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Abstract. — OBJECTIVE: ATG14, as an auto-
phagy-related protein, has been shown to be im-
plicated in the progression of tumors by mod-
ulating cell autophagy. We aimed at exploring
ATG14 level in hepatocellular carcinoma (HCC)
and its possible molecular mechanism.

PATIENTS AND METHODS: ATG14 levels in
HCC tissues and cell lines were examined by
quantitative Real Time-Polymerase Chain Re-
action (QRT-PCR), and the relationship between
ATG14 expression and clinical parameters was
analyzed through clinical information analysis.
The impacts of ATG14 on the proliferation and
invasiveness of HCC cells were evaluated by
performing Cell Counting Kit-8 (CCK-8) and tran-
swell tests, respectively. We further explored
the potential mechanism of ATG14 action using
bioinformatics analysis and in vitro cell experi-
ments.

RESULTS: Our data showed that ATG14 levels
were abnormally enhanced in HCC tissues and
cell lines, which predicted a poor prognosis of
HCC patients. Downregulation of ATG14 marked-
ly blunted the proliferation and migratory capac-
ities of HCC cells. Bioinformatics analysis sug-
gested that XIST can regulate ATG14 by binding
multiple miRNAs (miR-195-5p, miR-497-5p, miR-
424-5p, and miR-16-5p). In addition, XIST pro-
moted cell autophagy by elevating ATG14 ex-
pression, thereby providing possible mecha-
nisms by which ATG14 and XIST could modulate
the development of HCC.

CONCLUSIONS: In summary, our data prelim-
inary verified ATG14 levels were abnormally en-
hanced in HCC tissues and cell lines, which pre-
dicted a poor prognosis of HCC patients.
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Introduction
Hepatocellular carcinoma (HCC), as the most

common primary malignant tumor of the diges-
tive system, has become the second leading cause

of cancer death worldwide, with about one million
new cases each year'. Hepatitis C virus (HCV) in-
fection, long-term heavy drinking, non-alcoholic
steatohepatitis and consumption of food contam-
inated with aflatoxin are all risk factors for this
cancer’. The characteristics such as insidious
onset, high malignancy, and rapid progression
make it difficult for the early diagnosis of HCC.
Although diversified and combined therapies for
HCC have occurred, the long-term survival of
HCC patients is still unsatisfying. Traditional
tumor treatment methods such as surgical resec-
tion, interventional embolization, chemotherapy
and radiotherapy are deficient for low cure rate
and high recurrence and metastasis rate’>. With
the advent of the era of precision medicine,
minimally invasive, efficient and individualized
treatments gradually become the main direction
of tumor therapy. Existing emerging molecular
targeted drugs, such as more tyrosine kinase
inhibitors, programmed cell death protein-1 an-
tagonist; however, due to the limitations of the
heterogeneity and complexity of the pathogenesis
of HCC, the existing emerging molecular target-
ed drugs, such as more tyrosine kinase inhibitors,
programmed cell death protein-1 antagonist, can-
not achieve satisfactory results*. Therefore, it has
become a hotspot to reveal the deep molecular
signaling pathways related to HCC and to find
new therapeutic targets.

In the known human genome, more than 60%
of the genes can be transcribed into RNA, how-
ever, only less than 2% can be encoded into
proteins. The rest of the gene transcripts that
are not involved in protein coding due to lack
of open reading frame are called non-coding
RNAs’. Among which, long non-coding RNA is
a class of non-coding RNA molecules, which are
widely located in cell nucleus and cytoplasm. The
mechanism of long non-coding RNA action is
very complex and has not been fully understood®.
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According to current studies, IncRNA can be
engaged in a variety of cell biological processes
including cell cycle, genomic localization, sub-
cellular localization, epigenetic regulation, and
gene modulation at transcriptional or post-tran-
scriptional level’.

Autophagy is an important process regulating
the balance of active substances in cells and the
homeostasis of the intracellular environment. It
serves as a “cleaner” that digesters the senes-
cent wastes through lysosomes and maintains
the normal metabolism renewal in cells®. Once
autophagy becomes abnormal, this homeostasis
is disrupted. Autophagy can be engaged in the
tumor process through a set of pathways’. Of
note, tanshinone I can induce apoptosis and
autophagy via inhibiting the PI3K/AKT/mTOR
pathway', thus weakening the malignant bio-
logical characteristics of ovarian cancer. Ln-
cRNA NEATI knockdown weakens autophagy
by targeting microRNA-34a', thus improving
the 5-FU sensitivity to colorectal cancer cells.
ATGI14 has been proved to play an essential
role in myeloma, ovarian cancer and osteosar-
coma'*!; however, its function in HCC remains
to be explored. In this study, we examined
ATGI14 expression level in HCC tissues and
HCC cells for the first time, and discussed the
possible molecular mechanism through which
ATG14 could affect HCC progression.

Patients and Methods

Sample Collection

50 pairs of HCC tissue specimens were col-
lected from our hospital and stored in -80°C re-
frigerator. The tissues obtained from the tumor 5
cm away from the tumor margin were confirmed
as normal by pathology. The tumor pathological
classification and staging standards of HCC are
performed according to the Union for Interna-
tional Cancer Control (UICC) staging standards.
Our investigation was approved for use by the
Ethics Committee of the Second Affiliated Hos-
pital of Nanjing Medical University. All subjects
signed informed consent.

Cell Culture and Transfection

Human normal liver cell LO2 and liver can-
cer cell lines Hep-3B, MHCC-97H, SK-Hep-1,
and SMMC-7721 were provided by Ameri-
can Type Culture Collection (ATCC; Manas-

sas, VA, USA). All cells were cultured with
Roswell Park Memorial Institute-1640 (RP-
MI-1640) medium (Invitrogen, Carlsbad, CA,
USA) containing 10% fetal bovine serum (FBS;
Invitrogen, Carlsbad, CA, USA) and 1% peni-
cillin/streptomycin in a humid atmosphere at
37°C and 5% CO,. For transient transfection,
Lipofectamine 3000 reagent (Invitrogen, Carls-
bad, CA, USA) was mixed with sh-ATGI14 or
microRNAs mimics when cell density reached
to more than 70%.

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

Total RNA was extracted from tissue speci-
mens or cells using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA). Reverse transcription was
performed using PrimeScript ™ RT kit (Ta-
KaRa, Otsu, Shiga, Japan). qPCR was carried
out with the SYBR Green kit according to the
product instructions. Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) and U6 were
used as internal references. The primer sequences
are shown: ATG14 Forward: 5-GCGCCAAAT-
GCGTTCAGAG-3’, Reverse: 5-AGTCGGCT-
TAACCTTTCCTTCT-3’; miR-195-5p Forward:
5-GGGGTAGCAGCACAGAAAT-3’, Reverse:
5’>"-TCCAGTGCGTGTCGTGGA-3’; miR-497-5p
Forward: 5-CCTTCAGCAGCACACTGTGG-3’,
Reverse: 5-CAGTGCAGGGTCCGAGGTAT-3%;
miR-424-5p Forward: 5-AACATTACACGC-
CAGACTTGCC-3’, Reverse: 5-GGTTTGA-
CATTACTCAAGAGTTG-3’; miR-16-5p For-
ward: 5-CTTAAGAACCCTCCTTACTC-3’,
Reverse: 5~ AAGCTACCCTAGGGGAAG-
GA-3’; GAPDH, forward: 5-AGGTCGGTGT-
GAACGGATTTG-3’, reverse: 5-TGTAGAC-
CATGTAGTTGAGGTCA-3". U6  Forward:
5’>-GCTGAGGTGACGGTCTCAAA-3’, Reverse:
5>-GCCTCCCAGTTTCATGGACA-3".

Cell Counting Kit-8 (CCK-8) Test

The cells were plated in 96-well plates (4*10°
cells/well) in 100 uL culture medium. CCK-8
assay (Dojindo Molecular Technologies, Kuma-
moto, Japan) was performed according to the
manufacturer’s protocol.

Transwell Assay

Cell migration or invasion was tested using a
24-well plate cell (Corning Incorporated, Corn-
ing, NY, USA) pre-coated or not coated with
matrix gel according to the manufacturer’s in-
structions.
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Luciferase Assay

ATGI4-WT or ATG14-MUT (or XIST-WT or
XIST-MUT) was constructed into pGL3-alkaline
Luciferase vector (Promega Corporation, Mad-
ison, WI, USA). The Luciferase activity was
measured using a Dual-Luciferase reporter kit
(Promega, Madison, W1, USA).

Western Blot

Protein extraction was performed using a ra-
dioimmunoprecipitation assay (RIPA) buffer (Sig-
ma-Aldrich, St. Louis, MO, USA). The protein
samples were separated through sodium dodecyl
sulfate and polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to a polyvinylidene
difluoride (PVDF) membrane (Roche, Basel, Swit-
zerland). Primary antibodies were incubated on the
membrane to determine protein levels in the cells.
After incubation of the corresponding secondary
antibody, Image J software (NIH, Bethesda, MD,
USA) was used for protein quantification.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 22.0 (IBM Corp., Armonk, NY, USA)
and GraphPad Prism (Version X; La Jolla, CA,
USA) were used for data analysis and mapping.
Measurement data are presented as x + SD (stan-
dard deviation). Differences between two groups

were analyzed by using the Student’s #-test. Com-
parison between multiple groups was done using
One-way ANOVA test followed by post-hoc test
(Least Significant Difference). The difference
was statistically significant at p<0.05.

Results

HCC Tissues Contained Increased
Expression of ATG14

We first detected ATGI14 expression in HCC
and adjacent control tissues by qPCR. Figure 1A
shows a significant higher expression of ATG14
in HCC tissue samples. We, then, divided the
subjects into TNM I + II group and TNM III
+ IV group according to TNM staging. It was
found that ATG14 levels in tissues of the latter
group were higher than those in the former
(Figure 1B). Consistently, qPCR revealed that
ATGI14 was also abnormally overexpressed in
HCC cell lines as compared to normal hepatic
cells LO2 (Figure 1C). By analyzing the rela-
tionship between the survival of HCC patients
and ATGI14 expression, we found that high
expression of ATG predicts a poor prognosis of
liver cancer patients (Figure 1D). These results
indicate that ATG14 may serve as a vital regula-
tor in the progression of HCC.
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Figure 1. ATGI4 is highly expressed
in hepatocellular carcinoma tissues and
cells. A, The relative expression level
of ATGI14 in hepatocellular carcinoma
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and normal control tissues was detected
by qRT-PCR. B, The relative expression
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ATG14 expression was detected in hepa-
tocellular carcinoma cell lines by qRT-
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Down-Regulation of ATG14 Inhibits
Proliferation Rate and Invasiveness of
HCC Cells

To verify the biological function of ATGI4,
we resorted to the use of HCC cell lines MH-
CC-97H and Hep-3B with high ATG14 expres-
sion for in vitro researches. HCC cells were
transfected with ATG14 siRNA (Figure 2A).
Then, CCKS8 and transwell assays revealed that
downregulation of ATG14 markedly suppressed
the proliferation and migration or invasiveness
of MHCC-97H and Hep-3B cells, respectively
(Figure 2B, 2C-2D). Taken together, these ob-
servations suggest that ATG14 can serve as an
oncogene to promote the growth and metastasis
of liver cancer cells.

XIST Regulates ATG14 Expression by
Adsorbing Multiple miRNAs

We next sought to test the possible mechanism
of ATGI14 through searching for miRNAs that
can bind to ATGI14 in bioinformatics websites. As
a result, a set of miRNAs including miR-15b-5p,
miR-195-5p, miR-497-5p, miR-424-5p, and miR-
16-5p were found to have binding sites on ATG14

mRNA 3’UTR region (Figure 3A). Meanwhile,
except miR-15b-5p has been reported to highly
expressed in liver cancer, all of the other four
miRNAs have been shown to have low expression
in HCC and act as tumor-inhibiting genes'*°. We
thus selected the four for subsequent research
(Figure 3B). Figure 3C indicates that overexpres-
sion of these miRNAs effectively attenuate the
Luciferase activity of ATG14-WT, while no sig-
nificant difference was detectable in the ATG14-
MUT group, indicating that these miRNAs can
bind to ATG14 in HCC cells.

Subsequently, we predicted IncRNA XIST
can simultaneously bind to the above four miR-
NAs through the bioinformatics analysis (Figure
3D-3E). Consistently, Figure 3C shows that over-
expression of these miRNAs effectively reduces
the Luciferase activity of XIST-WT, but there was
no significant effect on the XIST-MUT group,
indicating that these miRNAs can bind to XIST
in HCC (Figure 3F). qPCR analysis indicated
that upregulation of the four miRNAs markedly
reduced ATGI14 expression (Figure 3G). Further-
more, in HCC cells, inhibition of XIST was con-
firmed to significantly enhance the expression of
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Figure 2. Downregulation of ATG14 can inhibit the proliferation, migration and invasion of hepatocellular carcinoma cells.
A, gqRT-PCR was used to detect the expression of ATG14 in MHCC-97H and Hep-3B cells transfected with si-NC and si-
ATG14. B, The effect of ATG14 on the proliferation of MHCC-97H and Hep-3B cells was assayed by CCK8 experiment.
C, The effect of ATG14 on the migration of MHCC-97H and Hep-3B cells was tested by transwell migration experiment
(magnification: 20x). D, The effect of ATG14 on the invasion of MHCC-97H and Hep-3B cells was tested by transwell invasion
experiment (magnification: 20x). *p<0.05; **p<0.01; ***p<0.001.
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Figure 3. XIST can regulate ATG14 expression by adsorbing multiple miRNAs. A, Bioinformatics websites (PITA, miRMap,
microT, miRanda, PiTar, and TragerScan) predict miRNAs that may bind to ATG14. B, Possible binding sites of ATG14 with
miR-195-5p, miR-497-5p, miR-424-5p, and miR-16-5p. C, After co-transfection of miRNAs (miR-195-5p, miR-497-5p, miR-
424-5p, and miR-16-5p) mimics in MHCC-97H and Hep-3B cells and containing ATG14-WT or ATG14-MUT, the Luciferase
reporter activity is detected. D, Long-chain non-coding RNA is predicted to be capable of binding to miR-195-5p, miR-497-5p,
miR-424-5p, and miR-16-5p simultaneously. E, XIST possible binding sites with miR-195-5p, miR-497-5p, miR-424-5p, and
miR-16-5p. F, After co-transfection of miRNAs (miR-195-5p, miR-497-5p, miR-424-5p, and miR-16-5p) mimics in MHCC-
97H and Hep-3B cells and containing XIST-WT or XIST-MUT, the Luciferase reporter activity is detected. G, qRT-PCR
detected ATG14 expression after transfection of miRNAs (miR-195-5p, miR-497-5p, miR-424-5p, and miR-16-5p) mimics in
MHCC-97H and Hep-3B cells. H, The expression of miR-195-5p, miR-497-5p, miR-424-5p, and miR-16-5p were detected by
qRT-PCR after transfection of MHCC-97H and Hep-3B with siNC and XIST siRNA. *»<0.05; **p<0.01.

these four miRNAs (Figure 3H). Taken together,
our data indicate that XIST may elevate ATG14
level via binding multiple miRNAs, thereby af-
fecting the progression of liver cancer.

XIST Promotes Cell Autophagy by
Enhancing ATG14 Expression

To further confirm the regulation of XIST on
ATGI14, we knocked down or over-expressed
XIST expression in MHCC-97H and Hep-3B
cells and detected ATGI4 expression by qP-
CR and Western blot. Figure 4A and 4B shows
that knockdown of XIST significantly inhibits
ATGI14 expression at both mRNA and protein

levels, while the opposite result was observed
after XIST overexpression. Further, Western blot
analysis revealed that downregulation of XIST
inhibits the expression of cell autophagy-relat-
ed protein LC3B while overexpression of XIST
shows the converse effect. These results indicate
that XIST may promote cell autophagy by pro-
moting ATG14 expression (Figure 4C).

Discussion

Liver cancer has a high degree of malignan-
cy and ranks second in mortality rate among
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Figure 4. XIST improves cell autophagy by promoting ATG14 expression. A, The mRNA expression of ATG14 was detected
by qRT-PCR after XIST was down-regulated or upregulated in MHCC-97H and Hep-3B cells. B, Western blot was used to
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C, Western blot was used to observe cell autophagy in MHCC-97H and Hep-3B cells after XIST was down-regulated or up-

regulated. *p<0.05; **p<0.01.

all tumor diseases worldwide, just behind lung
cancer. Chronic hepatitis B virus infection, afla-
toxin, fatty liver induced by obesity, and hepatic
cirrhosis caused by long-term drinking are the
main factors leading to HCC?°. The onset of this
cancer is insidious, and its clinical diagnosis is a
lack of scientific and effective indicators; thus,
most HCC patients have been in advanced stage
when they are diagnosed as HCC. The treatment
of end-stage HCC patients is mainly interven-
tional, immune, targeted and other therapeutic
measures®'. Therefore, it is precisely these char-
acteristics of patients with HCC that endows the
study on the mechanism of HCC an epoch-mak-
ing significance.

LncRNA can achieve the regulation of target
genes through apparent modification and tran-
scriptional or post-transcriptional modulation.
The current hot research content is the interaction
between IncRNA and miRNA to achieve the tar-
geted regulation of the target gene. LncRNA, as
a competitive endogenous RNA (ceRNA), com-
petes with miRNAs with same miRNA response
element (MRE) to regulate gene expression and
affect cell functions**%. In the field of liver can-
cer research, several IncRNAs have been found
to be involved in the genesis, development, and
metastasis. Long-chain non-coding RNA RP5-
833A20.1 inhibits tumorigenesis of liver cancer

by targeting miR-18a-5p to regulate Akt/ERK
pathway?*; SNHG16 as miRNA let-7b-5p sponge
regulates CDC25B in HCC and HMGA2 ex-
pression to promote G2/M and epithelial-mesen-
chymal transition®; IncRNA MIAT can be used
as ceRNA, and in combination with miR-22-3p
to up-regulate sirtl to participate in the aging
process of HCC cells®. It has been reported that
IncXIST, abnormally overexpressed in HCC*"2¥,
could promote tumor cell growth and metastasis.

Autophagy, an important lysosomal degrada-
tion pathway in eukaryotic cell, serves as a dy-
namic recovery system and provides materials
and energy for cells to synthesize new substances
and maintain cell homeostasis®. The process
of autophagy is precisely regulated by different
proteins, and 40 autophagy-related genes have
been identified so far. The activation of AMPK or
the inhibition of mTOR leading to the activation
of ULKI, which further phosphorylates Beclinl
and activates VPS34. The complex of ULKI and
Beclinl-VPS34 was then positioned on an open
bilayer membrane structure. Autophagy precur-
sors are extended by the At95-At912-At916L
complex, with the continuous incorporation of
LC3-II onto the autophagic membrane. After
undergoing polyubiquitination, autophagy-target-
ed degradation substances are linked to LC3 11
through a linker protein, and are then enveloped
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by autophagic membranes to form closed vesicles
called autophagosomes®®. Finally, autophago-
somes fuse with lysosomes to form autophagic
lysosomes, which digest the contents and release
the digested products into the cytoplasm?.

In this study, ATG14 was found to be abnormal-
ly highly expressed in both HCC tissue samples
and cells, which was also correlated with the tumor
stage of HCC patients. By in vitro cell researches,
we found that inhibiting ATG14 level can attenuate
the proliferation ability, as well as cell invasion of
HCC cells. Through bioinformatics analysis, we
found that XIST can bind multiple miRNAs (miR-
195-5p, miR-497-5p, miR-424-5p, and miR-16-5p)
to regulate ATGI14 expression. Further, we have
confirmed that XIST may promote cell autophagy
by promoting ATGI14 level; however, the specific
regulatory mechanism remains to be further stud-
ied in vivo experiments in the future.

Conclusions

In summary, our data preliminary verified
ATGI14 expression in HCC and its underlying
mechanism of action, and provided a new per-
spective for the diagnosis and treatment of HCC.
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