis of HCC TECs. Thus,
this study proved that FN1 is a potential target gene of miR-204-3p, suggesting
that FN1 regulates the growth of HCC TECs via the miR-204-3p/FN1 signaling
pathway.
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