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Aims: Isoliquiritigenin (ISL), a flavonoid from Glycyrrhiza glabra, has previously been
reported to have anti-tumor effects in vivo and in vitro. However, the mechanisms whereby
ISL exerts its anticancer effects remain poorly understood in hepatocellular carcinoma
(HCC).

Purpose: In the present study, we investigated the anticancer efficacy and associated
mechanisms of ISL in HCC MHCC97-H and SMMC7721 cells.

Results: We found that ISL inhibited cell viability and proliferation and induced apoptosis in
a dose- and time-dependent manner in liver cancer lines. Furthermore, ISL could activate
autophagy in HCC cells, and the autophagy inhibitor HCQ enhances ISL-induced apoptosis
in HCC cells. Additionally, ISL induced apoptosis and autophagy through inhibition of the
PI3K/Akt/mTOR pathway. Most importantly, in a xenograft tumor model in nude mice, data
showed that the administration of ISL decreased tumor growth and concurrently promoted
the expression of LC3-II and cleaved-caspase-3. Interestingly, we found that ISL inhibits
mTOR by docking onto the ATP-binding pocket of mTOR (ie, it competes with ATP). We
thus suggest that mTOR is a potential target for ISL inhibition of hepatocellular carcinoma
development, which could be of interest for future investigations.

Conclusion: Taken together, the results reveal that ISL effectively inhibited proliferation
and induced apoptosis in HCC through autophagy induction in vivo and in vitro, probably
via the PI3K/Akt/mTOR pathway. ISL may be a potential therapeutic agent for hepatocel-
lular carcinoma.
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Introduction
Hepatocellular carcinoma (HCC), a primary malignancy of the liver, is the most
common solid tumor and currently the third-leading cause of cancer-related deaths
worldwide."? HCC is frequently associated with chronic inflammatory liver dis-
ease, making its treatment more challenging than many other cancers.” Despite the
initial success of curative strategies, including chemotherapeutic drugs, surgical
resection, liver transplant, and ablation liver transplantation, severe toxic side
effects and progression of advanced-stage HCC account for the majority of HCC-
related deaths.*> Hence, developing novel biomarkers and approaches focusing on
HCC therapy has become an urgent issue.

Isoliquiritigenin (ISL) is a flavonoid with a chalcone structure that is
a bioactive ingredient isolated from the roots of plants belonging to licorice
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OH o] experimental data for further development of ISL as
a novel and effective anti-tumor drug for HCC.
Materials and Methods
Cell Lines and Culture Conditions
HO OH MHCC97-H, LO,, and SMMC7721 cell lines were pur-

Isoliquiritigenin

Figure | The structure of ISL.

(Figure 1).° It has demonstrated a remarkable range of
potent biological and pharmacological activities, includ-
ing antitumor, antioxidative, and anti-inflammatory
activity.” ' For example, ISL inhibits the growth of
human lung cancer cells by directly targeting EGFR."’
ISL induces apoptosis in human renal carcinoma cells
via the generation of ROS and inhibition of the STAT3
signaling pathway.'> Moreover, ISL suppresses breast
cancer metastasis by reducing COX-2 and CYP 4A
signaling.'® In addition, ISL may have an osteosarcoma
cell tumor growth inhibitory effect depending on the
phosphorylation of PI3K and AKT.'* Another study
reported that ISL plays neuroprotective and anti-
inflammatory roles in epileptogenesis, which may be
mediated by the TLR4/MYDS8 signaling pathway.'
These papers suggest that ISL could be further developed
as an effective drug candidate against tumors. However,
little is known regarding the therapeutic effects of ISL on
HCC and the mechanisms associated with its activity.
Deregulation of apoptotic cell death machinery is
a characteristic of cancer.'®'” Autophagy is an essential
cellular mechanism involved in a variety of biological
functions such as cellular differentiation, development,
and apoptosis.'®'® Autophagy regulation plays a dual
role in numerous cancers, including suppressing early
carcinogenesis and promoting survival in cases of
advanced tumors.”*?! The induction of autophagy has
proven beneficial in cancer treatment. Previous studies
have revealed that the PI3K/Akt/mTOR signaling pathway
is the main signaling pathway that regulates autophagy and
apoptosis in HCC.?>2* At present, the active mechanism
of ISL in autophagy and apoptosis in HCC remains
unclear. The effect of ISL administration on tumor growth
both in vitro and in vivo was first assessed in our study.
Hence, this study aimed to explore the effect of ISL on
autophagy and apoptosis and the interaction between

autophagy and apoptosis in HCC in order to provide

chased from the Cell Bank of the Chinese Academy of
Sciences (Shanghai, China). The cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM)
(MHCC97-H, LO, cells) or RPMI-1640 (SMMC7721
cell) medium containing 10% (v/v) FBS, 100 U/mL peni-
cillin, and 100 pg/mL streptomycin solution (Beyotime
Biotechnology) at 37°C in a humidified atmosphere of 5%
CO, incubator.

Reagents and Antibody

Isoliquiritigenin (ISL, purity >98%) was purchased from
Chengdu Desite Chemical Company Limited, and a stock
solution of 10 mM was dissolved in dimethyl sulfoxide
(Sigma-Aldrich; Merck KGaA). Other reagents were pur-
chased as follows: chloroquine (HCQ), 3-(4,5-dime-
trylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
(Beyotime Biotechnology, Haimen, China), Annexin V,
and PI apoptosis Detection Kit (Vazyme Biotech, China).
Primary antibodies against Bcl-2 (1:2000, ab182858), Bax
(1:5000, ab32503), Caspase-3 (1:500, ab44976), PARP
(1:5000, ab32064), p-PI3K (1:1000, ab191606), Akt,
P-Akt (Serd473), p-Akt (1:5000, ab81283), and secondary
antibodies (1:5000, ab191866) were purchased from
Abcam (UK). LC-3 (1:1000, #4108), P-mTOR (Ser2448)
(1:1000, #5536), Beclinl (1:1000, #4122), and LY294002
(#9901 S) were obtained from Cell Signaling Technology
(Danvers, MA, USA).

Viability Assay and Colony Formation
Assay

Cells were collected and seeded in 96-well plates at
a density of 1000 cells/well for 24 h. The cells were cultured
in different concentrations of ISL (0, 3.125, 6.25, 12.5, 25,
50, 100, and 200 pM) for 24 h, after which 10 pL of Cell
Counting Kit-8 (CCKS8; Vazyme, Nanjing) solution was
added to each well. The optical density (OD) was calculated
at 450 nm using a microplate reader (Bio-Rad Model550,
CA) after 2 h. For the colony formation assay, 1000 cells
were incubated in six-well plates. The cells were then dis-
posed with 0, 12.5, 25, and 50 uM ISL in medium contain-
ing 10% FBS for 14 days. The plates were stained with
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0.1% crystal violet for 15 min and fixed with paraformalde-
hyde for 15 min. After washing with PBS for 10 min, the
number of colonies was calculated when the cells were air-
dried.

5-Ethynyl-2'-Deoxyuridine-Based
Proliferation Assay

The cells were seeded in six-well plates overnight and
incubated with ISL for 24 h, and then EAU DNA Cell
Proliferation kit (C10310; Guangzhou RiboBio Co., Ltd,
China) was applied. All fluorescent images were examined
using a Model DMi8 (Leica Microsystems GmbH, Leica,
Solms, Germany). The assays were conducted in triplicate
and repeated at least three times.

Apoptosis Analysis by Flow Cytometry
Annexin V-FITC/PI double staining assay was used to
observe cellular apoptosis. The cells were exposed to
various concentrations of the desired ISL for 24 h. The
cells were collected using 0.25% trypsin and incubated
with 200 pL binding buffer and RNase A (50 pg/mL) at
room temperature (RT) for 30 min. The cells were then
resuspended in Annexin V-FITC (5 puL) and PI (5 pL) for
15 min in the dark and analyzed by flow cytometry (Cell
Quest acquisition software, BD Biosciences). A triplicate
independent experiment was performed.

TUNEL Staining

According to the manufacturer’s protocol, the cells were
subjected to one-step TUNEL staining. Briefly, cells were
cultured on coverslips and exposed to ISL for 24 h. Slides
were fixed in 4% paraformaldehyde solution for 30 min,
treated with 0.2% Triton X-100 for 5 min, washed twice in
PBS, and labeled with fluorescein-12-dUTP using terminal
deoxynucleotidyl transferase. Subsequently, the cells were
stained with DAPI for 3 min at RT. All images were
obtained using a Model DMi8 (Leica Microsystems
GmbH, Leica, Solms, Germany). The assays were con-
ducted in triplicate and repeated at least three times.

Western Blot Analysis

SMMC7721 and MHCC97-H cells were treated with 0,
12.5, 25, and 50 pumol/L ISL for 24 h, and total protein
was harvested and lysed in RIPA lysis buffer. Protein
concentrations were determined using the BCA method
(Beyotime Institute of Biotechnology). The samples were

separated by SDS-PAGE, transferred to a PVDF

membrane (Millipore Corporation, Billerica, USA), and
incubated for 1 h with 5% BSA solution before incubation
with the desired primary antibodies overnight at 4°C. After
three times, 10 min each time, in TBST, the membranes
were incubated with HRP-conjugated secondary antibo-
dies for 1.5 h and subsequently washed again. The bands
were detected using enhanced chemiluminescence (ECL;
EMD Millipore) technology. Protein expression levels
were normalized according to B-actin expression and ana-
lyzed with Image Lab version 6.0.1 software (Bio Rad
Laboratories, Inc).

Transmission Electron Microscopy
MHCC97-H and SMMC-7721 cells were seeded in 100-mm
dishes (8 x 10° cells/well) and cultured with medium or
medium containing ISL (25 pmol/L) for 24 h. Cells were
fixed with 2.5% glutaraldehyde in PBS (pH 7.4) at 4°C for
72 h, followed by 1% osmium tetroxide for 30 min. Cells were
then dehydrated using a 10% graded series of 50%—100%
ethanol for dehydration, and stained with aqueous uranyl
acetate and aqueous lead citrate. Cell samples were examined
using a JEM-1230.

Confocal Microscopy

Cells were cultured with medium containing ISL (25 umol/L)
or medium without drugs on glass coverslips for 24 h. After
fixation with 4% paraformaldehyde for 30 min, the cells were
blocked with 5% BSA for 30 min, and then stained with
primary antibody and incubated overnight at 4°C, followed
by incubation with secondary antibodies at room temperature
for 1 h. Nuclei were stained with DAPI (4',6-diamidino-2-phe-
nylindole) and cells were analyzed using confocal microscopy
(Carl Zeiss LSM710, Carl Zeiss, Germany).

Xenograft Tumor Model

For the in vivo xenograft tumor growth assay, male
BALB/c nude mice (four—five-weeks old) were purchased
from the Nanjing University-Nanjing Institute of
Biomedicine certificate no. SCXK 2015-0001, Nanjing,
China. Animal study protocols were reviewed and
approved by the Animal Center of Guangzhou University
of Traditional Chinese Medicine. The research protocol
was performed strictly in accordance with policies and
procedures described in the Guidelines for the Care and
Use of Laboratory Animals published by the National
Research Council. All animals were acclimatized to
laboratory conditions for three days before the experiment.
We established xenografts by subcutaneous injection of
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in vitro-cultured SMMC7721 cells (2 x 10200 pL) into
the lower right-side flanks of nude mice. After six days,
the mice were randomly divided into two groups: (1) mice
treated with PBS (0.25 mL/mouse) by oral gavage once
daily as a control, and (2) mice treated with ISL at 50 mg/
Kg by oral gavage (0.25 mL/mouse) once daily. Tumor
volume in the lower right-side flanks was measured every
three days using the formula: V = 1/2 length x (width)?.
All removed tumors were weighed after the mice were
killed at 24 days. Tumors were removed for further
analysis.

Computational Docking Simulation

The X-ray crystal structures of mTOR (PDB-ID:4JSV)
were obtained from RCSB Protein Data Bank (http://
www.pdb.org/). Furthermore, AutoDock 4.2 (http://auto

dock.scripps.edu/) flexible
studies.”® Molecular docking was performed and analyzed

was used for docking
using AutoDock 4.2. The number of GA runs was set to
100, and other parameters were default values.”® Clusters
with more conformations and the largest absolute value of
binding energy were selected from the results.”’* The
most stable binding configuration in the top-ranked cluster
was selected for further analysis using Pymol software*

(https://pymol.org/2/) and MOE software.

Statistical Analysis

All experimental data in the study are presented as the
mean = SEM. One-way analysis of variance (ANOVA)
followed by Dunnett’s post hoc test was used for multiple
group comparisons using SPSS 19.0 statistical software.
Statistical significance was set at P < 0.05.

Results
ISL Inhibits the Viability and Proliferation

of HCC Cells

The cell viability of ISL-treated HCC cells was investigated
by CCK-8 assay (Figure 2A). Our results indicated that ISL
showed significant dose-dependent inhibitory effects on the
growth of HCC cell lines at 24 h, with a half-maximal
inhibitory concentration (IC50) of 59.12 uM (MHCC97-H)
and 55.59 uM (SMMC7721). Therefore, we chose a dose of
12.5, 25, 50uM for the next experiment, and when this dose
acts on the LO, of normal liver cells, cell viability was not
significantly inhibited (Figure 2B). ISL consistently inhibited
the colony growth of MHCC97-H and SMMC7721 cells
(Figure 2C). To further examine the biological effect of ISL

on the growth of HCC cells, cell proliferation was tested with
an EdU assay (Figure 2D and E). Consistent with the results
from the MTT assay and colony formation assay, the percen-
tage of EdU-positive cells was significantly lower in cells
treated with ISL. These results suggest that ISL could con-
tribute to the inhibition of viability and proliferation of HCC
cells in vitro.

ISL Induces Apoptosis in HCC Cells

To explore whether ISL inhibited cell viability and prolif-
eration by inducing apoptosis in MHCC97-H and
SMMC7721 cells, cells were detected by flow cytometry.
After we exposed them to different concentrations of ISL,
the results suggest that ISL significantly promoted the
apoptosis of HCC cells in a dose-dependent manner
(Figure 3A). Similar results were obtained by the
TUNEL assay (Figures 3B and 2C). Moreover, with
Western blotting detection, it was found that the activity
of Bcl-2 was downregulated, while the expression of
apoptosis markers Bax, Cleaved-Caspase-3, and cleaved-
PARP were upregulated in a dose-dependent manner with
increasing concentrations of ISL (Figure 3D). For the
above detections, these results demonstrate that inhibition
of ISL induces apoptosis in HCC cells.

ISL Triggers Autophagy in HCC Cells

ISL-induced autophagy was evaluated by Western blotting
to examine the protein expression of the autophagosome
light
chain 3). (Figure 4A-C) shows an enhancement of endo-

marker LC3 (microtubule-associated protein 1

genous LC3-II in a dose-dependent manner. We also found
that ISL treatment significantly promoted the protein
expression of Beclin-1 and P62 in HCC cells. The HCC
cells after incubation with ISL were examined using TEM
to explore whether ISL induces autophagy. After adminis-
tration of ISL (25 uM) for 24 h, many double-membraned
autophagosomes of MHCC97-H and SMMC7721 cells
were detected by transmission electron microscopy
(TEM) (Figure 4D). In addition, the results of confocal
microscopy further confirmed that ISL could induce autop-
hagy, showing punctate LC3 as a response to ionizing
radiation (Figure 4E).

Inhibition of Autophagy Enhances
Apoptosis Induced by ISL in HCC Cells

In order to determine the relationship between apoptosis
and autophagy, the effect of inhibition of autophagy on
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Figure 2 ISL has an inhibition effect on MHCC97-H and SMMC7721 cells viability and proliferation. (A) MHCC97-H and SMMC7721 cells were treated with different concentrations of
ISL for 24 hours by MTTassay. All data were expressed as mean + standard error of the mean (n = 3) of control group in the same cell line, * P < 0.05. (B) The LO, cells were treated with
different concentrations of ISL for 24 hours by MTTassay. (C) Colony formation assay was performed in MHCC97-H and SMMC7721 cells treated with ISL. The histogram indicates the
number of colonies per group repeated based on colony formation measurements (n = 3). Compared with the control group, *P < 0.05, ** P < 0.01 and *** P < 0.001. (D, E) The EdU
proliferation assay was performed 24 h after cells treated with ISL. All nuclei were dyed blue with DAPI. Red and blue merge into magenta, showing the proportion of proliferating nuclei.
The histogram represents the number of colonies per group of replicates (n = 3) based on edu analysis. Compared with the control group, *P < 0.05, ** P < 0.01,%** P < 0.00| vs the
control group.
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apoptosis induced by ISL in MHCC97-H and SMMC7721
cells was investigated using the autophagy inhibitor HCQ.
Figure 5A shows that the combination of ISL and HCQ
clearly weakened ISL-induced LC3-II accumulation,

increased the Bax, cleaved-PARP, and cleaved-caspase-3
expression, while attenuating Bcl-2 expression. As shown
in Figure 5B and C, combined treatment with HCQ or
3-MA and ISL exerted a clear effect on apoptosis in
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MHCC97-H and SMMC7721 cells. Moreover, when ISL
treatment was combined with HCQ or 3-MA, the result of
MTT assay illustrated that the inhibition of cell viability of
ISL was enhanced (Figure 5D). Taken together, these data
confirmed that autophagy induced by ISL exerted an inhi-
bitory effect on the apoptotic pathways of HCC cells.

ISL Induces Apoptosis and Autophagy in
HCC Cells by Suppressing the PI3K/Akt/
mTOR Signaling Pathway

As shown in Figure 6A, incubation with ISL reduced the
levels of phosphorylated Akt, PI3K, and mTOR in HCC
cells by Western blotting. To determine whether the PI3K/
Akt signaling pathway plays a role in ISL-induced apoptosis
and autophagy, we treated the cells with a PI3K inhibitor
(LY294002) before treatment with ISL. The MTT assay results
demonstrated that the inhibited cell viability of ISL was
enhanced when ISL was combined with LY294002 (10 uM)
(Figure 6B). In addition, the Annexin V-FITC/PI staining
assay confirmed that 1Y294002 markedly increased
ISL-induced apoptosis in HCC (Figure 6C).
Furthermore, increased ISL-induced apoptosis in HCC cells,
the effect of combined ISL (25 uM) and LY294002 on the
expression of LC3-II/LC3-I, Bax, Bcl-2, the products of cas-
pase-3, and PARP in HCC cells were investigated by Western
blotting (Figure 6D). All these results demonstrate that inhibi-
tion of the PI3K/Akt/mTOR signaling pathway is related to the
effect of ISL on the induction of apoptosis and autophagy.

cells

ISL Significantly Inhibited HCC Cell

Xenograft Tumors

To determine whether ISL suppressed tumor growth in vivo,
ISL (50 mg/kg) was administered to Balb/C nude mice tumor
xenografts via oral gavage. As shown in Figure 7A, ISL
treatment decreased tumor growth and inhibited tumor
volume (Figure 7B), body weight (Figure 7C), and tumor
weight (Figure 7D) compared with the vehicle control. The
results showed that the growth, volume, and weight of
tumors were obviously suppressed in the ISL-treated group
compared with the vehicle control. There was no significant
difference in body weight among all groups (Figure 7C). All
the mice were euthanized, and the tumor specimens were
examined by Western blotting. The results showed that ISL
significantly upregulated apoptosis and autophagy-related
proteins, including cleaved-PARP, Cleaved-Caspase-3, Bax,
and LC3II, and downregulated p-Akt, p-mTOR, and Bcl-2
and in tumor tissues (Figure 7E). Additionally, similar results

were obtained by TUNEL assay (Figure 7F). These results
indicate that ISL-induced apoptosis was significantly higher
than in the non-treated group.

ISL Inhibits mTOR Through ATP

Competition

We conducted molecular docking of ISL with mTOR, and in
silico analysis was used to calculate the binding energy and
determine the binding site. The binding energy of ISL and
mTOR (PDB-ID:4JSX) was —7.07 kcal/mol, and ISL could
be docked into the active site of mTOR (Figure 7G-I).
Second, ISL was bound tightly with mTOR by forming
H-bonds (GLU-2369, LYS-2370, THR-2434, THR-2436)
and by establishing hydrophobic contacts (ARG-2430,
ASP-2433, THR-2367, VAL-2364, THR-2368, LYS-2370)
with side chains of surrounding residues.

Discussion

HCC is the most common, progressive, and fatal cancer.
Although sorafenib and other immunosuppressants have the
potential to improve prognosis, the two—five-month survival
rate is still poor, which is far lower than that achieved for many
other solid tumor types.**>' Therefore, there is an urgent need
to find novel effective drugs for the treatment of HCC.
Numerous natural bioactive compounds have attracted interest
as complementary and alternative medicines as well as for
cancer chemoprevention because of their fewer adverse reac-
tions and some special therapeutic effects.*>>> Among the
bioactive ingredients isolated from licorice, ISL has been
reported to possess considerable biological activities.'>=>*
However, the specific antitumor effect of ISL in hepatoma
cells and its mechanism is still not well understood. At present,
various cancer therapies, such as chemotherapy, immunother-
apy, and gene therapy, focus on the apoptosis signal transduc-
tion pathway.”>** In our study, the MTT, colony plate, and
EdU assay results showed that ISL significantly inhibited the
proliferation of SMMC7721 and MHCC97-H cells.
Moreover, ISL induced caspase-dependent apoptosis in
MHCC97-H and SMMC7721 cells, as evidenced by flow
cytometry, TUNEL staining, and expression of apoptosis-
related proteins. In addition to apoptosis, autophagy, which
also plays a vital role in regulating cancer cell death, has been
widely studied. During autophagy, substances and organelles
in cells are captured as autophagosomes, which are then
decomposed and digested in lysosomes.*! The relationship
between autophagy and cancer seems to be multifaceted.
The autophagosome may degrade misfolded proteins or
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damaged organelles and promote cancer cell survival; it may
also mediate autophagic death to prevent malignant cell
transformation.** Thus, in our study, we elucidated whether
ISL was able to induce autophagy in HCC cells. We detected
the levels of expression of autophagy markers LC3-I/LC3-II,
Beclinl, and P62. Furthermore, TEM is considered the gold
standard for the detection of autophagosomes and the levels of
autophagy. These results suggest that ISL was able to induce
autophagy in hepatocellular carcinoma cells. We have shown
that ISL-induced apoptosis was significantly increased by
pharmacological inhibition of autophagy, suggesting that
autophagy has a cytoprotective effect on ISL-induced cell
death in MHCC97-H and SMMC7721 cells. Furthermore,
we found that at doses of 12.5, 25 and 50uM, ISL has
a better inhibitory effect on liver cancer cells and has no
obvious cytotoxicity to LO2 cells. However, this study also
has certain limitations. We did not detect the changes in the
pharmacokinetics of ISL in vivo, and whether it damages the
animal’s heart, liver, spleen, lung, kidney and other important
tissues. In future experiments, we will further systematic and
in-depth exploration, provide experimental basis for future
ISL can be put into preclinical research.

Abundant research evidence indicates that the PI3K/
AKT/mTOR pathway is an important intracellular signal-
ing pathway that regulates many cellular activities, such as
cell survival, proliferation, autophagy, and growth.**’
Therefore, as the expression levels of phosphorylated
PI3K, Akt, and mTOR were decreased, the PI3K/Akt/
mTOR pathway could be inhibited in ISL-treated
SMMC7721 and MHCC97-H cells. Furthermore, we trea-
ted the cells with LY294002 (10 uM), and ISL signifi-
cantly increased the apoptosis rate and the conversion rate
of LC3-II in HCC cells. These results fully support ISL-
induced apoptosis and autophagy as being related to the
inactivation of the PI3K/Akt/mTOR pathway in HCC
cells. In order to obtain more reliable evidence to support
and verify our in vitro experimental results, we used
a xenograft nude mouse model to elucidate the potential
molecular mechanism of ISL apoptosis and autophagy in
HCC cells in vivo. We then calculated the volume and
weight of the tumor and found that the tumor growth of the
ISL treatment group was slower than that of the control
group, but the body weight was not affected. This result
shows that ISL is relatively nontoxic for experimental
animals. We further tested and examined the effects of
ISL on apoptosis and autophagy in tumor tissues of
mice, and the results were consistent with the in vitro

results. Interestingly, molecular docking experiments

further demonstrated that ISL can effectively interact
with mTOR, and the mechanism of action might partly
proceed by suppressing the active site of mTOR.

Conclusion

In conclusion, the present study clearly demonstrates that
ISL could regulate both apoptosis and autophagy, leading to
cell death in HCC, and that ISL is related to the PI3K/AKT/
mTOR signaling pathway (Figure 7J). Additionally, autop-
hagy inhibition with HCQ enhanced ISL-induced apoptosis,
suggesting that ISL-induced autophagy played a protective
role in SMMC7721 and MHCC97-H cells. Taken together,
these findings suggest that ISL is a potent anti-tumor agent
and, combined with an autophagy inhibitor, may be
a promising strategy for HCC therapy.
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