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Patients and methods: miR-944@Kpres
by RT-gPCR. A series of functi

on the malignant phenoty

0 and in vivo. More importantly, the
associated mechanisms u ity of miR-944 in HCC cells were investigated

ays, RT-qPCR, and western blot analysis.

correlation between its downregulation and malignant
ndson-Steiner grade, TNM stage, and venous infiltration.
predicted poorer overall survival rate and disease-free survival rate
nctionally, exogenous miR-944 expression attenuated cell prolifera-

tastasis, and epithelial-mesenchymal transition and increased apop-

1CC, wher
AR -944 expression hindered HCC tumor growth in vivo. Mechanistically, insulin-

as miR-944 knockdown produced the opposite results. In addition,

at least partially responsible for the effects of miR-944 on the malignant phenotypes of HCC
cells. In addition, the PI3K/Akt pathway was notably deactivated, both in vitro and in vivo,
upon miR-944 upregulation.

Conclusion: This study provides the first evidence that miR-944 directly targets IGF-1R and
inhibits the aggressiveness of HCC, in vitro and in vivo, by decreasing PI3K/Akt signaling.
Hence, targeting miR-944 may open a new avenue for the treatment of patients with HCC.
Keywords: hepatocellular carcinoma, microRNA-944, insulin-like growth factor 1 receptor,

PI3K/Akt pathway, epithelial-mesenchymal transition

Introduction

Hepatocellular carcinoma (HCC) is one of the most common primary liver malignan-
cies and ranks as the third leading cause of cancer-associated deaths globally." The
morbidity of HCC is continuing to grow and causes a heavy healthcare-related
economic burden in developing countries, including China.> In recent years, there
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have been remarkable developments in therapeutic strategies
to combat this disease, including surgical resection, radio-
frequency ablation, liver transplantation, and radioche-
motherapy, but the clinical outcomes of patients with HCC
are still dissatisfying due to frequent intrahepatic spread and
extrahepatic metastasis.’ The other major reason for the poor
prognosis of patients with HCC is that the etiology and exact
mechanisms underlying hepatocarcinogenesis are not fully
understood.*> Therefore, uncovering the complex molecular
mechanisms responsible for the pathogenesis of HCC is
urgently needed to enable the discovery of novel biomarkers
for diagnosis and prognosis and to identify promising ther-
apeutic targets for patients with HCC.

microRNAs (miRNAs) are single-stranded, non-coding,
short RNA molecules measuring approximately 17-23
length® miRNAs are able to
post-transcriptionally modulate gene expression by promoting

nucleotides  in

mRNA degradation and inducing translational inhibition by
within  the
3'-untranslated regions (3'-UTRs) of their target genes.’
More than 1,500 mature miRNAs have been identified in the
human genome and these miRNAs regulate approximately

directly binding to complementary sites

one third of all human protein-coding genes.® Increasing evi-
dence indicates that a variety of miRNAs are aberral
expressed in HCC. For example, miR-34a,” miR-506,'" an\
miR-645"" are downregulated in HCC, whereas

treatment.

Recently, miR-944
suppressing'®'® and
on the type of hugg
tions indicate
tissue-spec
ecise functions of miR-944 in HCC are
e, we attempted to determine the expres-
al value of miR-944 in HCC. The

detailed roles of miR-944 in the malignant development of

significance, 4
not yet known.
sion pattern and clt

HCC and the associated mechanisms were also examined.

Material and methods

Patients and tissue specimens
HCC and adjacent normal tissues (ANTs) were obtained
from 61 patients with HCC who underwent surgical

resection at The Second Hospital of Jilin University.
None of these patients received radiofrequency ablation,
radiotherapy, or chemotherapy before surgery. Tumor
stage was classified according to the TNM classification
system advocated by the International Union against
Cancer and was followed up until June 2018.

Tissues were collected from the 61 patients, frozen in
liquid nitrogen, and then stored at —80 °C for further
analyses. The present study was approved by the Ethics
Committee of The Second Hospital of Jilin University and
was performed in accordance with thcealmeal standards of
the Declaration of Helsinki. In adg

consent was provided by all pat

g informed

Cell culture
The immortalized

and 100 Mg/mL streptomycin (all from Gibco;
ish cientific, Inc., Waltham, MA, USA) at
in an incubator containing 5% CO,.

ell transfection assays

iR-944 mimics, a miR-944 inhibitor, negative control
miRNA mimics (miR-NC), and a negative control miRNA
inhibitor (NC inhibitor) were provided by Shanghai
GenePharma Co., Ltd. (Shanghai, China). A small interfering
RNA (siRNA) used to knockdown IGF-1R expression
(si-IGF-1R) and a control siRNA (si-ctrl) were chemically
synthesized by Guangzhou RiboBio Co., Ltd. (Guangzhou,
China).

The pcDNA3.1-IGF-IR (pc-IGF-1R) plasmid was
employed to increase the expression of IGF-1R and an
empty pcDNA3.1 plasmid was used as a control. Plasmids
were chemically synthesized by the Chinese Academy of
Sciences (Changchun, China).

For transfection, cells were plated into 6-well plates.
Transfection was performed when the cells had grown to
approximately 60-70% density. Lipofectamine™ 2000
(Invitrogen; Thermo Fisher Scientific) was used for
transfections and assays were performed according to
the product specifications. After 8 h of culture, culture
medium was replaced with fresh DMEM containing
10% FBS.
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Reverse transcription-quantitative
polymerase chain reaction (RT-qPCR)

TRIzol reagent (Invitrogen) was used to extract total RNA,
following the manufacturer’s recommendations. The concen-
tration of isolated RNA was evaluated using a Nanodrop-ND
-1000 (Thermo Fisher Scientific, Inc.). To quantify miRNA
expression, cDNA was prepared from total RNA using the
miScript Reverse Transcription Kit (Qiagen GmbH, Hilden,
Germany). Thereafter, the amplification of cDNA was per-
formed using the miScript SYBR Green PCR Kit (Qiagen
GmbH). Alternatively, reverse transcription was performed
using the TagMan RT reagent (Applied Biosystems; Thermo
Fisher Scientific, Inc.), followed by qPCR using the
SYBR®-Green PCR Master Mix Kit (Applied Biosystems;
Thermo Fisher Scientific, Inc.). U6 snRNA and GAPDH
were used as controls for quantitating miR-944 and IGF-1R
expression, respectively. Each assay was performed in tripli-
cate and relative gene expression was calculated using the
2744 method.

Cell Counting Kit-8 (CCK-8) and clone

formation assays
For CCK-8 assays, transfected cells were collect
inoculated into 96-well plates (2,000 cells/well).
group had three repeated wells. After 0, 1,

with 4% parafo
violet. The p

Apoptosis &
Apoptosis was determined using an Annexin V-Fluorescein
Isothiocyanate (FITC) Apoptosis Detection Kit (Biolegend,
San Diego, CA, USA). Transfected cells were detached with
trypsin (Gibco) and washed twice with ice-cold PBS at 4 °C.
After centrifugation, cells were resuspended in 100 pL of
1X binding buffer and double-stained with 5 pL. Annexin
V-FITC and 5 pL propidium iodide. Following 20 min of
incubation in the dark at room temperature, apoptosis rate

was measured using a flow cytometer (FACScan™, BD
Biosciences, Franklin Lakes, NJ, USA).

Cell migration and invasion assays

After incubation for 48 h, 5x10* transfected cells suspended
in FBS-free DMEM were placed into the upper compart-
ments of 8-um pore size Corning Transwell chambers
(Corning Inc., Corning, NY, USA). A total of 600 pL of
DMEM supplemented with 10% FBS was added to the lower
chambers as a chemoattractant. Following 24 h of incubation
at 37 °C, migrated cells were fixg

4% paraformalde-

mor xdograft model

i periments were approved by the Animal Care
se Committee of The Second Hospital of Jilin
sity and were performed in accordance with the
Animal Protection Law of the People’s Republic of China-
2009 for experimental animals. miR-944 mimics- or miR-NC
-transfected cells were harvested and injected subcutaneously
into the dorsal right flank of 6 week-old BALB/c nude mice
(Shanghai SLAC Laboratory Animal Co. Ltd., Shanghai,
China). Tumor xenografts were measured every 3d and
their volume was calculated using the equation: volume =

length x (width)*/2. On day 28, nude mice were sacrificed
and tumor xenografts were resected and weighed. Total RNA
and protein was also isolated from tumor xenografts and used
for RT-qPCR and western blotting analysis, respectively.

Target prediction and luciferase reporter

assays

TargetScan (http://www.targetscan.org/), miRDB (http://
mirdb.org/) and MiRanda (http://www.microrna.org) were
used for target prediction.

A fragment of the /GF-IR 3'-UTR, containing the
wild-type (wt) miR-944 target site, was amplified by
Shanghai GenePharma Co., Ltd. The binding sequences
in the 3’-UTR of IGF-1IR were mutated, and the /GF-IR
3’'-UTR wt and mutant (mut) fragments were inserted into
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the pmirGLO luciferase reporter plasmid (Promega,
Madison, WI, USA). Cells were plated in triplicate in
24-well plates and allowed to settle for 12 h. The chemi-
cally synthesized luciferase reporter plasmids, along with
miR-944 mimics or miR-944 inhibitor, were co-transected
into cells, according to the Lipofectamine™ 2000 reagent
detected 48h
post-transfection using a Dual-Luciferase Reporter Assay

protocol. Luciferase activity —was
System (Promega). Renilla luciferase activity was used for

normalization.

Protein extraction and western blotting
analysis

Homogenized tissues or cells were lysed with an active protein
extraction kit (KGP1050; Nanjing KeyGen Biotech Co., Ltd.,
Nanjing, China) containing protease inhibitor and protein was
quantified using a BCA Protein Assay Kit (Beyotime Institute
of Biotechnology). Equal amounts of protein were electro-
phoresed on 10% sodium dodecyl sulfate-polyacrylamide
gels and then transferred onto polyvinylidene fluoride
(PVDF) membranes. Membranes were blocked with 5% non-
fat powdered milk at room temperature for 2 h and were
subsequently incubated overnight at 4 °C with the appropri
primary antibodies. After washing thrice with TBS containi
0.1% Tween-20 (TBST), membranes were incubated for 2 h a

room temperature with a horseradish peroxidag€OTe
goat anti-mouse (catalog no. ab205719; Abg @

extensively washed with TBST.
using an Enhanced Chemilyggi
182651), and anti-PI3K

anti-N-cadher g3 .
ab92547), @ )
(cat. no. ab [NQROGPWVCTC ased from Abcam and anti-

IGF-1R (cat. nON\@B:-81464), anti-p-Akt (cat. no. sc-81433),
anti-Akt (cat. no. $1464), and anti-GAPDH (cat. no.
sc-365062) antibodies were purchased from Santa Cruz
Biotechnology, Inc. (Dallas, Texas, USA).

Statistical analysis

Results were expressed as mean + standard deviation from
at least three separate experiments. A Chi-square test was
applied to assess the relationship between miR-944
expression and clinicopathological parameters in patients

with HCC. A log-rank test was used to examine the
association between miR-944 expression and overall sur-
vival and disease-free survival of patients with HCC. The
correlation between miR-944 and /GF-1/R mRNA levels in
HCC tissues was determined by Spearman’s correlation
analysis. Differences between two or multiple groups
were evaluated by two-tailed Student’s z-test or one-way
analysis of variance (ANOVA), respectively. The Student-
Newman-Keuls test was used as the post hoc test after
ANOVA. SPSS 19.0 software (IBM Corporation, Armonk,

NY, USA) was used for all stati and

L02). Consistent with the trend in tissue specimens,
iR-944 expression was significantly lower in all five HCC
cell lines than that in LO2 cells (Figure 1B, P<0.05).

We then explored the clinical utility of miR-944 in
patients with HCC. The patients with HCC were categorized
into two subgroups (low or high miR-944 expression groups)
based on the median value of miR-944 levels in HCC tissues.
As shown in Table 1, low miR-944 expression was signifi-
cantly correlated with Edmondson-Steiner grade (P=0.007),
TNM stage (P=0.013), and venous infiltration (P=0.001) in
patients with HCC, suggesting that tumors with decreased
miR-944 levels may be more aggressive. Furthermore,
patients with HCC who had lower miR-944 expression had
a poorer overall survival rate (Figure 1C, P=0.038) and
disease-free survival rate (Figure 1D, P=0.034). These
observations indicated that miR-944 may be a promising
biomarker for HCC diagnosis and prognosis.

miR-944 suppresses the growth of HCC

cells in vitro
Since miR-944 was significantly downregulated in HCC,
we speculated that miR-944 may have a crucial role in the
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Figure | miR-944 is downregulated in HCC tissues and cell lines. (A) Expression
level of miR-944 was determined in 61 pairs of HCC tissues and ANTs. miR-944
expression was significantly lower in HCC tissues than in ANTs. *P<0.05 vs ANTs.
(B) The relative expression of miR-944 was detected in the five HCC cell lines,
Hep3B, Bel-7402, SMMC-7721, Huh7, and SK-HEP-1. The immortalized human
hepatic cell line, L02, was used as a control. *P<0.05 vs L02. (C, D) Patients with
HCC in the miR-944 low expression group had poorer overall and disease-free
survival rates than those in the high miR-944 expression group.

Table | The association between miR-944 and the clini
logical parameters of patients with HCC

Parameters miR-944 P-va
expression
Low

Age (years) 0.500
<50 I
250 19

Sex 0.122
Male 23
Female 13 7

Tumor si 0.142
<5 21
25 15 9

Edmondso 0.007*
I+l 10 20
n+v 21 10

TNM stage 0.013*
I+l 13 22
+1v 18 8

Venous infiltration 0.001*
Absent 14 26
Present 17 4

Note: *P<0.05.

aggressiveness of HCC cells. To evaluate this hypothesis,
Hep3B and Huh7 cell lines, which exhibited relatively low
and relatively high miR-944 levels, respectively, were
chosen for subsequent functional experiments. Hep3B
cells were transfected with miR-944 mimics, while
a miR-944 inhibitor was introduced into Huh7 cells. The
efficiency of transfection was confirmed by RT-qPCR.
miR-944 was overexpressed in Hep3B cells and silenced
in Huh7 cells (Figure 2A, P<0.05). CCK-8 and clone
formation assays demonstrated that the upregulation of
miR-944 suppressed the proliferat

aud clone-formation

ithelial-mesenchymal transition (EMT)

CC cells in vitro
Cell migration and invasion assays were performed to
explore the precise roles of miR-944 in the metastasis of
HCC cells. Results showed that the migratory and invasive
abilities of HCC cells were notably attenuated by exogen-
ous miR-944 expression (Figure 3A, P<0.05), but signifi-
cantly increased by miR-944 knockdown (Figure 3B,
P<0.05). Tumor metastasis is a complex process that is
regulated by several cellular processes, including EMT.
Hence, western blotting analysis was performed to deter-
mine the expression levels of EMT markers in Hep3B and
Huh7 cells after transfection with miR-944 mimics or
a miR-944
Figure 3C, miR-944 overexpression markedly increased

inhibitor, respectively. As indicated in
the expression of the epithelial marker, E-cadherin, and
suppressed the expression of the mesenchymal markers,
N-cadherin and vimentin, in Hep3B cells. In contrast, the
protein levels of E-cadherin were downregulated, while
N-cadherin and vimentin levels were upregulated in
Huh7 cells upon miR-944 silencing (Figure 3C). These
results implied that miR-944 decreased metastasis and
EMT in HCC cells in vitro.

Cancer Management and Research 2019:11

submit your manuscript

2535

Dove


http://www.dovepress.com
http://www.dovepress.com

Lv et al Dove
A 25 1.5 C 400
6 u mR-NC  miR-944 mimics
3 == gy 2 300
o — 1.0 : S
o 3157 ] S
= ] S 200 *
< 3101 53 o
£ o @ & 0.5 # 2
= X A
E 5 : |l| o 3 100
= 0.0 ; T Hep3B J
miR-NC miR-944 - NC miR-944 miR-NC miR-944
mimics inhibitor inhibitor mimics
Hep3B Huh7
B 15 ; 2.0- - 800-
= EEnMiR-NC I NC inhibitor
o iy . —~ o [t NC miR-944
L‘ﬁ? EmiR-944 mimics 8 [ miR-944 inhibitor # inhibitor |nh|b|t0r #
< < 1.5 .
= <
3 3 #
g 1.0
£ 3
[e] =
§ § 0.54
<
0.0-
0 1 2 3 0 1 2 3
Time (days) Time (days)
Hep3B Huh7
D 307
_ miR-NC  miR-944 mimics 2 inhibitor
; } ; 204
: s [ L | 2
g e a
8 : > ¥ g
. 1 _ Pl 8104 T

Annexin V

NC inhibitor. (B) CCK-8 assays indicated that overexprd
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a well-known oncogene, has been
reported to be a regulator of hepatocarcinogenesis.”> 2’
Therefore, IGF-1R was chosen for further validation.
Luciferase reporter assays were performed to test whether
miR-944 directly targets the 3'-UTR of /GF-IR in HCC
cells. Ectopic miR-944 expression resulted in a significant
decrease in the luciferase activity of the plasmid harboring

the wt /GF-1R 3'-UTR (1 and 2) in Hep3B cells, whereas

 NC  miR-944
inhibitor inhibitor
Huh7

in HCC cells. (A) The transfection efficiency of miR-944 mimics and a miR-944
hile it was efficiently knocked down in Huh7 cells. #P<0.05 vs miR-NC. #P<0.05 vs
he proliferation of Hep3B cells, while miR-944 silencing promoted Huh7 cell

gurae early decreased the clone formation of Hep3B cells, while miR-944 knockdown had
|nh|b|tor (D) The percentage of apoptotic Hep3B cells increased after transfection with miR-944
_transfected Huh7 cells. *P<0.05 vs miR-NC. #P<0.05 vs NC inhibitor.

silencing miR-944 expression increased the luciferase
activity of the wt /GF-IR 3’-UTR (1 and 2) in Huh7
cells (P<0.05). However, the luciferase activity of the
mutant /GF-1R 3'-UTR (1 and 2) was unaffected by either
miR-944 induction or knockdown (Figure 4B). To further
explore whether IGF-1R was a bona fide downstream
target of miR-944, RT-qPCR and western blotting were
used to determine how changes in miR-944 expression
affected IGF-1R expression in HCC cells. The mRNA
and protein levels of IGF-1R were suppressed in Hep3B
cells after miR-944 overexpression, whereas downregula-
tion of miR-944 led to the opposite results in Huh7 cells
(Figure 4C and D, P<0.05). These results suggest that
IGF-1R is a direct target gene of miR-944 in HCC cells.
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in the low miR-944 expression group compared to the
high miR-944 expression group (Figure 5B and C,
P<0.05). Furthermore, an inverse association between
miR-944 and IGF-IR mRNA expression levels was
demonstrated by Spearman’s correlation analysis
(Figure 5D; R?=0.3402, P<0.0001). These results
further suggest that /GF-IR is a downstream target of
miR-944 in HCC cells.

E-cadherin_ E-cadherin

B 0 200-
3
ml_R-NC miR-944 mimics 3 1504
PRS- NE TR 3
Popps TN ke 2 1004
2FURT e ._.,\}_“. ¥ =
:FH:"‘ 4 I.{t‘% - ‘f:“.-\ AJ! S
TRBEATN La 2 5 50
Hep3B £
> 0_
z . .
miR-NC  miR-944
mimics
% 4004
o #
miR-944 3
|nh|b|tor o
S5 N ®
>
£
©
@
Ke)
IS

IGF-1R mediates the functional roles of
miR-944 in HCC cells

Rescue experiments were performed to further clarify
whether IGF-1R was essential for the effects of miR-944 in
HCC cells. IGF-1R expression was restored in miR-944
mimics-transfected Hep3B cells after co-transfection with
the IGF-1R-overexpressing plasmid, pcDNA3.1-IGF-IR
(pc-IGF-1R), while IGF-1R siRNA (si-IGF-1R) knocked
down IGF-1R expression in miR-944 inhibitor-transfected
Huh7 cells (Figure 6A, P<0.05). Reintroduction of IGF-1R
expression partially counteracted the tumor-suppressing
effects of miR-944 mimics on the proliferation (Figure 6B;
P <0.05), clone formation (Figure 6C; P <0.05), apoptosis
(Figure 6D; P <0.05), migration (Figure 7A; P <0.05), inva-
sion (Figure 7B; P <0.05), and EMT (Figure 7C) of Hep3B
cells. Meanwhile, the tumor-promoting activity of miR-944
inhibition on the malignant phenotypes of Huh7 cells was
attenuated by co-transfection with si-IGF-1R. These results
suggest that miR-944 regulates the malignant progression of
HCC, at least partially, by regulating IGF-1R expression.
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and protein levels of IGF-1R in miR-944-overexpressing Hep3B or miR-944-silenced Huh7 c

miR-NC. #P<0.05 vs NC inhibitor.

the protein
miR-944 expre! in Huh7 cells caused an increase in the
levels of p-PI3K ai@-Akt (Figure 8). More importantly, the
recovery of IGF-1R expression rescued the downregulation of
p-PI3K and p-Akt induced by miR-944 upregulation in Hep3B
cells. Similarly, the increased expression of p-PI3K and p-Akt
proteins caused by miR-944 suppression was attenuated in
Huh7 cells by si-IGF-1R co-transfection. These results
demonstrated that miR-944 was able to regulate HCC progres-
sion, at least in part, through the IGF-1R/PI3K/Akt pathway.

|R was predicted by bioinformatics tools. The
ter plasmid in Hep3B cells. Silencing of miR-
iR-NC. #P<0.05 vs NC inhibitor. (C and D) The mRNA
RT-qPCR and western blotting, respectively. *P<0.05 vs

UTR

4 suppresses HCC tumor growth
vivo by regulating the IGF-1R/PI3K/Akt

pathway

To examine the effect of miR-944 on tumor growth in vivo,
Hep3B cells transfected with miR-944 mimics were injected
into nude mice. miR-NC-transfected cells were used as con-
trols. Tumor growth (Figure 9A and B, P<0.05) and weight
(Figure 9C, P<0.05) were significantly impaired in the
miR-944 mimics group. To further investigate whether the
inhibitory role in HCC tumor growth in vivo was due to
miR-944 overexpression, RT-qPCR analysis was performed
to quantify miR-944 expression in tumor xenografts.
Significantly higher miR-944 expression was observed in
tumor xenografts derived from miR-944 mimics-treated
nude mice than in those derived from miR-NC-treated mice
(Figure 9D, P<0.05). In addition, the protein levels of
IGF-1R, p-PI3K, and p-Akt decreased in the tumor xeno-
grafts from the miR-944 mimics group (Figure 9E). These
results indicated that miR-944 hindered HCC tumor growth
in vivo, at least in part, by inhibiting IGF-1R and the activa-
tion of the PI3K/Akt pathway.
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Figure 5 Correlation analysis between miR-944 and IGF-IR levels in HCC tissues.
(A) IGF-IR mRNA levels in HCC tissues and adjacent normal tissues (ANTSs) were
analyzed by RT-qPCR. IGF-IR mRNA level was higher in HCC tissues as compared
to the ANTSs. *P<0.05 vs ANTs. (B and C) IGF-1R mRNA and protein levels were
significantly lower in the high miR-944 expression group HCC tissues as compared
to the low miR-944 expression group tissues. *P<0.05 vs low miR-944 expression
group. (D) Correlation analysis identified an inverse relationship between gaiR-944
and IGF-IR mRNA levels in HCC tissues. R? = 0.3402, P<0.0001.

Discussion
Dysregulated miRNAs are frequently

in this study, we investigated
sion in HCC and explored the detailed
in the malignant progression of HCC.

miR-944 exfs
roles of miR-9%
The molecular mechanisms related to the tumor suppressor
activity of miR-944 in HCC were also examined. To the
best of our knowledge, this is the first study demonstrating
that miR-944 exerts anticancer effects on HCC cells by
specifically targeting IGF-1R and deactivating the PI3K/
Akt signaling pathway.

miR-944 is expressed at low levels in colorectal cancer,
and low miR-944 expression is significantly correlated

with the tumor invasion stage, lymph node metastasis,
distant metastasis, and TNM stage. Colorectal cancer
patients with decreased miR-944 expression have shorter
S-year overall and progression-free survival times than
those with high miR-944 expression.'® miR-944 is also
downregulated in gastric®® and non-small cell lung'® can-
cers. In contrast, miR-944 expression is upregulated in
endometrial,20 cervical,21 and breast®? cancers. However,
the expression status of miR-944 in HCC remains to be
elucidated. Herein, RT-qPCR analysis showed that miR-

944 was downregulated in HCC g and cell lines and

'8 miR-944 directly targets

suppress cell proliferation in non-small cell
cancer.'” In contrast, the resumption of miR-944
expression increases cell growth and metastasis and
improves the cytotoxicity of cisplatin in breast cancer by
regulating the BNIP3-MMP-caspase-3 pathway.”> miR-
944 also acts as an oncogenic miRNA in endometrial*’
and cervical®' cancers. A previous study also reported that
miR-944 knockdown restrained the proliferation of Hep3B
cells.*® However, the specific roles of miR-944 in HCC are
not well established. In this study, we demonstrated that
miR-944 overexpression attenuated HCC cell prolifera-
tion, clone formation, metastasis, and EMT and increased
apoptosis, whereas miR-944 silencing led to the opposite
results. Additionally, ectopic miR-944 expression hindered
HCC tumor growth in vivo. These findings support the
notion that miR-944 may be an attractive target when
treating patients with this deadly disease.

IGF-1R, a transmembrane tyrosine kinase receptor of
the insulin receptor family, is known to be a direct target
gene of miR-944 in HCC cells. It is highly expressed in
a variety of human cancers, including bladder cancer,’’
endometrial cancer,*® cervical cancer,*® and oral squamous
cell carcinoma.*® IGF-1R is also expressed at high levels
in HCC tissues and cell lines.?® High IGF-1R expression is
significantly correlated with TNM stage in patients with
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Figure 6 Modulation of IGF-IR partially reverses the miR-944-mediated proliferation, colony formation, and apoptosis effects in HCC cells. miR-944-overexpressing Hep3B
cells were transfected with pcDNA3.1-IGF-IR (pc-IGF-1R) or pcDNA3.I. IGF-IR siRNA (si-IGF-1R) and si-NC were introduced into miR-944-silenced Huh7 cells. The
transfected cells were collected after different incubation times and used in the subsequent assays. (A) Western blotting analysis was used to quantify IGF-IR protein levels.
*P<0.05 vs miR-NC. *¥P<0.05 vs miR-944 mimics+pcDNA3.1. #P<0.05 vs NC inhibitor. #P<0.05 vs miR-944 inhibitor+si-NC. (B-D) The proliferation, colony formation,
and apoptosis of the aforementioned cells were determined using the CCK-8, clone formation, and cell apoptosis assays, respectively. *P<0.05 vs miR-NC. *¥P<0.05 vs miR-
944 mimics+pcDNA3. 1. #P<0.05 vs NC inhibitor. **P<0.05 vs miR-944 inhibitor+si-NC.

HCC. Survival analysis has shown that patients with HCC  expression. In addition, multivariate analysis has identified
who display high IGF-1R expression have poorer overall high IGF-1R expression as an independent prognostic
and disease-free survival than those with low IGF-IR  marker of poor survival in patients with HCC.*® IGF-1R
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dh7 cells that were transfected with a miR-944 inhibitor. Cell migration and invasion assays
were conducted to determine the migration
NC inhibitor. **P<0.05 vs miR-944 inhibj

1 miR-NC

2 miR-944 mimics+pcDNA3.1
3 miR-944 mimics+pc-IGF-1R
4 NC inhibitor

5 miR-944 inhibitor+si-NC

6 miR-944 inhibitor+si-IGF-1R

Figure 8 miR-944 suppresses the activation of the PI3K/Akt pathway in HCC cells. Hep3B cells were co-transfected with miR-944 mimics and pc-IGF-IR or pcDNA3.1,
while Huh7 cells were co-transfected with a miR-944 inhibitor and si-IGF-IR or si-NC. Transfected cells were harvested after 72 h of incubation. Western blotting analysis
was utilized to measure p-PI3K, PI3K, p-Akt, and Akt protein levels.

is able to activate multiple components of the PI3K/Akt
pathway and it contributes to the aggressive characteristics
of HCC, including cell proliferation, apoptosis, migration,
invasion, and chemotherapy resistance.* >’ In our current
study, miR-944 was shown to be a negative regulator of

IGF-IR and could inhibit the malignant phenotypes
of HCC in vitro and in vivo by decreasing PI3K/Akt
These that miR-944
restoration-mediated silencing of IGF-1R expression may

signaling. results  suggest

be an effective approach to treat patients with HCC.
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Figure 9 miR-944 inhibits tumor growth in vivo. (A) Representative images of tumor xenografts from
miR-944 mimics or miR-NC. (B and C) Comparison of tumor volume and weight in tumor xenografts derived from
*P<0.05 vs miR-NC. (D) miR-944 expression in tumor xenografts derived from nude mice was y RT-qPCR. *P
and Akt protein levels in tumor xenografts were detected by western blotting.
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