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Abstract

Introduction: This study aimed to investigate the biological role of microRNA
93 (miR-93), a novel tumor-related miRNA, in human hepatocellulamearcino-
ma (HCC) and elucidate the potential molecular mechanisms involved.
Material and methods: Quantitative real-time polymerase, chain reaction
(gRT-PCR) was conducted to determine the expression of miR-93xin HCC
tissues and cell lines. The log-rank test and Kaplan-Meiersurvival analysis
were performed to evaluate the relationship betwéen miR-93 expression
and overall survival. MTT assay, colony formationassay, Transwell migration
and invasion assays were carried out to examine cellproliferation, colony
formation, migration and invasion, respectively. Murine “xenograft models
were established to investigate the effect of miR-93 on tumor growth in vivo.
TargetScan online software was applied to predict the potential target of
miR-93. Luciferase reporter assays were used tovalidate the direct binding
of miR-93 and its putative target.

Results: We found that miR-934wvas significantly down-regulated in HCC tis-
sues and cell lines. Patients with decreased"'miR-93 expression had signifi-
cantly shorter overall survival. Functionalinvestigations demonstrated that
miR-93 over-expression'suppressedHCC cell proliferation, weakened clono-
genic ability, and slowed down'cell.migration and invasion, whereas miR-93
depletion facilitatéd HEC cell,proliferation, colony formation, cell migration
and invasion. MiR-93 over-expression retarded tumor growth in vivo. Lucif-
erase reporter assay andrescue assay revealed that zinc finger protein 322
(ZNF322)Avas a direct target of miR-93 and mediated the inhibitory effects
of miR-93 on HCC cell'proliferation and motility.

Conglusions: Our data may provide some evidence for the miR-93/ZNF322
axis as a candidate therapeutic target for HCC.

Key, words: hepatocellular carcinoma, miR-93, cell proliferation, poor
prognesis, ZNF322.

Introduction

Hepatocellular carcinoma (HCC) is one of the major causes of tu-
mor-related morbidity and mortality, resulting in more than 600,000
deaths worldwide [1-3]. It was estimated that approximately 40,000
new HCC cases were diagnosed and around 28,000 patients died of HCC
in the United States in 2017 [4]. It is documented that drug resistance
and malignant metastasis are partially responsible for the high mortality
of HCC patients [5-7]. Despite the fact that significant breakthroughs
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have been achieved in diagnosis and treatment,
the long-term prognosis remains rather depress-
ing in HCC patients. Therefore, there is an urgent
demand to develop effective therapeutic strate-
gies for HCC.

MicroRNAs (miRNAs) are a large class of small
(~22 nucleotides) non-coding RNA molecules
that negatively regulate gene expression at the
post-transcription level by binding to the 3' un-
translated regions (3'UTRs) of their target mes-
senger RNAs (mRNAs) [8-10]. Mounting evidence
has revealed that miRNAs function as critical reg-
ulators in carcinogenesis and tumor progression
[11-14]. Recent studies have demonstrated that
abnormal expression of miRNAs contributes to
the occurrence and development of diverse types
of human malignancies [15-18]. MicroRNA 93
(miR-93), a novel tumor-associated miRNA, has
been identified to be implicated in multiple types
of human neoplasms, including breast cancer [19],
colorectal cancer [20, 21], laryngeal squamous cell
carcinoma [22] and nasopharyngeal carcinoma
[23]. Nonetheless, the biological role of miR-93 in
HCC remains largely obscure.

Zinc finger proteins constitute the largest fam-
ily of transcription factors in eukaryotes [24, 25].
Zinc finger protein 322 (ZNF322) belongs to the
large family of zinc finger transcription factors

[26]. Previous studies have demonstrated that
ZNF322 serves as an oncogene in multiple types
of human malignant tumors.

In the present study, we found that miR-93 was
significantly down-regulated in HCC tissues com-
pared with adjacent normal tissues. Functional in-
vestigations showed that miR-93 suppressed HCC
cell proliferation, migration and invasion. Further-
more, mechanistic studies revealed that miR-93
exerted inhibitory effects on HCC proliferation and
motility partially through targeting ZNF322.

Material and methods
Patients and tissue samples

Fifty-eight paired tumorous and /non-tumorous
tissues were collected from HCC ‘patients, who
underwent surgical resection’at the Second Affil-
jated Hospital of Xi’an Jiaotohg University (Xi'an,
China) between March2011 and December 2016.
None of the patients*had received chemotherapy,
immunotherapy or radiotherapy before. All the
tissue samples were stored.at —80°C until further
studies. Clinicopathological parameters of HCC
patients arelisted inTable I. Overall survival time
was défined asithe interval between the date of
primary. strgery treatment and the date of death
or last follow-Up. This study was approved by the

Table 1. Correlation between miR-93 expression and clinicopathological parameters of HCC patients

Parameter Number of casées miR-93 expression P-value
Low (n = 30) High (n = 28)

Age:
<60 28 13 15 0.436
> 60 30 17 13

Gender:
Female 29 17 12 0.293
Male 29 13 16

HBV infection:
Yes 31 15 16 0.586
No 27 15 12

Tumer,size {em]:
<5 27 9 18 0.009
25 31 21 10

Liver cirrhosis:
Yes 26 13 13 0.813
No 32 17 15

Lymph node metastasis:
Yes 33 23 10 0.002
No 25 7 18

TNM stage:
I 24 8 16 0.019
I, v 34 22 12
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Ethics Committee of Xi’an Jiaotong University
(Xi'an, China). All the patients gave their written
consent.

Cell lines and cell culture

Normal human liver LO cells and four HCC
cell lines (HepG2, Huh6, Huh7 and Hep3B) were
purchased from Shanghai Cell Bank of Chinese
Academy of Sciences (Shanghai, China). All the
cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM; Gibco, Grand Island, NY, USA)
supplemented with 10% fetal bovine serum (FBS;
Gibco). The cells were maintained at 37°C in a hu-
midified incubator containing 5% CO,.

Cell transfection

Cell transfection was carried out using Lipofect-
amine 2000 (Invitrogen Life Technologies, Carls-
bad, CA, USA) according to the manufacturer’s
protocol. Sequences of miR-93 mimics and miR-93
inhibitor were designed and synthesized by Gene-
Pharma Co. Ltd (Shanghai, China). The sequence
information was listed as follows: miR-93 mimics,
5'-CAAAGTGCGACCCGTGCAGGTAG-3"; miR-93 in-
hibitor, 5'-CTACCTGCACGGGTCGCACTTTG-3'. The
cells were harvested for further studies at 48 h
post-transfection. The transfection efficiency was
evaluated using quantitative real-time polymerase
chain reaction.

Cell proliferation assays

Cell proliferation was assessed using the MTT
Cell Proliferation Assay Kit{Thermo Fishér Sci-
entific, San Jose, CA, USA) accordingite.the man-
ufacturer’s instructions'as previously described
[27]. In brief, 20 pl of MTT solution (Merck Mil-
lipore, Billerica, MA;USA) at a concentration of
5 mg/ml was added toreachiwell of 96-well cul-
ture plate and'incubated for another 4 h at 37°C.
The supérnatantsywefe discarded and 150 pl
of DMSO, was added to the cells. The absor-
bance,wasimeasured at 570 nm using a micro-
plate reader (Bio-Tek Instruments, Winooski, VT,
USA).“All the experiments were performed in
triplicate.

Colony formation assays

Clonogenic abilities of HCC cells were deter-
mined by colony formation assays. Briefly, cells
were seed on a 60 mm dish (1 x 10° cells per
dish) and cultured for 2 weeks. The colonies were
stained using 0.1% crystal violet (Sigma Aldrich,
St. Louis, MO, USA) for 5 min after fixation with
10% formaldehyde for 15 min. Visible colonies
were counted under an inverted light microscope
(Nikon, Tokyo, Japan).

Transwell migration and invasion assays

HCC cell migration and invasion capabilities
were determined by Transwell migration and in-
vasion assays using 24-well Transwells (8 pm pore
size; Millipore) according to the manufacturer’s
protocol. For migration assays, about 1 x 10* cells
were seeded into the upper chambers containing
FBS-free DMEM medium. The lower chambers
were filled with DMEM containing 10% FBS. The
Transwell plates were then incubated at 37°Cdor
24 h. Then the cells remaining on the upper cham-
ber were removed with cotton wool. Cells'that mi-
grated through the membrane were fixed in 4%
paraformaldehyde and stained with.0.5%ncrystal
violet (Sigma) for 30 min. Then the migrated cells
from five random visual fields were counted under
a light microscope (Nikon)sand phetographed at
a magnification of 400%, For invasion assays, the
membrane was coated, with' Matrigel (BD Biosci-
ence, San Jose, CA; USA). The procedures of Tran-
swell invasion assayswwiere in accordance with mi-
gration assays.

Western blotting analysis

Total proteins were extracted using RIPA buf-
fersupplemented with protease inhibitor cocktail
(Roche, Basel, Switzerland). The protein samples
were separated using SDS-polyacrylamide gel
electrophoresis (PAGE) and then transferred onto
polyvinylidene fluoride PVDF membranes. After
being blocked with 5% degrease milk in TBST
buffer, the membranes were incubated with pri-
mary antibodies overnight at 4°C. Anti-ZNF322
(ab155519), anti-MMP9 (ab137867), anti-vimen-
tin (ab45939) and anti-GAPDH (ab125247) were
purchased from Abcam (Cambridge, MA, USA).
Antibodies were used at the following dilutions:
anti-ZNF322 (1 : 1000), anti-MMP9 (1 : 1000), an-
ti-vimentin (1 : 1000) and anti-GAPDH (1 : 2000).
After being washed three times, the membranes
were then incubated with horseradish peroxidase
(HRP)-labeled secondary antibody at 37°C for 1 h.
The blots were developed using the enhanced
chemiluminescence (ECL) Western Blotting Detec-
tion Kit (Amersham, Buckinghamshire, England)
and visualized on a Gel Doc XR System (Bio-Rad
Laboratories, Hercules, CA, USA).

Quantitative real-time polymerase chain
reaction

Total RNA was extracted using Trizol Reagent
in accordance with the manufacturer’s instruc-
tions. For miRNA expression analysis, miR-93 was
reverse-transcribed using the TagMan MiRNA Re-
verse Transcription Kit (Applied Biosystems, Fos-
ter, CA, USA). U6 was used as an endogenous con-
trol to normalize miR-93 expression. For ZNF322
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mRNA expression, the first strand was synthe-
sized using the TagMan High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems).
GAPDH was used as an internal control for nor-
malization of ZNF322 mRNA expression. PCR was
performed on an Applied Biosystems 7500 Fast
Real-time PCR system. The sequences of specific
primers were as follows: miR-93, forward 5’-GC-
CAGATCTGCACTGTGGGTACTTG-3" and reverse
5'-GCCGAATTCGCACTGTGGGTACTGT-3"; ZNF322,
forward 5’-AGAGAGCCTGCAATTGGAAA-3" and re-

verse 5'-ACGAGAAGGGCTGAGCATTA-3"; GAPDH,
forward 5’-GACTCATGACCACAGTCCATGC-3' and
reverse 5'-AGAGGCAGGGATGATGTTCTG-3"; Us,

forward 5'-CTCGCTTCGGCAGCACA-3’ and reverse
5'-AACGCTTCACGAATTTGCGT-3". The relative tran-
script abundance was determined according to
the 2% method. All the experiments were car-
ried out in triplicate.

Immunohistochemical (IHC) analysis

Paraffin-embedded tissues were sectioned at
4.5 pm thickness. After being dewaxed and hy-
drated, sections were incubated with 3% H,0,
for 30 min to block the endogenous peroxidase
(POD) activity. Following antigen recovery by re-
peated cooling and heating, 5% bovine serum
albumin (BSA) was applied to block non-specific
binding. The sections were then incubated with
primary antibodies overnight at 4°C. Anti-ZNF322
(ab155519) was purchased from Abcam afid used
at a dilution of 1 : 500. After being «insedwith
PBS three times for 5 min each, slices weré treat-
ed with biotinylated secondary afntibedy (Abeaim)
for 1 h, followed by incubation: withwstreptavi-
din-horseradish peroxidasé (HRP) for 20 min.
Diaminobenzidine (DAB)“substrate was used to
visualize ZNF322-positive cells. Slides were then
observed under a microscope (Nikon).

Luciferase reporterassays

Luciferase ‘reporter assays were used to val-
idate the directibinding of miR-93 and ZNF322
mRNAR3‘UTR\ fragments. In brief, the wild-type
ZNF322, mRNA 3'UTR fragments containing the
predictedibinding site of miR-93 were amplified
from human genomic DNA by PCR using specific
primers. The mutant ZNF322 mRNA 3'UTR frag-
ments were constructed by site-directed mutagen-
esis using a QuikChange Site-Directed Mutagen-
esis Kit (Stratagene, La Jolla, CA, USA) according
to the manufacturer’s instructions. The wild-type
and mutant ZNF322 mRNA 3'UTR fragments were
cloned into the pGL3-basic dual luciferase report-
er vectors (Promega, Madison, WI, USA), respec-
tively. The luciferase activity of the reporter vec-
tors carrying wild-type or mutant ZNF322 mRNA

3'UTR fragments was analyzed in the presence
of miR-93. A dual-luciferase reporter system (BD
Bioscience) was used to determine the relative lu-
ciferase activity at 48 h after transfection. Firefly
luciferase activity was normalized to Renilla lucif-
erase activity.

Tumorigenicity in nude mice

Male BALB/c nude mice (5-6 weeks of age,
n = 12) were purchased from Guangdong Medical
Laboratory Center (Guangzhou, China) to estab-
lish the subcutaneous xenograft tumor maodels.
Briefly, NC mimics or miR-93 mimic-treated Hep3B
cells (5 x 10° cells per mouse) were subeutaneous-
ly injected into the flanks of the nude mice:Tumor
size was measured using a slide caliper every five
days, and tumor volumes weré calculated accord-
ing to the formula: volume {mm?3) = [width? (mm?)
x length (mm)]/2. At pestsinoculation“day 35, all
the nude mice were(sacrificed, ‘ahd the tumors
were collected and weighéd. This animal protocol
was approved by the Animal Care and Use Com-
mittee of Xj’‘an Jiagtong University (Xi’an, China).

Statistical‘analysis

Datawere presented as mean + standard devia-
tion. Statistical analysis was conducted using SPSS
18.0nsoftware (SPSS Inc., Chicago, IL, USA). Stu-
dent’s t-test was used to compare the difference
between two groups. One-way analysis of variance
(ANOVA) followed by the Dunnett’s multiple com-
parisons was applied to analyze the differences
among three independent groups. Fisher’s exact
test was employed to evaluate the relationship be-
tween miR-93 expression and clinicopathological
characteristics of patients. The log-rank test and
Kaplan-Meier survival analysis were used to assess
miR-93 expression and overall survival. Pearson’s
correlation analysis was applied to determine
the correlation between miR-93 expression and
ZNF322 mRNA expression in tumorous tissues.
P < 0.05 was considered statistically significant.

Results

Decreased miR-93 expression predicts poor
prognosis of HCC patients

Even though miR-93 has been identified as
a critical regulator in the tumorigenesis and tu-
mor progression of multiple types of human
malignant neoplasms, its biological role in HCC
remains largely unclear. To investigate the bio-
logical role of miR-93 in HCC, we determined its
expression levels in 58 pairs of tumorous tissues
and matched non-tumorous tissues. As presented
in Figure 1 A, HCC tissues displayed lower miR-
93 expression levels than adjacent non-cancer-
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demonstrated that decreased miR-93éxpression
was associated with larger tumor size, advanced
TNM stage and lymph node ‘metastasis (Table I).
The log-rank test and Kaplah-Meier survival analy-
sis showed that HCC patients with low miR-93 ex-
pression experienced, significantly shorter overall
survival than those with high miR-93 expression
(Figure 1 B). Consistently, we found that miR-93
was significantly dewn4regulated in four HCC cell
lines (HepG2, Huh6, Huh7 and Hep3B) compared
withinormal human liver cell line LO2 (Figure 1 C).
Collectively, these findings indicate that decreased
miR-93rexpression correlates with poor prognosis
of HEC patients.

MiR-93 suppresses HCC cell proliferation
and colony formation

Given the findings mentioned above, we spec-
ulated that miR-93 was involved in hepatocellular
carcinogenesis and tumor progression. To better
understand the biological role of miR-93 in HCC,
we transfected HCC cells with miR-93 mimics or
miR-93 inhibitor to manipulate its expression.
Over-expression and knockdown studies were con-
ducted in Hep3B cells (lowest endogenous miR-93
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Figure 1. Decreased miR-93 expression predicts poor prog-
nosis of HCC patients. A — Relative expression levels of miR-
93 in 58 paired tumorous tissuespand adjacent non-can-
cerous tissues were determified by quantitative real-time
polymerase chain reaction (GRT-PCR)panalysis. B — Hepa-
tocellular carcinoma (HCC) tissues, were assigned to the
high miR-93 expression group and‘low miR-93 expression
group based on the average value of its expression levels.
The log-rank test and Kaplan-Meier survival analysis were
used to evaluate the relationship between miR-93 expres-
sion and«linicopathological characteristics of HCC patients.
C - Relative,expression levels of miR-93 in four HCC cell lines
(HepG2, Huh6,Huh7 and Hep3B) and normal human liver LO
cells were detectéd using qRT-PCR analysis. **P < 0.01

expression) and Hep3B cells (highest endogenous
miR-93 expression), respectively. Transfection ef-
ficlency was evaluated by gRT-PCR analysis (Fig-
ure 2 A). As evident from MTT assays, miR-93
over-expression significantly inhibited Hep3B cell
proliferation compared with the negative control
group, whereas miR-93 depletion notably facilitat-
ed HepG2 cell proliferation (Figure 2 B). To explore
the effect of miR-93 on HCC cell growth in vivo,
we established mouse xenograft models by sub-
cutaneous injection of NC mimics or miR-93 mim-
ic-treated Hep3B cells. As presented in Figure 2 C,
tumors collected from the miR-93 over-expression
group were significantly lighter than those from
the negative control group; moreover, tumors
formed by miR-93 mimic-treated Hep3B cells
grew dramatically more slowly than those formed
by NC mimic-treated Hep3B cells. As exhibited in
Figure 2 D, miR-93 over-expression significantly
suppressed the clonogenic capabilities of Hep3B
cells compared with negative control treatment,
whereas miR-93 ablation dramatically enhanced
the clonogenic abilities of Hep2G cells. Taken to-
gether, these data suggest that miR-93 suppress-
es HCC proliferation and colony formation.

MiR-93 inhibits HCC cell migration
and invasion

Cell migration and invasion are crucial steps in
tumor malignant progression. To evaluate wheth-
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Figure 2. MiR-93 suppresses hepatocellular carcinoma (HCC) proliferation and colony formation. A — Transfection
ciency was assessed by quantitative real-time polymerase chain reaction (GRT-PCR) analysis. B — Cell prolifer-
ation was examined by MTT assays after transfection with miR-93 mimics or miR-93 inhibitor. C — MiR-93 mim-
ic-treated Hep3B cells were subcutaneously injected into the flanks of the nude mice (n = 6). Tumor size was
measured using a slide caliper every 5 days. Mice were sacrificed at post-implantation day 35, and tumors were
weighed. **P < 0.01

NC — negative control.
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To clarify the potential molecular mechanisms
which miR-93 inhibited HCC cell proliferation,

igration and invasion, we carried out bioinfor-
matics analysis using TargetScan online software.
Among all the putative targets, ZNF322 caught
our attention for its crucial role in carcinogenesis
and was selected as a candidate target of miR-93
(Figure 4 A). To verify whether miR-93 could bind
to the 3'UTR of ZNF322 mRNA, we performed lu-
ciferase reporter assays. As shown in Figure 4 B,
transfection of miR-93 mimics significantly de-
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ony formation assays after trans-

crea activity of luciferase reporter vectors
rrying wild-type 3'UTR fragments, whereas
fection of miR-93 mimics failed to trigger
ignificant changes in the activity of luciferase re-
porter vectors carrying mutant 3'UTR fragments.
Moreover, gRT-PCR and western blotting analyses
demonstrated that miR-93 mimics significantly
elevated ZNF322 mRNA and protein expression
levels compared with negative control treatment,
while miR-93 ablation remarkably reduced the ex-
pression levels of ZNF322 mRNA and protein (Fig-
ures 4 C and D). Notably, we found that tumorous
tissues exhibited higher ZNF322 expression levels
than matched non-cancerous tissues (Figure 4 E).
Also, Pearson’s correlation analysis showed that
miR-93 expression levels were negatively correlat-
ed with ZNF322 mRNA expression levels in HCC
tissues (Figure 4 F). To sum up, our results suggest
that ZNF322 is a downstream direct target of miR-
93 in HCC cells.

Rescue of ZNF322 expression reverses the
inhibitory effects of miR-93 mimics on HCC
cell proliferation, migration and invasion

To analyze the functional connection between
miR-93 and ZNF322, we rescued the expression of
ZNF322 in miR-93 mimic-treated Hep3B cells (Fig-
ure 5 A). As presented in Figures 5 B-D, restoration
of ZNF322 expression alleviated miR-93 mimic-in-
duced suppressive effects on Hep3B cell prolifera-
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tion, migration and invasion. Furthermofe, west-
ern blotting analysis demonstrated that rescde of
ZNF322 expression reverseddthe inhibitory‘effects
of miR-93 mimics on the_expression‘afyvimentin
and MMP9 proteins (Figure 5 E). Collectively, our
data suggest that miR-93 éxerts, its inhibitory ef-
fects on HCC prolifefation‘and motility by directly
targeting ZNF322.

Discussion

HEC is the fifthh most common human malig-
nant tumorand ranks as the third leading cause
of cancer-related deaths worldwide [28-30]. It is
widely acknowledged that HCC has posed great
threats, to human life and imposed great pres-
sutes on public health around the globe [31, 32].
Growing evidence has revealed that miRNAs serve
as critical regulators in tumorigenesis and their
aberrant expression leads to the malignant pro-
gression of human neoplasms [15-18]. Numerous
studies have reported that abnormal expression
of miRNAs contributes to hepatocellular carcino-
genesis [33-35]. In spite of great advances in the
diagnosis and treatment of HCC over the past sev-
eral decades, the long-term prognosis of patients
remains very poor. Hence, it is imperative to seek

novel diagnostic biomarkers and develop effective
therapeutic strategies for HCC.

Previous studies have shown that miR-93 was
dysregulated and involved in multiple types of
human cancers. Liu et al. reported that miR-93
was significantly down-regulated and exerted tu-
mor-suppressing functions in breast cancer cells
[19]. Yang et al. demonstrated that miR-93 inhib-
ited tumor growth and early relapse of human
colorectal cancer [20]. Chen et al. revealed that
miR-93-5p inhibited tumorigenesis and progres-
sion in human epithelial ovarian cancer by target-
ing RhoC [36]. Xiao et al. found that miR-93 was
significantly down-regulated in human colon can-
cer tissues and that decreased miR-93 expression
was associated with poor prognosis of patients
[37]. However, the biological role of miR-93 in HCC
is still poorly understood. In the current study, we
found that miR-93 was significantly down-regu-
lated in HCC tissues and that decreased miR-93
expression correlated with poor prognosis of pa-
tients. Taken together, these findings indicate the
potential of miR-93 as a tumor suppressor in he-
patocellular carcinogenesis.

To better understand the biological role of miR-
93 in HCC, we subsequently carried out functional
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of miR-93 in 3" untranslated region (3'UTR) of zinc finger protein 322 (ZNF322) mRNA was predicted by TargetScan
online software. B — Luciferase activity of the reporter vectors carrying wild-type or mutant ZNF322 mRNA 3'UTR
fragments was examined after transfection with NC mimics or miR-93 mimics. C — ZNF322 mRNA expression was
detected by qRT-PCR analysis after transfection with miR-93 mimics or miR-93 inhibitor. D — ZNF322 protein ex-
pression was assessed by western blotting after transfection with miR-93 mimics or miR-93 inhibitor. **P < 0.01
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sualized by immunohistochemistry (IHC) staining. F — Pearson’s correlation analysis was applied to evaluate the
relationship between miR-93 expression and ZNF322 mRNA expression in HCC tissues. **P < 0.01
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studies. Gain- and loss-of function analyses were
used to conduct functional investigations. Our re-
sults demonstrated that miR-93 over-expression
suppressed HCC cell proliferation, migration and
invasion, whereas miR-93 depletion accelerated
cell proliferation, migration and invasion. Fur-
thermore, we found that miR-93 over-expression
repressed tumor growth in mouse xenograft mod-
els. Collectively, our data suggest that miR-93 pos*
sesses anti-tumor activity in vitro and in vivo.

To elucidate the potential molecular mechanisms
by which miR-93 exerts its inhibitory effects.on HCC
proliferation, migration and invasion, we performed
bio-informatics analysis using TargetSean.online al-
gorithms and chose ZNF322 as acandidate target of
miR-93. Moreover, luciferase #€porter assays'identi-
fied ZNF322 as a downstream diréct target of miR-
93. It is well documentéed that ZNF322 is a mem-
ber of the large zinc finger/family of transcription

A

NC mimics + -
miR-93 mimics - + +
ZNF322 - -

ZNF322

GAPDH

factors [38]. Previolis studiesyhave reported that
ZNF322 exerted oncogenic functions by regulating
tumor-associated gene expression and activating
the tumorigenic signaling pathway [39, 40]. Elevat-
ed expréssion of ZNF322 has been demonstrated to
contributesto occurrence and development of gas-
tric cancer [41] and lung cancer [42].

Todvalidate'the functional link between miR-93
and ZNF322, we rescued the expression of ZNF322
in MiR-93 mimic-treated Hep3B cells. Interestingly,
wexfound that restoration of ZNF322 expression
partially reversed the suppressive effects of miR-
93 over-expression on Hep3B cell proliferation
and motility. To sum up, these results suggest that
miR-93 exerts its tumor-suppressing functions in
HCC by directly targeting ZNF322.

To conclude, the present study for the first
time demonstrated that miR-93 was significantly
down-regulated in HCC and that decreased miR-93
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Figure 5. Rescue of zinc finger protein 322 (ZNF322) expression reverses the inhibitory effects of miR-93 mimics
on hepatocellular carcinoma (HCC) proliferation, migration and invasion. A — ZNF322 protein expression was ex-
amined by western blotting after rescue of ZNF322 in miR-93 mimic-treated Hep3B cells. B — Cell proliferation was
determined by MTT assays after rescue of ZNF322 in miR-93 mimic-treated Hep3B cells. **P < 0.01

NC — negative control.
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NC — negative control.

expression was associated with poor prognosis of
patients. Moreover, mechanistic studies revealed
that miR-93 exerted its anti-cancer activity in HCC
by targeting ZNF322. The current study provides
new insights into understanding the potential
molecular mechanisms underlying hepatacellular
carcinogenesis and tumor progressions, Thus, our
study indicates that targeting the miR-93/ZNE322
axis may be used as a promising therapy for HCC.
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