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Abstract. - OBJECTIVE: Hepatocellular car-
cinoma (HCC) is one of the most commonly di-
agnosed cancers globally. LncRNA HLA com-
plex group 11 (HCG11) has been reported to play
an oncogenic role in multiple cancers. Never-
theless, the role and regulatory mechanism of
HCG11 in HCC are not fully addressed.

PATIENTS AND METHODS: The abundance of
HCG11 and miR-26a-5p was measured by quan-
titative Real Time-Polymerase Chain Reaction
(qRT-PCR) in HCC tissues and cells. Cell prolifer-
ation, apoptosis, metastasis, and autophagy were
detected by 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT), flow cytometry,
transwell migration, invasion assays, and Western
blot assay, respectively. The binding sites between
miR-26a-5p and HCG11 or autophagy-related 12
(ATG12) were predicted by starBase bioinformatic
software, and the combination was confirmed by
Dual-Luciferase reporter assay. The abundance of
ATG12 was examined by Western blot assay. Mu-
rine xenograft model was established to validate
the function of HCG11 in vivo.

RESULTS: The enrichment of HCG11 was en-
hanced in HCC tissues and cells and was nega-
tively related to the prognosis of HCC patients.
The abundance of miR-26a-5p was inversely
correlated with the level of HCG11 in HCC tis-
sues. HCG11 interference suppressed the pro-
liferation, metastasis, and autophagy while pro-
moted the apoptosis of HCC cells. MiR-26a-5p
bound to IncRNA HCG11 and ATG12. The deple-
tion of miR-26a-5p or the accumulation of ATG12
could alleviate the suppressive effects induced
by HCG11 intervention on the proliferation, me-
tastasis, autophagy, and the promoting impact
on the apoptosis of HCC cells. HCG11 promoted
the growth of murine xenograft tumor and auto-
phagy through miR-26a-5p/ATG12 axis in vivo.

CONCLUSIONS: LncRNA HCG11 accelerated
the proliferation, metastasis, and autophagy while
impeded the apoptosis of HCC cells via HCG11/
miR-26a-5p/ATG12 axis. HCG11 might be a poten-
tial therapeutic target for the treatment of HCC.

10708

Key Words:
HCC, LNncRNA HCGII, MiR-26a-5p, ATGI1Z, Prolifer-
ation, Apoptosis, Metastasis, Autophagy.

Introduction

It was estimated that 781,631 deaths of liver
cancer occurred worldwide in 2018, accounting
for 8.2% of all cancers'. Hepatocellular carcinoma
(HCC) is the most common form of liver cancer.
Although the therapeutic method has been im-
proved, the survival rate of advanced-stage HCC
patients remains poor due to tumor recurrence and
metastasis®®. Hence, finding novel markers for ear-
ly-stage determination and uncovering the poten-
tial mechanism are pivotal for HCC treatment.

Long noncoding RNAs (IncRNAs) are involved
inmany physiological and pathological processes of
cells in epigenetic and posttranscriptional levels**.
Researchers™ reported that IncRNAs could serve
as competing endogenous RNAs (ceRNAs) to re-
press the biological function of microRNAs (miR-
NAs). LncRNA HLA complex group 11 (HCGI1)
has been reported to be upregulated in HCC and
breast cancer (BC). Xu et al'? claimed that the abun-
dance of HCG11 was abnormally elevated in HCC,
and HCGI11 promoted the progression of HCC via
insulin-like growth factor 2 mRNA binding pro-
tein 1 (IGF2BP1). Liu et al'' found that the level of
HCGI1 was negatively related to the prognosis of
BC patients. Nevertheless, the specific mechanism
by which HCGI11 accelerates the carcinogenesis of
HCC is largely unknown.

MiRNAs could reduce the abundance of target
messenger RNA (mRNA) or restrain their trans-
lation by directly binding to their 3’ untranslat-
ed region (UTR)'*!, MiRNAs were involved in
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various cellular processes, including cell prolif-
eration, metastasis, and apoptosis'*!*. MiR-26a-5p
was downregulated in multiple cancers, includ-
ing HCC, prostate cancer (PC), and osteosarco-
ma. For instance, Chang et al'® demonstrated that
miR-26a-5p was decreased in HCC tumor tissues,
and it suppressed the metastasis of HCC cells
by modulating epithelial-mesenchymal transi-
tion (EMT). Guo et al'” proved that miR-26a-5p
inhibited the proliferation and metastasis of PC
cells by inversely modulating SERBP1. Wang et
al’® reported that MALATI1 accelerated the pro-
liferation and migration of osteosarcoma cells by
sponging miR-26a-5p. However, the biological
role of miR-26a-5p and the potential signal regu-
latory network in HCC remain poorly understood.

Autophagy is a conserved process. During the
process of autophagy, impaired or superfluous organ-
elles and proteins are degraded by lysosome. Auto-
phagy has been reported'®*' to promote chemoresis-
tance and the viability of cancer cells under diverse
stresses. Autophagy-related 12 (ATG12) is a crucial
component in the elongation of autophagosomes®.
Hu et al® claimed that ATG12-mediated autophagy
regulated the radiosensitivity in colorectal cancer
(CRC). An et al* proved that ATG12-mediated auto-
phagy modulated chemoresistance in gastric cancer
(GC). However, the role and molecular mechanism of
ATGI2 in HCC are not fully addressed.

In this study, we analyzed the abundance of
HCGI1 in HCC tissues and cells, as well as its re-
lationship with tumor staging and survival rate of
HCC patients. Loss-of-function experiments were
conducted to assess the effects of HCGI1 interfer-
ence on the proliferation, metastasis, apoptosis,
and autophagy of HCC cells. Besides, we explored
whether HCG11 could sponge miR-26a-5p to modu-
late its level in HCC cells, and investigated the mod-
ulatory network between miR-26a-5p and ATG12.

Patients and Methods

Tissue Specimens

Sixty-five HCC tissues and their matching
non-tumor tissues were collected from patients
who had undergone resection in the First Affiliat-
ed Hospital of Xi’An Jiaotong University. The tis-
sues were stored at -80°C after surgical resection
for the detection of the abundance of HCGI1 and
miR-26a-5p. This experiment was carried out with
the permission of the Ethic Committee of the First
Affiliated Hospital of Xi’An Jiaotong University,
and all patients signed a written informed consent.

Cell Culture

HCC cell lines MHCC97-H, Hep3B, and nor-
mal liver cell line THLE-2 were obtained from
BeNa Culture Collection (Beijing, China). All
cells were cultivated in Roswell Park Memori-
al Institute-1640 (RPMI-1640) medium (Gibco,
Carlsbad, CA, USA) added with 10% fetal bovine
serum (FBS; Gibco, Carlsbad, CA, USA) and
10% penicillin (100 U/mL)/streptomycin (100 pg/
mL) mixed solution at 37°C with 5% CO,.

Cell Transfection

Transfection was carried out with Lipofect-
amine 2000 (Invitrogen, Carlsbad, CA, USA).
Small interference RNA negative control (si-
NC), small interference RNA against HCGI11 (si-
HCGI11#1, si-HCG11#2, si-HCG11#3), empty vec-
tor, HCG11 overexpression plasmid (HCG11), and
ATGI2 overexpression plasmid (ATG12) were ob-
tained from GenePharma (Shanghai, China). MiR-
NC, miR-26a-5p, anti-NC, and anti-miR-26a-5p
were obtained from Ribobio (Guangzhou, China).

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

The reverse transcription of HCG11 was per-
formed using M-MLV reverse transcriptase kit
(Invitrogen, Carlsbad, CA, USA). The reverse
transcription of miR-26a-5p was conducted by
using All-in-One™ miRNA First stand ¢cDNA
Synthesis Kit (GeneCopoeia, Rockville, MD,
USA). U6 small RNA or glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) was regarded as
the internal reference. The 24 method was used
for the detection of the abundance of HCGI11 and
miR-26a-5p®. The primer sequences were shown
as below: HCGI11 (Forward, 5-GCTCTATG
CCATCCTGCTT-3’; Reverse, 5-TCCCATCTC-
CATCAACCC-3), miR-26a-5p (Forward,
5>-CCGCCGTTCAAGTAA TCCAG-3’; Reverse,
5>~ AGTGCAGGGTCCGAGGTATT-3’), U6 (For-
ward, 5’-CCTGCGCAAGGATGAC-3’; Reverse,
5’-GTGCAGGGTCCGAGGT-3"), GAPDH (For-
ward, 5-CTGGGCTACACTGAGCACC-3’; Re-
verse, 5-AAGTGG TCGTTGAGGGCAATG-3").

3-(4, 5-Dimethylthiazol-2-yl)-2, 5-
Diphenyltetrazolium Bromide (MTT)
Assay

10 uL MTT (Invitrogen, Carlsbad, CA, USA)
was added to the wells of 96-well plates after
transfection for 0 h, 24 h, 48 h, and 72 h for ad-
ditional 4 h. After removing the cell supernatant,
the dimethyl sulfoxide (DMSO; Sigma-Aldrich,
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St. Louis, MO, USA) was added to the wells. The
optical density was detected by a microplate read-
er at 490 nm.

Cell Apoptosis Analysis

Flow cytometry was carried out to measure
the apoptosis of HCC cells. HCC cells were seed-
ed into 6-well plate and cultured at 37°C. After
transfection with si-NC or si-HCGI11, HCC cells
were harvested using cold phosphate-buffered sa-
line (PBS) buffer for twice. Then, the cells were
stained with 5 pL Annexin V combined fluores-
cein isothiocyanate (FITC) and propidium iodide
(PI; Solarbio, Beijing, China) for 10 min at room
temperature. Then, the apoptotic cells (FITC+,
PI+/-) were identified by the flow cytometer (BD
Biosciences, Franklin Lakes, NJ, USA).

Transwell Migration and Invasion Assays

To assess the migration capacity of MH-
CC97-H and Hep3B cells, MHCC97-H and
Hep3B cells in medium without serum were seed-
ed into the upper chambers. The lower chambers
were filled with medium, were added with 10%
FBS. The migrated cells were dyed and counted
after 48-h incubation.

To evaluate the invasion ability of MHCC97-H
and Hep3B cells, the polycarbonate membrane
was pre-coated with BD Matrigel matrix (BD
Biosciences, Franklin Lakes, NJ, USA); MH-
CC97-H and Hep3B cells were then seeded into
the pre-coated upper chambers. The other steps
were the same as above.

Western Blot Assay

MHCC97-H and Hep3B cells were harvested
using cold PBS buffer and lysed using RIPA lysis
solution (Beyotime, Shanghai, China). The quan-
tified proteins were loaded onto sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred onto polyvinylidene diflu-
oride (PVDF) membranes (Millipore, Billerica,
MA, USA). After the nonspecific binding sites
were blocked for 1 h, the membranes were incu-
bated with antibody against LC3 (ab51520, Ab-
cam, Cambridge, MA, USA), p62 (ab109012, Ab-
cam, Cambridge, MA, USA), ATGI2 (ab155589,
Abcam, Cambridge, MA, USA) or p-actin
(ab8226, Abcam, Cambridge, MA, USA) at 4°C
for 12 h. The PVDF membranes were then incu-
bated with secondary antibody (ab205718, Ab-
cam, Cambridge, MA, USA). The protein signal
was measured via enhanced chemiluminescence
(ECL) system (Beyotime, Shanghai, China).
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Dual-Luciferase Reporter
Assay

The putative combination sequences were pre-
dicted by starBase bioinformatic software. For the
confirmation of the combination between miR-
26a-5p and IncRNA HCGII, the sequences of
IncRNA HCGI1 containing wild-type or mutant
type binding sites were amplified and inserted
to the Luciferase reporter vector, namely HCG11
WT or HCG11 MUT. The above Luciferase re-
porter vectors were co-transfected with miR-26a-
5p or miR-NC in MHCC97-H and Hep3B HCC
cells. After transfection for 48 h, the cells were
collected and lysed, and Luciferase activity was
examined.

The combination between ATGI12 and miR-
26a-5p was also validated by Dual-Luciferase
reporter assay. The 3 UTR of ATGI2, includ-
ing wild-type or mutant type binding sites, was
amplified and inserted to the Luciferase reporter
vector, generating ATG12 WT or ATG12 MUT.
The other steps were the same as above.

Murine Xenograft Assay

Nude mice xenograft experiments were ap-
proved by the Animal Research Committee of
the First Affiliated Hospital of the Xi’An Ji-
aotong University. Tumor xenograft model was
built using MHCC97-H cells stably transfected
with sh-HCGI11 or sh-NC. The mice were sub-
cutaneously injected with the above MHCC97-H
cells, and the tumor volume was measured per
week. The mice were sacrificed after five-week
following the inoculation, and the weight of tu-
mors was recorded. Tumor tissues were used to
detect the levels of HCG11, miR-26a-5p, ATG12,
and autophagy-related proteins (LC3 I, LC3 II,
and p62).

Statistical Analysis

All data from three independent experiments
were analyzed using GraphPad Prism 7 soft-
ware (La Jolla, CA, USA) and were displayed as
meanztstandard deviation (SD). Student’s z-test
and One-way analysis of variance (ANOVA) fol-
lowed by Tukey’s test were used for the analysis
of differences between the two groups or among
multiple groups. Survival curve of patients was
generated by Kaplan-Meier plot and analyzed by
log-rank test. The linear relationship between the
level of miR-26a-5p and the expression of HCG11
in HCC tissues was assessed by Spearman’s cor-
relation coefficient. p<0.05 was considered to be
statistically significant.
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Results

The Enrichment of LncRNA HCG11
is Elevated in HCC Tissues and Cells,
and is Positively Related to Tumor
Staging of HCC Patients

To investigate the potential role of HCGI1 in
HCC, we first examined the expression of HCG11
in HCC tissues and adjacent normal tissues. The
abundance of HCG11 was elevated in HCC tissues
compared with that in the corresponding normal
tissues (Figure 1A). The HCC patients were divid-
ed into two groups in terms of the TNM staging,
and the statistics data showed that the expression
of HCGI11 was positively related to TNM staging
(Figure 1B). The survival curve was analyzed
in HCGI1 low and high expression groups, and
the five-year survival rate of HCC patients was
prominently decreased in HCGI11 high expres-
sion group, compared with that in the HCGI11
low expression group (Figure 1C). These findings
suggested that HCG11 was abnormally upregu-
lated in HCC tissues, and the high expression of
HCGl11 was positively related to the TNM staging
and was inversely related to the prognosis of HCC
patients. The enrichment of HCG11 was higher in
HCC cells than that in normal liver cells THLE-2
(Figure 1D). MiR-26a-5p was downregulated in
HCC tissues and cells (Figure 1E and 1F), and the
abundance of miR-26a-5p was negatively related
to the enrichment of HCG11 in HCC tissues (Fig-
ure 1G).

HCG11 Promotes the Proliferation,
Metastasis, and Autophagy while
Restrains the Apoptosis of HCC Cells

We further explored the biological signifi-
cance of HCGI1 in HCC cells by loss-of-function
experiments. The knockdown efficiency of small
interference RNA against HCGI11 (si-HCGI11#1,
si-HCG11#2, and si-HCG11#3) was assessed in
MHCC97-H and Hep3B cells. As mentioned in
Figures 2A and 2B, the expression of HCGI1
was notably declined by the transfection of si-
HCGI11#1, si-HCG11#2, and si-HCG11#3. Due
to the highest knockdown efficiency of HCGlI,
si-HCGI11#1 was chosen for the following exper-
iments. Cell proliferation was prominently re-
strained after si-HCG11#1 transfection (Figures
2C and 2D). Flow cytometry was conducted to
evaluate the apoptosis rate of HCC cells in si-
HCGI11#1 group and control group, and the in-
tervention of HCGI11 facilitated the apoptosis of
HCC cells (Figure 2E). Meanwhile, the migration

and invasion of MHCC97-H and Hep3B cells
were inhibited by the transfection of si-HCG11#1
with the detection by transwell migration and in-
vasion assays (Figures 2F and 2G). Besides, the
Western blot assay showed that the ratio of LC3
II/ LC3 T was decreased, and the expression of
p62 was enhanced with HCG11 the knockdown in
MHCC97-H and Hep3B cells (Figure 2H). These
findings indicated that HCG11 served as an onco-
genic RNA to accelerate the proliferation, metas-
tasis, and autophagy and impede the apoptosis of
HCC cells.

MiR-26a-5p Plays a Suppressive
Role in the Progression of HCC
MiR-26a-5p has been reported to be down-
regulated in multiple cancers'®'®, implying that
it might serve as a tumor suppressor to exert its
function. We first investigated the effects of miR-
26a-5p overexpression on the proliferation, apop-
tosis, metastasis, and autophagy of HCC cells by
performing MTT assay, flow cytometry, transwell
migration, invasion assays, and Western blot. The
abundance of miR-26a-5p was enhanced by the
transfection of miR-26a-5p mimics, and it was
reduced with the addition of anti-miR-26a-5p in
HCC cells (Figure 3A). Subsequently, we found
that the overexpression of miR-26a-5p suppressed
the proliferation, as well as promoted the apop-
tosis of HCC cells (Figure 3B-3D). Furthermore,
the migration and invasion of HCC cells were in-
hibited by the accumulation of miR-26a-5p (Fig-
ure 3E and 3F). The abundance of LC3 II/ LC3
I was decreased, and the enrichment of p62 was
elevated by the transfection of miR-26a-5p, indi-
cating that the addition of miR-26a-5p repressed
the autophagy of HCC cells (Figure 3G). These
results revealed that miR-26a-5p played a tumor
suppressor role in HCC.

MiR-26a-5p is a Direct Target
of HCG11

LncRNA could serve as a ceRNA of miRNA
to exert its function. StarBase online software was
used to screen the targets of HCGI11. Although
many genes were predicted to bind to HCGI11, we
focused on miR-26a-5p because it was negative-
ly regulated by HCG11. As showed in Figure 4A,
the binding sites between HCGI1 and miR-26a-
Sp were predicted by starBase. The Luciferase
reporter vector containing the wild-type or mu-
tant type binding sites of HCG11, named as HCG11
WT or HCG11 MUT, was constructed to confirm
the combination between HCG11 and miR-26a-5p.
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Figure 2. HCGI11 promotes the proliferation, metastasis and autophagy while restrains the apoptosis of HCC cells. A-B, The
knockdown efficiency was analyzed in MHCC97-H and Hep3B cells transfected with si-HCG11#1, si-HCG11#2, si-HCG11#3
or si-NC by qRT-PCR. C-D, MTT assay was performed to detect the proliferation of HCC cells transfected with si-HCG11#1
or si-NC. E, The apoptosis of HCC cells with the depletion of HCG11 was examined by flow cytometry. F-G, (x 300), The mi-
gration and invasion of HCC cells transfected with si-HCG11#1 or si-NC were determined by transwell migration and invasion
assays. H, Western blot was carried out to detect the abundance of autophagy markers (LC3 I, LC3 II, and p62) in the HCC
cells of different groups. **p<0.05.

As indicated in Figures 4B and 4C, the Luciferase
activity was dramatically declined with the ac-
cumulation of miR-26a-5p in HCG11 WT group
compared with that in the HCG11 MUT group,
suggesting that miR-26a-5p was a direct target
of HCGI11 in HCC cells. Subsequently, we found

an inverse relationship between the expression
of miR-26a-5p and the enrichment of HCGI1 in
MHCC97-H and Hep3B cells. The abundance of
miR-26a-5p was increased with the depletion of
HCG11, which was notably reduced with the ac-
cumulation of HCGI11 (Figures 4D and 4E).
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Figure 3. MiR-26a-5p plays a suppressive role in the progression of HCC. Hep3B and MHCC97-H cells transfected with miR-
NC, miR-26a-5p, anti-NC or anti-miR-26a-5p were used for the following experiments. A, The abundance of miR-26a-5p was
examined in HCC cells by qRT-PCR. B-C, The proliferation of HCC cells was measured by MTT assay. D, Flow cytometry
was applied to detect the apoptosis of HCC cells. E-F, Transwell migration and invasion assays were carried out to detect the
motility of HCC cells. G, Western blot assay was performed to detect the enrichment of LC3 I, LC3 II, and p62 in HCC cells,

and B-actin was regarded as the internal reference. *p<0.05.

ATG12 is a Target of MiR-26a-5p

To illustrate the underlying mechanism by which
miR-26a-5p restrains the development of HCC, we
aimed to find the target of miR-26a-5p. As men-
tioned in Figure 5A, starBase bioinformatic soft-
ware predicted that miR-26a-5p bound to ATGI2.
The 3° UTR of ATGI12 containing wild-type or mu-
tant type binding sites was amplified and inserted
to the Luciferase reporter vector and co-transfected
with miR-NC or miR-26a-5p into MHCC97-H and
Hep3B cells. The transfection of miR-26a-5p mark-
edly decreased the Luciferase activity in ATGI12
WT group, whereas it had a little effect on ATG12
MUT group, demonstrating that ATG12 bound to
miR-26a-5p in HCC cells (Figures 5B and 5C). To
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assess the regulatory relationship between miR-26a-
5p and ATGI12, miR-NC, miR-26a-5p, anti-NC or
anti-miR-26a-5p were transfected into MHCC97-H
or Hep3B cells. As indicated in Figures 5D and 5E,
the abundance of ATG12 was decreased by the over-
expression of miR-26a-5p, while it was elevated with
miR-26a-5p inhibition in MHCC97-H and Hep3B
cells. To evaluate the modulation among HCGI1,
miR-26a-5p and ATG12, MHCC97-H and Hep3B
cells were transfected with si-NC, si-HCG11#1, si-
HCGl11#1 + anti-NC or si-HCGI11#1 + anti-miR-
26a-5p, respectively. The expression of ATG12 was
declined with the interference of HCGI11, and the
inhibition of miR-26a-5p reversed the suppressive
effect of HCG11 depletion on the level of ATGI12 in
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Figure 4. MiR-26a-5p is a direct target of HCG11. A, MiR-26a-5p was predicted to be a target of HCG11 based on the in-
formation of starBase. B-C, Dual-Luciferase reporter assay was conducted to confirm the combination between miR-26a-5p
and HCG11 in MHCC97-H and Hep3B cells. D-E, The relative expression of miR-26a-5p was determined in MHCC97-H and
Hep3B cells transfected with si-NC, si-HCG11#1, vector or HCG11 overexpression plasmid by qRT-PCR. *p<0.05.

MHCC97-H and Hep3B cells (Figures 5F and 5G).
These findings suggested that ATG12 was a func-
tional target of miR-26a-5p in HCC cells. The abun-
dance of ATG12 was positively regulated by HCG11
and was inversely modulated by miR-26a-5p.

The Inhibition of MiR-26a-5p
or the Accumulation of ATG12 Could
Reverse the Suppressive Effects of
HCG11 Interference on the Proliferation,
Metastasis, and Autophagy of HCC Cells
The abundance of ATGI12 was notably en-
hanced by the transfection of ATGI2 overex-
pression plasmid in MHCC97-H and Hep3B cells
(Figure 6A). To illustrate whether miR-26a-5p or
ATGI12 was involved in HCG11-mediated prolif-
eration, apoptosis, metastasis, and autophagy in
HCC cells, MHCC97-H and Hep3B cells were
transfected with si-NC, si-HCG11#1, si-HCG11#1
+ anti-NC, si-HCG11#1 + anti-miR-26a-5p, si-
HCGI11#1 + vector or si-HCG11#1 + ATGI12. As
mentioned in Figures 6B-6D, the inhibition of
miR-26a-5p or the accumulation of ATGI2 allevi-
ated the inhibitory effect of HCGI1 intervention
on the proliferation and the promoting impact
on the apoptosis in HCC cells. The depletion of
miR-26a-5p or the overexpression of ATG12 also
abolished the suppressive effects of HCG11 deple-
tion on the migration and invasion of HCC cells

(Figures 6E and 6F). Western blot assay was con-
ducted to detect the changes in the abundance of
LC3 1, LC3 11, and p62 in different groups. The
inhibition of miR-26a-5p or the overexpression
of ATGI12 counteracted the suppressive effect of
HCGI1 interference on autophagy of HCC cells
(Figure 6G). Collectively, HCG11 promoted the
proliferation, metastasis, and autophagy while
impeded the apoptosis of HCC cells by elevating
the enrichment of ATG12 by sponging miR-26a-

Sp.

HCG11 Accelerates the Progression
of HCC Through Enhancing
the Enrichment of ATG12 by Sponging
MiR-26a-5p in vivo

To confirm the biological role of HCG11 in vivo,
we established the murine xenograft model using
MHCC97-H cells stably transfected with sh-NC or
sh-HCGl11. The tumor volume was recorded once
a week. Tumor was resected after five-week inoc-
ulation and was weighed. As showed in Figures
7A and 7B, the tumor volume and weight were
less in the sh-HCG11 group compared with that in
the sh-NC group. The abundance of HCG11, miR-
26a-5p, ATGI2, and autophagy markers (LC3 I,
LC3 11, and p62) was measured in resected tumor
tissues. The abundance of HCG11 was significant-
ly reduced in the sh-HCGI1 group (Figure 7C).



M.-L. Li, Y. Zhang, L.-T. Ma

91/01

"S0°0>dy 101q U11SOM AQq dg-9T-YTW-NUE + [#][DDIH-IS 10 DN-DUE + [#][DDH-IS ‘T# IDOH-IS ‘DN-IS ()M pajogjsuer) s[[ad gedoy pue
H-L6DOHIA Ul pauliuexa sem gDV JO 9duepunqge oy [, ‘D-4 ‘Aesse 10[q u1d)sop Aq dg-egz-yruw-nue 10 HN-Hue ‘dg-egz-y i DN-JIW [Im pajodjsuer) s[[a0 gedoH pue H-L6D0
-HIA UI pouTuiIdlep sem gD LV Jo [0A9] urajord oy [, ‘3-4 LN TIDLV 10 LM TIDLY pue dg-egz-yi 10 DN-YIU YIm pajoojsuen)-oo s[jod gedoy pue H-L6DDHIA Ul paioajop

sem AJIATIOR OSBIQJIONT ‘)-g "0Iem}Jos duljuo asegqiels £q pajorpaid a1om dg-egz-yIw pue Z[DHLVY uddamjaq sayis Juipuiq oy, ‘y "dg-egz-yrur jo jo81ey e st Z[OLV g a4nbi4
v&«e
+ - - - dg-egz-yiw-nue + = . - dg-egz-yiw-iue & &>
- + - - ON-hue - + - ON-Bue R D S
+ + + - L#LLDOHIS + + - LELLOOHIS B g a
= = = + ON-Is . - + ON-Is
- 00 w D 00 m 4 00 m 00 w
>3 >3 ] > 2
508 o 508 ® g8 035
= o = 0o = 0 =0
N X N X LN X LN X
- nlu._ - T 0 —.d nlua 0 rd -
nga el 01 8 8 s 2 S 2
* PR—— e o * o e 0 g1 8 0 18 9
* 5o * S 5o 50
=] = =] =
sL 9 s 9 0z Qg 0z g
— — — —1}7e-g] W — —— u1}0€-g] — e a— — U[}0E-(] e e e UIOE-]
gedon H-2600HIN gedaH H-2690HIN
D g
1NN 291V 1M ZIoLlVY y 1NN 2LO1V 1Mmeciolv D
— =T 00 & )
o (]
08 s £ DOVOOVOVOONNNNYIONYVYNY .S ¥LNE LW ZIOLY
o o
. w : w S a_dq_duu_jmﬂﬁ_~<<zoo<00<:<0003 £ dg-egz-yiw
® (]
m m £ YVONNIYVYIINNNNYIONVYVYNY .S dlN.E LMZIOLY
dg-egz-yiw bl .M dg-egz-yiw [ il m.
oNyw mm < onuw <
geday H-L6D0HI

10716



HCG11 promotes the progression of HCC

MHCC97-H Hep3B
£ 3 < 3
4°°‘° 650\ 4°°\° P:‘O\
MHCC97-H Hep3B
ATG12 e S e g— ~ siNC - siNC P
-+ si-HCG11#1 -+ si-HCG11#1
B-actin «E— G a— a— -+ si-HCG11#1+anti-NC -+ si-HCG11#1+anti-NC
u— -¥- si-HCG11#1+anti-miR-26a-5p -+ si-HCG11#1+anti-miR-26a-5p
S 47 mm vector 3 ATG12 1.07 « si-HCG11#1+vector 107 « si-HCG11#1+vector
c o -o- si-HCG11#1+ATG12 o -0~ si-HCG11#1+ATG12
o c Sos8 Sos8
0w o3 o (J
g9 = i > 06
o= 06 .
o Qo 2 €
X o s S
[ S 04 S 04
00 < <
a1 Qo2 Qo2
8< [9) o
[7] 0.0 0.0 :
& X : : .
MHCC97-H Hep3B Oh 24h 48h 72h Oh 24h  48h T72h
B C
B siNC B si-NC Bl siNC
= si-HCG11#1 = si-HCG11#1 = si-HCG11#1
si-HCG11#1+anti-NC si-HCG11#1+anti-NC si-HCG11#1+anti-NC
ES si-HCG11#1+anti-miR-26a-5p BES si-HCG11#1+anti-miR-26a-5p BN si-HCG11#1+anti-miR-26a-5p
B si-HCG11#1+vector B3 si-HCG11#1+vector E= si-HCG11#1+vector
I si-HCG11#1+ATG12 O si-HCG11#1+ATG12 [ si-HCG11#1+ATG12
o R N g 5
Q) * * o
% 2o S ) 5 £
g "1l % 2 5
= é | = =
» % % E 3
201 |IP / 8 3
2 | |1 /
7 7 S 5
g é | S S
o5 7 7 s ‘B
z i | 5 g
0 7 7 £ £
D MHCC97-H Hep3B E MHCC97-H Hep3B F MHCC97-H Hep3B
si-NC + - - . - = B si-NC Bl si-NC
; - 3 si-HCG11#1 =3 si-HCG11#1
si-HCG11#1 * : LA MHCCo7.H A SHCG1T#1+antiNe P2 si-HCG11#1+anti-NC
. _anti-NC - - = = s - B siHCG11#1+anti-miR-26a-5p Hep3B BN si-HCG11#1+anti-miR-26a-5p
anti-miR-26a-5p - = - + - - E= si-HCG11#1+vector BE= si-HCG11#1+vector
vector - - - - 4+ - 5 M si-HCG11#1+ATG12 - M si-HCG11#1+ATG12
ATG12 - ~ - - -+ n 2. w 2.0 x  *ox
[%] [7] — 1
Lol = — — — /= =/ |F 3 S5 7
o x 1 x 7
PO2  — — — . — — | ) o ) é
© = c ?
B-actin = - — — — - '§ . "q_!' 1.0 %
r ]
— — — — — g— | 0.5 7
Lcall I ° ° ¢
— — — — — — > > %
p62 @ £ T o0 Z
- w S 8 0.
Fractin e et e e - S Lc3lLcsl p62 S Lc3liLcsl p62

Figure 6. The inhibition of miR-26a-5p or the accumulation of ATGI2 could reverse the suppressive effects of HCG11 in-
terference on the proliferation, metastasis, and autophagy of HCC cells. A, The abundance of ATG12 was measured in MH-
CC97-H and Hep3B cells transfected with empty vector or ATG12 overexpression vector by Western blot assay. MHCC97-H
and Hep3B cells transfected with si-NC, si-HCG11#1, si-HCG11#1 + anti-NC, si-HCGI11#1 + anti-miR-26a-5p, si-HCG11#1 +
vector or si-HCG11#1 + ATGI2 were used for the detection of cell proliferation, apoptosis, metastasis, and autophagy. B-C,
MTT assay was carried out to detect the proliferation of HCC cells. D, Flow cytometry was performed to determine the apop-
tosis of HCC cells. E-F, Transwell migration and invasion assays were conducted in HCC cells, and the number of migration
and invasion cells was counted. G, The protein abundance of LC3 I, LC3 II, and p62 was examined in HCC cells by Western
blot assay. *p<0.05.

The enrichment of miR-26a-5p was negatively
related to the expression of HCGI11 in resected tu-
mor tissues (Figure 7D). Besides, the depletion of
HCGI11 decreased the abundance of ATGI2 and
restrained cell autophagy (Figure 7E). Taken to-
gether, HCGI11 promoted the progression of HCC
by HCG11/miR-26a-5p/ATGI12 axis in vivo.

Discussion

LncRNAs are involved in multiple types of
cellular processes, including proliferation and
metastasis?®*?®, Some researchers!®!! proved that
HCGI1 was abnormally upregulated in many
cancers, and it might be a potential prognosis
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Figure 7. HCGI1 accelerates the progression of HCC through enhancing the enrichment of ATGI2 by sponging miR-26a-5p
in vivo. A, Tumor volume was recorded every 7 d. B, Tumor was weighed after five-week inoculation. C-D, The expression of
HCGI1 and miR-26a-5p was examined in resected tumor tissues by qRT-PCR. E, The abundance of autophagy markers (LC3
I, LC3 11, and p62) and ATG12 was measured in sh-NC and sh-HCG11 groups by Western blot. *p<0.05.

marker of multiple cancers. Consistent with the
above findings, we found that the abundance of
HCGI11 was elevated in HCC tissues compared
with that in the corresponding normal tissues.
The high expression of HCGI11 was closely re-
lated to the poor prognosis of HCC patients.
Loss-of-function experiments were performed
to assess the biological role of HCG11 in vitro.
The intervention of HCG11 not only restrained
the proliferation, metastasis, and autophagy of
MHCC97-H and Hep3B cells, but also led to the
promotion of apoptosis.

To investigate the molecular mechanism of
HCGI11 in the development of HCC, starBase
software was used for the screening targets of
HCGI11. MiR-26a-5p was predicted to be a target
of HCGI11 and Dual-Luciferase reporter assay
confirmed the combination between miR-26a-
5p and HCGI1. Accruing researches claimed
that miR-26a-5p served as a tumor suppressor
in HCC. Li et al® demonstrated that miR-26a-
Sp suppressed the proliferation and metastasis of
HCC cells through decreasing the abundance of
maternally expressed gene 3 (MEG3) via DNA
methyl-transferase 3b (DNMT3B). Ma et al*
claimed that miR-26a restrained the prolifera-
tion and metastasis of HCC cells by reducing the
enrichment of F-box protein 11 (FBXOI1). Jin et
al’' found that miR-26 promoted the chemosen-
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sitivity and apoptosis of HCC cells by inhibiting
autophagy. Consistent with the above findings,
the accumulation of miR-26a-5p inhibited the
proliferation, metastasis, and autophagy of HCC
cells. The inhibition of miR-26a-5p alleviated
the suppressive effects of HCGI11 knockdown
on the proliferation, metastasis, and autophagy
of HCC cells and the promoting impact on the
apoptosis of HCC cells.

To illustrate the mechanism by which miR-
26a-5p suppresses the progression of HCC, we
aimed to find the downstream component of miR-
26a-5p. ATG12 was predicted to be a functional
target of miR-26a-5p by bioinformatics analysis,
and the Dual-Luciferase reporter assay validated
the relationship between miR-26a-5p and ATG12.
Kunanopparat et al*? found that the expression of
ATGI2 was elevated in hepatitis B virus-associat-
ed HCC. We found that the abundance of ATG12
was negatively regulated by miR-26a-5p and was
positively modulated by HCGI11. The accumula-
tion of ATG12 attenuated the inhibitory effects of
HCGI1 depletion on the proliferation, metastasis,
and autophagy of HCC cells and the promoting
impact on the apoptosis of HCC cells. Collective-
ly, HCGI1 promoted the proliferation, metastasis,
and autophagy while impeded the apoptosis of
HCC cells by enhancing the abundance of ATG12
by sponging miR-26a-5p.
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The murine xenograft model was established
using MHCC97-H cells stably transfected with
sh-HCGI11 or sh-NC to assess the effect of HCG11
depletion in vivo. The knockdown of HCGI1 in-
hibited the growth of tumors and autophagy via
miR-26a-5p/ATGI12 axis. More efforts are needed
to explore the downstream signaling pathways of
ATGI2 in HCC.

Conclusions

HCG11 was identified as an oncogene in HCC.
HCGI11 accelerated the proliferation, metasta-
sis, and autophagy and impeded the apoptosis of
HCC cells partly through the miR-26a-5p/ATG12
axis. The HCG11/miR-26a-5p/ATG12 axis might
provide new insight into developing an effective
strategy for the treatment of HCC.
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