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Introduction

Liver cancer is a public malignancy with the second leading cause of cancer-related
deaths, and hepatocellular carcinoma (HCC) represents more than 90% of cases.' In
recent years, new hope has been brought for HCC patients with the progress of
treatment options.” Nevertheless, the outcome of patients remains unsatisfactory.
Therefore, it is urgent to find a new strategy for the treatment of HCC.

Exosomes are a class of extracellular vesicles that take part in intercellular
communication in HCC.? Exosomes play important roles in the tumorigenesis,
diagnosis and treatment of HCC by transmitting nucleic acids, proteins or lipids.*
Noncoding RNAs are enriched in exosomes and exosomal noncoding RNAs have
MicroRNAs (miRNAs) are small noncoding

RNAs which could be transferred by exosomes to participate in the progression and

essential roles in HCC development.’
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therapeutics of HCC.® Previous studies suggest that miR-
638 has an important clinical significance in HCC
development.”® Moreover, knockdown of miR-638 could
promote HCC development by increasing cell growth,
angiogenesis, migration and invasion.”'® In addition,
miR-638 could be enriched in exosomes, and exosomal
miR-638 plays a key role in human cancers.'""'?> More
importantly, serum exosomal miR-638 has an important
prognostic role in HCC."> However, the mechanism of
exosomal miR-638 in HCC development remains largely
unclear.

miRNAs exhibit their roles in HCC by regulating gene
expression and translation.'* Specificity protein 1 (SP1) is
overexpressed and plays an oncogenic role in many cancers
by regulating cell proliferation, differentiation, apoptosis
and angiogenesis.'> Accruing evidence indicates that SP1
is associated with cell proliferation, migration, invasion and
angiogenesis in HCC.'®"'® Moreover, starBase online pre-
dicts that SP1 might act as a target of miR-638. Hence, we
hypothesized that exosomal miR-638 might target SP1 to
mediate HCC progression. In the present research, we mea-
sured the exosomal miR-638 level, and investigated the
effect of miR-638 on HCC development. Moreover, we
analyzed the target association between miR-638 and S

Patients and Methods

Patient Tissues and Serum
Forty-two HCC patients and 20 no
recruited from Jinzhou Medical Ung
blood samples were harvested
collection. The cancer and p

patients’ features
was carried out in

Cell Culture and Treatment

Human umbilical vein endothelial cells (HUVECs), HCC
cell lines (MHCC97-H, HCCLM3 and Huh7) and normal
human liver cell line THLE-2 were provided via Bena
Culture Collection (Beijing, China). DMEM (Sigma,
St. Louis, MO, USA) with 10% fetal bovine serum
(Biosun, Shanghai, China) as well as 1% penicillin—strepto-
mycin (Sigma) was applied to cell culture. The cells were

Table | The Relationship Between miR-638 Expression and
Clinicopathological Features in HCC (n=42)

Clinical Feature n miR-638 P-value

High Low

Age 0.5329
260 years 24 11 13

<60 years 18 10 8

Gender 0.4945
Man

Woman

Tumor size 0.3523
25 cm

<5cm

Hepatitis 0.7385

Negative

Positive

0.0015

Edmondson
11+

0.7474
15 8 7
27 13 14

at 37 °C in 5% CO,, and medium was changed
very 3 days. To block the release of exosomes, cells were
cubated with 10 uM of SW4869 (Sigma).

Exosome Purification and Validation

The exosomes were purified from serum or cell medium
using the Exoquick exosome extraction kit (SBI System
Biosciences, Mountain View, CA, USA) according to the
instructions.'® The exosomes were validated by transmis-
sion electron microscopy (TEM) (Hitachi, Tokyo, Japan)

and expression of exosomal markers.?%*!

Quantitative Reverse Transcription
Polymerase Chain Reaction (qRT-PCR)

Exosomal RNA was isolated using the Exosome
Purification and RNA Isolation kit (Amyjet Scientific,
Wuhan, China), and RNA from tissues or cells was
extracted using TRIzol (Solarbio, Beijing, China). The
cDNA was generated using the specific reverse transcrip-
tion kit (Thermo Fisher, Wilmington, DE, USA). The
cDNA was mixed with SYBR Green (Vazyme, Nanjing,
China) and specific primers, and then applied to qRT-PCR.
The primers were synthesized from Genscript (Nanjing,
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China) and shown as: SP1 (sense, 5'-CGCCCTCTGAC
CAAGATCACT-3'; antisense, 5'-GGGAGTTGTTGCTGT
TCTCATTGG-3'), miR-638 (sense, 5'-GAGAGGATCCT
GCCGCAGATCGCTG-3'; antisense, GAGTAAGCTTCA
GGGAGTCCTCTGCC), U6 (sense, 5'-ACGCAAATTCG
TGAAGCGTT-3’; antisense, AACGCTTCACGAATTT
GCGT) and GAPDH (sense, 5'-GACAGTCAGCCGCAT
CTTCT-3"; antisense, 5'-GCGCCCAATACGACCAAATC
-3"). The relative expression of SP1 or miR-638 was cal-
culated with GAPDH or U6 as a reference according to the
delta—delta cycle threshold method.*?

Cell Transfection

SP1 overexpression vector was generated using pcDNA3.1
(Thermo Fisher). The pcDNA3.1 vector was exploited as
a negative control (vector). miR-638 mimic (5-AGGGA
UCGCGGGCGGGUGGCGGCCU-3") and mimic negative
(NC, 5-UUCUCCGAACGUGUCACGUTT-3")
were generated via Ribobio (Guangzhou, China). Huh7 cells

control

were transfected with 50 or 100 nM oligonucleotides or 600 ng
vectors via Lipofectamine 3000 reagent (Thermo Fisher) for
24 h. The non-transfected cells were regarded as the control

group.

Co-Culture of HUVECs and Huh7 C

Huh7 cells were transfected with miR-638

transfected with miR-638
SW4869, and then exos

48 and 72 h. Then, 10 uL CCK-8
b0, Houston, TX, USA) was introduced and
the cells were Waintained for another 4 h. The optical
density (OD) value was measured through a microplate
reader (Bio-Gene Technology, Guangzhou, China). The

detection wavelength was 450 nm.

Colony Formation Assay

Huh7 cells or HUVECs (500 cells/well) were placed into
6-well plates and cultured for 2 weeks. The clones were
dyed with 0.5% crystal violet (Beyotime, Shanghai,

China), and then observed under a microscope (Agilent,
Chengdu, China).

Flow Cytometry

Cell apoptosis and cycle distribution were analyzed via
flow cytometry. For cell apoptosis assay, Huh7 cells or
HUVECs (2x10° cells/well) were placed into 12-well
plates, and cultured for 72 h. Next, cells were incubated
in the binding buffer and interacted with Annexin V-FITC
and PI (Solarbio) in the dark. The apoptotic cells were
analyzed using a flow cytometcigél) Biosciences, San

Jose, CA, USA).

e placed into
Is were fixed

g, NY, USA). The transwell invasion assay

using chambers precoated with Matrigel,
answell migration assay was conducted using
without Matrigel. 1x10° cells were resuspended in
medium without serum and added into the upper cham-
bers. The medium containing 10% serum was injected into
the lower chambers. After 24 h, cells on the low chambers
were incubated with 0.5% crystal violet. The number of
migrated or invasive cells was counted under a microscope
(Agilent) with three random fields.

Western Blot

The protein was isolated with RIPA buffer (Beyotime) con-
taining 1 mM PMSF (Beyotime), and quantified using
a protein quantification kit (Abbkine, Redlands, CA, USA).
20 pg samples were separated via sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred onto poly-
(Solarbio).
blocking in 5% nonfat milk, the membranes were interacted

vinylidene fluoride ~membranes Following
with specific primary antibodies and secondary antibody. The
antibodies were shown as: anti-TSG101 (ab30871, 1:500 dilu-
tion; Abcam, Cambridge, MA, USA), anti-CD63 (ab216130,
1:2000 dilution; Abcam), anti-HSP70 (ab31010, 1:1000 dilu-
anti-CD81 (ab109201, 1:5000 dilution;
Abcam), anti-caspase 3 (total caspase 3 and Cleaved caspase 3)
(ab184787, 1:2000 dilution; Abcam), anti-PCNA (ab152112,

1:2000 dilution; Abcam), anti-Cyclin D1 (ab226977, 1:2000

tion; Abcam),
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dilution; Abcam), anti-MMP9 (ab73734, 1:1000 dilution;
Abcam), anti-SP1 (ab227383, 1:500 dilution; Abcam) and
anti-GAPDH (ab9485, 1:2000 dilution; Abcam), as well as
horseradish peroxidase-conjugated IgG (ab205718, 1:20,000
dilution; Abcam). GAPDH was used as a reference. Next, the
bands were visualized using the BeyoECL Plus kit
(Beyotime). The relative protein level was normalized to the
control group.

Dual-Luciferase Reporter Analysis and
RNA Immunoprecipitation (RIP)

The complementary sequence of miR-638 and SP1 was
predicted using starBase (http://starbase.sysu.edu.cn/

index.php). The 3'UTR sequence of SP1 containing miR-
638 binding sites was inserted into the luciferase reporter
vector psiCHECK-2 (Promega, Madison, WI, USA) to
synthesize the wild-type luciferase constructs SP1-wt. The
mutant-type constructs were generated via mutating the
binding sites, named as SP1-mut. Huh7 cells were co-
transfected with 600 ng constructs and miR-638 mimic or
NC for 24 h. Subsequently, luciferase activity was deter-
mined with a dual-luciferase assay kit (Promega).

RIP RNA-Binding  Protgg
Immunoprecipitation kit (Sigma) was used. Huh7 ce

For assay, the

transfected with miR-638 mimic or NC were lysed, an
lysates were incubated with magnetic beadsg¥ate
Ago2 antibody. IgG antibody was used as 3 @
SP1 mRNA was extracted from bead: a
qRT-PCR.

Xenograft Experi
Male BALB/c nude mj
Beijing Laboratory
acclimatized for eek.
(n=5 per gro® nM mi
4-5, Ribobio) ON
tumors every other

were subcut.

mice with
-638 agomir (miR40003308-
C was injected into the sites of
¥oy for 4 times. Tumor volume was
measured before the injection of agomir. At 3 days after
the last injection, animals were killed via cervical disloca-
tion under anesthesia using isoflurane. Tumor tissues were
collected and the weight was detected. Furthermore, the
levels of miR-638, SP1, PCNA, total caspase 3 and
Cleaved caspase 3 were detected in tumor tissues. The
animal procedures were performed in accordance with
the Guidelines for Care and Use of Laboratory Animals

of “National Institutes of Health” and approved via the
Institutional Animal Care and Use Committee of Jinzhou
Medical University.

Statistical Analysis
All experiments were carried out 3 times. Statistical analy-
sis was conducted using GraphPad Prism 7 (GraphPad, La
Jolla, CA, USA). The data were normally distributed and
shown as mean+SD. The linear correlation of miR-638 and
SP1 expression was analyzed via Pearson correlation ana-
lysis. The difference between group
Student’s #-test or ANOVA follo

ompared via

difference was statistically signif 5.
Results

miR-638 Leveki asedajin HCC
Exosomes

al mi in HCC, the exosomes
m of HCC patients or normal
ure 1A and B, the exosomes
out an obvious difference in serum of

the diameters of exosomes from HCC

D81) (Figure 1C). Moreover, the miR-638 level was
honificantly decreased in HCC serum-derived exosomes
in comparison to the normal group (Figure 1D). In addi-
tion, the miR-638 level was lower in HCC tissues than
para-tumor samples (Figure 1E). Besides, the abundance
of miR-638 was also detected in HCC cells or medium-
derived exosomes. Results exhibited that the miR-638
level was remarkably reduced in HCC cells or exosomes
(Figure 1F and G). These data indicated that a low level of
exosomal miR-638 was displayed in HCC serum and cell
medium. Furthermore, low expression of miR-638 was
associated with Edmondson grade, but not with age, gen-
der, tumor size, hepatitis and AFP level (Table 1).

Up-Regulation of miR-638 Suppresses
Proliferation, Migration and Invasion of

HCC Cells

To explore the role of miR-638 in HCC cells, Huh7 cells with
the relative lowest abundance of miR-638 were chosen for
further experiments, and cells were transfected with 50 or
100 nM miR-638 mimic or NC. As displayed in Figure 2A
and B, cell viability and colony formation were evidently
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decreased via transfection of miR-638 mimic in
a concentration-dependent manner. Furthermore, flow cyto-
metry analysis showed that transfection of different concen-
trations of miR-638 mimic induced cell apoptosis a8
cycle arrest at G1 phase (Figure 2C and D). In additio

migrated and invasive abilities of Huh7 cell,

vation of Cleaved
D1 and MMP9
mimic in hese results suggested
using miR-638 mimic

Exosomal -638 Inhibits Endothelial

Function

Endothelial function is responsible for tumor angiogenesis
in HCC. To assess the influence of exosomal miR-638 on
endothelial function, Huh7 cells were transfected with
miR-638 mimic or NC, and exosomes in medium were
collected and used for co-culture with HUVECs. As dis-
played in Figure 3A—D, Huh7 cell-derived exosomal miR-

638 obviously repressed HUVEC proliferation via

Relative miR-638 level

ffecting cell cycle distribution, while these
rogated via GW4869, an inhibitor of exo-

carance of exosome and miR-638 expression were
redufed (Supplementary Figure 1A and B). Moreover,

Huh7 cell-derived exosomal miR-638 significantly inhib-
ited HUVEC migration and invasion, which was reversed
by GW4869 (Figure 3E and F). Besides, Huh7 cell-derived
exosomal miR-638 evidently enhanced the level of
Cleaved caspase 3 and declined the protein levels of
PCNA, Cyclin D1 and MMP9 in HUVECsS, and treatment
of GW4869 abolished this effect (Figure 3G). These find-
ings indicated that exosomal miR-638 might inhibit HCC
angiogenesis by regulating endothelial function.

SP| is a Target of miR-638 in HCC Cells

To explore the mechanism of miR-638 in HCC, the targets
of miR-638 were predicted via starBase. Among these tar-
gets, SP1 expression was enhanced at mRNA and protein
levels and negatively correlated with miR-638 level in HCC
tissues (Figure 4A—C). Moreover, SP1 protein expression
was evidently elevated in HCC cells (Figure 4D). To further
confirm the target association between miR-638 and SP1,
SP1-wt and SP1-mut were constructed (Figure 4E), and used
for dual-luciferase reporter analysis. Results displayed that
addition of miR-638 induced a 76% reduction in luciferase
activity of SP1-wt, but its effect was abolished via mutating
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Figure 2 The effect of miR-638 on HCC cell proliferation, migration and invasion. Cell viability (A), colony formation (B), apoptotic rate (C), cell cycle distribution (D),
migration (E), invasion (F) and related protein levels (G) were measured in Huh7 cells with transfection of 50 or 100 nM miR-638 mimic or NC via CCK-8, colony formation
assay, flow cytometry, transwell and western blot. *P<0.05.

the binding sites in SPl-mut group (Figure 4F). expression in Huh7 cells was significantly decreased via
Additionally, Ago2 RIP assay showed that SP1 could be transfection of miR-638 mimic (Figure 4H). These data
bound to miR-638 (Figure 4G). Besides, SP1 protein  suggested that SP1 could be targeted via miR-638 in HCC.
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Addition of SP| Reverses the Suppressive
Effect of miR-638 on Proliferation,
Migration and Invasion of HCC Cells

To explore whether SP1 could explain the influence of miR-
638 in HCC cells, Huh7 cells were transfected with NC, miR-
638 mimic, miR-638 mimic+vector or SP1 overexpression
vector. As exhibited in Figure 5A, introduction of SPI

els (G) were measured in HUVECs after treatment of Huh7-exo(NC), Huh7-exo(miR-638) or Huh7-exo(NC)-GW4869 via CCK-8,

overexpression vector restored the abundance of SP1 protein
in Huh?7 cells in the presence of miR-638 mimic. Furthermore,
up-regulation of SP1 attenuated miR-638-mediated prolifera-
tion reduction by affecting cell viability, colony formation,
apoptosis and cell cycle distribution (Figure 5SB-E). In addi-
tion, restoration of SP1 weakened the inhibitive effect of miR-

638 on Huh7 cell migration and invasion (Figure 5F and G).
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To analyze the rol&@f miR-638 in HCC in vivo, Huh7
cells were used to establish the subcutaneous xenograft
model for 9 days, and then tumor sites were treated with
miR-638 agomir or NC every other day. As shown in
Figure 6A, tumor volume was obviously reduced after
the injection of miR-638 agomir for 5, 7 and 10 days.
Moreover, the tumor tissues were collected at the ending
point. Tumor weight was markedly decreased by treatment
of miR-638 agomir (Figure 6B). In addition, miR-638

« « « ATALATTOG ATOCUUUG ATOCCAG. . .

[T
UCCGGCEGUGEECOEGCCCUAGGGA

SP1-mut 3'UTR 5'..AUAAAUUGAUCCUUUCUAGUGA y

C samples was analyzed. (D) SPI protein expression was detected in HCC and
edicted via starBase. (F and G) Dual-luciferase reporter and RIP assays were

expression and Cleaved caspase 3 protein level were sig-
nificantly increased, and protein levels of SP1 and PCNA
were remarkably decreased by treatment of miR-638 ago-
mir (Figure 6C and D). These findings suggested that miR-
638 overexpression decreased HCC development in vivo.
A pathway illustration of miR-638/SP1 in HCC develop-
ment is exhibited in Figure 7.

Discussion

HCC is a common cancer with high incidence and mor-
tality, and the effective treatment options for HCC are
limited.?” Exosomes play important roles in the pathogen-
esis, diagnosis, development and treatment of HCC.?®
Moreover, exosomal miRNAs are implicated in the anti-
cancer treatment of HCC.? In our research, the exosomal
miR-638 level was reduced in HCC, and exosomal miR-
638 inhibited HCC cell proliferation, migration and
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invasion. Furthermore, here we were the first to confirm
the target relationship of miR-638 and SP1 (Figure 7).
The tetraspanins (CD63 and CD81), heat shock protein
HSP70 and tumor susceptibility gene TSG101 are the impor-
tant markers for validating the presence of exosomes.”' By
detecting these marker levels and TEM, we confirmed that
the extracted vesicles were exosomes. Our study displayed

of miR-638 and SP1 on HCC cell proliferation, apoptosis, migration and invasion. SP| protein expression (A), cell viability (B), colony formation (C),
Il cycle distribution (E), migration (F), invasion (G) and related protein abundances (H) were examined in Huh7 cells transfected with NC, 100 nM

that miR-638 abundance was reduced in HCC tissues and
cells. We hypothesized the reduced miR-638 might be
induced via alteration of the microenvironment. In HCC,
the environment might be adverse to miR-638 synthesis or
contribute to miR-638 degeneration. A previous study sug-
gested that miR-638 could be released in exosomes from
HCC cells." In this work, exosomal miR-638 was declined
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arrest at S1 phase. Moreover, this study showed that miR-
638 could repress HCC cell migration and invasion, which
was also consistent with former work.'° In addition,
a previous study indicated that inhibition of miR-638 facili-
tated the angiogenesis in HCC. Endothelial function is
implicated in the angiogenesis, which contributes to tumor-
igenesis of HCC.>*>? Hence, we further assessed the influ-
ence of exosomal miR-638 on endothelial function. Using
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co-culture of Huh7 and HUVECS, we validated that miR-638
from Huh7 cells could be transmitted to HUVECs by exo-
somes, and then affected HUVEC function. Collectively, this
study showed the anti-cancer role of exosomal miR-638 in
HCC by inhibiting cell proliferation, migration, invasion and
angiogenesis.

miRNAs act as gene regulators by binding the 3'UTR of
mRNA to mediate mRNA degradation or translation.*
Increasing evidence demonstrated that miR-638 could partici-
pate in the regulation of multiple cancers by targeting numer-
ous mRNAs because of the different binding sites, such as
phospholipase D1, tetraspanin 1 and sex-determining region
Y-box 2.>*3° To explore a new mechanism mediated via miR-
638, here we were the first to identify that SP1 was targeted via
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miR-638. Previous studies reported that SP1 played an onco-
genic role in HCC via promoting cell proliferation, migration
and invasion.'®'">7® These reports also suggested that miR-
31-5p, miR-138, miR-363-3p and miR-548b could target SP1
to participate in HCC development, while the expression
changes of these miRNAs in exosomes were less than miR-
638 (Supplementary Figure 2). Furthermore, our study also

confirmed the carcinogenic role of SP1 in HCC by rescue
experiments. These data also indicated that miR-638 could
inhibit HCC development by targeting SP1 in vitro. Besides,
the xenograft model is a key tool for understanding the patho-
genesis of HCC.*® In this research, we also confirmed the
anti-cancer role of miR-638 in HCC in vivo using a murine
xenograft model. The major function of HUVECs is the ability
of vessel formation. Previous studies have reported that SP1
could promote the ability of tube formation of endothelial
cells. Thus, we hypothesized that miR-638 might inhibit tube
formation of HUVECs via targeting SP1. This would be
explored in the future.***! Although our study demonstrated
the function and mechanism of exosomal miR-638 in HCC
using Huh?7 cells, more cell lines should be used for the study
in the future due to the difference of different cell lines.

In conclusion, exosomal miR-638 played an anti-
cancer role in HCC in vitro and in vivo, possi )
targeting SP1. This study elucidated a novel mech
underlying the pathogenesis of HCC andggmsli
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