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Radiotherapy is an effective treatment method for lung cancer, particularly when the disease is at an advanced
stage. However, previous researchers have observed that the majority of patients with conventional radiation
therapy develop distant metastases and succumb to the disease. Thus, identifying and understanding novel pathways
for the development of new therapeutic targets is a major goal in research on pulmonary neoplasms. Recent studies
suggest that epithelial–mesenchymal transition (EMT) is the most important contributor to cancer metastasis.
Induction of this complex process requires endogenously produced microRNAs; specifically, downregulation of the
miRNA-200c causes an induction of EMT. We recently identified the tank-binding kinase-1 (TBK1) as a downstream
effector of the miR-200c-driven pathway, but the biological function of TBK1 in EMT remains unknown. In this study,
we tested whether TBK1 has a role in radiation-induced EMT and identified associated potential mechanisms.
Human alveolar type II epithelial carcinoma A549 cells were irradiated with 60Co g-rays. Western blotting revealed a
time- and dose-dependent decrease in E-cadherin with a concomitant increase in vimentin after radiation, suggesting
that the epithelial cells acquired a mesenchymal-like morphology. TBK1 siRNA significantly inhibited radiation-
induced suppression of the epithelial marker E-cadherin and upregulation of the mesenchymal marker vimentin.
The invasion and migratory potential of lung cancer cells upon radiation treatment was also reduced by TBK1
knockdown. Furthermore, radiation-induced EMT attenuated by TBK1 depletion was partially dependent on
transcriptional factor ZEB1 expression. Finally, we found glycogen synthase kinase-3b (GSK-3b) is involved in regulation
of radiation-induced EMT by TBK1. Thus, our findings reveal that TBK1 signaling regulates radiation-induced EMT by
controlling GSK-3b phosphorylation and ZEB1 expression. TBK1 may therefore constitute a useful target for treatment
of radiotherapy-induced metastasis diseases.
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Lung cancer is one of the most difficult cancers to cure and
its mortality rates are the highest among all cancer world-
wide.1,2 In 2008, lung cancer had replaced liver cancer as the
first cause of death among people with malignant tumors in
China.3 It is generally recognized that much scientific
advancements such as surgery therapy, radiotherapy, and
chemotherapy have been made in the area of lung cancer
research and with much improvement in the application of

these techniques, the chances of disease-free survival of lung
cancer survivors have increased over last few decades.4,5

Unfortunately, there are many challenges in managing lung
cancer patients. For example, although radiotherapy has been
classically viewed to exert its therapeutic effect by killing
tumor cells, emerging clinical studies suggest that patients
show different responses to this therapy: some are cured,
whereas others are prone to relapse and distant metastasis
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because of radioresistance. Besides, increasing radiation doses
for treating radioresistant malignant cells was followed by
inevitable toxic effects for normal tissues.6–8

Previous researchers have observed that the majority of
patients with locally advanced, unresectable lung cancer trea-
ted with conventional radiation therapy develop distant me-
tastases and succumb to the disease.9 Metastasis is the most
important contributor to the mortality of patients with
cancer.10,11 The pathogenesis of cancer metastasis involves
increased cell invasion, loss of cellular adhesion, survival in the
circulation, entry into new tissue, and eventual colonization of
distant organs.12 More recently, a conception called epithelial–
mesenchymal transition (EMT) has a central role in metastasis
and has become the subject of intense investigation.

EMT is a complex biological process by which differ-
entiated epithelial cells undergo remarkable morphological
changes and characterized by a transition from epithelial
cobblestone phenotype to elongated fibroblastic phenotype.
The completion of an EMT is signaled by the downregulation
of epithelial molecular markers such as E-cadherin and
upregulation of mesenchymal molecular markers such as
vimentin and N-cadherin.13,14 EMT is governed by a variety
of regulatory networks and triggered by extracellular stimuli,
such as transforming growth factor-b (TGF-b), hypoxia, and
radiation.15 Previous findings indicate that ionizing radiation
(IR) is able to affect abundance of proteases and transcription
factors involving in multiple signaling pathways participating
in this complex pathogenesis.16–18 Thus, utilizing this
knowledge and identifying novel pathways for therapeutic
targets is the first goal in research on pulmonary neoplasms.

Tank-binding kinase-1 (TBK1), a new member of
the inhibitor kB (IkB) kinase-related kinase family, partici-
pates in inflammatory pathways related to activation of nu-
clear factor(NF)-kB19 and has an essential role in Toll-like
receptor- and retinoic acid-inducible gene-I-mediated
induction of type I interferon (IFN-a/b) and host antiviral
responses.20 We recently identified TBK1 is a downstream
effector of the miR-200c-driven pathway.21 Consistently,
researches have shown that miR-200c inhibited EMT by
directly targeting ZEB1 and ZEB2.22 However, the detailed
biological role of TBK1 in EMT remains largely unknown.

As the downstream of miR-200c signaling, we hypothe-
sized a role for this regulator in radiation-induced EMT.
Here, we elucidate a new EMT pathway mediated by TBK1
that leads to the repression of ZEB1 expression via the acti-
vation of glycogen synthase kinase-3b (GSK-3b), which has
been previously implicated in certain features of radiation-
induced EMT.23 Increasing understanding of the role TBK1
in radiation-induced EMT will pave the way for more
effective treatments in radiotherapy.

MATERIALS AND METHODS
Cell Culture and Treatment
Human alveolar type II epithelial carcinoma cell line A549
was obtained from the American Type Culture Collection

(Manassas, VA, USA) and routinely maintained in Dulbecco’s
modified Eagle medium (DMEM; PAA Laboratories) with
10% fetal bovine serum (PAA Laboratories) at 37 1C in
an atmosphere of 5% CO2. For experiments with GSK-3b
inhibitors, cells were treated with 10 mM SB216763 for 16 h
before irradiation.24,25

Irradiation
Cells were treated with 8Gy of g-rays irradiation using a 60Co
irradiator(Faculty of Naval Medicine, Second Military
Medical University, China) at a dose rate of 3.64 Gy/min.
All irradiations were performed at room temperature.

Transient Transfection Assays
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) was
used for the RNA interference assay according to the man-
ufacturer’s instructions.

A549 cells were prepared at a density of 2� 105 cells per
well into a six-well plate with 2ml DMEM containing 10%
fetal bovine serum and incubated until they reached 30–50%
confluence. The confluent cells were transfected with
100 pmol of siRNA using 5 ml of lipofectamine 2000 trans-
fection reagent. After a 6 h incubation at 37 1C in a 5% CO2

humidified incubator, the serum-free medium was discarded
and replaced with complete medium. Cells were then irra-
diated with a dose of 8Gy of 60Co g-rays at 24 h post-
transfection, and cell lysates were harvested at the required
time point for analysis.

Western Blot Analysis
Cellular proteins were obtained by using Proteo-JETTM
Mammalian Cell Lysis Reagent (Thermo). Lysate proteins
were mixed with an equal volume of loading buffer, dena-
tured by heating at 100 1C for 10min, and then separated on
a 10 or 12% polyacrylamide minigel. The proteins were
transferred to nitrocellulose membrane by wet-transfer,
followed by blocking with 10% non-fat milk, and then
incubated with primary antibodies overnight at 4 1C.
The primary antibodies were washed in Tris-buffered saline,
pH7.5, supplemented with 0.1% Tween-20 and then
incubated with anti-rabbit IgG horseradish peroxidase-
conjugated secondary antibody (Cell Signaling Technology,
Danvers, MA, USA) for 2 h at room temperature. Finally,
the signals of protein bands were detected with an ECL
system (Thermo) according to the manufacturer’s instruc-
tions.

Immunofluorescence Staining
Cells grown in a six-well chamber were transfected with
TBK1-specific or control siRNA. 24 h after transfection, cells
were irradiated with 8Gy of 60Co g-rays and were seeded into
a 24-well chamber after 48 h. 24 h later cells were washed with
PBS, fixed in 4% paraformaldehyde for 1 h and permeabilized
with 0.1% Triton X-100 for 30min at room temperature.
After blocking with 1% bovine serum albumin for 1 h, the
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cells were then incubated with E-cadherin and vimentin
antibodies at 4 1C overnight. After being washed with PBS,
the sections were stained with Alexa Fluor 488 dye anti-rabbit
antibodies at room temperature for 1 h. Nuclei were
counterstained with 40,6-diamidino-2-phenylindole and the
images were analyzed using a fluorescence microscopy
(Nikon, Tokyo, Japan).

RNA Isolation and Real-Time PCR
Total RNA isolation was performed with TRIzol reagent
(Takara, Dalian, China) according to the manufacturer’s
protocol. cDNA was synthesized with a Reverse Transcript Kit
(Takara). And then real-time PCR was conducted on a
quantified machine (Roche, Switzerland). All the experiments
were administrated following the instructions of the kits. The
primers used in our experiments are listed in Table 1.

Wound-Healing Assay
Cells were seeded in six-well plates and cultured until
30–50% confluence. After transfection with TBK1 siRNA for
24 h, the confluent cell monolayer was scratched with a
pipette tip to produce a vertical line across the middle of the
wells. The detached cells were washed out with PBS for three
times. Then the cells were cultured in serum-free DMEM and
treated with 60Co g-rays. Pictures were taken immediately
after the wound (at 0 h) and at 40 h after the radiation using a
microscopy (Nikon).

RESULTS
Irradiation Induces Molecular Changes of A549
Associated with EMT
A549 cells were irradiated with a single dose of 2, 4, 6, and
8Gy g-rays. Cell morphology was observed at 24, 48, and 72 h
post irradiation, including enlargement of cell space, loss of
cell polarity, the appearance of spindle-shaped cells, and
increased formation of pseudopodia, which are consistent
with the mesenchymal phenotype (data not shown). To
evaluate if this change was the result of EMT, we tested the
expression of EMT-associated proteins by western blotting. At
the protein level, radiation reduced expression of the epithelial
marker E-cadherin and enhanced the expression of the
mesenchymal marker vimentin in a time- and dose-depen-
dent manner compared with non-irradiated control levels
(Figures 1a and b). These data indicate that radiation induces
EMT of human lung cancer cells A549. Based on these initial
findings, we selected the dose of 8Gy and 72 h of treatment
for further experiments.

TBK1 Inhibition Attenuates Radiation-Induced EMT
We next determined the contribution of TBK1 signaling
to radiation-induced EMT. Using TBK1 siRNAs to knock-
down TBK1 levels in A549 cells, the normally observed in-
duction of vimentin caused by radiation treatment was
attenuated and the decrease in basal E-cadherin levels was
prevented (Figure 2a). These results were also substantiated

by immunofluorescence analysis: knockdown of TBK1 over-
rode the characteristic downregulation of E-cadherin
(Figure 2b) and upregulation of vimentin in A549 cells
(Figure 2c). Another characteristic of EMT is increased cell
migration and invasion. We analyzed the migratory and in-
vasive properties of A549 using a wound-healing assay.
Consistently, the acquisition of increased migration was
prevented by knockdown of TBK1 (Figure 2d). Taken to-
gether, our data suggest that TBK1 inhibition attenuates ra-
diation-induced responses in A549 cells.

TBK1 Inhibition Regulates Radiation-Induced ZEB1
Expression
To gain further insight into the molecular mechanisms of
TBK1 regulation of EMT, we aimed to identify transcription
factors whose expression regulates EMT and is regulated by
TBK1. ZEB1 have major regulatory roles on TGF-b-induced
EMT program, which acts as an E-cadherin repressor.26 To
investigate ZEB1 expression during TBK1-regulated EMT, we
used the RT-PCR approach to identify whether ZEB1
expression was altered in the initial stage of EMT induced by
radiation. As shown in Figure 3a, mRNA of ZEB1 was induced
at 3 h after radiation and silencing TBK1 attenuated this
change. We next performed western blot analysis with anti-
bodies that specifically recognize ZEB1. Radiation caused a
time-dependent increase in ZEB1 protein level, however, TBK1
knockdown attenuated the increasing expression of ZEB1
protein induced by radiation (Figure 3b). Thus, we next ex-
amined the association between TBK1 and ZEB1 using the
overexpression plasmid of ZEB1. Our data showed that over-
expression of ZEB1 overrode the role of TBK1 inhibition on
radiation-induced EMT (Figure 3c). Based on the result, we
viewed TBK1-regulated radiation-induced EMT via repression
of ZEB1.

TGF-b/Smad Pathway Are not Attenuated by TBK1
Inhibition
It is reported that concentrations of TGF-b were increased in
patients’ serum after radiotherapy and were identified as a
significant risk factor for radiotherapy.27 Numerous studies
have attempted to clarify the role of TGF-b in EMT28 and the
pathways involved in radiation-induced EMT.18 Therefore,
we studied the TGF-b signaling in response to radiation and
identified that if TBK1 modulated it. We first investigated the
level of TGF-b in cell lysate by real-time PCR. As shown in

Table 1 PCR primers

Name Left Right

TGF-b GCTGTCAGCTCCAAAACTCC CGGAGCTCTGATGTGTTGAA

ZEB1 CAGCTCTGGGTGGAGAAGAC CCTGACCCACTTCCAACAGT

GAPDH CGGCTACTAGCGGTTTTACG AAGAAGATGCGGCTGACTGT
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Figure 4a, the TGF-b contents were enhanced in A549 after
irradiation, but silencing TBK1 did not affect TGF-b. TGF-b/
Smad signaling is a classic pathway in regulating EMT, the

expression of p-Smad3 in A549 was increased after irradia-
tion, whereas the level of smad3 remained unchanged
(Figure 4b). Whereas attenuation of TBK1 did not decrease

Figure 1 Irradiating A549 cells differentially modulate the expression of E-cadherin and vimentin in a time- and dose-dependent manner. (a, b) A549

cells were irradiated with different dose of 60Co g-rays and were harvested at 24, 48, and 72 h post irradiation. Western blots were used to detect

biomarker specific for EMT. b-Tubulin was used as loading control.

Figure 2 TBK1 inhibition attenuates radiation-induced EMT. (a) A549 cells were transiently transfected with siRNA-specific TBK1 or with control siRNA.

After 24 h, cells were irradiated with 8Gy of 60Co g-rays and were harvested at 72 h post irradiation. Expression of each protein was evaluated by

western blot analysis. b-Tubulin was used as loading control. (b) Immunofluorescence staining for E-cadherin (green) and 40 ,6-diamidino-2-phenylindole

(DAPI; blue) in control and treated cells at 72 h post irradiation (original magnification � 100). (c) Immunofluorescence staining for vimetin (green) and

DAPI (blue) in control and treated cells at 72 h post irradiation (original magnification � 100). (d) A549 cells were transfected with siCtrl or siTBK1 and

subjected to a wound-healing assay with radiation or vehicle. Representative images were photographed at � 100 magnification right after the scratch

and at � 400 magnification 40 h after radiation.
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the radiation-induced expression of p-Smad3, indicating the
minimal requirement of smad signaling in TBK1 effect
(Figure 4c). These data suggest that TGF-b/Smad signaling are
activated by radiation and may have a role in radiation-in-
duced EMT, but TBK1 signaling does not regulate the phos-
phorylation of smad3 in A549 cells, indicating that the effects
of TBK1 inhibition require distinct signaling intermediates.

Activation of NF-jB Signaling Is not Required for TBK1
Inhibition
NF-kB is a transcription factor that not only has an
important role in the regulation of cell apoptosis and
tumourigenesis but also is essential for EMT induction and
maintenance by targeting ZEB1/2.29,30 Moreover, TBK1
participates in inflammatory pathways related to activation
of NF-kB.19 Therefore, we studied the activation of NF-kB
signaling in response to radiation and its contribution to

TBK1 signaling. Activation of the NF-kB signaling pathway
was determined by measuring the expression of the NF-kB
inhibitory protein inhibitor, kB-a(IkB-a) and p-IkB-a. We
found that radiation could degrade as well as phosphorylate
IkB-a within 3 hours, indicating that radiation may or can
activate NF-kB pathway (Figure 5a). Next, we determined the
contribution of NF-kB signaling to the TBK1 effect. Inhibi-
tion of TBK1 by using siRNA did not affect the protein level
of IkB-a and p-IkB-a induced by radiation (Figure 5b).
These findings indicate that activation of the NF-kB signaling
pathway is not required for TBK1 inhibition on radiation-
induced EMT.

TBK1 Inhibition Regulates Radiation-Induced EMT via
Attenuating Radiation-Induced Changes in p-GSK-3b
GSK-3 signaling has been demonstrated to have a mod-
ulatory effect on EMT in various cell types31 and has been

Figure 3 TBK1 inhibition regulates radiation-induced ZEB1 expression. (a) A549 cells were transfected with a control or a TBK1-specific siRNA. After

24 h post-transfection, cells were left untreated or treated with 8Gy of 60Co g-rays, and total RNA were collected at 3 h after irradiation. RT-PCR analysis

was done using a primer for ZEB1. The data were reported as means±s.e.m., *Po0.05. (b) A549 cells were transfected with a control or a TBK1-specific

siRNA. After 24 h post-transfection, cells were left untreated or treated with 8Gy of 60Co g-rays, and protein samples were collected at various time

points after irradiation. Western blot analyses were used to detect transcription factor ZEB1. Equal protein loading was verified by the analysis of

b-tubulin. (c) A549 cells were transfected with siCtrl, siTBK1, empty vector, plasmid of ZEB1, or were co-transfected with siTBK1 and plasmid of ZEB1.

After 24 h, cells were irradiated with or without 8 Gy of 60Co g-rays for an additional 72 h. EMT-specific biomarkers were detected by western blot

analysis. Equal protein loading was verified by the analysis of b-tubulin.
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previously implicated in certain features of radiation-induced
EMT.23 We hypothesized that TBK1 may have a regulatory
role in GSK-3b signaling. Western blot analyses showed that
phosphorylation of GSK-3b (S9) was significantly increased
in irradiated A549 cells in a time-dependent manner, whereas
the levels of total GSK-3b remained unchanged (Figure 6a).

Interestingly, we observed that inhibition of TBK1 by using
siRNAs resulted in a significant decrease in phosphorylated
GSK-3b in A549 cells, which indicated that TBK1 inhibition
could overrode the effect that radiation inactivated GSK-3b
(Figure 6a). To further investigate the role of GSK-3b in the
regulation of radiation-induced EMT by TBK1, we used a
GSK-3b inhibitor, SB216763, that has been shown previously
to inhibit GSK-3b.32 In agreement with this finding, we
found that stimulation with SB216763 attenuated the
expression of biomarker specific for EMT and decreased the
expression of transcription factor ZEB1 compared with only
inhibition of TBK1 by using siRNAs (Figures 6b and c).
These findings imply that GSK-3bsignaling is capable of
producing a powerful inhibitory signal for radiation-induced
EMT, suggesting that phosphorylation of GSK-3b by TBK1
inhibition is a plausible explanation for its anti-EMT effects.

Figure 4 TGF-b/Smad pathway is not attenuated by TBK1 inhibition. (a)

A549 cells were transfected with a control or a TBK1-specific siRNA. After

24 h post-transfection, cells were treated with or without 8 Gy of 60Co g-
rays, and total RNA were collected at 72 h after irradiation. RT-PCR

analysis was done using a primer for TGF-b. The data were reported as

means±s.e.m., P40.05. (b) A549 cells were irradiated with 8Gy of 60Co

g-rays and were harvested at various time points after irradiation.

Western blot analyses were used to detect Smad3 and p-Smad3. Equal

protein loading was verified by the analysis of b-tubulin. (c) A549 cells

were transfected with a control or a TBK1-specific siRNA. After 24 h post-

transfection, cells were treated with or without 8 Gy of 60Co g-rays for an
additional 3 h. Western blot analyses were used to detect whether Smad3

and p-Smad3 were affected by TBK1 knockdown. Equal protein loading

was verified by the analysis of b-tubulin.

Figure 5 Activation of NF-kB signaling is not required for TBK1

inhibition. (a) A549 cells were irradiated with 8Gy of 60Co g-rays and
were harvested at various time points after irradiation. The expression of

IKK-b and the degradation and phosphorylation of IkB-a were examined

by western blot analysis. b-Tubulin served as the internal control. (b)

A549 cells were transfected with a control or a TBK1-specific siRNA. After

24 h post-transfection, cells were treated with or without 8 Gy of 60Co g-
rays for an additional 3 h. Western blot analyses were used to detect

whether IKK-b and the degradation and phosphorylation of IkB-a were

affected by TBK1 knockdown. b-Tubulin served as the internal control.
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DISCUSSION
Radiation is a double-edged sword: it not only kills tumor
cells, but can also lead to development of distant metastases,
induce radioresistance, and damage normal tissues. Recently,
EMT has been found to have malignant characteristics in
confer cancer cells, causing the cells to have a propensity for
metastatic dissemination, resistance to various therapies, and
recurrence. Accumulating evidence indicates that radiation is
one of the inducers of EMT, so understanding the relation-
ship between radiation and EMTand generating novel targets
that can fight cancer progression as well as normal tissue
injuries induced by radiotherapy are necessary.

TBK1, an atypical IkB kinase family member, has been
defined as a central molecule in cell regulatory networks
responsive to inflammatory cytokines and pathogen surveil-

lance receptors.33 Chien et al showed that Ralb GTPase
regulated TBK1, provided an unexpected link between the
signaling pathways that promote inflammation and cancer.34

In tumor cells the RalB/TBK1 pathway inhibits apoptosis and
in nontumorigenic cells it stimulates the innate immune
response.35 Emerging evidences suggest that targeting TBK1
may be therapeutically beneficial for the treatment of certain
tumors. But the role of TBK1 in radiation is still unclear. Our
previous study showed that TBK1 knockdown enhanced
radiation-induced death and repressed proliferation in MDA-
MB-231 cells. The expression level of TBK1 in MDA-MB-231
was higher than in MCF-7, suggesting that TBK1 may
contribute to malignant characteristics.21 Based on these
findings, we viewed TBK1 as an oncogene-like kinase under
the influence of radiation. We have also reported that TBK1 is
a downstream effector of the miR-200c-driven pathway,21

which inhibits EMT by directly targeting ZEB1 and ZEB2.22

In the present study, we used the A549 model of radiation
induction of EMT to investigate the effect of TBK1
expression on EMT. Here we reported for the first time
that downregulation of TBK1 expression in A549 cells results
in a loss of expression of epithelial markers along with a gain
in expression of mesenchymal markers. Moreover, the cells
show the increasing migrative ability as assessed by a wound-
healing assay. Taken together, the results point to the
regulation of endogenous TBK1 protein expression as a
potential strategy to target EMTand related invasive behavior
in cancer cells.

The most significant finding in our study was that TBK1
acted as a negative regulator of radiation-induced ZEB1-
dependent EMT. It is well documented that ZEB1 is an
important transcript factor of EMT by inhibiting an E-box
gene, such as E-cadherin.36 Several previous studies suggest
that ectopic expression of miR-200c hinders progression of
EMT in TGF-b-treated cells by downregulation of ZEB137

and miR-200c induced endothelial cell apoptosis and
senescence via ZEB1 inhibition.38 ZEB1 is induced by TGF-
b during smooth muscle differentiation, in which it interacts
with Smad3 and SRF to transactivate the genes encoding
smooth muscle a-actin and smooth muscle myosin heavy
chain.39 Furthermore, overexpression of ZEB1 in MCF-10A
cells reduced E-cadherin and p65 expression and displayed an
EMT phenotype.31 In our present study, we show that TBK1
can attenuate radiation-induced upregulation of ZEB1. We
believe ZEB1 to be the target of TBK1 inhibition.

The intensive investigation of molecular and cellular
changes that can regulate EMT is focused on TGF-b. TGF-b
is a multifunctional cytokine that regulates various cellular
functions via diverse signaling pathways. Stimulation of
epithelial cells with TGF-b is the classical way to induce EMT.
However, Smad signaling is activated in response to TGF-b
and leads to EMT. It has been shown that IR can activate
TGF-b signaling,40 and EMT mediated by TGF-b/Smad
signaling may be a mechanism in the IR-promoted migration
and invasion of cancer cells.18Consistent with the results of

Figure 6 TBK1 inhibition regulates radiation-induced EMT via attenuating

radiation-induced changes in p-GSK-3b. (a) A549 cells were transfected

with a control or a TBK1-specific siRNA. After 24 h post-transfection, cells

were left untreated or treated with 8Gy of 60Co g-rays, and protein

samples were collected at various time points after irradiation. Western

blot analyses were used to detect GSK-3b and p-GSK-3b. b-Tubulin
served as the internal control. (b, c) A549 cells were transfected with a

control or a TBK1-specific siRNA. After 24 h post-transfection, the cells

were treated with 10 mM SB216763 for 16 h, irradiated with 8Gy of
60Co g-rays, and protein samples were collected at various time points

after irradiation. Expression of the epithelial marker E-cadherin and

transcription factor ZEB1 was detected by western blot analysis.

b-Tubulin served as the internal control.
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previous researchers, we found an increase in TGF-b and
phosphorylation of Smad3, but we did not detect such
changes in TBK1 knockdown cells. This suggests the lack of
cross-talk between TBK1 signaling and the TGF-b/Smad
pathway. Other research showed that low-dose radiation-
induced EMT through NF-kB p65 signaling enhanced
the migration and invasion of cervical cancer cells, and
when NF-kB p65 was silenced, the EMT process was reversed.
To explore the underlying mechanism of TBK1, we
investigated the NF-kB signaling pathway. TBK1 mediates
the inducible phosphorylation of p65 at Ser-536,41 and
upregulation of TBK1 is proposed to contribute to the
activation of NF-kB.42 Our data show that IR activated NF-
kB, which led to the phosphorylation and degradation of
IkB-a. However, inhibition of TBK1 did not suppress NF-kB.

GSK-3b is a ubiquitous and promiscuous kinase that par-
ticipates in several key signaling pathways that can have a role
in EMT, such as Wnt, Hedgehog, TGF-b, phosphatidylinosi-
tol-30-kinase, and Notch pathways.32 In many cells, GSK-3b is
constitutively active and can phosphorylate Snail to facilitate
its degradation. GSK-3b can be inactivated by phosphory-
lation at its N-terminal serine 9 residue. Inactivation of GSK-
3b stabilizes Snail and succumbs to EMT induction.43 In the
current study, western blot analyses showed that radiation
increased the phosphorylation of GSK-3b at serine 9 residue
and silencing TBK1 can obviously attenuates the phosphory-
lation, suggesting that inhibition of TBK1 has been linked
with activation of GSK-3b. Thus, we hypothesize that TBK1
inhibition can attenuate radiation-induced expression of
ZEB1 via activation of the GSK-3b. In support of this
hypothesis, pretreatment of cells with the GSK-3b inhibitor
SB216763 promotes TBK1 inhibition, accelerating the
upregulation of E-cadherin and downregulation of ZEB1.
Taken together, our data suggest that GSK-3b is necessary for
TBK1 signaling in radiation-induced EMT.

Based on our findings, we have shown that TBK1
inhibition in A549 cells is likely to contribute significantly to
attenuation of radiation-induced EMT. Mechanistically, a
pathway involving activated GSK-3b and decreased
transcription factor ZEB1 is implicated. Taken together,
increasing understanding of the role TBK1 in radiation-
induced EMT will not only provide new insight into cancer
research, but also pave the way for more effective treatments
in radiotherapy.
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