5551 5 2 1
2021 4E2 A

¥ 8 #4 72 & £ %

JOURNAL OF UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

g 3 Vol. 51, No. 2

Feb. 2021

Received: 2021-01-28; Revised: 2021-02-20

doi:10. 52396/JUST-2021-0033

Effects of alanine-serine-cysteine transporter 2 on proliferation and

invasion of hepatocellular carcinoma

YU Shugi', ZHANG Shitong', WANG Dezheng', SUN Yi ', CHENG Meiling',
Kan Chen'”, Ni Fang'**"

1. Department of Pathophysiology, School of Basic Medical Science, Anhui Medical University, Hefei 230032, China;
2. Department of Hematology, The First Affiliated Hospital of USTC( Anhui Provincial Hospital) , Hefei 230001, China;
3. School of Basic Medicine, Division of Life Sciences and Medicine, University of Science and Technology of China, Hefei 230027, China
* Corresponding author. E-mail; ckanahmu@ 163. com; fangni@ ustc. edu. cn

Abstract; Metabolic reprogramming is a major feature of tumors, and tumor cells adapt to their
glutamine needs by up-regulating the alanine-serine-cysteine transporter 2( ASCT2). It was found that the
ASCT2 expression in hepatocellular carcinoma ( HCC) tissues was significantly higher than that in
normal liver tissues. In addition, the higher expression of ASCT2 in HCC patients was closely associated
with poor survival. The knockdown of ASCT2 inhibited the proliferation, clone formation, migration and
invasion of HCC cells in vitro. Cell cycle analysis suggested that knockdown of ASCT2 inhibited the
proportion of HCC cells in the S phase. In vivo tumorigenic assay confirmed that the knockdown of
ASCT2 in HCC cells could significantly inhibit tumor growth. Further studies showed that the knockdown
of ASCT2 significantly reduced mitochondrial oxidative phosphorylation (OXPHOS ), ATP production,
and the phosphorylation level of AKT/S6 in HCC cells. Overall, our results showed that knockdown of
ASCT2 could inhibit the malignancy of HCC cells. In addition, the mitochondrial metabolism and
phosphorylation level of the AKT/S6 signaling pathway of HCC cells were also inhibited following the
ASCT2 inhibition, suggesting that the dysregulated mitochondrial metabolism and abnormal activation of

AKT/S6 signaling pathway were closely associated with the HCC progression.
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1 Introduction

Hepatocellular carcinoma ( HCC ) is the sixth most
common malignancy worldwide and the fourth leading
cause of cancer-related death'''. Since the early clinical
symptoms of HCC are not obvious, most patients are
diagnosed at an advanced stage'’’. Surgical resection,
liver  transplantation, radiofrequency ablation,
radiotherapy and chemotherapy are often ineffective,
and patients who undergo these treatments are prone to
recurrence and metastasis'>. In recent years, it has
been reported that the targeted regulation of the
glutamine metabolism, glucose metabolism and lipid
metabolism in HCC could effectively inhibit the growth
of HCC''. Recent studies showed that changes of the
glutamine, glucose and lipid metabolism were critical to
liver carcinogenesis'™®. Targeted regulation of the
glutamine metabolism in HCC could promote the
progression and survival of HCC''. The glutamine
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metabolism has been shown to be involved in regulating
the occurrence and development of HCC, but its
underlying mechanism remains unclear.

Metabolic reprogramming is a major feature of
tumors. After undergoing metabolic reprogramming,
tumor cells will take a large amount of nutrients to meet
their own needs'”’. Glutamine is one of the most
abundant nonessential amino acids in the human body,
and tumor growth depends on a large amount of
glutamine'®’. Glutamine participates in a variety of
metabolic pathways within the cell, including the
synthesis of tricarboxylic acid cycle( TCA) metabolites,
nonessential amino acids, nucleotides, fatty acids,
antioxidants, and ATP energy'’’. Cancer cells are
especially dependent on glutamine''”’. Glutamine is
converted in turn into glutamate''"! and a-ketoglutarate
(a-KG ), and participates in the TCA, thereby
supporting  energy  production'”’ and  providing
intermediates for other biosynthetic —pathways''?'.
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Recently, glutamine has been shown to be essential in
promoting the mitochondrial metabolism to maintain the
rapid growth of cancer cells'*™"°). The inhibition of the
mitochondrial glutamine metabolism has been found to
have a strong anticancer effect.

Alanine-serine-cysteine transporter 2 ( ASCT2) is a
transporter of glutamine present on cell membrane' '’ |
and its expression is increased in highly proliferating
cells such as inflammatory cells and stem cells to meet
the increased glutamine demand'"”’. Studies have shown
that the ASCT2 expression was significantly increased in
cancers, such as the colorectal cancer, prostate cancer,
lung cancer, breast cancer, cervical cancer, kidney
cancer and brain cancer'®’. This discovery has aroused
the interest of scholars for ASCT2 to be a
pharmacological target of new anticancer drugs '’
Studies have shown that the knockdown of ASCT2 could
inhibit neuroblastoma'®” | breast cancer'?"’, and gastric
cancer tumor growth'™. Recently, ASCT2 has been
reported to be closely associated with the prognosis of
HCC'®!. However, the role of ASCT2 and its
mechanisms in the progression of HCC have not been
deeply studied.

In this study, we found that the expression level of
ASCT2 in HCC tissues was negatively correlated with
the prognosis and survival of patients. The knockdown
of ASCT2 inhibited the capacity of proliferation,
migration and invasion of HCC cells. In addition, the
mitochondrial metabolism and associated AKT/S6
pathway of HCC cells following ASCT2 knockdown
were also inhibited, suggesting that the dysregulated
mitochondrial metabolism and the abnormal activation of
AKT/S6 signaling pathway were closely associated with
the HCC progression.

1 Materials and methods

1.1 Antibodies and reagents

All antibodies were purchased from Cell Signaling
Technology (CST) Co. , Ltd. The protein extraction kits
were purchased from Beijing Solarbio Science &
Technology Co., Ltd. The BCA protein content
detection kit and MTT cell proliferation and the
cytotoxicity detection kit were purchased from Kaiji
Biotechnology Co. , Ltd. The quantitative PCR kit was
purchased from Takara Company. TRIzol reagent was
purchased from Beijing Kangwei Century Biotechnology
Co. , Ltd. Protease inhibitor was purchased from Roche.
Transwell chamber and matrigel matrix gels were
purchased from BD. RPMI medium DMEM basic (1x)
was purchased from Gibco. Cell cycle detection kit and
ATP kit were purchased from Beyotime Biotechnology
Co. , Ltd. Dimethyl sulfoxide (DMSO) was purchased
from Sigma. Imported FBS and the penicillin-
streptomycin solution were purchased from HyClone.

Lentivirus design and synthesis was performed by
Shanghai Jikai-gene Co., Ltd. Primers were purchased
from Sangon Biotech (Shanghai) Co. , Ltd.
1.2 QPCR analysis
Total RNA was extracted from cells by the TRIzol
method. Reverse transcription of RNA was performed
using a reverse transcription kit and the PCR instrument
(42 °Cfor1 h; 70 °C for 5 min; 4 °C for2 h). ASCT2
was amplified according to the instruction of the SYBR
Q-PCR kit and completed on a LightCycler 480 system
real-time quantitative PCR instrument.  Relative
quantitative mRNA levels were determined with the use
of the 27**“ method, with B-actin ( ACTB) as an
internal  control.  Each reaction was repeated
independently at least three times. Primers were
purchased from Sangon Biotech ( Shanghai) Co. , Ltd,
and the sequences were showed as follow;

ASCT2: 5’ -GCTACCGGAATCATAATTCATTGT
TAACCTCC-3’ (forward) ;

5’ -AGATCTGGAGTAGCGGTTACCAGCCAGAG
AAAG -3’ (reverse) ;

Human ACTB: 5’ -GGCGGCACCACCATGTACC
CT-3’ (forward) ;

5’ -AGGGGCCGGACTCGTCATACT-3’ (reverse).
1.3 Western blotting
After the cells were collected, they were lysed with
protease inhibitor and RIPA cell lysate. The BCA kit
was used to detect the protein concentration of the
sample. After proteins were denatured by heat, the same
amount of proteins was added to the gel and separated,
then transferred to the PVDF membrane. PVDF
membranes were then incubated with the primary
antibodies, such as AKT ( CST, America/9272S ),
ASCT2 ( CST, America’5345S ), p-AKT ( CST,
America/4060S ), S6 ( CST, America/2317S), p-S6
(CST, America/4858S) and B-actin (CST, America/
4970S) at 4 °C overnight. Next, PVDF membrane was
incubated with secondary antibodies at room temperature
for 1 h. Finally, ChemiDoc MP (Bio-Rad) was used to
capture the positive signal. Imagel] software was
responsible for the statistical analysis of western blot.
1.4 Cell culture and lentivirus transfection
All cell lines were provided by the Laboratory of
Pathophysiology of the Basic Medical College of Anhui
Medical University. All cells were cultured in DMEM
containing 10% FBS and 1% penicillin-streptomycin,
and incubated at 37 °C in the incubator with 5% CO,.
The titer of the negative control virus CONO77 was 1E+
9 TU - mL™", and that of lv-slclaS-rnai (43403-11)
was 4E+8 TU - mL™'. According to the manufacturer’ s
instructions, the ASCT2 knockdown lentivirus and the
negative-control lentivirus were transferred into SMMC-
7721 and BEL-7404 cells. The following experimental
cells were grouped into; Control; blank control group;
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NC: negative control group; shASCT2; knockdown
ASCT2 group.

1.5 Cell proliferation assay

Cells (1 x 10’ well™") were seeded in the 96-well plate.
A total of 4 plates were prepared. The cells were
incubated at 37 °C in the incubator with 5% CO,. The
96-well plates were labeled at O h and 20 pL solution of
MTT was added to each well in a dark environment.
Then, 150 pL solution of DMSO was added to each
well to dissolve the precipitate at the bottom of the pore
plate. The absorbance was detected at 490 nm by a
microplate reader, and the subsequent 24-h, 48-h, 72-h
plates were treated in the same way. At least 5 pores
were analyzed for each group of cells, and the
experiment was repeated 3 times to obtain the average
value.

1.6 Clonal forming ability analysis

Cells (300 well') were seeded in the 6-well plate. The
cells were incubated at 37 °C in the incubator with 5%
CO,. The medium was removed and the cells were
stained. Washing the wells with precooled PBS for
twice. 0.1% crystal violet prepared with fixed solution
(4% formaldehyde) was added to the wells for 2 h.
The residual crystal violet was washed by PBS and dried
at a room temperature. The number of clones in per
well was counted with the Image] software, and
statistical analyses were performed. The experiment was
repeated 3 times to obtain the average values.

1.7 Cell cycle assays

Cells were collected and fixed at 4 °C with 70%
ethanol. Washed with PBS, cells were incubated with
0.5 mL PI/RNase staining buffer at 4 °C in the dark for
30 min. The cell cycle analysis was examined by the
flow cytometry. The FlowlJo software was used to
analyze the data.

1.8 Cell migration and invasion assay

For the migration test, 1.5x10° cells were plated in the
upper chamber with 200 pL serum-free growth medium.
In addition, 500 pL. medium supplemented with 10 %
FBS was added to the lower chamber. The chamber was
incubated at 37 °C in incubator with 5% CO, for 24 h.
Then, the membrane of the chamber was collected and
dissolved in 150 pL 33% glacial acetic acid. The cell
density was quantified by optical density (OD) at 490
nm with a microplate reader.

For the invasion assay, the Matrigel was thawed
according to the instructions in the invasion test. 60 wL
Matrigel was added on the upper chamber. Then, the
culture plates with chamber was put in a humidified
incubator at 37 °C for 60 min. 1. 5x10° cells in 200 wL
serum-free medium were added to the Matrigel-coating
upper chamber. 500 pL. medium containing 10 % FBS
was added to the lower chamber. Then the 24-well plate

was put in the incubator at 37 °C for 24 h. Photos were
taken under the microscope. Five fields were randomly
selected for each chamber to take photos and count.
Note : the above experiments were repeated 3 times
to obtain the average value.
1.9 Tumorigenesis in nude mice
HCC cells expressing sh-NC and shASCT2 were
subcutaneously injected into the 4-week-old female
BALB/c nude mice (n=6/group). The tumor size was
monitored every 3 days using a vernier caliper, and the
mice were sacrificed after 4 weeks.
1.10 Energy metabolism measurement
The oxygen consumption rate (OCR) and extracellular
acidification rate (ECAR) were measured in real time
using the Seahorse XF Extracellular Flux Analyzer
( Seahorse Bioscience). The cells were seeded into the
24-well Seahorse microplates and then incubated at
37 °C. The calibrator plate was equilibrated overnight in
a non-CO, incubator. The cells were washed with the
XF cell mitochondrial pressure test solution and placed
in the CO,-free incubator at 37 °C for 1 h. The seahorse
XF analyzer was used for metabolic analysis of HCC
cells.
1.11 ATP detection
The cells were seeded in the 6-well plate. After 24 h
incubation at 37 °C, the culture medium was removed
and 200 pL solution of lysis buffer was added to each
well. Then we collected the supernatant after
centrifuging at 12000 g and 4 °C for 5 min. 100 pL
solution of ATP reagent was added to the plate for 3 min
at the room temperature. Finally, 20 wL sample or a
standard solution was added to the plate.
Chemiluminescence instrument was used to measure the
fluorescence value.
1.12 Statistical analysis
All the data obtained in the experiment were represented
as the Mean + SEM. Each experiment was repeated for
three times. SPSS16. O statistical software was used to
analyze the data, and independent ¢-test was used for the
pair-wise comparison, while one-way ANOVA was used
for comparison between multiple groups of data. P<0.05
indicates that the difference was statistically significant.

2 Results

2.1 The level of ASCT2 expression in HCC cells
and its clinical correlation
To verify whether ASCT2 is up-regulated in HCC cell
lines, we verified the expression of ASCT2 in HepG2,
Hep3B, SMMC-7721, QGY-7701 and BEL-7404 HCC
cells and normal liver cell lines. The qPCR assay
showed that the mRNA level of ASCT2 in HepG2,
Hep3B, SMMC-7721,QGY-7701, and BEL-7404 cells
was significantly increased compared with normal liver
cells (Figure 1(a) ). Western blot analysis showed that
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Figure 1. The level of ASCT2 expression in HCC cells and its clinical correlation. (a) ASCT2 mRNA expression level in HCC cells
was detected. (b, c¢) ASCT2 expression level in HCC cells was detected. (d) ASCT2 expression level in HCC tissue (n=22)
compared with normal liver tissue (n=21). (e) Relationship between ASCT2 expression level and long-term survival of patients.

" P<0.05, " P<0.01, “"" P<0.001.

ASCT?2 expression was also increased in HCC cell lines
compared with normal liver cells ( Figurel (b, ¢)).
Bioinformatic analysis using Oncomine database®
showed that ASCT2 expression level in HCC tissue was
also significantly increased compared with normal liver
tissue ( Figure 1 (d)). By Kaplan-Meier plotter
database® analysis found that higher ASCT2 expression
predicted poor survival in HCC patients (Figure 1(e)).
2.2 Effect of ASCT2 knockdown on the malignant
biological behavior of HCC cells
To probe the role of ASCT2 in HCC progression,
SMMC-7721 and BEL-7404 cell lines were selected and
transfected with lentivirus to establish a stable negative
control ( NC) cell line and the ASCT2 knockdown
(shASCT2) cell line. The transfection efficiency was
observed by the fluorescence microscopy ( Figure 2
(a)). Western Blot analysis showed that the expression
level of ASCT2 in the knockdown group was
significantly lower than that in the negative control
group (Figure 2(b—-d) ). Due to the down-regulation of
the expression of tumor suppressor genes, strong
proliferative capacity is a major feature of tumor

cells'®’. Compared with the blank control group and the

negative control group, the MTT assay showed that the
proliferation ability of cells in the knockdown group was
inhibited (Figure 3(a, b)). The cell cycle is important
for cell growth and the S phase ratio of cells reflects the
degree of proliferative activity. The larger proportion of
cells in the S phase, the more active they are in
proliferation ability'®’. Cell cycle results showed that
ASCT2 knockdown inhibited the proportion of HCC
cells in S phase (Figure 3(c, d)). Clonal formation
experiment showed that knockdown of ASCT2 inhibited
the clonal ability of HCC cells (Figure 3(e, f)). The
transwell experiment showed that the knockdown of
ASCT?2 inhibited the migration and invasion abilities of
HCC cells ( Figure 3 (g —-j)). In conclusion, the
knockdown of ASCT2 could inhibit the malignant
biological behavior of HCC cells in vitro.

@ https://www. oncomine. org.
@  http://kmplot. com/ analysis.
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Figure 2. Transfection and knockdown effect of lentivirus in HCC cell lines. (a) Fluorescence observation of SMMC-7721 cells and
BEL-7404 cells under the inverted fluorescence microscope ( magnification 40 x). (b—d) ASCT2 knockdown detection in SMMC-7721
cells and BEL-7404 cells. * P<0.05, * " P<0.001. NC, negative control. shASCT2, ASCT2 knockdown.

2.3 Effect of ASCT2 knockdown on tumor growth
in vivo
HCC is a tumor with a high degree of malignancy. It
has strong tumorigenesis'®* . In order to investigate the
effect of ASCT2 knockdown on tumor development in
vivo, BEL-7404 cells ( control), lentiviral transfected
negative control cells (NC) and ASCT2 knockdown
cells ( shASCT2 ) were injected into nude mice
respectively. Tumor formation experiments in nude mice
showed that compared with the blank control group and
the negative control group, the tumor volume and
weight of mice in the knockdown group were
significantly reduced. There was no significant
difference in the weight of the mouse between groups
(Figure 4 (a—e)). These results suggested that the
knockdown of ASCT2 could inhibit the tumor growth.
2.4 Effects of ASCT2 knockdown on mitochondrial
metabolism of HCC

To investigate whether ASCT2 knockdown has any
effect on mitochondrial metabolism in HCC cells,
oxidative phosphorylation ( OXPHOS ) level and
glycolysis level were assessed by measuring the
alteration of oxygen consumption rate (OCR, indicative
of OXPHOS ) and extracellular acidification rate
(ECAR, indicative of glycolysis). The results showed
that compared with the negative control group, the level
of OCR was significantly inhibited in the ASCT2
knockdown group, while ECAR had no significant
change between groups (Figure 5(a, b)). In addition,
knockdown of ASCT2 in HCC cells decreased ATP
levels (Figure 5(c)).

2.5 Effect of ASCT2 knockdown on the phosphory-
lation levels of AKT and S6

In order to explore the mechanism of ASCT2
knockdown affecting metabolism of HCC cells, the
phosphorylation level of AKT/S6 signaling pathway
related to energy metabolism was detected by western
blot. The results showed that the phosphorylation level
of AKT was significantly inhibited in the knockdown
group compared with the blank and negative control
groups (Figure 6(a, b)). Similarly, the phosphorylation
level of S6 was also significantly inhibited (Figure 6(c,
d)). These results showed that knockdown of ASCT2
could inhibit the activation level of AKT/S6 pathway.

3 Discussion

HCC is one of the most common malignant tumors in
the world, with no significant symptoms in the early
stage. Once diagnosed, most patients are in advanced
stages, but no effective treatment has been found for
advanced HCC'?"'. Therefore, it is necessary to identify
new tumor markers and find more effective detection
and treatment methods to improve the diagnosis and
treatment of HCC. Metabolic reprogramming is closely
related to tumor proliferation, metastasis and poor
prognosis /. With more profound knowledge of the
tumor metabolism, the research has gradually shifted to
amino acid metabolism, especially the glutamine
metabolism pathway. It has been shown that the
glutamine starvation inhibited the tumor metabolism,
thereby alleviating tumor cells ’ proliferation and
survival ®’. ASCT2 is a glutamine transporter located on
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Figure 3. Effect of ASCT2 knockdown on the malignant biological behavior of HCC cells. (a, b) Cell proliferation ability test. (c,
d) Cell cycle assay test. (e, f) Cell cloning ability test. (g, h) Cell migration ability test ( magnification 40 x). (i, j) Cell invasion
ability test ( magnification 40 x). *P<0.05, **P<0.01, """ P<0.001. NC, negative control. shASCT2, ASCT2 knockdown.



#2H Effects of alanine-serine-cysteine transporter 2 on proliferation and invasion of hepatocellular carcinoma 135
(a) (b)
Control
Control
NC NC
shASCT2
shASCT2
(© (d) ©
ns - -
250+ 2000+ * 1.5 "
ns -
A = 4 . - :
C) o . E 1500 3 .-
= . [ ] E = 1.01
k¥ i ler . PE L
g 5 10004 2 .
S 150 - 2 ] . g 054 e s
= S 500 . 2 .
. - £ . %
=
a A “a
100 T T T 0 T . —a 0.0 \. T T
>
&£ & of\- & & 6{» e’-‘o & 6\,"
& @ & ¥ Ry @
Py & §

Figure 4. Effect of ASCT2 knockdown on tumor growth in vivo. (a,b) Comparison of tumor volume in each group. (c) Comparison
of the body weight of mice in each group. (d) Comparison of tumor volume in each group. (e) Comparison of the tumor weight in
each group. NS, nonsignificant, * P<0.05. NC, negative control. shASCT2,ASCT2 knockdown.
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Figure 5. Effects of ASCT2 knockdown on mitochondrial metabolism of HCC. (a, b) Detection of the level of cells OCR change;
detection of the level of cells ECAR change. (c) Detection of the level of ATP production. NS, nonsignificant, *P<0.05, "~ P<
0.01. NC, negative control. shASCT2,ASCT2 knockdown.
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the cell membrane, which is closely related to the
metabolism of glutamine. This study mainly explored the
effect of knockdown of glutamine transporter ASCT2 on
the progression of HCC and its possible mechanism.
The rapid proliferation and invasion and other life
activities of tumor cells require a lot of energy support.
Among all kinds of energy metabolism, the vigorous
glutamine metabolism is an important characteristic of
tumor . The growth of tumor cells is dependent on
glutamine, and the metabolism of glutamine in
mitochondria plays an important role in the growth of
tumor cells. Inhibition of glutamine transport in
mitochondria can effectively inhibit the growth of many
tumor cells"''. ASCT2 is a glutamine transporter, which
is closely related to the development of tumor, but the
inhibitory effect of ASCT2 knockdown on different
tumor cells is quite different. Research has reported that
knockdown of ASCT2 could effectively inhibit the
growth of breast cancer””"’, neuroblastoma ™ and
gastric cancer'’ | but it cannot inhibit the growth of
osteosarcoma ™! or liver epithelial cancer'™’. Numerous
studies have shown that the survival of tumor cells
depends on glutamine >, But ASCT?2 is not the only
transporter of glutamine uptake in tumor cells. Cancer
cells take up glutamine through several glutamine
transporter families: SLC1, 6, 7, and 38", After
ASCT2 knockdown, the compensatory effect of other

“P<0.05,

"*P<0.01. NC, negative control. shASCT2, ASCT2

transporters may enable tumor cells to still receive
enough glutamine to maintain glutamine metabolism in
tumor cells. Therefore, tumor cells with ASCT2
knockdown may obtain glutamine through compensatory
uptake by other transporters to maintain the normal
metabolism of glutamine. Selecting the SMMC-7721
and BEL-7404 cell lines, the knockdown of ASCT2 by
shASCT2 lentivirus, compared with the blank control
group and the negative control group, the proliferation
assay and clonal formation assay showed that ASCT2
knockdown could inhibit cell proliferation. Further in
vivo xenograft tumor assay showed ASCT2 knockdown
could also inhibited the tumor formation. At the same
time, transwell experiments showed that the migration
and invasion abilities of cells were inhibited after
ASCT2 knockdown. Overall, our results demonstrated
that the knockdown of ASCT2 in HCC cells could
inhibit the progression of HCC.

Considering that cancer cells require energy to
support their survival, we speculated that the
knockdown of ASCT2 affected the metabolism of HCC
cells, evidenced by the decreased levels of OXPHOS
and ATP. Previous studies showed that the activation of
AKT signaling pathway promoted OXPHOS of cancer
cells'¥*'. Consistently, our results showed that the
knockdown of ASCT2 could inhibit the phosphorylation
levels of AKT and S6. We hypothesized that ASCT2
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might regulate OXPHOS and the production of ATP in
HCC cells via the AKT/S6 signaling pathway.
However, how ASCT2 regulates the signaling pathway
and affects the phosphorylation level of downstream
signal molecules still needs further research and
exploration.

4 Conclusions

This study showed that the ASCT2 expression was up-
regulated in HCC, and the knockdown of ASCT2 could
inhibit the progression of HCC. In addition, the
mitochondrial metabolism and the activation of AKT/S6
signaling pathway of HCC cells following ASCT2
knockdown were also inhibited, suggesting that the
dysregulated mitochondrial metabolism and the abnormal
activation of AKT/S6 signaling pathway are closely
associated with HCC progression. This study reveals a
new molecular mechanism of HCC and provides a
potential target for the treatment of HCC.
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