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carcinoma cells via the PI3K/Akt/NF-kB signaling
pathway
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Ziping Zhang*a and Ran Tao *bc

Talin1 is implicated in many cellular processes, which has been studied in various diseases using molecular

biological technology. However, the detailed mechanism of talin1 in hepatocellular carcinoma (HCC) cell

apoptosis remains unclear. This study was aimed at exploring the molecular mechanism mediating the

effect of talin1 on the apoptosis of human HCC cells. We showed that shRNA-mediated talin1 loss led to

a significant increase of apoptosis in HepG2 cells via upregulation of caspase-8, caspase-9, and PARP

and downregulation of Bid protein levels. Talin1 knockdown decreased the phosphorylation of Akt and

specially counteracted the effect of pCDNA-Akt in the PI3K/Akt pathway and down-regulated p50, p65,

and p105 protein levels to inhibit the activation of NF-kB to promote apoptosis in HCC cells. Talin1

knockdown could enhance the inhibitory effects of IkBa on NF-kB and suppress the activation of IKKb to

upregulate caspase-8, caspase-9, and PARP protein levels, thus leading to the increased apoptotic

proportion in HCC cells. Moreover, talin1 could attenuate TNF-a and TRAIL-induced apoptosis, which

was readily reversed by RIP. Our results demonstrated that inhibition of talin1 suppressed the HCC cell

proliferation and promoted apoptosis by decreasing the activity of the PI3K/Akt/NF-kB signaling

pathway. This new mechanism provides further understanding of the molecular signaling pathway in

HCC cell apoptosis.
1. Introduction

Hepatocellular carcinoma (HCC) is the world's h most
common cancer, and the third leading cause of cancer death.1

HCC is also the most common primary liver malignancy, which
has an incidence of about 780 000 cases per year. Many studies
have shown that HCV, HBV, alcohol, metabolic, and cholestatic
liver diseases are associated with HCC development.2 Most
HCCs are diagnosed at the intermediate or advanced disease
stages; as a result, they progress rapidly, and curative
approaches are oen not feasible.3 At present, there are
different therapeutic and management options, including
resection, transplantation, chemoembolization, and ablation,
with varying advantages and disadvantages for HCC therapy.4

However, the long-term prognosis aer resection or ablation
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needs to be improved, and nding a new strategy to prevent
recurrence is an important unmetmedical need in patients with
HCC.

There are two partly interconnected apoptotic mechanisms:
classical caspase-dependent apoptosis and the caspase-
independent programmed form of cell death, named nec-
roptosis.5,6 The classical, caspase-dependent apoptosis is initi-
ated either by extrinsic or intrinsic factors. The extrinsic
pathway is activated by the engagement of transmembrane
receptors and eventually leads to the activation of caspase-8,
which in turn activates down-stream caspases.7 On the other
hand, the intrinsic pathway, also called the mitochondrial
pathway, is regulated by the Bcl2 family of proteins, which can
form an apoptosome complex to activate caspase-9 that in turn
activates down-stream elements of the caspase cascade.8 NF-kB
is increasingly recognized as a crucial player in many steps of
cancer initiation and progression including the immune
response, protection against apoptosis, and inammation.9 The
NF-kB protein family consists of ve members: p65 (RelA), RelB,
c-Rel (Rel) and the precursor proteins p100 (NF-kB2) and p105
(NF-kB1), and the latter gives rise to p52 and p50, respectively.10

As one of the IKK complex members, IKKb participates in the
regulation of the canonical NF-kB pathway, which typically
culminates in translocation of the p50:p65 dimer to the
nucleus.11,12 IkB can inhibit the activation of NF-kB through
RSC Adv., 2017, 7, 40179–40188 | 40179
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binding to NF-kB dimers and maintaining inactive NF-kB in the
cytoplasm. In addition, phosphorylation and activation of Akt
has been recognized as an important regulatory factor in the
NF-kB signaling pathway.13–15

Akt or protein kinase B is a 57 kDa Ser/Thr kinase. It includes
3 isoforms in mammalian cells: PKBa/Akt1, PKBb/Akt2, and
PKBg/Akt3.16 Akt is a downstream effector of PI3-kinase and
activated by extracellular signals to promote cell proliferation
and provide protection from apoptosis in cancer.17 In addition,
Akt is the major upstream factor to activate and regulate NF-kB
activity via phosphorylation of p65 by IkB kinase (IKK) both
directly and indirectly.18 Therefore, Akt may confer some of its
pro-survival effects by interacting with other pathways and help
to boost the efficacy of new therapeutic agents in cancer.

Talin1, a large 270 kDa cytoskeletal protein that contains
2541 amino acids, is mainly expressed in the kidney, liver,
spleen, stomach, lung, and vascular smooth muscle.19,20 Talin1
plays an essential role in integrin activation, which promotes
integrins to enhance the functional interaction between cells
and the extracellular matrix (ECM); these integrins serve as
bidirectional transducers of extracellular and intracellular
signals, ultimately regulating cell adhesion, proliferation,
anoikis, survival, and tumor progression.21–23 It has been re-
ported that Cdk5-mediated phosphorylation of talin1 leads to
b1 integrin activation, resulting in increased metastatic poten-
tial of prostate cancer (PCa) cells.24 Many studies have reported
that talin1 is upregulated in HCC, and talin1 serum levels in
HCC patients are signicantly higher.25,26 In this study, we
demonstrate that talin1 can protect HCC cells from apoptosis
via increasing the activity of the PI3K/Akt/NF-kB signaling
pathway. These results provide a novel mechanism via which
talin1 activates the PI3K/Akt/NF-kB signaling pathway to inhibit
apoptosis and promote the proliferation potential of the HCC
cells.
2. Materials and methods
2.1. Cell culture

The HCC cell lines HepG2 and LM-3 and the liver cell line
Chang were purchased from Shanghai Institute of Chinese
Academy of Sciences (China). All cells were maintained in
Dulbecco's modied Eagle's medium (Cat#C11965, Invitrogen)
supplemented with 10% v/v inactivated fetal bovine serum
(HyClone, Logan, Utah, USA), 1% penicillin (100 U mL�1), and
streptomycin (100 mg mL�1) in a humid environment at 37 �C
with 95% normal air and 5% CO2.
2.2. Vector construction and transfection

To investigate the effect of talin1 overexpression in cells, a pair
of primers (forward: 50-CCGGATCCATGGTTGCACTTTCACT-30;
reverse: 50-CCGAATTCTAGAAGAGGCTTCTTT-30) were
designed to amplify talin1 as well as AKT and RIP1, cloned
into a pCDNA3.1+ expression vector (Invitrogen). Transfection
was performed using the Lipofectamine™ 2000 reagent
(Invitrogen, Carlsbad, CA). Briey, cells were inoculated into
each well on 6-well plates, and plasmid and liposomal
40180 | RSC Adv., 2017, 7, 40179–40188
transfection reagent were added. Cells were transfected with
plasmids and cloned under G418 selection (Geneticin, Gibco
Brl, Grand Island, NY).
2.3. Lentivirus-mediated stable talin1 knockdown

The lentiviral expression systems were purchased from System
Biosciences (SBI, Mountain View, CA, USA). The shRNA
sequence targeting the TLN-1 gene (GenBank. No.
NM_006289.3) (50-GCTCGAGATGGCAAGCTTAAA-30) and one
nonspecic sequence 50-TTCTCCGAACGTGTCACGTTTC-30

(scramble shRNA) were designed. Aer co-transfection, the
virus media were harvested. Cells were transduced for 72 h with
lentivirus mediated talin1-shRNA and scramble shRNA under
puromycin (0.5 mgmL�1; Sigma, USA) selection. Passaging cells
into DMEM containing 10% FBS and 0.5 mgmL�1 of puromycin
for 12 days (changing the medium every 3 days) and stably
transduced cells were obtained.
2.4. Caspase activity assay

The activation of caspase-8, -9 was detected via the caspase
activity assay. Briey, cells in 96-well plates were transfected
with talin1 and control miRNA as abovementioned. Aer 24 h,
20 mL of lysis buffer was added to each well. The cell lysate was
incubated with 5 mL of chromogenic substrate at room
temperature in the dark for 20 min. The optical density of each
well was measured by a plate reader at 560 nm.
2.5. Quantitative real-time PCR

An RNeasy Mini Kit (QIAGEN, Valencia, CA) was exploited to
extract the total RNA samples from cell lines; then, the comple-
mentary DNA samples were prepared using a High Capacity cDNA
Reverse Transcription Kit (Applied Biosystems Inc.). The following
primer pairs were used: talin-1, sense, 50-TGTAGAGGAGCACGA-
GACGC-30; anti-sense, 50-AAGGAGACAGGGTGGGAGC-30; GAPDH,
sense: 50-CATGAGAAGTATGACAACAGCCT-30; and anti-sense,
50-AGTCCTTCCACGATACCAAAGT-30. Relative gene expression
was quantied by real-time PCR using SYBR Premix Ex Taq™ II
(TaKaRa Bio, Dalian, China) via a Lightcycler 480 Real Time PCR
System (Roche Diagnostics, Meylan, France). Ct values for talin-1
were normalized to those of GAPDH (DCt).
2.6. Western blotting

For western blotting, cells were lysed in an M-PER mammalian
protein extraction reagent (Thermo, USA), and equal amounts
of protein were resolved by SDS-PAGE. Subsequently, the gel-
separated proteins were blotted. The following specic
primary antibodies were used to visualize proteins: anti-talin1
(ab78291, Abcam, Cambridge, MA, USA) and anti-b-actin
(A5441, SIGMA). Bcl2, Bcl-xl, Bax, Bak, PARP, cytochrome
oxidase IV (COX IV), cytochrome c (cyt-c), caspase-8, caspase-9,
Bid, p-Akt, p50, p65, p105, RIP1, IKKb, and IkBa antibodies were
obtained from Cell Signaling Technology, Inc. (Beverly, MA,
USA). Proteins were detected using a Pierce ECL western blot-
ting substrate (Thermo).
This journal is © The Royal Society of Chemistry 2017
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2.7. Mitochondrial membrane potential (MMP) assay

Mitochondrial membrane potential was measured using the
JC-1 uorescent probe (Invitrogen; Carlsbad, CA, USA). Briey,
talin 1 shRNA-treated HepG2 cells were mixed with 1 JC-1
staining solution and incubated at 37 �C for 15 min. Aer
incubation, cells were washed and analyzed under a uorescent
microscope. Red uorescence was observed at 525 nm excita-
tion and 590 nm emission, and green uorescence was observed
at 490 nm excitation and 530 nm emission.

2.8. Flow cytometry

For measuring apoptosis, transfected cells were dual stained
using an annexin V-FITC/7-amino-actinomycin D (7-AAD) kit
(Beckman Coulter) according to the manufacturer's protocol.
The stained cells were immediately analyzed by ow cytometry
using a Cytomics FC500MPL cytometer, and data were obtained
and analyzed using the CXP Version 2.2 soware (Beckman
Coulter).

2.9. Statistical analysis

The data were analyzed using Social Sciences (SPSS) 17.0 so-
ware (SPSS Inc., Chicago, IL, USA). Student t test or analysis of
variance (ANOVA) was performed to compare the difference
between groups if the data were normally distributed. Statistical
signicance was dened as P < 0.05. P-values have been anno-
tated in the text and gure legends.

3. Results
3.1. Effects of talin1 knockdown on apoptosis in HCC cells

Talin1 overexpression has been reported to promote cancer cell
adhesion, migration, and invasion.21 To explore whether talin1
was highly expressed in hepatoma cells, we assessed the
expression of talin1 in LM-3, HepG2, MHCC-97H, SMMC-7721,
and BEL-7402 cell lines through western blot. As shown in
Fig. 1a, the HCCs cell lines LM-3, HepG2, and MHCC-97H
overexpressed talin1, whereas the expressions of talin1
protein were very low in SMMC-7721 and BEL-7402 cell lines. To
assess the effects of talin1 on apoptosis in the HCC cells, we
used talin1 shRNA to establish stable talin1 knockdown HepG2
cell lines. Talin1 protein levels in the cells transduced with
lentivirus-mediated talin1-shRNA (experimental group) were
markedly reduced when compared with those in non-
transduced cells (Fig. 1b). The apoptotic potential of talin1
was measured by ow cytometry aer staining with annexin
V-FITC/7-AAD. Aer talin1 knockdown, induction of apoptosis
in HepG2 cells was dramatically increased when compared with
that in normal talin1 expression groups (Fig. 1c). To study the
mechanism via which talin1 affected apoptosis, western blot
analysis with antibodies against PARP, caspase-8, caspase-9 or
Bid was conducted. As shown in Fig. 1d, talin1 knockdown led
to the activation of apoptotic proteins including caspase-8 and
caspase-9 and its substrate, PARP, whereas it decreased the Bid
protein level in the HepG2 cells. Moreover, we assessed the
caspase-8, -9 activities through ow cytometry. Fig. 1d shows
that caspase-8, -9 activities were markedly increased following
This journal is © The Royal Society of Chemistry 2017
talin1 knockdown in the HepG2 cells, which was consistent
with western blot results. Then, we pre-treated the cells with the
caspase inhibitor z-VAD-fmk (20 mM) before the cells were
transduced with talin1 shRNA. While the cell apoptosis
proportion in the talin1 shRNA alone group increased, the
apoptosis proportion signicantly decreased in the talin1
shRNA plus z-VAD group (Fig. 1f); this suggested that z-VAD
specically inhibited the effect of knocked down talin1 on
apoptosis in HepG2 cells. In addition, the effects of talin1
shRNA on the levels of Bcl2 family proteins, Bax, Bak, and
cytochrome c, as well as the MMP values were examined. As
shown in Fig. 2a, the results revealed a marked decrease in
mitochondrial cytochrome c and an increase in cytosolic cyto-
chrome c following treatment with talin1 shRNA. The expres-
sion levels of proapoptotic Bax, and Bak proteins obviously
enhanced, whereas those of antiapoptotic Bcl2 and Bcl2-xl
proteins remarkably decreased in response to talin1 shRNA
treatment (Fig. 2b). Moreover, talin1 shRNA treatment caused
a decrease in MMP as compared to that in the untreated control
(Fig. 2c).

3.2. Talin1 attenuates the TNF-a and TRAIL-induced
apoptosis in HCC cells

TNF-a is a multifunctional cytokine derived from activated
macrophages and playsmajor roles in cell apoptosis, survival, and
inammation.27 To investigate whether talin1 could affect TNF-a-
induced apoptosis, we used the talin1 plasmid to establish stable
talin1 overexpression in BEL-7402 cell lines. As shown in Fig. 3a,
talin1 protein levels were signicantly increased aer plasmid
transfection when compared with those of the control group.
According to uorescence microscopy, the transduction efficiency
in BEL-7402 cells (the percentage of GFP-positive cells) was >50%
(Fig. 3b). We pre-treated the cells with TNF-a (25 ng mL�1) before
they were transduced with talin1 plasmids. As shown in Fig. 3c,
TNF-a signicantly increased apoptosis in a time-dependent
manner, whereas overexpression of talin1 resulted in a marked
blockade of the activation of TNF-a-induced apoptosis. TRAIL is
a closely related TNF-a and FasL members of the tumor necrosis
factor family. TRAIL enhances apoptosis via liaisons such as
death receptor 4 (DR4, TRAIL-R1) and death receptor 5 (DR5,
TRAIL-R2), leading to the formation of the a death-inducing
signaling complex (DISC) with subsequent binding of caspase-
8.28 We also pre-treated the cells with TRAIL (25 ng mL�1) before
they were transduced with talin1 plasmids and found that the
apoptosis of BEL-7402 cells stimulated with TRAIL could be
rescued by overexpressing talin1 (Fig. 3d). These results collec-
tively suggested that talin1 could inhibit HCC cell apoptosis
through attenuating the TNF-a and TRAIL signaling pathway.

3.3. Talin1 knockdown promotes cell apoptosis via the PI3K/
Akt pathway in HCC cells

To determine whether the talin1 knockdown could promote cell
apoptosis via the PI3K/Akt pathway, a western blot analysis was
performed. As shown in Fig. 4a, talin1 knockdown led to
a signicant decrease in the expression of phosphorylated Akt
signal molecules in HepG2 cells. To further investigate the
RSC Adv., 2017, 7, 40179–40188 | 40181
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Fig. 1 Down-regulation of talin1-induced apoptosis in hepatoma carcinoma cell lines. (a) The expressions of talin1 protein in various HCC cells
were determined by western blot. (b) Talin1 protein expression levels were determined by western blot in HepG2 cell lines. (c) The effect of talin1
knockdown on apoptosis in HCC cells. Cells were stained with annexin V-FITC/7-AAD and analyzed by flow cytometry. (d) The protein
expression levels of PARP, caspase-8, caspase-9, and Bid were determined by western blot. (e) The effect of talin1 knockdown on caspase-8, -9
activities in HepG2 cells. (f) Cells were treated with or without talin1 shRNA for 48 h after 2 h pre-treatment with the caspase inhibitor z-VAD-fmk
(20 mM); then, they were stained with annexin V-FITC/7-AAD and analyzed by flow cytometry. Results were expressed as the mean � S.D. from
three independent experiments. **P < 0.01 versus control. #P < 0.05 versus talin1 shRNA independent treatment.
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molecular mechanism mediating the effect of talin1 knock-
down on the apoptotic process, cells were transfected with
pCDNA-Akt to activate the Akt pathway aer transduction.
Fig. 4b shows that pCDNA-Akt could readily increase the
phosphorylation of Akt protein in the HepG2 cells, whereas cells
treated with talin1 shRNA could counteract the effect of pCDNA-
Akt (Fig. 4b). Flow cytometry analysis showed that Akt trans-
fection could inhibit the effect of talin1 on apoptosis, whereas
cells treated with talin1 shRNA could arrest the Akt pathway and
promote apoptosis in the HepG2 cells (Fig. 4c). In addition, we
attempted to explore the molecular mechanism of the effect of
Akt and talin1 shRNA on apoptosis. As shown in Fig. 4d, Akt
inhibited the effects of talin1 knockdown on apoptosis and
signicantly decreased the caspase-8, caspase-9, and PARP
protein levels, whereas it upregulated the Bid protein level.
40182 | RSC Adv., 2017, 7, 40179–40188
However, treatment of cells with talin1 shRNA plus pCDNA-Akt
led to an increase in the expression of caspase-8, caspase-9, and
PARP, with a decrease in the expression of Bid. Overall, our data
suggested that talin1 could increase the activation of the PI3K/
Akt pathway and decrease the expression of pro-apoptotic
proteins such as caspase-8, caspase-9, and PARP, whereas it
could increase the total Bid; therefore, inhibiting HCC cell
apoptosis and resulting in tumor progression.
3.4. Talin1 affects the apoptotic process through the NF-kB
pathway

To explore whether talin1 could affect the apoptotic process
through the NF-kB pathway, we examined the expression of the
NF-kB family members upon the change of talin levels. As
This journal is © The Royal Society of Chemistry 2017
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Fig. 2 Down-regulation of talin1-induced MMP decline. (a) The protein expression levels of cytochrome c in cytosolic and mitochondrial
fractions. (b) The protein expression levels of Bcl2, Bcl-xl, Bax, and Bak in HepG2 cell lines. (c) JC-1 staining revealed down-regulation of talin1-
induced MMP decline. In JC-1 stained cells, red fluorescence (JC-1 aggregate) represented a high mitochondrial membrane potential, whereas
green fluorescence of the JC-1 monomer depicted the loss of mitochondrial membrane potential.
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shown in Fig. 5a, talin1 knockdown arrested the expression of
p50, p65, and p105 proteins, whereas it increased the RIP1
protein level. Then, we used the adenovirus vector to establish
stable IKKb or IkBa overexpressed HepG2 cell lines. Fig. 5b
indicated that an upregulated IKKb level could increase the
NF-kB protein level, whereas talin1 knockdown could signi-
cantly inhibit the expression of NF-kB. However, IkBa over-
expression inhibited NF-kB activation, and talin1 knockdown
plus IkBa overexpression enhanced the inhibition of NF-kB
activation (Fig. 5c). As shown in Fig. 5d, talin1 knockdown plus
the IkBa overexpression group could dramatically promote cell
apoptosis as compared to talin1 knockdown plus the IKKb
overexpression group in HepG2 cells. In addition, we showed that
talin1 knockdown plus the IkBa overexpression group led to
upregulation of caspase-8, caspase-9, and PARP activation and
downregulation of the Bid protein level when compared with
talin1 knockdown plus the IKKb overexpression group (Fig. 5e).
These results pointed to the fact that talin1 could inhibit the
apoptosis of HCCs via activation of the NF-kB pathway.

3.5. Attenuation of TNF-a and TRAIL-induced apoptosis by
talin1 can be reversed by RIP1

RIP1 has been suggested to be essential for TRAIL-induced
activation of the JNK and NF-kB pathways to determine cell
This journal is © The Royal Society of Chemistry 2017
death and survival.29 As shown in Fig. 6a, cells pre-treated with
TNF-a and TRAIL followed by talin1 overexpression inhibited
RIP1 activation when compared with the control group in
BEL-7402 cells. Moreover, the mRNA expression of RIP1 also
decreased under these conditions (Fig. 6b). pCDNA-RIP1 is
a plasmid containing RIP1, which could enhance RIP1
expression aer transfection in BEL-7402 cells (Fig. 6c). We
next tried to explore whether RIP1 could mediate the effect of
talin1 on TNF-a or TRAIL-induced apoptosis using ow
cytometry analysis. As indicated in Fig. 6d, talin1 could atten-
uate TNF-a or TRAIL-induced apoptosis, whereas the apoptotic
proportion was markedly increased aer transfection with
pCDNA-RIP1. Overall, we speculated that RIP1 could reverse the
attenuating effect of talin1 on TNF-a or TRAIL-induced
apoptosis.
4. Discussion

Clinical studies have demonstrated that the talin1 level is up-
regulated in poorly differentiated tumors and in cancer cells
undergoing angiogenesis or metastasis.30 Fang et al. have
shown that the high levels of both talin1 and talin2 correlate
with tumorigenicity in human HCC; this indicates that these
molecules constitute useful molecular targets in HCC diagnosis
RSC Adv., 2017, 7, 40179–40188 | 40183

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c7ra05792j


Fig. 3 Talin1 attenuated TNF-a and TRAIL-induced apoptosis in hepatoma cells. (a) Talin1 protein expression levels were determined by western
blot at 72 h after transduction in BEL-7402 cells. b-Actin was used as an internal control. (b) The transduction efficiency of talin1 was detected by
fluorescence microscopy in BEL-7402 cells (magnification: �200). (c and d) Talin1 attenuated TNF-a and TRAIL-induced apoptosis. Cells were
treatedwith or without talin1 plasmids for 48 h after pre-treatment with TNF-a (25 ngmL�1) and TRAIL (25 ngmL�1) for different amounts of time.
Then, cells were stained with annexin V-FITC/7-AAD and analyzed by flow cytometry. Results are expressed as the mean � S.D. from three
independent experiments. *P < 0.05 versus control, **P < 0.01 versus control.

Fig. 4 Down-regulation of talin1 inhibited PI3K/Akt signaling in HCC cells. (a) Protein expression of p-Akt was determined by western blot
followed by treatment with or without talin1 shRNA for an indicated time period in HepG2 cells. (b) Cells were treated with or without talin1
shRNA following transfection with pCDNA-Akt for 24 h. The expression levels of p-Akt and Akt proteins were determined by western blot. (c)
Cells were stainedwith annexin V-FITC/7-AAD and analyzed by flow cytometry. (d) The expressions of PARP, caspase-8, caspase-9, and Bid were
determined by western blot. Results are expressed as mean � S.D. from three independent experiments. *P < 0.05 versus talin1 shRNA inde-
pendent treatment.

40184 | RSC Adv., 2017, 7, 40179–40188 This journal is © The Royal Society of Chemistry 2017
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and/or treatment.31 Alsebaey et al. found that patients with
HCC32 had higher values of serum AFP, serum talin1, AST/ALT
ratio, FIB4 score, and bro-a score than those with cirrhosis,
contrary to the brosis index score.32 However, the mechanisms
underlying the activation and regulation of talin1 in HCC
remain poorly understood. The present study demonstrated
that talin1 was upregulated in the HCC cell lines LM-3, HepG2,
and MHCC-97H, whereas it was lowly expressed in SMMC-7721
and BEL-7402 cell lines. Talin1 knockdown promoted HCC cell
apoptosis; this conrmed the involvement of talin1 in HCC
progression.

Apoptosis is a spontaneous and programmed process of cell
death under normal physiological or pathological conditions.
Caspases are able to cleave PARP, which is considered a hall-
mark of apoptosis.33–36 Upon exogenous apoptotic stimulation,
caspase-8 is activated and promotes cell apoptosis through the
activation of caspase-3, caspase-6, and caspase-7. However,
when the amount of activated caspase-8 is not sufficient to
initiate cell apoptosis, caspase-8 can cleave Bid (BH3-interacting
death agonist) and translate activated Bid.37 The present study
showed that talin1 knockdown could promote apoptosis in
HCC cells by increasing caspase-8 and caspase-9 activation.
Moreover, PARP, caspase-8, and caspase-9 protein levels were
increased, whereas the Bid protein level was markedly
Fig. 5 Down-regulation of talin1 inhibited NF-kB signaling in HCC cell
determined by western blot after knocking-down of talin1 in HepG2 cel
after knocking-down of talin1 following treatment with the over-expre
western blot after knocking-down of talin1 following treatment with t
following up-regulation of NF-kB by transfection with IKKb or down-re
annexin V-FITC/7-AAD and analyzed by flow cytometry. (e) The expressio
blot. Results were expressed as the mean � S.D. from three independen

This journal is © The Royal Society of Chemistry 2017
decreased aer treatment with talin1 shRNA. We also found
that caspase inhibitor z-VAD-fmk could counteract the regula-
tory effect of talin1 knockdown on apoptosis in HCC cells. In
addition, we found a marked decrease in mitochondrial cyto-
chrome c and an increase in cytosolic cytochrome c following
treatment with talin1 shRNA. The expression levels of proapo-
ptotic Bax and Bak proteins were obviously enhanced, whereas
those of antiapoptotic Bcl2 and Bcl2-xl proteins remarkably
decreased in response to talin1 shRNA treatment. Furthermore,
talin1 shRNA treatment caused a marked decrease in MMP as
compared to the untreated control. Thus, it is reasonable to
speculate that the knockdown of talin1 could induce apoptosis
via extrinsic and intrinsic pathways in HCC cells.

TNF-a has been known as an endogenous mediator of
apoptosis, which is implicated in the pathogenesis of a wide
spectrum of human diseases including cancer.38 RIP1 is a crucial
regulator in TNF-a-mediated apoptosis, which acts as a cell-death
switch in response to the TNF-a signaling pathway. TNF-
a induces apoptosis through the formation of the RIP1-FADD-
caspase-8 complex, which triggers caspase-8 activation and
subsequent apoptosis.39,40 Our results showed that talin1 over-
expression signicantly attenuated TNF-a and TRAIL-induced
apoptosis and decreased the RIP1 protein level. However, cell
transfection with pCDNA-RIP1 could increase the apoptotic
s. (a) The protein expression levels of p50, p65, p105, and RIP1 were
ls. (b) The protein expression of IKKb was determined by western blot
ssion of IKKb. (c) The protein expression of IkBa was determined by
he over-expression of IkBa. (d) Cells were treated with talin1 shRNA
gulation of NF-kB by transfection with IkBa. Cells were stained with
ns of PARP, caspase-8, caspase-9, and Bid were determined by western
t experiments. *P < 0.05 versus talin1 shRNA independent treatment.
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Fig. 6 Talin1 attenuated TNF-a or TRAIL-induced apoptosis that could be reversed by RIP1. The expressions of RIP1 protein (a) and mRNA (b)
were determined by western blot after treatment with the over-expression of talin1 following pre-incubation with TNF-a and TRAIL in BEL-7402
cells. *P < 0.05 versus control, **P < 0.01 versus control. (c) The expression of RIP1 protein was determined by western blot following transfection
with pCDNA-RIP1 in BEL-7402 cells. (d) Cells were treated with or without talin1 shRNA for 24 h following pre-treatment with TNF-a or TRAIL
and/or transfection with pCDNA-RIP1. Cell apoptosis was analyzed by flow cytometry using annexin V-FITC/7-AAD staining. Results are
expressed as the mean � S.D. from three independent experiments. *P < 0.05 versus TNF-a or TRAIL group.
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proportion and reverse the effects of talin1 on TNF-a and TRAIL-
induced apoptosis. These data indicate that talin1 protects the
HCC cells from apoptosis by inhibiting the TNF-a pathway.

Several studies have reported that increased PI3K/Akt and
ERK activation can induce the proliferation of HCC cells,
prevent HCC cell apoptosis,41 and become an independent
prognostic index for HCC patients.42 In addition, the Akt
signaling pathway also promotes activation of the NF-kB
signaling pathway, which inhibits apoptosis by causing up-
regulation of key anti-apoptotic proteins such as Bcl-2, Bcl-Xl,
XIAP, and survivin.43,44 In this study, we have hypothesized
that a functional link might exist between talin1 and PI3K/Akt/
NF-kB pathways in the apoptosis process and activation of these
pathways may promote proliferation of HCC cells. We found
that talin1 knockdown inhibited phosphorylation of Akt in
a time-dependent manner. pCDNA-Akt could suppress the
apoptosis of HCC cells through activating the PI3K/Akt pathway.
However, talin1 knockdown could specially reverse the effects of
pCDNA-Akt on apoptosis via increasing the expression of
caspase-8, caspase-9, and PARP protein levels and inhibiting
Bid activation. In addition, the activations of p50, p65, and p105
proteins in the NF-kB pathway were all down-regulated aer
treatment with talin1 shRNA in HCC cells. TAB2 or TAB3
promotes phosphorylation of IKKb through binding with TAK1,
resulting in phosphorylated IkBmolecules, triggering their K48-
linked polyubiquitination via bTrCP followed by proteasomal
degradation of IkB and release of active NF-kB.45 The physio-
logical inhibitor of NF-kB, IkBa, is responsible for systematic
40186 | RSC Adv., 2017, 7, 40179–40188
control of the process of NF-kB signaling, which blocks the
nuclear localization and transcriptional activity of NF-kB.46

Herein, we used IKKb and IkBa to regulate NF-kB activation and
found that IKKb plus talin1 knockdown could inhibit the
apoptosis of HCC cells, whereas the NF-kB inhibitor IkBa plus
talin1 knockdown promotes the apoptosis of HCC cells through
upregulating the activation of caspase-8, caspase-9, and PARP
and decreasing the Bid protein level when compared with the
talin1 knockdown group. We speculate that talin1 may activate
the PI3K/Akt/NF-kB signaling pathway to inhibit apoptosis and
promote proliferation of HCC cells.

In summary, the present study may have a variety of implica-
tions for understanding the role of talin1 on HCC apoptosis
progression via a direct interaction. We found that talin1 could
suppress apoptosis via increasing the activation of PI3K/Akt/NF-kB
and inhibiting the TNF-a signaling pathway in HCC cells. It is
possible that targeting of talin1may inhibit HCC proliferation and
be a potential therapeutic strategy in the management of HCC.
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