
Abstract. Background/Aim: High expression of the Bcl-2-
interacting cell death suppressor (BIS), an anti-apoptotic
protein, in various human cancers is linked to a poor
outcome. The purpose of this study was to clarify whether
BIS is associated with the migration and invasive
characteristics of A549 cells. Materials and Methods: BIS-
knockout (KO) cells were prepared by the CRISPR/Cas9
method. The aggressive behaviors of A549 cells were
analyzed by wound healing and a transwell invasion assay
as well as 3D spheroid culture. Results: BIS depletion
resulted in significant inhibition of the migration and
invasive potential of A549 cells which was accompanied by
an increased ratio of E-cadherin/N-cadherin and a decrease
in the mRNA levels of Zeb1, Snail, Slug and MMP-2. NF-ĸB
activity was suppressed in BIS-KO A549 cells due to the
decrease in p65 protein levels, but not in mRNA levels.
Conclusion: BIS regulates cell invasion and the induction of
the epithelial-mesenchymal transition (EMT) phenotype in
A549 cells probably via the NF-ĸB signaling pathway.

Lung cancer is one of the leading causes of cancer death
worldwide (1). Non-small cell lung cancer (NSLCL)
accounts for 85-90% of lung cancers. Despite the advances
in our understanding of genetic alterations that are associated
with the pathogenesis and resistance to conventional therapy

which largely focuses on activating mutations of the
epidermal growth factor receptor as well as anaplastic
lymphoma kinase, the 5-year survival rate for all stages is
around 17% (2). Thus, there is an urgent need to define the
critical molecular events responsible for such poor patient
outcomes, which are associated with therapeutic resistance
as well as with distant metastasis. 

Bcl-2-interacting cell death suppressor (BIS), also referred
to as BAG3, has been shown to interact with various proteins
including BCL-2, HSP70 or HSPB8, affecting various
cellular processes including apoptosis, stress responses,
autophagy or cytoskeleton arrangement (3-5). Consistent
with the pro-survival activity of BIS against various types of
apoptotic stress that has been shown in in vitro experiments,
BIS is highly expressed in most human cancers (6, 7).
Furthermore, a higher expression of BIS was shown to be
associated with more aggressive phenotypes or a poorer
prognosis in many types of human cancers including
pancreatic cancer, ovarian cancer, glioblastomas, melanomas
and hepatomas (8-12). Supporting the positive correlation
between the degree of expression of BIS and clinical stages
in several cancers, the migration and invasion abilities were
profoundly affected by the modulation of BIS expression in
various tumor cell lines derived from ovarian cancer,
colorectal cancer, cervical cancer or hepatoma (9, 11, 13,
14). These findings raised the potential for BIS as a
prognostic factor as well as a therapeutic target for a diverse
list of human cancers. The possibility of a therapeutic target
has increased in recent attempts to use BIS siRNAs that have
been effectively transferred to glioblastoma and squamous
cancer mouse models (15, 16). However, little is known
regarding the role of BIS in NSCLC, especially with regard
to migration and invasion. 

In a previous study, we examined BIS expression in
surgically resected NSCLC tissues, and the results indicated that
BIS expression is increased in most squamous cell carcinomas
and 70% of adenocarcinomas (17). In addition, an enhanced
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BIS expression was frequently detected at the periphery of a
tumor tissue facing the adjacent nontumor region in
adenocarcinomas, suggesting that BIS might contribute to the
invasion of adenocarcinoma cells into normal tissues. In this
report, therefore, we used A549 lung adenocarcinoma cell lines
to access the biological impact of BIS on the migration or
invasion of lung cancer cells. Our results indicate that depletion
of BIS expression significantly suppressed A549 cell migration
and invasion in vitro, and this was accompanied by decrease in
MMP-2, snail and slug transcript levels. In addition, we present
the possibility that NF-ĸB may function as an effector molecule
that determines epithelial-mesenchymal transition (EMT)
phenotype according to the amount of BIS. 

Materials and Methods 

Cell culture and transfection. Human non-small cell lung cancer cell
(NSCLC) line A549 was provided by the American Type Culture
Collection and maintained in RPMI 1640 medium supplemented with
10% fetal bovine serum (FBS, Biowest, Nuaillé, France) and 1%
penicillin-streptomycin (Biowest). BIS- knockout (KO) A549 cells
were prepared using a CRISPR/Cas9 system, as described previously
(18). Knock down of p65 proteins was carried out with small
interfering RNA (siRNA) strategy using Lipofectamine 2000 reagent
(Thermo Fisher Scientific, Waltham, MA, USA). Target specific
sequences of siRNA were provided from Genolution (Seoul, Korea);
siRNA for p65 (5’-CGGAUUGAGGAGAAACGUAAAUU-3’) and
control siRNA (5’-CCUACGCCACCAAUUUCGU-3’).

Cell migration and invasion assay. Wound healing migration assay
was performed on wild type (WT) and BIS-KO A549 cells. Cells
were seeded in a 35 mm dish and grown overnight to confluence.
The monolayer cells were scratched with the 200 μl pipette tip to
make a wound, and cells were washed with RPMI 1640 containing
10% FBS (Biowest) to remove dislodged cells, and then captured
by an inverted microscope (Olymus, Center Valley, PA, USA). After
48 h of incubation, the cells migrating from the leading edge were
captured again. The migrated cells were counted in each well and
the mean values were presented after three independent
experiments. For p65-siRNA-transfected A549 cells, transwell
migration assay was performed in modified Boyden chambers with
8 μm pore filter inserts in 24-well plates (Corning Life Sciences,
Corning, NY, USA). 5×104 cells in 200 μl of serum free-RPMI 1640
medium were transferred to the upper chamber. The lower chamber
was filled with RPMI 1640 containing 10% FBS. After 24 h of
incubation, the membrane was gently removed from the chamber,
and the cells on the upper surface were removed using cotton swabs.
Cells on the lower surface that pass through the filters were fixed
with 50% methyl alcohol and stained with 0.1% crystal violet. The
membranes were captured with digital images and the numbers of
cells passed through the filters were counted in four random fields.
The invasion ability was measured using Matrigel invasion chamber
with 8 μm pore (Corning Life Sciences) with the same procedures
described for migration assay except the pre-hydration of membrane
with 200 μl of serum free RPMI 1640 medium. 

Three-dimensional (3D) spheroid culture in microchannel plates.
Microchannel plates were prepared using polydimethylsiloxane

(PDMS; Silgard 184, Dow Chemical, Midland, MI, USA) according
to the protocol reported in previous studies (19, 20). Cell-hydrogel
mixture was prepared at a cell density of 5×105/ml in 2.33 mg/ml type
I collagen solution (BD Biosciences, San Jose, CA, USA) containing
phenol red with pH adjusted to 7.4. Three μl of cell-hydrogel mixture
was loaded into designated cell channels and pre-incubated for 30 min
allowing polymerization before adding media. Spheroid cultures were
monitored with media changes on a daily basis. At day 6, cells were
stained for F-actin and nucleus using rhodamine phalloidin (1:1,000,
cat. no. R415, Thermo Fisher) and DAPI (1:1,000, cat. no. D9564,
Sigma-Aldrich, St. Louis, MO, USA), respectively. The cells in the
media channels were identified as migrated cells out of cell channels
and counted on the images acquired under confocal microscopy (LSM
800 Meta, Zeiss, Oberkochen, Germany).

Western blot analysis and co-immunoprecipitation. Western blot
analysis was performed as previously described. The primary
antibodies used in this study are anti-BIS antibody (3), anti N-
cadherin, anti E-cadherin, anti-IĸB (Santa Cruz–Biotechnology, Santa
Cruz, CA, USA), anti-p65 (Cell Signaling, Danvers, MA, USA) and
anti β-actin (Sigma -Aldrich). The interaction of BIS with p65 was
validated by co-immunoprecipitation assay. Cells were lysed with
RIPA buffer (50 mM Tris, 150 mM NaCl, 1% NP-40, 0.5% sodium
deoxycholate, 0.1% sodium dodecyl sulfate, pH 7.5) containing
protease inhibitor and phosphatase inhibitor (Sigma Aldrich). After
centrifugation at 15,000 g for 30 min, each cell lysate was precleared
by PureProteome™ protein A magnetic beads (Millipore, Billerica,
MA, USA) for 2 h at 4˚C. And then, the specific anti-BIS serum or
normal rabbit serum was added to 1 mg of cell lysates and further
incubated for overnight at 4˚C. Next day, the pre-equilibrated beads
were added to cell lysates and incubated for 4 h at 4˚C while rocking.
After washing with lysis buffer three times, beads were resuspended
with 2X Laemmli buffer. BIS or p65 expression in immunoprecipitates
was analyzed by western blot analysis.

Quantitative real time RT-PCR (qRT-PCR). RNA was isolated using
RNAiso Plus (TaKara Biotechnology, Shiga, Japan) and cDNA was
synthesized by AccuPower® Customized RocketScript™ Cycle RT
premix (Bioneer, Daejeon, Korea). RNA expression levels were
measured by standard qPCR procedures with SYBR Premix Ex Taq™
(Takara Biotechnology) on Applied Biosystems 7300 machine
(Applied Biosystems, Carlsbad, CA, USA). The relative values for
specific mRNA were yielded after normalization to the Ct value from
β-actin in the same sample using the ddCt method. The primers list
are shown in Table I.

NF-kB luciferase reporter assay. The NF-ĸB luciferase reporter assay
was performed as described previously (21). Cells were transfected
with a reporter plasmid containing a ĸB response element (IgĸB-Luc,
0.5 μg) and a renilla reporter plasmid (0.005 μg) with Fugene 6
(Roche Life Science, Basel, Switzerland) for 24 h. The reporter
activity was determined by a dual luciferase reporter gene assay kit
(Promega, Madison, WI, USA). After normalizationwith renilla
activity, the NF-ĸB activity as a transcriptional activator in BIS-KO
A549 cells was expressed relatively to that in WT A549 cells. 

Statistics. All of the experiments were performed at least three times
and the results are expressed as mean±standard deviation (SD).
Student’s t-test was used to compare data between two groups.
p-Value of less than 0.05 was considered statistically significant. 
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Results 

Migration and invasive potential of A549 cells was suppressed
by BIS depletion in vitro. In a previous study, we observed that
BIS expression was higher in the marginal area compared to
central region in adenocarcinoma tissues (17). To determine if
high expression of BIS is associated with the aggressive
phenotype of adenocarcinoma of lung origin, we examined the
effect of BIS depletion on the migration and invasiveness of
A549 cell line derived from a pulmonary adenocarcinoma
using BIS-KO A549 cells prepared by CRISPR/Cas9 (18). As
shown in Figure 1A, BIS-KO A549 cells revealed a significant
decrease in the wound healing capacity of A549 cells to about
55.5% of that of WT A549 cells (p=0.06). The complete
depletion of BIS also inhibited the invasive ability of A549
cells as evidenced by a definite reduction in the number of
cells that invaded through a matrigel-coated membrane,
170±12 and 36±9 cells for WT and BIS-KO A549 cells,
respectively (Figure 1B, p<0.001). Furthermore, the functional
role of BIS in the infiltrative behavior of A549 cells was
evaluated under a physiologically relevant condition using
microchannel culture chips. Both types of cells were cultured
in collagen-incorporated microfluidic channels and their
migration out of the channels was then monitored. Under these
conditions, cells were grown as 3D spheroids that provide in
vivo-like 3D cell-cell and cell-extracellular matrix interaction
(20). Over the 6 days of culture, both WT and BIS-KO A549
cells formed discrete tumor spheroids with no significant
difference in the number or size of tumor spheroids (Figure
2A). However, the migration of BIS-KO A549 cells out of the
spheroid channel was substantially suppressed compared to
WT A549 cells, as determined by cell numbers and the
distance that they moved out of the channel (Figure 2B). The
total number of migrated cells was 158.0 and 41.25 for WT
A549 and BIS-KO A549 cells, respectively (p<0.05). The
average distance moved was 151.5 μm in the case of WT
A549 cells, while the value was 108.9 μm in BIS-KO A549
cells (p=0.068). Thus, BIS depletion significantly inhibited the
migration and invasion of A549 cells, not only in 2D cultures
but also in collagen-supported 3D conditions which more
closely represents in vivo conditions. 

BIS depletion induces a reversion of EMT in A549 cells.
EMT is an important process which provides the phenotypic
switch that causes tumor cells to acquire more aggressive
properties (22). The expression of E-cadherin, an epithelial
marker and N-cadherin, a mesenchymal marker, were
therefore examined in WT and BIS-KO A549 cells. Western
blotting indicated that E-cadherin levels were increased
while those for N-cadherin were decreased in BIS-KO A549
cells compared to WT A549 cells (Figure 3A). Also, the
expressions of several EMT-inducing transcription factors
such as Zeb1, Snail1 and Slug were notably inhibited by BIS
depletion, as determined by qRT-PCR (Figure 3B). In
addition, MMP-2 expression was also substantially decreased
in BIS-KO A549 compared to WT A549 cells, consistent
with the reduction in the invasive ability of BIS-KO A549
cells. These collective results indicate that the retarded
migration and invasion behavior of A549 cells upon BIS
depletion is mediated by, at least partly, reversing EMT
program in A549 cells.

NF-ĸB signaling is involved in BIS-mediated regulation of
migration and invasive potential of A549 cells. Previous
studies have suggested that NF-ĸB plays an essential role in
the induction of EMT in several types of tumor cells including
A549 cells (23-25). On the other hand, it has been shown that
BIS is required for the sustained increase in NF-ĸB signaling
in several tumor cells through the inhibition of HSP70-
dependent degradation of IKKγ (26). In addition, BIS
knockdown decreased the translocation of p65 to the nucleus
upon oxidative stress (27). To investigate the association of
NF-ĸB in BIS-mediated EMT, we first compared the NF-ĸB
activity in WT A549 and BIS KO A549 cells using a NF-ĸB
reporter construct. Figure 4A shows that the luciferase activity
driven from NF-ĸB response element was significantly lower
in BIS-KO A549 cells, 55% of that in WT A549 cells
(p<0.001). We then examined whether BIS depletion affects
the expression levels of p65 or IĸB. As shown in Figure 4B,
while the IĸB levels were not different between the two cells,
p65 protein levels were decreased in BIS-KO A549 cells to
approximately 56.4% of that in WT A549 cells (p<0.01).
Subsequent analyses for p65 mRNA levels indicated that there
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Table I. Specific primers used in this study.

Target gene                                            Forward                                                                                        Reverse

Zeb1                                                       5’-GCCAATAAGCAAACGATTCTG-3’                                   5’-TTTGGCTGGATCACTTTCAAG-3’
Snail                                                       5’-CCTCCCTGTCAGATGAGGAC-3’                                      5’-CCAGGCTGAGGTATTCCTTG-3’
Slug                                                        5’-GGGGAGAAGCCTTTTTCTTG-3’                                      5’-TCCTCATGTTTGTGCAGGAG-3’
MMP2                                                    5’-GCAAGGAGTACAACAGCTGC-3’                                    5’-GAAGCGGAATGGAAACTTGCA-3’
p65                                                         5’-CCCATCTTTGACAATCGTGC-3’                                       5’-ATCAGCTTGCGAAAAGGAGC-3’
β-Actin                                                   5’-AGTACTCCGTGTGGATCGGC-3’                                      5’-GCTGATCCACATCTGCTGGA-3’
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Figure 1. Effect of BIS depletion on the migration and invasion of A549 cells. (A) The migration behavior of WT and BIS-KO A549 cells was
assessed by means of a wound healing assay. Representative images of the wound area were obtained by phase-contrast microscopy at 0 and 48 h
post-scratching (left). The average number of migrated cells from triplicate experiments is summarized in the right panel. (B) Transwell invasion
assay shows that BIS depletion inhibited the invasion of A549 cells (left). The results from three independent experiments are provided (right). Data
are presented as the mean±SD. ***p<0.001 vs. WT.

Figure 2. Decreased migration of A549 cells out of spheroid channels
by BIS depletion. (A) WT and BIS-KO A549 cells were cultured in
collagen-supported microfluidic channels for 6 days. Spheroid
formation was shown by staining the nuclei (DAPI: blue) and F-actin
(red). Magnified view of a spheroid is shown in the lower panel. Scale
bar, 100 μm. (B) Representative images of WT and BIS-KO A549 cells
migrated out of the spheroid channel into the media channel (upper).
Scale bar, 50 μm. The total number of cells found in the media channel
and the distance moved was determined from four independent
experiments and expressed as the mean±SD (lower). *p<0.05 vs. WT.



was no significant decrease in p65 mRNA levels in BIS-KO
A549 cells compared to WT A549 cells (Figure 4C). These
findings suggest that BIS is required for NF-ĸB signaling,
modulating the stability of the p65 protein rather than
transcriptional regulation. To confirm this thesis, the rate of
degradation of p65 was determined by cycloheximide (CHX)
chase experiments. Figure 4D shows that p65 levels were
degraded more rapidly in BIS-KO A549 cells than in WT
A549 cells. A co-immunoprecipitation assay revealed that p65
was detected in the immune complex which was precipitated
by anti-BIS, indicating that BIS is physically associated with

p65 in A549 cells (Figure 4E). Finally, we confirmed that the
migration and invasion of A549 cells can be reduced
sufficiently by the knockdown of p65 itself (Figure 5). 

Taken together, our results suggest that BIS is required for
stabilization of p65 protein through their protein-protein
interactions, leading to the constitutive activation of NF-ĸB.
And the BIS-dependent NF-ĸB activation might contribute,
at least in part, to sustaining the migration and invasion
capabilities of A549 cells. 

Discussion 

Although conflicting results have been reported, BIS has been
reported to promote the migration and invasion in many types
of tumor cells (9, 13, 28). In the present study, the complete
depletion of BIS using a CRISPR/Cas9-mediated knockout
strategy was found to effectively inhibit the migration and
invasion in A549 cells via reversing the EMT process. This is
consistent with our previous report showing higher levels of BIS
expression in the marginal area adjacent to normal tissue than
central area in human lung cancer tissues (17). Therefore, our
results reaffirm that BIS appears to be an important molecule
that can regulate cell survival, as well as invasive properties of
various types of cancer including lung adenocarcinoma, which
is linked to clinically unfavorable outcomes.

Several reports have suggested EMT regulation as a
mechanism that promotes the development of aggressive
phenotype by BIS (11, 29, 30). However, most previous
reports only reported changes in the EMT phenomena as a
result of quantitative changes in BIS, and specific details on
how BIS can affect EMT have not been elucidated. Of the
several pathways that initiate EMT in tumor cells, a possible
link was noted between NF-ĸB activity and BIS-mediated
EMT in A549 cells, by demonstrating a significant decrease
in NF-ĸB activity which can be attributed to a decrease in
p65 levels in BIS-KO A549 cells. Furthermore, it was also
observed that the knockdown of p65 resulted in the
suppression of migration and invasion ability of A549 cells.
These results are consistent with previous reports indicating
that the activation of NF-ĸB is involved in the EMT process
in A549 cells in response to several stimuli including TGF-
ß, acetylcholine and the cell cycle activator RGC32 (24, 31,
32). In addition, it has been reported that the EMT of A549
cells was markedly inhibited by certain conditions that
regulate NF-ĸB activity such as SIRT1 overexpression as
well as Osthole, a naturally-occurring coumarin derivative
(24 33). Based on these results, BIS targeting could also be
an effective therapeutic modality for controlling EMT
mediated by NF-ĸB and subsequent metastasis in NSCLC. 

Since the BIS protein has no enzymatic activity, the diverse
effects of BIS on the fate of cells can be attributed to its
interaction with various proteins, not to the BIS protein itself,
thus affecting their stability, localization and activity (4). For
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Figure 3. Expression of EMT markers in WT and BIS-KO A549 cells. 
(A) Western blotting assay for expression of BIS, E-cadherin and N-
cadherin in WT and BIS-KO A549 cells. Beta-actin expression was
provided as loading control. (B) The relative mRNA expressions of
EMT-related factors were determined by qRT-PCR. Data are expressed
as the mean±SD. *p<0.05, **p<0.01 vs. WT. 



example, the representative anti-apoptotic protein Mcl-1 is
stabilized by its interaction with BIS, which prevents it from
undergoing HSP70-dependent degradation (34). On the other
hand, the HSP70/BIS complex is able to prevent the
translocation of BAX to mitochondria (10). In the present
study, we demonstrated that BIS interacts with p65 and that
p65 protein stability was decreased by BIS depletion as
evidenced by co-immunoprecipitation and CHX chase analysis,
respectively (Figure 5). Considering that HSP70 was shown to
mediate the degradation of the p65 in some types of immune
cells (35, 36), it is possible that an interaction of BIS and p65

might relieve p65 from HSP70-dependent degradation, as
previously suggested for the availability of IKKγ, which was
increased following interaction with BIS while decreased by
interaction with HSP70 (26). Thus, a high expression of BIS
might confer stabilization of p65 which sustains NF-ĸB activity
in tumor cells, including NSCLC, which might contribute, at
least partly, to the subsequent maintenance of EMT phenotypes
as well as enhanced cell survival. The association of BIS and
p65, however, was also shown to suppress p65 binding to the
kB motif of the HIV-1 promoter in glial cells (37). Therefore,
BIS appears to exert both stimulatory and inhibitory effects on
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Figure 4. NF-ĸB signaling is suppressed in BIS-KO A549 cells. (A) NF-κB activity was measured by a luciferase reporter assay. The relative value
is shown as a percentage of that in WT A549 cells. (B) Western blotting for p65 and IĸB in WT and BIS-KO A549 cells was shown (left). The
quantitative data for western blot of p65 is shown (right). (C) The relative p65 mRNA levels were determined by qRT-PCR in WT and BIS-KO A549
cells. (D) Cycloheximide (20 μg/ml) was added to A549 cells for the indicated times and p65 expression was determined by western blotting (left).
The quantitative results from three independent experiments were compared between WT and BIS-KO A549 cells (right). (E) The interaction of BIS
and p65 was demonstrated by co-immunoprecipitation (IP) with ant-BIS serum followed by immuno blotting (IB) with anti-p65 antibody. NRS:
Normal rabbit serum. **p<0.01, ***p<0.001 vs. WT.



NF-ĸB signaling depending on the cell types as well as the
conditions under which the cells are in, such as whether or not
various stressors or activators are present. In the present and
previous studies (38), BIS-KO A549 cells exerted distinct
characteristics on the migration and invasive ability, as well as
their sensitivity to anti-cancer drugs. Therefore, BIS-KO A549
cells could be used as an important tool to develop strategies
to efficiently control the proliferation and migration of NSCLC
simultaneously with depletion of BIS.

In conclusion, BIS regulates cell invasion and the
induction of EMT phenotype in lung cancer cells, probably
in association with the NF-ĸB signaling pathway. Therefore,

the BIS and NF-ĸB pathway may be a useful therapeutic
target for suppressing the invasive potential of NSCLC.
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Figure 5. Effect of knockdown of p65 on the migration and invasion of A549 cells. (A) Western blotting showing the effective suppression of p65
after the transfection of control (siCON) and p65 specific siRNA (siP65). (B, C) Silencing of p65 inhibited the migration (B) and invasion (C) of
A549 cells as determined by a transwell assay (left). The quantitative results are shown in right panels. Data are expressed as the mean±SD. 
**p<0.01 vs. siCON. 
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