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Background: The hepatocellular carcinoma up-regulated EZH2-associated long non-coding
RNA (HEIH) has been identified to act as an oncogene to promote cell tumorigenesis in
hepatocellular carcinoma (HCC); however, the roles of HEIH in sorafenib resistance in HCC
cells remain elusive.

Materials and Methods: The expression of HEIH and microRNA (miR)-98-5p was
detected using quantitative real-time polymerase chain reaction. Cell viability, apoptosis,
migration and invasion were analyzed using cell counting kit-8 assay, flow cytometry and
transwell assay. Western blot was used to measure the levels of apoptosis-related protein and
phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT) pathway-related protein. The
interaction between HEIH and miR-98-5p was confirmed by dual-luciferase reporter and
RNA immunoprecipitation assay. In vivo experiments were performed using murine xeno-
graft models.

Results: HEIH was up-regulated in sorafenib-resistant HCC tissues and cell lines, and HEIH
silence weakened sorafenib resistance by suppressing cell viability, invasion and migration,
decreasing the 1Cs, values to sorafenib, and increasing apoptosis in sorafenib-resistant HCC
cells in vitro and reinforced the anti-tumor elJects of sorafenib in vivo. HEIH was a sponge
of miR-98-5p, and miR-98-5p inhibition reversed the sorafenib sensitivity induced by HEIH
deletion in sorafenib-resistant HCC cells. MiR-98-5p inhibition could activate PI3K/AKT
pathway, and enhanced sorafenib resistance by regulating the activation of PI3K/AKT path-
way in sorafenib-resistant HCC cells. Besides, HEIH also activated PI3K/AKT pathway
through regulating miR-98-5p in sorafenib-resistant HCC cells.

Conclusion: HEIH conferred an advantage to sorafenib resistance in HCC by the activation
of PI3K/AKT pathway through miR-98-5p, indicating a potential therapeutic strategy for
HCC chemotherapy.
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Highlights

. HEIH is up-regulated in sorafenib-resistant HCC tissues and cell lines.

HEIH knockdown mitigates sorafenib resistance in HCC in vivo and in vitro.

HEIH is a sponge of miR-98-5p.

HEIH activates PI3K/AKT pathway through regulating miR-98-5p in sora-

fenib-resistant cells in HCC.

5. HEIH deletion sensitizes the sorafenib-resistant cell to sorafenib by regulat-
ing miR-98-5p/PI3K/AKT pathway in HCC.
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Introduction

As one of the most common leading causes of cancer-related
mortality worldwide, hepatocellular carcinoma (HCC) is still
a severe threat to human health.! Currently, surgical resection
is the most effective therapy for early-stage HCC, while most
HCC patients are diagnosed in the advanced stage and surgi-
cal treatment has little effects. Sorafenib is currently the
only systemic agent permitted for clinical therapy in
advanced HCC.* However, the extension of the median
survival time of advanced HCC cases response to sorafenib
is only 3—5 months, and serious adverse side effects and the
development of sorafenib resistance have hampered its use.’
Thus, further investigations on the mechanisms underlying
sorafenib resistance are of great importance for developing
novel therapeutic targets to overcome drug resistance.

Long noncoding RNAs (IncRNAs) are a kind of RNA
molecules with longer than 200 nucleotides in length and
cannot encode the protein. Growing evidence has documented
that IncRNAs act as critical regulators in the physiological and
pathological cellular processes, including proliferation, apop-
tosis, metastasis and chemoresistance, to affect cancer cell
progression and development.®® The hepatocellular carci-
noma up-regulated EZH2-associated long non-coding RNA
(HEIH) is a functional IncRNA, whose gene mapped on
chromosome 5q35.3, and has been recognized to act as an
oncogene to promote tumor progression in many types of
cancers, including HCC. For example, HEIH induced cell
through targeting miR-200b/a/429 in
melanoma.” HEIH promoted cell proliferation and decreased

tumorigenesis

apoptosis in colorectal cancer through up-regulating Bel-xL
by miR-939.'° HEIH interacted with miR-199a-3p to block
mTOR to inhibit cell growth and metastasis in liver cancer.""
However, the roles of the HEIH in sorafenib resistance in HCC
remain unraveled.

In the present work, we elaborated the effects of HEIH
on the resistance of HCC cells to sorafenib, as well as
explored the underlying mechanism of how HEIH partici-
pated in the regulation of sorafenib resistance in HCC.

Materials and Methods

Patients and Specimens

HCC tissues were collected from a total of 48 patients who
received surgical resection at Putuo Hospital Affiliated to
Shanghai University of Traditional Chinese Medicine and
were immediately stored at —80°C until used. All subjects
were diagnosed by histopathological examination and
underwent sorafenib-based chemotherapy prior to surgery.

The detailed clinical information is shown in Table S1. We
divided these patients into the sorafenib-resistant group
(HCC/Sor, N=27, tumor stabilization or progression after
6 cycles of chemotherapy) and the sorafenib-sensitive
group (HCC, N=21, tumor remission after 6 cycles of
chemotherapy) depending on the sensitivity of HCC
patients to sorafenib. This study was permitted by the
Ethics Affiliated to
Shanghai University of Traditional Chinese Medicine and

Committee of Putuo Hospital

we had obtained the written informed consent from all
patients.

Cell Culture and Transfection

HCC cell lines (HCCLM3 and Huh7) were purchased
from Shanghai Academy of Life Science (Shanghai,
China) and cultured in Dulbecco’s modified Eagle’s med-
ium (DMEM, Gibco, Carlsbad, CA, USA) harboring with
10% foetal bovine serum (FBS), 0.1 mg/mL of streptomy-
cin and 100 U/mL of penicillin at 37°C with 5% CO2.
HCCLM3 (HCCLM3/Sor) and -
resistant Huh7 (Huh7/Sor) cells were generated by treating

Sorafenib-resistant

HCCLM3 and Huh7 cells with increasing concentrations
of the cytostatic sorafenib over several months. Sorafenib-
resistant cells were grown in the same media supplemen-
ted with 5 pM sorafenib.

Small interfering RNA (siRNA) targeting HEIH (si-
HEIH), siRNA negative control (si-NC), the short hairpin
RNA (shRNA) targeting HEIH (sh-HEIH) and shRNA
scramble control (sh-NC) were generated by Invitrogen
(Carlsbad, CA, USA). The miR-98-5p mimic, mimic nega-
tive control (miR-NC mimic), miR-98-5p inhibitor (anti-
miR-98-5p) and inhibitor negative control (anti-miR-NC)
were obtained from RIBOBIO (Guangzhou, China). The
transfection was conducted using Lipofectamine™ 2000
transfection reagent (Invitrogen).

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA was isolated from tissues and cells using TRIzol
reagent (Invitrogen). Then complementary DNAs (cDNAs)
were synthesized by using All-in-One™ Kit (GeneCopoeia,
Rockville, MD, USA). After that, quantitative PCR was con-
ducted using SYBR Green methods on the ABI7500 system.
The fold changes were qualified using 2 **“" method and
normalized with glyceraldehyde 3-phosphate dehydrogenase
(GADPH) and U6 small nuclear B noncoding RNA (U6). All
experiments were conducted at least three times, and the
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average was taken. The primers sequences were listed: HEIH,
F 5-AAGAACTCTTCGCTCCAGCC-3' and R 5'- ACAA
AAGCAGACTAGGGCGG-3'; miR-98-5p, F 5'- TGAGG
TAGTAGTTTGTGCTGTT-3, and R 5- GCGAGCACA
GAATTAATACGAC-3'; U6, F 5'-ACCCTGAGAAATACCC
TCACAT-3', and R 5-GACGACTGAGCCCCTGATG-3';
GAPDH, F 5-AAGAAGGTGGTGAAGCAGGC-3', and
R 5'-GTCAAAGGTGGAGGAGTGGG-3'.

Cell Viability Assay

Transfected resistant cells were seed into 96-well plates (5
x 10* cell/well) and treated with increasing concentrations
of sorafenib (0.75, 1.5, 3.0, 6.0, 12, 24 and 48 uM/L) for
48 h. After that, per well was incubated with CCK-8
solution (10 pL/well) (Beyotime, Shanghai, China) for
about 2 h. Subsequently, the absorbance was determined
by a microplate reader at 450 nm. Additionally, the half
maximal inhibitory concentration (ICsq values) of drugs
were calculated on the basis of the relative survival curve.
All experiments were repeated three times independently.

Flow Cytometry

Transfected resistant cells were plated on 24-well plates
overnight and treated with 5 pM sorafenib for 48 h. After
that, cells were collected and resuspended with binding
buffer, and then double-stained with fluorescein isothio-
cyanate (FITC) annexin V and propidium iodide (PI) (BD
Biosciences, Shanghai, China). Finally, apoptotic cells
were analyzed by flow cytometry. Three replicate wells
were set in each group, and the experiment was repeated
three times.

Western Blot

Transfected cells were lysed by RIPA lysis buffer (Beyotime).
Then the lysate was separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis, and transferred to
a polyvinylidene fluoride membranes. Subsequently, the mem-
branes were incubated with primary antibody against B-cell
lymphoma-2 (Bcl-2) (1:1000, ab692, Abcam, Cambridge,
MA, USA), BCL2-associated X protein (Bax) (1:1000,
ab32503, Abcam), phosphorylated (p)-phosphoinositide
3-kinase (p-PI3K) (1:1000, abl182651, Abcam), PI3K
(1:1000, ab40776, Abcam), p-protein kinase B (p-AKT)
(1:1,000, 9271, Cell Signaling Technology, Boston, MA,
USA), AKT (1:1,000, 9272, Cell Signaling Technology), as
well as B-Actin (1:1,000, 4967, Cell Signaling Technology).
After interaction with secondary HRP-conjugated antibody
(1:1000, ab9482, Abcam). Experiments were performed

three times, and immunoreactive bands were visualized using
electrochemiluminescence.

Cells Migration and Invasion Assays

For migrated cells detection, transfected cells were seeded on
the transwell upper chamber filled with serum-free DMEM,
and DMEM fixed with 10% FBS was added into the lower
well. 24 h later, cells on the lower face of the membranes
were fixed and stained. Finally, migrated cells were recorded
by a microscope. As to the detection of invaded cells, the
upper transwell chamber membranes were pre-coated with
Matrigel (BD Biosciences), and other measurement proce-
dure was similar to cell migration. All experiments were
repeated three times independently.

Dual-Luciferase Reporter Assay

The wild-type (WT) or mutant (MUT) binding sequences
of miR-98-5p in HEIH were separately cloned into
pmirGLO dual-luciferase vectors (Promega, Shanghai,
China). Afterwards, cells were co-transfected with the
constructed dual luciferase reporter plasmids and miR-
98-5p mimics or miR-NC mimics using Lipofectamine ™
2000 (Invitrogen). Finally, the luciferase activity was ana-
lyzed by a dual luciferase assay kit (Promega).

RNA Immunoprecipitation (RIP) Assay
HCCLM3/Sor and Hun7/Sor cells transfected with miR-98-
5p mimics or miR-NC mimics were lysed by RIP buffer
(Millipore, Billerica, MA, USA), and then cell extracts
were co-immunoprecipitated with magnetic beads containing
anti-Ago2 or IgG antibody. Finally, the immunoprecipitated
RNA was isolated and subjected to gqRT-PCR analysis.

In vivo Chemosensitivity Assay

BALB/c nude mice (aged 4-6 weeks, N=12) were bought
from Vital River Laboratory Animal Technology (Beijing,
China) and manipulated in line with the guidelines of the
Animal Research Committee of Putuo Hospital Affiliated
to Shanghai University of Traditional Chinese Medicine.
The protocol was approved by the Animal Care and Ethics
Committee of Shanghai University of Traditional Chinese
Medicine. The mice were randomly divided into four
groups of three mice each. HCCLM3/Sor cells (5 x 10°)
transfected with the lentivirus-(lenti)-sh-HEIH or lenti-sh-
NC were subcutaneously injected into the posterior flank
of each mouse. When the size of xenografts reached
approximately 100 mm?>, all mice were intraperitoneally
injected with sorafenib (100 mg/kg) or the same volume of
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PBS every 10 days. Tumor size was examined every 7
days, and tumor volume was calculated. At day 28, mice
were killed and tumor masses were weighed and used for
further molecular analysis.

Statistical Analysis

Data were expressed as the mean + standard deviation (SD).
Group comparison was analyzed using one-way analysis of
variance (ANOVA) or Student’s ¢-test on GraphPad Prism 7
software (GraphPad Inc., San Diego, CA, USA). The corre-
lation analysis was performed using Pearson correlation
analysis. P values < 0.05 indicated statistically significant.

Results

HEIH Expression |s Up-Regulated in
Sorafenib-Resistant HCC Tissues and
Cell Lines

To investigate the influence of HEIH on HCC sorafenib
resistance, we detected the expression of HEIH in HCC. QRT-
PCR analysis showed HEIH expression was higher in sorafe-
nib-resistant HCC tissues than that in the sensitivity group
(Figure 1A). Subsequently, sorafenib-resistant HCCLM3 and
-resistant Huh7 cells, named HCCLM3/Sor and Huh7/Sor,
were generated, HCCLM3/Sor and Huh7/Sor cells exhibited
increased sorafenib resistance (Figure S1, ICs, values: 5.7 vs
13.7 uM in HCCLM3 and HCCLM3/Sor cells, 7.3 vs 17.4
UM in Huh7 and Huh7/Sor cells). After that, we also observed
that compared with the parental HCC cells, HEIH expression
was HCC cell
(Figure 1B). These data indicated HEIH expression might
be associated with sorafenib resistance in HCC.
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HEIH Knockdown Mitigates Sorafenib
Resistance in Sorafenib-Resistant Cells in

HCC

In order to evaluate the detailed function of HEIH in sor-
afenib resistance of HCC, sorafenib-resistant HCC cell lines
(HCCLM3/Sor and Huh7/Sor cells) were established.
Immediately, HEIH was knocked down through transfecting
si-HEIH into HCCLM3/Sor and Huh7/Sor cells, as con-
firmed by the down-regulation of HEIH expression in si-
HEIH groups (Figure 2A). Subsequently, CCK-8 assay
showed HEIH knockdown combined with increasing doses
of sorafenib (0.75, 1.5, 3.0, 6.0, 12, 24 and 48 puM/L)
gradually decreased the survival rate of sorafenib-resistant
cells (Figure 2B) and the ICs, values of HCCLM3/Sor and
Huh7/Sor cells to sorafenib were also decreased in the si-
HEIH group compared with that in controls (Figure 2C),
indicating HEIH silence sensitized HCCLM3/Sor and Huh7/
Sor cells to sorafenib. Conversely, HEIH knockdown
improved the apoptosis of HCCLM3/Sor and Huh7/Sor
cells by decreasing the level of Bcl-2 and increasing the
level of Bax (Figure 2D and E). Moreover, HEIH deletion
also suppressed the migration and invasion capabilities of
sorafenib-resistant HCC cells (Figure 2F and G). Taken
together, HEIH knockdown sensitized sorafenib-resistant
cells to sorafenib by regulating cell viability, apoptosis,
migration and invasion in HCC.

HEIH Is a Sponge of miR-98-5p

Through using the online software program StarBase,
miRNAs with complementary base pairing with HEIH were
searched. MiR-98-5p contained the putative binding sites of
HEIH (Figure 3A). After that, the reduction of luciferase

* Il Parental
T Sorafenib-resistant

H *

HCCLM3 Huh?

Figure | The expression of HEIH in sorafenib-resistant HCC tissues and cell lines. (A and B) gRT-PCR analysis of HEIH expression in HCC sorafenib-sensitive tumor
tissues and sorafenib-resistant tumor tissues, as well as in sorafenib-resistant HCC cell lines and corresponding parental HCC cell lines. *P<0.05.
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Figure 2 HEIH knockdown mitigates sorafenib resistance in sorafenib-resistant cells in HCC. HCCLM3/Sor and Huh7/Sor cells were transfected with si-HEIH or si-NC. (A)
The interference efficiency was detected using qRT-PCR. (B) The survival rates of resistant cells in combination with increasing concentrations of sorafenib were detected by
CCK-8 assay. (C) The ICsq values of resistant cells to sorafenib were assessed by CCK-8 assay. (D) The apoptosis of resistant cells was analyzed using flow cytometric
analysis. (E) The expressions of Bcl-2 and Bax in resistant cells were examined by Western blot assay. (F and G) Transwell assay was used to determine migration and

invasion abilities of resistant cells. *P<0.05.

activity in HCCLM3/Sor and Huh7/Sor cells co-transfected
with WT-HEIH and miR-98-5p mimic confirmed the direct
interaction between HEIH and miR-98-5p (Figure 3B).
Furthermore, RIP assay showed HEIH expression were sig-
nificantly enriched in Ago2 immunoprecipitates compared
with control IgG immunoprecipitates in the presence of abun-
dant miR-98-5p mimic (Figure 3C), further indicating the
interaction between HEIH and miR-98-5p. Besides, we also
found HEIH silence promoted miR-98-5p expression in
HCCLM3/Sor and Huh7/Sor cells (Figure 3D). Meanwhile,
the qRT-PCR analysis showed miR-98-5p expression was

down-regulated in sorafenib-resistant HCC tissues and cell
lines compared with the sensitivity groups (Figure 3E and F),
and a negative correlation between HEIH and miR-98-5p
expression in sorafenib-resistant HCC tissues was observed
(r=—0.8905, P<0.0001) (Figure 3G). Thus, we concluded
HEIH targetedly inhibited miR-98-5p expression.

MiR-98-5p Mediates the Action of HEIH

on Sorafenib Resistance in HCC Cells
To explore whether the effects of HEIH on sorafenib resis-
tance was mediated by miR-98-5p, HCCLM3/Sor and Huh7/

Cancer Management and Research 2020:12
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Figure 3 HEIH is a sponge of miR-98-5p. (A) The putative binding site between HEIH and miR-98-5p was predicted. (B and C) The interaction between HEIH and miR-98-
5p was verified by the dual-luciferase reporter assay and RIP assay in sorafenib-resistant cells, respectively. (D) The level of miR-98-5p in HCCLM3/Sor and Huh7/Sor cells
transfected with si-HEIH or si-NC was detected using qRT-PCR. (E and F) qRT-PCR analysis of miR-98-5p expression in HCC sorafenib-sensitive tumor tissues and
sorafenib-resistant tumor tissues, as well as in sorafenib-resistant HCC cell lines and corresponding parental HCC cell lines. (G) The correlation between HEIH and miR-98-

5p was analyzed using Pearson correlation analysis. *P<0.05.

Sor cells were transfected with anti-miR-NC, anti-miR-98-
5p. As expected, miR-98-5p expression was remarkably
decreased (Figure 4A). After that, we found miR-98-5p
inhibition increased the survival rates of sorafenib-resistant
cells with increasing doses of sorafenib (Figure 4B) and the
1C5o values of HCCLM3/Sor and Huh7/Sor cells to sorafenib
(Figure 4C). Besides that, miR-98-5p inhibition reduced the
apoptosis of HCCLM3/Sor and Huh7/Sor cells through up-
regulating the level of Bcl-2 and down-regulating the level of
Bax (Figure 4D-F). Meanwhile, the migrated and invaded
HCCLM3/Sor and Huh7/Sor cells were markedly increased
by miR-98-5p inhibition (Figure 4G and H). These data
suggested miR-98-5p decrease enhanced sorafenib resistance
in sorafenib-resistant cells in HCC. Afterwards, HCCLM3/
Sor and Huh7/Sor cells were transfected with si-HEIH + anti-
miR-NC, or si-HEIH + anti-miR-98-5p to conduct rescue
assay, and results exhibited that miR-98-5p inhibition
reversed HEIH knockdown-mediated inhibition on
CCLM3/Sor and Huh7/Sor cell viability (Figure 4B and C),
migration and invasion (Figure 4G and H) as well as promo-
tion on apoptosis (Figure 4D-F) in HCC. Altogether, HEIH
knockdown restored the sensitivity of sorafenib-resistant
HCC cells to sorafenib by regulating miR-98-5p.

PI3K/AKT Pathway Mediates the
Sorafenib Resistance of miR-98-5p on

Sorafenib-Resistant Cells in HCC
PI3K/AKT pathway is a significant intracellular signaling

pathway, in which activation has been demonstrated to
associate with acquired resistance to sorafenib in HCC.'?
Thus, we further verified whether the effects of miR-98-5p
on sorafenib-resistant were mediated by PI3K/AKT path-
way. HCCLM3/Sor and Huh7/Sor cells were separately
treated with DMSO, PI3K inhibitor wortmannin (WM),
anti-miR-98-5p + DMSO, or anti-miR-98-5p + WM.
Then Western blot analysis showed WM treatment reduced
the level of p-PI3K and p-AKT; besides, WM treatment
also abated miR-98-5p inhibition-induced increase of
p-PI3K and p-AKT levels in sorafenib-resistant cells in
HCC (Figure 5A and B), indicating miR-98-5p inhibition
activated PI3K/AKT pathway in sorafenib-resistant cells.
After that, functional experiments were performed and we
found WM treatment inhibited the viability (Figure 5C),
invasion and migration (Figure 5SH and 1) of sorafenib-
resistant cells, reduced the ICsy, values of sorafenib-

resistant cells to sorafenib (Figure 5D), and increased
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Figure 4 MiR-98-5p mediates the sorafenib resistance of HEIH on sorafenib-resistant cells in HCC. HCCLM3/Sor and Huh7/Sor cells were transfected with anti-miR-NC,
anti-miR-98-5p, si-HEIH + anti-miR-NC, si-HEIH + anti-miR-NC. (A) The expression of miR-98-5p was detected to confirm transfection efficiency. (B) CCK-8 assay analysis
for the survival rates of resistant cells in combination with increasing concentrations of sorafenib was performed. (C) CCK-8 assay was used to measure the ICs, values of
resistant cells to sorafenib. (D) Flow cytometric analysis for resistant cell apoptosis was conducted. (E and F) The expressions of Bcl-2 and Bax in resistant cells were
determined by Western blot assay. (G and H) The migration and invasion abilities of resistant cells were analyzed by transwell. *P<0.05.

sorafenib-resistant cell apoptosis (Figure 5SE-G) through
the inactivation of PI3K/AKT pathway. However, we also
discovered that miR-98-5p inhibition promoted cell sora-
fenib resistance in HCC by activating PI3K/AKT pathway,
while these promotions could be reversed by WM treat-
ment (Figure SC-I). Therefore, we demonstrated that miR-
98-5p inhibition enhanced sorafenib resistance in sorafe-
nib-resistant HCC cell lines by regulating the activation of
PI3K/AKT pathway. Additionally, Western blot analysis
also indicated that HEIH deletion decreased the expression
of p-PI3K and p-AKT in HCCLM3/Sor and Huh7/Sor

cells, while this decrease was attenuated by following
miR-98-5p inhibition (Figure 6A and B), suggesting
HEIH activated PI3K/AKT pathway through regulating
miR-98-5p in sorafenib-resistant cells in HCC.

HEIH Deletion Contributes to
Sorafenib-Mediated Inhibition on HCC

Tumor Growth in vivo

We further investigated the effects of HEIH on sorafenib-
mediated tumor growth in vivo. As shown in Figure 6C
and D, knockdown of HEIH significantly reinforced
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Figure 5 PI3K/AKT pathway mediates the sorafenib resistance of miR-98-5p on sorafenib-resistant cells in HCC. HCCLM3/Sor and Huh7/Sor cells were separately treated
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sorafenib-mediated suppression on the tumor growth,
reflected by the decrease of tumor volume and lowered
tumor weight in si-HEIH plus sorafenib group. In addition,
we also found HEIH deletion combined with sorafenib
significantly decreased the expression of HEIH, whereas
increased the expression of miR-98-5p (Figure 6E and F).
Therefore, HEIH deletion enhanced sorafenib-mediated
inhibition on HCC tumor growth through miR-98-5p
in vivo.

Discussion

Sorafenib is currently regarded as a first-line systemic drug for
chemotherapeutic therapy in advanced HCC patients in clin-
ical, while only approximately 30% of patients obtain a sig-
nificant survival benefit from the sorafenib treatment.'>'*

A great majority of HCC patients are refractory to this

chemotherapy and develop acquired resistance, which limit
the use of sorafenib.®'> Hence, it is imperative to uncover the
precise molecular mechanism underlying sorafenib resistance
in HCC cells.

Recently, a growing body of studies have demonstrated
the essential roles of IncRNA in sorafenib resistance. For
instance, IncRNA-SRLR increased sorafenib resistance to
responsive renal cell carcinoma cells by inducing the acti-
vation of evoking IL-6/STAT3 axis.'® SNHG1 deletion
sensitized resistant HCC cells to sorafenib through indu-
cing cell apoptosis and autophagy via the inhibition of Akt
pathway.'” LncRNA SNHG3 regulated the miR-128/
CD151 pathway to facilitate sorafenib resistance in HCC
cells."® FOXD2-AS1 contributed to the sensitivity of HCC
cells to sorafenib by modulating the miR-150-5p/TMEM9
axis.® Therefore, IncRNAs are important regulators for
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sorafenib resistance. In this research, we demonstrated that
HEIH was highly expressed, and depletion of HEIH sen-
sitized sorafenib-resistant HCC cells to sorafenib through
decreasing the wviability, invasion and migration, and
increasing apoptosis of resistant cells in HCC. What’s
more, in vivo experiments also confirmed HEIH knock-
down enhanced sorafenib-mediated inhibition on tumor
growth. Thus, HEIH may represent a promising method
for sorafenib resistance of HCC.

It is well-recognized that IncRNAs can function as mole-
cular sponges for miRNAs, thereby abolishing the endogen-
ous inhibition of these miRNAs on their targets.'”
MicroRNAs (miRNAs) are small non-protein coding RNAs,
which have been reported to involve in the regulation of
various cell possesses through post-transcriptional gene
silencing.”® Additionally, numerous miRNAs have been
investigated to implicate in regulating sorafenib resistance.”'
For example, miR-137 sensitized sorafenib-resistant HCC
cells to sorafenib via inhibiting ANT2 expression.”> MiR-21
contributed to sorafenib resistance in HCC cells through sup-
pressing autophagy by the Akt/PTEN pathway.* In this study,
we demonstrated HEIH directly bound to miR-98-5p. MiR-
98-5p is a functional miRNA, which has been confirmed to
serve as an oncogene or tumor suppressor in the tumorigenesis

of many cancers to affect cancer development.”**> In HCC,
Jiang et al revealed miR-98-5p acted as a tumor suppressor to
repress cell viability and induced apoptosis and cell cycle
arrest, thus hindering HCC progression.”® Besides that, it
also was demonstrated that aberrant miR-98-5p expression
was connected with cisplatin resistance in ovarian cancer®’
and lung cancer.”® Thus, we assumed miR-98-5p might reg-
ulate sorafenib resistance in HCC. Subsequently, further
investigates demonstrated miR-98-5p was decreased, and
miR-98-5p inhibition increased sorafenib resistance in non-
responsive HCC cells. More importantly, miR-98-5p inhibi-
tion reversed HEIH-mediated response to sorafenib treatment
in HCC cells. Emerging evidence has documented that PI3K/
AKT pathway is an important underlying mechanism of
acquired resistance to sorafenib.'**’ In this review, we
found miR-98-5p inhibition could activate PI3K/AKT path-
way, and inactivating the PI3K/AKT pathway abrogated miR-
98-5p inhibition-mediated acquired resistance of sorafenib.
Furthermore, we further revealed HEIH also activated PI3K/
AKT pathway by suppressing miR-98-5p in sorafenib-
resistant HCC cells.

In recent years, it has been identified that regorafenib
clinically improves the overall survival of patients with HCC
progressing during sorafenib treatment, and regorafenib have
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survival benefit for sorafenib-resistant HCC.>° Besides, Teufel
et al exhibited that expression patterns of plasma proteins and
miRNAs was associated with increased overall survival times
of patients with HCC following regorafenib treatment.*' Thus,
we assume that molecular therapy based on HEIH/miR-98-5p/
PI3K/AKT axis combine with regorafenib may provide
anovel insight into the improvement in outcome of sorafenib-
resistant HCC patients. Lenvatinib is a novel first-line drug in
the treatment of advanced HCC, and cabozantinib can act as
a second-line option to the first-line drugs sorafenib and len-
vatinib and the second-line drug regorafenib in advanced
HCC.** Thus, whether lenvatinib or cabozantinib combines
with RAN-based molecular therapy to overcome sorafenib
resistance in HCC still needs further study.

Conclusion

In conclusion, this study demonstrated that HEIH impaired
the sensitivity to sorafenib in nonresponsive HCC cells
through miR-98-5p/PI3K/AKT pathway, providing new
insight into the pathogenesis of sorafenib resistance and
new therapeutic strategies to improve responses to sorafe-
nib in HCC patients.
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