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Abstract

Objective Downregulation of miR-17-5p has been reported in several cancers, but whether and how miR-17-5p is down-
regulated in hepatocellular carcinoma (HCC) is unknown. Here, we examined whether miR-17-5p is downregulated in HCC
and whether that affects expression of its target gene encoding transforming growth factor 3 receptor 2 (TGFfR).

Methods We screened for potential microRNAs (miRNAs) involved in HCC by analyzing published transcriptomes from
HCC patients. Expression of miR-17-5p was measured in HCC cell lines and in tissues from HCC patients using quantita-
tive real-time PCR. The in vitro effects of miR-17-5p on HCC cells were assessed by EdU proliferation assay, CCK-8 cell
proliferation assay, colony-formation assay, transwell migration/invasion assay, wound healing assay, and flow cytometry.
Effects of miR-17-5p were evaluated in vivo using mice with subcutaneous tumors. Effects of the miRNA on the epithelial—
mesenchymal transition (EMT) were assessed, while its effects on TGFSR2 expression were analyzed using bioinformatics
and a dual luciferase reporter assay.

Results Patients with low miR-17-5p expression showed lower rates of overall and recurrence-free survival than patients with
high miR-17-5p expression, and multivariate Cox regression identified low miR-17-5p expression as an independent predic-
tor of poor overall survival in HCC patients. In vitro, miR-17-5p significantly inhibited HCC cell proliferation, migration,
invasion, and the EMT, while promoting apoptosis. In vivo, it slowed the development of tumors. These protective effects
of miR-17-5p were associated with downregulation of TGFBR2.

Conclusion The miRNA miR-17-5p can negatively regulate the expression of TGFBR2 and inhibit the EMT, thereby slowing
tumor growth in HCC, suggesting a potential therapeutic approach against HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most preva-
lent cancer and third leading cause of cancer-related mortal-
ity globally. [1] The main risk factors for HCC are chronic

Hao-Tian Liu, Cheng-Piao Luo, and Meng-Jie Jiang contributed infection with hepatitis B virus (HBV) or hepatitis C virus
equally to this work.

4 Ping-Ping Guo 3 Department of Ultrasound, Guangxi Medical University
guopingping @stu.gxmu.edu.cn Cancer Hospital, He Di Rd. #71, Nanning 530021, China

P4 Jian-Hong Zhong 4 Key Laboratory of Early Prevention and Treatment
zhongjianhong @ gxmu.edu.cn for Regional High Frequency Tumors (Guangxi Medical

University), Ministry of Education, Nanning, China
Hepatobiliary Surgery Department, Guangxi 5
Medical University Cancer Hospital, He Di Rd. #71,
Nanning 530021, China

Guangxi Key Laboratory of Early Prevention and Treatment
for Regional High Frequency Tumors, Nanning, China

Department of Pathology, Guangxi Medical University
Cancer Hospital, Nanning, China

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12094-023-03164-y&domain=pdf
http://orcid.org/0000-0002-1494-6396

Clinical and Translational Oncology (2023) 25:2960-2971

2961

(HCV) [2]. Because early symptoms of this disease are
generally nonspecific, the majority of HCC patients are not
diagnosed until a fairly advanced stage of the disease. [3]
While there have been several therapeutic advances in recent
years, especially immunotherapy, HCC patients still have
generally poor clinical outcomes, and the 5-year survival
rate is below 40%. [4] Thus, greater mechanistic insights into
this disease are needed in order to develop better strategies
to diagnose, treat, and even prevent the disease.

Numerous tumor suppressor genes and oncogenes have
been shown to control the development of HCC [5, 6].
Among these genes are those encoding microRNAs (miR-
NAs), which are evolutionarily conserved, short, noncoding
regulatory RNAs 20-24 nucleotides long [7, 8]. MicroR-
NAs suppress target gene expression by binding to specific
sequences in the 3'-untranslated region (3’-UTR) of the
mRNA, thereby disrupting its translation and/or promot-
ing its degradation [9, 10]. While miRNAs always suppress
their target genes, the result can be promotion or suppres-
sion of tumor development depending on function of the
target gene [11, 12]. The dysregulation of normal miRNA
expression has been closely linked to a number of processes
vital to cancer progression, including proliferation, survival,
angiogenesis, metastasis, and the epithelial-mesenchymal
transition (EMT). [13-15]

Several studies have highlighted the potential miR-17-5p
expression as a robust diagnostic and prognostic biomarker
in gastric [16], pancreatic [17], breast [18], colon [19], and
hematological cancers [20]. In previous work, we found that
miR-17-5p may play a tumor suppressive role in HCC [21].
Therefore, in the present study, we aimed to evaluate the
expression and functional relevance of miR-17-5p in HCC in
order to determine whether it might be a prognostic marker
and/or therapeutic target in this cancer.

The microRNA miR-17-5p has been shown to regulate
TIMP2 [22], HSPB2, [23], and cyclin D1 [24] in various
types of cancers. Bioinformatics predicts that it also binds to
the 3’-UTR in the gene encoding transforming growth factor
p receptor 2 (TGFBR2). [25, 26] This receptor recognizes
cytokines that regulate proliferation, differentiation, adhe-
sion, migration, and other functions in multiple cell types
[27-29]. Whether miR-17-5p regulates TGFPR2 expression
in HCC is unknown.

Here we explored whether miR-17-5p is downregulated
in HCC and, if so, whether it affects tumor progression
through TGFPR2. We also examined whether the miR-
17-5p/TGFPR?2 axis affects survival of HCC patients.

Materials and methods
Clinical samples

This study analyzed 74 pairs of human HCC tumor and cor-
responding adjacent tissues (para-cancerous tissues) that
had been obtained from patients undergoing hepatectomy
at Guangxi Medical University Affiliated Tumor Hospital
(Nanning, China) between 5 January 2016 and 20 July 2020.
After collection, all samples were stored at — 80 °C. Sam-
ples were included only if patients had pathology-confirmed
HCC and if they had not received chemotherapy or radio-
therapy before surgery.

This analysis of patient samples was approved by the Insti-
tutional Ethics Committee of the Guangxi Medical University
Cancer Hospital (KY2020102), which waived the requirement
for informed consent because patients, at the time of treatment,
consented for their anonymized medical data to be analyzed
and published for research purposes.

Cell culture and miR-17-5p transfection

MIHA human normal hepatocytes and six HCC cell lines
(HepG2, Hep3B, Huh-7, PLC, 97H, and LM3) were obtained
from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). The HCC cell lines HepG2, Hep3B, Huh-
7, 97H, and LM3 were grown in Dulbecco's modified Eagle
medium (DMEM; Gibco, Waltham, MA, USA) containing
10% fetal bovine serum (FBS; Biological Industries, Kibbutz
Beth Haemek, Israel) and 1% penicillin—streptomycin (Gibco).
MIHA and PLC lines were grown in Roswell Park Memorial
Institute (RPMI) 1640 (Gibco) containing 10% FBS (Biologi-
cal Industries) and 1% penicillin—streptomycin (Gibco). Cells
were cultured in humidified incubators at 37 °C in an atmos-
phere of 5% CO,.

Lentiviral plasmids encoding a miR-17-5p mimic (Lv-hsa-
miR-17-5p mimic) or inhibitor (Lv-miR-17-5p-inhibitor), as
well as negative controls for the mimic (Lv-mimic-NC) and
inhibitor (Lv-inhibitor-NC), were synthesized by Genechem
(Shanghai, China). Cells were cultured in 6-well plates (6 x 10*
cells/well) for 24 h, then transfected for 12 h with lentiviral
plasmids using transfection reagent (Genechem). Stably
transfected cell lines were selected using 2 pg/mL puromycin
(Solarbio, Beijing, China), and expression of miR-17-5p was
checked using quantitative real-time PCR (see below).

Assessment of miRNA expression
Trizol (Invitrogen, Waltham, MA, USA) was used to extract
total cellular RNA according to the manufacturer’s instruc-

tions. RNA (1 pg/pL) was used to prepare cDNA with the
Mir-X miRNA First-Strand Synthesis Kit (Takara, Dalian,
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Table 1 Primers used in real-time quantitative PCR

Gene name  Primer sequence

miR-17-5p 5'-CAAAGUGCUUACAGUGCAGGUAG- 3'
U6 Forward: 5'-GGAACGATACAGAGAAGATTAGC-3'
Reverse: 5'"-TGGAACGCTTCACGAATTTGCG-3'

TGFpR2 Forward: 5" TTCTTCATGTGTTCCTGTAGCT-3'
Reverse: 5" TGACTAGCAACAAGTCAGGATT-3’
P-actin Forward: 5'-AAGGCCAACCGCGAGAA-3'

Reverse: 5'-ATGGGGGAGGGCATACC-3’

China) according to the manufacturer’s instructions. Quan-
titative PCR was performed using TB Green® Premix
Ex Taq™ II (Tli RNaseH Plus, Takara) and the primers
(Shangon Biotech, Shanghai, China) in Table 1, in the
QuantStudio 5 real-time PCR detection system (Thermo
Fisher, Waltham, MA, USA). Levels of miRNAs were cal-
culated using the 2722 method relative to levels of U6 as
an internal control.

Assessment of protein expression by western
blotting

Samples were lysed in radio-immunoprecipitation assay
(RIPA) buffer (Solarbio) and centrifuged. The supernatant
was fractionated using 10% sodium dodecyl sulfate—poly-
acrylamide gel electrophoresis (Beyotime) and transferred
onto polyvinylidene difluoride membranes (Millipore, San
Diego, CA, USA). Blots were blocked using 5% bovine
serum albumin (Beyotime) at 25 °C for 2 h, followed by
incubation for 16 h at 4 °C with rabbit polyclonal antibod-
ies against TGFPR2, E-cadherin, N-cadherin, Vimentin, or
B-actin (1:1000; Cell Signaling Technology, MA, USA).
Immunoblots were washed three times in Tris-buffered
saline containing Tween-20 (TBST) and incubated with
horseradish peroxidase-conjugated goat anti-rabbit IgG
H&L (1:1,000; Beyotime). Antibody binding was visual-
ized using an enhanced chemiluminescence detection kit
(Beyotime).

Assessment of cell proliferation

Cell proliferation was assessed using a 5-ethynyl-2-deoxyu-
ridine (EdU) assay kit (Beyotime). Briefly, cells were seeded
in a 96-well plate (1 X 10* cells/well) and cultured for 24 h
in DMEM (Gibco) medium containing 10% FBS (Biologi-
cal Industries) and 1% penicillin—streptomycin (Gibco). On
the following day, cells were incubated with 10 pM EdU
solution for 2 h at 37 °C, fixed in 4% paraformaldehyde
(Solarbio) for 15 min at 25 ‘C, permeabilized in 0.3% Triton
X-100 for 10 min at 25 °C, and finally washed in phosphate-
buffered saline (PBS; Solarbio) and stained in 100 pL Click
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reaction solution (Beyotime) in the dark for 30 min at 25 °C.
Nuclei were counter-stained by incubating cells in 100 pL
Hoechst 33,342 in the dark for 10 min at 25 °C. Images were
captured under a fluorescence microscope (Thermo Fisher).

Cell proliferation and viability assay

Cell proliferation and viability were assessed using the
Cell Counting Kit-8 (CCK-8) kit (Dojindo, Tokyo, Japan).
Briefly, cells were seeded in a 96-well plate (2 x 10° cells/
well) and incubated for 24 h. Then cells were stained in
10 pL. CCK-8 solution at 24, 48, 72, or 96 h. Absorbance
was measured at 450 nm using a microplate reader (Thermo
Fisher).

Colony formation assay

Cells were seeded in 6-well plates (1 X 103 cells/well) and
cultured in DMEM containing 10% FBS for 14 days, when
cell colonies were visible. Colonies were fixed in 4% para-
formaldehyde solution (Solarbio), stained in 0.1% crystal
violet solution (Solarbio) and counted under a microscope
(Olympus, Tokyo, Japan).

Wound healing assay

Cell migration was assessed using a wound healing assay.
Briefly, cells were seeded in 6-well plates (5x 10° cells/
well) and cultured until 90% confluence in DMEM contain-
ing 10% FBS and 1% penicillin—streptomycin, then a 200
pL pipette tip was used to scratch across the cell monolayer.
The wounded monolayer was washed with PBS to remove
detached cells, then cultured in fresh DMEM containing
10% FBS and 1% penicillin—streptomycin. Monolayers were
imaged immediately after washing (0 h) and 24 h later using
an inverted microscope (Olympus). Wound width was meas-
ured using ImagelJ (version 1.8.0, https://imagej.net/), and
expressed as a percentage of the width at O h.

Transwell migration assay

The transwell migration assay was carried out to assess the
migratory ability of tumor cells. Briefly, cells were seeded in
the upper chamber of 24-well transwell chambers (Millipore,
San Diego, CA, USA) in serum-free DMEM (1 X 10° cells/
well, 200 uL), then 500 pL. DMEM supplemented with 20%
FBS was added to the lower chamber as a chemoattractant,
and cultures were incubated at 37 ‘C. After 24 h of incuba-
tion, cells remaining in the upper layer of the chamber were
removed with a cotton swab. Cells that migrated over the
outer surface of the chamber of the insert were washed in
PBS, fixed in 4% paraformaldehyde solution (Solarbio), and
stained in 0.1% crystal violet solution (Solarbio) for 30 min.
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Fig. 1 Expression of miR-17-5p and its association with prognosis in
hepatocellular carcinoma (HCC). A Expression levels of miR-17-5p
in normal hepatocytes and HCC cell lines. The expression of miR-
17-5p was assessed by real-time quantitative PCR. B Expression

Finally, the number of migrated cells was counted under a
light microscope (Olympus) at 100X magnification.

Transwell invasion assay

To assess tumor cell invasion, the invasion chamber of
24 well transwell chambers (Millipore) was loaded with
50 pL of Matrigel (Corning, Corning, NY, USA) and incu-
bated for 2 h at 37 °C. Cells were added to the upper cham-
ber in serum-free DMEM (1 x 10 cells/well, 200 uL), then
500 pL DMEM supplemented with 20% FBS was added
to the lower chamber as a chemoattractant, and cultures
were incubated for 24 h at 37 °C. Then cells remaining in
the upper layer of the chamber were removed with a cotton
swab. Cells that invaded the outer surface of the chamber of
the culture insert were washed, fixed in 4% paraformalde-
hyde solution (Solarbio), and stained in 0.1% crystal violet
(Solarbio) for 30 min. Finally, the number of invasive cells
was counted under a light microscope (Olympus) at 100X
magnification.
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of miR-17-5p in 74 pairs of HCC tissues (HCC) and normal para-
cancerous tissues (PC). C Kaplan—-Meier curves of overall survival
of HCC patients after hepatectomy. Data are mean+SD. *p <0.05,
**p<0.01, #*p <0.001

Assessment of apoptosis

Cells were processed using the Annexin V-APC/7-AAD
kit (Multisciences Biotech, Hangzhou, China) as recom-
mended by the manufacturer, then analyzed by flow cytom-
etry (Beckman, Brea, CA, USA).

Animal experiments

Female BALB/c nude mice (4 weeks old) were purchased
from the Animal Center of Guangxi Medical University
and used for in vivo subcutaneous tumorigenesis experi-
ments. All animal procedures were approved by the Animal
Use and Care Committee of Guangxi Medical University
(202,103,043).

LM3 cells (3 x 10°) that had been transfected with Lv-
hsa-miR-17-5p mimic, Lv-mimic-NC, Lv-inhibitor-NC, or
Lv-miR-17-5p-inhibitor were suspended in 200 uL. PBS,
then injected subcutaneously into the right flank of the
mice. Animals were randomly divided into four groups (5
mice/group): miR-17-5p mimic, mimic-NC, inhibitor, and
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Table 2 Baseline clinicopathological characteristics of patients with
HCC, stratified by miR-17-5p expression

Characteristic miR-17-5p expression level P
Low (n=37)  High (n=37)

Sex 0.496
Male 31(83.8) 33 (89.2)
Female 6 (16.2) 4(10.8)

Age (years) 0.619
>60 13 (35.1) 11 (29.7)
<60 24 (64.9) 26 (70.3)

HBsAg 0.454
Positive 34 (91.9) 32 (86.5)
Negative 3(8.1) 5(13.5)

HBV DNA (IU/mL)(copies/mL) 0.642
>1000 18 (48.6) 20 (54.1)
<1000 19 (51.4) 17 (45.9)

AFP (ng/L) 0.816
>400 18 (48.6) 19 (51.4)
<400 19 (51.4) 18 (48.6)

Edmondson Steiner grade 0.034
1-2 26 (70.3) 17 (45.9)
34 11 (29.7) 20 (54.1)

Liver cirrhosis 0.043
Present 33(89.2) 26 (70.3)
Absent 4 (10.8) 11 (29.7)

Albumin (g/L) 0.528
>35 32 (86.5) 30 (81.1)
<35 5(13.5) 7 (18.9)

ALT (IU/L) 0.641
>40 16 (43.2) 18 (48.6)
<40 21 (56.8) 19 (51.4)

AST (IU/L) 0.351
>40 22 (59.5) 18 (48.6)
<40 15 (40.5) 19 (51.4)

Microvascular invasion 0.020
Present 25 (67.6) 15 (40.5)
Absent 12 (32.4) 22 (59.5)

BCLC stage 0.020
0/A 13 (35.1) 23 (62.2)
B/C 24 (64.9) 14 (37.8)

Tumor number 0.090
>2 11(29.7) 5(13.5)
1 26 (70.3) 32 (86.5)

Tumor size (cm) 0.454
>3 34 (91.9) 32 (86.5)
<3 3(8.1) 5(13.5)

Tumor capsule 0.005
No 24 (64.9) 34 (91.9)
Yes 13 (35.1) 3(8.1)

Values are n (%), unless otherwise noted. Significant differences
(p <0.05) are indicated in boldface. Patients were assigned to low or
high expression groups based on the median expression value calcu-
lated across all patients

AFP alpha fetoprotein, ALT alanine aminotransferase, AST aspartate
aminotransferase, BCLC Barcelona Clinic liver cancer, HBsAg hepati-
tis B virus surface antigen, HBV hepatitis B virus
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inhibitor-NC. Every 4 days, tumor length and width were
measured with a Vernier caliper and used to determine
tumor volume according to the formula:

(length x width?)
Volume = —

Animals were euthanized after 4 weeks.

Dual luciferase reporter assay

The 3'-UTR sequence of TGFBR2 containing a wild-type
(WT) or mutated (MUT)-binding site for miR-17-5p was
constructed by HanbioLab (Shanghai, China) and cloned
into their PGL-3 luciferase reporter vector. HEK-293 T cells
were incubated for 24 h in 24-well plates, then co-transfected
with either the h-TGFBR2-3UTR-WT or h-TGFpR2-3UTR-
MUT reporter plasmid, together with either the miR-17-5p
mimic or miR-17-5p NC plasmid. Transfections were car-
ried out using Lipofectamine 3000 (Invitrogen). Firefly
and Renilla luciferase activities were evaluated using the
Dual-Luciferase Assay (Promega, Madison, WI, USA). The
activity of firefly luciferase was normalized to that of the
Renilla enzyme.

Bioinformatics analysis

We predicted mRNA targets of miR-17-5p using StarBase
(version 2.0, https://starbase.sysu.edu.cn/), miRDB (https://
mirdb.org/) and TargetScan (https://www.targetscan.org/
vert_80/).

Statistical analysis

All statistical analyses were performed in SPSS 23.0 IBM,
Armonk, NY, USA) and GraphPad Prism version 5.0
(GraphPad, La Jolla, CA, USA). Results were presented as
mean + standard deviation (SD). Differences between two
groups were assessed for significance using Student’s inde-
pendent ¢ test, while differences among three or more groups
were assessed using one-way analysis of variance (ANOVA).
Kaplan—Meier curves were generated to analyze the relation-
ship between expression of miR-17-5p and 5-year overall
survival (OS) or tumor-free survival of HCC patients. Dif-
ferences in curves were assessed for significance using the
log-rank test. Cox analysis was used to identify prognostic
factors affecting overall survival of HCC patients. Levels of
statistical significance were defined as *p <0.05, **p <0.01,
and ***¥p <0.001.
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Ta.bI.e 3 Associfltion betwecl? Variable Univariate Multivariate
clinicopathological prognostic
factors and overall survival HR 95% CI p value HR 95% CI p value
Sex 1.433 0.433-4.738 0.555
Age 0.696 0.308-1.576 0.384
HBV DNA level 1.544 0.737-3.234 0.249
HBsAg 1.959 0.466-8.247 0.359
Edmondson Steiner grade 1.989 0.903-4.378 0.088
AFP 1.430 0.687-2.977 0.340
Liver cirrhosis 1.606 0.558-4.624 0.380
Albumin 1.624 0.491-5.369 0.427
AST 1.066 0.512-2.217 0.864
ALT 1.230 0.591-2.560 0.581
Tumor size 1.197 0.362-3.961 0.769
Tumor number 1.152 0.492-2.699 0.744
Microvascular invasion 1.660 0.783-3.515 0.186
BCLC stage 2.044 0.964-4.332 0.062
Tumor capsule 0.348 0.164-0.737 0.006 0.464 0.214-1.006 0.052
miR-17-5p expression 0.284 0.125-0.643 0.003 0.334 0.144-0.776 0.011

ALT alanine aminotransferase, AST aspartate aminotransferase, CI confidence interval, HBsAg hepatitis B
virus surface antigen, HBV hepatitis B virus, HR hazard ratio

Significant differences (p < 0.05) are indicated in boldface

Results

HCCis associated with miR-17-5p downregulation,
and lower levels of this miRNA are associated
with worse survival of patients

We detected the expression of miR-17-5p in normal hepatic
epithelial cells (MIHA) and HCC cell lines (HepG2, Hep3B,
Huh-7, PLC, 97H, and LM3) using RT-PCR. Compared with
MIHA, miR-17-5p was significantly downregulated in all 6
HCC cell lines (Fig. 1A). Among HCC cell lines, the highest
expression was observed in Hep3B cells and the lowest in
LM3 cells. Analysis of matched tumor and para-cancerous
tissues from HCC patients at our hospital confirmed miR-
17-5p to be downregulated in the disease (Fig. 1B). In fact,
the level of miR-17-5p was significantly associated with
Edmondson grade 3—4, liver cirrhosis, microvascular inva-
sion, Barcelona B/C stage, and incomplete tumor capsule in
HCC patients (Table 2).

Based on median miR-17-5p expression in our sample
of 74 patients, 37 (50%) were categorized as showing low
expression and 37 as showing high expression. In both
univariate and multivariate analyses, a low level of miR-
17-5p expression was independently associated with lower
OS in patients with HCC after hepatectomy (Table 3).

Kaplan—Meier survival analysis confirmed that patients
expressing lower levels of miR-17-5p had worse OS than
those expressing higher levels (Fig. 1C).

These results from cell lines and patients suggest that
miR-17-5p is downregulated in HCC, and that lower levels
of the miRNA are associated with worse prognosis.

miR-17-5p inhibits the proliferation, migration
and invasion of HCC cells, while promoting
apoptosis

We next explored the biological role(s) of miR-17-5p in
HCC by expressing miR-17-5p mimic, mimic-NC, miR-
17-5p inhibitor, or inhibitor-NC in Hep3B and LM3 cell
lines (Fig. 2A). Overexpressing miR-17-5p impaired pro-
liferation of both cell lines, while inhibiting miR-17-5p led
to the opposite effects (Fig. 2B). Consistently, miR-17-5p
overexpression significantly impaired migration (Fig. 2C)
and invasion (Fig. 2D) of both cell lines, while inhibiting
miR-17-5p led to the opposite effects. Overexpression of
miR-17-5p also promoted the apoptosis of both cell lines
(Fig. 2E), while the opposite was observed after inhibition of
miR-17-5p. These findings suggest that miR-17-5p functions
as a tumor suppressor in HCC cells.
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transfected cells, as measured in wound healing assays (magnifica-
tion, 100x) and transwell migration assays (magnification, 200X). D
Invasion ability of stably transfected HCC cells assessed by transwell
invasion assay. Magnification, 200x. (E) Proportion of apoptotic cells
in stably transfected HCC cells. *p <0.05, **p <0.01, ***p <0.001
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miR-17-5p overexpression inhibits HCC tumor
development in vivo

To verify whether miR-17-5p exerts anti-tumorigenic effects
in vivo, we established a xenograft model in BALB/c nude
mice by subcutaneously injecting stably transfected LM3
cells. Increased miR-17-5p expression suppressed tumori-
genesis, whereas reduced miR-17-5p expression promoted
tumor proliferation, based on tumor volume and weight
(Fig. 3). The opposite effects were observed when mice were
transfected with miR-17-5p inhibitors. These results in vivo
are consistent with those obtained in vitro, indicating that
miR-17-5p overexpression inhibits HCC tumor development.

miR-17-5p regulates expression of TGFBR2

To identify what downstream target genes of miR-17-5p
might mediate its observed tumor suppressor activity, we uti-
lized the miRDB, starbase, and TargetScan databases to pre-
dict potential target genes, and the gene encoding TGFR2
emerged (Fig. 4A). Indeed, HCC cells expressing low levels

of miR-17-5p showed upregulation of TGFPR2 (Fig. 4B).
Consistently, TGFPR2 was expressed at significantly higher
levels in HCC tumor tissue than in normal para-cancerous
tissue from patients (Fig. 4C), and levels of TGFPR2 in HCC
tissue samples showed a moderate negative correlation with
levels of miRNA-17-5p expression (r=0.5093, p=0.0041;
Fig. 4D). Overexpression of miR-17-5p in HCC downregu-
lated TGFPBR2 at the mRNA and protein levels, with miR-
17-5p inhibition causing the opposite effects (Fig. 4E).

We verified that miR-17-5p targets the 3'-UTR of
TGFPR2 mRNA by showing in a dual luciferase reporter
assay that miR-17-5p mimic decreased the activity of lucif-
erase encoded in mRNA carrying the wild-type, but not
mutated, 3'-UTR of the TGFpR2 gene (Fig. 4F).

miR-17-5p inhibits the EMT by downregulating
TGFBR2

TGF-, which binds to TGFBR2, activates the EMT to pro-
mote various types of cancer [41]. Therefore, we examined
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whether miR-17-5p may influence the EMT in HCC via
TGFPR2. Overexpression miR-17-5p markedly downregu-
lated TGFPR2, vimentin, and N-cadherin while upregulat-
ing E-cadherin, indicating suppression of the EMT (Fig. 5).
Knockdown of miR-17-5p had the opposite effects. These
results strongly suggest that miR-17-5p suppresses the
growth and metastasis of HCC cells by preventing TGFR2
from activating the EMT.

Discussion

The identification of molecular pathways governing the
development and progression of HCC can improve disease
prevention, diagnosis, and treatment [30, 31]. Our experi-
ments in HCC cell lines, patient samples and a mouse model
suggest that HCC involves downregulation of miR-17-5p,
which in turn leads to upregulation of TGFBR2, which
stimulates the EMT, thereby driving tumor growth and

metastasis. In this way, miR-17-5p appears to act as a tumor
suppressor in HCC.

Our results add to the miRNAs whose dysregulation
contributes to HCC. Another miRNA, miR-155-5p, pro-
motes proliferation of HCC cells by activating the Wnt/p-
Catenin signaling pathway [32]. Liu et al. reported that
miR-103a promotes glycolytic metabolism and inhibits
apoptosis of HCC cells by downregulating ATP11A and
EIF5 [33]. Conversely, miR-199a downregulates HK2 and
PKM2 to suppress proliferation of HCC cells [34]. All
these miRNAs may be useful to pursue as biomarkers for
diagnosing HCC and as targets for treating it.

Nevertheless, the limitations of this study should be
acknowledged. Despite the significant downregulation of
miR-17-5p characterized here in HCC along with previ-
ous reports among several types of cancers [35, 36], some
studies have also reported that it can enhance the prolifera-
tion and metastasis of HCC [37] and non-small cell lung
cancer [38]. Furthermore, Lou et al. found that the expres-
sion and the distribution of U6 exhibit a high degree of
variability in HCC [39]. At present, the molecular mecha-
nisms of HCC development are still not clearly revealed,
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and more explorations are needed to detect upstream or
downstream effectors of miR-17-5p in HCC progression.

The EMT is a key stage in tumor progression in which
epithelial cells undergo morphological and functional
shifts toward a more motile, mesenchymal-like phenotype,
thereby driving tumor metastasis [40, 41]. TGFBR2 can
respond to signals from proximal stromal cells and tumor
cells to drive the EMT. As a result, aberrant expression
of TGFBR2 is associated with oncogenic activation of the
EMT, the cell cycle, and tumor cell survival [42-44]. Our
results illustrate how miR-17-5p helps keep such aberrant
TGFp signaling in check, thereby inhibiting cancer pro-
gression. Thus, the miR-17-5p/TGFBR2/EMT axis may be
a potential therapeutic target in HCC.
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