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Background: Hepatocellular carcinoma (HCC) is one of the most common malignancies

worldwide and chemoresistance is the main obstacle for effective treatments of HCC.

Accumulating studies indicated that long non-coding RNAs (lncRNAs) contribute to the

chemoresistance of human carcinoma. However, the functional role of HANR in autophagy-

mediated chemoresistance of HCC is unknown.

Methods: The expressions of HANR, miR-29b and ATG9A in tissues and cell lines were

detected by real-time quantitative PCR (RT-qPCR). The expression of autophagy-related

protein LC3-I and LC3-II was evaluated by Western blotting. The cell viability and apoptosis

were examined by CCK-8 and flow cytometry, respectively. Bioinformatics analysis and

luciferase activity assay were applied to determine the downstream target gene of HANR or

miR-29b. Xenograft experiment was used to detect the effect of HANR on tumor growth.

Results: In the present study, we demonstrated that HANR was notably overexpressed in

sorafenib-resistant HepG2 (HepG2/sora) and sorafenib-resistant Huh7 (Huh7/sora) cells, and

HANR enhanced sorafenib resistance by facilitating autophagy in HepG2/sora and Huh7/sora

cells. Furthermore, we demonstrated that miR-29b could directly interact with HANR and

abolished HANR-induced sorafenib resistance by suppressing autophagy in HepG2/sora and

Huh7/sora cells. Moreover, ATG9Awas validated as a target of miR-29b and its overexpres-

sion obviously reversed the inhibitory effect of miR-29b on sorafenib resistance and autop-

hagy. In addition, HANR could act as a competing endogenous RNA (ceRNA) to upregulate

ATG9A expression by sponging miR-29b. Hence, HANR increased autophagy-related sor-

afenib resistance via inhibiting the miR-29b/ATG9A axis in HepG2/sora and Huh7/sora cells,

indicating that it may be a potential target to prevent chemoresistance of HCC.

Conclusion: Our study revealed HANR enhanced sorafenib resistance by acting as an

autophagy promoter by regulating miR-29b/ATG9A axis in sorafenib-resistant HCC cells

and might provide potential therapeutic strategies for HCC treatment.
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Introduction
Hepatocellular carcinoma (HCC) is the second most life-threatening cancer world-

wide and the fifth most frequent malignancy globally.1,2 Currently, chemotherapy is

one of the main strategies for advanced-stage HCC, and sorafenib is regarded as the

first-line systemic drug.3 However, the clinical treatment efficacy of sorafenib is

largely restricted due to the emergence of drug resistance.4 Autophagy, a conserved

catabolic process, has been reported to contribute to tumor chemotherapy resistance

and promote further tumor cell growth, including HCC. For instance, Zhai et al
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reported autophagy participates in sorafenib resistance and

blockade of autophagy sensitizes HCC to sorafenib.5

Therefore, developing approaches to inhibit autophagy

and sensitize HCC cells to sorafenib resistance may

improve the therapeutic efficacy of HCC patients.

Long noncoding RNAs (lncRNAs) are a class of non-

coding transcripts longer than 200 nucleotides, which is

closely associated with the regulation of autophagy in cer-

tain types of cancer.6,7 For example, lncRNA XIST abroga-

tion attenuates the chemoresistance of non-small cell lung

cancer (NSCLC) cells through inhibition of autophagy.8

LncRNA HULC overexpression enhances the chemoresis-

tance of HCC cells through facilitating autophagy.9 HANR

is a newly identified HCC associated lncRNA which pro-

motes the tumorigenesis and enhances chemoresistance in

HCC.10 However, the regulation of HANR on autophagy-

mediated chemoresistance of HCC is unclear.

Our previous study demonstrated that HANR may act as

a competing endogenous RNA (ceRNA) for sponging

microRNAs to promote cancer development.11 miR-29b,

a member of the miR-29 family, which is thoroughly docu-

mented as a tumor suppressor in majority of researches.12–14

In addition, miR-29 was reported to play a critical role in the

regulation of autophagy. For instance, Yang et al reported

that miR-29b inhibits autophagy in pancreatic cancer cells.15

Moreover, miR-29b was shown to enhance cisplatin sensi-

tivity of ovarian cancer, revealed by reducing cell viability

and promoting apoptosis, which led us to hypothesize that

HANR may regulate autophagy and chemoresistance of

HCC by directly interacting with miR-29b.16

In the present study, we found that HANR was over-

expressed in sorafenib-resistant HCC cells, and knock-

down of HANR could enhance chemosensitivity via

inhibiting autophagy. Moreover, we found that HANR

promoted autophagy as ceRNA to increase the ATG9A

expression by sponging miR-29b. Taken together, our

results demonstrated that HANR enhanced the autophagy-

induced chemoresistance of HCC cells through inhibiting

miR-29b/ATG9A axis, which might provide a potential

therapeutic strategy for the treatment of HCC.

Methods
Patients and Tissues
The study was accepted by the Institutional Research

Ethics Committee of the Affiliated Hospital of Xuzhou

Medical University and written informed consent was

obtained from all patients with HCC. In this study, HCC

samples and adjacent normal tissues collected from

30 patients who suffered from the sorafenib-based che-

motherapy after surgical treatment. The patients were

divided into sorafenib-sensitive or -resistant group accord-

ing to the response evaluation criteria. All samples were

snap frozen in liquid nitrogen immediately and stored at

−80°C until required.

Cell Culture
The human HCC cell lines (HepG2 and Huh7) and 293T

cells were obtained from ATCC. Cells were maintained in

DMEM with 10% fetal bovine serum (FBS) in humidified

5% CO2 at 37°C. HepG2 and Huh7 cell lines were incu-

bated with slowly increasing concentrations of sorafenib

(0.5–10 µg/mL) for more than 6 months to obtain sorafe-

nib-resistant HepG2 (HepG2/sora) cells and sorafenib-

resistant Huh7 (Huh7/sora) cells.

Cell Transfection
The shRNA specific to HANR (shHANR) and its negative

control (shNC), miR-29b mimics and its negative control

(miR-NC), miR-29b inhibitor and its negative control (inh-

miR-NC), were synthesized by GenePharma (Shanghai,

China). For overexpression of HANR and ATG9A, the

HANR and ATG9A cDNA were cloned into pCDNA3.1

vector by GenePharma, respectively. Transfection was

conducted with Lipofectamine 2000 following the manu-

facturer’s instructions.

Western Blot
Briefly, the cultured cells were lysed by RIPA lysate to extract

total protein. Equal quantities of protein separated by SDS-

PAGE were electrophoretically transferred to nitrocellulose

membranes. After blocking with 5% bovine serum albumin

for 1 h at room temperature, the proteins were incubated with

primary antibodies against ATG9A (ab108338, EPR2450(2),

1:2000 dilution; Abcam), LC3B (ab51520, 1:3000 dilution;

Abcam, containing LC3-I and LC3-II), or β-actin (ab8227,

1:2000 dilution; Abcam) at 4°C overnight. After being

washed, membranes were incubated with horseradish perox-

idase-conjugated goat anti-rabbit (ab6721, 1:5000 dilution;

Abcam) for 2 h at room temperature and the proteins were

detected by an enhanced chemiluminescence detection sys-

tem (ECL).

RT-qPCR
Total RNA of cultured cells was extracted using TRIzol

reagent (Invitrogen, CA, USA) and cDNA was then
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synthesized using the reverse transcription kit (Takara, Tokyo,

Japan). Then the mRNA expression was measured by SYBR

Green PCR Kit (Takara Bio Inc, Japan). 2−ΔΔCt method was

used for gene expression quantification. The following primers

were used in RT-qPCR experiments:

HANR-F: 5′-AAGTACCAGGCAGTGACAGC-3′;

HANR-R: 5′-TTCTCCACGTTCTTCTCGGC-3′; miR-

29b F: 5′-UAGCACCATCTGAAATCGGTTA-3′; miR-

29b R: 5′-ACCGTGCTCGACTTTCCGG-3′; ATG9A-F

5′-CCCCAGTACTGCCACCTTTA-3′; ATG9A-R 5′-AC

AGCCTGACCTGCTCATCT-3′; GAPDH-F: 5′-GAGT

CAACGGATTTGGTCGT-3′; GAPDH-R: 5′-TTGATTT

TGGAGGGATCTCG-3′; U6-F: 5′-CTCGCTTCGGCA

GCACA-3′; U6-R: 5′-AACGCTTCACGAATTTGCG

T-3′.

Cell Proliferation Assay
Cell proliferation was performed by CCK-8 assay to evaluate

the drug resistance. After transfection, cells were seeded into

96-well plates and incubated in CCK-8 solution for 4 h. The

optical density value was measured at 450 nm.

Dual Luciferase Reporter Assay
Mutant HANR and ATG9A were generated using site-

directed mutagenesis method. MiR-29b mimics, miR-29b

inhibitor or NC (negative control) mimics were

co-transfected with pmirGlo-NC, pmirGlo-HANR-mut or

pmirGlo-HANR-wt into 293T cells. MiR-29b mimics,

miR-29b inhibitor or NC were co-transfected with

pmirGlo-NC, pmirGlo-ATG9A-3ʹUTR-wt or pmirGlo-

ATG9A-3ʹUTR-mut into 293T cells. The relative lucifer-

ase activities were evaluated by dual-luciferase reporter

assay kit (Promega, USA).

Xenograft Experiment
8 male BABL/c nude mice (6 weeks old) were maintained

under specific pathogen-free conditions and randomly

divided into 4 groups, and were housed individually in

microisolator ventilated cages (temperature, 26–28°C;

40–60% humidity and ventilation 10–15 times/h) with

free access to water and food. BABL/c nude mice were

injected subcutaneously with HepG2 cells stably trans-

fected with HANR overexpression plasmid or vector con-

trol and treated with sorafenib. On the 30th day, the mice

were sacrificed by cervical dislocation after deep anesthe-

sia with 2% isoflurane (Baxter Healthcare Corporation) to

obtain the tumors. The tumors were photographed and

tumor weights were measured.

Statistical Analysis
Data were presented as the mean ± S.D. from at least 3

independent repeats. Statistical analysis was performed

using SPSS 13.0 software. Comparison between groups

was done by using double-sided Student’s test. P<0.05

was considered statistically significant.

Results
HANR Is Upregulated in

Sorafenib-Resistant HCC Tissues and

Cells
We first detected the expression of HANR in HCC

patient tissues. The data of RT-qPCR assay revealed

that the expression of HANR was significantly upregu-

lated in HCC tissues compared with that in normal

tissues and sorafenib-resistant HCC tissues showed

higher expression of HANR than HCC-sensitive tissues

(Figure 1A). Subsequently, sorafenib-resistant HCC

cell lines (HepG2/sora and Huh7/sora) were established

to explore whether HANR was associated with sorafe-

nib resistance in HCC. As shown in Figure 1B, the

IC50 of sorafenib was markedly increased in HepG2/

sora and Huh7/sora cells compared with that in the

corresponding parental cell lines (HepG2 and Huh7,

respectively), indicating that sorafenib-resistant HCC

cell lines were successfully established. It was further

demonstrated that HANR expression was markedly

increased in HepG2/sora and Huh7/sora compared

with the parental cell lines, respectively (Figure 1C).

To explore the effect of HANR on sorafenib resistance

of HCC cells, HepG2 and Huh7 cells were transfected

with HANR overexpression plasmid. The transfection

efficacy was confirmed by RT-qPCR (Figure 1D).

Subsequently, HCC cells were exposed with sorafenib

for 24 h. CCK-8 assay showed that sorafenib led to

obvious reduction of cell viability, but was reversed by

overexpression of HANR in HepG2 and Huh7 cells

(Figure 1E and F), indicating that HANR markedly

enhanced the resistance of HCC cells to sorafenib. To

further investigate the effect of HANR on sorafenib

resistance in vivo, xenograft tumor experiment was

conducted. The results showed that tumor weight was

obviously decreased after sorafenib treatment compared

with those in control group. However, addition of

HANR weakened the suppressive effect of sorafenib

on tumor growth (Figure 1G).
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Figure 1 HANR expression is enhanced in HCC-sensitive or -resistant tissues and cells. (A) RT-qPCR shows the expression of HANR in HCC samples and para-tumor

normal tissues. (B) CCK-8 assay shows IC50 value of HepG2, HepG2/sora, Huh7 and Huh7/sora cells. (C) RT-qPCR shows the relative expression levels of HANR in HepG2,

HepG2/sora, Huh7 and Huh7/sora cells. (D) RT-qPCR shows the relative expression levels of HANR in HepG2 and Huh7 cells transfected with vector or HANR

overexpression plasmid. (E, F) CCK-8 assay shows the effect of HANR overexpression on cell viability in HepG2 and Huh7 cells with HANR transfection and sorafenib

treatment. (G) Xenograft assay shows tumor growth and tumor weight was detected at the end point. The data were presented as mean ± SD (*P < 0.05).
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Inhibition of Autophagy Partially Reduces

HANR-Regulated Sorafenib Resistance of

HCC Cells
To further verify the role of autophagy in HANR-related

sorafenib resistance, we used the autophagy pathway inhibitor

3-methyladenine (3-MA) and the autophagy inducer rapamy-

cin (RAP), which could inhibit and promote autophagy,

respectively. CCK-8 assay illuminated that 3-MA effectively

reduced HANR-mediated sorafenib resistance in HepG2/sora

cells (Figure 2A). By contrast, the resistance in Huh7/sora was

notably enhanced in shHANR-transfected Huh7/sora cells

treated with RAP (Figure 2B). Moreover, Western blot analy-

sis showed that 3-MA markedly abolished HANR-induced

autophagy in HepG2/sora cells (Figure 2C). By contrast,

RAP alleviated the inhibitory effect of shHANR on autophagy

in Huh7/sora cells (Figure 2D). In summary, the results

demonstrated that autophagy promoted HANR-related sorafe-

nib resistance of HCC cells.

HANR Inhibits Sorafenib Susceptibility of

HCC Cells by Promoting Autophagy
To investigate the role of HANR in sorafenib-resistant HCC

cells, sorafenib-resistant HepG2 cells transfected with

HANR overexpression plasmid (Huh7/sora + HANR) and

Huh7 cells transfected with shHANR (Huh7/sora

+shHANR) were established. RT-qPCR analysis showed

that HANR expression was effectively upregulated in

HANR overexpressed HepG2/sora cells, but downregulated

in HANR-silenced Huh7/sora cells (Figure 3A and B).

Furthermore, CCK-8 assay demonstrated that HepG2/sora

and Huh7/sora cells enhanced the resistance to sorafenib

compared with their respective parental cells (Figure 3C

and D). Moreover, HANR overexpression obviously

increased the resistance of HepG2/sora cells to sorafenib

(Figure 3C). Conversely, HANR-depleted Huh7/sora signifi-

cantly reduced sorafenib resistance of Huh7/sora cells

(Figure 3D). To explore the effect of HANR on autophagy,

the expression of autophagy-related protein LC3-I and LC3-

II was evaluated byWestern blotting. As shown in Figure 3E

and F, the ratio of LC3-II/LC3-I was increased in HepG2/

sora cells and Huh7/sora cells compared with HepG2 and

Huh7 cells, respectively. Moreover, HANR overexpression

increased the ratio in HepG2/sora cells, while HANR knock-

down reduced the ratio in Huh7/sora (Figure 3E and F). Flow

cytometry showed that the cell apoptosis was significantly

reduced in sorafenib-resistant HCC cell lines (Figure 3G and

H). Moreover, HANR overexpression inhibited cell apopto-

sis in HepG2/sora, while HANR knockdown facilitated cell

apoptosis in Huh7/sora cells (Figure 3G and H). In summary,

the above data demonstrated that HANR enhanced sorafenib

resistance of HCC by inducing autophagy.

HANR Inhibits miR-29b Expression
Increasing evidence shows that lncRNAs could competi-

tively bind to microRNAs through complementary base

A B

C

D

LC3 I
LC3 II

GAPDH

LC3 I
LC3 II

GAPDH

Figure 2 Inhibition of autophagy reduces HANR-regulated sorafenib resistance of

HCC cells. (A) CCK-8 assay shows the cell viability of HepG2/sora cells transfected

with vector, HANR and HANR+3-MA. (B) CCK-8 assay shows the cell viability of

Huh7/sora cells transfected with shNC, shHANR and shHANR+RAP. (C) Western

blotting shows the LC3-II/LC3-I protein ratio in HepG2/sora cells transfected with

vector, HANR and HANR+3-MA. (D) Western blotting shows the LC3-II/LC3-I

protein ratio in Huh7/sora cells transfected with shNC, shHANR and shHANR+RAP.

The data were presented as mean ± SD (*P < 0.05).
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pairing to block their expression. By performing bioinfor-

matics analysis on starBase (http://starbase.sysu.edu.cn), we

found that miR-29b was a candidate gene of HANR

(Figure 4A). To confirm the binding between HANR and

miR-29b, we performed the luciferase reporter analysis. As

shown in Figure 4B, miR-29b mimics obviously weakened

the luciferase activity of HANR reporter vector, while had no

influence on mutant HANR. Moreover, we found that miR-

29b significantly reduced the HANR expression, while miR-

29b inhibitor increased HANR expression (Figure 4C).

These data indicated that HANR could directly target miR-

29b to inhibit its expression.

miR-29b Attenuates HANR-Induced

Sorafenib Resistance by Inhibition of

Autophagy in Sorafenib-Resistant HCC

Cells
Since HANR inhibits miR-29b expression by direct inter-

action, we performed rescue experiments to investigate

whether miR-29b was involved in HANR-induced

A B C D E

F

LC3 I

LC3 II

GAPDH

G

LC3 I

LC3 II

GAPDH

H

Figure 3 HANR overexpression enhances sorafenib resistance of HCC cells by promoting autophagy. (A) RT-qPCR shows the relative expression levels of HANR in

HepG2/sora cells transfected with vector or HANR overexpression plasmid. (B) RT-qPCR shows the relative expression levels of HANR in Huh7/sora cells transfected with

shNC or shHANR. (C, D) CCK-8 assay shows the cell viability of HepG2/sora and Huh7/sora cells in different transfected groups. (E, F) Western blotting shows the LC3-II

/LC3-I protein ratio in HepG2/sora and Huh7/sora cells in different transfected groups. (G, H) Flow cytometry shows the cell apoptosis rate of HepG2/sora and Huh7/sora

cells in different transfected groups. The data were presented as mean ± SD (*P < 0.05).

B CA

Mutant HANR : 5’ cggagguacagguccGAAGAAG 3’
Wildtype HANR : 5’ cggagguacagguccUGGUGCU 3’

has-miR-29b-3p : 3’ uugugacuaaaguuuACCACGA 5’

Figure 4 HANR inhibits miR-29b expression by direct interaction. (A) Bioinformatic prediction of binding site of miR-29b by HANR. (B) Luciferase reporter assay shows

miR-29b bind to wildtype HANR, not mutant HANR in 293T cells. (C) RT-qPCR shows the expression levels of miR-29b and HANR in HepG2/sora cells transfected with

NC, miR-29b mimics or miR-29b inhibitor. The data were presented as mean ± SD (*P < 0.05, **p < 0.01).
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sorafenib resistance. First, we introduced vector, HANR,

HANR+miR-NC or HANR+miR-29b into HepG2/sora

cells, while Huh7/sora cells were transfected with shNC,

shHANR, shHANR+inh-miR-NC or shHANR+inh-miR

-29b. The data indicated that miR-29b mimics attenuated

sorafenib resistance of HANR-transfected HepG2/sora

cells (Figure 5A). Conversely, miR-29b inhibitor partially

restored sorafenib resistance of shHANR-transfected

Huh7/sora cells (Figure 5B). Subsequently, Western blot

analysis showed that miR-29b mimics markedly abolished

HANR-induced autophagy in HepG2/sora cells, which

was proved by the decreased ratio of LC3-II/LC3-I

(Figure 5C). By contrast, miR-29b inhibitor alleviated

the inhibitory effect of shHANR on autophagy in Huh7/

sora cells (Figure 5D). Therefore, these results revealed

that miR-29b weakened HANR-induced sorafenib resis-

tance by suppressing autophagy in sorafenib-resistant

HCC cells.

miR-29b Enhances Sorafenib Sensitivity by

Directly Interacting with ATG9A in

Sorafenib-Resistant HCC Cells
Through using TargetScan (http://www.targetscan.org),

ATG9A was predicted as a downstream target of miR-

29b (Figure 6A). Luciferase reporter assay indicated that

miR-29b mimics significantly reduced the luciferase activ-

ity of the wildtype 3ʹ-UTR of ATG9A, but had no effect on

the mutant 3ʹ-UTR of ATG9A, which confirmed a direct

interaction between miR-29b and ATG9A (Figure 6B). To

determine the effect of ATG9A on sorafenib sensitivity,

HepG2 and Huh7 cells were transfected with ATG9A

overexpression plasmid. The transfection efficacy was

validated by qRT-PCR assay (Figure 6C). CCK-8 assay

showed that sorafenib significantly reduced cell viability,

but was reversed by overexpression of ATG9A in HepG2

and Huh7 cells (Figure 6D and E). To explore whether the

miR-29b-induced chemosensitivity was regulated by

ATG9A, HepG2/sora cells were transfected with miR-

NC, miR-29b mimics, miR-29b+pcDNA or miR-29b

mimics+ATG9A, and Huh7/sora cells were transfected

with inh-miR-NC, miR-29b inhibitor, inh-miR-29b+siNC

or inh-miR-29b+siATG9A. RT-qPCR analysis indicated

that miR-29b mimics inhibited ATG9A expression in

HepG2/sora (Figure 6F), while miR-29b inhibitor upregu-

lated ATG9A expression in Huh7/sora cells (Figure 6G).

Moreover, ATG9A overexpression reversed the inhibitory

effect of miR-29b on ATG9A expression in HepG2/sora

(Figure 6F). By contrast, ATG9A depletion abolished inh-

miR-29b-induced ATG9A upregulation in Huh7/sora cells

(Figure 6G). In addition, miR-29b mimics attenuated sor-

afenib resistance and decreased the ratio of LC3-II/LC3-I

in HepG2/sora cells, indicating that miR-29b enhanced

chemosensitivity and inhibited autophagy, while

these effects were abrogated by ATG9A overexpression

(Figure 6H and J). Conversely, the opposite effect was

occurred in Huh7/sora cells co-transfected with inh-miR

-29b and siATG9A (Figure 6I and K). In conclusion, our

results demonstrated that ATG9A promoted autophagy in

A B

LC3 I

LC3 II

GAPDH

C

D

LC3 I

LC3 II

GAPDH

Figure 5 Restoration of miR-29b abrogates HANR-induced sorafenib resistance by

inhibiting autophagy in sorafenib-resistant HCC cells. (A) CCK-8 assay shows the

cell viability of HepG2/sora cells transfected with vector, HANR, HANR+miR-NC,

or HANR+miR-29b. (B) CCK-8 assay shows the cell viability of Huh7/sora cells

transfected with shNC, shHANR, shHANR+inh-miR-NC, or shHANR+inh-miR

-29b. (C, D) Western blotting shows the LC3-II/LC3-I protein ratio in HepG2/

sora and Huh7/sora cells in different transfected groups. The data were presented

as mean ± SD (*P < 0.05).
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Mutant ATG9A: 5’ CUUGGCUCAGAGUGGAAGAAGG 3’

Wildtype ATG9A: 5’ CUUGGCUCAGAGUGUGGUGCUA 3’

has-miR-29b-3p: 3’ AUUGGCUAAAGUCUACCACGAU 5’

Figure 6 miR-29b enhances sorafenib sensitivity by directly interacting with ATG9A in sorafenib-resistant HCC cells. (A) Predicted binding sites between miR-29b and the ATG9A

3ʹ-untranslated region by TargetScan online website. (B) Luciferase reporter assay shows miR-29b bind to wildtype ATG9A, not mutant ATG9A in 293T cells. (C) RT-qPCR shows the

relative expression levels of ATG9A in HepG2 and Huh7 cells transfected with vector or ATG9A. (D, E) CCK-8 assay shows the effect of ATG9A overexpression on cell viability in

HepG2 andHuh7 cells with ATG9A transfection and sorafenib treatment. (F) RT-qPCR shows the relative expression of HepG2/sora cells transfected withmiR-NC, miR-29b,miR-29b

+pcDNA, or miR-30b+ATG9A. (G) RT-qPCR shows the relative expression of Huh7/sora cells transfected with inh-miR-NC, inh-miR-29b, inh-miR-29b+siNC, or inh-miR-29b+si-

ATG9A. (H, I) CCK-8 assay shows the cell viability of HepG2/sora and Huh7/sora cells in different transfected groups. (J, K) Western blotting shows the LC3-II/LC3-I protein ratio in

HepG2/sora and Huh7/sora cells in different transfected groups. The data were presented as mean ± SD (*P < 0.05).
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sorafenib-resistant cell lines and ATG9A restoration or

silence abrogated the effect of miR-29b mimics or miR-

29b inhibitor on the sorafenib-resistant cell lines.

HANR Modulates ATG9A Expression by

Sponging miR-29b
We further explore whether HANR could act as a ceRNA to

regulate ATG9A expression in HepG2/sora and Huh7/sora

cells. RT-qPCR analysis showed that ectopic expression of

HANR upregulated the expression of ATG9A in HepG2/sora

cells, while this effect was abolished bymiR-29b overexpres-

sion (Figure 7A). By contrast, HANR knockdown down-

regulated the expression of ATG9A and miR-29b inhibitor

partially restored the inhibitory effect of shHANR on

ATG9A in Huh7/sora cells (Figure 7B). In summary, these

data demonstrated that HANR served as ceRNA of miR-29b

to upregulate ATG9A expression in sorafenib-resistant HCC

cell lines.

Discussion
Currently, chemotherapy is considered as the primary ther-

apeutic strategy for advanced HCC. Although the advance-

ments have been made in the development of novel

chemotherapeutic drugs, the therapeutic efficacy is still

unsatisfactory due to the emergence of drug resistance.

Therefore, understanding novel molecular mechanisms

underlying HCC chemoresistance is very imperative.

LncRNA is an important regulatory molecular in var-

ious cancers, including HCC.17–19 Increasing evidence

indicated the expression level of lncRNA is closely corre-

lated with treatment efficacy.20–22 Moreover, some studies

also demonstrated that lncRNA is deeply involved in

autophagy-associated chemoresistance.9,23 In our study,

we found that HANR was significantly overexpressed in

sorafenib-resistant HCC cells. Furthermore, we demon-

strated that HANR overexpression enhanced sorafenib

resistance of HepG2/sora cells by promoting autophagy.

By contrast, HANR knockdown reduced the resistance of

Hub7/sora cells to sorafenib by inhibiting autophagy.

Therefore, we identified the suppressive role of HANR in

sorafenib-resistant HCC cells.

Numerous studies reported that lncRNAs could exert an

oncogenic role in human cancers by working as ceRNAs.

For example, lncRNA TDRG1 promotes cervical cancer

progression by targeting miR-326.24 LncRNA MIR31HG

acts as a ceRNA of miR-193b to promote the progression of

pancreatic ductal adenocarcinoma.25 MiR-29b was reported

to exert anti-tumor activity in several tumor types.26–28

Moreover, downregulation of miR-29b induces anticancer

drug resistance in ovarian cancer.16 The abovementioned

findings indicated that miR-29b may regulate sorafenib

resistance and autophagy. In this study, we revealed that

miR-29b could directly interact with HANR by bioinfor-

matics predictions and luciferase reporter assay, and its

overexpression abrogated HANR-induced sorafenib resis-

tance by inhibiting autophagy in sorafenib-resistant HCC

cells. These data indicated that miR-29b attenuates HANR-

induced sorafenib resistance by inhibiting autophagy in

sorafenib-resistant HCC cells.

Autophagy has been reported to act either oncogenic or

antitumor in cancer development. Endo et al reported that

autophagy can protect cancer cells against cell death

through catabolic pathway,29 while Pan et al indicated

autophagy promotes cancer cell apoptosis via degradation

of fundamental cellular organelles.30 Even though autop-

hagy plays a controversial role in cancer progression,

autophagy inhibition may be an effective therapeutic strat-

egy for chemoresistance in HCC cells.31,32 Therefore,

modulating the expression of autophagy-related (ATG)

genes may be a potential method for decreasing drug

chemoresistance in HCC. There are more than 36 ATG

genes are primarily involved in the autophagy process.33

Among which, we identified ATG9A is a downstream

target gene of miR-29b. miR-29b attenuated chemoresis-

tance and inhibited autophagy, while these effects were

abrogated by ATG9A overexpression in HepG2/sora cells

(Figure 4E and F). By contrast, miR-29b inhibitor

enhanced chemoresistance and promoted autophagy,

while ATG9A silencing reversed the effect of miR-29b

A B

Figure 7 HANR modulates ATG9A expression by sponging miR-29b. (A) RT-qPCR

shows the relative expression of ATG9A in HepG2/sora cells transfected with

pcDNA, HANR, HANR-miR-NC, or HANR+miR-29b. (B) RT-qPCR shows the

relative expression of ATG9A in Huh7/sora cells transfected with shNC,

shHANR, shHANR+inh-miR-NC, or shHANR+inh-miR-29b.The data were pre-

sented as mean ± SD (*P < 0.05).
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inhibitor on chemoresistance and autophagy in Huh7/sora

cells. Moreover, we demonstrated that HANR upregulated

ATG9A expression by sponging miR-29b. These findings

indicated that HANR increased autophagy-related sorafe-

nib resistance via inhibiting the miR-29b/ATG9A axis in

sorafenib-resistant HCC cells.

In conclusion, our study revealed HANR enhanced

sorafenib resistance by acting as an autophagy promoter

through sponging miR-29b to upregulate ATG9A expres-

sion in sorafenib-resistant HCC cells. Our study provided

a new sight on autophagy-induced chemoresistance in

sorafenib-resistant HCC cells and potential therapeutic

strategies for HCC treatment.
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