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Abstract: Hepatocellular carcinoma (HCC) is a highly fatal disease mandating development
of novel, effective therapeutic strategy. Interferon-gamma (IFN-y) is a pleiotropic cytokine with
immunomodulatory, antiviral, and antitumor effects. Although IFN-y is a promising antitumor
agent, its application is limited by resistance in tumor cells. A20 is a zinc-finger protein that
was initially identified as a gene product induced by tumor necrosis factor o in human umbilical
vein endothelial cells. In this study, we found that silencing of A20 combined with IFN-y
significantly represses cell viability, and induces apoptosis and cell-cycle arrest in HCC cells.
By investigating mechanisms implicated in A20 and IFN-y-mediated signaling pathways, we
revealed that the phosphoinositide 3-kinase/Akt signaling pathway and antiapoptotic B-cell
lymphoma 2 proteins were repressed. Moreover, we also found that phosphorylation of STAT1
and STAT3 was significantly enhanced after the downregulation of A20 in combination with
treatment of IFN-y. Inhibitor of STAT1 but not STAT3 could block the antitumor effect of
IFN-y. Therefore, targeting A20 enhances the cytotoxicity of IFN-yagainst HCC cells and may
present a promising therapeutic strategy for HCC.
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Introduction

Hepatocellular carcinoma (HCC), a severe global health problem, is one of the most
common carcinomas throughout the world."! Although improvements in diagnostic
methods have improved the early diagnosis of HCC, the median survival of HCC
patients is still low. Today, the main strategy used to treat HCC includes surgery and
chemotherapy.? However, recurrence and metastasis after surgery, as well as resis-
tance to chemotherapy remain as a major obstacle. Therefore, novel interventions are
urgently needed for HCC.

Interferon-gamma (IFN-y), which can be secreted by Th1 and natural killer cells,
is a homodimeric glycoprotein with multiple biological functions such as antiviral
and immunomodulatory ones.’ In addition, IFN-y can exert antitumor activity via
inducing cell-cycle arrest and/or apoptosis in various carcinoma cells such as glioma
cells, multiple myeloma cells, gastric cancer cells and cervical cancer cells.*” Although
IFN-v has potential value, the application of IFN-y in the treatment of solid tumors
has been limited.® For instances, some tumors requiring high doses of IFN-y for a
therapeutic effect would cause undesired side effects.®® Therefore, it is essential to
look for a strategy to enhance the therapeutic effect of IFN-y or decrease the dosage
without affecting the effect.

A20, also known as tumor necrosis factor o (TNF-a)-induced protein 3, is a zinc-
finger protein that can be induced by TNF-o.."” Many studies have shown that A20
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regulates inflammation signaling pathways and functions
as an ubiquitin-editing enzyme to repress nuclear factor-xB
signaling pathway, thereby acting as a vital anti-inflammatory
factor.!! In addition, the expression of A20 has been found
dysregulated in various carcinomas, and mounting evi-
dence suggests that A20 participates in the development of
cancer.'>"* The role of A20 in HCC is still controversial. For
example, A20 was found to suppress the proliferation, inva-
sion and metastasis of HCC cells.'? On the other hand, A20
protects HCC cells from apoptosis induced by TRAIL, which
is a potent antitumor ligand that belongs to the TNF family. '
However, the impact of A20 on the antitumor activity of
IFN-y in HCC had never been investigated.

In the present study, a series of experiments were designed
to explore the effects of silencing of A20 on cytotoxicity
of IFN-y in HCC cells. We found that silencing of A20
enhances the cytotoxicity of IFN-y against HCC cells. The
possible mechanism of A20 affecting the cytotoxicity of
IFN-y was also investigated. Downregulation of A20 leads
to the repression of phosphoinositide 3-kinase (PI3K)/Akt
signaling pathway and antiapoptotic B-cell lymphoma 2
(Bcl-2) proteins. Moreover, phosphorylation of STAT1 and
STAT3 was enhanced after the downregulation of A20 in
combination with IFN-y.

Materials and methods

Cell culture and chemicals

Human HCC cell lines HepG2 and Huh9 were obtained
from Shanghai Institutes for Biological Sciences (Shanghai,
China). Cells were cultured in RPMI11640 medium (Thermo
Fisher Scientific, Waltham, MA, USA) supplemented with
10% fetal bovine serum (Thermo Fisher Scientific). The cells
were cultured in a humidified atmosphere with 5% carbon
dioxide at 37°C. IFN-y was purchased from Solarbio (Bei-
jing, China). FLUD (Fludarabine) and S31 (STAT3 inhibitor)
were purchased from Sigma-Aldrich Co. (St Louis, MO,
USA). z-DEVD-fimk, z-LEHD-fmk, and z-IETD-fmk were
purchased from Selleckchem (Houston, TX, USA). Pro-
pidium was purchased from Sigma-Aldrich Co. Annexin V
apoptosis detection kit was purchased from BD Biosciences
(San Jose, NJ, USA).

MTT assay

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide) assay was used to measure cell proliferation.
Briefly, cells were plated at 1x10*well into 96-well plates.
After treatment, 10 uL of 5 mg/mL MTT (Sigma-Aldrich
Co.) was added to the wells, and plates were then incubated
at 37°C for additional 4 h. The reaction was terminated with

dimethyl sulfoxide. Subsequently, absorbance at 450 nm
was measured using a microplate reader (Beckman Coulter,
Brea, CA, USA). Cell viability was calculated as follows:
cell viability% = (mean absorbency in treated wells)/(mean
absorbency in control wells) x100. Each experiment was
performed in triplicate.

Cell-cycle analysis

Cellular DNA content was measured by flow cytometry. Cells
grown in six-well plates were collected after treatment. After
being washed with ice-cold phosphate-buffered saline, the
cells were fixed with 75% ethanol overnight at 4°C. Cells
were then incubated with RNase A for 30 min at room tem-
perature and stained with propidium iodide (PI). Cell cycle
was then measured by flow cytometry (Becton Dickinson,
Franklin Lakes, NJ, USA).

Apoptosis analysis

Cellular apoptosis was measured by flow cytometry. Cells
cultured in six-well plates were collected after treatment.
The cell pellets were resuspended in 100 uL of binding
buffer and stained with Annexin V apoptosis detection kit
(BD Biosciences) according to the manufacturer’s guide.
Then the samples were analyzed by flow cytometry (Becton
Dickinson).

Generation of stable cell clones

The HepG2 and Huh9 cells were transduced with lentiviruses
carrying shRNA against human A20 (sh-A20) or a scram-
bled negative control (sh-NC) using the lentiviral vector,
pLenti6.3/V5-DEST (Genechem, Shanghai, China). The
target sequence of sh-A20 was 5-GAAGCTCAGAA
TCAGAGATTT-3’, and the sequence of sh-NC was
5’-AACAGAGGTTACACGAATCGG-3’. Stable clones
were selected in a medium containing 3 pg/mL puromycin
for 23 weeks.

Western blot assay

Protein concentrations of cellular lysates were measured by
the bicinchoninic acid protein assay kit (Thermo Fisher Scien-
tific) and proteins were separated on sodium dodecyl sulfate
polyacrylamide gel electrophoresis gels. Separated proteins
were then transferred on polyvinylidene difluoride mem-
branes (EMD Millipore, Billerica, MA, USA). Membranes
were blocked with 5% nonfat milk or BSA at room tempera-
ture for 1 h followed by incubation with primary antibodies
against A20 (Santa Cruz Biotechnology Inc., Dallas, TX,
USA), cyclin A, CDK1, CDK2, Mcl-1, Bax, Bcl-2, Bel-xl,
p-Akt, Akt, PI3K (p85), p-STAT1, STATI, p-STAT3,
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STATS3, caspase-8, caspase-9, caspase-3, cleaved PARP (Cell
Signaling Technology), p-PI3K (p85 phosphorY464) and
glyceraldehyde 3-phosphate dehydrogenase (Sigma-Aldrich
Co.). The membranes were then incubated with secondary
antibodies. The membrane was finally washed with TBS-T
and protein expression was determined with enhanced chemi-
luminescence (Pierce, Rockford, IL, USA).

Statistical analysis

All values were expressed as the mean £ SD. Significant
differences between groups were assessed using a one-way
analysis of variance, followed by Student’s #-test. These
analyses were performed using GraphPad Prism 6 (GraphPad
Software, Inc., La Jolla, CA, USA). P<<0.05 was considered
statistically significant.

Results

Downregulation of A20 acts synergistically
with [FN-y to inhibit the proliferation

of human HCC cells

To investigate whether A20 affects the antitumor effect of
IFN-y in HCC cells, stable A20-knockdown (sh-A20) and
negative control (sh-NC) cell lines were generated using
HCC cell lines HepG2 and Huh7. As shown in Figure 1A,
Western blot confirmed that A20 expression was signifi-
cantly declined in both sh-A20 cells compared with sh-NC
and wild-type (wt) cells. Then wt, sh-NC and sh-A20 cells
were treated with various concentrations of IFN-y (10, 20,
50 and 100 ng/mL) for 24 h or 100 ng/mL of IFN-y for vari-
ous time intervals (12, 24, 36 and 48 h), then cell viability
was measured by the MTT assay. As shown in Figure 1B
and C, cell viability of sh-A20 was significantly reduced in
a dose- and time-dependent manner compared with control
cells after the treatment with [FN-y in both HepG2 and Huh7
cells. Because the extent of A20 downregulation by sh-A20
was higher in HepG2 than in Huh9, we chose HepG2 cells
for the following studies.

Downregulation of A20 acts synergistically

with IFN-y to induce cell-cycle arrest at
the S/M phase in HepG2 cell

We next addressed whether the decreased viability was
associated with changes in the cell cycle, and a flow cyto-
metric analysis was performed to measure the distribution
of cell cycles after the treatment with IFN-y. As shown in
Figure 2A, A20 knockdown combined with IFN-y treat-
ment significantly induced cell-cycle arrest in the S/M
phases and reduced the proportion of cells in GO/G1 phase
compared with A20 knockdown or IFN-y treatment alone.

To better understand the underlying mechanisms, Western
blot was performed to measure the levels of cell-cycle
regulators. We found that cell-cycle-related proteins such
as cyclin A, CDK1 and CDK2 were significantly decreased
in sh-A20 cells treated with IFN-y compared with the oth-
ers (Figure 2B).

A20 silencing enhances IFN-y-induced
apoptosis via the activation of
caspase-9/-3 pathway

Then we determined whether silencing of A20 combined
with IFN-y could affect the process of apoptosis by using
an Annexin V-FITC/PI staining assay. After treatment with
100 ng/mL IFN-y for 24 h, sh-A20 cells exhibited signifi-
cantly higher apoptosis levels than sh-NC cells (Figure 3A).
Next, we analyzed the change of levels of caspases. As indi-
cated in Figure 3B, the protein levels of initiator caspase-9
as well as effector caspase-3 were found to be significantly
diminished after the treatment with IFN-y in sh-A20 but
not sh-NC cells. On the other hand, the protein levels of
caspase-8 remained largely unchanged after the treatment
with IFN-y in both cell lines (Figure 3B). To further con-
firm the changes in caspase levels observed via the Western
blotting analysis, a caspase activity assay was performed to
evaluate the activity of caspase-3, -8 and -9. As shown in
Figure 3C, the activity of caspase-3 and -9 was significantly
increased in sh-A20 cells treated with IFN-y. However, the
caspase-8 activity was found to exhibit no changes among
different groups (Figure 3C). The role of caspases was fur-
ther confirmed by the inhibitory experiment. IFN-y-induced
apoptosis and inhibition of cell viability in sh-A20 cells were
significantly blocked by caspase-3 inhibitor Z-DEVD-fmk
and caspase-9 inhibitor Z-LEHD-fmk but not by caspase-8
inhibitor Z-IETD-fmk (Figure 3D). Taken together, these
data indicated that sh-A20/IFN-y induced apoptosis via the
caspase-9/-3 pathway.

Downregulation of A20 combined with
IFN-y repressed the antiapoptotic Bcl-2
proteins and PI3K/Akt pathway

Then we explored the possible mechanisms of sh-A20/
IFN-y-induced apoptosis. The apoptotic pathway is regu-
lated by the Bcl-2 protein family. We evaluated the change
of Bcl-2 family proteins by Western blot. As shown in
Figure 4A, IFN-vy treatment resulted in significant decrease
of antiapoptotic Bcl-2 family proteins Bcel-2, Bel-x1 and
Mcl-1 in sh-A20 cells. Meanwhile, the proapoptotic Bcl-2
protein Bax was upregulated in sh-A20 cells after IFN-y
treatment. It is well documented that PI3K/Akt signaling
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Figure | Knockdown of A20 enhances the antiproliferation ability of IFN-y in human hepatocellular carcinoma cells.

Notes: (A) The knockdown effect of A20 in HepG2 and Huh9 cells. Graphs represent quantification of target protein bands relative to GAPDH. (B) A20 knockdown cells
(sh-A20), negative-control (sh-NC) and wild-type (wt) HepG2 and Huh9 cells were treated with various doses of IFN-y for 24 h, and cell viability was determined by the MTT
assays. (C) A20 knockdown cells (sh-A20) and the control cells (sh-NC) HepG2 and Huh9 were treated with IFN-y (100 ng/mL) for various time intervals, and cell viabilities
were determined by the MTT assays. The data are represented as the mean * SD of three independent experiments. The significance was determined by the Student’s t-test
(*P<<0.05, ¥P<0.01; **P<0.001).

Abbreviations: GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IFN-y, interferon gamma; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; sh-A20,

shRNA against human A20; sh-NC, shRNA against scrambled negative control; wt, wild type.

pathway plays an important role in the development of HCC
and may be used as a therapeutic target.'*!> So we analyzed
whether silencing of A20 combined with IFN-y affects the
PI3K/Akt signaling pathway. We found that IFN-y treatment
leads to a marked decrease of phosphorylated PI3K and Akt
while the total PI3K and Akt remains constant in sh-A20
cells (Figure 4B).

Downregulation of A20 enhanced
phosphorylation of STAT |, which is
required for IFN-y-induced apoptosis
in sh-A20 HepG2 cells

STATI and STAT3 are well-known downstream targets of
[FN-yactivation. Many studies indicated that STAT1 and/or
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STATS3 play crucial roles in regulation of the activity of
IFN-y.!%17 To further delineate the mechanism underlying
the cytotoxicity of IFN-y enhanced by downregulation of
A20, we examined the change of STAT1 and STAT3 after
treatment using the Western blot. As shown in Figure 5A,
after the treatment with [FN-y, both STAT3 and STAT1 were
significantly upregulated in sh-A20 cells when compared
with sh-NC cells. To investigate the role of STATI and
STAT3, FLUD and S3I were employed to inhibit STAT1
and STATS3, respectively. Cell viability and apoptosis after

the treatment with IFN-y in the presence of FLUD or S31
in sh-A20 cells were measured, and the results showed
that S31I slightly repressed while FLUD fully repressed the
cytotoxicity of IFN-y in sh-A20 cells. These data indicated
that STAT1 but not STATS3 is critical for the cytotoxicity of
IFN-y in sh-A20 cells.

Discussion
HCC is one of the most resistant carcinomas to conventional
chemotherapy agents. Most HCC patients are diagnosed
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Figure 3 A20 knockdown increases the apoptosis induced by IFN-y in HepG2 cells.

Notes: (A) sh-NC and sh-A20 cells were treated with or without 100 ng/mL of IFN-y for 24 h. Cells were then subjected to flow cytometry analysis using Annexin-V/
propidium iodide staining. Quantification of apoptosis was derived from three independent experiments (right). (B) sh-NC and sh-A20 cells were treated with or without
100 ng/mL of IFN-y for 24 h. Cellular lysates were subjected to Western blot analysis with the indicated antibodies. Graphs represent quantification of target protein bands
relative to GAPDH. (C) sh-NC and sh-A20 cells were treated with or without 100 ng/mL of IFN-y for 24 h. Cells were lysed and assayed for caspase-3, -8 and -9 activity.
Graphs represent the mean + SD of three independent experiments. (D) sh-A20 cells were incubated with 100 ng/mL of IFN-y for 24 h after | h pretreatment with z-DEVD-
fmk, z-LEHD-fmk and z-IETD-fmk, respectively. Cell viability (left) was determined by MTT assay and apoptosis (right) was determined by flow cytometry. The data are
represented as the mean + SD of three independent experiments. The significance was determined by the Student’s t-test (**P<<0.01).

Abbreviations: FITC, fluorescein isothiocyanate; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IFN-y, interferon gamma; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide; PI, propidium iodide; sh-A20, shRNA against human A20; sh-NC, shRNA against scrambled negative control.

at advanced or intermediate stages, rendering only small  activities such as immunomodulatory, antiproliferative,
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Therefore, searching for novel therapy for HCC is impera-  shows antitumor activity against HCC but also inhibits
tive. IFN-y is a cytokine that possesses various biological  replication of hepatitis B virus, which is a significant cause
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Figure 4 Silencing of A20 combined with IFN-y treatment leads to repression of antiapoptotic Bcl-2 proteins and PI3K/Akt signaling pathway.

Notes: (A) sh-NC and sh-A20 were treated with or without 100 ng/mL of IFN-y for 24 h. Cellular lysates were subjected to Western blot analysis with the indicated
antibodies. (B) Graphs represent quantification of target protein bands relative to GAPDH/total Akt/total PI3K. The data are represented as the mean * SD of three
independent experiments. The significance was determined by the Student’s t-test (*P<<0.05, **P<<0.01).

Abbreviations: FITC, fluorescein isothiocyanate; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IFN-y, interferon gamma; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide; PI3K, phosphoinositide 3-kinase; sh-A20, shRNA against human A20; sh-NC, shRNA against scrambled negative control.
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Figure 5 Downregulation of A20 enhances the antitumor effect of IFN-y, which is dependent on the activation of STAT| but not STAT3.

Notes: (A) sh-NC and the sh-A20 cells were treated with or without 100 ng/mL IFN-y for 24 h. Cellular lysates were subjected to Western blot analysis with the indicated
antibodies. Graphs represent quantification of target protein bands relative to STATI/STAT3. (B) sh-A20 cells were treated with IFN-y (100 ng/mL) in the presence of
p-STAT | inhibitor or p-STAT3 inhibitor for 24 h, and cell viability (left) and apoptosis (right) were measured using the MTT assay and Western blot, respectively. The data
are represented as the mean * SD of three independent experiments. The significance was determined by the Student’s t-test (**P<0.01; ***P<0.001).

Abbreviations: FLUD, fludarabine; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IFN-y, interferon gamma; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide; PI3K, phosphoinositide 3-kinase; sh-A20, shRNA against human A20; sh-NC, shRNA against scrambled negative control.

of HCC.'® However, long-term administration of IFN-y is
required to achieve therapeutic efficacy, which often induces
side effects in patients.® To overcome these limitations, great
efforts have been made to improve the antitumor activity of
IFN-v. In the present study, we demonstrated that silencing
of A20 can enhance the antitumor effect of IFN-y in HCC
HepG2 and Huh9 cells.

A20 is considered as an oncogene because of its upregu-
lation in various solid tumors. In contrast, A20 functions
as a tumor suppressor in lymphoma because A20 deletion
and mutation are prevalent in lymphoma.?® So the precise

biological functions of A20 need further investigations in
different tumor types. We first analyzed whether A20 could
affect the antiproliferation activity of IFN-y. MTT results
showed that [IFN-y was able to repress the viability of HepG2
cells and that downregulation of A20 further increased the
antiproliferation ability of IFN-y.

To investigate the mechanism of targeting A20 in combi-
nation with IFN-y decreasing the proliferation of HCC cells,
we determined whether cell-cycle arrest was involved in this
process. In our study, we found that treatment of IFN-yleads to
more cell-cycle arrest at the S phase in sh-A20 cells compared
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with sh-NC cells. Noteworthy, downregulation of A20 or
treatment with IFN-y alone could induce slight cell-cycle
arrest as well. In previous studies, it was found that IFN-y
could induce S phase block in glioblastoma cells and GO/G1
phase block in gastric cancer cells.?!** In addition, downregu-
lation of A20 could induce cell-cycle arrest at GO/G1 phase
in acute lymphoblastic leukemia cells. This discrepancy may
be caused by different cell types and further investigation is
required. Cell-cycle progress is regulated by cyclin, CDK and
CDKIs. Further mechanistic studies demonstrated that silenc-
ing of A20 combined with IFN-y induces cell-cycle arrest
through downregulation of cyclin A, CDK1 and CDK2.
A20 has been identified as an antiapoptotic protein in
many tumors, and overexpression of A20 is able to block
apoptosis.?*?* IFN-y has been found to be able to induce
apoptosis in HCC cells.”® We hypothesized that A20 may
negatively regulate IFN-y-induced apoptosis. As expected,
IFN-yinduced more apoptosis in sh-A20 cells than in sh-NC
cells. Since whether IFN-y-induced apoptosis is caspase-
dependent remains controversial.?®* We next examined the
activation of caspases and found that silencing of A20
combined with IFN-y further promoted the activation of
caspase-3, -9 but not caspase-8. It was also observed that
caspase-3 and -9 inhibitor but not caspase-8 inhibitor could
repress the cytotoxic effect of IFN-y in sh-A20 cells. Our
findings were similar with a previous report in which IFN-y
synergistically acts with LIGHT to induce apoptosis in HCC
cells via activation of caspase-3/-9 but not caspase-8.”” Bcl-2
proteins are well-known regulators of apoptosis and are able
to protect cells from apoptosis induced by various stimuli.?
It has been reported that the expression of Bel-2 proteins can
be downregulated by IFN-y or downregulation of A20.!2%
So we also examined whether the expressions of Bel-2
proteins are affected by treatment with IFN-y and silencing
of A20. We found that Bcl-2, Mc-1 and Bcel-x1 were signifi-
cantly repressed while Bax was upregulated by the treatment
with IFN-y in sh-A20 cells. As Bcl-2 proteins are known to
function upstream of caspases, this finding may explain why
caspase-9 and caspase-3 were significantly activated.
PI3K/Akt signaling has been found to be involved in
not only the development of HCC but also various other
carcinomas such as bladder cancer, renal cancer and colorec-
tal cancer.**? Therefore, we checked the change of PI3K/Akt
signaling pathway. In our study, we found that silencing of
A20 or treatment with IFN-vy is able to inhibit the activation
of PI3K/Akt and this effect can be augmented by the com-
bination of both. As targeting the PI3K/Akt can overcome
IFN-yresistance in gastric cancer as well,* for future studies,
ablating IFN-y resistance by targeting PI3K/Akt may show

benefits for treating HCC and other IFN-y-resistant and PI3K/
Akt-related human diseases. It has also been known that
signaling of IFN-y is mediated by JAK-STAT pathway.*
The activation of JAK-STAT signaling pathway plays an
important role in IFN-y-induced apoptosis in carcinoma
cells.’* After binding to its receptor, IFN-y activates JAKs
that lead to the phosphorylation of STAT1, which functions
as a transcription factor. Besides STAT1, IFN-y could also
activate STAT3 and STAT5.% A20 has been found to affect
the IFN-vy signaling via regulating expression levels of
STATS.*® In our study, we found that downregulation of A20
could enhance the activation of STAT1 and STAT3 induced
by IFN-y. These findings were quite similar to a previous
study.’® To further explore the role of STAT1 and STAT3
in IFN-y-induced apoptosis, we used STAT1 and STAT3
inhibitor (FLUD and S3I, respectively) and observed that
FLUD but not S31 could inhibit the cytotoxicity of IFN-y.
Earlier study has found that STAT1 activation is critical
for IFN-y-induced antiproliferative, proapoptotic effects.?’
Our data further confirmed the vital role of STATI in the
antitumor effects of IFN-y.

Conclusion

In summary, we demonstrate for the first time that silencing
of A20 could serve as a collaborative treatment to IFN-y
in HCC cells, resulting in inhibition of cell viability, and
increase of cell arrest and apoptosis. In addition, silencing of
A20 combined with IFN-yleads to repression of antiapoptotic
Bcl-2 proteins, inhibition of PI3K/Akt signaling pathway and
activation of STAT1. Consequently, A20 downregulation
in line with IFN-y could potentially serve as an important
strategy against HCC.
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