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1 | INTRODUCTION

Hepatocellular carcinoma (HCC) accounts for more than
ninety percent of all liver cancers and may be the third lead-
ing cause of cancer mortality, with approximately 700 000

Background and Objectives: The roles of microRNA(miR)-106b-5p in hepatocel-
lular carcinoma (HCC) remain unclear. We aimed here to investigate the clinical
significance of miR-106b-5p expression in HCC and its underlying mechanisms.
Methods: Expression levels of miR-106b-5p in 108 HCC clinical samples by quanti-
tative real-time reverse transcription PCR. Associations of miR-106b-5p expression
with various clinicopathological features and patients' prognosis were evaluated by
Chi-square test, Kaplan-Meier, and Cox proportional regression analyses, respec-
tively. The target gene of miR-106b-5p and their functions in HCC cells were inves-
tigated by luciferase reporter, CCK-8, and Transwell Matrigel invasion assays.
Results: miR-106b-5p expression was markedly higher in HCC tissues than in
noncancerous adjacent liver tissues (P < .001). miR-106b-5p upregulation was
significantly associated with advanced TNM stage (P = .02), short recurrence-free
(P = .005), and overall (P = .001) survivals. Importantly, miR-106b-5p expression
was an independent predictor of poor prognosis (P < .05). RUNX3 was identified as
a direct target gene of miR-106b-5p in HCC cells. Functionally, miR-106b-5p up-
regulation promoted the viability and invasion of HCC cells, while enforced RUNX3
expression reversed the oncogenic effects of miR-106b-5p overexpression.
Conclusions: miR-106b-5p may serve as a potent prognostic marker for tumor re-
currence and survival of HCC patients. miR-106b-5p may exert an oncogenic role in
HCC via regulating its target gene RUNX3.
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deaths in the world annually.1 Till now, surgery resection
remains the main curative option for HCC. However, most
HCC patients are diagnosed at advanced tumor stages, char-
acterized by multifocal progression, lymph node metastasis,
and portal vein invasion, almost seventy percent of HCC
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patients cannot adapt to the curative hepatectomy.z’3 Due to
early metastasis and high frequency of recurrence, the prog-
nosis of most HCC patients is very poor. Growing evidence
show that the development and progression of HCC may be a
multistep process which may be involved by numerous genes,
proteins, and noncoding RNAs.* Therefore, a comprehen-
sive understanding of novel molecular markers and pathways
that contribute to the progression and recurrence of HCC is
necessary to develop more efficient and targeted therapies.

MicroRNAs (miRNAs) represent a cluster of short, en-
dogenous, single-strand and noncoding RNAs with approxi-
mately 19 to 25 nucleotides in length. miRNAs may regulate
the corresponding target gene expression post-transcription-
ally in almost all aspects of normal physiological and patho-
logical processes.6'9 Recent studies have observed the altered
expression of numerous miRNAs in HCC tissues and cells.
The upregulated miRNAs often play oncogenic roles by
negatively regulating tumor suppressor genes, whereas the
downregulated miRNAs exert tumor-suppressive functions
via suppressing oncogenes.'®'? miR-106b-5p is transcribed
from the miR-106b ~ 25 cluster located on chromosome 7."?
It belongs to the miR-106b seed family which has been in-
dicated to be closely associated with cell proliferation, cell
cycle, and cell motility.13 Accumulating studies have reported
that miR-106b-5p plays an important role in various cancers
through diverse mechani sms. 1420 Particularly, Shi et al*! found
that the expression of miR-106b-5p was higher in HCC tissues
and cell lines than that in nontumor tissues and hepatocytes,
respectively. The authors also indicated that miR-106b-5p up-
regulation promoted stem cell-like properties of HCC cells by
targeting PTEN via PI3K/Akt pathway. However, the clinical
significance of miR-106b-5p expression in HCC and its un-
derlying molecular mechanisms remain unclear.

To address this problem, we firstly detected the expres-
sion levels of miR-106b-5p in 108 HCC clinical samples by
quantitative real-time reverse transcription PCR. Then, the
associations of miR-106b-5p expression with various clini-
copathological features and patients' prognosis were evalu-
ated by Chi-square test, Kaplan-Meier, and Cox proportional
regression analyses, respectively. In addition, the interaction
between miR-106b-5p and its target gene was verified by dual
luciferase reporter gene system. CCK-8 assay and Transwell
Matrigel invasion assay were used to measure the roles of
miR-106b-5p and its target gene in HCC cell viability and
invasion abilities, respectively.

2 | MATERIALS AND METHODS

2.1 | Patients and tissue samples

The current study used the same clinical cohort with our
previous study,22 and was approved by the Research Ethics
Committee of Xinjiang Medical University. Informed
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consent was obtained from all of the patients. All specimens
were handled and made anonymous according to the ethical
and legal standards. This clinical cohort consists a total of
108 HCC patients and the detailed information is provided in
Supplementary File S1-section 1.

2.2 | Celllines

Two human HCC cell lines HepG2 and SMMC-7721 were
purchased from the cell bank of the Chinese Academy of
Sciences. The cells were cultured in DMEM (Invitrogen)
supplemented with 10% fetal bovine serum (Invitrogen),
2 mmol/L glutamine, 100 U of penicillin/mL, and 100 pg
of streptomycin/ml (Cambrex). The cells were incubated at
37°C in a humidified incubator containing 5% CO.,.

2.3 | Quantitative real-time reverse
transcription PCR analysis

Quantitative real-time reverse transcription PCR was performed
to detect the expression of miR-106b-5p in HCC clinical sam-
ples and cell lines as our previous description.22 The detailed
information is provided in Supplementary File S1-section 2.
Primers used in this study were as follows according to the pre-
vious study by Yang et al” The primer sequences for miR-106b-
5p: 5'-TGC GGC AAC ACC AGT CGA TGG-3' (forward) and
5'-CCA GTG CAG GGT CCG AGG T-3' (reverse). The primer
sequences for U6: 5'-CTC GCT TCG GGC AGC ACA-3’ (for-
ward) and 5'-AAC GCT TCA CGA ATT TGC GT-3' (reverse).
The primer sequences for RUNX3 mRNA: 5'- GAG TTT CAC
CCT GAC CAT CAC TGT G-3' (forward) and 5'- GCC CAT
CAC TGG TCT TGA AGG TTG-3’ (reverse). The primer se-
quences for B-actin: 5'- TTC CTT CTT GGG TAT GGA AT-3’
(forward) and 5'- GAG CAA TGA TCT TGA TCT TC-3’ (re-
verse). Primers were synthesized by Sangon Biotech Shanghai
Co. Ltd. (Shanghai, China).

24 |

Two human HCC cell lines HepG2 and SMMC-7721
(Ix IOS/WCH) were seeded onto a 24-well plate and co-trans-
fected with luciferase reporter constructs encoding the wild-
type 3’-UTR of RUNX3 (RUNX3-WT-3'-UTR) or a mutated
3’-UTR of RUNX3 (RUNX3-MUT-3’-UTR) (RiboBio) and
miR-106b-5p mimic (mimic-106b) or negative control mimic
(mimic-NC) (Sangon Biotech Shanghai Co. Ltd.) using
Lipofectamine 2000 (Invitrogen) based on the protocol pro-
vided by the manufacturer. The luciferase and renilla signals
were measured at 24 hours after the cell transfection using
the Dual Luciferase Reporter Assay Kit (Promega) based on
the protocol provided by the manufacturer. The relative lucif-
erase activity was normalized to Renilla luciferase activity.
Each sample was detected in triplicate.

Dual-Luciferase reporter assay
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FIGURE 1 Expression patterns and prognostic value

of miR-106b-5p in HCC. A, The relative expression levels of
miR-106b-5p were significantly higher in HCC tissues compared with
paired noncancerous adjacent liver tissues measured by quantitative
real-time reverse transcription PCR analysis (P < .001). B, Kaplan-
Meier survival curves for recurrence-free survival are plotted
according to miR-106b-5p expression (compared with log-rank test).
C, Kaplan-Meier survival curves for overall survival are plotted
according to miR-106b-5p expression (compared with log-rank test)

TABLE 1
various clinicopathological features in 108 HCC patients

Associations between miR-106b-5p expression and

miR-106b-5p expression

(n, %)
Features NO. Low High P
Gender
Male 63 28 (44.44)  35(55.56) .08
Female 45 25 (55.56) 20 (44.44)
Age at diagnosis
>50 60 31 (51.67) 29 (48.33) .09
<50 48 22 (45.83) 26 (54.17)
Serum AFP level (ng/
mL)
>25 63 28 (44.44) 35 (55.56) .08
<25 45 25 (55.56) 20 (44.44)
Tumor size (cm)
>5 58 23 (39.66) 35 (60.34) .05
<5 50 30 (60.00) 20 (40.00)
Tumor number
Solitary 42 19 (45.24) 23 (54.76) .26
Multiple 66 34 (51.52)  32(48.48)
TNM stage
I 18 15(83.33) 3 (16.67) .02
I 30 20 (66.67) 10 (33.33)
I 38 18 (47.37) 20 (52.63)
1A% 22 0 (0) 22
(100.00)
Histological grade
High 26 8 (30.77) 18 (69.23) .05
Low 82 45 (54.88) 37 (45.12)
Cirrhosis
Negative 48 23 (47.92) 25 (52.08) .09
Positive 60 30 (50.00) 30 (50.00)
Hepatitis B
Negative 16 11 (68.75)  5(31.25) .06
Positive 92 42 (45.65) 50 (54.35)
2.5 | Cellular transfection

For cellular transfection, 5 x 10° HepG2 and SMMC-7721
cells were respectively seeded into each well of 96-well
plate and incubated overnight. When cells were grown to
60%-80% confluence, the transfection of mimic-106b/mimic-
NC (Sangon Biotech Shanghai Co. Ltd.), miR-106b-5p in-
hibitor vector (anti-miR-106b)/anti-NC (GenePharma), and/
or RUNX3 expression vector (RUNX3-vector)/negative con-
trol vector (NC-vector) (Sangon Biotech Shanghai Co. Ltd.)
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TABLE 2 Univariate analysis on the associations of prognosis with various clinicopathologic parameters and miR-106b-5p expression in

HCC patients
Recurrence-free survival Overall survival
Features HR 95% CI P HR 95% CI P
Gender 0.712 0.328-1.296 1.007 0.426-2.335
Age at diagnosis 0.669 0.358-1.402 2 0.890 0.368-1.563 4
Histological grade 3.981 0.665-8.879 .03 4.107 0.719-9.989 .02
TNM stage 6.837 1.758-20.376 .008 6.502 1.269-19.668 .008
Tumor size 1.405 1.959-5.027 .1 1.386 1.893-4.165 .1
Serum AFP level 2.700 1.317-5.543 .1 1.613 0.700-4.253 2
Tumor number 2.876 1.790-5.533 .1 1.508 1.431-4.383 2
Cirrhosis 2.211 1.087-7.269 .1 2.468 1.507-6.607 .1
Hepatitis B 1.903 1.212-4.954 2 1.782 1.379-4.186 2
miR-106b-5p expression 6.896 1.682-20.932 .008 7.286 1.879-22.668 .006
:‘nAthl: Esfoc?atioﬁu;?;i:;z:izajv};:: Recurrence-free survival Overall survival
various clinicopathologic parameters and Features HR 95% CI P HR 95% CI P
miR-106b-5p expression in HCC patients Histological grade 0218  0.008-7.091 4 1662  0.108-26.089
TNM stage 5.103  1.366-13.860 .02  7.326  1.103-21.916 .01
MiR-106b-5p expression ~ 5.101  1.328-12.968 .02  7.268  1.122-21.260 .01

were performed Lipofectamine 2000 (Invitrogen) based on
the manufacturer's instructions.

2.6 | Western blot analysis

Expression levels of RUNX3 protein in HCC cells trans-
fected with mimic-106b/mimic-NC and/or RUNX3-vector/
NC-vector were measured by western blot analysis. Total
protein was extracted from HCC cells and quantified by the
Bradford assay (Bio-Rad). Then, the identical quantities
of proteins were separated by sodium dodecyl sulfatepo-
lyacrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred onto PVDF membranes (Bio-Rad). After incubated
with primary antibody of RUNX3 (goat anti-human RUNX3
affinity purified polyclonal antibody, dilution 1:500, Santa
Cruz Biotech) overnight at 37°C, the membranes were then
treated with horseradish peroxidase-conjugated secondary
antibody (donkey anti-goat secondary antibody, dilution
1:1000, Santa Cruz Biotech) for 1 hour at 37°C. GAPDH
was used as a internal control. Finally, the Bio-Rad Gel im-
aging system (Bio-Rad) was used to quantify protein expres-
sion data.

27 |

Cell viability of HCC cell lines after transfected with
mimic-106b/mimic-NC, anti-miR-106b/anti-NC, and/or

Cell viability assay

RUNX3-vector/NC-vector was assessed by the 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay as our previous description.22 The detailed information
is provided in Supplementary File S1-section 3.

28 |

Cell invasion ability of HCC cell lines after transfected with
mimic-106b/mimic-NC, anti-miR-106b/anti-NC, and/or
RUNX3-vector/NC-vector was assessed by the Transwell
Matrigel invasion assay as our previous description.22 The
detailed information is provided in Supplementary File S1-
section 4.

Transwell matrigel invasion assay

2.9 | Statistical analysis

Statistical analysis was performed using SPSS11.0 soft-
ware for Windows (SPSS Inc). Continuous variables were
shown as X +s. The Chi-square test was used to evaluate the
associations of miR-106b-5p expression with various clin-
icopathological features of HCC patients. Correlations of
miR-106b-5p expression with overall and recurrence-free
survivals of HCC patients were estimated by the Kaplan-
Meier method, and the resulting curves were compared using
the log-rank test. Cox proportional hazard models were used
to identify the independent prognostic factors for overall and
recurrence-free survivals of HCC patients. Student's ¢ test or
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one-way ANOVA was used for the comparisons between
groups. A P-value of less than 0.05 was considered statisti-
cally significant.

3 | RESULTS

3.1 | Increased expression of miR-106b-5p
associates with aggressive progression of
clinical HCC samples

The expression levels of miR-106b-5p in HCC tissues were
significantly higher than that in noncancerous adjacent
liver tissues (HCC vs Noncancerous liver: 2.46 + 0.67 vs
1.56 +0.69, P < .001, Figure 1A). All 108 HCC patients were
divided into two groups using the median value of miR-106b-
5p levels as a cutoff (2.35, normalized to RNU6B): high
miR-106b-5p expression group (n = 55, 3.00 + 0.45) and
low miR-106b-5p expression group (n =53, 1.92 + 0.35). As
shown in Table 1, HCC patients with advanced TNM stage
more frequently displayed high miR-106b-5p expression

than those with early TNM stage (P = .01). No significant
differences were found in age, sex, serum AFP level, tumor
size, tumor number, histological grade, cirrhosis status, and
hepatitis B infection status between high miR-106b-5p ex-
pression group and low miR-106b-5p expression group (all
P > .05, Table 1).

3.2 | Increased expression of miR-106b-5p
associates with poor prognosis of HCC patients

The detailed clinical information of all 108 HCC pa-
tients was reviewed to evaluate the prognostic impact of
miR-106b-5p expression in HCC patients. Kaplan-Meier
curve analysis and log-rank test demonstrated that HCC
patients with high miR-106b-5p expression had shorter re-
currence-free and overall survivals than those with low
miR-106b-5p expression (for recurrence-free survival and
overall survival: log-rank values 6.896 and 7.286, P = .008
and 0.006, respectively. Figure 1B,C, Table 2). Moreover,
multivariate Cox regression analysis enrolling the significant
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experiments

clinicopathological parameters based on the univariate anal-
ysis identified miR-106b-5p expression as an independent
prognostic factor for recurrence-free survival and over-
all survival of HCC patients (for recurrence-free survival:
Hazard ratio [HR] 5.101, P = .02; for overall survival: HR
7.268, P = .01, Table 3).

3.3 | Increased expression of miR-106b-5p
promotes cell viability and invasion of human
HCC cells

The above evidence show the significant associations of
miR-106b-5p upregulation with aggressive progression and
poor prognosis in HCC patients and prompt us to deter-
mine the oncogenic functions of miR-106b-5p in human
HCC cell lines in vitro. As shown in Figures 2A and 3A,
the expression levels of miR-106b-5p in SMMC7721 and
HepG2 cells transfected with miR-106b-5p-mimics were
dramatically elevated compared with cells transfected with
negative control-mimics (for SMMC7721 cells: P < .001;

Blank-control Mimics-NC Mimics-miR-106b
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Hours
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for HepG2 cells: P = .02). Functionally, the enforced ex-
pression of miR-106b-5p significantly promoted the prolif-
erative activity of both SMMC7721 and HepG?2 cells (both
P = .01, Figures 2B and 3B). In addition, the over-expres-
sion of miR-106b-5p led to a significant increase in cell in-
vasion of SMMC7721 and HepG2 cells (P = .008, Figures
2C and 30).

3.4 | Reduced expression of miR-106b-5p
suppresses cell viability and invasion of human
HCC cells

Following the transfection with miR-106b-5p inhibi-
tor vector (anti-miR-106b), the expression levels of
miR-106b-5p in HepG2 cells were significantly reduced,
when compared with those transfected with anti-NC
(P = .01, Figure 4A). Functionally, the reduced expres-
sion of miR-106b-5p markedly suppressed the prolifera-
tive (P = .03, Figure 4B) and invasive (P = .03, Figure
4C) activities of HepG?2 cells.
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3.5 | RUNXS3 acts as a direct target of
miR-106b-5p in human HCC cells

To elucidate the underlying molecular mechanisms of
miR-106b-5p involved in HCC, we collected the potential
target genes of miR-106b-5p from the experimentally vali-
dated microRNA-targetinteractions database (miRTarBase,
http://mirtarbase.mbc.nctu.edu.tw/php/index.php, Release
7.0: September 15, 2017). We only chose the interactions
between miR-106b-5p and potential targets which were
validated using Luciferase reporter assay. As a result, runt-
related transcription factor 3 (RUNX3), a well-known
tumor suppressor in HCC, was predicted to be a hypothetic
target gene of miR-106b-5p in this malignancy. Then, a pu-
tative binding site for miR-106b-5p was identified in the 3'-
UTR of RUNX3, and luciferase reporter assay was carried
out in HCC cells co-transfected with miR-106b-5p mimics
or miR-NC and RUNX3-WT-3"-UTR or RUNX3-MUT-3'-
UTR (Figure 5A). As shown in Figures 5B and 6A, the en-
forced expression of miR-106b-5p decreased the luciferase

Anti-NC  Anti-miR-106b

activity associated with the RUNX3-WT-3'-UTR (both
P < .01), but did not affect that with the RUNX3-MUT-3’-
UTR based on both SMMC7721 and HepG?2 cells. In addi-
tion, western blot analysis demonstrated that the expression
levels of RUNX3 protein were significantly suppressed in
both SMMC7721 and HepG?2 cells which were transfected
with mimic-miR-106b-5p relative to those transfected with
miR-NC (both P < .01, Figures 5C and 6B), which was
consistent with the findings of the quantitative real-time
reverse transcription PCR analysis (both P < .01, Figures
5D and 6C).

The above data suggest that RUNX3 may a direct target
gene of miR-106b-5p in HCC.

3.6 | RUNXS3 over-expression reverses the
oncogenic effects of miR-106b-5p

To verify whether the oncogenic roles of miR-106b-5p
in HCC are mediated by RUNX3, we performed a series
of rescue experiments by co-transfection of miR-106b-5p
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FIGURE 6 RUNX3 was a direct target gene of miR-106b-5p in HepG2 cell line. A, The enforced expression of miR-106b-5p decreased the
luciferase activity associated with the RUNX3-WT-3-UTR (**P < .01) but did not affect that with the RUNX3-MUT-3"-UTR. B, Western blot
analysis demonstrated that the expression level of RUNX3 protein was significantly suppressed in the HepG2 cells overexpressed miR-106b-5p
relative to those transfected with miR-NC (**P < .01). C, Quantitative real-time reverse transcription PCR analysis demonstrated that the
expression level of RUNX3 mRNA was significantly suppressed in the HepG2 cells overexpressed miR-106b-5p relative to those transfected with
miR-NC (**P < .01)

mimics in SMMC7721 cells together with RUNX3-vec- by the upregulation of miR-106b-5p was recovered by the
tor or NC-vector. Western blot analysis confirmed that co-transfection with RUNX3-vector in SMMC7721 cells
the downregulation of RUNX3 protein expression caused (Figure 7A, P < .01). Moreover, the restored RUNX3



GU ET AL.

6764 .
—I—WI LEY—Cancer Medicine _

A
RUNX3

¢ Mimics-NC+RUNX3-vector

Mimics-NC+NC-vector

GAPDH

25

Mimics-miR-1 06b+RUNX3

$ $ £ £
4o"‘o 4o“\'a 40‘}0 @"‘o
P ' & o
N ) i &
g = 5 &
9 & > N
b & & &
@\C? A & &
& b
N
B —— Mimics-NC+RUNX3-vector ~— Mimics-NC+NC-vector
—— Mimics-miR-106b+RUNX3-vector —— Mimics-miR-106b+NC-vector

OD value (450 nm)

Relative expression of
RUNXS3 protein
(=]
o (5] -

300

250

200
150 ] —
100 J.
. .
0
& S & &
,5~\°° & ,5,&"0 &
& &~ F &
S h N F
N ] N &
& = & &
& & & &
& & N N
@‘0 A & &
W £ S
& W

FIGURE 7 RUNX3 over-expression reverses the oncogenic effects of miR-106b-5p in SMMC7721 cell line. A, Western blot analysis
confirmed that the downregulation of RUNX3 protein expression caused by the upregulation of miR-106b-5p was recovered by the co-transfection
with RUNX3-vector in HSMMC7721 cells (**P < .01). B and C, The restored RUNX3 expression significantly rescued the effects of exogenous
miR-106b-5p on the viability (*P < .05) and invasion (¥*P < .01) of SMMC7721 cells

expression significantly rescued the effects of exogenous
miR-106b-5p on the viability (Figure 7B, P < .05) and
invasion (Figure 6C, P < .01) of SMMC7721 cells. The
similar findings were also verified using HepG2 cells as
shown in Figure 8.

4 | DISCUSSION

Understanding the molecular mechanisms involved into HCC
carcinogenesis and progression may be critical to identify
novel therapeutic targets and improve the clinical outcome
of HCC patients. In this study, we revealed the overexpres-
sion of miR-106b-5p in HCC tissues, which was dramatically
associated with advanced TNM stage, short recurrence-free
and overall survivals. Importantly, miR-106b-5p expres-
sion was an independent predictor of poor prognosis in pa-
tients with HCC. To elucidate the regulatory mechanism

of miR-106b-5p, we identified RUNX3 as its direct target
gene in HCC cells. Functionally, miR-106b-5p upregulation
promoted the viability and invasion of HCC cells, while en-
forced RUNX3 expression reversed the oncogenic effects of
miR-106b-5p overexpression. These findings confirm that
miR-106b-5p may exert its oncogenic roles in HCC, at least
in part, by inhibiting RUNX3.

Growing evidence show that miRNAs may be potential
therapeutic targets for their roles in regulating either onco-
genes or tumor suppressor genes. Recent studies have re-
vealed that miR-106b-5p may play an oncogenic role in
various cancer types by promoting malignant cell viabil-
ity and invasion.'*?* For example, Lu et al'* revealed that
miR-106b-5p could mediate the constitutive activation of
Whnt/B-catenin signaling, and promote renal cell carcinoma
aggressiveness and stem cell-like phenotypes; Wei et al®
indicated that miR-106b-5p overexpression promoted pro-
liferation and inhibited apoptosis by downregulating BTG3
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FIGURE 8 RUNX3 over-expression reverses the oncogenic effects of miR-106b-5p in HepG2 cell line. A, Western blot analysis confirmed

that the downregulation of RUNX3 protein expression caused by the upregulation of miR-106b-5p was recovered by the co-transfection with
RUNX3-vector in HepG2 cells (¥*P < .01). B and C, The restored RUNX3 expression significantly rescued the effects of exogenous miR-106b-5p

on the viability (¥*P < .05) and invasion (¥*P < .01) of HepG2 cells

expression in vitro, as well as xenograft tumor formation in
vivo; Liu et al'® found that miR-106b-5p could boost glioma
tumorigensis by targeting multiple tumor suppressor genes,
including RBL1, RBL2, and CASPS; Yu et al'’ demonstrated
that miR-106b-5p enhanced the sensitivity of nonsmall-cell
lung cancer cell line A549/DDP to cisplatin by targeting the
expression of PKD2. Consistent to these previous studies,
our data here confirmed the upregulation of miR-106b-5p
in HCC tissues compared with noncancerous adjacent liver
tissues, and also demonstrated the significant associations of
miR-106b-5p overexpression with advanced TNM stage, as
well as short recurrence-free and overall survivals. Notably,
the oncogenic roles of miR-106b-5p in promoting cell prolif-
erative and invasive abilities of HCC cells were further ver-
ified in vitro.

miRNAs exert the corresponding functions via regulating
their target genes. To investigate the molecular mechanisms
underlying the oncogenic roles of miR-106b-5p in HCC, we

identified the potential target gene of this miRNA by lucif-
erase reporter assay and western blot analysis. RUNX3 was
identified as one of direct target genes for miR-106b-5p in
HCC cells. RUNX3 function as an important transcription
factor of the TGF-B-mediated signaling pathway. It plays a
tumor suppressive role in various human cancers, including
oral squamous cell carcinoma, laryngeal carcinoma, breast
cancer, lung cancer, HCC, gastric cancer, pancreatic cancer,
and colorectal cancer.’** Notably, Yang et al* indicated
that the upregulation of RUNX3 after miR-106b-5p suppres-
sion implying that RUNX3 might be a tumor-suppressor in
retinoblastoma and a target of miR-106b-5p. Xu et al® also
reported that the loss of RUNX3 expression was correlated
with the upregulation of miR-106b-5p in human laryngeal
carcinoma tissues, and miR-106b promoted the viability and
invasion of laryngeal carcinoma cells by directly targeting
RUNX3. Similarly, our data showed that the downregulation
of RUNX3 might be mediated by miR-106b through binding
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its 3’-UTR. Moreover, we observed that miR-106b promoted
the viability and invasion of HCC cells by directly target-
ing RUNX3, and RUXN3 knockdown might abolish this
phenotype.

In conclusion, our data offer the convincing evidence that
miR-106b-5p may serve as a potent prognostic marker for
tumor recurrence and survival of HCC patients. miR-106b-5p
may exert an oncogenic role in HCC via regulating its target
gene RUNX3.

ACKNOWLEDGMENT

This study is funded by Natural Science Foundation of
Autonomous Region of China (No. 2017D01C306).

CONFLICT OF INTEREST

None.

AUTHOR CONTRIBUTIONS

All authors participated in the design, interpretation of the
studies and analysis of the data and review of the manuscript.
GH, GS, ZX, and ZS conducted the experiments. ZD, LJ, and
HS collected clinical samples. GH and HW wrote the manu-
script and performed data analysis.

ORCID
Hao Gu "= https://orcid.org/0000-0003-1533-695X
REFERENCES

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A.
Global cancer statistics, 2012. CA Cancer J Clin. 2015;65:87-108.

2. Llovet JM, Di Bisceglie AM, Bruix J, et al. Design and endpoints
of clinical trials in hepatocellular carcinoma. J Natl Cancer Inst.
2008;100:698-711.

3. Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet.
2012;379:1245-1255.

4. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and
function. Cell. 2004;116:281-297.

5. Herranz H, Cohen SM. MicroRNAs and gene regulatory networks:
managing the impact of noise in biological systems. Genes Dev.
2010;24:1339-1344.

6. Valencia-Sanchez MA, Liu J, Hannon GJ, et al. Control of transla-
tion and mRNA degradation by miRNAs and siRNAs. Genes Dev.
2006;20:515-524.

7. HeL, Hannon GJ. MicroRNAs: small RNAs with a big role in gene
regulation. Nat Rev Genet. 2004;5:522-531.

8. Torio MV, Croce CM. MicroRNA dysregulation in cancer: diagnos-
tics, monitoring and therapeutics. A comprehensive review. EMBO
Mol Med. 2017;9:852.

9. Esquela-Kerscher A, Slack FJ. Oncomirs - microRNAs with a role
in cancer. Nat Rev Cancer. 2006;6:259-269.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Rupaimoole R, Slack FJ. MicroRNA therapeutics: towards a new
era for the management of cancer and other diseases. Nat Rev Drug
Discov. 2017;16:203-222.

Zhang Y, Guo X, Li Z, et al. A systematic investigation based on
microRNA-mediated gene regulatory network reveals that dysreg-
ulation of microRNA-19a/Cyclin D1 axis confers an oncogenicpo-
tential and a worse prognosis in human hepatocellular carcinoma.
RNA Biol. 2015;12:643-657.

Zhang Y, Guo X, Xiong LU, et al. Comprehensive analysis of
microRNA-regulated protein interaction network reveals the
tumor suppressive role of microRNA-149 in human hepatocellu-
lar carcinoma via targeting AKT-mTOR pathway. Mol Cancer.
2014;13:253.

He L, Thomson JM, Hemann MT, et al. A microRNA polycistron
as a potential human oncogene. Nature. 2005;435:828-833.

LuJ, WeiJH, Feng ZH, et al. miR-106b-5p promotes renal cell car-
cinoma aggressiveness and stem-cell-like phenotype by activating
‘Wnt/B-catenin signalling. Oncotarget. 2017;8:21461-21471.

Wei KE, Pan C, Yao G, et al. miR-106b-5p promotes proliferation
and inhibits apoptosis by regulating BTG3 in non-small cell lung
cancer. Cell Physiol Biochem. 2017;44:1545-1558.

Liu F, Gong J, Huang W, et al. MicroRNA-106b-5p boosts gli-
oma tumorigensis by targeting multiple tumor suppressor genes.
Oncogene. 2014;33:4813-4822.

Yu S, Qin X, Chen T, Zhou L, Xu X, Feng J. MicroRNA-106b-5p
regulates cisplatin chemosensitivity by targeting polycystic kid-
ney disease-2 in non-small-cell lung cancer. Anticancer Drugs.
2017;28:852-860.

Sun W, Lan X, Zhang H, et al. NEAT1_2 functions as a compet-
ing endogenous RNA to regulate ATAD2 expression by sponging
microRNA-106b-5p in papillary thyroid cancer. Cell Death Dis.
2018;9:380.

Dong X, Hu X, Chen J, Hu D, Chen L-F. BRD4 regulates cellular
senescence in gastric cancer cells via E2F/miR-106b/p21 axis. Cell
Death Dis. 2018;9:203.

Xiang W, He J, Huang C, et al. miR-106b-5p targets tumor sup-
pressor gene SETD?2 to inactive its function in clear cell renal cell
carcinoma. Oncotarget. 2015;6:4066-4079.

Shi DM, Bian XY, Qin CD, et al. miR-106b-5p promotes
stem cell-like properties of hepatocellular carcinoma cells by
targeting PTEN via PI3K/Akt pathway. Onco Targets Ther.
2018;11:571-585.

Gu H, Guo X, Zou L, Zhu H, Zhang J. Upregulation of mi-
croRNA-372 associates with tumor progression and prog-
nosis in hepatocellular carcinoma. Mol Cell Biochem.
2013;375:23-30.

Xu N, Shen C, Luo YI, et al. Upregulated miR-130a increases
drug resistance by regulating RUNX3 and Wnt signaling in
cisplatin-treated HCC cell. Biochem Biophys Res Commun.
2012:425:468-472.

Yang Y, Ye Z, Zou Z, Xiao G, Luo G, Yang H. Clinicopathological
significance of RUNX3 gene hypermethylation in hepatocellular
carcinoma. Tumour Biol. 2014;35:10333-10340.

LiJ, Jiang X. Loss of runt-related transcription factor 3 expression
associated with human hepatocellular carcinoma progression and
prognosis. Asian Pac J Cancer Prev. 2011;12:2285-2290.

Gou Y, Zhai F, Zhang L, Cui L. RUNX3 regulates hepatocellular
carcinoma cell metastasis via targeting miR-186/E-cadherin/EMT
pathway. Oncotarget. 2017;8:61475-61486.


https://orcid.org/0000-0003-1533-695X
https://orcid.org/0000-0003-1533-695X

GU ET AL.

. 6767
Cancer Medicine - WI LEYJ—

27.

28.

29.

30.

Kataoka J, Shiraha H, Horiguchi S, et al. Loss of Runt-re-
lated transcription factor 3 induces resistance to 5-fluoro-
uracil and cisplatin in hepatocellular carcinoma. Oncol Rep.
2016;35:2576-2582.

Chen X, Deng Y, Shi YI, et al. Loss of expression rather
than cytoplasmic mislocalization of RUNX3 predicts
worse outcome in non-small cell lung cancer. Oncol Lett.
2018;15:5043-5055.

Yang GE, Fu 'Y, Zhang L, Lu X, Li Q. miR106b regulates retinoblas-
toma Y79 cells through Runx3. Oncol Rep. 2017;38:3039-3043.
Ying XU, Kai W, Wei G, et al. MicroRNA-106b regulates the
tumor suppressor RUNX3 in laryngeal carcinoma cells. FEBS Lett.
2013;587:3166-3174.

SUPPORTING INFORMATION

Additional supporting information may be found online in
the Supporting Information section at the end of the article.

How to cite this article: Gu H, Gu S, Zhang X, et al.
miR-106b-5p promotes aggressive progression of
hepatocellular carcinoma via targeting RUNX3. Cancer
Med. 2019:8:6756-6767. https://doi.org/10.1002/
cam4.2511



https://doi.org/10.1002/cam4.2511
https://doi.org/10.1002/cam4.2511

