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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 lncRNA 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.
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Introduction

It was estimated that 781,631 deaths of liver 
cancer occurred worldwide in 2018, accounting 
for 8.2% of all cancers1. 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 
metastasis2,3. Hence, finding novel markers for ear-
ly-stage determination and uncovering the poten-
tial mechanism are pivotal for HCC treatment.

Long noncoding RNAs (lncRNAs) are involved 
in many physiological and pathological processes of 
cells in epigenetic and posttranscriptional levels4-6. 
Researchers7-9 reported that lncRNAs could serve 
as competing endogenous RNAs (ceRNAs) to re-
press the biological function of microRNAs (miR-
NAs). LncRNA HLA complex group 11 (HCG11) 
has been reported to be upregulated in HCC and 
breast cancer (BC). Xu et al10 claimed that the abun-
dance of HCG11 was abnormally elevated in HCC, 
and HCG11 promoted the progression of HCC via 
insulin-like growth factor 2 mRNA binding pro-
tein 1 (IGF2BP1). Liu et al11 found that the level of 
HCG11 was negatively related to the prognosis of 
BC patients. Nevertheless, the specific mechanism 
by which HCG11 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)12,13. MiRNAs were involved in 
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various cellular processes, including cell prolif-
eration, metastasis, and apoptosis14,15. MiR-26a-5p 
was downregulated in multiple cancers, includ-
ing HCC, prostate cancer (PC), and osteosarco-
ma. For instance, Chang et al16 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 al17 proved that miR-26a-5p 
inhibited the proliferation and metastasis of PC 
cells by inversely modulating SERBP1. Wang et 
al18 reported that MALAT1 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 reported19-21 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 autophagosomes22. 
Hu et al23 claimed that ATG12-mediated autophagy 
regulated the radiosensitivity in colorectal cancer 
(CRC). An et al24 proved that ATG12-mediated auto-
phagy modulated chemoresistance in gastric cancer 
(GC). However, the role and molecular mechanism of 
ATG12 in HCC are not fully addressed.

In this study, we analyzed the abundance of 
HCG11 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 HCG11 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 HCG11 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 μg/
mL) mixed solution at 37°C with 5% CO2.

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 HCG11 (si-
HCG11#1, si-HCG11#2, si-HCG11#3), empty vec-
tor, HCG11 overexpression plasmid (HCG11), and 
ATG12 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 (qRT-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-OneTM 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 2-ΔΔCt method was used 
for the detection of the abundance of HCG11 and 
miR-26a-5p25. The primer sequences were shown 
as below: HCG11 (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 µL 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-HCG11, HCC cells 
were harvested using cold phosphate-buffered sa-
line (PBS) buffer for twice. Then, the cells were 
stained with 5 µL 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), ATG12 (ab155589, 
Abcam, Cambridge, MA, USA) or β-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).

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 lncRNA HCG11, the sequences of 
lncRNA HCG11 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 ATG12 and miR-
26a-5p was also validated by Dual-Luciferase 
reporter assay. The 3’ UTR of ATG12, 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-HCG11 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 
mean±standard deviation (SD). Student’s t-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 HCG11 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 HCG11 was positively related to TNM staging 
(Figure 1B). The survival curve was analyzed 
in HCG11 low and high expression groups, and 
the five-year survival rate of HCC patients was 
prominently decreased in HCG11 high expres-
sion group, compared with that in the HCG11 
low expression group (Figure 1C). These findings 
suggested that HCG11 was abnormally upregu-
lated in HCC tissues, and the high expression of 
HCG11 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 HCG11 in HCC cells by loss-of-function 
experiments. The knockdown efficiency of small 
interference RNA against HCG11 (si-HCG11#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 HCG11 
was notably declined by the transfection of si-
HCG11#1, si-HCG11#2, and si-HCG11#3. Due 
to the highest knockdown efficiency of HCG11, 
si-HCG11#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-
HCG11#1 group and control group, and the in-
tervention of HCG11 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 I 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 cancers16-18, 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 HCG11. Although 
many genes were predicted to bind to HCG11, we 
focused on miR-26a-5p because it was negative-
ly regulated by HCG11. As showed in Figure 4A, 
the binding sites between HCG11 and miR-26a-
5p 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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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 HCG11 in HCC cells. Subsequently, we found 

an inverse relationship between the expression 
of miR-26a-5p and the enrichment of HCG11 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 HCG11 (Figures 4D and 4E).

Figure 2. HCG11 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.
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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 ATG12. 
The 3’ UTR of ATG12 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 ATG12 
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 

assess the regulatory relationship between miR-26a-
5p and ATG12, 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 HCG11, 
miR-26a-5p and ATG12, MHCC97-H and Hep3B 
cells were transfected with si-NC, si-HCG11#1, si-
HCG11#1 + anti-NC or si-HCG11#1 + anti-miR-
26a-5p, respectively. The expression of ATG12 was 
declined with the interference of HCG11, and the 
inhibition of miR-26a-5p reversed the suppressive 
effect of HCG11 depletion on the level of ATG12 in 

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 β-actin was regarded as the internal reference. *p<0.05.
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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 ATG12 was notably en-
hanced by the transfection of ATG12 overex-
pression plasmid in MHCC97-H and Hep3B cells 
(Figure 6A). To illustrate whether miR-26a-5p or 
ATG12 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-
HCG11#1 + vector or si-HCG11#1 + ATG12. As 
mentioned in Figures 6B-6D, the inhibition of 
miR-26a-5p or the accumulation of ATG12 allevi-
ated the inhibitory effect of HCG11 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 I, LC3 II, and p62 in different groups. The 
inhibition of miR-26a-5p or the overexpression 
of ATG12 counteracted the suppressive effect of 
HCG11 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-
5p.

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-HCG11. 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, ATG12, and autophagy markers (LC3 I, 
LC3 II, and p62) was measured in resected tumor 
tissues. The abundance of HCG11 was significant-
ly reduced in the sh-HCG11 group (Figure 7C). 

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.
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The enrichment of miR-26a-5p was negatively 
related to the expression of HCG11 in resected tu-
mor tissues (Figure 7D). Besides, the depletion of 
HCG11 decreased the abundance of ATG12 and 
restrained cell autophagy (Figure 7E). Taken to-
gether, HCG11 promoted the progression of HCC 
by HCG11/miR-26a-5p/ATG12 axis in vivo. 

Discussion

LncRNAs are involved in multiple types of 
cellular processes, including proliferation and 
metastasis26-28. Some researchers10,11 proved that 
HCG11 was abnormally upregulated in many 
cancers, and it might be a potential prognosis 

Figure 6. The inhibition of miR-26a-5p or the accumulation of ATG12 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-HCG11#1 + anti-miR-26a-5p, si-HCG11#1 + 
vector or si-HCG11#1 + ATG12 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.
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marker of multiple cancers. Consistent with the 
above findings, we found that the abundance of 
HCG11 was elevated in HCC tissues compared 
with that in the corresponding normal tissues. 
The high expression of HCG11 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 
HCG11 in the development of HCC, starBase 
software was used for the screening targets of 
HCG11. MiR-26a-5p was predicted to be a target 
of HCG11 and Dual-Luciferase reporter assay 
confirmed the combination between miR-26a-
5p and HCG11. Accruing researches claimed 
that miR-26a-5p served as a tumor suppressor 
in HCC. Li et al29 demonstrated that miR-26a-
5p 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 al30 
claimed that miR-26a restrained the prolifera-
tion and metastasis of HCC cells by reducing the 
enrichment of F-box protein 11 (FBXO11). Jin et 
al31 found that miR-26 promoted the chemosen-

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 HCG11 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 al32 found that the expression of 
ATG12 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 HCG11. The accumula-
tion of ATG12 attenuated the inhibitory effects of 
HCG11 depletion on the proliferation, metastasis, 
and autophagy of HCC cells and the promoting 
impact on the apoptosis of HCC cells. Collective-
ly, HCG11 promoted the proliferation, metastasis, 
and autophagy while impeded the apoptosis of 
HCC cells by enhancing the abundance of ATG12 
by sponging miR-26a-5p.

Figure 7. HCG11 accelerates the progression of HCC through enhancing the enrichment of ATG12 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 
HCG11 and miR-26a-5p was examined in resected tumor tissues by qRT-PCR. E, The abundance of autophagy markers (LC3 
I, LC3 II, and p62) and ATG12 was measured in sh-NC and sh-HCG11 groups by Western blot. *p<0.05.
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The murine xenograft model was established 
using MHCC97-H cells stably transfected with 
sh-HCG11 or sh-NC to assess the effect of HCG11 
depletion in vivo. The knockdown of HCG11 in-
hibited the growth of tumors and autophagy via 
miR-26a-5p/ATG12 axis. More efforts are needed 
to explore the downstream signaling pathways of 
ATG12 in HCC.

Conclusions 

HCG11 was identified as an oncogene in HCC. 
HCG11 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.

Conflict of Interests
The authors declare that they have no financial conflicts of 
interest.

References

    1)	Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre 
LA, Jemal A. Global cancer statistics 2018: GLO-
BOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin 2018; 68: 394-424.

    2)	Diaz-Gonzalez A, Reig M, Bruix J. Treatment of he-
patocellular carcinoma. Dig Dis 2016; 34: 597-602.

    3)	Chen J, Rajasekaran M, Hui KM. Atypical regulators 
of Wnt/β-catenin signaling as potential therapeu-
tic targets in hepatocellular carcinoma. Exp Biol 
Med (Maywood) 2017; 242: 1142-1149.

    4)	Sun M, Kraus WL. From discovery to function: the 
expanding roles of long noncoding RNAs in phys-
iology and disease. Endocr Rev 2015; 36: 25-64.

    5)	Eades G, Zhang YS, Li QL, Xia JX, Yao Y, Zhou Q. 
Long non-coding RNAs in stem cells and cancer. 
World J Clin Oncol 2014; 5: 134-141.

    6)	Qiu MT, Hu JW, Yin R, Xu L. Long noncoding 
RNA: an emerging paradigm of cancer research. 
Tumour Biol 2013; 34: 613-620.

    7)	Cesana M, Cacchiarelli D, Legnini I, Santini T, Sthand-
ier O, Chinappi M, Tramontano A, Bozzoni I. A long 
noncoding RNA controls muscle differentiation 
by functioning as a competing endogenous RNA. 
Cell 2011; 147: 358-369.

    8)	Kallen AN, Zhou XB, Xu J, Qiao C, Ma J, Yan L, 
Lu L, Liu C, Yi JS, Zhang H, Min W, Bennett AM, 
Gregory RI, Ding Y, Huang Y. The imprinted H19 

lncRNA antagonizes let-7 microRNAs. Mol Cell 
2013; 52: 101-112.

    9)	Wang K, Long B, Zhou LY, Liu F, Zhou QY, Liu CY, Fan 
YY, Li PF. CARL lncRNA inhibits anoxia-induced 
mitochondrial fission and apoptosis in cardiomy-
ocytes by impairing miR-539-dependent PHB2 
downregulation. Nat Commun 2014; 5: 3596.

  10)	Xu Y, Zheng Y, Liu H, Li T. Modulation of IGF2BP1 
by long non-coding RNA HCG11 suppresses 
apoptosis of hepatocellular carcinoma cells via 
MAPK signaling transduction. Int J Oncol 2017; 
51: 791-800.

  11)	Liu H, Li J, Koirala P, Ding X, Chen B, Wang Y, Wang 
Z, Wang C, Zhang X, Mo YY. Long non-coding 
RNAs as prognostic markers in human breast 
cancer. Oncotarget 2016; 7: 20584-20596.

  12)	Ambros V. The functions of animal microRNAs. 
Nature 2004; 431: 350-355.

  13)	Calin GA, Croce CM. MicroRNA signatures in hu-
man cancers. Nat Rev Cancer 2006; 6: 857-866.

  14)	Croce CM, Calin GA. MiRNAs, cancer, and stem 
cell division. Cell 2005; 122: 6-7.

  15)	Bartel DP. MicroRNAs: genomics, biogenesis, 
mechanism, and function. Cell 2004; 116: 281-297.

  16)	Chang L, Li K, Guo T. miR-26a-5p suppresses 
tumor metastasis by regulating EMT and is asso-
ciated with prognosis in HCC. Clin Transl Oncol 
2017; 19: 695-703.

  17)	Guo K, Zheng S, Xu Y, Xu A, Chen B, Wen Y. Loss 
of miR-26a-5p promotes proliferation, migration, 
and invasion in prostate cancer through nega-
tively regulating SERBP1. Tumour Biol 2016; 37: 
12843-12854.

  18)	Wang J, Sun G. FOXO1-MALAT1-miR-26a-5p 
feedback loop mediates proliferation and migra-
tion in osteosarcoma cells. Oncol Res 2017; 25: 
1517-1527.

  19)	Chang Y, Yan W, He XX, Zhang LM, Li CJ, Huang H, 
Nace G, Geller DA, Lin J, Tsung A. MiR-375 inhibits 
autophagy and reduces viability of hepatocellular 
carcinoma cells under hypoxic conditions. Gas-
troenterology 2012; 143: 177-187.e8.

  20)	McAlpine F, Williamson LE, Tooze SA, Chan EY. 
Regulation of nutrient-sensitive autophagy by un-
coordinated 51-like kinases 1 and 2. Autophagy 
2013; 9: 361-373.

  21)	Wang P, Zhang J, Zhang L, Zhu Z, Fan J, Chen L, 
Zhuang L, Luo J, Chen H, Liu L, Chen Z, Meng Z. 
MicroRNA 23b regulates autophagy associated 
with radioresistance of pancreatic cancer cells. 
Gastroenterology 2013; 145: 1133-1143.e12.

  22)	Fahmy AM, Labonté P. The autophagy elongation 
complex (ATG5-12/16L1) positively regulates HCV 
replication and is required for wild-type membra-
nous web formation. Sci Rep 2017; 7: 40351.

  23)	Hu JL, He GY, Lan XL, Zeng ZC, Guan J, Ding Y, 
Qian XL, Liao WT, Ding YQ, Liang L. Inhibition of 
ATG12-mediated autophagy by miR-214 enhanc-
es radiosensitivity in colorectal cancer. Oncogen-
esis 2018; 7: 16.



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

10720

  24)	An Y, Zhang Z, Shang Y, Jiang X, Dong J, Yu P, Nie 
Y, Zhao Q. MiR-23b-3p regulates the chemoresis-
tance of gastric cancer cells by targeting ATG12 
and HMGB2. Cell Death Dis 2015; 6: e1766.

  25)	Livak KJ, Schmittgen TD. Analysis of relative gene 
expression data using real-time quantitative PCR 
and the 2(-Delta Delta C(T)) method. Methods 
2001; 25: 402-408.

  26)	Gao YL, Zhao ZS, Zhang MY, Han LJ, Dong YJ, Xu 
B. Long noncoding RNA PVT1 facilitates cervical 
cancer progression via negative regulating of 
miR-424. Oncol Res 2017; 25: 1391-1398.

  27)	He X, Sun F, Guo F, Wang K, Gao Y, Feng Y, Song B, 
Li W, Li Y. Knockdown of long noncoding RNA FTX 
inhibits proliferation, migration, and invasion in renal 
cell carcinoma cells. Oncol Res 2017; 25: 157-166.

  28)	Huang X, Gao Y, Qin J, Lu S. LncRNA MIAT pro-
motes proliferation and invasion of HCC cells via 
sponging miR-214. Am J Physiol Gastrointest 
Liver Physiol 2018; 314: G559-G565.

  29)	Li Y, Ren M, Zhao Y, Lu X, Wang M, Hu J, Lu G, 
He S. MicroRNA-26a inhibits proliferation and 
metastasis of human hepatocellular carcinoma by 
regulating DNMT3B-MEG3 axis. Oncol Rep 2017; 
37: 3527-3535.

  30)	Ma Y, Deng F, Li P, Chen G, Tao Y, Wang H. The 
tumor suppressive miR-26a regulation of FBXO11 
inhibits proliferation, migration and invasion of 
hepatocellular carcinoma cells. Biomed Pharma-
cother 2018; 101: 648-655.

  31)	Jin F, Wang Y, Li M, Zhu Y, Liang H, Wang C, 
Wang F, Zhang CY, Zen K, Li L. MiR-26 enhanc-
es chemosensitivity and promotes apoptosis of 
hepatocellular carcinoma cells through inhibiting 
autophagy. Cell Death Dis 2017; 8: e2540. 

  32)	Kunanopparat A, Kimkong I, Palaga T, Tangkijvanich 
P, Sirichindakul B, Hirankarn N. Increased ATG5-
ATG12 in hepatitis B virus-associated hepatocel-
lular carcinoma and their role in apoptosis. World 
J Gastroenterol 2016; 22: 8361-8374.


