ONCOLOGY LETTERS 21: 371, 2021

Long non-coding RNA LINC00173 enhances cisplatin resistance
in hepatocellular carcinoma via the microRNA-641/RAB14 axis
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Abstract. A growing body of evidence indicates that long
non-coding RNAs (IncRNAs) play crucial roles in the
chemoresistance of human cancers. However, the molecular
mechanisms underlying the functions of certain IncRNAs in
the chemotherapeutic resistance of hepatocellular carcinoma
(HCC) remain unclear. The aim of the present study was to
investigate the function and potential mechanism of action
of IncRNA LINCO00173 in HCC cisplatin (DDP) resistance.
Reverse transcription-quantitative PCR analysis indicated
that LINCO00173 was highly expressed in DDP-resistant HCC
tissues and cell lines, and high expression levels of LINC00173
were found to be associated with poor prognosis in patients
with HCC. Moreover, LINC00173-knockdown improved the
DDP sensitivity of DDP-resistant HCC cells. A luciferase
reporter assay also demonstrated that microRNA (miR)-641
was a direct target of LINC00173. miR-641 inhibition restored
the promoting effect of LINC00173 knockdown on DDP sensi-
tivity in HCC cells. Furthermore, RAB14 was identified as a
target of miR-641, and RAB14 overexpression restrained the
inducing effect of LINC00173 knockdown on HCC cell DDP
sensitivity. The findings of the present study demonstrated
that LINCO00173 increased DDP resistance in HCC via the
miR-641/RABI14 axis, which may represent a promising
therapeutic strategy for HCC.

Introduction

Hepatocellular carcinoma (HCC) is the third most common
cause of cancer-associated mortality worldwide (1). Despite
advances in diagnosis and treatment, the prognosis of patients
with HCC remains unsatisfactory (2). Thus, the pathogenesis
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of HCC must be further elucidated in order to identify efficient
targets for HCC therapy.

Long non-coding RNAs (IncRNAs) are a class of
RNA transcripts >200 nucleotides (nt) in length that have
no protein-coding ability (3,4). Emerging evidence has
shown that IncRNAs are involved in the tumorigenesis of
multiple different cancer types, including HCC (5). For
example, IncRNA DLEU2 promoted HCC cell prolifera-
tion and metastasis by interacting with enhancer of zeste 2
polycomb repressive complex 2 subunit (6). IncRNA MEG3
suppressed the proliferation of HCC cells by regulating the
miR-9-5/SOX11 axis (7), and IncRNA SNHG?7 facilitated
HCC progression by sponging miR-122-5p and upregulating
ribosomal protein L4 (8). Additionally, abnormal expres-
sion of IncRNAs is reportedly involved in the resistance of
various tumors to chemotherapy, such as breast and gastric
cancer (9,10). Numerous studies have indicated that IncRNA
LINCO00173 functions as an oncogene in the progression
of human cancers. For example, LINC00173 was found to
regulate cervical cancer cell viability and invasiveness via
the miR-182-5p/F-box and the WD repeat domain-containing
7 axes (11). Furthermore, IncRNA LINC00173 accelerated
breast cancer progression by downregulating miR-490-3p (12),
and accelerated the development of melanoma by upregulating
insulin receptor substrate 4 via miRNA-493 sponging (13).
However, the function of LINC00173 in HCC chemoresistance
remains unknown.

MicroRNAs (miRNAs/miRs) are non-coding RNAs
that are ~22 nt in length and play key regulatory roles in the
development and chemoresistance of human cancers (14).
For example, Niu et al (15) revealed that miRNA-654-3p
enhanced cisplatin (DDP) sensitivity by downregulating
quinolinate phosphoribosyl transferase and suppressing
the PI3K/AKT pathway in ovarian cancer. Yang et al (16)
suggested that miRNA-181a-5p promoted the sensitivity
of esophageal adenocarcinoma cells to DDP by targeting
Cbl proto-oncogene B. Furthermore, silencing of circRNA
CDRIas inhibited the stemness of DDP-resistant non-small
cell lung cancer cells by repressing homeobox A9 as a result
of miR-641 upregulation (17), suggesting that miR-641 may
play an important role in the chemoresistance of cancer cells.
However, the mechanisms of miR-641 in the DDP-associated
resistance of HCC remain unclear.
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The aim of the present study was to determine whether
LINCO00173 is upregulated in DDP-resistant HCC tissues and
cell lines, and to investigate whether LINC00173 induced
the DDP resistance of HCC cells by sponging miR-641 and
upregulating RABI14, in order to determine whether the
LINCO00173/miR-641/RABI14 axis may serve as a novel target
for the treatment of HCC.

Materials and methods

Tissue samples. A total of 30 pairs of HCC and adjacent-normal
tissues were acquired from patients at the Weifang People's
Hospital (Weifang, China) between February 2018 and
November 2019, of which the clinical characteristics are
presented in Table I. The inclusion criteria for the patients
were: i) Diagnosed with HCC; and ii) not received preopera-
tive radiotherapy, chemotherapy or other adjuvant treatments.
The exclusion criteria for the patients were: i) Diagnosed
with any other diseases apart from HCC; and ii) failure to
cooperate with researchers. The tumor tissues were then
divided into DDP-sensitive (n=11) and DDP-resistant (n=19)
tissues according to the Response Evaluation Criteria in Solid
Tumors (18). All fresh tissues were preserved in liquid nitrogen
until use. Written informed consent was obtained from all
participants and the study protocol was approved by the Ethics
Committee of Weifang People's Hospital.

Cell culture. Human HCC cells (Huh7 and Hep3B) were
purchased from the American Type Culture Collection and
were incubated with gradually increasing concentrations of
DDP for 12 months to obtain DDP-resistant Huh7 (Huh7/DDP)
and DDP-resistant Hep3B (Hep3B/DDP) cell lines. The
cells were subsequently cultured in RPMI-1640 medium
(Invitrogen; Thermo Fisher Scientific, Inc.) supplemented
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) at 37°C
(5% CO,).

Transfection. The small short hairpin (sh) RNA targeting
LINCO00173 (10 nM; shLINC00173; 5'-UCCGGGUAGCUA
UAUCAUGCG-3") and its negative control (10 nM; shNC;
5'-GAUUAGUUCACAUGCGAUCCU-3"), the miR-641
mimics (10 nM; 5'-GACGAUCCUCUGCAUCGAGUA-3")
and scrambled negative control (10 nM; NC mimics; 5'-UAG
UUGACGCUUGACGCUAGU-3'"), and the miR-641 inhibitor
(10 nM; 5-GAUCGGACAUGGUGCUAGCUU-3") and
scrambled negative control (NC inhibitor; 5~AGUCGACGA
UAUGCCAGGUCG-3'") were all obtained from Shanghai
GenePharma Co., Ltd. For LINC00173 and RAB14 over-
expression, LINC00173 or RAB14 ¢cDNA were cloned into
the pcDNA3.1 vector (Shanghai GenePharma Co., Ltd.).
Transfection was performed using Lipofectamine® 2000
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer's protocol. The transfected cells were used for
subsequent experimentation 48 h post-transfection.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from HCC and adjacent-normal tissues
and Huh7 and Hep3B cells using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. A total of 1 ug RNA was reverse transcribed into

Table I. Clinicopathological features of patients with
hepatocellular carcinoma.
Variable Cases, n
Age, years
<60 19
=60 11
Sex
Male 17
Female 13
Liver cirrhosis
No 22
Yes 8
Pathological stage
I-II 16
I-1v 14
Tumor size, cm
<5 17
=5 13
TNM stage
T1+ T2 18
T3+ T4 12

TNM, Tumor-Node-Metastasis.

cDNA using the PrimeScript RT reagent kit (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. qPCR was performed using the ABI 7500 real-time
PCR System (Thermo Fisher Scientific, Inc.) with the
SYBR-Green PCR Master Mix kit (Takara Biotechnology
Co., Ltd.). The PCR primers used were as follows: LINC00173
forward, 5'-GCCAGCTCTCGGTACCTGGA-3' and reverse,
5'-GGATCGCAACATTCCTGCCAAG-3"; miR-641 forward,
5“TTATACTCTCACCATTTGGATC-3' and reverse, 5-TGA
CAAGATTTTACATCAAGAA-3'; RABI14 forward, 5'-CGC
TCGAGATGGCAACTGCACCATACAAC-3' and reverse,
5-CGGAATTCCTAGCAGCCACAGCCTTCTC-3"; GAPDH
forward, 5'-ACCACAGTCCATGCCATCAC-3" and reverse,
5'-ACCACCCTGTTGCTGTA-3'; and U6 forward 5'-CTT
CGGCAGCACATATACT-3" and U6 reverse, 5-AAAATA
TGGAACGCTTCACG-3". The qPCR thermocycling condi-
tions were as follows: An initial predenaturation step at 94°C
for 5 min, followed by 40 cycles of denaturation at 95°C for
30 sec, annealing at 60°C for 30 sec and extension at 72°C
for 20 sec. The relative expression of genes was calculated
using the 244% method (19). GAPDH and U6 were used as
the internal controls for LINC00173 and RAB14, or miR-641,
respectively.

Drug sensitivity assay. DDP sensitivity was determined using
the Cell Counting Kit-8 (CCK-8) assay (Dojindo Molecular
Technologies Inc.) based on the manufacturer's instructions to
obtain the half maximal inhibitory concentration (IC,) value.
Briefly, Huh7/DDP and Hep3B/DDP cells were seeded into
96-well plates at a density of 1x10* cells per well, and then



ONCOLOGY LETTERS 21: 371, 2021 3

| S

] T

E.
| |
n
Relative LINC00173 expression
o

Relative LINC00173 expression

N0|1ma| Tur'nor
c
-—Huh7/DDP
- Huh7 ‘o

A1oo- ’E‘
X 2 *
~ 804 30+
z,, 5
e} u— 204
(__; 40+ §
8 20 O 107

0= T T T T T T T 04

0010105 1 5 2550100 Q&:\ OOQ

DDP (um) Q
\z\\)
E F

C ey
S S 2.5 *
7] 2.5 7]
7] 7]
o * o
g 2.0 3
o (0]
o [sp}
[ 1.5 N~
) )
o o
O 1.0 O
Zz Zz
3 o J
= =
T 0.0 kS
K Huh7 Huh7/DDP K Hep3B Hep3B/DDP

DDP-se:nsitive DDP-lresistant

D
—-Hep3B/DDP
+HepSB 50+
100 ’é‘
;-\O\ 80+ D_& 401
> [m]
% sod e 304
'g 40 c:: 201
3 S
8 20 = 109
0T T 0=
0010105 1 5 25 50 100 Q”.)Q’ O()Q
DDP (um) P
&
G

Overall survival

- 7T ~—— High LINC00173 Group
—— Low LINC00173 Group
Logrank P=0.026
HR(high)=0.59

P(HR)=0.028

0.8

04

02

Survival probability

0.0

0 50 100 150 200

Months

Figure 1. LINCO00173 is increased in DDP-resistant HCC tissues and cells. (A) Relative LINC00173 expression levels in HCC tissues and adjacent-normal
tissues were determined by RT-qPCR; n=30. (B) RT-qPCR analysis of relative LINC00173 expression of in DDP-resistant (Huh7/DDP and Hep3B/DDP) and
DDP-sensitive HCC tissues. Cell Counting Kit-8 analysis was used to determine the IC, value of DDP-resistant (C) Huh7/DDP and (D) Hep3B/DDP cells
and their parental cell lines (Huh7 and Hep3B) treated with different concentrations of DDP (0.01, 0.1, 0.5, 1, 5, 25, 50 and 100 xM). RT-qPCR analysis of
LINCO0017 3expression in DDP-resistant (E) Huh7 and (F) Hep3B cells. (G) Kaplan-Meier survival analysis of the association between LINC00173 expression
and the prognosis of patients with HCC. "P<0.05. DDP, cisplatin; HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription-quantitative PCR; ICs, half

maximal inhibitory concentration; HR, hazard ratio.

treated with DDP for 48 h at 37°C. Subsequently, 10 1 CCK-8
solution was added to each well and incubated for a further
1 h. The absorbance was recorded using a microplate reader
at 450 nm.

Apoptosis analysis. Apoptosis was assessed using the
One-Step TUNEL Apoptosis Assay kit (Beyotime Institute
of Biotechnology). Briefly, Huh7/DDP and Hep3B/DDP cells
(1x10%) were seeded onto coverslips and then fixed with 4%
paraformaldehyde at 4°C for 30 min. The cells were then
incubated with TUNEL enzyme for 60 min at room tempera-
ture. Finally, the cells were counterstained with DAPI for
10 min at room temperature to visualize the cell nuclei. Images
were captured from four fields of view using a fluorescence
microscope (magnification, x200).

Bioinformatics analysis. The StarBase database (http://
starbase.sysu.edu.cn/) was used to predict interactions between
miR-641 and LINCO00173 or RAB14 by screening for potential
binding sites.

Luciferase reporter assay. The wild-type (wt) or mutant
(mut) sequences of LINC00173 and RAB14 were cloned into
pmirGLO vectors (Promega Corporation). Then, DDP-resistant
HCC cells were co-transfected with miR-641 mimics or
NC mimics and the aforementioned reporter vectors using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). After 48 h, the luciferase activity was measured using
the dual-luciferase reporter system (Promega Corporation).
Firefly luciferase activity was normalized to Renilla luciferase
gene activity.
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Figure 2. LINC00173-knockdown increases the sensitivity in DDP-resistant HCC cells to DDP. (A) Reverse transcription-quantitative PCR was used to
determine relative LINC00173 expression levels in Huh7/DDP and Hep3B/DDP cells transfected with shNC and shLINCO00173. Cell Counting Kit-8 analysis
was used to determine the ICs, values of (B) Huh7/DDP and (C) Hep3B/DDP cells treated with increasing concentrations of DDP, and transfected with shNC
and shLINCO00173. TUNEL analysis (magnification, x100) showed the apoptosis of (D) Huh7/DDP and (E) Hep3B/DDP cells transfected with shNC and
shLINCO00173. "P<0.05. DDP, cisplatin; HCC, hepatocellular carcinoma; sh, short hairpin; NC, negative control; ICy,, half maximal inhibitory concentration.

Statistical analysis. The results are presented as the
mean =+ standard deviation and all experiments were repeated
in triplicate. Statistical analysis was performed using SPSS
software (version 19.0; IBM Corp.). Comparisons of param-
eters between HCC tissues and adjacent normal tissues, or
experimental and control groups, were performed using the
paired or unpaired Student's t-test, respectively. Comparisons
among multiple groups were performed by one-way analysis
of variance followed by Tukey's test. Pearson's correlation
analysis was used to determine correlations between gene
expression levels, and Kaplan-Meier analysis was used to
estimate overall survival. P<0.05 was considered to indicate a
statistically significant difference.

Results

LINCO00173 expression is increased in DDP-resistant HCC
tissues and cell lines. RT-qPCR analysis demonstrated that
LINCO00173 expression was elevated in HCC tissues compared
with adjacent normal tissues (Fig. 1A). In addition, LINC00173
expression in DDP-resistant HCC tissues was markedly higher
compared with that in DDP-sensitive HCC tissues (Fig. 1B).
The CCK-8 assay indicated that the IC,, of DDP was markedly
increased in Huh7/DDP and Hep3B/DDP cells, suggesting that
DDP-resistant HCC cell lines were successfully established
(Fig. 1C and D). Furthermore, LINC00173 expression was
markedly upregulated in the DDP-resistant Huh7 and Hep3B
cell lines (Huh7/DDP and Hep3B/DDP) compared with that in
parental Huh7 and Hep3B cells (Fig. 1E and F). Additionally,

patients with HCC and high LINCO00173 expression levels
exhibited shorter overall survival times (Fig. 1G). These data
indicated that LINCO00173 upregulation may be associated
with DDP resistance in HCC.

LINCO00173 knockdown increases the DDP sensitivity
of DDP-resistant HCC cells. To determine the effects
of LINCO00173 on DDP resistance in HCC, Huh7/DDP
and Hep3B/DDP cells were transfected with shNC and
shLINCO00173. RT-qPCR analysis indicated that LINC00173
silencing downregulated LINCO00173 expression in
DDP-resistant HCC cells (Fig. 2A). Furthermore, the DDP
sensitivity of DDP-resistant HCC cells was enhanced by
LINCO00173 knockdown (Fig. 2B and C). Additionally, TUNEL
analysis revealed that silencing of LINC00173 markedly
increased the apoptotic rates of Huh7/DDP and Hep3B/DDP
cells (Fig. 2D and E). Taken together, the aforementioned data
indicated that LINC00173 knockdown increased the sensitivity
of DDP-resistant HCC cells to DDP.

miR-641 is a target of LINC00I173 in HCC cells. The
StarBase website predicted that LINC00173 possessed
a binding site for miR-641 (Fig. 3A). Then, RT-qPCR
analysis revealed that miR-641 expression was increased in
Huh7/DDP and Hep3B/DDP cells transfected with miR-641
mimics (Fig. 3B). A luciferase reporter assay was performed
to confirm the interaction between LINCO00173 and
miR-641, and the results indicated that overexpression of
miR-641 decreased the luciferase activity of LINC00173-wt
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Figure 3. miR-641 is a target of LINC00173 in HCC cells. (A) StarBase was used to predict potential binding sites between LINC00173 and miR-641.
(B) RT-qPCR analysis of relative miR-641 expression in Huh7/DDP and Hep3B/DDP cells transfected with NC or miR-641 mimics. Luciferase activity of
LINCO00173-wt or LINC00173-mut in (C) Huh7/DDP and (D) Hep3B/DDP cells transfected with NC or miR-641 mimics. (E) RT-qPCR analysis of relative
miR-641 expression in Huh7/DDP and Hep3B/DDP cells transfected with shLINCO00173, shNC, pcDNA3.1/LINC00173 and pcDNA3.1. Relative miR-641
expression in (F) HCC tissues and (G) DDP-resistant HCC tissues was determined by RT-qPCR. (H) Pearson's correlation analysis revealed a negative
correlation between miR-641 and LINC00173 expression in HCC tissues. 'P<0.05. miR, microRNA; HCC, hepatocellular carcinoma; RT-qPCR, reverse
transcription-quantitative PCR; DDP, cisplatin; wt, wild-type; mut, mutant; NC, negative control; sh, short hairpin.

in Huh7/DDP and Hep3B/DDP cells, but had no effect on
the LINC00173-mut (Fig. 3C and D). Furthermore, the
results of the RT-qPCR analysis revealed that LINC00173
depletion increased the expression of miR-641, while
LINCO00173 overexpression decreased miR-641 expres-
sion in DDP-resistant HCC cells (Fig. 3E). In addition, the
expression of miR-641 was found to be low in HCC tissues

compared with adjacent-normal tissues, particularly in
DDP-resistant HCC tissues (Fig. 3F and G). Furthermore,
Pearson's correlation analysis revealed that LINC00173
expression was inversely correlated with miR-641 expres-
sion in HCC tissues (Fig. 3H). These results confirmed that
LINCO00173 inhibited the expression of miR-641 by direct
interaction in DDP-resistant HCC cells.
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Figure 4. LINC00173-knockdown decreases DDP resistance in DDP-resistant HCC cells by targeting miR-641. (A) RT-qPCR analysis of relative miR-641
expression in Huh7/DDP and Hep3B/DDP cells transfected with the NC inhibitor or miR-641 inhibitor. (B) RT-qPCR analysis of relative miR-641 expression
in Huh7/DDP and Hep3B/DDP cells transfected with shNC, shLINC00173 or shLINC00173+miR-641 inhibitor. Cell Counting Kit-8 analysis to determine
the ICy, value of (C) Huh7/DDP and (D) Hep3B/DDP cells transfected with shNC, shLINCO00173 or an shLINC00173+miR-641 inhibitor. TUNEL analysis
(magnification, x100) revealed the apoptosis of (E) Huh7/DDP and (F) Hep3B/DDP cells transfected with shNC, shLINC00173 or shLINC00173+miR-641
inhibitor. "P<0.05. DDP, cisplatin; miR, microRNA; HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription-quantitative PCR; NC, negative control;

sh, short hairpin; ICy,, half maximal inhibitory concentration.

LINC00173-knockdown increases DDP sensitivity in
DDP-resistant HCC cells by targeting miR-641. Rescue
experiments were performed to investigate the role of
miR-641 in LINC00173-mediated DDP resistance in HCC.
RT-qPCR analysis indicated that miR-641 expression was
reduced in Huh7/DDP and Hep3B/DDP cells transfected
with the miR-641 inhibitor (Fig. 4A). Furthermore, the
level of miR-641 was markedly elevated in Huh7/DDP and
Hep3B/DDP cells transfected with shLINC00173, which was
reversed by the miR-641 inhibitor (Fig. 4B). Furthermore, the

CCK-8 assay revealed that LINC00173 interference decreased
the IC5, of DDP in Huh7/DDP and Hep3B/DDP cells,
which was reversed by miR-641 inhibition (Fig. 4C and D).
TUNEL analysis indicated that LINC00173-knockdown
promoted the apoptosis of Huh7/DDP and Hep3B/DDP
cells, while miR-641-knockdown counteracted this effect
(Fig. 4E and F). In summary, these findings indicated
that LINCO00173-knockdown increased the sensitivity of
DDP-resistant HCC cells to DDP by regulating miR-641
expression.
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Figure 5. LINC00173 induces DDP resistance in HCC cells by modulating the miR-641/RABI14 axis. (A) StarBase was used to predict potential binding
sites between RAB14 and miR-641. Luciferase activity of RAB14-wt or RAB14-mut in (B) Huh7/DDP and (C) Hep3B/DDP cells transfected with NC
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LINCO00173 enhances DDP resistance in HCC cells by
regulating the miR-641/RABI4 axis. As shown in Fig. 5A,
the StarBase website predicted that RABI14 was a potential
target of miR-641. A luciferase reporter assay revealed that
miR-641 overexpression decreased the luciferase activity
of LINCO00173-wt in DDP-resistant HCC cells, while
that of LINC00173-mut exhibited no significant change
(Fig. 5B and C). Of note, RAB14 expression was reduced by
miR-641 overexpression or LINC00173-knockdown, and the
changes caused by LINC00173-knockdown were reversed by
miR-641 inhibition (Fig. 5D and E). In addition, the level of
RABI4 was increased in HCC tissues and in DDP-resistant
HCC tissues (Fig. S5F and G). A positive correlation between
LINCO00173 and RAB14 expression was also observed in HCC
tissues (Fig. SH). The CCK-8 assay demonstrated that transfec-
tion of pcDNA3.1/RABI14 recovered the inhibitory effect of
LINCO00173-knockdown on the ICs, value of DDP in Huh7/DDP
and Hep3B/DDP cells (Fig. 51 and J). Addition of RABI14
neutralized the promoting effect of LINC00173-knockdown
on the apoptosis of Huh7/DDP and Hep3B/DDP cells
(Fig. 5K and L). Collectively, these findings indicated that
LINCO00173 contributed to DDP resistance in HCC cells
through sponging miR-641 and upregulating RAB14.

Discussion

Chemoresistance severely compromises therapeutic efficacy in
patients with HCC. Thus, it is crucial to identify the molecular
mechanisms underlying HCC chemoresistance and to investigate
new therapeutic strategies for HCC. In the present study, it was
observed that silencing of LINC00173 improved the sensitivity
of DDP-resistant HCC cells by modulating the miR-641/RAB14
axis, suggesting that LINC00173 may be an effective treatment
target to prevent or reverse drug resistance.

Numerous studies have reported that IncRNAs are key
regulators of chemoresistance in human cancers (20,21).
Dysregulated LINC00173 expression was found to be impli-
cated in drug resistance in cancer. For example, IncRNA
LINCO00173 promoted colorectal cancer cell metastasis
and chemoresistance via modulation of the miR-765/PLP2
pathway (22). LINC00173 facilitated the chemoresistance and
progression of small-cell lung cancer by targeting miR-218
and regulating Etk expression (23). The present study focused
on the role and mechanism of action of LINC00173 in
DDP-resistant HCC. The results indicated that LINC00173
expression was elevated in HCC tissues and DDP-resistant
HCC cells. Furthermore, LINC00173 knockdown enhanced
the DDP sensitivity of DDP-resistant HCC cells. These
findings indicated that LINC00173 induced DDP resistance
in HCC cells.

A large number of studies have revealed that IncRNAs
function as competing endogenous RNAs, exerting their
regulatory effects on tumorigenesis by sponging miRNAs,
which reverses the inhibitory effects on their targets (24,25).
miR-641 has been reported to act as a tumor suppressor in
various cancer types. For example, miR-641 suppressed lung
cancer cell proliferation and induced apoptosis by regulating
Programmed cell death protein 4 (26). miR-641 also inhibited
cervical cancer progression and promoted apoptosis by
targeting zinc finger E-box-binding homeobox 1 (27). However,

the biological function of miR-641 in DDP-resistant HCC cells
remained unclear. In the present study, the level of miR-641
was reduced in DDP-resistant HCC tissues and miR-641 was
found to directly interact with LINC00173. Furthermore,
miR-641 inhibition abolished the promoting effect of
LINCO00173 knockdown on the sensitivity of DDP-resistant
HCC cells. These results indicated that LINC00173 enhanced
DDP resistance in HCC by regulating miR-641.

RABI4, a member of the RAS oncogene family, has been
reported to be implicated in the development of several types of
cancer, such as cervical and gastric cancer (28,29). Convincing
evidence has suggested that RAB14 may promote chemo-
therapy resistance in several tumors (30,31). For example,
miR-148a enhanced sensitivity to DDP by targeting RAB14 in
renal cancer cells (32). In the present study, RAB14 expression
was markedly enhanced in DDP-resistant HCC tissues, and
was confirmed to be a target of miR-641. Furthermore, rescue
assays revealed that RAB14 overexpression partially abolished
the enhanced DDP sensitivity of Huh7/DDP and Hep3B/DDP
cells caused by LINCO00173-knockdown. Collectively, these
data confirmed that LINC00173 contributed to DDP resistance
in HCC by modulating the miR-641/RABI14 axis.

However, the limitations of the present study must
be addressed in future research. For example, the down-
stream effectors or signaling pathways associated with the
LINCO00173/miR-641/RAB14 axis should be further investi-
gated, and in vivo experiments will help to fully elucidate the
associated underlying mechanisms.

In conclusion, the findings of the present study
demonstrated that LINC00173 promoted the DDP resistance
of HCC cells via sponging miR-641 to upregulate RAB14,
providing a novel therapeutic target for overcoming DDP
resistance in HCC.
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