w\J

World Journal of
Hepatology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254 /wjh.v6.i10.752

World | Hepatol 2014 October 27; 6(10): 752-758
ISSN 1948-5182 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

RETROSPECTIVE STUDY

Role of autophagy in differential sensitivity of
hepatocarcinoma cells to sorafenib

Trevan D Fischer, Jin-Hee Wang, Adrian Vlada, Jae-Sung Kim, Kevin E Behrns

Trevan D Fischer, Jin-Hee Wang, Adrian Vlada, Jae-Sung
Kim, Kevin E Behrns, Department of Surgery, College of Medi-
cine, University of Florida, Gainesville, FL 32610, United States
Author contributions: Fischer TD, Wang JH and Vlada A
performed the majority of experiments; Kim JS and Behrns KE
designed the study and wrote the manuscript in addition to pro-
viding financial support for this work.

Supported by In part by US National Institutes of Health, No.
DKO079879 (J-S Kim), DK090115 (J-S Kim), AG028740 (J-S
Kim) and CA106493 (KE Behrns)

Correspondence to: Jae-Sung Kim, PhD, Department of
Surgery, College of Medicine, University of Florida, 1600 SW
Archer Rd, Gainesville, FL 32610,

United States. jae.kim@surgery.ufl.edu

Telephone: +1-352-3927460 Fax: +1-352-3920080
Received: December 31,2013 Revised: August 13, 2014
Accepted: September 6, 2014

Published online: October 27, 2014

Abstract

AIM: To investigate the role of sorafenib (SFN) in au-
tophagy of hepatocellular carcinoma (HCC). We evalu-
ated how SFN affects autophagy signaling pathway in
human HCC cell lines.

METHODS: Two different human HCC cell lines, Hep3B
and Huh7, were subjected to different concentrations
of SFN. Cell viability and onset of apoptosis were de-
termined with colorimetric assay and immunoblotting
analysis, respectively. The changes in autophagy-relat-
ed proteins, including LC3, ULK1, AMPK, and LKB, were
determined with immunoblotting analysis in the pres-
ence or absence of SFN. To assess autophagic dynam-
ics, autophagic flux was measured with chloroquine,
a lysosomal inhibitor. The autophagic responsiveness
between different HCC cell lines was compared under
the autophagy enhancing conditions.

RESULTS: Hep3B cells were significantly more resis-
tant to SFN than Huh7 cells. Immunoblotting analysis
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revealed a marked increase in SFN-mediated autophagy
flux in Huh7 cells, which was, however, absent in Hep3B
cells. While both starvation and rapamycin enhanced
autophagy in Huh7 cells, only rapamycin increased au-
tophagy in Hep3B cells. Immunoblotting analysis of au-
tophagy initiation proteins showed that SFN substantial-
ly increased phosphorylation of AMPK and consequently
autophagy in Huh7, but not in Hep3B cells.

CONCLUSION: The autophagic responsiveness to SFN
is distinct between Hep3B and Huh7 cells. Resistance
of Hep3B cells to SFN may be associated with altered
autophagy signaling pathways.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Hepatocellular carcinoma (HCC) is difficult
to treat. Sorafenib (SFN) is one treatment option. Au-
tophagy has been proposed to play a pivotal role in
HCC. In the present study we investigated the role of
autophagy in SFN-treated HCC cells. We found that the
autophagic responsiveness to SFN is markedly distinct
between Hep3B and Huh7 cells.
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INTRODUCTION

Hepatocellular carcinoma (HCC), typically occurring in
the setting of cirrhosis and chronic hepatitis, is fifth most
common cancer diagnosed worldwide and more than
600000 patients are dying of this disease each year'. The
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incidence of HCC is also rising in the United States. De-
spite recent advances in the screening and management
of HCC, treatment of this pernicious disease is still far
from complete, mostly due to its complex mechanisms
underlying proliferation, tissue invasion and metastasis of
HCC.

Therapies for HCC include chemoembolization, abla-
tion, surgical resection and transplantation[zl, but these
interventions are highly invasive and often require pro-
longed hospitalization of the patients. Recently, sorafenib
(SEN), an oral multi-kinase inhibitor, has been shown to
inhibit tumor-cell proliferation and tumor angiogenesis
through its inhibition of vascular endothelial growth fac-
tor receptor 2 and other receptor tyrosine kinases™. In a
placebo-controlled phase III study, SEN displayed about
3-mo extension of survival in advanced and inoperable
HCC cases, leading to Food and Drug Administration
(FDA) approvalm. It is, however, noteworthy that some
HCC patients show unresponsiveness ot acquired resis-
tance to SEN'. Tt is unclear why the efficacy of SFN is
limited, although the activation of survival pathways like
PI3K/AKT has been proposed to cause the development
of SEN resistance!”.

Autophagy is an evolutionary conserved cellular pro-
cess that degrades both long-lived cytoplasmic proteins
and surplus or dysfunctional organelles by lysosome-de-
pendent machinery". Impaired and insufficient autoph-
agy is causatively linked to pathogenesis of ischemia/re-
perfusion injury and drug-induced toxicity in the liver” ",
Growing evidence is accumulating that autophagy also
plays a pivotal role in carcinogenesis, tumor proliferation,
and resistance to chemotherapym]. In addition, recent
studies on an anti-cancerous role of autophagy raise a
possibility that the modulation of autophagy could be a
1 However, a pro-cancer-
ous role of autophagy has also been suggestedm. Thus,
the precise role of autophagy in HCC is largely yet to be
elucidated.

In the present study, we investigated the role of au-
tophagy in HCC using two human HCC cell lines, Hep3B
and Huh?7 cells. Our results demonstrate that autophagic
response to SFN and autophagy signaling pathways are
markedly distinct between these two HCC cells.

new therapy against cancer

MATERIALS AND METHODS

Reagents and chemicals

SFN and rapamycin were purchased from LC Labora-
tories (Woburn, MA) and dissolved in DMSO. Chlo-
roquine was purchased from Sigma Chemical Co (St.
Louis, MO) and dissolved in phosphate-buffered saline
(PBS; 2.7 mmol/L KCl, 137 mmol/L NaCl 10.1 mmol/L
Na:HPOs, and 1.8 mmol/L KH2PO4, pH7.4). Antibodies
against ULK1 were purchased from Sigma Chemical Co
(St. Louts, MO). All other primary antibodies were pur-
chased from Cell Signaling Technology (Danvers, MA).

Cell culture
The human HCC cell lines, Hep3B and Huh7 cells,
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were purchased from American Type Culture Collection
(Manassass, VA) and were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM; Mediatech, Manassass, VA)
supplemented with 10% fetal bovine serum (FBS; Sigma)
and 1% penicillin/streptomycin (Mediatech) in 5% CO:
at 37 C. Cells were used for experiments at approximate-
ly 80% confluence. For immunoblotting experiments,
cells were plated in 60 mm culture dishes at 6 X 10° cells.
DMSO was used for a vehicle control. To induce nuttient
depletion and starvation, cells were incubated in Krebs-
Ringer-hydroxyethylpiperazine-IN-2 ethanesulfonic acid
(HEPES) (KRH) medium containing 115 mmol/L NaCl,
5 mmol/L KCl, 2 mmol/L CaClz, 1 mmol/L KH2POs, 1.2
mmol/L MgSQOs, and 25 mmol/L HEPES at a pH of 7.4.

MTT viability assay

To determine cell viability, 3-(4,5-dimethyl-thiazole-2-yl)-
2,5-biphenyl tetrazolium (MTT) assay was used with the
different concentrations of SFN and rapamycin. HCC
cells were plated on a 96-well microplate at 5 X 10° cells
per well for up to 72 h in DMEM medium. DMSO was
used as a vehicle control. The MTT salt dissolved in PBS
(5 mg/mL) was added to the medium and incubated
for 2 h""". The medium was subsequently removed and
replaced with isopropyl alcohol. The optical density was
read at 562 nm in SpectraMax M2e Microplate Reader
(Molecular Devices Corporation, Sunnyvale, CA). The
results were shown as a ratio of viability of treated to ve-

hicle groups.

Immunoblotting for autophagy proteins

Whole cell lysates were prepared by extracting proteins
with radioimmunoprecipitation (RIPA) buffer (150
mmol/L NaCl, 25 mmol/L Tris-HCl (pH 8, 0.1% so-
dium dodecylsulfate, 1% sodium deoxycholic acid, 1%
TritonX-100 and 5 mmol/L EDTA) with 1% protease
and 1% phosphatase inhibitors. Protein concentrations
were determined by BCA protein assay kit (Pierce, Rock-
ford, IL). Proteins (10 or 15 pg) were separated by the
electrophoresis through 4%-12% polyacrylamide gels
(InVitrogen, Catlsbad, CA) or by sodium dodecyl sulfate
polyacrylamide gel and transferred to polyvinylidene
difluoride or nitrocellulose membranes. The expression
of LC3, LKB1, phospho-AMPKa (Thr172), AMPKe,
PARP and GAPDH were detected using primary poly-
clonal antibodies. After overnight incubation with prima-
ry antibodies at 4 ‘C, the membranes were incubated with
donkey anti-rabbit IgG-HRP (Santa Cruz Biotechnology,
Santa Cruz, CA) and subsequently visualized by enhanced
chemiluminescence. Changes in protein expression were
determined using the Image] software (National Insti-
tutes of Health, Bethesda, MD)

SiRNA-mediated knockdown of AMPK

Small interfering RNA (siRNA) for AMPKal/a2
(sc-45312) and the siRNA Reagent System (sc-450064)
were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA). In a six well tissue culture plate, Huh7 cells
were cultured until approximately 70% confluent. For
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each transfection, 80 pmol of siRNA was diluted into
100 pL of siRNA transfection medium, as suggested by
the manufacturer. Huh7 cells were incubated with siRNA
transfection reagents. Scrambled siRNA (sc-37007) was
used for the control experiments.

Statistical analysis

Results were evaluated using unpaired two-tailed Student’s
ttest. Data are expressed as mean = SE and P < 0.05 de-
notes statistical significance. All values are representative
of at least three different experiments per group.

RESULTS

Chemoresistance of Hep3B to SFN

To determine the chemosensitivity of HCC cells to SFN,
Hep3B and Huh7 cells were treated with different con-
centrations of SEN for up to 72 h and cell death was
evaluated with the MTT assay (Figure 1). There was a
marked difference of cell death between two cells. While
5 pmol/L SFN induced virtually no cell death in Hep3B,
this concentration caused a significant cell death in Huh?7
in a time dependent manner (Figure 1A). Although 10
umol/L SFN induced cell death in both cell types, the
extent of cell killing was substantially greater in Huh7
cells than in Hep3B cells. To confirm the differential sen-
sitivity to SEN between two cell types, the onset of apop-
tosis was determined with immunoblotting of poly (ADP
ribose) polymerase (PARP) cleavage (Figure 1B). Similar
to the results from the MTT assay, SFN substantially in-
duced apoptotic cell death in Huh7 cells. Taken together,
these results suggest that Hep3B cells are intrinsically
more resistant to SFN than Huh7 cells.

Different autophagic responsiveness between Hep3B
and HuhT? cells

Autophagy is a pro-survival mechanism in normal cells
and has also been associated with chemoresistance in
cancer cells" ™", Accordingly, we investigated if the au-
tophagic responsiveness to SEN is different between two
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cells. Microtubule-associated protein 1 light chain 3-1I
(LC3-1I), a mammalian orthologue of Atg8, is a specific
autophagy marker™. Immunoblotting of L.C3 showed
that SFN at three different concentrations barely changed
the expression of LC3-1I in Hep3B cells (Figure 2A).
However, in Huh7 cells, 10 umol/L SEN significantly in-
creased LC3-1I expression, suggesting that this concen-
tration of SFN alters autophagy in Huh7 cells, but not
in Hep3B. Autophagy is a dynamic process between au-
tophagosomal entrapment and autolysosomal clearance™.
Thus, the increase in LC3-1I by SFN in Huh7 cells could
be due to either an increase in autophagosome formation
or a decrease in autolysosome formation. To distinguish
these two possibilities, we measured autophagic flux with
chloroquine (CQ), a lysosomotropic agent that inhibits
autolysosomal clearance!’. Immunoblotting analysis of
LC3 in the presence and absence of CQ revealed that
SEN substantially increased autophagic flux only in Huh7
cells (Figure 2B). Therefore, these data demonstrate that
Huh7 cells have higher autophagic responsiveness to
SEN than Hep3B cells.

Starvation or nutrient depletion is a powerful stimulus
for autophagy[()]. Next, we examined autophagic response
of two cells to starvation. To induce starvation, cells were
incubated in amino acid- and serum-free KRH for up
to 4 h and changes in LC3 were evaluated with immu-
noblotting (Figure 2C). Autophagy was rapidly increased
in Huh7 cells during 1 h of starvation, as judged by
increased LC3-1I expression. However, this starvation-
induced increase in LC3-1I was not evident in Hep3B
cells, implying that starvation fails to induce autophagy in
Hep3B cells.

Rapamycin enhances autophagy through mTOR
inhibition". To investigate if rapamycin can induce au-
tophagy in HCC cells, either Hep3B or Huh7 cells were
treated with 5 nmol/L rapamycin and changes in LC3
were determined in the presence and absence of CQ
(Figure 2D). In a striking contrast to both SFN and star-
vation, rapamycin increased the expression of LC3-1I
and autophagic flux in Hep3B cells as well as Huh7 cells.
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Figure 2 Autophagic response to sorafenib. A: LC3 expression in hepatocellular carcinoma cells was analyzed in the presence of SFN for up to 6 h. Representa-
tive blot (left panel) and quantitative analysis of LC3-1I by densitometry (middle and right panel). °P < 0.05; B: LC3 expression was analyzed in the presence of SFN
with and without CQ to determine autophagy flux after 4 and 24 h; C: Autophagic response to nutrient-rich (control) or nutrient-depleted medium was analyzed by
immunoblotting of LC3 in Hep3B and Huh7 cells for up to 4 h; D: LC3 expression was analyzed in the presence of 5 nmol/L RAPA after 4 h treatment with and without
CQ to examine autophagy flux. NS: Non-significant; SFN: Sorafenib; CQ: Chloroquine; RAPA: Rapamycin.

These findings suggest that mMTOR-mediated autophagy
is functional and operative in both Hep3B and Huh?7
cells. Collectively, our data demonstrate that the autopha-
gic responsiveness of Hep3B cells to SFN and starvation
is markedly distinct from that of Huh7 cells.

Different autophagy signaling between Hep3B and Huh7
cells

Autophagy is a multi-step process consisting of ini-
tiation, elongation and completionlg]. At the initiation
stage of autophagy, two proteins play an integral role in
cargo selection and phagophore formation: 5’-adenos-
ine monophosphate-activated protein kinase (AMPK),
a molecular energy sensor, and Unc-51 Like Autophagy
Activating Kinase 1 (ULK1)*, a mammalian homolog
of yeast Atgl. To investigate whether SFN affects these
proteins, we analyzed changes in AMPK and ULKI ex-
pression with immunoblots (Figure 3). Densitometric
analysis revealed a significant difference in the status of
phospho-AMPK (p-AMPK) between two cells when
SFN was added (Figure 3A and B). While the basal lev-
els of p-AMPK were comparable between two cells,
administration of SEN to Huh7 cells significantly in-
creased p-AMPK expression. Changes in p-AMPK in
Hep3B in the presence of SFN were, however, minimal.
Total AMPK levels remained unchanged in both cells.
Interestingly, the basal levels of liver kinase B1 (LKB1),
a Ser/'Thr kinase phosphorylating AMPI([23], was also
significantly higher in Huh7 cells than in Hep3B cells
(Figure 3A and C). When Huh?7 cells were treated with
SEN, the expression of LKB1 gradually decreased but
remained higher than Hep3B cells especially during the
eatly period of SEN treatment. On the contrary, the basal
levels of ULK1 were significantly higher in Hep3B cells
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than in Huh7 cells (Figure 3A and D). Administration of
SEN did not change ULK1 expression in both cell types
throughout 24 h of treatment. Therefore, these results
demonstrate that the initiation signaling pathways of au-
tophagy are noticeably different between two HCC cells.

The role of AMPK in autophagy of HCC cells
To further investigate how AMPK affects autophagy in
Huh7 cells, AMPK was silenced with siRNA-mediated
approaches (Figure 4A). Knocking down of AMPK sub-
stantially increased the levels of LC3-1I, suggesting an
integral role of AMPK in the basal autophagy of Huh7
cells. Co-addition of SFN further enhanced LC3-1I ex-
pression more than 300%, as compared to the treatment
with siRNA alone, implying that SEN may regulate mul-
tiple tatgets of autophagy process other than AMPK. No-
tably, CQ did not increase LC3-1I under this condition.
Next, we explored the effects of AMPK activation
on HCC cell death. HCC cells were treated either with
5 mmol/L metformin, an AMPK activator, or with 10
umol/L SEN for 24 h. Some cells were treated with both.
In Hep3B cells, metformin itself significantly increased
cell death, which was further enhanced by SFN (Figure
4B). On the contrary, the addition of metformin failed
to increase SFN-dependent cell death in Huh7 cells, sug-
gesting that the responsiveness to metformin in the pres-
ence of SFN is distinct between two cells.

DISCUSSION

HCC is prevailing worldwide and more than 20000 new
cases are reported in the United States each year'. The
onset of HCC from hepatitis C virus infection is the one
of the fastest-rising cause of cancer-mediated death in
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Figure 3 Altered autophagy signaling in hepatocellular carcinoma cells. A: Hepatocellular carcinoma cells were treated with 5 and 10 umol/L SFN for 4 and 24
h and the expression of autophagy initiating proteins was analyzed with immunoblotting; B: Quantitative analysis of p-AMPK. °P < 0.05; C: Quantitative analysis of

LKB1. *P < 0.05; D: Quantitative analysis of ULK1. "P < 0.001. SFN: Sorafenib.
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Figure 4 Gene silencing for AMPK. A: Huh7 cells were treated with siRNA for AMPK for 24 h. After 4 h treatment with SFN, LC3 was assessed with immunoblotting
assay; B, C: The effect of either Met or SFN on hepatocellular carcinoma cell viability was determined by the MTT assay at 24 h in (B) Hep3B and (C) Huh7 cells.
Some cells were treated with both agents. °P < 0.05, ®P < 0.001. Met: Metformin; SFN: Sorafenib; CQ: Chloroquine.

the United States. During the past two decades, the inci-
dence of HCC in the United States has tripled while the
survival for 5 years has remained below 1294, Thus,
HCC remains a difficult and challenging cancer to treat.
SEN is an oral multi-kinase inhibitor and inhibits tumot-
cell proliferation and tumor angiogenesisl?”ﬂ. Although
this FDA-approved dug can prolong the survival of ad-
vanced and inoperable HCC patients, the average exten-
sion of survival is limited to about 3-mo. Furthermore,
some patients do not respond to SEN', The mechanisms
behind such a limited efficacy of SFN remain unknown.
Autophagy is an evolutionary conserved cellular process
and has been proposed to play a pivotal role in HCC. In
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the present study, using human HCC cell lines, we show
that Hep3B cells are resistant to SEN-mediated apoptosis,
while Huh7 cells are prone to apoptosis in the presence
of SFN. Furthermote, we demonstrate that SFN induces
a substantial enhancement of autophagy in Huh7 cells,
but not in Hep3B cells, and that autophagy signaling
pathways are noticeably distinct between two HCC cells.
Autophagy mainly plays a pro-survival role in normal
cells by providing cells and tissues with nutrients. How-
ever, autophagy can cause cell death through a selective
degradation of essential proteins and constituents in the
cells™. The SFN-sensitive HCC cell line, Huh7 cells, ex-
hibited a substantial difference in both cell death and au-
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tophagic responsiveness, compared to the SFN-resistance
cell line, Hep3B cells (Figures 1 and 2). Immunoblotting
analysis of LC3 and autophagic flux showed that SFN
induced a marked increase in autophagy in Huh7 cells,
which was, however, absent in Hep3B cells (Figure 2).
Lack of the autophagic responsiveness in Hep3B cells
was also observed under the condition of starvation, a
powerful stimulus of autophagyp’m, suggesting that these
two HCC cells have an intrinsically distinct autophagy.
Furthermore, our results suggest that the enhancement
of autophagy by SFN in Huh7 cells may be associated
with the activation of p-AMPK, a key protein involved
in autophagy initiation™ (Figure 3). The importance of
p-AMPK in SFN-dependent activation of autophagy is
further supported by our findings that Hep3B cells fail
to increase p-AMPK expression upon treatment of SFN.
The necessity of AMPK activation for autophagy induc-
tion in HCC has been recently reported ",

The contradictory effects of SFN on Hep3B and
Huh7 cells have been reported”® and may be linked to
different autophagic responsiveness to this agent. Our
results show that starvation or nutrient depletion fails to
induce autophagy in Hep3B cells (Figure 2C). The ab-
sence of autophagy enhancement by cither SFN or star-
vation could stem from defective or impaired autophagy
in Hep3B cells. However, autophagic flux analysis re-
vealed that Hep3B cells, indeed, have a considerable bas-
al and mTOR-dependent autophagic capacity, as judged
by the increase in LC3-1I either with CQ (Figure 2B) or
with rapamycin (Figure 2D). These results imply that the
signaling pathways of starvation-mediated autophagy
may be altered in Hep3B cells. Although the mecha-
nisms underlying SFN-induced autophagy remain to be
clucidated, lack of autophagic response to both starva-
tion and SFN in Hep3B cells led us to speculate that
SFN-dependent autophagy requires a similar signaling
pathway of the starvation-mediated autophagy. Since the
only known difference in signaling mechanism between
starvation- and rapamycin-induced autophagy exists in
the initiation stage of autophagy processm
that events upstream to autophagy signaling pathways
might be altered in Hep3B cells. In agreement with this
view, we observed that the activation of AMPK, a criti-
cal event in autophagy induction under the condition

, we reasoned

of starvation, was evident only in Huh7 cells, but not
in Hep3B cells, upon SFN administration. The precise
mechanisms behind SNF-induced autophagy warrant fu-
ture studies.

When normal, non-tumorigenic cells are subjected to
stresses such as ischemia/reperfusion, alcohol and drug,
autophagy becomes activated as an adaptive response to
these stresses' . In contrast, autophagy can prevent and
promote tumor development. These seemingly contra-
dictory roles of autophagy in tumor stem from the com-
plexity of tumorgenesis'”. Prior to tumor establishment,
autophagy clears damaged organelles and proteins, lead-
ing to preventing neoplastic transformation. However,
when tumor develops, the demand for metabolic supplies
is progressively increasing, As a consequence, autophagy
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becomes fully activated to provide the tumor cells with
nutrients and amino acids. Thus, autophagy is a “double-
edged sword” in cancer where it initially acts as a tumor
suppressot, but later acts as a tumor promoter when tu-
mor is established"”.

In conclusion, we have shown that Hep3B cells
responds differently to various autophagy stimuli, com-
pared to Huh7 cells. Although the modulation of au-
tophagy could have a new therapeutic potential against
cancer, our study demonstrates that caution should be
taken before considering autophagy as anticancer regimes
in HCC patients.

COMMENTS

Background

The incidence of hepatocellular carcinoma (HCC) is prevailing worldwide but its
treatment is still disappointing. Sorafenib (SFN), an oral multi-kinase inhibitor,
is one treatment option for HCC patients but its efficacy is limited. Autophagy is
a cellular catabolic process that degrades both long-lived cytoplasmic proteins
and surplus or dysfunctional organelles by lysosome-dependent machinery.
Autophagy also plays a pivotal role in carcinogenesis, tumor proliferation, and
resistance to chemotherapy. However, the role of autophagy in HCC remains
unclear.

Research frontiers

HCC is fifth most common cancer diagnosed worldwide and the incidence of
this pernicious disease is also rising in the United States. However, the treat-
ment of HCC is still far from complete.

Innovations and breakthroughs

In this study authors evaluated the effects of SFN on autophagy in HCC cell
lines. Authors found that individual HCC cells respond quite differently to vari-
ous autophagy stimuli due to distinct autophagy signaling pathways between
HCC cells.

Applications

Although the modulation of autophagy could have a new therapeutic potential
against cancer, authors demonstrate here that caution should be taken before
considering autophagy as anticancer regimes in HCC patients.
Terminology

The most important terms in this article are: HCC, SFN and autophagy.

Peer review

The authors have an idea to find SFN effects in HCC cell lines. To this end, they
analyzed the changes of autophagy-related proteins in the cells, and found the
different responsiveness to SFN involves autophagy signaling pathway. The
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