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MicroRNA-197-3p acts as a prognostic marker and
inhibits cell invasion in hepatocellular carcinoma
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Abstract. MicroRNAs (miRNAs) serve an important regula-
tory role in carcinogenesis and cancer progression. Aberrant
expression of miR-197-3p has been reported in various human
malignancies. However, the role of miR-197-3p in the progres-
sion and prognosis of hepatocellular carcinoma (HCC) remains
unknown. The present study demonstrated that miR-197-3p
was downregulated in HCC tissues and that the low level of
miR-197-3p expression in HCC tumours correlated with aggres-
sive clinicopathological characteristics; thus, miR-197-3p may
serve as a predictor for poor prognosis in patients with HCC.
Additionally, miR-197-3p markedly inhibited the metastasis
of HCC cells in vitro and in vivo. Bioinformatics analysis
further identified zinc finger protein interacted with K protein
1 (ZIK1) as a novel target of miR-197-3p in HCC cells. These
findings suggest that miR-197-3p may regulate the survival
of HCC cells, partially through the downregulation of ZIK1.
Therefore, the miR-197-3p/ZIK1 axis may serve as a novel
therapeutic target in patients with HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the third most common
cause of cancer-associated mortality worldwide, and the
highest numbers of HCC cases have been detected in Asia and
Africa (1,2). The long-term prognosis of HCC remains unsat-
isfactory, as indicated by a low overall survival rate of 22-35%
over the last 10 years (3). Since hepatocarcinogenesis involves
numerous oncogenes and tumour suppressor genes (4), the
molecular carcinogenic mechanisms and the pathogenic
biology of HCC have become an issue of great interest (5,6).
MicroRNAs (miRNAs), highly conserved small non-coding
RNAs of 19-25 nucleotides, are known to regulate numerous
protein-coding genes (7,8). By binding directly to the 3' untrans-
lated regions (3' UTR) of target mRNAs, miRNAs may cause
posttranscriptional repression of protein synthesis, leading
to deadenylation and subsequent mRNA degradation and/or
translational inhibition (9,10). A number of miRNAs have been
implicated in various cellular processes including apoptosis, cell
proliferation, differentiation, stem cell renewal, stress responses
and metabolism (11-15). Their marked impact on the regulation
of carcinogenesis and tumour suppression indicates that the
aberration and regulation of the miRNA biogenesis pathway
may contribute to human diseases, including cancer (8,16,17).
In a previous study it was identified that the expression of the
miR-197-3p was markedly decreased in HCC compared with
the corresponding adjacent non-tumour samples. Additionally,
previous studies indicate that miR-197-3p is of great interest
in cancer therapy due to its association with various malig-
nancies, including bladder (18) and thyroid cancer (19). The
present study demonstrated that low miR-197-3p expression
in HCC tissues correlated with poor patient prognosis; thus
the focus of the study centred on the roles and corresponding
mechanisms of miR-197-3p in the progression of HCC.

Materials and methods
Cell lines and culture. Human hepatocellular carcinoma cell

lines (Huh7, HCC-LM3, and Hep3B) and a hepatocellular
cell line (THLE-3) were purchased from the Cell Resource
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Centre of the Shanghai Institute of Life Sciences (Shanghai,
China). All cell lines were cultured in Dulbecco's modified
Eagle's medium (DMEM; HyClone; GE Healthcare Life
Sciences, Logan, UT, USA) supplemented with 10% foetal
bovine serum (FBS) and 1% penicillin/streptomycin (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). All cells were
maintained at 37°C in a humidified atmosphere, at 5% CO,.

Patients, tumour tissues and serum sample. A total of 197
pairs of snap-frozen HCC and peritumoural tissues were
obtained from the Eastern Hepatobiliary Surgery Hospital
(Shanghai, China) from 19 females and 178 males (age range,
35-83 years) between January 2010 and October 2014. The
tissues were used for reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) analysis. Clinical tissue
samples were verified as tumour or non-tumour through a
histopathological examination and the Edmondson grading
system (20). Micrometastases were defined as tumours adja-
cent to the border of the primary tumour, as observed using
a microscope. Tumour staging was defined according to the
sixth edition of the tumour, node, metastasis (TNM) classifica-
tion system (21) published by the International Union Against
Cancer. The tissue samples were stored at -80°C until further
use. Tumour differentiation was defined according to the R and
Barcelona Clinic Liver Cancer (BCLC) staging systems (22).
The study was approved by the Institutional Review Board of
the Eastern Hepatobiliary Surgery Hospital. All patients gave
written informed consent to participate in the study. The data
were anonymized. All clinical specimens were approved by the
Clinical Research Ethics Committee of Eastern Hepatobiliary
Surgery Hospital.

RNA extraction and RT-qPCR. Total RNA from tissues or
cells was extracted using the miRNeasy Mini kit (Qiagen,
Inc., Valencia, CA, USA) according to the manufacturer's
protocol. mMRNA and miRNA were reverse-transcribed from
total RNA using the Revert Aid First Strand cDNA Synthesis
kit (Thermo Fisher Scientific, Inc.), according to the manu-
facturer's protocol. cDNA was amplified and quantified on a
CFX96 system (Bio-Rad Laboratories, Inc., Hercules, CA,
USA) using iQ SYBR Green (Bio-Rad Laboratories, Inc.). U6
or GAPDH were used as endogenous controls. Primers for
miR-197-3p expression analysis were as follows: miR-197-3p
forward, 5'-CACCACCTTCTCCACCCA-3', and reverse,
5'-GGGACTGGACTTGGAGTC-3"; U6 forward, 5'-CTCGCT
TCGGCAGCACA-3', and reverse, 5'-AACGCTTCACGA
ATTTGCGT-3". Primers for epithelial mesenchymal transi-
tion (EMT) analysis were as follows: E-cadherin forward,
5'"TACACTGCCCAGGAGCCAGA-3', and reverse, 5'-TGG
CACCAGTGTCCGGATTA-3"; N-cadherin forward, 5'-TCA
GGCGTCTGTAGAGGCTT-3', and reverse, 5-ATGCACATC
CTTCGATAAGACTG-3"; Vimentin forward, 5'-GACGCC
ATCAACACCGAGTT-3, and reverse, 5'-CTTTGTCGTTGG
TTAGCTGGT-3"; GAPDH forward, 5-"TGTGGGCATCAA
TGGATTTGG-3', and reverse, 5S'-ACACCATGTATTCCG
GGTCAAT-3'. Relative fold expressions were calculated via
the comparative quantification cycle (2-24°9) method (23).
Mature miR-197-3p expression was detected using a TagMan
miRNA assay kit (Thermo Fisher Scientific, Inc.) according
to the manufacturer's protocol. The RNU6B gene was used
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as a normalization control. All experiments were performed
three times in duplicate. The GAPDH gene was used as an
internal control. gPCR was conducted using the following
conditions: 30 cycles consisting of denaturation at 94°C for
30 sec, annealing at 56°C (58°C for GAPDH) for 30 sec, and
extension at 72°C for 30 sec.

Wound healing migration assay. Wound healing migration
assays were performed as described previously (24). Briefly,
1x10° cells were plated in each well of a 6-well plate. Once
attached, cells were scraped to form a wound in the middle
of the plate, and the medium was replaced with serum-free
medium. Cells were incubated for 36 h in a humidified atmo-
sphere containing 5% CO, at 37°C, prior to the measurement
of migration across the wound line.

Cellular migration and invasion assays. Cellular migration
and invasion were assessed using Transwell chambers with
a pore size of 8 ym (Corning Inc., Corning, NY, USA).
Following transfection for 48 h, 5x10* transfected cells in
300 ul medium without FBS were seeded into the upper
chamber, while 500 yl medium supplemented with 20% FBS
was placed into the lower chamber. For the Matrigel invasion
assay, the Transwell chamber was coated with Matrigel (BD
Biosciences, San Jose, CA, USA). A total of 5x10* transfected
cells in 300 1 medium without FBS were seeded into the upper
chamber of the Transwell, while 500 I medium supplemented
with 20% FBS was placed into the lower chamber. Cells were
incubated at 37°C for a further 24 h for the migration assay
and 48 h for the invasion assay. In the two assays, the cells
were fixed with 100% methanol for 5 min (Beyotime Institute
of Biotechnology, Haimen, China) and stained with 0.5%
crystal violet (Beyotime Institute of Biotechnology) for 5 min.
Subsequently, cells remaining on the upper surface of the
membranes were removed carefully using cotton swabs. The
migrated and invaded cells were then counted in five randomly
selected fields with an inverted microscope (magnification,
x200). Each experiment was repeated three times.

Synthetic RNA oligonucleotides and transient transfection.
The predicted binding sites between miR-197-3p and zinc
finger protein interacted with K protein 1 (ZIK1) were obtained
using TargetScan Human online software 7.1 (http:/www.
targetscan.org/vert_71/). miRNA inhibitors, mimics and an
miRNA negative control (NC) were synthesized by Shanghai
GenePharma Co., Ltd. (Shanghai, China). The 5'-3' sequences
of the three miRNAs were as follows: Mimics, CGGGUAGAG
AGGGCAGUGGGAGG and UUCACCACCUUCUCCACC
CAGC; inhibitor, AAGUGGUGGA AGAGGUGGGUCG; and
NC, CAGUACUUUUGUGUAGUACAA. ZIK1 overexpres-
sion vectors and the NC vector were obtained from Shanghai
GeneChem Co., Ltd. Cells were seeded at 1-1.5x10%/well
in a 6-well plate, and transiently transfected with miRNAs
(5 pg/well) using JetPrime® (Polyplus-transfection SA,
Illkirch, France), according to the manufacturer's protocol.
The cells were collected for analysis 48 h post-transfection.

Cell proliferation assay. Cell proliferation was measured
using a Cell Counting Kit-8 (CCK-8) assay (Sangon Biotech,
Co., Ltd., Shanghai, China). A total of 48 h post-transfection,
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3x10° cells/well were seeded into a 96-well plate. The CCK-8
reagent was added 72 h post-seeding, and optical density was
measured using a microplate reader at 450 nm.

Western blotting analysis. Cells were lysed with ice-cold lysis
buffer supplemented with protease inhibitor cocktail (Pierce;
Thermo Fisher Scientific, Inc.). Total protein concentration
was determined using the Enhanced BCA Protein Assay kit
(Beyotime Institute of Biotechnology). Protein samples (20 pug)
were separated on a 10% SDS-PAGE gel and then transferred
to a polyvinylidene fluoride membrane (Roche Diagnostics
GmbH, Mannheim, Germany). Following blocking with 5%
skimmed milk at room temperature for 2 h, the membranes
were incubated overnight at 4°C with rabbit anti-human ZIK1
monoclonal primary antibody (1:1,000; Abcam, Cambridge,
UK; cat. no. 107918) and mouse anti-human [3-actin mono-
clonal primary antibody (1:1,000; Abcam; cat. no. 8226)
primary antibodies. Subsequently, the membranes were incu-
bated with goat anti-mouse horseradish peroxidase-conjugated
secondary antibody (1:3,000; Abcam; cat. no. ab6789) for
1 h at room temperature. The membranes were visualized
with Super Signal West Pico Chemiluminescent Substrate
kit (Pierce; Thermo Fisher Scientific, Inc.). 3-actin was used
as a loading control. The Lab Works Image Acquisition and
Analysis Software (version 7.0; UVP, LLC, Phoenix, AZ,
USA) was used to quantify the band intensities.

Luciferase activity assay. The 3' UTR of ZIK1 was amplified
and cloned downstream of the pGL3/Luciferase (Luc) vector
(Shanghai GenePharma Co., Ltd.). The mutant 3' UTR of
ZIK1 was amplified using the pGL3/Luc-ZIK1 3' UTR as
the template and was cloned downstream of the pGL3/Luc
vector. For the luciferase reporter assay, either 100 nM of
miR-197-3p mimic or control and 2 yg pGL3/Luc-ZIK1 3'
UTR or the mutant 3' UTR, in addition to the controls, were
co-transfected into HCCLM3 cells at 70% confluence using
Lipofectamine® 2000 reagent (Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. At 48 h
post-transfection, the cells were lysed using radioimmunopre-
cipitation assay buffer (cat. no. PO013C; Beyotime Institute
of Biotechnology, China) according to the manufacturer's
protocol. Luciferase intensity was measured using an F-4500
Fluorescence Spectrophotometer (Hitachi, Ltd., Tokyo, Japan)
and normalized to that of Renilla luciferase, according to the
manufacturer's protocol.

Cell proliferation (MTT) assay. HCCLM3 cells transfected
with miR-197-3p mimics or control and with the miR-197-3p
inhibitor or control were plated into 96-well plates at a density of
5x10*cells/well, under 5% CO, at 37°C for 48 h. Following incu-
bation for 24, 48 or 72 h, the culture plates were incubated with
20 ul of MTT/well in 100 pl medium at a final concentration of
5 mg/ml for a further 4 h. The culture plates were centrifuged at
2,000 x g for 5 min at room temperature. The supernatant was
carefully removed, and 100 ul dimethyl sulfoxide was added
to each well to end the reaction. Blue-violet formazan particles
were dissolved for ~10 min in the dark at 25°C. The absorbance
at 570 nm was detected using a Quant Universal microplate
spectrophotometer (BioTek Instruments, Inc., Winooski, VT,
USA). The experiment was repeated three times.
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Statistical analysis. All values are presented as the
mean + standard deviation. Significant differences were deter-
mined using GraphPad 5.0 (GraphPad Software, Inc., La Jolla,
CA, USA). The difference between the HCC tissues and their
corresponding adjacent non-tumour samples was analysed
for statistical significance using the paired Student's t-test.
Student's t-test was used to determine significant differences
between two groups. One-way analysis of variance (ANOVA)
was used to determine significant differences between multiple
testing. Student-Newman-Keuls test was used as a post hoc
test following ANOVA. The ¥ test was used to analyse the
association between miR-197-3p expression and clinico-
pathological characteristics. Survival curves were plotted
using the Kaplan-Meier method and were compared via the
log-rank test. P<0.05 was considered to indicate a statistically
significant difference. To collect dependent variables, multi-
variate regression analysis was conducted using the significant
variables identified in the univariate regression analysis. All
experiments were repeated three times.

Results

Expression of miR-197-3p is markedly downregulated in
HCC. To investigate the expression and clinical significance of
miR-197-3p in HCC, the expression of miR-197-3p in HCC cell
lines was examined. Decreased miR-197-3p expression was
observed in the HCC cells, compared with the normal liver
cells (Fig. 1A). The expression of miR-197-3p was detected
in a total of 197 paired primary HCC tissues and their corre-
sponding adjacent non-tumour samples. RT-qPCR indicated
that the average expression level of miR-197-3p was signifi-
cantly lower in the cancerous tissues compared with that in the
adjacent non-cancerous tissues (Fig. 1B; P<0.001). Moreover,
the miR-197-3p expression declined in HCC patients with
larger tumours (>5 cm), a higher a-fetoprotein (AFP) serum
level (>20 ng/ml), vascular invasion and early recurrence
(Fig. 1C-F).

Association between miR-197-3p expression and clinicopath-
ological characteristics. To evaluate the correlations between
miR-197-3p and the selected clinicopathological variables,
the cohort of 197 patients were divided into subgroups with
low and high miR-197-3p expression. The median value of
miR-197-3p expression in all 197 cases was selected as the
cut-off value. Consistent with the criteria above, the correlation
of miR-197-3p expression with clinicopathological character-
istics and the prognosis of HCC were analysed. As presented
in Table I, the lo expression group was associated with higher
AFP levels (=20 ug/l; P<0.001), larger tumour size (=5 cm;
P=0.012), multiple tumours (n=2; P<0.001), absence of capsule
(P<0.001) and vascular invasion (P=0.013).

Association between miR-197-3p expression and HCC
prognosis. The association between miR-197-3p expression
and the prognosis of patients with HCC following hepatec-
tomy was further analysed. It was determined that the group
with low miR-197-3p expression exhibited significantly
poorer relapse-free survival (RFS) (P<0.001; Fig. 2A) and
poorer overall survival (OS) (P<0.001; Fig. 2B). Previous
studies indicated that AFP-negative patients (AFP serum
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Table I. Clinical characteristics of 197 patients with hepatocel-
lular carcinoma, according to miR-197-3p expression levels.

miR-197-3p
High Low
Feature (n=99) (n=98) y?value P-value
Age in years 0.610 0.435
>55 44 49
<55 55 49
Sex 0.070 0.791
Male 90 88
Female 9 10
HBsAg 0.134 0.714
Positive 83 84
Negative 16 14
AFP, ug/l 56.840 <0.001
Positive 12 63
Negative 87 35
Cirrhosis 1.845 0.174
Present 47 56
Absent 52 42
Tumour size, cm 6.288 0012
>5 34 51
<5 65 47
Tumour number 0.063 <0.001
Multiple 34 32
Single 65 66
Capsule 13.438 <0.001
Present 65 86
Absent 34 12
Vascular invasion 6214 0013
Present 40 57
Absent 59 41
TNM stage 0412 0.521
I-1I 36 40
II-1V 63 58
BCLC stage 0414 0.520
A-B 35 39
C-D 64 59

The median expression level was used as the cut-off. Low miR-197-3p
expression in each of the 98 patients was defined as a value below
the 50th percentile. High miR-197-3p expression in each of the 99
patients was defined as a value above the 50th percentile. For analysis
of correlation between the expression levels of miR-197-3p and
clinical features, Pearson's ¥ tests were used. P<0.05 was considered
to indicate a statistically significant difference. miR, microRNA; AFP,
a-fetoprotein; TNM, tumour node metastasis; BCLC stage, Barcelona
Clinic Liver Cancer stage; HBsAg, hepatitis B virus surface antigen.

level <20 pg/l) are generally considered to have a better prog-
nosis (25,26); nevertheless, many of these patients exhibit
early recurrence and poor OS. Therefore, a precise biomarker
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is required to predict the prognosis of AFP-negative patients.
Subgroup analysis revealed that among the 122 AFP-negative
patients (AFP serum level <20 ug/1), the difference in RFS and
OS remained between the high- and low-expression groups
(P=0.0011 and P=0.0013, respectively; Fig. 2C and D).
Further analysis indicated that of the 121 patients with
tumour size <5 cm, the group with low miR-197-3p expres-
sion exhibited significantly poorer RFS and OS (P<0.001;
Fig. 2E and F, respectively). Univariate analysis indicated
that among the clinicopathological characteristics, RFS was
associated with the miR-197-3p expression level, presence of
the hepatitis B virus surface antigen, tumour size, tumour
number, absence of capsule, vascular invasion, TNM stage
and BCLC stage, whilst the OS was associated with the
miR-197-3p expression level, tumour size, tumour number,
absence of capsule, vascular invasion, TNM stage and BCLC
stage (Table II). Furthermore, multivariate Cox regression
analysis revealed that independent risk factors for HCC
recurrence and survival included the miR-197-3p expression
level, tumour size, tumour number and vascular invasion,
while those for the OS in patients with HCC included the
miR-197-3p expression level, tumour size, tumour number,
absence of capsule and vascular invasion (Table III). Based
on the above results, it may be concluded that the expression
level of miR-197-3p may be adopted as an independent factor
for predicting the prognosis of HCC.

Inhibitory effects of miR-197-3p on the metastasis and
invasion of HCC cells in vitro. To functionally charac-
terise miR-197-3p in HCC, HCCLM3 cells were selected
for a gain- of-function and loss-of-function study. To this
end, miR-197-3p stably-overexpressing HCC-LM3-Mimic,
and stably downregulated HCC-LM3-Inhibitor cells were
generated; the difference in the miR-197-3p expression
levels was detected via RT-qPCR (Fig. 3A and B). The
MTT assay revealed that miR-197-3p did not affect the
growth of HCC cells (Fig. 3C and D). In the wound-healing
migration assay, microscopic examination at 0 and 24 h
revealed that HCC-LM3-Inhibitor cell migration was
significantly enhanced compared with HCC-LM3-NC cell
migration (P<0.001; Fig. 4A). By contrast, HCC-LM3-Mimic
cell migration was significantly delayed compared with
HCC-LM3-NC cell migration and invasiveness (P<0.001;
Fig. 4B). The Transwell assay also revealed that the
HCC-LM3-Inhibitor cells displayed increased migration and
invasiveness, compared with the other cell types, whereas
the HCC-LM3-Mimic cells displayed decreased migra-
tion and invasiveness compared with the other cell types
(Fig. 4C and D). These data indicated that miR-197-3p may
promote HCC cell metastasis in vitro.

Direct binding of miR-197-3p to the 3' UTR of ZIKI. To
investigate the molecular mechanisms underlying the
miR-197-3p-mediated decrease in HCC metastasis, the
involvement of miR-197-3p in manipulating EMT was
assessed, which is regarded as a key process underlying cell
metastasis. It was observed that miR-197-3p exhibited no
significant effect on the expression levels of EMT-associated
genes including E-cadherin, N-cadherin, and vimentin
(Fig. 5). To identify the genes potentially involved in
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Table II. Univariable analysis for RFS and OS.
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RFS (0N}
Variable Hazard ratio 95% CI P-value 95% C1 P-value
Age, years =55 vs. <55 0921 0.676-1.254 0.601 0.742-1.451 0.829
Sex, male vs. female 0.925 0.559-1.531 0.763 0.845-3.070 0.147
HBsAg, positive vs. negative 1.479 0.933-2.344 0.096 0.659-1.675 0.836
AFP, pg/l, =20 vs. <20 0.949 0.689-1.307 0.747 0.705-1.411 0.988
Cirrhosis, present vs. absent 0.827 0.607-1.126 0.228 0.606-1.185 0.335
Tumour diameter, cm =5 vs. <5 3451 2.460-4.842 <0.001 1.754-3.495 <0.001
Tumour number multiple vs. solitary 2.934 2.119-4.087 <0.001 1.699-3.375 <0.001
Capsule absent vs. present 1.671 1.143-2.444 0.008 1.075-2.501 0.022
Vascular invasion present vs. absent 3.602 2.578-5.033 <0.001 2.526-5.229 <0.001
TNM stage III and IV vs. T and I 3.039 2.189-4.220 <0.001 1.771-3.518 <0.001
BCLC stage C and D vs. A and B 3.129 2.250-4.352 <0.001 1.755-3.486 <0.001
miR-197-3p expression low vs. high 1.940 1.418-2.656 <0.001 1.388-2.759 <0.001

For analysis of correlation Pearson's y” tests were used. P<0.05 was considered to indicate a statistically significant difference. RFS, relapse-free
survival; miR, microRNA; antigen; AFP, a-fetoprotein; TNM, tumour node metastasis; BCLC stage, Barcelona Clinic Liver Cancer stage;

HBsAg, hepatitis B virus surface antigen; CI, confidence interval.

Table III. Multivariable analysis of RFS and OS in patients with hepatocellular carcinoma.

RFS oS
Variable P-value HR 95% CI P-value HR 95% C1
Tumour diameter cm, =5 vs. <5 <0.001 2.286 1.580 3.306 0.053 1.466 0.995 2.161
Tumour number multiple vs. solitary 0.001 1.877 1.317 2.676 0.001 1.874 1.275 2.753
Vascular invasion present vs. absent <0.001 2.636 1.845 3.766 <0.001 2.770 1.887 4.065
miR-197-3p low vs. high 0.029 1.448 1.039 2018 0.077 1.386 0.965 1.992
Capsule absent vs. present 0.082 1.476 0.952 2.288

For analysis of correlation Pearson's y” tests were used. P<0.05 was considered to indicate a statistically significant difference. RFS, relapse-free
survival; OS, overall survival; miR, microRNA; HR, hazard ratio; CI, confidence interval.

enhancing miR-197-3p expression in HCC cell metastasis,
TargetScan was used to predict the genes that miR-197-3p
may target. A putative miR-197-3p-binding site was identified
within the 3'UTR of ZIK1 (Fig. 6A), and a luciferase reporter
assay was used to validate whether ZIK1 was a direct target
of miR-197-3p. wild-type (WT) and mutant (MUT) versions
of the ZIK1 3' UTR, the latter containing site-directed muta-
tions in the putative miR-197-3p target sites, were cloned into
reporter plasmids. The miR-197-3p overexpression markedly
suppressed luciferase activity from the wild-type, though not
the mutant reporter. This suggested that the 3' UTR of ZIK1
was targeted by miR-197-3p, and that the point mutations in
this sequence abolished this effect in HCCLM3 (Fig. 6B). In
addition, the protein expression levels of ZIK1 were mark-
edly reduced following miR-197-3p overexpression, while
the protein expression level of ZIK1 was increased following
miR-197-3p knockdown in HCCLM3 cells (Fig. 6D). By
contrast, no significant differences were observed in the ZIK1

mRNA expression levels (Fig. 6C). These results indicated
that miR-197-3p may suppress ZIK1 expression through trans-
lational repression.

To determine whether the ZIK1 gene is required for the
effect of miR-197-3p on HCC cell metastasis, ectopic overex-
pression of ZIK1 was performed to conduct functional studies
in HCCLM3 cells (Fig. 6E). The migration and invasion
capacities in HCC cells overexpressing ZIK1 were signifi-
cantly inhibited, while overexpression of ZIK1 abolished the
effect of miR-197-3p on migration and invasion of HCC cells
(Fig. 6E). Therefore, overexpression of ZIK1 abolished the
effects of miR-197-3p on specific HCC cell phenotypes.

Discussion
Although numerous growth factors, oncogenes and tumour

suppressor genes have been associated with hepatocarcino-
genesis (27,28), the molecular mechanisms and the pathogenic
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biology of HCC remain unclear. In addition to reports that
miRNAs participates in the regulation of almost every
cellular process investigated to date, there have been reports
that they are involved in the pathogenesis of HCC (29,30).
miR-197-3p was recognized as an oncogene in prostate
cancer (31); however, the characterisation of miR-197-3p

in HCC and its association with cancer progression and
development remain largely unknown. In the present study,
miR-197-3p was downregulated in HCC tumour tissues and
HCC cell lines. miR-197-3p downregulation correlated with
higher AFP levels (=20 ug/l), larger tumour sizes (=5 cm),
multiple tumours (n =2), absence of capsule and vascular
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invasion. AFP is a well-established diagnostic biomarker
in the screening of HCC (32-35); an online literature search
revealed that the positive rate of AFP in HCC patients was
reportedly between 50 (36) and 53% (37). which declines to
47% for patients with small hepatocellular carcinoma (38). In
the present study, 61% of the patients were in the early stages
of HCC (TNM stage I or II), and many had a small tumour
volume; therefore, the incidence of AFP appeared to be lower
compared with that in other reports. The correlation between
the expression of miR-197-3p and AFP levels indicated that
miR-197-3p may be a potential biomarker in HCC diagnosis.
Additionally, its association with tumour number and size,
presence of capsule and vascular invasion suggests a poten-
tial role of miR-197-3p in HCC.

MicroRNAs can function as tumour suppressors or
oncogenes by targeting their respectively associated
genes (39,40). miR-197-3p targets that may contribute to
miR-197-3p-mediated inhibition of cell metastasis in HCC
were further investigated. Using TargetScan bioinformatics,
the ZIK1 gene was potentially identified as a direct target
for miR-197-3p. ZIK1 was first proposed as a transcrip-
tional repressor that binds to the nuclear ribonucleoprotein
particle K protein (41), and was subsequently identified by
methylation sensitive representational difference analysis
as being hypermethylated in the intestinal metaplasia of the
stomach (42). In support of this finding, Mihara et al (43)
reported that ZIK1 is hypermethylated in 100% of human
gastric intestinal metaplasia samples, which suggests that
epigenetic silencing of ZIK1 may contribute to the patho-
genesis of gastric neoplasia. The expression levels of ZIK1
are also reportedly associated with the progression of renal
cell carcinoma (44), diffuse large B-cell lymphoma (45),
oesophageal cancer (46) and colorectal cancer (47,48);
Borinstein et al (48) assessed the role of aberrant DNA meth-
ylation in the azoxymethane rodent model of colon cancer
and revealed that ZIK1 displayed aberrant DNA methylation
in the tumours that were absent or present at a low frequency
in the normal colon, which suggested that ZIK1 may serve
an important role in the transformation of gastrointestinal
mucosal cells Moreover, ZIK1 was significantly upregulated
in cluster of differentiation (CD) 133* colorectal carcinoma
cells compared with their CD133" counterpart. CD133
expression, which identified a considerable population of
tumour-initiating cells in colorectal cancer, reportedly
correlated with tumour metastasis (47). The level of ZIK1
expression was also higher in renal cell carcinoma compared
with the normal kidney (44). However, despite the fact that
it is a zinc finger protein and a potential transcription factor,
little is known of its function. The present study verified
that miR-197-3p directly targets ZIK1 by interacting with its
3'UTR, indicating that miR-197-3p may suppress HCC cell
metastasis, in part by targeting ZIK1.

In conclusion, the present study indicated that miR-197-3p
expression was frequently decreased in HCC tumour tissues,
and it may serve as a prognostic biomarker in patients with
HCC. The results indicated that miR-197-3p may inhibit HCC
cell metastasis by directly suppressing the expression of ZIK1,
which not only sheds new light on HCC progression and
metastasis, but provides a potential target for cancer preven-
tion and treatment.
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