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Introduction
This study aimed to investigate the biological role of microRNA 93 (miR-93), a novel tumor-related
miRNA, in human hepatocellular carcinoma (HCC) and elucidate the potential molecular
mechanisms involved.
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Material and methods
Quantitative real-time polymerase chain reaction (qRT-PCR) was conducted to determine the
expression of miR-93 in HCC tissues and cell lines. The log-rank test and Kaplan-Meier survival
analysis were performed to evaluate the relationship between miR-93 expression and overall
survival. MTT assay, colony formation assay, Transwell migration and invasion assays were carried
out to exam cell proliferation, colony formation, migration and invasion, respectively. Murine
xenograft models were established to 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 to validate the direct binding of miR-93 and its putative target.
Results
Here we found that miR-93 was significantly down-regulated in HCC tissues and cell lines. Patients
with decreased miR-93 expression had a significantly shorter overall survival. Functional
investigations demonstrated miR-93 over-expression suppressed HCC cell proliferation, weakened
clonogenic ability, and slowed down cell migration and invasion; whereas miR-93 depletion facilitated
HCC cell proliferation, colony formation, cell migration and invasion. MiR-93 over-expression
retarded tumor growth in vivo. Luciferase reporter assay and rescue assay revealed that zinc finger
protein 322 (ZNF322) was a direct target of miR-93 and mediated the inhibitory effects of miR-93 on
HCC cell proliferation and motility.
Conclusions
Our data may provide some evidence for miR-93/ZNF322 axis a candidate therapeutic target for
HCC.
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Running title: MiR-93 functions as a tumor suppressor in HCC

Abstract
Introduction: This study aimed to investigate the biological role of microRNA 93
(miR-93), a novel tumor-related miRNA, in human hepatocellular carcinoma (HCC)
and elucidate the potential molecular mechanisms involved.
Materials and methods: Quantitative real-time polymerase chain reaction (qRT-PCR)
was conducted to determine the expression of miR-93 in HCC tissues and cell lines.
The log-rank test and Kaplan-Meier survival analysis were performed to evaluate the
relationship between miR-93 expression and overall survival. MTT assay, colony
formation assay, Transwell migration and invasion assays were carried out to exam
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cell proliferation, colony formation, migration and invasion, respectively. Murine
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xenograft models were established to 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 to validate the direct binding of miR-93 and its
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putative target.

Results: Here we found that miR-93 was significantly down-regulated in HCC tissues
and cell lines. Patients with decreased miR-93 expression had a significantly shorter
overall survival. Functional investigations demonstrated miR-93 over-expression
suppressed HCC cell proliferation, weakened clonogenic ability, and slowed down
cell migration and invasion; whereas miR-93 depletion facilitated HCC cell
proliferation, colony formation, cell migration and invasion. MiR-93 over-expression
retarded tumor growth in vivo. Luciferase reporter assay and rescue assay revealed
that zinc finger protein 322 (ZNF322) was a direct target of miR-93 and mediated the
inhibitory effects of miR-93 on HCC cell proliferation and motility.
Conclusions: Our data may provide some evidence for miR-93/ZNF322 axis a
candidate therapeutic target for HCC.

Keywords: hepatocellular carcinoma, miR-93, cell proliferation, poor prognosis,
ZNF322
Introduction
Hepatocellular carcinoma (HCC) is one of the major causes of tumor-related
morbidity and mortality, resulting in more than 600,000 deaths worldwide [1-3]. It
was estimated approximately 40,000 new HCC cases were diagnosed and around
28,000 patients died of HCC in United States in 2017 [4]. It is documented that drug
resistance and malignant metastasis is partially responsible for the high mortality of
HCC patients [5-7]. Despite the fact that significant breakthroughs have been
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achieved in diagnosis and treatment, the long-term prognosis remains rather

therapeutic strategies for HCC.
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depressing in HCC patients. Therefore, there is an urgent demand to develop effective

MicroRNAs (miRNAs) are a large class of small (~22 nucleotides) non-coding
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RNA molecules that negatively regulate gene expression at post-transcription level by
binding to the 3’ untranslated regions (3’UTRs) of their target messenger RNAs
(mRNAs) [8-10]. Mounting evidence has revealed that miRNAs function as critical
regulators in the 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 family 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 compared with adjacent normal tissues. Functional investigations
showed that miR-93 suppressed HCC cell proliferation, migration and invasion.
Furthermore, mechanistic studies revealed that miR-93 exerted its inhibitory effects
on HCC proliferation and motility partially through targeting ZNF322.
Material and methods
Patients and tissue samples

t

58 paired tumorous and non-tumorous tissues were collected from HCC patients who
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underwent surgical resection at the Second Affiliated Hospital of Xi’an Jiaotong
University (Xi’an, China) between March 2011 and December 2016. None of patients
received chemotherapy, immunotherapy or radiotherapy before. All the tissue samples
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were stored at -80℃ until further studies. Clinicopathological parameters of HCC
patients were listed in Table 1. Overall survival time was defined as the interval
between the date of primary surgery treatment and the date of death or last follow-up.
This study was approved by the Ethics Committee of Xi’an Jiaotong University
(Xi’an, China). All the patients gave their written consents.
Cell lines and cell culture

Normal human liver L0 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℃ in a humidified
incubator containing 5% CO2.

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

t

Cell proliferation assays
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Cell proliferation was assessed using MTT Cell Proliferation Assay Kit (Thermo
Fisher Scientific, San Jose, CA, USA) according to the manufacturer’s instructions as
previously described [27]. In brief, 20 μl MTT solution (Merck Millipore, Billerica,
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MA, USA) at a concentration of 5 mg/mL was added to each well of 96-well culture
plate and incubated for another 4 hours at 37℃. The supernatants were discarded and
150 μl DMSO was added to the cells. The absorbance was measured at 570 nm using
a microplate reader (Bio-Tek Instruments, Winooski, VT, USA). All the experiments
were performed in triplicate.
Colony formation assays

Clonogenic abilities of HCC cells were determined by colony formation assays.
Briefly, cells were seed on 60mm-dish (1×103 cells per dish) and cultured for two
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 invert light microscope (Nikon, Tokyo, Japan).
Transwell migration and invasion assays

HCC cell migration and invasion capabilities were determined by Transwell migration
and invasion assays using 24-well transwells (8μm pore size; Millipore) according to
the manufacturer's protocol. For migration assays, about 1×104 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 ℃ for 24 hours. Then the cells remaining on the upper chamber were removed
with cotton wool. Cells that migrated through the membrane were fixed in 4%
para-formaldehyde and stained with 0.5% crystal violet (Sigma) for 30 min. Then the
migrated cells from five random visual fields were counted under a light microscope
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(Nikon) and photographed at a magnification of 400X. For invasion assays, the
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membrane was coated with Matrigel (BD Bioscience, San Jose, CA, USA). And the
procedures of Transwell invasion assays were in accordance with migration assays.
Western blotting analysis
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Total proteins were extracted using RIPA buffer supplemented with protease inhibitor
cocktail (Roche, Basel, Switzerland). The protein samples were separated using
SDS-polyacrylamide gel electrophoresis (PAGE) and then transferred onto the
polyvinylidene fluoride PVDF membranes. After being blocked with 5% degrease
milk in TBST buffer, the membranes were incubated with primary antibodies
overnight

at

4℃.

Anti-ZNF322

(ab155519),

anti-MMP9

(ab137867)

and

anti-vimentin (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), anti-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℃ for 1 h. The blots
were developed using the enhanced chemiluminescence (ECL) Western Blotting

Detection 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 manufacturer’s
instruction. For miRNA expression analysis, miR-93 was reverse-transcribed using
TaqMan MiRNA Reverse Transcription Kit (Applied Biosystems, Foster, CA, USA).
U6 was used as an endogenous control to normalize miR-93 expression. For ZNF322
mRNA expression, the first stand was synthesized using TaqMan High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystems). GAPDH was used as internal
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control for normalization of ZNF322 mRNA expression. PCR was performed on an

primers

were

listed
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Applied Biosystems 7500 Fast Real-time PCR system. The sequences of specific
as

followed:

miR-93,

forward

and

reverse

5’-GCCGAATTCGCACTGTGGGTACTGT-3’;

ZNF322,

forward
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5’-GCCAGATCTGCACTGTGGGTACTTG-3’

5’-AGAGAGCCTGCAATTGGAAA-3’

and

reverse

5’-ACGAGAAGGGCTGAGCATTA-3’;

GAPDH,

forward

5’-GACTCATGACCACAGTCCATGC-3’

and

reverse

5’-AGAGGCAGGGATGATGTTCTG-3’;

U6,

forward

5’-CTCGCTTCGGCAGCACA-3’ and reverse 5’-AACGCTTCACGAATTTGCGT-3’.
The relative transcript abundance was determined according to the 2-△△Ct method. All
the experiments were carried out in triplicate.
Immunohistochemical (IHC) analysis
Paraffin-embedded tissues were sectioned at 4.5μm thickness. After being dewaxed
and hydrated, sections were incubated with 3% H2O2 for 30 min to block the
endogenous peroxidase (POD) activity. Following antigen recovery by repeated

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℃. Anti-ZNF322 (ab155519) was purchased from Abcam and used at a
dilution of 1:500. After being rinsed with PBS three times for 5 min each, slices were
treated with biotinylated secondary antibody (Abcam) for 1 h, followed by incubation
with streptavidin-horseradish peroxidase (HRP) for 20 min. Diaminobenzidine (DAB)
substrate was used to visualize ZNF322-positive cells. Slides were then observed
under a microscope (Nikon).
Luciferase reporter assays
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Luciferase reporter assays were used to validate the direct binding of miR-93 and
ZNF322 mRNA 3’UTR fragments. In brief, the wild-type ZNF322 mRNA 3’UTR
fragments containing the predicted binding site of miR-93 were amplified from
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human genomic DNA by PCR using specific primers. The mutant ZNF322 mRNA
3’UTR fragments were constructed by site-directed mutagenesis using a QuikChange
Site-Directed Mutagenesis 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 reporter vectors (Promega,
Madison, WI, USA), respectively. The luciferase activity of the reporter vectors
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 luciferase activity at 48 hour post-transfection. Firefly
luciferase activity was normalized to Renilla luciferase 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) for the establishment of the

subcutaneous xenograft tumor models. Briefly, NC mimics or miR-93 mimics-treated
Hep3B cells (5×106 cells per mouse) were subcutaneously injected into the flanks of
the nude mice. Tumor size was measured using slide caliper every five days, and
tumor volumes were calculated according to the formula:volume (mm3)= [width2
(mm2) × length (mm)]/2. At day 35 post-inoculation, all the nude mice were sacrificed,
and the tumors were collected and weighted. This animal protocol was approved by
Animal Care and Use Committee of Xi’an Jiaotong University (Xi’an, China).
Statistical analysis
Data were presented as mean ± standard deviation. Statistical analysis was conducted
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using SPSS 18.0 software (SPSS Inc., Chicago, IL, USA). Student’s t-test was used to

rin

compare the difference between two groups. One-way analysis of variance (ANOVA)
followed by the Dunnett’s multiple comparisons was applied to analyze the
differences among three independent groups. Fisher’s exact test was employed to
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evaluate the relationship between 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 tumor progression of multiple types of human malignant neoplasms, its biological
role in HCC remains largely unclear. To investigate the biological 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 1A, HCC tissues displayed lower
miR-93 expression levels than adjacent non-cancerous tissues. To evaluate the
correlation between miR-93 expression and clinicopathological characteristics of
HCC patients, tumorous tissues were divided into high miR-93 expression group and
low miR-93 expression. Fisher’s exact test demonstrated that decreased miR-93
expression was associated with larger tumor size, advanced TNM stage and lymph
node metastasis (Table 1). The log-rank test and Kaplan-Meier survival analysis
showed that HCC patients with low miR-93 expression experienced a significantly
shorter overall survival than those with high miR-93 expression (Figure 1B).
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Consistently, we found that miR-93 was significantly down-regulated in four HCC
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cell lines (HepG2, Huh6, Huh7 and Hep3B) compared with normal human liver cell
line L02 (Figure 1C). Collectively, these findings indicate that decreased miR-93
expression correlates with poor prognosis of HCC patients.
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MiR-93 suppresses HCC cell proliferation and colony formation

Given the findings mentioned above, we speculated 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 conducted in Hep3B cells (lowest endogenous miR-93 expression) and
Hep3B cells (highest endogenous miR-93 expression), respectively. Transfection
efficiency was evaluated by qRT-PCR analysis (Figure 2A). As evident from MTT
assays, miR-93 over-expression significantly inhibited Hep3B cell proliferation
compared with negative control group, whereas miR-93 depletion notably facilitated
HepG2 cell proliferation (Figure 2B). To explore the effect of miR-93 on HCC cell
growth in vivo, we established mouse xenograft models by subcutaneous injection of

NC mimics or miR-93 mimics-treated Hep3B cells. As presented in Figure 2C,
tumors collected from miR-93 over-expression group weighed significantly lighter
than those from negative control group; moreover, tumors formed by miR-93
mimics-treated Hep3B cells grew dramatically slower than those formed by NC
mimics-treated Hep3B cells. As exhibited in Figure 2D, 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 together, these data suggest that miR-93

MiR-93 inhibits HCC cell migration and invasion
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suppresses HCC proliferation and colony formation.
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Cell migration and invasion are crucial steps in tumor malignant progression. To
evaluate whether miR-93 affects the motility of HCC cells, we carried out Transwell
migration and invasion assays. As displayed in Figure 3A and 3B, miR-93
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over-expression significantly weakened the migration and invasion abilities of Hep3B
cells in comparison with negative control group, while miR-93 knockdown sharply
strengthened the migration and invasion capabilities of HepG2 cells. Furthermore,
western blotting analysis showed that expression of vimentin and MMP9 proteins was
significantly increased in miR-93 mimics-treated Hep3B cells compared with
negative control group, whereas miR-93 depletion remarkably inhibited the
expression of vimentin and MMP9 proteins (Figure 3C). Our findings indicate that
miR-93 represses HCC cell migration and invasion.
ZNF322 is a direct target of miR-93 in HCC cells
To clarify the potential molecular mechanisms by which miR-93 inhibited HCC cell
proliferation, migration and invasion, we carried out bio-informatics 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 4A). To verify whether miR-93 could bind to to 3’UTR of ZNF322
mRNA, we performed luciferase reporter assays. As shown in Figure 4B, transfection
of miR-93 mimics significantly decreased the activity of luciferase reporter vectors
carrying wild-type 3’UTR fragments, whereas transfection of miR-93 mimics failed
to trigger significant changes in the activity of luciferase reporter vectors carrying
mutant 3’UTR fragments. Moreover, qRT-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
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remarkably reduced the expression levels of ZNF322 mRNA and protein (Figure 4C
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and 4D). Notably, we found that tumorous tissues exhibited higher ZNF322
expression levels than matched non-cancerous tissues (Figure 4E). Besides, Pearson’s
correlation analysis showed that miR-93 expression levels were negatively correlated
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with ZNF322 mRNA expression levels in HCC tissues (Figure 4F). 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 function connection between miR-93 and ZNF322, we rescued the
expression of ZNF322 in miR-93 mimics-treated Hep3B cells (Figure 5A). As
presented in Figure 5B-D, restoration of ZNF322 expression alleviated miR-93
mimics-induced suppressive effects on Hep3B cell proliferation, migration and
invasion. Furthermore, western blotting analysis demonstrated that rescue of ZNF322
expression reversed the inhibitory effects of miR-93 mimics on the expression of
vimentin and MMP9 proteins (Figure 5E). Collectively, our data suggest that miR-93
exerts its inhibitory effects on HCC proliferation and motility by directly targeting

ZNF322.
Discussion
HCC is the fifth most common human malignant tumor and ranks 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 pressures on public
health around the globe [31, 32]. Growing evidence has revealed that miRNAs serve
as critical regulators in the tumorigenesis and their aberrant expression leads to the
malignant progression of human neoplasms [15-18]. Numerous studies have reported
that abnormal expression of miRNAs contributes to hepatocellular carcinogenesis
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[33-35]. In spite of great advances in the diagnosis and treatment of HCC over the
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past several decades, the long-term prognosis of patients remains very poor. Hence, it
is imperative to seek novel diagnostic bio-markers and develop effective therapeutic
strategies for HCC.
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Previous studies have shown that miR-93 was dys-regulated and involved in
multiple types of human cancers. Liu et al reported that miR-93 was significantly
down-regulated and exerted tumor-suppressing functions in breast cancer cells [19].
Yang et al demonstrated that miR-93 inhibited tumor growth and early relapse of
human colorectal cancer [20]. Chen et al revealed that miR-93-5p inhibited
tumorigenesis and progression in human epithelial ovarian cancer by targeting RhoC
[36]. Xiao et al found that miR-93 was significantly down-regulated in human colon
cancer 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-regulated in HCC tissues and that decreased miR-93 expression correlated with
poor prognosis of patients. Taken together, these findings indicate the potential of

miR-93 as a tumor suppressor in hepatocellular carcinogenesis.
To better understand the biological role of miR-93 in HCC, we subsequently
carried out functional studies. Gain- and loss-of function analyses were used to
conduct

functional

investigations.

Our

results

demonstrated

that

miR-93

over-expression suppressed HCC cell proliferation, migration and invasion, whereas
miR-93 depletion accelerated cell proliferation, migration and invasion. Furthermore,
we found that miR-93 over-expression repressed tumor growth in mouse xenograft
models. Collectively, our data suggest that miR-93 possesses anti-tumor activity in
vitro and in vivo.
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To elucidate the potential molecular mechanisms by which miR-93 exerts its
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inhibitory effects on HCC proliferation, migration and invasion, we performed
bio-informatics analysis using TargetScan online algorithms and chose ZNF322 as a
candidate target of miR-93. Moreover, luciferase reporter assays identified ZNF322 as
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a downstream direct target of miR-93. It is well documented that ZNF322 was a
member of the large zinc finger family of transcription factors [38]. Previous studies
have

reported

that

ZNF322

exerted

oncogenic

functions

by

regulating

tumor-associated gene expression and activating tumorigenic signaling pathway [39,
40]. Elevated expression of ZNF322 has been demonstrated to contribute to
occurrence and development of gastric cancer [41] and lung cancer [42].
To validate the function link between between miR-93 and ZNF322, we rescued
the expression of ZNF322 in miR-93 mimics-treated Hep3B cells. Interestingly, we
found that restoration of ZNF322 expression partially reverse 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 expression was
associated with poor prognosis of patients. Moreover, mechanistic studies unveiled
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 hepatocellular carcinogenesis and tumor progression. Thus, our study
indicate that targeting miR-93/ZNF322 axis may be used as a promising therapy for
HCC.
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Parameters

Number of cases

miR-93 expression

P-value

Low (n=30)

High (n=28)

Age
<60

28

13

15

≧60

30

17

13

Female

29

17

12

Male

29

13

16

Yes

31

15

16

No

27

15

12

<5

27

9

≧5

31

0.436

Gender
0.293

18

26
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Tumor size (cm)
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HBV infection

13

13

32

17

15

33

23

10

25

7

18

I, II

24

8

16

III, IV

34

22

12

Yes
No
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Liver cirrhosis

21

10

0.586

0.009

0.813

Lymph node metastasis
Yes
No

0.002

TNM stage

0.019

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

Figure legends

Figure 1. Decreased miR-93 expression predicts poor prognosis of HCC patients. (A)
Relative expression levels of miR-93 in 58 paired tumorous tissues and adjacent
non-cancerous tissues were determined by qRT-PCR analysis. (B) HCC tissues were
assigned into high miR-93 expression group and low miR-93 expression group based
on the the average value of its expression levels. The log-rank test and Kaplan-Meier
survival analysis was used to evaluate the relationship between miR-93 expression
and clinicopathological 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 L0 cells were detected using qRT-PCR analysis. **P<0.01. HCC,
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hepatocellular carcinoma; qRT-PCR, quantitative real-time polymerase chain reaction.
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Figure 2. MiR-93 suppresses HCC proliferation and colony formation. (A)
Transfection efficiency was assessed by qRT-PCR analysis. (B) Cell proliferation was
examined by MTT assays after transfection with miR-93 mimics or miR-93 inhibitor.
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(C) MiR-93 mimics-treated Hep3B cells were subcutaneously injected into the flanks
of the nude mice (n=6). Tumor size was measured using slide caliper every 5 days.
Mice were sacrificed at day 35 post-implantation, and tumors were weighted. (D)
Clonogenic capabilities of HCC cells were determined by colony formation assays
after transfection with miR-93 mimics or miR-93 inhibitor. **P<0.01. HCC,
hepatocellular carcinoma; qRT-PCR, quantitative real-time polymerase chain reaction;
NC, negative control.
Figure 3. MiR-93 inhibits HCC cell migration and invasion. (A) Cell migration was
evaluated by Transwell migration assays after transfection with miR-93 mimics or
miR-93 inhibitor. (B) Cell invasion was assessed by Transwell invasion assays after
transwell invasion assays. (C) Expression levels of vimentin and MMP9 proteins in
HCC cells were detected by western blotting assays after transfection with miR-93

mimics or miR-93 inhibitor. **P<0.01. HCC, hepatocellular carcinoma; NC, negative
control; MMP9, matrix metalloprotein 9.
Figure 4. ZNF322 is a direct target of miR-322 in HCC cells. (A) A putative binding
site of miR-93 in 3’UTR of 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 expression was assessed by western blotting after transfection with miR-93
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mimics or miR-93 inhibitor. (E) ZNF322 protein expression in cancerous tissues and
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matched para-cancerous tissues was visualized by 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. HCC,
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hepatocellular carcinoma; 3’UTR, 3’ untranslated region; ZNF322, zinc finger protein
322; IHC, immunohistochemistry; NC, negative control.
Figure 5. Rescue of ZNF322 expression reverses the inhibitory effects of miR-93
mimics on HCC proliferation, migration and invasion. (A) ZNF322 protein expression
was examined by western blotting after rescue of ZNF322 in miR-93 mimics-treated
Hep3B cells. (B) Cell proliferation was determined by MTT assays after rescue of
ZNF322 in miR-93 mimics-treated Hep3B cells. (C) Cell migration was evaluated by
Transwell migration assays after rescue of ZNF322 in miR-93 mimics-treated Hep3B
cells. (D) Cell invasion was analyzed by Transwell invasion assays after rescue of
ZNF322 in miR-93 mimics-treated Hep3B cells. (E) Expression levels of vimentin
and MMP9 were determined by western blotting after rescue of ZNF322 in miR-93
mimics-treated Hep3B cells. **P<0.01. HCC, hepatocellular carcinoma; ZNF322,
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zinc finger protein 322; NC, negative control; MMP9, matrix metalloprotein 9.
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