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TTF1-NP induces protective autophagy during
apoptosis by inhibiting the Akt/mTOR pathway and
activating JNK in human liver cancer cells
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Abstract. TTF1-NP is a flavonoid nanoparticle based on
5,2'4'-trihydroxy-6,7,5'-trimethoxyflavone (TTF1), which
is derived from the medicinal plant Sorbaria sorbifolia that
grows in the Changbai Mountain. We previously demon-
strated antitumor effects of TTF1-NP in human hepatoma
including induction of apoptosis and inhibition of angio-
genesis, migration and invasion. Herein, we examined the
effects of TTFI-NP on autophagy and its relationship with
apoptosis, and explored potential underlying mechanisms
in human hepatoma cell lines. We conducted cell viability
assays, Annexin V/propidium iodide double staining,
Hoechst staining, monodansylcadaverine staining, transmis-
sion electron microscopy, green fluorescent protein-light
chain 3 plasmid transfection and western blots. We found
that TTF1-NP induced apoptosis and autophagy in HepG2
and SMMC-7721 cells. Pretreatment with the autophagy
inhibitor 3-methyladenine promoted TTF1-NP-induced apop-
tosis. TTF1-NP decreased levels of phosphorylated (p)-Akt,
p-mTOR and p-ERK1/2 and increased p-JNK levels in the two
cell lines. Treating cells with insulin, SP600125 and U0126
indicated that the Akt/mTOR pathway and JNK were involved
in TTF1-NP-induced autophagy. Together, these findings
suggest that TTF1-NP induced protective apoptosis-related
autophagy by modulating the Akt/mTOR and JNK pathways
in HepG2 and SMMC-7721 cells. Therefore, autophagy may
be a potential target for TTF1-NP in human hepatoma therapy.

Introduction

TTF1 (5,2'4-trihydroxy-6,7,5-trimethoxyflavone) is a flavo-
noid compound derived from Sorbaria sorbifolia, which
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grows in the Changbai Mountains and was used as a medicinal
plant to treat swelling and inflammation in ancient China (1).
TTF1 is the major bioactive anticancer compound in S. sorbi-
folia: Tt has been shown to inhibit angiogenesis induced by
HepG2 cells in chick embryo chorioallantoic membranes and
to induce apoptosis through a mitochondrial pathway in
HepG2 cells (2,3). However, the use of TTF1 as an anticancer
drug has been limited by its high biodegradability. TTF1
nanoparticles (TTF1-NP) are prepared by an emulsion
evaporation-solidification method at a low temperature and
are more soluble and susceptible to absorption (1). We previ-
ously demonstrated that TTF1-NP has an anti-hepatoma
effect associated with induction of apoptosis and inhibition of
angiogenesis, migration and invasion in human hepatoma
cells and tissues (4,5).

Similar to apoptosis, autophagy plays an important role in
the regulation of cancer development and may be a target for
cancer therapies. Autophagy is the process by which eukary-
otic cells degrade and recycle misfolded proteins and impaired
organelles (6). It begins with a semi-closed isolation membrane
that subsequently develops into a phagosome. In response to
drugs or environmental stimuli, the phagosome is converted
into an autophagosome with a double-membrane that contains
broken organelles or cytosol. Autophagosomes then fuse with
lysosomes and their contents are degraded (7). In recent years,
many efforts have been made to identify autophagy-related
genes with the aim of elucidating the mechanism of autopha-
gosome formation. Several autophagy-related genes have been
identified in yeast and orthologs have been found in higher
eukaryotes. However, the relationship between apoptosis
and autophagy in tumors is complex. Various studies have
implicated that autophagy is involved in the control of both
cell survival and death in different cell types or in response to
diverse drug treatments (8-10).

The apoptosis and autophagy responses to diverse stressors
share many pathways. For example, the protein kinase
B/mammalian target of rapamycin (Akt/mTOR) pathway and
the mitogen-activated protein kinase (MAPK) pathway that
includes extracellular signal-regulated kinase (ERK), p38
MAPK and c-Jun-N-terminal kinase (JNK) play vital roles not
only in apoptosis, but also in autophagy in cancer cells (11,12).
Several studies have shown that the Akt/mTOR and MAPK
pathways are essential to regulation of autophagy in liver cancer
cells (13,14). However, studies of TTF1-NP-induced autophagy



1424

and the interplay between autophagy and apoptosis in human
hepatoma are scarce. Thus, we studied the effect of TTF1-NP
on autophagy and the relationship between autophagy and
apoptosis, and examined potential mechanisms, focusing on
the Akt/mTOR and MAPK pathways in liver cancer cells.

Materials and methods

Preparation of TTFI-NP. TTF1-NP (Fig. 1A) was prepared
based on previous studies (1-3). TTF1 (380 mg) was obtained
from 10 kg of Sorbaria sorbifolia (collected from Yanji,
China) by using water extraction and alcohol precipitation (2).
TTF1 was encapsulated in stearic acid solid lipid nanostruc-
tured carrier (average particle diameter, 195.2+35.2 nm;
average entrapment rate, 64.57+8.21%) in an emulsion evapo-
ration-solidification method at low temperature (1). TTF1-NP
with stearic acid solid lipid nanostructure was more soluble
than TTF1 (1,3).

Reagents. Dulbecco's modified Eagle's medium (DMEM),
fetal bovine serum (FBS) and penicillin-streptomycin
were purchased from Gibco-BRL (Grand Island, NY,
USA). Rabbit-polyclonal antibodies of LC3B I/II,
Beclin-1, p-Akt (Serd473), Akt, p-mTOR (Ser2448), mTOR,
p-JNK (Thr183/Tyr185) were purchased from Abcam.
Rabbit-polyclonal antibodies of p-p38 MAPK (Thr180/Tyr182),
p-ERK1/2 (Thr202/Tyr204), active-caspase-3, p62 and [3-actin
were purchased from Cell Signaling Technology (Danvers,
MA, USA). The chemicals used were 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (Sigma,
St. Louis, MO, USA),MDC (KeyGen Co. Ltd., Nanjing, China),
3-methyladenine (MedChemExpresss, Monmouth Junction,
NJ, USA), Hoechst 33258 (Beyotime, Jiangsu, China), insulin
(Beyotime), SP600125 (Beyotime), and U0126 (Beyotime).

Cell culture and viability assay. HepG2 and SMMC-7721 cells
were purchased from KeyGen Co. Ltd. and cultured in DMEM
with 10% FBS, 100 U/ml penicillin-streptomycin at 37°C in
a humidified 5% CO, incubator. Cells were plated in 96-well
plates (5x10%/100 pl/well) and incubated with TTFI-NP (0, 40,
80, 120 uM). MTT (5.0 mg/ml, 20 ul) was added after the cells
were incubated for 24 h, then 150 ul DMSO was added into
each well. The optical density (OD) was measured at 490 nm,
respectively. The cell viability value was calculated using the
following formula: OD sample/OD blank x100%.

Fluorescent staining. HepG2 and SMMC-7721 cells grown in
6-well plates were treated with TTF1-NP for 24 h, incubated
with 1 mM MDC for 30 min or Hoechst 33258 for 20 min and
washed with phosphate-buffered saline (PBS). Fluorescence
images were captured by fluorescence microscope (Olympus,
Tokyo, Japan).

Transmission electron microscopy (TEM). Cells were treated
with TTFI-NP (80 uM), trypsinized and washed with PBS
before fixed in fixative buffer. Subsequently, cells were
collected at 1,000 r/min for 10 min, and then incubated in
3% glutaraldehyde. The next day, the samples were treated
with 2% osmium tetroxide, followed by dehydrating through
a graded series of acetone, and embedded in resin. Finally,

ZHANG et al: TTF1-NP INDUCES PROTECTIVE AUTOPHAGY DURING APOPTOSIS

the samples were sliced into 60-nm sections and prepared for
TEM (Hitachi, Ltd., Tokyo, Japan).

Annexin V/PI double staining. HepG2 and SMMC-7721
cells were seeded into a 6-well plate (3x10° cells/well), and
treated with the indicated amounts of TTF1-NP for 24 h.
Cells were collected, washed in cold PBS and resuspended
in binding buffer at a concentration of 1x10° cells/ml. Then,
5 pl Annexin V-FITC and 10 ul PI were added in 100 ul cell
suspension and incubated for 15 min. After added 400 u1 PBS,
the samples were detected by flow cytometry. The results were
analyzed with the BD FACSCalibur™ system.

Transfection of green fluorescent protein-light chain 3
(GFP-LC3)plasmid.The GFP-LC3 plasmid was kindly provided
by Dr Quan Zhang (Yangzhou University, Yangzhou, China).
According to manufacturer's protocol of Lipofectamine 2000
(Invitrogen), HepG2 and SMMC-7721 cells were transfected
with GFP-LC3 plasmid. After indicated treatment of TTF1-NP,
the cells with GFP-LC3 puncta were detected under fluores-
cence microscope (Olympus, Tokyo, Japan).

Western blot analysis. After treatment HepG2 and SMMC-7721
cells with various concentrations of TTF1-NP, the total protein
was obtained by RIPA lysis buffer (Solarbio, Beijing, China).
The proteins were separated by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) (100 V, 120 min)
and transferred to a polyvinylidene fluoride (PVDF)
membrane (100 V, 30-90 min). Subsequently, the membranes
were blocked with skimmed milk (5%) and then incubated
overnight at 4°C with the following antibodies: Akt (1:1,000),
mTOR (1:1,500), p-Akt (1:5,000), p-mTOR (1:2,000), LC3B
I/TI (1:500), Beclin-1 (1:1,000), p62 (1:5,000), p-JNK (1:1,000),
p-ERK1/2 (1:1,000), p-p38 MAPK (1:1,000), B-actin (1:1,000)
and active-caspase-3 (1:1,000). The next day, the membranes
were incubated with an anti-rabbit secondary antibody
(1:1,500) for 2 h at room temperature. After ECL incubation,
the target proteins were tested using Bio-Rad imaging system
(Bio-Rad, Hercules, CA, USA).

Statistical analysis. The experiments were repeated three
times. The data are expressed as the mean + SD, and differ-
ences between groups were analyzed by one-way analysis
of variance (ANOVA) and Student's t-test. The results were
considered statistically significant when the P-value was <0.05.

Results

TTFI-NP induces apoptosis in HepG2 and SMMC-7721 cell
lines. We previously reported TTF1-NP cytotoxicity in various
human liver cancer cell types (5). Herein, to examine the effect
of TTF1-NP on cell viability, HepG2 and SMMC-7721 were
treated with 0-120 M TTFI1-NP for 24 h, and then MTT assays
were performed. TTF1-NP decreased HepG2 and SMMC-7721
cell viability in a dose-dependent manner (Fig. 1B). The ICy,
values were 88.27 uM for HepG2 and 90.39 yM for SMMC-7721
cells at 24 h. Hoechst staining and western blotting showed that
apoptosis-related bright blue fluorescence in the nuclei of cells
and levels of the apoptosis-related protein active caspase-3,
respectively, increased with increasing TTF1-NP concentration
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Figure 1. TTF1-NP inhibits cell viability and induces apoptosis in HepG2 and SMMC-7721 cells. (A) Chemical structure of TTF1-NP. (B) HepG2, SMMC-7721
were treated with 0,40,80, and 120 M TTF1-NP for 24 h, and cell viability was measured by MTT assay. "P<0.05, “P<0.01 vs. Vehicle. (C) HepG2 and SMMC-7721
cells were stained with Hoechst and observed by fluorescence microscopy (magnification, x400). Arrows indicate apoptotic cells. (D) HepG2 and SMMC-7721
cells were treated with TTFI-NP (0, 40, 80, 120 M) for 24 h and the expression of active-caspase-3 was detected by western blotting. (E) Densitometry analysis
of data in (D). Active-caspase-3 levels relative to 3-actin were determined. Data presented are means + SD. “P<0.05, “P<0.01 vs. Vehicle.

in HepG2 and SMMC-7721 cells (Fig. 1C-E). These results
indicate that TTF1-NP induced apoptosis in a dose-dependent
manner in HepG2 and SMMC-7721 cells.

TTFI-NP induces autophagy in HepG2 and SMMC-7721 cell
lines. To determine whether TTF1-NP induces autophagy in
HepG2 and SMMC-7721 cells, monodansylcadaverine (MDC)
staining was used to detect preliminary autophagosomes. We
observed increasing levels of positive staining for autophagic
puncta with increasing TTF1-NP concentration in both cell
lines (Fig. 2A). For further monitoring of autophagosome
formation, HepG2 and SMMC-7721 cells were examined by
transmission electron microscopy (TEM) or transfected with
green fluorescent protein (GFP)-light chain 3 (LC3) plasmid.

The results showed that TTF1-NP induced formation of
autophagosomes with double-layered membranes, and that the
average number of GFP-LC3 puncta per cell was increased in
both cell lines, compared with vehicle-treated cells (Fig. 2B-D).
Furthermore, western blot analysis of the autophagy-related
proteins LC3B I/II, Beclin-1, and p62 showed that TTF1-NP
increased the protein levels of LC3B-II and Beclin-1, but
decreased p62 levels (Fig. 2E and F). Collectively, these
results indicate that TTF1-NP induced autophagy in HepG2
and SMMC-7721 cells.

Autophagy inhibition enhanced TTFI1-NP-induced apop-
tosis in HepG2 and SMMC-7721 cells. It is reported that
autophagy had a paradoxical effect on death or survival
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Figure 2. TTF1-NP induces autophagy in HepG2 and SMMC-7721 cells. (A) HepG2 and SMMC-7721 cells were treated with TTF1-NP (0, 40, 80, 120 yM)
for 24 h, stained with MDC and observed by fluorescence microscopy (magnification, x400). (B) The formation of autophagosomes were observed in
TTF1-NP-treated cells under transmission electron microscopy (TEM). (C) Cells were transfected with GFP-LC3 plasmid and treated with TTF1-NP for 24 h.
GFP-LC3 puncta were observed by a fluorescence microscopy (magnification, x400). (D) The number of GFP-LC3 puncta was counted. Data represent the
mean = SD. “P<0.01 vs. Vehicle. (E) HepG2 and SMMC-7721 cells were treated with TTF1-NP (0, 40, 80, 120 M) for 24 h and the expression of LC3B I/,
Beclin-1, p62 was detected by western blotting. (F) Densitometry analysis of data in (E). LC3B-II, Beclin-1 and p62 levels relative to 3-actin were determined.

Data presented are means + SD. "P<0.05, “P<0.01 vs. Vehicle.

in cancer cells (8-10). To clarify the role of autophagy in
TTF1-NP-induced apoptosis, we used the autophagy inhibitor
3-MA to prevent autophagy and co-treated with TTF1-NP for
24 h. Compared with TTF1-NP group, TTF1-NP co-treatment

with 3-MA decreased cell viability (Fig. 3A). Furthermore,
the result of flow cytometry assay showed that inhibition
of autophagy significantly increased apoptotic cells in
TTF1-NP+3-MA group comparing with TTF1-NP treatment
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Figure 3. Autophagy inhibition enhances TTF1-NP-induced apoptosis in HepG2 and SMMC-7721 cells. (A) HepG2 and SMMC-7721 cells were pre-treated
with 1 mM 3-MA for 1 h and treated with TTF1-NP (80 xM) for 24 h. Cells viability was measured by MTT assay. “P<0.01 vs. vehicle; #P<0.01 vs.
TTF1-NP group. (B) The apoptotic cells were assessed by flow cytometry with Annexin V/PI staining. (C) Quantitative analysis of apoptosis in flow cytometry.
Results are shown as mean = SD. "P<0.05, “P<0.01 vs. Vehicle. #P<0.01 vs. TTF1-NP group. (D) Western blot analysis for the expression of LC3B I/II and
active-caspase-3 was detected. (E) Densitometry analysis of data in (D). LC3B-II, active-caspase-3 levels relative to $-actin were determined. Data presented
are means + SD. "P<0.05, “P<0.01 vs. Vehicle; #P<0.05, #P<0.01 vs. TTF1-NP group.

group (Fig. 3B, C). Additionally, TTF1-NP-induced caspase-3
activation was enhanced by 3-MA (Fig. 3D and E). Taken
together, these results suggested that autophagy could have a
protective effect in TTF1-NP-induced apoptosis in HepG2 and
SMMC-7721 cells, prevention of autophagy could enhance the
anticancer effect of TTF1-NP in human liver cancer cells.

TTFI-NP-induced autophagy and apoptosis are related
to the Akt/mTOR pathway in HepG2 and SMMC-7721 cell
lines. The Akt/mTOR pathway plays an important role in cell
proliferation, apoptosis, and autophagy. To determine whether
TTF1-NP-induced apoptosis and autophagy were involved
in this signaling pathway, we examined the expression of

Akt, phosphorylated (p)-Akt (Ser473), mTOR and p-mTOR
(Ser2448). The results showed that the levels of the p-Akt
(Ser473) and p-mTOR (Ser2448) decreased in a dose-depen-
dent manner in HepG2 and SMMC-7721 cells (Fig. 4A-C).
Moreover, we used insulin to activate the Akt/mTOR
pathway and investigated the relationship between this
pathway and autophagy or apoptosis. As shown in Fig. 4D-F,
insulin significantly increased levels of p-Akt (Ser473) and
p-mTOR (Ser2448) in both cell lines (P<0.05). When cells
were pre-treated with TTF1-NP and then stimulated with
insulin, the phosphorylation of Akt and mTOR increased
compared with cells treated with TTF1-NP only, while levels
of LC3B-II and active caspase-3 decreased in response to
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Figure 4. AKT/mTOR pathway is involved in TTF1-NP-induced autophagy and apoptosis in HepG2 and SMMC-7721 cells. (A and B) HepG2 and SMMC-7721
cells were treated with TTF1-NP (0, 40, 80, 120 #M) for 24 h. Western blot analysis for the expression of Akt, p-Akt, mnTOR and p-mTOR was detected.
(C) Densitometry analysis of data in (A, B), p-Akt and p-mTOR levels relative to f3-actin was performed. "P<0.05, “P<0.01 vs. Vehicle. (D and E) HepG2 and
SMMC-7721 cells were treated with 80 M of TTF1-NP or insulin, western blot analysis for the expression of p-Akt, p-mTOR, LC3B I/II and active-caspase-3
were detected. (F) Densitometry analysis of data in (D and E), p-Akt, p-mTOR, LC3B-II and active-caspase-3 levels relative to f-actin was performed. "P<0.05,

“P<0.01 vs. Vehicle; “P<0.05, #P<0.01 vs. TTF1-NP group.

insulin (Fig. 4C, D and F). Together, these results showed that
the TTF1-NP-induced autophagy and apoptosis in HepG2
and SMMC-7721 cells may be mediated by the Akt/mTOR
pathway.

TTFI-NP induces autophagy and apoptosis regulated by
JNK and ERKI1/2. Many studies have reported that the
MAPK pathway influences apoptosis and autophagy (15,16).
To examine the effect of TTF1-NP on the MAPK pathway,
we evaluated the phosphorylation of INK, ERK1/2 and p38
MAPK by western blotting. Levels of p-JNK (Thr183/Tyr185)
increased and levels of p-ERK1/2 (Thr202/Tyr204) decreased
in a concentration-dependent manner in response to TTF1-NP
treatment (Fig. 5A and B). However, the level of p-p38 MAPK

(Thr180/Tyr182) did not change (Fig. SA and B). To further
investigate whether TTF1-NP-induced autophagy and apop-
tosis relied on JNK and ERK1/2, we pretreated cells with
SP600125 and U0126 (a JNK and an ERK1/2 inhibitor, respec-
tively) for 4 h followed by treatment with TTF1-NP for 24 h.
The results showed that levels of LC3B-II and active caspase-3
decreased in the TTF1-NP- and SP600125-treated cells,
compared with cells treated with TTF1-NP only. However,
U0126 enhanced active caspase-3, but had no significant effect
on TTF1-NP-induced LC3B-II expression (Fig. 5C-F). Taken
together, these results suggest that JNK was associated with
the effect of TTF1-NP on autophagy and apoptosis, while
ERK1/2 may be related to TTF1-NP-induced apoptosis in
HepG2 and SMMC-7721 cells.
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(B) Densitometry analysis of p-JNK, p-ERK and p-p38 MAPK were performed. "P<0.05, “P<0.01 vs. Vehicle. (C) HepG2 were pre-treated with SP600125,
U0126 or treated with 80 M of TTFI1-NP, western blot analysis for the expression of p-JNK, p-ERK, LC3B I/II and active-caspase-3 were detected.
(D) SMMC-7721 were pre-treated with SP600125, U0126 or treated with 80 uM of TTF1-NP, western blot analysis for the expression of p-JNK, p-ERK,
LC3B I/I1 and active-caspase-3 were detected. (E and F) Densitometry analysis of data in (C and D) were performed in HepG2 and SMMC-7721 cells. "P<0.05,

“P<0.01 vs. Vehicle; “P<0.05, ”P<0.01 vs. TTF1-NP group.

Discussion

Hepatocellular carcinoma is the second leading cause of
cancer-related mortality worldwide (17). Traditional postop-
erative chemotherapy is the current standard clinical treatment
strategy. However, many drugs show limited efficacy, so there
is an urgent need to develop more effective and lower-toxicity
drugs or treatment approaches. We previously reported that
TTF1-NP inhibited HepG2 cell proliferation by inducing
apoptosis and inhibiting angiogenesis, migration and invasion

in vitro and in vivo (4,5). However, whether TTF1-NP induces
autophagy in human hepatoma and the relationship between
autophagy and apoptosis remain unknown.

Autophagy and apoptosis are topics of considerable
interest in tumor research (18-20). In our study, TTF1-NP
induced apoptosis, including changes to cell morphology
and activation of the apoptosis-related protein caspase-3.
Moreover, TTF1-NP induced autophagy. The number of
puncta staining positive with MDC increased with increasing
concentrations of TTF1-NP. However, MDC is not a specific
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dye for autophagosomes. TEM, the standard method for
detecting autophagy (21,22), is a more specific approach to
examining autophagy. Our TEM results clearly show that
autophagosomes with double-layered membranes appeared
after TTF1-NP treatment. Furthermore, our data revealed
that TTF1-NP increased the number of GFP-LC3B puncta in
HepG2 and SMMC-7721 cells. Autophagy-related proteins
such as LC3, Beclin-1 and p62 are important in the autophagy
process. LC3 is homologous with Atg8 in yeast and is conju-
gated to phosphatidyl ethanolamine to form LC3-II, which
is located in the autophagosome double membrane and
positively correlated with autophagosome formation (23-25).
Beclin-1 (Atg6) binds with class III PI3K as a complex
to help form autophagosome structures (26). As another
monitor of autophagic flux, p62 binds directly to LC3, and
they are degraded during autophagy (27). Our study showed
that TTF1-NP upregulated LC3B-II and Beclin-1 levels
and decreased expression of p62. Collectively, these results
suggest that TTF1-NP induced autophagy in both HepG2 and
SMMC-7721 cells.

To further investigate the dual role of TTF1-NP-induced
autophagy, 3-MA (an autophagy inhibitor) was used to prevent
autophagy in both HepG2 and SMMC-7721 cells. Our results
show that inhibiting autophagy increased the proportion
of apoptotic cells and active caspase-3 expression, which
suggests that TTF1-NP-induced autophagy may play a protec-
tive role in TTF1-NP-induced apoptosis. Therefore, inhibition
of autophagy may improve the efficacy of TTF1-NP treatment
in human liver cancer cells.

The Akt/mTOR pathway plays a critical role in tumori-
genesis. High expression of Akt frequently occurs in various
tumors including hepatoma (13). mTOR is activated by Akt and
negatively regulates autophagy (28). Extensive research has
indicated that inhibiting the Akt/mTOR pathway contributes
to autophagy in cancer cells (29,30). In our study, TTF1-NP
inhibited the Akt/mTOR pathway and decreased p-Akt
(Serd73) and p-mTOR (Ser2448) levels in a dose-dependent
manner. Furthermore, we used insulin to verify the influence
of Akt/mTOR pathway on apoptosis and autophagy. As an
activator, insulin binds with the insulin receptor and promotes
PI3K conformational interconversion, which ultimately
activates the Akt/mTOR pathway (31). Insulin significantly
suppressed TTF1-NP-induced expression of LC3B-II and
active caspase-3, suggesting that the Akt/mTOR pathway may
play an important role in TTF1-NP-induced autophagy and
apoptosis in HepG2 and SMMC-7721 cells.

Many studies have shown that the MAPK pathway is
involved in cell proliferation, apoptosis and autophagy (32,33).
Our experiments showed that TTF1-NP increased expres-
sion of p-JNK (Thrl183/Tyr185) and decreased p-ERK1/2
(Thr202/Tyr204) in a concentration-dependent manner, but did
not change p-p38 MAPK (Thrl180/Tyr182) levels. Furthermore,
TTF1-NP co-treatment with the JNK inhibitor SP600125
decreased caspase-3 activation, whereas co-treatment with
the ERK inhibitor U0126 increased caspase-3 activation.
Moreover, JNK inhibition reduced LC3-II levels, whereas
U0126 did not affect TTF1-NP-induced LC3-II expression.
The results suggest that effects on JNK may account for
TTF1-NP-induced autophagy and apoptosis and ERK1/2 may
account mainly for apoptosis in HepG2 and SMMC-7721 cells.

ZHANG et al: TTF1-NP INDUCES PROTECTIVE AUTOPHAGY DURING APOPTOSIS

In conclusion, our study showed for the first time that
TTF1-NP induced autophagy, and revealed the relationship
between autophagy and apoptosis. Our results show that
TTF1-NP induced a protective, apoptosis-related autophagy
by regulating the Akt/mTOR pathway and JNK in HepG2 and
SMMC-7721 cells. Co-treatment with an autophagy inhibitor
reduced the effective treatment concentration of TTF1-NP.
Thus, autophagy may be a potential therapeutic target of
TTFI1-NP in human hepatoma.
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