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MicroRNA-328-3p inhibits malignant
progression of hepatocellular carcinoma
by regulating MMP-9 level

J-z. U, J. P B-Z LI

'Department of Ultrasonography, Jinan Infectious Disease Hospital Affiliated to Shandong University,

Jinan, China

2Department of Outpatient, Outpatient of Jinan Municipal People’s Government, Jinan, China
3Department of Outpatient, Jinan Infectious Disease Hospital, Jinan, China

Abstract. - OBJECTIVE: This study aims to
explore the influence of microRNA-328-3p on
proliferative and apoptotic abilities of hepato-
cellular carcinoma (HCC) cells, and the poten-
tial regulatory mechanisms.

PATIENTS AND METHODS: Quantitative Re-
al Time Polymerase Chain Reaction (QRT-PCR)
was performed to detect the expression of mi-
croRNA-328-3p in 52 tumor tissue samples and
paracancerous ones of HCC patients. The po-
tential interaction between microRNA-328-3p
level and clinical indicators of HCC patients was
analyzed. Subsequently, the microRNA-328-3p
overexpression model was established. In ad-
dition, the influence of microRNA-328-3p on the
biological functions of the HCC cells was ana-
lyzed by the cell counting kit-8 (CCK-8), colony
formation assay, and flow cytometry. Finally, the
potential downstream gene of microRNA-328-3p
was explored by bioinformatics analysis. Recov-
ery experiments were performed to explore the
regulation mechanism.

RESULTS: QRT-PCR results revealed that mi-
croRNA-328-3p level in tumor tissue specimens
of HCC patients was remarkably lower than that
in adjacent ones, and the difference was statis-
tically significant. Compared with patients with
high expression of microRNA-328-3p, those
with low expression of miR-328-3p had more
advanced pathological staging and lower over-
all survival. The overexpression of microR-
NA-328-3p decreased the proliferative capac-
ity and increased apoptotic rate in HCC cells.
Subsequently, MMP-9 expression was found
to be highly expressed in HCC tissues and
cells, and negatively correlated with microR-
NA-328-3p level. In addition, microRNA-328-3p
overexpression significantly down-regulated
the protein expressions of CD31, Ki-67, c-Myc,
MMP-2, and MMP-9. In the cell reverse ex-
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periment, the overexpression of MMP-9 could
counteract the influence of the overexpressed
microRNA-328-3p on proliferation and apopto-
sis in HCC cells, so as to regulate the malignant
progression of HCC.

CONCLUSIONS: MicroRNA-328-3p could in-
hibit the malignant progression of HCC. Its lev-
el is remarkably associated with the patholog-
ical staging and prognosis of HCC patients.
In addition, it is found that microRNA-328-3p
might suppress the proliferative ability and
promote apoptosis of HCC cells via modulat-
ing MMP-9.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
most common malignancies in the world. Similar
to other malignancies, the molecular mechanisms
of HCC include the inactivation of tumor-sup-
pressor genes and/or the activation of proto-on-
cogenes in a multi-step and multi-stage process'=.
The etiology of HCC has been basically clari-
fied. Currently, viral hepatitis, alcoholism, and
non-alcoholic fatty liver lesions are considered as
the main causes of HCC*°. The mortality rate of
HCC is extremely high, ranking the third among
malignant tumors worldwide>. In China, the
mortality rate of HCC is second only to gastric
cancer. About 110,000 people die of liver cancer
every year, so it has become a serious threat to the
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health and lives of Chinese people’®. Symptoms
and signs of HCC in the early stage are atypical,
and most patients are already in the middle and
late stages when they are diagnosed. The com-
monly used imaging examination and detection
of serum AFP have limited abilities for the diag-
nosis of early-stage HCC. Clinically, the overall
prognosis of HCC patients is extremely poor,
and the 5-year survival rate is low. Therefore, it
is especially important to actively seek more ef-
fective diagnosis and treatment for HCC*!°, In
recent years, mictoRNA (miRNA) has become a
research hotspot in the field of molecular biology,
and its abnormal expression has a good applica-
tion prospect in the diagnosis, treatment, progno-
sis, and other aspects of tumor diseases'"'?.

MiRNAs are a class of highly conserved,
single-strand, non-coding RNAs with a length
of about 18-25 nucleotides, which are found not
only in tissues and cells, but also in the circula-
tory system''*. MiRNA can negatively regulate
the expression of the target gene and eventual-
ly leads to tumor formation through complete
or/and incomplete pairing with the 3’ terminal
non-translation region (3’UTR) of the target
gene'>. Each miRNA can regulate the expres-
sions of multiple target genes, and multiple miR-
NAs can also regulate the same target gene at
the same time, thus forming a complex regulato-
ry network'®"7. Mature miRNAs can participate
in a variety of biological activities, including
cell proliferation, apoptosis, cell division, cell
migration, hormone secretion, and cell infiltra-
tion'®°. Previous studies** have revealed that
some miRNAs are up-regulated in HCC as onco-
genes, which are called “tumor miRNAs”, while
some miRNAs are down-regulated in HCC as
tumor-suppressor genes. MicroRNA-328-3p is a
newly discovered cancer-related miRNA, which
has been confirmed to be down-regulated in os-
teosarcoma, ovarian cancer, and other malignant
tumors, playing the role of a tumor-suppressor
gene???, However, its expression and function
in HCC are rarely reported. Through bioinfor-
matics analysis, it was speculated that microR-
NA-328-3p might target MMP-9 and inhibit the
malignant progression of HCC, thus becoming a
new direction of tumor-targeted therapy.

Based on the above researches, in this study, we
elaborated the possible roles of microRNA-328-3p
and MMP-9 in the occurrence and development
of HCC, and the underlying mechanism, so as to
bring new ideas for the diagnosis and treatment
of HCC.
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Patients and Methods

Patients and HCC Samples

The tumor tissue samples and paracancerous
ones were collected from 52 HCC patients aged
32-89 years who underwent radical resection.
None of the patients received any radiotherapy
or chemotherapy before surgery. The patholog-
ical subtype and staging criteria of HCC were
performed according to the guidelines proposed
by the Union for International Cancer Con-
trol (UICC). Patients and their families in this
study had been fully informed. This study was
approved by the Ethics Committee of Jinan In-
fectious Disease Hospital Affiliated to Shandong
University. The written signed informed con-
sents were obtained from all participants before
the study.

Cell Lines and Reagents

Six human HCC cell lines (Bel-7402, HepG2,
MHCC88H, SMMC-7221, Huh7, Hep3B) and one
human normal liver cell line (LO2) were pur-
chased from American Type Culture Collection
(ATCC; Manassas, VA, USA), and the Dulbecco’s
Modified Eagle’s Medium (DMEM) medium and
the fetal bovine serum (FBS) were obtained from
Gibco (Rockville, MD, USA). The cells were cul-
tured in high-glucose DMEM containing 10%
FBS, penicillin (100 U/mL), and streptomycin
(100 pg/mL) at 37°C with 5% CO,. Until 80%-
90% confluence, the cells were digested with
IxtrypsintEDTA  (ethylenediaminetetraacetic
acid).

Transfection

The negative control (NC) and the microR-
NA-328-3p mimics were purchased from Gene-
Pharma (Shanghai, China). After, the cells were
plated in 6-well plates and grown to a cell density
of 70%, transfection was performed using Lipo-
fectamine 3000 (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. Af-
ter 48 hours, the cells were collected for qRT-PCR
analysis and functional experiments.

Cell Counting Kit-8 (CCK-8) Assay

The cells were harvested and inoculated into
96-well plates with 2000 cells per well. After
cell culture for 24 h, 48 h, 72 h, and 96 h, CCK-
8 (Dojindo Laboratories, Kumamoto, Japan) re-
agent was applied. After incubation for 2 hours,
the optical density (OD) value of each well was
measured in the microplate reader.
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Colony Formation Assay

After 48 h of transfection, the cells were col-
lected, and 200 cells were seeded in each well of
a 6-well plate and cultured in complete medium
for 2 weeks. The medium was changed after one
week, and then twice a week. The medium should
not be replaced as much as possible in the first
week to avoid cell adhesion. After 2 weeks, the
cells were washed twice with PBS. The cells were
fixed in 2 ml of methanol for 20 minutes. After
the methanol was aspirated, the cells were stained
with 0.1% crystal violet staining solution for 20
minutes, washed 3 times with PBS, and photo-
graphed and counted under a light-selective en-
vironment.

Flow Cytometry

The cells in the logarithmic growth phase were
seeded into 6-well plates. After 24 hours of drug
treatment, the cells were collected, washed twice
with PBS, and resuspended in the binding solu-
tion. After incubation at room temperature for 15
min in the dark, the cells were gently mixed with
5 uL of Annexin V-FITC (fluorescein isothiocy-
anate) and Propidium Iodide (PI). The apoptotic
rate was measured using flow cytometry.

ORT-PCR

After the cells were accordingly treated, 1 mL
of TRIzol (Invitrogen, Carlsbad, CA, USA) was
used to lyse the cells, and the total RNA was ex-
tracted. The initially extracted RNA was treated
with DNase I to remove the genomic DNA and to
purify the RNA. RNA reverse transcription was
performed according to the Prime Script Reverse
Transcription Kit (TaKaRa, Otsu, Shiga, Japan)
instructions, the Real Time-PCR was performed
according to the SYBR® Premix Ex Taqg™ (TaKa-
Ra, Otsu, Shiga, Japan) kit instructions, and the
PCR reaction was performed using the StepOne
Plus Real-time PCR System (Applied Biosystems,
Foster City, CA, USA). Three replicate wells were
set for each sample and the assay was repeated
twice. Bio-Rad (Hercules, CA, USA) PCR instru-
ment was used to analyze and process the data
with software iQ5 2.0. f-actin and U6 genes were
used as internal controls, and the gene expression
was calculated by the 2-*A“‘method. The primer se-
quences used were as follows: MMP-9, F: 5’-GC-
GAGGTGCGCCTTAGTC-3’, R: 5-CGGTGC-
CGGATAGTCCACAGGA-3’; microRNA-328-3p,
F: 5-GCTGTACAATATCCTACGACTAG-3’, R:
5-AGTTGCAGTCGAGGACGTCAG-3’; U6: F:
5’-GCTTCGGCAGCACATATACTAAAAT-3’,

R: 5’-CGCTTCAGAATTTGCGTGTCAT-3’;
B-actin: F: 5>-CCTGGCACCCAGCACAAT-3’, R:
5’-GCTGATCCACATCTGCTGGAA-3".

Western Blot Assay

The cells or tissue specimens were lysed using
cell lysis buffer, shaken on ice for 30 minutes, and
centrifuged at 14,000 x g for 15 minutes at 4°C.
The total protein concentration was calculated by
the bicinchoninic acid (BCA) Protein Assay Kit
(Pierce, Rockford, II, USA). Anti-CD31, Ki-67,
c-Myc, MMP-2, and the MMP-9 monoclonal an-
tibodies were purchased from Santa Cruz (Santa
Cruz, CA, USA), while horseradish peroxidase-la-
beled goat anti-rabbit secondary antibody was
purchased from Genscript (Nanjing, China). The
glyceraldehyde 3-phosphate dehydrogenase (GAP-
DH) was used as an internal reference control. The
protein samples were separated using the sodium
dodecyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and then transferred to a polyvi-
nylidene difluoride (PVDF) membrane (Millipore,
Billerica, MA, USA). The membrane was blocked
overnight, and then the primary antibodies and
secondary antibodies were in turn added for en-
hanced chemiluminescence (ECL) coloration. The
images were semi-quantitatively analyzed by the
Alpha SP image analysis software.

Statistical Analysis

The statistical analysis was performed using the
Statistical Product and Service Solutions (SPSS)
22. 0 software (IBM Corp., Armonk, NY, USA).
The univariate analysis was performed using the
x*-test and the Fisher test. The multivariate analy-
sis was performed using the COX regression anal-
ysis. The Kaplan-Meier method was introduced for
survival analysis, followed by the Log-rank test to
compare the intergroup curves. The data were ex-
pressed as mean + standard deviation, and p<0.05
was considered to be statistically significant.

Results

MicroRNA-328-3p Was Downregulated
in HCC Tissues, and Its Level Was
Correlated with Advanced Clinical
Staging and Poor Prognosis

In order to clarify the role of microR-
NA-328-3p in HCC, we collected 52 pairs of HCC
tissue samples and adjacent ones, and detected the
expression of microRNA-328-3p using qRT-PCR.
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The results showed that microRNA-328-3p level
was remarkably lower in HCC tissues than in the
adjacent ones (Figure 1A). In addition, microR-
NA-328-3p was remarkably down-regulated in
HCC cells compared with normal hepatic cell line
LO2, especially in the Huh7 and Bel-7402 cell
lines. As a result, we chose these two cell lines for
follow-up experiments (Figure 1B). According to
the expression of microRNA-328-3p in tumor tis-
sue samples and paracancerous ones of 52 pairs of
HCC, the tissue specimens were divided into high
microRNA-328-3p and low microRNA-328-3p
expression group. Subsequently, we analyzed the
relationship between microRNA-328-3p expres-
sion and age, gender, pathological staging, lymph
node, or distant metastasis of HCC patients. As
shown in Table I, the low expression of microR-
NA-328-3p was positively correlated with the
pathological staging of HCC, but not with other
indicators. In addition, the Kaplan-Meier surviv-
al curves demonstrated that the low expression of
microRNA-328-3p was remarkably relevant to the
poor prognosis of HCC (p<0.05; Figure 1C).

Therefore, the above results suggested that mi-
croRNA-328-3p might be a new biological indi-
cator for predicting the malignant progression of
HCC.

Upregulation of MicroRNA-328-3p
Inhibited Cell Proliferation
and Promoted Cell Apoptosis

To explore the effects of microRNA-328-3p
on the function of HCC cells, microRNA-328-3p
overexpression model was first successfully
constructed (Figure 2A). The cell proliferation
and flow cytometry assays were subsequently
performed in the Huh7 and Bel-7402 cell lines.
CCK-8 assay showed that the cell proliferative
rate remarkably decreased after the overexpres-
sion of microRNA-328-3p (Figure 2B). A similar
result was observed in the colony formation assay
(Figure 2C). On the contrary, the flow cytometry
analysis revealed that the apoptosis of HCC cells
remarkably increased after the overexpression of
microRNA-328-3p compared with the NC group
(Figure 2D). These results suggested that the up-
regulation of microRNA-328-3p inhibited cell
proliferation and promoted cell apoptosis in HCC.

MMP-9 Was Highly Expressed
in HCC Tissues and Cell Lines

QRT-PCR was performed to verify the expres-
sion of MMP-9 in HCC tissues and cell lines, and
the results showed that MMP-9 level was remark-
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Figure 1. MiR-328-3p is down-regulated in hepatocellular
carcinoma tissues and cell lines. A, qRT-PCR was used to
detect the expression level of miR-328-3p in tumor tissues
and adjacent tissues of hepatocellular carcinoma. B, qRT-
PCR was used to detect the expression level of miR-328-
3p in the hepatocellular carcinoma cell lines. C, The Ka-
plan-Meier survival curves of the hepatocellular carcinoma
patients based on miR-328-3p expression. The data are ex-
pressed as mean + SD, *p<0.05, **p<0.01, ***p<0.001.

ably up-regulated in HCC tumor tissues compared
with adjacent tissues (Figure 3A). In addition,
MMP-9 was also found to be highly expressed
in HCC cells than in LO2 cells (Figure 3B).



Table I. Association of miR-328-3p expression with clinicopathologic characteristics of hepatocellular carcinoma.

Parameters Number of miR-328-3p expression p-value
cases
High (%) Low (%]
Age (years) 0.812
<60 21 11 8
>60 31 19 12
Gender 0.357
Male 25 17 8
Female 27 15 12
T stage 0.004
T1-T2 31 24 7
T3-T4 21 8 13
Lymph node metastasis 0.111
No 33 23 10
Yes 19 9 10
Distance metastasis 0.093
No 38 26 12
Yes 14 6
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Figure 2. MiR-328-3p overexpression inhibits the proliferation of the hepatocellular carcinoma cells and promotes apoptosis.
A, qRT-PCR verified the transfection efficiency of miR-328-3p mimics in Huh7 and Bel-7402 cells. B, CCK-8 assay detects
the effect of miR-328-3p on the proliferation in Huh7 and Bel-7402 cells. C, The colony formation assay detects the effect of
miR-328-3p on the clonality in Huh7 and Bel-7402 cells (magnification x 40). D, The flow cytometry assay was used to detect
the effect of miR-328-3p on apoptosis in Huh7 and Bel-7402 cells. The data are expressed as mean + SD, *p<0.05.
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Figure 3. MMP-9 is highly expressed in hepatocellular carcinoma tissues and cell lines. A, qRT-PCR was used to detect the
expression level of MMP-9 in hepatocellular carcinoma tumor tissues and adjacent tissues. B, qRT-PCR was used to detect
the expression level of MMP-9 in hepatocellular carcinoma cell lines. C, QRT-PCR verified the expression level of MMP-9
after transfection of miR-328-3p mimics in Huh7 and Bel-7402 cells. D, qRT-PCR verified the expression level of miR-328-3p
after the overexpression of MMP-9 in Huh7 and Bel-7402 cells. E, A significant negative correlation between miR-328-3p and
MMP-9 expression levels in the hepatocellular carcinoma tissues. F, The Kaplan-Meier survival curves of the hepatocellular
carcinoma patients based on the MMP-9 expression. The data are expressed as mean + SD, *p<0.05, **p<0.01, ***p<0.001.

Besides, MMP-9 expression significantly de-
creased in Huh7 and Bel-7402 cells after the
overexpression of microRNA-328-3p (Figure 3C).
Likewise, microRNA-328-3p level remarkably
decreased after the overexpression of MMP-9
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(Figure 3D). Additionally, the expression lev-
els of microRNA-328-3p and MMP-9 presented
a significant negative correlation in tumor tis-
sues of HCC patients (Figure 3E). According to
the MMP-9 level in 52 HCC tissue samples and



MicroRNA-328-3p and hepatocellular carcinoma

paracancerous ones, the relationship between the
expression of MMP-9 and the prognosis of HCC
patients was explored. The Kaplan-Meier survival
curves revealed that the high expression of MMP-
9 was remarkably associated with poor prognosis
of HCC (p<0.05; Figure 3F).

Up-Regulation of MicroRNA-328-3p
Decreased the Expressions of MMP-9-
Related Signaling Pathway Genes

In order to explore how microRNA-328-3p pro-
moted the malignant progression of HCC, the expres-
sions of the key proteins in MMP-9-related pathways
after overexpression of microRNA-328-3p were de-
tected by the Western Blot. The results showed that
the expressions of the key proteins, including CD31,
Ki-67, c-Myc, MMP-2, and MMP-9 in the signaling
pathway significantly decreased (Figure 4).

MicroRNA-328-3p Directly Inhibited
MMP-9 Expression

It is speculated that MMP-9 was responsible for
the malignant progression of HCC influenced by
microRNA-328-3p. QRT-PCR assay examined the
microRNA-328-3p level (Figure 5SA) and the West-
ern Blot examined MMP-9 level (Figure 5B) in the
co-transfected cells. Subsequently, the overexpres-
sion of MMP-9 was demonstrated to counteract the
effects of the overexpressed microRNA-328-3p on
the proliferation and apoptosis of HCC cells (Fig-
ures SC and 5D). Therefore, these results revealed
that microRNA-328-3p regulated the HCC pro-
gression by modulating the MMP-9 level.

Discussion

HCC accounts for more than 90% of primary
HCC cases, and more than 520,000 people die of
HCC every year. China is a typical high-risk re-
gion, accounting for more than 50% of HCC cas-
es in the world*®. The insidious onset and high
degree of malignancy of HCC lead to the loss of
effective treatment opportunities for HCC pa-
tients at the time of diagnosis. Early detection and
prompt treatment for HCC contribute to prolong
the survival period of patients™®. The diagnosis
and screening of HCC today are mainly based
on imaging examination and detection of tumor
markers, which play a very important role in early
diagnosis, prognosis judgment, recurrence moni-
toring, and other aspects of HCC*!°. However, the
tumor markers have certain false positive rates,
low sensitivity, and specificity®. Therefore, new
tumor markers related to HCC are urgent to be
discovered, so as to improve the early diagnosis
rate of HCC®”.

MiRNA is a large family of endogenous,
non-coding RNA with a length of about 18-25 nu-
cleotides. The most primitive pri-miRNA is gen-
erated in the nucleus and then transported to the
cytoplasm after a series of complex processing,
eventually becoming mature miRNA"™*, Tt mainly
plays an important regulatory role in the occurrence
and development of the diseases by binding specific
target genes or target proteins®. In recent years, the
abnormally expressed miRNAs have been proved to
regulate a series of biological processes, including

Huh7 Bel-7402

Figure 4. The Western blotting assays | MMP-9
of the protein levels of the key pro-
teins in the MMP-9 pathway, includ-
ing CD31, Ki-67, c-Myc, MMP-2, and
MMP-9, in Huh7, and Bel-7402 cells
transfected with miR-328-3p mimics.

NC mimics miR-328-3p mimics NC mimics miR-328-3p mimics

CD31 - -
— . — e
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9337



J.-Z. L, J. Li, B.-Z. Liu

*

e O
< R0 <
3 NC+NC mimics & LR X
B3 NC+miR-328-3p mimics SN ?;ﬂcb
HB MMP-9+miR-328-3p mimics W x&& &

(= *
K]
3 g. 31 Huh7
)
&g
2 £
86 1-
@ 1 Bel-7402
0
A 2
A > o B
S K » 25
F g
Huh7 ) T
NC NC MMP-9 B
+NC mimics +miR-328-3p mimics +miR-328-3p mimics 8 1o- ol
. e 3 =3 2
y N ‘ ‘_&' 5+
&
0 :
@& 6-\\09 {o\(?
& G e
& P P
c}‘(és. ca"é\q.
& Q°
C S
Huh7 oy
NC NC MMP-9 =
+NC mimics +miR-328-3p mimics +miR-328-3p mimics o
» ot @ v ! E
oo 3 ™ - 5 B K]
o ' ” 002 a5 o y §
$ o
w 2
b3

Figure 5. MiR-328-3p regulates the expression of MMP-9 in hepatocellular carcinoma cell lines. A, The expression level of
miR-328-3p in the co-transfected cells detected by qRT-PCR. B, MMP-9 expression in the co-transfected cells detected by the
Western Blot. C, The colony formation assay detects clonality in the co-transfected cells (magnification x 40). D, The flow

cytometry assay detects the apoptosis in the co-transfected cells. The data are expressed as mean + SD, *#p<0.05.

cancer cell proliferation, differentiation, apopto-
sis, invasion, and metastasis. Besides, they are in-
volved in the changes of the tumor microenviron-
ment, domestication, and stemness of tumor cells,
suggesting their potential for diagnosis, prognosis,
and therapeutic intervention in tumor patients'*".
MicroRNA-328-3p is a newly discovered miRNA
associated with HCC analyzed through miRNA
microarray technology, which is located on human
chromosome 16g22.1?%. In order to explore the role
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of microRNA-328-3p in the occurrence and devel-
opment of HCC, this study firstly detected the ex-
pression of microRNA-328-3p in 52 cases of HCC
tissues and its paracarcinoma paired tissues. It was
found that the expression of microRNA-328-3p
in HCC tissues was remarkably down-regulated,
and the expression in HCC tumor tissues was re-
markably lower than that in paracarcinoma tissues.
Therefore, we believed that microRNA-328-3p may
play a role in tumor inhibition in HCC.
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Besides, the expression level of microR-
NA-328-3p was the lowest between Huh7 and
bel-7402 cell lines, which laid a foundation for
future experiments. To further explore the effect
of microRNA-328-3p on the biological function
of HCC, the overexpression model of microR-
NA-328-3p was constructed in this study. MicroR-
NA-328-3p was able to inhibit the proliferation
and promote the apoptosis in HCC. In addition,
after the overexpression of microRNA-328-3p, the
expression levels of CD31, ki-67, c-myc, MMP-2,
and MMP-9 were remarkably down-regulated.

At the same time, a further understanding of
the molecular biological mechanism of HCC for-
mation and progression can provide new specif-
ic diagnostic and therapeutic targets for human
HCC"'2, Authors"> have found that the same
miRNA can regulate multiple target genes. Sim-
ilarly, we used bioinformatics software to predict
the downstream target gene of microRNA-328-3p
and MMP-9 was discovered. MMP-9 was found
to promote the malignant progression of the tu-
mor cells in HCC*. The expression level of
MMP-9 was remarkably down-regulated after
the transfection of microRNA-328-3p mimics.
Subsequently, the overexpression of MMP-9 was
found to reverse the biological effect of microR-
NA-328-3p on HCC cells, thus affecting the ma-
lignant progression of HCC.

Conclusions

We demonstrated that microRNA-328-3p was
remarkably associated with pathological staging
and poor prognosis in HCC. MicroRNA-328-3p
might inhibit the malignant progression of HCC
via regulating MMP-9.
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