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Abstract. drug resistance and immune escape of tumor cells 
severely compromise the treatment efficiency of hepatocellular 
carcinoma (Hcc). Long non-coding RNA KcNQ1 overlap-
ping transcript 1 (lncRNA KcNQ1OT1) has been shown to 
be involved in drug resistance in several cancers. The aim of 
the present study was to investigate the role of KcNQ1OT1 
in sorafenib resistance and immune escape of Hcc cells. 
Reverse transcription-quantitative PcR analysis, western 
blotting and immunohistochemistry were performed to detect 
the expression of KcNQ1OT1, miR-506 and programmed 
death-ligand-1 (Pd-L1). cell counting Kit-8 assay, flow 
cytometry and Transwell assays were used to evaluate Ic50 
value, cell apoptosis and metastasis. ELISA was performed 
to detect the secretion of cytokines. dual-luciferase reporter 
assay was conducted to verify the targeting relationships 
between miR-506 and KcNQ1OT1 or Pd-L1. KcNQ1OT1 
and Pd-L1 were found to be upregulated and miR-506 was 
downregulated in sorafenib-resistant Hcc tissues and cells. 
Furthermore, KcNQ1OT1 knockdown reduced the Ic50 value 
of sorafenib, suppressed cell metastasis and promoted apop-
tosis in sorafenib-resistant Hcc cells. Moreover, KcNQ1OT1 
knockdown changed the tumor microenvironment and T-cell 
apoptosis in a sorafenib-resistant Hcc/T-cell co-culture 
model. In addition, it was demonstrated that KcNQ1OT1 
functioned as a competing endogenous RNA of miR-506 
and increased Pd-L1 expression in sorafenib-resistant Hcc 
cells. miR-506 inhibition abolished the effects of KcNQ1OT1 
knockdown on sorafenib sensitivity, tumor growth, the tumor 
microenvironment and T-cell apoptosis. In conclusion, 
KcNQ1OT1 knockdown inhibited sorafenib resistance and 

Pd-L1-mediated immune escape by sponging miR-506 in 
sorafenib-resistant Hcc cells.

Introduction

Hepatocellular carcinoma (Hcc) is a type of primary liver 
cancer characterized by high incidence and mortality rates (1). 
In recent years, although significant progress has been made 
in the treatment of Hcc, the overall prognosis remains 
dismal (2). Surgery is the first and most effective method for 
the treatment of patients with Hcc; however, chemotherapy 
is considered the most appropriate method for some patients 
with advanced disease (3,4). Sorafenib is a multi-target anti-
tumor drug, which is currently the first‑line treatment drug 
for patients with advanced Hcc (5). However, due to the 
development of drug resistance during treatment, sorafenib 
becomes less effective (6,7). Furthermore, immune escape has 
been demonstrated to be one of the main obstacles to the treat-
ment of Hcc patients (8). Therefore, it is crucial to investigate 
the molecular mechanisms underlying the development of 
sorafenib resistance and immune escape in Hcc cells.

Long non-coding RNAs (lncRNAs) are a family of 
transcripts >200 nucleotides in length, which do not have 
the ability to encode proteins (9). LncRNAs have been veri-
fied to be crucial regulators in several biological processes, 
such as cell metastasis, differentiation, inflammation and 
immune escape (10-12). currently, lncRNA KcNQ1 overlap-
ping transcript 1 (KcNQ1OT1) was proven to be associated 
with drug resistance in diverse types of cancer. For example, 
Zhang et al reported that KcNQ1OT1 was increased in 
cisplatin-resistant tongue squamous cell carcinoma (TScc) 
and promoted chemoresistance of TScc cells (13). Ren et al 
demonstrated that the expression of KcNQ1OT1 was higher 
in paclitaxel-resistant lung adenocarcinoma (LAd) tissues and 
cells, and KcNQ1OT1 knockdown enhanced the sensitivity of 
LAd to paclitaxel (14). However, there are yet no reports on 
the role and mechanism of action of KcNQ1OT1 in sorafenib 
resistance and immune escape in Hcc cells.

LncRNAs may act as microRNA (miRNA) sponges to 
regulate the expression and activities of miRNAs (15). As 
a class of RNA molecules without protein-coding ability, 
miRNAs contain 18-22 nucleotides and mainly regulate gene 
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expression by recognizing the 3' untranslated region (UTR) 
of their target mRNAs (16). In particular, miR-506 has been 
demonstrated to act as a tumor suppressor in diverse human 
cancers, such as colorectal (17), cervical (18) and ovarian (19) 
cancers. Moreover, Zhou et al confirmed that miR‑506 was 
able to reduce oxaliplatin resistance in colorectal cancer 
cells (20). Wang et al suggested that miR-506 was decreased 
in the serum of patients with sorafenib-resistant thyroid 
carcinoma, and that miR-506 overexpression could enhance 
the sensitivity of thyroid carcinoma cells to sorafenib (21). 
These findings indicated that miR-506 plays a key role in 
the development and chemoresistance of several tumors. 
Moreover, miRNAs can participate in the regulation of a 
number of biological processes, including immune escape of 
tumor cells (22). However, the exact regulatory mechanisms of 
miR-506 in sorafenib resistance and immune escape in Hcc 
remain unclear.

Programmed death-ligand-1 (Pd-L1) plays a key role in 
inhibiting tumor immunity and promoting tumor progression 
after binding to the receptor programmed death 1 (Pd-1), 
which is expressed on the surface of T lymphocytes (23). 
To date, a variety of miRNAs have been confirmed to affect 
the oncogenesis and drug resistance of human cancers by 
regulating Pd-L1 expression. For example, miR-34a reduced 
chemoresistance of glioma cells by targeting Pd-L1 in (24), 
and the miR-200/Pd-L1 axis reduced immunosuppression 
and metastasis of cd8+ T cells in lung cancer (25). However, 
whether miR-506 can target Pd-L1 in Hcc cells remains to 
be elucidated.

The aim of the present study was to investigate the levels of 
KcNQ1OT1, miR-506 and Pd-L1 in sorafenib-resistant Hcc 
tissues and cells, and to explore the roles of KcNQ1OT1 and 
miR-506 in sorafenib-resistant Hcc cell proliferation, apop-
tosis and metastasis. Moreover, the effects of KcNQ1OT1 and 
miR-506 on the tumor microenvironment and T-cell apoptosis 
were investigated.

Materials and methods

Tissue collection. Sorafenib-sensitive (n=25) and sorafeni-
resistant (n=38) Hcc tissue sections were collected from the 
Sanquan college of Xinxiang Medical University. All the 
collected samples were immediately placed in liquid nitrogen 
and then stored in a ‑80˚C refrigerator for RNA extraction. 
The protocol of the present study was approved by the Ethics 
committee of the Sanquan college of Xinxiang Medical 
University, and all the patients provided written informed 
consent.

Cell culture. SK-HEP-1 and Huh-7 cells were purchased 
from the Type culture collection of the chinese Academy 
of Sciences (Shanghai, china). The corresponding 
sorafenib-resistant Hcc cells (SK-HEP-1/sorafenib and 
Huh-7/sorafenib) were constructed by exposing SK-HEP-1 and 
Huh-7 cells to gradually increasing concentrations of sorafenib 
and then continuously culturing in a sorafenib-containing 
medium for 2 months. The maximum dose of sorafenib was 
20 µM (26). All cells were kept in dMEM (Gibco; Thermo 
Fisher Scientific, Inc.) supplemented with 10% FBS (Gibco; 
Thermo Fisher Scientific, Inc.) and 1% penicillin/streptomycin 

(Gibco; Thermo Fisher Scientific, Inc.) in an atmosphere of 
5% CO2 and 37˚C.

Cell transfection. Short hairpin RNA (shRNA) against 
KcNQ1OT1 and its negative control (sh-Nc), mimics of 
miR-506 (miR-506) and its matched control (miR-Nc), 
inhibitors of miR-506 (anti-miR-506) and its matched control 
(anti-Nc), KcNQ1OT1 overexpression vector (KcNQ1OT1) 
and its corresponding control (pcdNA), were synthesized by 
GenePharma. These oligonucleotides or vectors were trans-
fected into cells using Lipofectamine® 3000 Transfection 
Reagent (Invitrogen; Thermo Fisher Scientific, Inc.) based on 
the manufacturer's instructions.

RNA extraction and quantitative PCR (RT‑qPCR) analysis. 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
was used to isolate total RNA from Hcc tissues and cells. 
The concentrations of extracted RNA samples were detected 
by Nanodrop 2000c (Thermo Fisher Scientific, Inc.). 
Subsequently, RNAs were reversely transcribed into cdNAs 
by PrimeScript RT reagent kit (Takara Biotechnology co., 
Ltd.) or TaqMan Reverse Transcription Reagents (Thermo 
Fisher Scientific, Inc.). Next, qPCR analysis was conducted 
using FastStart Universal SYBR Green Master (Roche 
diagnostics) on a Real-Time PcR detection System (Thermo 
Fisher Scientific, Inc.). The thermocycling conditions were as 
follows: i) 95˚C for 5 min; ii) 40 cycles at 95˚C for 30 sec, 60˚C 
for 45 sec and 72˚C for 30 sec; iii) dissolving curve at 94˚C 
for 90 sec, 60˚C for 180 sec and 94˚C for 10 sec. The relative 
expression of KcNQ1OT1, Pd-L1 and miR-506 was examined 
by the 2‑ΔΔCq method (27), with GAPdH or U6 as an internal 
reference. The sequences of the primers were as follows: 
KcNQ1OT1 F: 5'-cTTTGcAGcAAccTccTTGT-3' and 
R: 5'-TGG GGT GAG GGA TcT GAA-3'; miR-506 F: 5'-ATc 
cAG TGc GTG TcG TG-3' and R: 5'-TGc TTA AGG cAc ccT 
TcT-3'; Pd-L1 F: 5'-Tcc AcT cAA TGc cTc AAT-3' and R: 
5'-GAA GAc cTc AcA GAc TcA A-3'; GAPdH F: 5'-ccA 
TGT TcG TcA TGG GTG TGA Acc A-3' and R: 5'-Gcc AGT 
AGA GGc AGG GAT GAT GTT c-3'; and U6 F: 5'-AGA Gcc 
TGT GGT GTc cG-3' and R: 5'-cAT cTT cAA AGc AcT Tc 
c cT-3'.

Sorafenib resistance assay. Sorafenib resistance was evalu-
ated by the cell counting Kit-8 (ccK-8) assay. SK-HEP-1, 
Huh-7, SK-HEP-1/sorafenib or Huh-7/sorafenib cells were 
incubated in 96-well plates at a density of 3.0x103 cells/well. 
The cells were then treated with different doses of sorafenib 
for 48 h. Subsequently, 10 µl ccK-8 solution (5 mg/ml; Beijing 
Solarbio Science & Technology co., Ltd.) was added into each 
well and maintained for 4 h at 37˚C. At last, the absorbance 
at 450 nm was examined using a microplate reader (Bio-Rad 
Laboratories, Inc.). The value of Ic50 was determined by rela-
tive survival curve.

Immunohistochemistry (IHC) assay. After being fixed with 
4% paraformaldehyde (Beyotime Institute of Biotechnology) 
for 48 h at room temperature, sorafenib-sensitive or -resis-
tant HCC tissue samples were embedded in paraffin and cut 
into 4‑µm sections. Then, the sections were deparaffinized, 
hydrated through a graded ethanol series and treated with H2O2 
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in methanol for 15 min at room temperature. Thereafter, the 
slides were washed three times (5 min each) using PBS (Beijing 
Solarbio Science & Technology co., Ltd.) and interacted with 
normal goat serum for 20 min followed by incubation with 
anti‑PD‑L1 (bs‑10159R; 1:2,000; BIOSS) at 4˚C overnight and 
the indicated secondary antibody (bs-0308R; 1:5,000; BIOSS) 
for 30 min at room temperature. After staining with diami-
nobenzidine (Beyotime Institute of Biotechnology) for 5 min 
at room temperature and counterstaining with hematoxylin 
for 50 sec at room temperature, the slides were photographed 
using a digital microscope camera (Nikon corporation) at a 
magnification of x100.

Western blot analysis. First, total protein was extracted from 
SK-HEP-1, Huh-7, SK-HEP-1/sorafenib or Huh-7/sorafenib 
cells using RIPA lysis buffer (Beijing Solarbio Science & 
Technology co., Ltd.). Then, extracted protein samples were 
quantified by BCA Protein Assay kit (Beijing Solarbio Science 
& Technology Co., Ltd.), separated by 10% SDS‑PAGE 
(Beijing Solarbio Science & Technology co., Ltd.) and 
transferred onto PVdF membranes (Pall Life Sciences). The 
membranes were then blocked with skimmed milk for 1 h 
at room temperature. Subsequently, the membranes were 
incubated overnight at 4˚C with primary antibody anti‑PD‑L1 
(bs-10159R; 1:2,000; BIOSS) followed by incubation with 
matched horseradish peroxidase-conjugated secondary anti-
body (bs-0308R; 1:5,000; BIOSS) for 2 h at room temperature. 
The protein bands were detected via RapidStep EcL Reagent 
(EMd Millipore).

Transwell assay. For the detection of cell migration, transfected 
SK-HEP-1/sorafenib and Huh-7/sorafenib cells (2.0x104 cells) 
were suspended in serum-free dMEM (Gibco; Thermo 
Fisher Scientific. Inc.) and seeded into the upper chamber of 
a Transwell insert (8-µm pore size; corning Inc.). dMEM 
(Gibco; Thermo Fisher Scientific. Inc.) supplemented with 
10% FBS (Gibco; Thermo Fisher Scientific. Inc.) was added 
into the lower chamber. After incubation for 24 h, cells that did 
not migrate were removed and cells that migrated were fixed 
in methanol for 30 min at 37˚C and then stained with 0.5% 
crystal violet solution for 15 min at 37˚C (Beijing Solarbio 
Science & Technology co., Ltd.). Stained cells were examined 
under a light microscope (Nikon Corporation) at a magnifica-
tion of x100. For the detection of cell invasion, the protocols 
were the same as those in cell migration assay, except that the 
upper chamber was pre-coated with Matrigel (Beijing Solarbio 
Science & Technology Co., Ltd.) for 30 min at 37˚C.

Sorafenib‑resistant HCC/T‑cell co‑culture model. First, the 
separation of peripheral blood mononuclear cells (PBMcs) 
was conducted by density gradient centrifugation. Separated 
PBMcs (2.0x106 per well) were seeded into 6-well plates. 
Subsequently, T cells were activated by incubating PBMcs 
with SK-HEP-1/sorafenib or Huh-7/sorafenib cell lysates, 
anti-cd3e (bsm-52386R; 1:2,000; BIOSS) and anti-cd28 
(bs-8865R; 1:2,000; BIOSS) for 48 h. Subsequently, acti-
vated T cells were co-cultured with SK-HEP-1/sorafenib 
or Huh‑7/sorafenib cells at 37˚C for 16 h at a ratio of 10:1. 
Finally, co-culture media were collected for the following 
experiments.

ELISA. The levels of tumor necrosis factor (TNF)-α, inter-
feron (IFN)-γ, interleukin (IL)-2, IL-10 and transforming 
growth factor (TGF)-β secreted by T cells were detected using 
ELISA Max kits (SEKH-0047; SEKH-0046; SEKH-0018; 
SEKH-0316; Beijing Solarbio Science & Technology co., Ltd.) 
according to the manufacturer's instructions. In brief, cytokine 
capture antibodies were coated in 96‑well plates at 4˚C over-
night, and the wells were then blocked at room temperature for 
1 h. cell supernatant (100 µl) was added into each well and then 
incubated for 2 h at 37˚C. Next, 100 µl of detection antibody 
and diluted streptavidin peroxidase were added in succession. 
Finally, the reaction was stopped by adding 3,3',5,5'-tetrameth-
ylbenzidine substrate (Beijing Solarbio Science & Technology 
co., Ltd.) and sulfuric acid (Sigma-Aldrich; Merck KGaA). 
The optical density value at 450 nm was measured via a micro-
plate reader (Bio-Rad Laboratories, Inc.).

Flow cytometry analysis. At 48 h post-transfection, the apoptosis 
of SK-HEP-1/sorafenib and Huh-7/sorafenib cells was evaluated 
by using Annexin V-FITc/PI Apoptosis detection kit (Vazyme 
Biotech). In brief, SK-HEP-1/sorafenib and Huh-7/sorafenib 
cells were harvested and resuspended in binding buffer at 
a density of 1.0x105 cells/ml. Then, Annexin V-FITc and PI 
were added to the cell suspension and maintained for 15 min 
at room temperature in the dark to stain the cells. Finally, flow 
cytometry (FACSCalibur; Thermo Fisher Scientific, Inc.) was 
used to detect cell apoptosis. The apoptotic cells were analyzed 
with software FlowJo 7.6.1 (FlowJo LLc).

To analyze the apoptosis of cd8+ T cells, 10 µl/ml 
anti-Pd-L1 (bs-10159R; 1:2,000; BIOSS) was added into the 
well of sorafenib-resistant Hcc/T-cell co-culture media. Then, 
activated T cells were collected and PE-conjugated, and Pd-1, 
Alexa Fluor 488-conjugated Annexin V and APc-conjugated 
cd8 antibody were added to stain the PBMcs. The percentage 
of Annexin V+ cells in the gated Pd-1+/cd8+ population was 
used to evaluate the apoptosis of cd8+ T cells.

Dual‑luciferase reporter assay. The sequences of KcNQ1OT1 
or 3'UTR of Pd-L1 containing the putative complementary 
sequences of wild-type (WT) or mutant (MUT) miR-506 were 
amplified and inserted into pcdNA3.1 vector (Guangzhou 
RiboBio co., Ltd.) to establish luciferase reporter vectors 
(WT-KcNQ1OT1, MUT-KcNQ1OT1, Pd-L1 3'UTR-WT and 
Pd-L1 3'UTR-MUT, respectively). The indicated luciferase 
reporter vector and miR-506 or miR-Nc were transfected 
into SK-HEP-1/sorafenib and Huh-7/sorafenib cells using 
Lipofectamine® 3000 Transfection Reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). Subsequently, the luciferase 
activity was detected by dual-Luciferase Reporter Assay kit 
(Vazyme Biotech) and normalized to the Renilla luciferase 
activity.

Statistical analysis. All analyses were conducted by GraphPad 
Prism 7 (GraphPad Software, Inc.). The data obtained from 
three independent experiments are presented as means ± stan-
dard deviation. The significance of the differences was analyzed 
by Student's t-test or one-way ANOVA followed by Tukey's post 
hoc test. The correlations among KcNQ1OT1, miR-506 and 
Pd-L1 were analyzed by Pearson's correlation analysis. P<0.05 
was considered to indicate statistically significant differences.
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Results

KCNQ1OT1 and PD‑L1 are upregulated and miR‑506 is 
downregulated in sorafenib‑resistant HCC tissues. Initially, 
the relative expression levels of KcNQ1OT1 and miR-506 in 38 
sorafenib-resistant Hcc tissue samples and 25 sorafenib-sensi-
tive Hcc tissue samples were determined by RT-qPcR 
analysis. The results revealed that the expression level of 
KcNQ1OT1 was notably increased, and the expression level of 
miR-506 was markedly decreased in sorafenib-resistant Hcc 
tissues compared to those in sorafenib-sensitive Hcc tissues 
(Fig. 1A and B). Moreover, through RT-qPcR and IHc assays, 
Pd-L1 was shown to be upregulated in sorafenib-resistant 
Hcc tissues in comparison with sorafenib-sensitive Hcc 
tissues (Fig. 1c and d). In addition, the correlations among 
KcNQ1OT1, miR-506 and Pd-L1 were analyzed by Pearson's 
correlation analysis. The results revealed that miR-506 expres-
sion was negatively correlated with KcNQ1OT1 expression 
and Pd-L1 mRNA expression (Fig. 1E and F); moreover, the 
mRNA expression of Pd-L1 was positively correlated with the 
expression of KcNQ1OT1 in sorafenib-resistant Hcc tissues 
(Fig. 1G). These data suggested that the abnormal expression 
of KcNQ1OT1, miR-506 and Pd-L1 may be associated with 
sorafenib resistance in Hcc.

High expression of KCNQ1OT1 and PD‑L1 and low expres‑
sion of miR‑506 is observed in sorafenib‑resistant HCC cells. 
To explore the mechanism of sorafenib resistance in Hcc cells, 
two sorafenib-resistant Hcc cell lines (SK-HEP-1/sorafenib 
and Huh-7/sorafenib) were constructed. Subsequently, the 

level of sorafenib resistance in SK-HEP-1/sorafenib and 
Huh-7/sorafenib cells was evaluated by ccK-8 assay after 
exposing sorafenib-resistant Hcc cells to different concentra-
tions of sorafenib for 48 h. The data demonstrated that Ic50 
values in SK-HEP-1/sorafenib cells and Huh-7/sorafenib cells 
were notably higher compared with those in SK-HEP-1 and 
Huh-7 cells (Fig. 2A and B), indicating that sorafenib resis-
tance developed in SK-HEP-1/sorafenib and Huh-7/sorafenib 
cells. Subsequently, the expression levels of KcNQ1OT1, 
miR-506 and Pd-L1 mRNA in SK-HEP-1/sorafenib cells 
were assessed by RT-qPcR analysis and the protein expres-
sion of Pd-L1 was analyzed via western blotting. The results 
demonstrated that the levels of KcNQ1OT1, and the mRNA 
and protein expression of Pd-L1 were all obviously upregu-
lated, whereas miR‑506 was significantly downregulated in 
SK-HEP-1/sorafenib cells compared with SK-HEP-1 cells 
(Fig. 2c-F). Similarity, the levels of KcNQ1OT1, and those 
of Pd-L1 mRNA and protein were increased, and the level of 
miR-506 was decreased in Huh-7/sorafenib cells (Fig. 2G-J). 
Taken together, the results mentioned above indicate that 
KcNQ1OT1, miR-506 and Pd-L1 may be involved in the 
sensitivity of Hcc cells to sorafenib.

KCNQ1OT1 knockdown enhances sorafenib sensitivity, 
promotes apoptosis and inhibits migration and invasion in 
sorafenib‑resistant HCC cells. In order to investigate the func-
tional roles of KcNQ1OT1 in sorafenib-resistant Hcc cells, 
a loss-of-function experiment was carried out by transfecting 
sh-KcNQ1OT1 into SK-HEP-1/sorafenib and Huh-7/sorafenib 
cells. Knockdown efficiency was evaluated by RT-qPcR 

Figure 1. The expression levels of KcNQ1OT1 and Pd-L1 were increased and the expression level of miR-506 was decreased in sorafenib-resistant Hcc 
tissues. (A and B) The expression levels of KcNQ1OT1 and miR-506 in sorafenib-resistant Hcc tissues and sorafenib-sensitive Hcc tissues were measured 
by RT-qPcR. (c and d) RT-qPcR assay and immunohistochemistry were used to evaluate the level of Pd-L1. Scale bar, 100 µm. (E-G) The correlations 
among KcNQ1OT1, miR-506 and Pd-L1 were evaluated by Pearson's correlation analysis. *P<0.05. Hcc, hepatocellular carcinoma; KcNQ1OT1, KcNQ1 
overlapping transcript 1; Pd-L1, programmed death-ligand-1; RT-qPcR, reverse transcription-quantitative PcR analysis.
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Figure 2. KcNQ1OT1, miR-506 and Pd-L1 were aberrantly expressed in sorafenib-resistant Hcc cells. (A and B) SK-HEP-1, SK-HEP-1/sorafenib, Huh-7 and 
Huh-7/sorafenib cells were treated with different doses of sorafenib for 48 h and cell viability was evaluated by cell counting Kit-8 assay. (c-E) The expression 
levels of KcNQ1OT1, miR-506 and Pd-L1 mRNA in SK-HEP-1 and SK-HEP-1/sorafenib cells were determined by RT-qPcR. (F) The protein level of Pd-L1 
in SK-HEP-1 and SK-HEP-1/sorafenib cells was examined by western blot assay. (G-I) The expression levels of KcNQ1OT1, miR-506 and Pd-L1 mRNA in 
Huh-7 and Huh-7/sorafenib cells were determined by RT-qPcR. (J) The protein level of Pd-L1 in Huh-7 and Huh-7/sorafenib cells was examined by western 
blot assay. *P<0.05. Hcc, hepatocellular carcinoma; KcNQ1OT1, KcNQ1 overlapping transcript 1; Pd-L1, programmed death-ligand-1; RT-qPcR, reverse 
transcription-quantitative PcR analysis.

Figure 3. Sorafenib resistance was reduced, cell apoptosis was increased, and cell migration and invasion were decreased in sh-KcNQ1OT1-treated 
sorafenib-resistant Hcc cells. SK-HEP-1/sorafenib and Huh-7/sorafenib cells were transfected with sh-Nc or sh-KcNQ1OT1. (A and B) The expression 
level of KcNQ1OT1 in SK-HEP-1/sorafenib and Huh-7/sorafenib cells was determined by RT-qPcR. (c and d) SK-HEP-1/sorafenib and Huh-7/sorafenib 
cells were treated with different concentrations of sorafenib for 48 h and cell viability was evaluated by the cell counting Kit-8 assay. (E and F) The 
apoptosis of SK‑HEP‑1/sorafenib and Huh‑7/sorafenib cells was detected by flow cytometry. (G‑J) The migration and invasion of SK‑HEP‑1/sorafenib and 
Huh-7/sorafenib cells were evaluated by Transwell assay. *P<0.05. Hcc, hepatocellular carcinoma; KcNQ1OT1, KcNQ1 overlapping transcript 1; RT-qPcR, 
reverse transcription-quantitative PcR analysis. Scale bar, 100 µm. 
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and the results demonstrated that sh-KcNQ1OT1 transfec-
tion markedly decreased the expression of KcNQ1OT1 in 
both SK-HEP-1/sorafenib and Huh-7/sorafenib cells (Fig. 3A 
and B). Then, SK-HEP-1/sorafenib and Huh-7/sorafenib 
cells were treated with different concentrations of sorafenib 
and Ic50 value was examined by ccK-8 assay. The data 
demonstrated that the Ic50 value of sorafenib was drastically 
reduced in SK-HEP-1/sorafenib and Huh-7/sorafenib cells 
transfected with sh-KcNQ1OT1 (Fig. 3c and d), indicating 
that the sensitivity of SK-HEP-1 and Huh-7 cells to sorafenib 
was enhanced. Furthermore, cell apoptosis was accelerated 
by sh-KcNQ1OT1 transfection in SK-HEP-1/sorafenib and 
Huh-7/sorafenib cells compared with sh-Nc transfected cells 
(Fig. 3E and F). KcNQ1OT1 knockdown distinctly inhibited 
cell migration and invasion in both SK-HEP-1/sorafenib and 
Huh-7/sorafenib cells, as illustrated by the Transwell assay 
(Fig. 3G-J). Taken together, these data demonstrated that 
knockdown of KcNQ1OT1 sensitized Hcc cells to sorafenib, 

induced cell apoptosis, and suppressed the migration and inva-
sion of sorafenib-resistant Hcc cells.

KCNQ1OT1 affects cytokine secretion and T‑cell apoptosis 
in a sorafenib‑resistant HCC/T‑cell co‑culture model. To 
explore the function of KcNQ1OT1 in the immune surveil-
lance of T cells, two sorafenib-resistant Hcc/T-cell co-culture 
models we established, namely SK-HEP-1/sorafenib/T and 
Huh-7/sorafenib/T. Subsequently, the levels of cytokines 
secreted by T cells were detected via ELISA. The results indi-
cated that the levels of TNF-α, IFN-γ and IL-2 were markedly 
increased, and the levels of IL-10 and TGF-β were markedly 
decreased in SK-HEP-1/sorafenib cells transfected with 
sh-KcNQ1OT1 and T-cell co-culture group compared with 
those in SK-HEP-1/sorafenib cells transfected with sh-Nc 
and T-cell co-culture group (Fig. 4A-E). As predicted, similar 
results were observed in Huh-7/sorafenib cells transfected 
with sh-KcNQ1OT1 and co-cultured with T cells (Fig. 4A-E). 

Figure 4. KcNQ1OT1 knockdown regulated cytokine secretion and T-cell apoptosis in a sorafenib-resistant Hcc/T-cell co-culture model. (A-E) The concen-
trations of TNF-α, IFN-γ, IL-2, IL-10 and TGF-β in T cells and sh-KcNQ1OT1-transfected SK-HEP-1/sorafenib or Huh-7/sorafenib cells co-cultured with T 
cells were examined by ELISA. (F and G) The apoptosis of cd8+ T cells and sh-KcNQ1OT1-transfected SK-HEP-1/sorafenib cells or Huh-7/sorafenib cells 
co‑cultured with T cells was detected by flow cytometry. *P<0.05. Hcc, hepatocellular carcinoma; KcNQ1OT1, KcNQ1 overlapping transcript 1; TNF, tumor 
necrosis factor; IFN, interferon; IL, interleukin; TGF, transforming growth factor.
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Furthermore, the apoptosis of cd8+ T cells was evaluated by 
flow cytometric analysis. We found that co‑culture of T cells 
and SK-HEP-1/sorafenib cells or Huh-7/sorafenib cells treated 
with IFN-γ and sh-KcNQ1OT1 markedly suppressed the 
apoptosis of cd8+ T cells when compared to the control group 
(Fig. 4F and G). These data demonstrated that KcNQ1OT1 
knockdown enhanced immune surveillance of T cells in a 
sorafenib-resistant Hcc/T-cell co-culture model.

KCNQ1OT1 regulates PD‑L1 expression by sponging 
miR‑506. As dysregulated expression of KcNQ1OT1, 
miR-506 and Pd-L1 was observed in sorafenib-resistant Hcc 
tissues and cells, their targeting relationships were predicted 
using the online software starBase 3.0. As shown in Fig. 5A, 

miR-506 was predicted to be a target of KcNQ1OT1. miR-506 
transfection markedly elevated the expression of miR-506 in 
SK-HEP-1/sorafenib and Huh-7/sorafenib cells, indicating 
that miR-506 was successfully transfected (Fig. S1A). Next, 
dual-luciferase reporter assay was conducted to verify this predic-
tion. The data demonstrated that co-transfection of miR-506 
and WT‑KCNQ1OT1 significantly suppressed the luciferase 
activity in both SK-HEP-1/sorafenib and Huh-7/sorafenib cells 
compared with miR-Nc and WT-KcNQ1OT1 co-transfected 
cells, while co-transfection with miR-506 or miR-Nc and 
MUT-KcNQ1OT1 did not affect the luciferase activity 
(Fig. 5B and c). After KcNQ1OT1 was successfully trans-
fected into SK-HEP-1/sorafenib and Huh-7/sorafenib cells 
(Fig. S1B), the impact of KcNQ1OT1 on miR-506 expres-

Figure 5. KcNQ1OT1 regulated Pd-L1 expression via sponging miR-506 in sorafenib-resistant Hcc cells. (A) The putative binding sites between KcNQ1OT1 
and miR-506 were predicted by starBase 3.0. (B and c) The luciferase activity in miR-506 or miR-Nc and WT-KcNQ1OT1 or MUT-KcNQ1OT1 co-trans-
fected SK-HEP-1/sorafenib and Huh-7/sorafenib cells was determined by dual-luciferase reporter assay. (d and E) The expression level of miR-506 in 
sh-KcNQ1OT1, sh-Nc, KcNQ1OT1 or pcdNA-transfected SK-HEP-1/sorafenib and Huh-7/sorafenib cells was detected by RT-qPcR. (F) complementary 
sequences between miR-506 and Pd-Ll. (G and H) The luciferase activity in miR-506 or miR-Nc and Pd-L1 3'UTR-MUT or Pd-L1 3'UTR-WT co-transfected 
SK-HEP-1/sorafenib and Huh-7/sorafenib cells was determined by dual-luciferase reporter assay. (I-L) The mRNA and protein expression levels of Pd-L1 in 
sh-KcNQ1OT1, sh-Nc, sh-KcNQ1OT1+anti-miR-506 or sh-KcNQ1OT1+anti-Nc transfected SK-HEP-1/sorafenib and Huh-7/sorafenib cells were detected 
by RT-qPcR and western blotting, respectively. *P<0.05. Hcc, hepatocellular carcinoma; KcNQ1OT1, KcNQ1 overlapping transcript 1; Pd-L1, programmed 
death-ligand-1; RT-qPcR, reverse transcription-quantitative PcR analysis; WT, wild-type; MUT, mutant; UT, untranslated region.
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sion was investigated. The results revealed that KcNQ1OT1 
knockdown notably increased the expression of miR-506, and 
KcNQ1OT1 overexpression notably decreased the expression 
of miR-506 in both SK-HEP-1/sorafenib and Huh-7/sorafenib 
cells (Fig. 5d and E). However, miR-506 overexpression did 
not alter the expression of KcNQ1OT1 in SK-HEP-1/sorafenib 
and Huh-7/sorafenib cells (Fig. S1d). Moreover, Pd-L1 was 
identified as a target of miR‑506 using the online software 
starBase 3.0 and the complementary sequences are shown in 
Fig. 5F. dual-luciferase reporter assay revealed that, compared 
to Pd-L1 3'UTR-WT and miR-Nc co-transfected groups, 
the luciferase activity was markedly inhibited in Pd-L1 
3'UTR-WT and miR-506 co-transfected SK-HEP-1/sorafenib 
and Huh-7/sorafenib cells, but the luciferase activity was not 
affected in the Pd-L1 3'UTR-MUT groups (Fig. 5G and H). 
As shown in Fig. S1c, anti-miR-506 transfection markedly 
decreased the level of miR-506 in SK-HEP-1/sorafenib and 
Huh-7/sorafenib cells. Subsequently, sh-KcNQ1OT1, sh-Nc, 
sh-KcNQ1OT1+anti-miR-506 or sh-KcNQ1OT1+anti-Nc 
were transfected into SK-HEP-1/sorafenib and Huh-7/sorafenib 
cells and the expression of Pd-L1 was measured. The results 
of the RT-qPcR and western blot assays indicated that the 
mRNA and protein expression levels of Pd-L1 were notably 
decreased by sh-KcNQ1OT1, whereas anti-miR-506 reversed 
this effect in SK-HEP-1/sorafenib cells and Huh-7/sorafenib 
cells (Fig. 5I-L). All these data demonstrated that KcNQ1OT1 
knockdown may inhibit the expression of Pd-L1 by targeting 
miR-506 in sorafenib-resistant Hcc cells.

Inhibition of miR‑506 partially reverses the effects on 
sorafenib sensitivity, cell apoptosis, cell migration and 
cell invasion mediated by KCNQ1OT1 knockdown in 
sorafenib‑resistant HCC cells. Based on the results mentioned 
above, it was further investigated whether KcNQ1OT1 
affects sorafenib sensitivity, cell apoptosis, migration and 
invasion by targeting miR-506 in sorafenib-resistant Hcc 
cells. It was observed that the reduced Ic50 value caused by 
sh-KcNQ1OT1 was partly abolished following anti-miR-506 
transfection in SK-HEP-1/sorafenib and Huh-7/sorafenib 
cells (Fig. 6A and B). Flow cytometry revealed that downreg-
ulation of miR-506 inhibited the apoptosis-promoting effect 
of KcNQ1OT1 knockdown in both SK-HEP-1/sorafenib 
and Huh-7/sorafenib cells (Fig. 6c and d). In addition, 
the migration and invasion of SK-HEP-1/sorafenib and 
Huh-7/sorafenib cells were suppressed by knocking down 
the expression of KcNQ1OT1, while these effects were 
partially reversed by the depletion of miR-506, as shown by 
the Transwell assay (Fig. 6E-H). These results demonstrated 
that KcNQ1OT1 affected sorafenib sensitivity, Hcc cell 
apoptosis, migration and invasion via regulating the expres-
sion of miR-506.

KCNQ1OT1 affects the production of cytokines and the apop‑
tosis of T cells by sponging miR‑506 in a sorafenib‑resistant 
HCC/T‑cell co‑culture model. It was next investigated 
whether KcNQ1OT1 could regulate the immune escape of 
sorafenib-resistant Hcc cells. The data of ELISA revealed that 

Figure 6. KcNQ1OT1 knockdown enhanced sorafenib sensitivity, promoted cell apoptosis, and inhibited cell migration and invasion by targeting miR-506 
in sorafenib-resistant Hcc cells. sh-KcNQ1OT1, sh-Nc, sh-KcNQ1OT1+anti-miR-506 or sh-KcNQ1OT1+anti-Nc was transfected into SK-HEP-1/sorafenib 
and Huh-7/sorafenib cells. (A and B) The sorafenib resistance of SK-HEP-1/sorafenib and Huh-7/sorafenib cells was assessed by cell counting Kit-8 
assay. (C and D) The apoptosis of SK‑HEP‑1/sorafenib and Huh‑7/sorafenib cells was evaluated by flow cytometry. (E‑H) The migration and invasion of 
SK-HEP-1/sorafenib and Huh-7/sorafenib cells were determined by Transwell assay. *P<0.05. Hcc, hepatocellular carcinoma; KcNQ1OT1, KcNQ1 overlap-
ping transcript 1. Scale bar, 100 µm.
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the inhibitory effects of KcNQ1OT1 knockdown on TNF-α, 
IFN-γ and IL-2 levels and the promoting effects on IL-10 and 
TGF-β levels were all partly abolished by miR-506 inhibi-
tion in SK-HEP-1/sorafenib/T and Huh-7/sorafenib/T models 
(Fig. 7A-E). Flow-cytometric analysis revealed that inhibition of 
miR-506 attenuated the suppression of KcNQ1OT1 knockdown 
on cd8+ T-cell apoptosis in both SK-HEP-1/sorafenib/T and 
Huh-7/sorafenib/T models (Fig. 7F and G). collectively, the data 
mentioned above indicate that KcNQ1OT1 regulated the produc-
tion of cytokines and the apoptosis of cd8+ T cells by targeting 
miR-506 in a sorafenib-resistant Hcc/T-cell co-culture model.

Discussion

Sorafenib is a molecular-targeted drug that is useful for the 
treatment of patients with Hcc. However, patients may develop 
sorafenib resistance during the treatment process, for which 
there is currently no effective solution (5). Immune evasion 
from T‑cell surveillance was confirmed to play a key role in 

tumor development (28). A growing body of literature indicates 
that lncRNAs are associated with drug resistance and immune 
escape in human cancers (29). The present study focused on 
the role and mechanism of action of KcNQ1OT1 in sorafenib 
resistance and immune escape in Hcc. It was observed that 
the expression of KcNQ1OT1 was markedly increased in 
sorafenib-resistant Hcc tissues and cells. Furthermore, the 
KcNQ1OT1/miR-506 axis was shown to play a key role in the 
sensitivity of Hcc cells to sorafenib and the apoptosis of T 
cells mediated by Pd-L1.

KcNQ1OT1 has been found to be aberrantly expressed in 
drug-resistant tumors and to play crucial roles in the regula-
tion of drug resistance. For example, Xian et al reported that 
KcNQ1OT1 was increased in methotrexate (MTX)-resistant 
colorectal cancer (cRc) cells, and demonstrated that 
KcNQ1OT1 knockdown reduced MTX resistance of cRc 
cells (30). Hu et al suggested that KcNQ1OT1 was highly 
expressed in oxaliplatin-resistant Hcc tissues and cells, and 
oxaliplatin-resistant Hcc cell metastasis was suppressed by 

Figure 7. KcNQ1OT1 affected the tumor microenvironment and T-cell apoptosis by sponging miR-506 in a sorafenib-resistant Hcc/T-cell co-culture model. 
SK-HEP-1/sorafenib or Huh-7/sorafenib cells were treated with sh-KcNQ1OT1, sh-Nc, sh-KcNQ1OT1+anti-miR-506 or sh-KcNQ1OT1+anti-Nc and then 
co-cultured with activated T cells. (A-E) The levels of TNF-α, IFN-γ, IL-2, IL-10 and TGF-β in SK-HEP-1/sorafenib/T and Huh-7/sorafenib/T models were 
examined by ELISA. (F and G) The apoptosis of cd8+ T cells in SK‑HEP‑1/sorafenib/T and Huh‑7/sorafenib/T models was detected by flow cytometry. 
*P<0.05. Hcc, hepatocellular carcinoma; KcNQ1OT1, KcNQ1 overlapping transcript 1.
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knocking down KcNQ1OT1 expression (31). consistently 
with these findings, the present study demonstrated that the 
KcNQ1OT1 level was markedly higher in sorafenib-resis-
tant Hcc tissues and cells in comparison with that in 
sorafenib-sensitive Hcc tissues and cells. KcNQ1OT1 knock-
down partly reversed sorafenib resistance in sorafenib-resistant 
Hcc cells. Apoptosis is a tightly coordinated cellular process, 
and dysregulation of the apoptotic pathway alters the course 
of carcinogenesis; therefore, it appears reasonable for apop-
tosis to be considered as a strategy of targeted treatment in 
cancer (32). The cell migration and invasion abilities are 
essential regulators in tumors and may provide new targets for 
cancer therapy (33). Thus, the effects of KcNQ1OT1 on Hcc 
cell apoptosis and motility were investigated in the present 
study. The results demonstrated that KcNQ1OT1 down-
regulation promoted apoptosis and inhibited the metastasis of 
sorafenib-resistant Hcc cells. These data demonstrated that 
KcNQ1OT1 knockdown improved sorafenib sensitivity in 
sorafenib-resistant Hcc cells.

LncRNAs were reported to regulate T-cell apoptosis and 
induce immune escape in tumors (34). It was previously demon-
strated that immune escape can accelerate the occurrence and 
development of Hcc, and T-cell apoptosis is an important 
mechanism through which tumors achieve immune escape (35). 
cd8+ T-cell exhaustion is commonly observed in the tumor 
microenvironment (36). Furthermore, the levels of cytokines 
are associated with T-cell immunity (37,38). Thus, the levels of 
cytokines produced by T cells and the apoptosis of cd8+ T cells 
were investigated in a sorafenib-resistant Hcc/T-cell co-culture 
model. The data revealed that TNF-α, IFN-γ and IL-2 were 
increased, whereas IL-10 and TGF-β were decreased following 
KcNQ1OT1 knockdown in SK-HEP-1/sorafenib/T and 
Huh-7/sorafenib/T media. In addition, KcNQ1OT1 knockdown 
reduced the apoptosis of cd8+ T cells in the sorafenib-resistant 
Hcc/T-cell co-culture model. These data indicated that the 
immune surveillance ability of T cells on sorafenib-resistant 
Hcc cells was enhanced following KcNQ1OT1 knockdown.

miR-506 was identified as a target of KcNQ1OT1, and 
an inverse correlation was observed between KcNQ1OT1 
and miR-506 expression in sorafenib-resistant Hcc tissues. 
Accumulating evidence has confirmed that miR‑506 is weakly 
expressed in drug-resistant tumors, and miR-506 upregula-
tion enhanced the drug sensitivity of tumor cells (20,21). 
In line with these data, miR-506 was found to be markedly 
decreased in sorafenib-resistant Hcc tissues and cells, whereas 
miR-506 inhibition abolished the effects of KcNQ1OT1 
downregulation on sorafenib resistance, apoptosis and metas-
tasis in sorafenib-resistant Hcc cells, demonstrating that 
miR-506 reduced the resistance of sorafenib-resistant Hcc 
cells to sorafenib. Moreover, the secretion of cytokines and 
the apoptosis of T cells mediated by KcNQ1OT1 knockdown 
were reversed by miR-506 inhibition, suggesting that miR-506 
inhibition weakens the immune surveillance of T cells on 
sorafenib-resistant Hcc cells.

Pd-L1 was verified to be a target gene of miR-506 in 
sorafenib-resistant Hcc cells. Bishop et al found that Pd-L1 
was upregulated in enzalutamide-resistant prostate cancer 
cells (39). Liu et al demonstrated that Pd-L1 was upregulated in 
sorafenib-resistant Hcc cells (40). In the present study, Pd-L1 
was notably upregulated in sorafenib-resistant Hcc tissues and 

cells. Moreover, Pd-L1 inhibited the activation of T cells, playing 
a crucial role in the immune escape of tumors (41). However, the 
exact role of Pd-L1 in sorafenib resistance and immune escape 
of sorafenib-resistant Hcc cells requires further investigation.

Based on these data, it was inferred that KcNQ1OT1 
knockdown enhances sorafenib sensitivity, induces apoptosis 
and inhibits the metastasis of sorafenib-resistant Hcc cells 
via targeting miR-506. Moreover, the KcNQ1OT1/miR-506 
axis may regulate Pd-L1-mediated immune escape of 
sorafenib‑resistant HCC cells. These findings may improve 
our understanding of the molecular mechanism underlying the 
role of KcNQ1OT1 in sorafenib resistance in Hcc, and may 
help with designing methods to overcome it. However, in vivo 
animal experiments must be further conducted to verify the 
results of the present study.
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