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LncRNA NEAT1 modulates sorafenib resistance in
hepatocellular carcinoma through regulating the
miR-149-5p/AKT1 axis
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Abstract

Background/Aims: The purpose of this study is to explore the expression characteristics of IncRNA NEAT 1
in hepatocellular carcinoma (HCC) and the molecular mechanism of its regulation on sorafenib resistance.
Materials and Methods: This experimental study was performed from June 2013 to June 2019. The level of
NEAT1 was determined using RT-PCR in HCC and matched adjacent tissues from 79 HCC patients in Linyi
central hospital. The patients were divided into two groups to compare their prognosis based on the median
NEAT1 expressions as a cutoff value. HCC cell line HepG2 negative control (HepG2-NC), sorafenib-resistant
HepG2 cells (HepG2-SR) were transfected with or without NEAT1 siRNA, followed by subsequent molecular
analysis, to determine the function of NEAT1 on sorafenib resistance in HCC cells. The cell transcripts were
determined by RNA-sequencing analysis. The binding site of the NEAT1 and microRNA-149-5p (miR-149-5p)
was verified by luciferase assay.

Results: We found that NEAT1 was significantly increased in HCC tissues. Furthermore, NEAT1 expressions
were significantly associated with HCC prognosis and chemoresistance patterns against sorafenib.
Subsequently, the sorafenib-resistant HCC cell lines, together with the controls, were used to determine the
regulatory effect of NEAT1 on HCC cells' progression and sorafenib resistance. NEAT1 targets the miR-149-5p,
and therefore, decrease the activity of sorafenib against HCC cells. NEAT1 functions were demonstrated to
be triggered by the regulation of miR-149-5p/AKT1 axis.

Conclusions: NEAT1/miR-149-5p/AKT1 pathway-based therapy might be a potential clinical application for
HCC patients.
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INTRODUCTION

includes resection and subsequent chemotherapy.l”
However, during treatment, cancer cells develop resistance

Hepatocellular carcinoma (HCC) is the fifth most
common cancer worldwide and the second leading cause
of cancer-related death in China.! Traditional treatment
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toward functionally and structurally different anticancer
drugs via either acquired (due to host factors) or intrinsic
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(due to genetic ot epigenetic) mechanisms.P! Sorafenib, an
oral multitarget tyrosine kinase inhibitor, targets vatrious
molecular mechanisms, including tumor growth and
angiogenesis." Itis one of the few systemic chemotherapy
drugs for HCC that is approved by the US Food and
Drug Administration and as such has been extensively
applied for treating HCC patients.’! However, the clinical
efficacy of sorafenib is limited, and the prognosis of HCC
patients is poor because of sorafenib resistance.l! The
biological processes involved in tumor microenvironment,
inflammation, fibrosis, angiogenesis, hypoxia, autophagy,
viral reactivation, and oxidative stress may all contribute to
sorafenib resistance.l However, the resistance mechanisms
of sorafenib remain unclear, and novel research may
provide insight into the discovery of an effective treatment
or personalized therapy for advanced HCC.

In recent years, emerging evidence has regarded noncoding
RNAs, including IncRNA and miRNAs, as major regulators
of various types of diseases, including infections,®
autoimmune diseases,” and cancer."” The newly identified
IncRNA NEATT has been found to act as a promoter in the
progression of HCC!""'? and many other tumor types.* "
In addition, the role of NEAT1 in cancer resistance to
chemotherapy has also been widely reported.l'*"* However,
little is known regarding its expression pattern, biological
function, and potential mechanism used in HCC to cause
resistance to sorafenib.

In the current study, we aim to explore the expression
characteristics of IncRNA NEAT1 in HCC and the
molecular mechanism of its regulation on sorafenib
resistance.

MATERIALS AND METHODS

Cell line culture

HCC cell lines HepG was included in this study.
RPMI-1640 Dulbecco’s modified Eagle’s medium was
used to culture the cells and supplemented with 10%
fetal bovine serum, together with a 1% antibiotic mixture
of penicillin—streptomycin. The cells were grown in the
desired culture medium and then incubated.

Establishment of sorafenib-resistant cells

Establishment of sorafenib-resistant cells was performed
in accordance with a previous report."”! The half maximal
inhibitory concentration (IC, ) of HCC cells to sorafenib
was initially determined by incubating cells with different
concentrations of sorafenib in 96-well plates, and cell
viability was measured 3 days later as described below. The
cells were cultured in 6-well plates at 1 X 10* cells/well
and incubated with sorafenib at a concentration just below
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their respective 1C_. The concentration of sorafenib was
slowly increased by 0.25 UM per week. After 6 months,
the sorafenib-resistant cell lines were obtained and termed
HepG2-SR, together with wide type HepG2 cell lines
termed HepG2-NC, and the two cell lines were continuously
maintained by culturing them in the presence of sorafenib.

Clinical samples

A total of 79 HCC patients were included in this study.
All HCC patients underwent liver resection at Linyi
Central Hospital. HCC tissue samples were obtained from
all included patients. The use of HCC patient samples
was approved by the ethics committee of Linyi Central
Hospital. Informed consent was obtained from all patients.
All experiments were conducted in accordance with the
Declaration of Helsinki.

Primary culture of HCCs

HCC was identified by histological testing according to
the Edmondson’s grading criteria. HCC matched adjacent
benign liver tissues were obtained 3 cm away from HCC
tissues. Isolation of the HCC or tumor-adjacent primary
cells was petformed as per the previous description.””
Briefly, tumor tissues were immediately immersed in Hank’s
balanced salt solution (HBSS; Gibco) after hepatectomy,
and transported to the laboratory. After removal of
blood, the liver sample was cut into small fragments,
gently dispersed, and placed in HBSS containing 0.03%
pronase (Gibco), 0.05% type IV collagenase (Gibco), and
0.01% deoxyribonuclease (DNase, from bovine pancreas,
Gibco) for 20 min at 37°C. The resultant suspension was
filtered through a 100-wm-nylon filter (BD Falcon, Franklin
Lakes, NJ, USA) and centrifuged at 50 Xg for 2 min at
4°C to obtain hepatocytes. The pellet was washed twice in
HBSS containing 0.005% DNase. The final cell suspensions
were cultured in collagen-coated T25 flasks (BD Falcon)
in hepatocyte basal medium (HBM) (Lonza, Basel,
Switzerland) supplemented with 10% heat-inactivated
FBS, 1 ng/mL hepatocyte growth factor (HGF, Prospec,
Rehovot, Israel), and 1X antibiotic-antimycotic (Gibco) as
HBM at 37°C in a humidified incubator with 5% CO.,. The
medium was changed 24 h after seeding, to remove dead
cells and debris. When cells reached 70—80% confluence,
the cells were replated in HBM with supplements.
Confluent cells were trypsinized, counted, and diluted
1:3—1:5 at every passage. Once cells were maintained for
more than 30 passages, the cells were collected and stored
in liquid nitrogen.

MTT assay
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay was employed to determine the cell
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proliferation of all types of tumor cells. Each well of a
96-well plate was seeded with about 10,000 cells and then
incubated for 24 h. Tested agents at specific concentrations
were used for cell treatment and then incubated for
24 h. The cells were ultimately treated with the MTT
solution and incubated for 3 h, followed by the addition
of DMSO and further incubated for 15 min. An ELISA
microplate reader (DYNEX, USA) was used to measure
the absorbance at 570 nm (optical density [OD] value).

RT-PCR assay

Total RNA was extracted from cells using TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer’s protocol. Medium without
cells served as a negative control for this experiment.
RT-qPCR for mRNA was carried out with the PrimeScript
RT-PCR kit (Takara, Bio, Inc., Shiga, Japan), using 3-actin
as an internal control, in the Eppendorf Realplex4
machine (cat. no. X222687G; Hamburg, Germany).
The following parameters were used for the reverse
transcription reaction: 65°C for 5 min, 37°C for 15 min,
and finally 98°C for 5 min. The following parameters
were used for the subsequent PCR reaction: 95°C for
30 s, then 40 cycles of 95°C for 5 s, 60°C for 5 s, and
finally, 72°C for 30 s. The primers used in this study
were synthesized by Invitrogen and presented as follows:
NEAT1: 5-ATGCCACAACGCAGATTGAT-3' (for
watd) and 5-CGAGAAACGCACAAGAAGG-3' (reverse);
B-actin: 5-AAGGAAGCTTGGCGTTGTGA-3’ (for ward)
and 5-GAGAGGTGAGGAGTCTTATG-3’ (reverse);
AKT1: 5-TCCTCCTCAAGAATGATGGCA-3’ (for ward)
and 5- GTGCGTTCGATGACAGTGGT-3 (reverse).

qRT-PCR for microRNAs was performed using TagMan
miRNA assays (Ambion; Thermo Fisher Scientific, Inc.)
and has-miR-16 RT-PCR primer set (Abbexa, Inc.,
Cambridge, UK). Reverse transcription reactions were
petformed using TAQMAN® mictoRNA RT kit (Ambion;
Thermo Fisher Scientific, Inc.) under the following
conditions: 16°C for 30 min, 42°C for 30 min, and 84°C for
5 min. PCR reactions were performed using the following
conditions: 95°C for 2 min followed by 40 cycles of 95°C
for 15's,and 60°C for 30 s. U6 small nuclear RNA was used
as an endogenous control for data normalization.

Western blotting assay

Cells were washed three times with cold phosphate buffer
saline (PBS) and then lysed with protein lysate (Pierce,
Rockford, 1L, USA). The supernatant of the mixture
of lysate and cell components was centrifuged at 4°C
for 15 min at 5000 g. Then, the protein concentration
was measured by Pierce kit for bicinchoninic acid
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protein determination (Pierce, Rockford, 1L, USA). The
purified protein was separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred onto a polyvinylidene difluoride membrane.
The membrane was sealed with 5% skimmed milk powder
containing 0.05% Tween-20 Tris buffer saline (pH 7.4) and
incubated with the primary antibody (Santa Cruz, Delaware
Avenue, CA, USA) at 1:200 followed by secondary
antibody (Santa Cruz, Delaware Avenue, CA, USA) at
1:5000. The target protein was detected by enhanced
chemiluminescence (ECL) and film exposure.

Plasmid construction and transfection

We synthesized human NEAT1 cDNA and subsequently
cloned itinto pcDNA3.1 vector (Thermo Fisher, USA) and
termed it as pcDNA3.1-NEAT1. The sequence for NEAT1
siRNAs was: 5-GCCATCAGCTTTGAATAAA -3,
All microRNA oligonucleotides were synthesized by
Shanghai GenePharma Co., Ltd. (Shanghai, China).
Transfections were performed using Lipofectamine®
2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according
to the manufacturer’s protocol. Cells were transfected
with 50 nM miR-149a-5p mimics, inhibitors, or scrambled
miR-control (negative control) for 24 h prior to subsequent
experiments.

Luciferase activity

Cells were cultured overnight after being seeded into a
24-well plate, co-transfected with the wide type-NEAT1 or
mutant-NEAT1 reporter gene plasmid containing a 5-bp
mutation in the predicted binding site of miR-149a-5p and
miR-149a-5p mimics or miR-125b inhibitor. Forty eight h
after transfection, Dual Luciferase Reporter Assay System
(Promega, U.S.A.) was used to perform the luciferase assays.

Statistical analyses

Data are represented as the mean * standard deviation
from =3 separate experiments performed in triplicate.
The differences between groups were determined using
two-tailed student’s ~test with SPSS 16.0 software (SPSS,
Inc., Chicago, 1L, USA). P < 0.05 was considered as
statistically significant.

RESULTS

Expression of NEAT1 in HCC tissues was correlated
with cancer progression in HCC patients

HCC tissues and matched adjacent benign liver tissues
from 79 patients were collected. It was determined that
the expression of NEAT1 significantly increased in HCC
tissues compared with the adjacent tissues [Figure 1a.
In 50.6% (40/79) of HCC tissues, NEAT1 underwent
a fold-change of more than 2 (log,(fold change) >1),
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compared with the adjacent tissues, and the mean log (fold
change) =0.987 [Figure 1b]. All HCC subjects were
subsequently assigned to the low-NEAT1 (below the mean
NEAT1 expression, # = 39) or high-NEAT1 group (above
the mean NEAT' expression, # = 40), and the relationship
between the NEAT1 level and clinicopathological
features was then analyzed. We found that the NEAT1
level was closely associated with tumor stage, lymphatic
metastasis, and sorafenib resistance, while the expression
level of NEAT1 had no significant correlation with other
parameters including age, gender, tumor size, distant
metastasis, or cirrhosis [Table 1]. Kaplan-Meier analysis
indicated that patients in the low-NEAT1 group exhibited
a longer overall survival (OS) time and disease-free
survival (DSF) time than those in the high-NEAT1
group [Figures 1c and d].

High levels NEAT1 in sorafenib-resistant HCC cells
influence the effects of sorafenib on HCC cells

Next, the relationship between NEAT1 expression and
HCC progression in vitro was determined. Primary cells were
isolated from the 79 HCC tissue samples and the matched
adjacent tissues, counted manually using hemocytometer,
and their NEAT1 expressions. The data indicated that the
NEATT1 level was increased in HCC cells, compared with
the adjacent cases. Furthermore, sorafenib-resistant HCC
cells exhibited significantly higher NEAT1 expression than
sorafenib nonresistant cases [Figure 2a]. To confirm the
above results, we incubated HepG2-NC and HepG2-SR

cells with a lower concentration of sorafenib (2.5 uM)
for 96 h. We found that exposure of either parental or
sorafenib-resistant HCC cells to the lower concentration
of sorafenib, upregulated the NEAT1 expression, although
sorafenib-resistant cells expressed higher NEAT1 levels
than their parental cells, in the presence or absence of
sorafenib [Figure 2b].

We next examined whether NEAT1 could influence
sorafenib’s effects on the viability and apoptosis of
HCC cells. Transfection of NEAT1 siRNA enhanced
the inhibitory effects of sorafenib on the viability of
HepG2-NC cells [Figure 2¢|. Furthermore, interfering with
NEATT1 enhanced the pro-apoptotic activity of sorafenib
in HepG2-NC cells [Figure 2d]. Caspase-3 activation,
readout of apopotosis, was also significantly enhanced
under NEAT1 siRNA treatment [Figure 2¢|. Collectively, the
above results demonstrated that highly expressed NEATT in
sorafenib-resistant HCC cells was correlated with resistance
to sorafenib in benign and malignant hepatocytes.

Global changes of the expression of genes in HepG2-NC
and HepG2-SR cells during interference of NEAT1

Further, HepG2-NC and HepG2-SR cells transfected with
NEAT1 siRNA were used to investigate global changes in
gene expression by RNA-seq assay. A sorafenib-resistant
pattern was associated with numerous dysregulated
protein-coding and noncoding genes (HepG2-SR vs
HepG2-NC), which could be reversed by NEAT1
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Figure 1: NEAT1 expressions in HCC patients. (a) gPCR results in comparing NEAT1 levels in hepatocellular carcinoma (HCC) tissues and
adjacent tissues. (b) Fold changes of NEAT1 expression was exhibited as log, (tumor/adjacent) for each HCC patient. (c and d) Kaplan-Meier
curves for time to (c) OS and (d) DFS of patients according to different NEAT1 expressions
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Table 1: Clinicopathological features of the hepatocellular carcinoma patients and relationship with NEAT1 expressions

Total patients

Patients with NEAT1 expressions

number (n=79) Low group (n=39) High group (n=40) P OR (95% Cl)

Age
<55 45 24 21 0.417 1.448 (0.591-3.543)
>55 34 15 19

Gender
Female 32 17 15 0.581 1.288 (0.542-3.168)
Male 47 22 25

Stage
lorll 51 30 21 0.023 3.016 (1.144-7.952)
Illor IV 28 9 19

Lymphatic metastasis
No 46 31 15 0.001 6.458 (2.360-17.677)
Yes 33 8 25

Distant metastasis
No 49 27 22 0.193 1.841 (0.732-4.629)
Yes 30 12 18

Tumor size
<5 31 19 12 0.088 2.217 (0.881-5.578)
>5 48 20 28

Cirrhosis
No 32 13 19 0.200 0.553 (0.222-1.373)
Yes 47 26 21

Sorafenib resistance
No 54 32 22 0.010 3.740 (1.338-10.456)
Yes 25 7 18

siRNA transfection. Kyotoe encyclopedia of genes and
genomes (KEGG) pathway enrichment analyses revealed
that many of the NEAT1-regulated genes were involved
in the cancer process [Figure 3a]. Gene ontology (GO)
enrichment demonstrated that NEATT siRNA could
regulate many genes related to various types of cell
death [Figure 3b]. The heatmap cluster described the
top 10 upregulated genes, and the top 10 downregulated
genes in NEATT siRNA cells as shown in Figure 3c. The
most upregulated target in the NEAT1 siRNA group was
miR-149-5p, which is a reported microRNA that plays an
important role in tumor progression and chemoresistance.”!
This miR-149-5p upregulation by NEAT1 siRNA was
subsequently confirmed by qRT-PCR assay [Figure 3d].

NEAT1 acts as a ceRNA for miR-149-5p to facilitate
the death of sorafenib-resistant HCC cells by regulating
AKT1 expression

Recent studies have proposed that as a IncRNA, NEAT1
may participate in the ceRNA regulatory network.!'""l By
using the online software program Starbase v2.0 (http://
starbase.sysu.edu.cn/), it was found that IncRNA
NEAT1 formed complementary base pairing with
miR-149-5p [Figure 4a]. To confirm the interaction
between NEAT1 and miR-149-5p, a wild-type NEAT1
luciferase reporter gene vector, as well as a mutant NEAT'1
luciferase reporter gene vector containing a mutation at
the putative binding site of miR-149-5p [Figure 4a] was
constructed. The indicated vectors were co-transfected
into HepG2-NC cells with miR-149-5p mimics, inhibitor,
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or NC, and the luciferase activity was then monitored using
dual luciferase assays. The results showed that the luciferase
activity of the wild-type NEAT1 luciferase reporter
vector was notably suppressed in response to miR-149-5p,
whereas mutant NEATT1 luciferase reporter vector had no
significant changes [Figure 4b], indicating that miR-149-5p
was a direct target of NEAT1. AKT1 is a proto-oncogene
that is overactive in many cancer cells,'” and a previous
report indicated that it decreased the sensitivity of cancer
cells to sorafenib." It has been reported that AKT1 is
a direct miR-149-5p target, and miR-149-5p can inhibit
cell proliferation, invasion and migration in tumor cells
through targeting AKT1.” These existing reports, together
with our findings, make us suspect that NEAT1 may act
by regulating mir-149-5p/AKT1 axis. In this study, we
found that the function of NEAT1 siRNA on sorafenib
activity could be reversed by miR-149-5p inhibitor
treatment. Meanwhile, there was no significant change in
the effect of NEAT1 siRNA on sorafenib activity when
it was simultaneously treated with miR-149-5p inhibitor
and AKT1 inhibitor (MK-2206 2HCI) [Figure 4c-e].
Collectively, the above results demonstrated that NEAT1
liberated AKT1 by competitively binding to miR-149-5p
and there by facilitating the death of sorafenib-resistant
HCC cells by regulating AKT1.

The expression levels and correlations of
NEAT1, miR-149-5p, and AKT1 in HCC and adjacent
tissues

Finally, to further confirm the above findings, the
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Figure 2: Relationship between NEAT1 expressions and sorafenib resistance patterns. (a) gPCR results comparing NEAT1 levels between
sorafenib sensitivity and resistance patterns in HCC tissues and adjacent tissues. (b) gPCR results comparing NEAT1 levels between sorafenib
sensitivity and resistance patterns in HCC cell lines. (c-e) HepG2-NC cells transfected with NEAT1 siRNA or negative control, together with
sorafenib treatment for 24 hours. (c) The cell viability of each group determined; (d) apoptosis rate of each group determined; (e) caspase-3

activity of each group determined

expression of NEAT1, miR-149-5p, and AKT1 in HCC
and adjacent tissues was monitored using real-time PCR
assays. The results showed that in HCC tissues, miR-149-5p
was decreased, and AKT1 was upregulated as compared to
adjacent tissues [Figure 5a and b]. Further, miR-149-5p was
decreased, and AKT1 was upregulated in sorafenib resistant
HCC tissues, as compared to sorafenib sensitive cases
[Figure 5c and d]. Spearman’s rank correlation coefficient
was obtained to analyze the correlation between NEAT1
and AKT1 and between miR-149-5p and NEAT1. The
results showed that miR-149-5p was inversely correlated
with NEAT1 and AKT1 was positively correlated with
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NEAT1 [Figure 5e and f]. Taken together, these data
suggest that NEAT1 can inhibit miR-149-5p expression
by directly binding to miR-149-5p and subsequently
upregulating the expression of AKT1 in HCC tissues to
facilitate sorafenib resistance in HCC cells.

DISCUSSION

Due to the high morbidity and mortality associated with
HCC worldwide, new diagnostic and prognostic markers
of this disease are urgently needed. IncRNA NEAT1

expression has been reported to be associated with an

199



Niu, et al.: Functions of NEAT-1 on HCC

KEGG enrichment
[ and .
Antigen processing and presentation = I
Glycosaminoglycan degradation = I . .
Staphylococcus aureus infection = W GO - Biological_Process
Systemic lupus erythematosus = I —_ 257
Inflammatory bowel disease = I g 20
Autoimmune thyroid disease = I a
Type | diabetes mellitus = I © ST
Renal cell carcinoma = B S
Toxoplasmosis = I & 19
cervical cancer = I 2 'T] 5
Leishmaniasis = I ©
HTLV-infection = I © Classification 0-
Influenza A = I Organismal Systems £ 8§32 2 8§ % 8§ 5 2 ]
hepatocellular carcinoma = I 5 [ Metabolism S 8 £ ] E 288 2 2
refinoblastoma = e i 3 T8 5f 5735 83
) Human Diseases S =g g E2g2:s gon
Graft-versus-host disease = I .CellularProcesses E & _g E 2 $ g &
Allograft rejection = I © s ¢ 8 £ =z = 2
= g
Rheumatoid arthrits = S £2 5 fg°35¢g
Viral carcinogenesis = I 4 a & E 2 = E- 2
MicroRNAs in cancer - I g = k3 & Lg) s £
Hepatitis B = I £ & g 2
Pathways in cancer - I © | % 5'
Primary immunodeficiency = - ?30 g =
Pertussis = -
Melanoma = |
Glioma = B
Regulation of actin cytoskeleton = N
Phagosome = I ———
Focal adhesion = D
10 10
-log10(Pvalue) No.of Genes
<L
232522
rrprrx
xR
QPP+ +
[SlS]S]ididiqelS]S]iqidn4
ZZZRAPLLLTROD
QOV0OQVQVVVVVVY @ .
Q00000000000 =
22EEEEEEE008 2
2 4 P<0.05
&
8
o, 3]
w
A P<0.05
< 24
— [
D
=4
g
3] 11
>
=
=
Q 0-
~
Q [~ < <
z & &z
) 0 @ %
2 & + +
== O 4
IS o
@] Q
1. 2 3 4 5 2 2
3 = 7
|

Figure 3: Genome-wide sequencing together with qRT-PCR analysis identifies miR-149-5p in NEAT1 knockdown HepG2 cells. (a) the HepG2-NC
and HepG2-SR cells transfected with NEAT1 siRNA for 24 h. The total RNA samples extracted and used to perform the RNA-seq experiment.
KEGG bioinformatics analysis determined the pathways related to the differentially expressed genes among the groups. (b) GO bioinformatics
analysis enriched the biological functions related to the differentially expressed genes among the groups. (c) Heatmap analysis displaying the
deregulated targets among the groups. (d) Of the deregulated genes found in (c), miR-149-5p was selected for qRT-PCR verification

unfavorable prognosis for HCC.I'"**l Our clinical data
partially confirms these earlier reports. We found that there
was an inverse association of NEATT with miR-149-5p
expression. Patients with highly expressed NEAT1 had
worse overall survival and disease-free survival rates. In
particular, we found a positive correlation between NEAT1
expression and sorafenib resistance patterns.

Sorafenib is a multikinase inhibitor that blocks tumor
cell proliferation by inhibiting the serine/threonine
kinase isoforms of Raf, Raf-1, and B-Raf, leading to
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the inhibition of mitogen-activated protein kinase/
extracellular signal-regulated kinase (ERK) signaling
pathways, decreased expression of cyclin D1, and cell cycle
arrest.” Although some patients are initially resistant to
sorafenib because of HCC heterogeneity, in most cases,
the resistance is acquired after long-term exposure to the
drug. Several mechanisms are implicated in the reduction
of tumor cell sensitivity to sorafenib, such as loops of
the phosphatidylinositol-3-kinase (PI3K)/protein kinase
B (Akt) and Janus tyrosine kinase (JAK)/signal transducer
and activator of transcription (STAT) pathways, epithelial—
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Figure 4: NEAT1 regulated miR-149-5p by directly targeting in HCC cells. (a). Wide type-NEAT1 and mutant-NEAT1 luciferase reporter gene
vectors constructed by mutating the putative binding site of miR-149-5p in NEAT". (b) The indicated vectors co-transfected into the HepG2-NC
cells with miR-149-5p mimics, inhibitor or NC. The luciferase activity in each group determined using dual-luciferase assays. (c-e) HepG2-NC
cells co-transfected with or without NEAT1 siRNA, with or without miR-149-5p inhibitor, with or without AKT1 inhibitor, together with sorafenib
treatment for 24 h. (c) cell viability of each group determined; (d) apoptosis rate of each group determined; (e) caspase-3 activity of each group

determined

mesenchymal transition (EMT), or hypoxia-inducible
25,26]

response.!
The role of dystegulated IncRNAs in the chemoresistance
of many cancers has garnered increased scientific
interest in recent years. Accumulating evidence confirms
that IncRNAs can affect the sensitivity of cancer cells
to chemotherapy, including sorafenib. For example,
IncRNA SNHGT1 has been reported to contribute to
sorafenib resistance by activating the Akt pathway.”"! It
was demonstrated that HOXA13, a well-known IncRNA,
correlated with pootly differentiated HCCs and modulated
the sorafenib response.

It was recently discovered that the interaction between
IncRNAs and miRNAs affects post-transcriptional
regulation by inhibiting the available miRNA activity.
According to previous studies, IncRNA can act as a
specific “sponge” for miRNAs to attenuate their regulatory
effect on mRNAs.”! In the current study, we found that
miR-149-5p could be directly targeted and downregulated
by NEAT1. Furthermore, knockdown of NEAT1 with
siRNA can upregulate the activity of sorafenib in HCC
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cells, while the miR-149-5p inhibitor can reverse this effect,
indicating that NEAT1 may regulate the sensitivity of HCC
cells to sorafenib by regulating the miR-149-5p-involved
pathway.

Many studies have reported that miR-149-5p is one of the
most important miRNAs in tumor pathogenesis as it plays
a part in a number of diverse crucial cellular pathways.""
Itis generally believed that miR-149-5p is an epigenetically
silenced tumor-suppressive mictoRNA that can inhibit
the proliferation of glioma cells through directly targeting
and inhibiting many key proteins, including AKT1.P!
Herein, we found that the miR-149-5p/AKT1 axis plays
a key role in mediating the ability of NEAT1 to alter the
chemosensitivity of HCC cells against sorafenib.

Additionally, we confirmed the correlation between
NEAT1, miR-149-5p, and AKT1 in clinical samples
of HCC patients. The expression of miR-149-5p was
downregulated, and NEAT1 and AKT1 were upregulated
in HCC samples. Furthermore, it was found that NEAT1
was negatively correlated with miR149-5p and positively
correlated with AKT1 expression, suggesting that mir149-5p
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Figure 5: The expression levels and correlations of NEAT1, miR-149-5p, and AKT1 in HCC patients. (a and b) gPCR results comparing (a)
miR-149-5p and (b) AKT1 expressions in HCC tissues and matched tumor-adjacent tissues. (c and d) qPCR results demonstrating the relationship
between (c) miR-149-5p and (d) AKT1 expressions in HCC tissues and sorafenib resistance patterns. (e and f) qPCR results demonstrating
the correlation between NEAT1 and (e) miR-149-5p and (f) AKT1 mRNA expressions analyzed using Spearman’s rank correlation analysis

could decrease the expression of NEATT and AKT1, thus
enhancing the chemosensitivity of HCC cells against
sorafenib. Intervention in the NEAT1/miR-149-5p/AKT1
pathway may be a promising strategy to increase the
effectiveness of sorafenib. We expect that further studies
of the ideal regimen (dose, frequency, delivery method) of
NEAT1/miR-149-5p/AKT1 pathway-based therapy will
be the next key steps toward the eventual clinical application
of these basic findings.
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