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Abstract

Accumulating evidence have suggested that long non-coding RNAs (IncRNAs) act as a critical regulator in tumorgenesis. LncRNA
KCNQIOTI (KCNQIOTI) has been recently shown to be dysregulated in many cancers. This study was aimed to explore the
biological role of KCNQIOTI in hepatocellular carcinoma (HCC). In our study, we first observed the expression level of
KCNQIOTI was distinctly up-regulated in HCC tissues and cell lines compared with adjacent non-cancer tissues and normal
liver cell line. And clinical results indicated that higher expression of KCNQIOT | was correlated with poor prognosis of patients
with HCC. Next, functional studies revealed that knockdown of KCNQIOTI induced apoptosis and repressed proliferation,
migration and invasion of HCC cells. In addition, knockdown of KCNQIOT]I suppressed xenograft tumor growth in vivo.
Mechanically, we found that KCNQIOT | can promote the expression of IGFIR by functioning as a competing endogenous RNA
of miR-148a-3p. In conclusion, our results shown the oncogenic role of KCNQIOTI in HCC by regulating the miR-148a-3p/
IGFIR axis and may provide a new insight and a potential therapeutic target for HCC.
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Introduction Long noncoding RNAs (IncRNAs) are a class of noncoding
RNAs with over 200 nucleotides in length and no protein
coding ability.”® Studies disclosed that IncRNAs are involved
in diverse pathophysiological processes, and the dysregula-
tion of IncRNAs expression was implicated in the occurrence
and development of cancers. For instance, long noncoding

Hepatocellular carcinoma (HCC) is one of the most common
human malignancies worldwide and as the second most com-
mon cause of cancer-related death.! It is estimated that HCC
accounts for 90% of liver cancer.” The incidence of HCC is
closely related to chronic liver inflammation, some main rea-
sons that cause hepatitis including hepatitis B and C viruses,
alcohol ?'nd aflatoxin, ete.” In recent years, despite advances in Medical Imaging Department, the Tianjin Medical University Second Hospital,
prognosis and treatment to HCC, such as surgery, chemother-  Tiayjin, China
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RNA GMAN promotes HCC progression by regulating the
expression of eIF4B.” Silencing of long noncoding RNA
HOXA11-AS inhibits proliferation, invasion, and self-
renewal of hepatocellular carcinoma stem cells by preventing
the Wnt signaling pathway.® LncRNA ID2-AS1 suppresses
metastasis of hepatocellular carcinoma by activating the
HDACS/ID2 pathway.” LncRNA MCM3AP-ASI promotes
cancer progression by regulating miR-194-5p/FOXAT1 axis
in hepatocellular carcinoma.'® In recent years, numerous
studies shown KCNQI1OT1 presents a carcinogenic role in
multiple cancers. For instance, KCNQ1OT1 promote osteo-
sarcoma growth by ALDOA enhancing aerobic glycolysis
and sponging miR-34c-5p."" In tongue cancer, KCNQI1OT]
regulates proliferation and displaying resistance via modu-
lating miR-211-5p/Ezrin/Fak/Src signaling.'> LncRNA
KCNQI1OT]1 inhibits gastric cancer cell progression by med-
iating miR-9/LMX 1A axis.'*> However, the biological role of
KCNQIOT!1 in HCC remains to be further identified.

It is well known that miRNAs work as key regulators in
human cancers through directly binding to 3'UTR of their tar-
gets. For example, MiR-129-5p inhibited gastric cancer pro-
gression through modulating HOXC10/Cyclin D1 to impel cell
cycle arrest.'* In HCC, miR-17-5p and miR-20a-5p suppress
postoperative metastasis by blocking HGF/ERBB3-NF-«xB
positive feedback loop.'> Although the role of miR-148a-3p
in HCC has been reported, the relationship between miR-
148a-3p and KCNQI1OT1 remains barely known in cancers.
Here, we found that KCNQ1OT1 was aberrantly up-regulated
in HCC tissues and cell lines. Further, we predicted that miR-
148a-3p was a potential target of KCNQ1OT]1 by starBase, and
dual-luciferase reporter gene assays confirmed this prediction.
In addition, we found that the effects of miR-148a-3p on apop-
tosis, proliferation, migration and invasion of HCC cells were
abolished by KCNQI1OT1. And the negative correlation
between KCNQI1OT1 and miR-148a-3p was determined by
correlation analysis. Simultaneously, KCNQ1OT1 promoted
IGFIR expression through suppressing miR-148a-3p. There-
fore, our study revealed the carcinogenic role of KCNQ10OT1
in HCC by miR-148a-3p/IGF1R axis.

Materials and Methods

Clinical Tissues

Clinical HCC tissues and matched adjacent normal tissues were
collected from 60 HCC patients without any treatments before
surgery at Tianjin Medical University Second Hospital. Speci-
mens were frozen in liquid nitrogen. This study was approved
by the Ethics Committee on Human Research of the Tianjin
Medical University Second Hospital. And written informed
consents were obtained from all patients.

Cell Culture and Transfection

HCC cell lines (SMMC-7721, Huh-7, HepG2 and Hep3B),
normal liver cell line LO2 and 293 T cells were obtained from

the American Type Culture Collection (ATCC, Manassas, VA,
USA). The cells were maintained in Roswell Park Memorial
Institute RPMI-1640 medium (Gibco, CA) with 10% fetal
bovine serum (FBS) and 1% penicillin/streptomycin in a 5%
CO, incubator at 37°C.

To obtain overexpressed KCNQIOT1 vector, full-length
sequence of KCNQIOT1 was amplified and cloned into
pcDNA3.1 vector (Invitrogen, Carlsbad, CA, USA). For
knockdown of KCNQI1OTI1, 2 short hairpin RNA (shRNA)
(sh-KCNQ1OT1#1 and KCNQ1OT1#2) targeting KCNQ10OT1
were purchased from GenePharma (Shanghai, China). The
miR-148a-3p mimics and inhibitors, small interfering RNA-
IGF1R (si-IGF1R, for knockdown IGFI1R) and their
respective negative control (NC) were purchased from
Ribobio (Guangzhou, China). HepG2 and Hep3B cells were
transfected with indicated sh-RNAs, plasmid vectors, mimics
or inhibitors by Lipofectamine 2000 (Invitrogen) following the
manufacturer’s instructions.

QRT-PCR Assay

Total RNA in HCC tissues and cells were extracted with TRI-
zol reagent (Invitrogen). RNA reverse transcription was carried
out using Reverse Transcription System Kit (Takara, Dalian,
China). Then qRT-PCR assay was performed using SYBR Pre-
mix EX Tagq kit (Takara Biotech, Japan) on an ABI 7900 sys-
tem (Applied Biosystems, Foster City, CA). GAPDH and U6
were used as endogenous control. The relative expression lev-
els of genes were calculated by 2~ method.

CCK8 Assay

To assess the proliferation ability of cells, cell counting kit-8
(CCK-8) assay were performed. In brief, transfected HCC cells
were placed in a 96-well plate (5000 cells/well). Then, cells
were incubated for additional 24 hours. After incubated with
CCK8 reagents (10 pL) for 4 hours. The absorbance at the 450
nm was measured using a microplate reader machine.

Apoptosis Assay

Cell apoptosis was evaluated by an Annexin V kit (Solarbio,
Beijing, China). After treatments, cells were collected and
washed with PBS. Then cells were resuspended with 1 x bind-
ing buffer. 5 pL of FITC-Annexin V and 5 pL PI (PI) were
added into cells and incubated for 10 min in the dark. Subse-
quently, the cell apoptosis rates were assessed by a flow cyto-
metry (BD Biosciences, USA).

Transwell Assay

The migration and invasion capacities of HCC cells were eval-
uated using transwell assay (8 um pore size, BD Biosciences,
San Jose, CA). In brief, in migration analysis, transfected HCC
cells were seeded into the upper chamber with a serum-free
medium. The lower chambers were added with medium con-
taining 10% FBS. After incubation for 24 hours, the migrating
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and invading cells were fixed using 4% paraformaldehyde and
stained with 0.1% crystal violet, then cells were counted by a
microscope. For invasion analysis, the upper chamber was pre-
coated with Matrigel. Other procedures were performed in
accordance with the migration analysis.

Western Blot Analysis

After transfection, total proteins were extracted from HCC
tissues and cells using RIPA lysis buffer (Beyotime, Beijing,
China). Protein concentrations were calculated by BCA Protein
Assay Kit (Beyotime, Beijing, China). Then, equal amount of
protein samples were separated by 10% SDS-PAGE and trans-
ferred onto polyvinylidene difluoride (PVDF) membrane (Invi-
trogen). Next, membrane was blocking with 5% non-fat milk
for 1 hour at room temperature and incubated with primary
antibodies (anti-IGF1R antibody, 1:1000, Abcam; anti-
GAPDH antibody, 1:10 000 Abcam) overnight at 4°C. In
addition, the membrane was incubated with corresponding
secondary antibodies at room temperature for 1 hour. The
immunoreactive signal was detected by an ECL immunoblot-
ting kit (Millipore, USA).

Luciferase Reporter Assay

The potential binding sites of miR-148a-3p on KCNQ1OT]1
and IGFIR were predicted using starBase (http://starbase.
sysu.edu.cn/). Luciferase reporter plasmids containing wild-
type (Wt) or mutant (Mut) 3’'UTR of KCNQI1OT1 or IGFIR
were cotransfected with miR-148a-3p mimics or inhibitors and
respective negative control (NC) into HCC or 293 T cells by
Lipofectamine 2000 (Invitrogen). After 48 hours of transfec-
tion, luciferase activity was measured using the Dual-
Luciferase Reporter Assay System (Promega, Madison, WI)
according to the manufacturer’s instructions.

Xenograft Tumor Assay in Nude Mice

Female 4-week-old BALB/c nude mice purchased from Central
Laboratory of Animal Science, Xi’an jiaotong University and
randomly divided into 2 groups. HepG2 cells (3 x 10°) trans-
fected with sh-NC or sh-KCNQ1OT1#1 were subcutaneously
injected into nude mice. The tumor formation was observed
every 5 days. Tumor volume was calculated according to the
formula (0.5 x length x width?). Thirty days later, all mice
were sacrificed and tumor tissue were used for further research.
This study was carried out in accordance with institutional
guidelines and approved by the Ethics Committee of the Tian-
jin Medical University Second Hospital.

Statistical Analysis

Statistical analyses were performed by GraphPad Prism 6.0
(GraphPad Software, Inc., La Jolla, CA). Results were pre-
sented as mean + SD. Statistical analyses were conducted
using Student’s t test or one-way ANOVA analysis. p < 0.05
was considered statistically significant.

Results

KCNQIOTI Was Overexpressed in HCC Tissues and
Cell Lines

To determine KCNQ1OT1 was related to the progression of
HCC, we firstly detected the expression of KCNQIOT1 in 60
pairs of HCC cancer tissues and adjacent normal tissues. We
found that KCNQ1OT1 was remarkably overexpressed in HCC
cancer tissues (Figure 1A). As presented in Figure 1B, the
expression levels of KCNQIOT!1 were also significantly
increased in HCC cell lines (SMMC-7721, Huh-7, HepG2 and
Hep3B) compared with normal liver LO2 cells. In addition,
Kaplan-Meier analysis suggested that HCC patients with low
KCNQI1OT1 expression have longer overall survival (OS) than
those with high KCNQ1OT1 expression (Figure 1C). And the
dysregulation of KCNQ1OT1 expression was involved in dif-
ferent cancer hallmark which was analyzed by LnCeVar
(Figure 1D). These results showed that KCNQIOT1 expression
was increased in HCC tissues and cell lines.

Knockdown of KCNQIOT| Repressed the Growth of
HCC Cells In Vitro

Based on the results above, we next explored the biological role
of KCNQI1OT1 in HCC cells. We knocked down or overex-
pressed KCNQ1OT1 in HepG2 and Hep3B cells (Figure 2A
and B). sh-KCNQ1OT1#1 shown a better knockdown effi-
ciency and was selected for other experiments. First, cell apop-
tosis assay shown that apoptosis rates were increased in HCC
cells transfected with sh-KCNQ1OT1#1 (Figure 2C). Next, the
effect of KCNQ1OT1 on cell proliferation was detected using
CCK-8 assay. We found that knockdown of KCNQ1OT]1 inhib-
ited proliferation of HepG2 and Hep3B cells (Figure 2D).
Furthermore, similar results were obtained from transwell
assay. Knockdown of KCNQI1OTI1 attenuated migration and
invasion capacities of HepG2 and Hep3B cells (Figure 2E and
F). Taken together, these results indicated that lower expres-
sion of KCNQ1OT1 inhibited proliferation, migration and
invasion capacities of HCC cells.

KCNQIOTI Is a Molecular Sponge of miR-148a-3p

Mechanistically, we predicted that miR-148a-3p might be a
potential target of KCNQ1OT1 by starBase (Figure 3A).
Then, dual-luciferase assays were carried out, and results
shown that miR-148a-3p mimics reduced the luciferase activ-
ity (Figure 3B). However, luciferase activity was greatly
increased by miR-148a-3p inhibitors (Figure 3C). We also
detected the expression of miR-148a-3p in HCC tissues and
cell lines. We found that the expression of miR-148a-3p was
significantly down-regulated in HCC cell lines and tissues as
compared to normal liver cells and tissues (Figure 3D and E).
Further, to determine whether KCNQ1OT1-miR-148a-3p axis
regulated the HCC oncogenesis. Cell proliferation, apoptosis
and transwell assays were performed. We observed that high
expression of miR-148a-3p remarkably promoted apoptosis of


http://starbase.sysu.edu.cn/
http://starbase.sysu.edu.cn/

4 Technology in Cancer Research & Treatment
5 51 5 54 Low KCNQ1OT1 (n=40)
2 o " 100,
@ 44 @ 44 dededk L High KCNQ10T1 (n=42)
o o - L
= x 804 ‘u
= > dkk KRk ] P =0.0115
= 39 E 34 o - 2 b
=] =} *k § 60
g 2 g 24 <L B 3
< < § 40 ]
2 14 @ 14 Z
20 . {I:c £ 0 T T T T
Normal H 5V o d g 2 0
o 3 e} ¥ T T T T 1
AR SR 0 20 40 60 80 100
&
5_’@ Time
Evading Immune Detection — Self Sufficiency in Growth Signals

Reprogramming Energy Metabolism —

.

Tissue Invasion and Metastasis

Self Sufficiency in Growth Signals [l
Insensitivity to Antigrowth Signals [l
Evading Apoptosis [l

Limitless Replicative Potential [l

Insensitivity to Antigrowth Signals

Sustained Angiogenesis [}
Evading Apoptosis ; :
Tissue Invasion and Metastasis [l
Genome Instability and Mutation [}
Tumor Promoting Inflammation [l

Reprogramming Energy Metabolism [l
Evading Immune Detection [}

Figure 1. KCNQI1OT]1 was overexpressed in HCC tissues and cell lines. A, The expression of KCNQ1OT1 was detected in HCC cancer tissues
and adjacent normal tissues by qRT-PCR. B, KCNQ1OT1 expression was detected in HCC cell lines (SMMC-7721, Huh-7, HepG2 and Hep3B)
and normal liver cell line LO2 by qRT-PCR. C, Overall survival rate was analyzed in HCC patients with differential KCNQ1OT1 expression. D,
Dysregulation of KCNQ1OT1 was involved in different cancer hallmark which was analyzed by LnCeVar.

HepG2 and Hep3B cells (Figure 3F). And proliferation,
migration and invasion abilities were suppressed in HCC cells
transfected miR-148a-3p mimics (Figure 3G-J). However,
cotransfection of KCNQ1OT1 and miR-148a-3p mimics res-
cued these effects of miR-148a-3p mimics on cell apoptosis,
proliferation, migration and invasion (Figure 3F-J). Besides,
we found that the expression of KCNQ1OT1 was negatively
related to miR-148a-3p expression in HCC tissues
(Figure 3K). Similarly, the negative correlation between
KCNQI1OT1 and miR-148a-3p was also proved by starBase
database (Figure 3L). Finally, the clinical data from LnVeCar
suggested that patients with high miR-148a-3p expression
have longer survival time than those with low expression of
miR-148a-3p (Figure 3M).

KCNQIOT| Upregulates the Expression of IGFIR via
Competitively Interacting With miR-148a-3p in HCC
Cells

Next, we further explored the potential molecular mechanism

of KCNQI1OTI1 regulating the progression of HCC. We pre-
dicted that IGF1R as a candidate target of miR-148a-3p using

starBase (Figure 4A). To confirm the predicted result, dual-
luciferase reporter assay was performed and results proffered
that miR-148a-3p mimics obviously reduced the luciferase
activity of 293 T cells transfected with IGFIR-WT 3’-UTR
(Figure 4B), while miR-148a-3p inhibitor exerted significant
enhancement on luciferase activity (Figure 4C). Further, we
observed that IGF1R expression level was extremely up-
regulated in HCC cell lines and cancer tissues (Figure 4D and
E). In addition, data from apoptosis assay shown that the inhi-
bition of IGF1R enhanced apoptosis of HCC cells, but, the
inhibition was abolished by miR-148a-3p inhibitors
(Figure 4F). CCKS8 and transwell assay indicated that the
knockdown of IGFIR repressed cells proliferation, migration
and invasion capacities, similarly, these results were greatly
reversed by miR-148a-3p inhibitors (Figure 4G-J). In addition,
correlation analysis in HCC tissues shown that the relative
expression of IGFIR was inversely or positively correlated
with miR-148a-3p or KCNQIOT]1 expression (Figure 4K and
L). Bioinformatics analysis has also proved the existence of a
negative regulatory relationship between IGFIR and miR-
148a-3p via starBase (Figure 4M). In addition, western blot
shown that knockdown of KCNQI1OT1 obviously decreased
IGF1R expression in HCC cells (Figure 4N). And we found
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Figure 2. Knockdown of KCNQ1OT]1 inhibited proliferation of HCC

cells. A and B, Efficiency of knockdown and overexpression of

KCNQI1OT1 was measured in HepG2 and Hep3B cells by qRT-PCR. C, Flow cytometry was used to analyze apoptosis of HepG2 and Hep3B
cells transfected with sh-NC or sh-KCNQ1OT1#1. D, Cell proliferation capacity was assessed in HepG2 and Hep3B cells transfected with sh-
NC or sh-KCNQI1OT1#1 by CCK-8 assay. E and F, Transwell assay was carried out to study the effects of KCNQI1OT! on migration and

invasion abilities of HCC cells, respectively.

that the inhibition of miR-148a-3p mimics on protein expres-
sion of IGFIR was reversed by KCNQI1OT1 (Figure 5A). Sur-
vival analysis shown that the overall survival was extended in
HCC patients with low IGF1R expression by LnCeVar
(Figure 5B and C). Collectively, these results shown that
KCNQIOT1 promoted expression of IGF1R by competitively
targeting miR-148a-3p in HCC cells.

Knockdown of KCNQIOT Inhibited HCC
Tumorigenesis

To evaluate the effects of KCNQ1OT1 on tumor growth of
HCC, HepG2 cells transfected with sh-KCNQ1OT1#1 were
subcutaneously injected into nude mice to construct tumor
xenograft model. Results shown that knockdown of
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Figure 3. miR-148a-3p is a target of KCNQ1OT1. A, The binding sites of miR-148a-3p on KCNQ1OT]1 was predicted by starBase database. B
and C, Dual-luciferase reporter gene assays were employed to determine the combination between KCNQ1OT1 and miR-148a-3p. D, The
expression level of miR-148a-3p was measured in normal liver cell line and HCC cell lines using qRT-PCR. E, Expression of miR-148a-3p in
HCC tissues and adjacent normal tissues. F, KCNQ1OT]1 rescued the promotion of miR-148a-3p on apoptosis of HCC cells. G and H,

Overexpression of miR-148a-3p inhibited the proliferation of HepG2

and Hep3B cells, but, KCNQ1OT1 abolished the inhibition. I and J,

Transwell assay was employed to determine migration and invasion abilities of HepG2 and Hep3B cells transfected with miR-148a-3p mimics
or miR-148a-3p mimics+sh-KCNQ1OT]1. K, The negative correlation between KCNQ1OT1 and miR-148a-3p in HCC tissues. L, The
correlation analysis between KCNQ1OT1 and miR-148a-3p was performed by starBase database. M, Kaplan-Meier analysis was performed to
study the role of miR-148a-3p on overall survival of HCC patients by LnCeVar.

KCNQI1OT]1 suppressed HCC tumor growth (Figure 5D and
E) and tumor weight were reduced compared with sh-NC
group (Figure 5F). Further, results from HCC tumor tissues
indicated that the expression levels of KCNQIOTI1 and

IGFIR were down-regulated while miR-148a-3p expression
was greatly increased (Figure 5G-I). Besides, expression of
IGFI1R in protein level was suppressed in tumor tissues of sh-
KCNQI1OT1#1 group (Figure 5J). In conclusion, these results
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Figure 4. KCNQ1OT1 promotes HCC progression by up-regulating the expression of IGF1R via miR-148a-3p in vitro. A, Bioinformatics
software predicted that IGF1R is a target of miR-148a-3p, and interaction region between miR-148a-3p and IGF1R was displayed. B and C,
Interaction region between miR-148a-3p and IGF1R was determined by dual-luciferase reporter gene assays. D and E, IGF1R expression levels
in normal liver cell line, HCC cell lines, normal tissues and HCC tissues, respectively. F, Regulation between miR-148a-3p and IGF1R on
apoptosis of HepG2 and Hep3B cells. G and H, Cell proliferative capacity was suppressed in HCC cells with low IGFIR expression,
correspondingly, it was reversed by miR-148a-3p inhibitors. I and J, Transwell assay confirmed the inhibition of si-IGF1R on migration and
invasion of HCC cells. Similarly, miR-148a-3p inhibitors rescued the inhibition. K, IGF1R expression was reversely associated with miR-148a-
3p expression in HCC patients. L, Kaplan-Meier analysis between IGF1R expression and KCNQ1OT1 expression in HCC patients. M, The
correlation analysis of miR-148a-3p and IGFIR in HCC patients by starBase database. N, Knockdown of KCNQ1OT1 suppressed IGF1R
expression in protein level in HepG2 and Hep3B cells.
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Figure 5. KCNQ1OT1 regulates the growth of HCC tumor by miR-148a-3p/IGF1R axis. A, Western blot assay shown that overexpression of
KCNQI1OTT1 abolished the inhibition of miR-148a-3p on IGF1R expression in HepG2 and Hep3B cells. B and C, Overall survival was analyzed
of HCC patients with high or low IGFIR expression by LnCeVar. D-F, Tumor volume and weight were measured, respectively. G-I, The

expression levels of KCNQ1OT1, IGF1R and miR-148a-3p were detected in HCC tumor tissues using qRT-PCR, respectively. (J) Expression of

IGF1R in protein levels in tumor tissues.

suggested that the knockdown of KCNQ1OT1 inhibited tumor
growth of HCC.

Discussion

HCC always remains a serious health problem and caused a
high death rate despite the advanced in diagnosis and treat-
ments.'® Thus, it is urgent to discover new biomarkers of diag-
nostic, prognostic indicators and more advanced treatment
methods to HCC. In recent years, mounting studies have iden-
tified many functional IncRNAs that play key roles in various
cancers including HCC.'7° In this study, we reported a
cancer-related IncRNA KCNQ1OT1 and its biological func-
tions in HCC were largely studied. In previous reports, Wang
et al observed that KCNQ1OT1 was up-regulated in non-small
cell lung cancer and promoted cell proliferation, migration and
invasion via regulating miR-129-5p/JAG1 axis.?' Sun et al
indicated that LncRNA KCNQ1OT1 promoted progression and
chemoresistance of acute myeloid leukemia by modulating the
miR-193a-3p/Tspan3 axis.?> However, there are few studies for
the biological role of KCNQ1OT1 in HCC. Here, we observed
that KCNQ1OT1 expression was distinctly up-regulated in
HCC tissues and cell lines. And high expression of
KCNQI1OT1 was closely related the poor prognosis of HCC
patients. Moreover, in this study, we found that knockdown of
KCNQI1OTI1 repressed proliferation, migration and invasion
while enhanced apoptosis of HCC cells. Therefore, our study

demonstrated that KCNQIOT1 was highly up-regulated in
HCC cancer tissues and cell lines, it served as a tumor promoter
in the progression of HCC.

LncRNAs can act as competing endogenous (ceRNAs) to
mediate gene expression through sponging miRNAs in the
occurrence and development of cancers.***® For instance, in
Glioblastoma, LncRNA RPSAP52 can increase cancer cell
stemness and predict postoperative survival by up-regulating the
expression of TGF-B1.2” The long non-coding RNA PIK3CD-
AS2 inhibited p53 pathway to induce the progression of lung
adenocarcinoma via mediating YBX1.?® In our study, bioinfor-
matics methods validated that miR-148a-3p was a target of
KCNQI1OTI. Besides, the results from dual-luciferase reporter
assays demonstrated that miR-148a-3p can directly bind to
KCNQI1OT1. Furthermore, the opposite relationship between
KCNQI1OT1 and miR-148a-3p was confirmed in HCC tissues.
In other studies, miR-148a-3p has been reported as a key tumor
regulator in various cancers. For, instance, Wang et al identified
that miR-148a-3p represses proliferation and EMT of bladder
cancer by ERBB3/AKT2/c-myc and DNMT1 pathway.?’ Wang
et al indicated that the expression level of miR-148a-3p was
decreased in ovarian cancer, and miR-148a-3p overexpression
restrains progression of ovarian cancer by targeting c-Met.*”
Correspondingly, in our study, we also found that miR-148a-
3p as a tumor suppressor to suppress HCC progression. There-
fore, our data indicated that KCNQI1OT1 contributed to HCC
progression by modulating miR-148a-3p expression.
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Normally, miRNAs exerted its biological functions in
cancers through directly targeting mRNAs. Here, we first pre-
dicted and determined that IGFIR is a target of miR-148a-3p.
Several evidence have confirmed that IGF1R functions as a key
oncogene in various cancers including HCC. For instance, the
inhibition of IGF-1R/PI3K/Akt signaling suppressed the pro-
gression of liver cancer by paracrine factors of human fetal
MSCs.*! IGFIR have critical clinicopathological and prognos-
tic roles in hepatocellular carcinoma.*? Besides, resistance to
mTORC1/2 inhibition was mediated by focal adhesion- and
IGF1R-dependent survival and migratory pathways in tumor.>?
In our study, we found that the expression level of IGF1R was
increased in HCC tissues and cell lines. In addition, we found
that the silence of IGF1R repressed proliferation while pro-
moted apoptosis of HCC cells. However, these roles of IGF1R
on HCC cells were reversed by miR-148a-3p inhibitors.

In conclusion, our results indicated that KCNQ1OT1 plays
an oncogene role in HCC by promoting IGFIR expression via
sponging miR-148a-3p. Further, we uncovered a new
KCNQIOT1/miR-148a-3p/IGF1R axis for the first time. Our
study may provide a novel candidate diagnostic, prognostic or
therapeutic target for HCC.
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