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Bcl-2-associated athanogene 1 (Bag-1) is a multifunctional and antiapoptotic protein that binds to the antiapoptosis regulator Bcl-2
and promotes cell survival. To investigate the protective function of Bag-1, we examined the effects of Bag-1L, one isoform of Bag-1,
in an in vitro cell culture model of lung ischemia-reperfusion injury (LIRI) generated by treatment of A549 cells with
hypoxia/reoxygenation. Overexpression of full-length Bag-1L increased the viability of A549 cells and reduced cell apoptosis in
response to 6 h of hypoxia/reoxygenation treatment. Furthermore, Bag-1L overexpression enhanced the heat shock protein 70
(HSP70) and Bcl-2 protein levels, increased the phosphorylation of AKT, decreased Bax and cleaved caspase-3 levels, and was
able to overcome cell cycle arrest. These effects were not observed in A549 cells overexpressing a truncated form of Bag-1L
lacking the “Bag domain,” denoted Bag-1L△C. The “Bag domain” is the C-terminal 47 amino acids. Taken together, the results
of this study suggest that Bag-1L overexpression can protect against oxidative stress and apoptosis in an in vitro LIRI model,
with a dependence on the Bag domain.

1. Introduction

Lung ischemia-reperfusion injury (LIRI) can occur in many
clinical conditions such as resuscitation from circulatory
arrest, lung transplantation, and trauma [1, 2]. LIRI can
cause pulmonary edema and acute respiratory distress syn-
drome [3] through different mechanisms [4, 5], and apopto-
sis has been shown to play a critical role in the complex
pathophysiological process in LIRI [6].

Bcl-2-associated athanogene 1 (Bag-1) is a multifunc-
tional and antiapoptotic protein that binds Bcl-2 to promote
cell survival [7, 8]. Bag-1 is encoded by the Bag-1 gene, and
via different translation initiation sites, four isoforms of
Bag-1 are produced, including Bag-1L (52 kDa), Bag-1
(34 kDa), Bag-1M (46–48 kDa), and Bag-1S (29 kDa) [7]. In

human cells, Bag-1L is constitutively located in the nucleus,
while Bag-1M is partitioned between the cytoplasm and the
nucleus and is not expressed in all species. Bag-1S is preferen-
tially localized in the cytoplasm [9, 10], but cellular stress
causes relocation of cytoplasmic Bag-1S to the nucleus. Inter-
estingly, both BAG-1S and Bag-1L suppress heat shock-
induced apoptosis to the same extent, suggesting a critical
role for these isoforms in the nucleus [11]. All Bag-1 isoforms
share a highly conserved protein interaction region near the
C terminus, which is called the “Bag domain.” The Bag
domain binds and regulates the heat shock protein 70
(HSP70)/heat shock cognate 70 (HSC70) molecular chaper-
ones, and this activity is closely related to its antiapoptotic
function [12]. HSP70 has been shown to effectively protect
alveolar epithelial cells against apoptosis and ameliorate the
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injury caused by LIRI [13]. Site-directed mutagenesis of the
Bag domain reduces binding to HSP70 and Bag-1 activity
in vitro [12, 14, 15]. Therefore, it is speculated that Bag-
1/HSP70 interaction may also regulate the antiapoptosis
effect of Bag-1 in LIRI through the Bag domain.

Our previous research showed that silencing of HSP70
increases apoptosis in LIRI through the inhibition of the
extracellular signal-regulated kinase (ERK) and protein
kinase B (AKT) signaling pathways [16]. The phosphoinosi-
tide 3-kinase (PI3K)/AKT signaling pathway is involved in
several cellular processes such as cell apoptosis, proliferation,
and transcription [17–20]. The RAF/MEK/ERK pathways,
also known as the mitogen-activated protein kinase (MAPK)
module, are the classical pathways of the MAPK family, and
this kinase cascade is activated after ischemia/reperfusion in
many organs [21–23].

To better understand the protective function of Bag-1L,
in the present study, we investigated the effect of Bag-1L in
an in vitro cell-based model of LIRI as well as the role of
the Bag domain in the observed antiapoptotic activity. For
this purpose, we generated A549 cells overexpressing full-
length Bag-1L or Bag-1L△C (truncated Bag-1L lacking the
C-terminal 47 amino acids). Cells overexpressing full-
length Bag-1L were also characterized, and their susceptibil-
ity to apoptosis was compared with that of cells expressing
Bag-1L△C. We also examined the effects of Bag-1L on the
expression of apoptosis-related protein (Bax, Bcl-2, and
caspase-3) in the LIRI model. Furthermore, we explored
whether Bag-1 modulates the response to LIRI through
activation of the MAPK/ERK and PI3K/AKT pathways.

2. Materials and Methods

2.1. Cell Line and Culture. The A549 cell line, derived from a
human alveolar cell carcinoma, is the most widely used
in vitro models for type II pulmonary alveolar epithelial cells
(ATII cells) [24]. Cardella et al. successfully established an
I/R cell culture model of clinical lung transplantation using
A549 cells [25]. The A549 cell line was provided by the
Teaching and Research Section of Microbiology of Qingdao
University Medical College (Qingdao, People’s Republic of
China), and the use of this cell line was approved by the insti-
tutional review board of Qingdao University. A549 cells were
cultured in Dulbecco’s modified Eagle’s medium (DMEM,
Hyclone, USA) supplemented with 10% fetal bovine serum
(Hyclone), penicillin (100U/ml), and streptomycin
(100μg/ml). The cells were maintained in a humidified
atmosphere with 5% CO2 at 37°C, and the culture media
was replaced every 2–3 days.

2.2. Bag-1 Adenovirus and Cell Infection. Five groups of cells
were prepared: the recombinant full-length Bag-1L adenovi-
rus infection group (Bag-1L group), Bag-1L adenovirus con-
trol group (Bag-1L control group), recombinant Bag-1L△C
adenovirus infection group (Bag-1L△C group), Bag-1L△C
adenovirus control group (Bag-1L△C control group), and
noninfection group.

A549 cells were infected by adenovirus containing Bag-
1L cDNA or Bag-1L△C DNA (Shanghai Genechem Com-

pany, China) according to the manufacturer’s instructions.
Briefly, A549 cells were seeded in 96-well plates at a density
of 5 × 103 cells per well and incubated at 37°C in 5% CO2
overnight. When the cells reached 50–70% confluency, the
DMEM was discarded, and the cells were washed once with
phosphate-buffered saline (PBS). For the Bag-1L group,
100μl cryopreserved recombinant adenovirus suspension,
including 20μl adenovirus liquid, 70μl enhanced infection
solution, and 10μl polybrene (5μg/ml), was added directly
to each well. For the Bag-1L△C group, a volume of 40μl mix-
ture including 14μl adenovirus, 26μl DMEM, and 10μl
polybrene was added for incubation for 4 h, and then another
40μl mixture including 30μl DMEM and 10μl polybrene
was added for incubation at 37°C for 12 h. After the cells were
incubated at 37°C for 48 h, DMEM with 1μg/ml puromycin
selective medium was added, according to optimization
based on the toxicity curve. Every 2–3 days, the selection
medium was changed for a total of 10–14 days. The cells were
then maintained in the selective medium containing
0.5μg/ml puromycin for 1 month.

2.3. Hypoxia/Reoxygenation Model. To create a LIRI cell
model, we subjected the A549 cells to simultaneous shortages
of nutrients and oxygen, according to a method described
previously [26, 27]. Briefly, the culture medium was removed
under sterile conditions, and serum-free, low-glucose
DMEM was added immediately for all groups. The cells in
25 cm2 cell culture flasks (Corning, USA) were then placed
in an airtight jar with one Anaero-Indicator and one pouch
of AnaeroPack for culture at 37°C. The concentration of oxy-
gen was adjusted to 1% or less, and when the Anaero-
Indicator changed to pink, we started timing hypoxia from
1h [28]. Hypoxia was stopped by opening the airtight jar
after 6 h, and the cells were recultured in normal DMEM
and culture conditions for 24h to complete the reoxygena-
tion model.

2.4. qRT-PCR. Total RNA was extracted by TRIzol reagent
(Invitrogen, USA) according to the manufacturer’s instruc-
tions and quantified by UV spectrophotometry (Implen,
Germany). cDNA was synthesized to serve as the PCR tem-
plate using the M-MLV Reverse Transcriptase Kit (Roche,
Switzerland) according to the manufacturer’s protocol. The
cDNA was mixed with FastStart Essential DNA Green Mas-
ter Mix (Roche). The primers for Bag-1L were 5′-CTTCAT
GTTACCTCCCAGCA-3′ and 5′-ACGGTGTTTCCATT
TCCTTC-3′, and the glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) primer sequences were 5′-ATCTCTGCC
CCCTCTGCTGA-3′ and 5′-GATGACCTTGCCCACA
GCCT-3′. The amplification was performed using a Light
Cycler 96 (Roche) according to the manufacturer’s protocol.
Each sample was run three times. The relative levels of Bag-
1L were calculated using the 2-ΔΔCt method.

2.5. Western Blotting. Western blotting was performed
according to previously described methods (Hu et al. 2013).
Briefly, A549 cells were collected and washed three times
with ice-cold PBS after hypoxia/reoxygenation treatment
for 6 h. Cellular protein was extracted by lysate containing
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200μl ice-cold radioimmunoprecipitation assay (RIPA) lysis
buffer, 2μl ice-cold phenylmethylsulfonyl fluoride (PMSF)
lysis buffer, and 2μl ice-cold phosphatase inhibitors for
30min. The supernatant fraction was collected after the mix-

ture was centrifuged for 15min at 12000 rpm. The concentra-
tion of proteins was determined using a BCA kit (TransGen
Biotech, China), and the proteins were denaturated at
100°C for 5min. The sample proteins were subjected to
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Figure 1: Detection of Bag-1L in each group after adenovirus infection for 48 h. A dramatic increase in Bag-1L (a) mRNA and (b) protein
levels in both the Bag-1L and Bag-1L△C groups compared with the respective adenovirus control groups and the noninfection group. ∗p
< 0:01 vs. the noninfection group; #p < 0:01 vs. the Bag-1L control group; Δp < 0:01 vs. the Bag-1L△C control group.
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Figure 2: Viability of A549 cells in different groups after hypoxia/reoxygenation for different durations. ∗p < 0:01 vs. the noninfection group;
Δp < 0:05 vs. the Bag-1L△C control group; #p < 0:05 vs. the Bag-1L control group; &p < 0:05 vs. the Bag-1L△C group.
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10% sodium dodecyl sulfate- (SDS-) polyacrylamide gel elec-
trophoresis (PAGE) and blotted onto a polyvinylidene
difluoride (PVDF) membrane. The primary antibodies used
in the experiment were anti-Bag-1 antibody (1 : 1000, Cell
Signaling Technology, USA), anti-HSP70 antibody (1 : 1000,
Abcam, USA), anti-AKT antibody (1 : 10,000, Abcam), anti-
p-AKT antibody (1 : 5000, Abcam), ant-ERK antibody
(1 : 1000, Abcam), anti-p-ERK antibody (1 : 1000, Abcam),
and anti-β-actin antibody (1 : 1000, Abcam). The membranes

were then incubated with the secondary antibodies (goat
anti-mouse for Bag-1 and goat anti-rabbit for the others)
for 2 h at room temperature. The results were observed with
the Fusion FX Imaging System (Vilber Lourmat, France), and
the gray-scale values were analyzed using the Bio-Rad Quan-
tity One software (Bio-Rad, USA).

2.6. Cell Viability Assay. Cell viability was measured using the
Cell Counting Kit-8 (Boster, China). Briefly, 5 × 103
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Figure 3: Apoptosis of A549 cells after hypoxia/reoxygenation. After treatment with hypoxia/reoxygenation for 6 h, overexpression of Bag-1L
significantly increased the late apoptosis of A549 cells. (a) Representative results of Annexin V-APC/PI staining of A549 cells exposed to
hypoxia/reoxygenation for 6 h obtained via flow cytometry. Q3-UL necrosis, Q3-UR late apoptosis, Q3-LR early apoptosis, and Q3-LL
viable cells. (b) Data analyses of late apoptotic cells in each group. ∗p < 0:01 vs. the noninfection group; #p < 0:01 vs. the Bag-1L control
group; Δp < 0:01 vs. the Bag-1L△C control group; £p < 0:01 vs. the Bag-1L△C group.
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cells/well were seeded into 96-well plates and incubated for
24 h. The cells were treated with hypoxia for 2, 4, 6, 8, 10,
12, or 24 h, followed by reoxygenation for 24 h. Subsequently,
10μl CCK-8 mixed with 90μl DMEMwas added to each well
and incubated for 1 h. Finally, the absorbance of the solution
in each well was measured at 450nm by a microplate reader
(Bio-Tek, USA). Samples of 100μl DMEM were used as the
blank control. The mean values from triplicate experiments
were analyzed.

2.7. Flow Cytometric Apoptosis Assay. A549 cells were seeded
in 6-well plates at a density of 2 × 105 cells/well and incu-
bated for 24h. After 6 h of hypoxia/reoxygenation treatment,
the cells were harvested using trypsin without EDTA and
resuspended in 1× binding buffer to a concentration of 1 –
5 × 106 cells/ml. Annexin V-APC and propidium iodide
(PI) from an apoptosis detection kit (eBioscience, USA) were
used for cell staining according to the manufacturer’s proto-
col. Apoptotic cells were quantified with a FACStar Plus flow
cytometer (Becton Dickinson, USA). The data were analyzed
using the BD Accuri C6 software. Mean values from triplicate
experiments were analyzed.

2.8. Lactate Dehydrogenase (LDH) Activity Assay. To mea-
sure LDH activity, five parallel wells were set for each exper-
imental group. After hypoxia/reoxygenation for 6 h, the
culture media from each group were collected for detection
of LDH activity using an LDH activity assay kit (Nanjing Jian
Cheng Biotechnology, China) according to the manufac-
turer’s protocol. Each sample was run in triplicate.

2.9. Cell Cycle Distribution Analysis by Flow Cytometry. A549
cells were seeded in 6-well plates at a density of 2 × 105 cells/-
well and incubated for 24 h. After hypoxia/reoxygenation
treatment for 6 h, according to the manufacturer’s recom-
mendations for a PI flow cytometry kit (BD, USA), the cells
were washed and incubated with trypsin for 3min at 37°C,
before fixation with 66% ethanol on ice. Next, 1 × 106 cells
per group were stained with PI (5% PI in PBS, containing
0.5% RNase A) and subjected to DNA content analysis using
the FACStar Plus flow cytometer. The mean values of three
independent experiments were analyzed using FlowJo.

2.10. Statistical Analysis. All values were expressed as mean
± standard deviation (SD) values, and differences among
groups were analyzed with the SPSS 17.0 statistical software.
One-way analysis of variance (ANOVA) followed by Tukey’s
test was used to identify the differences in multiple compari-
sons. p < 0:05 was considered indicative of a statistically
significant difference.

3. Results

3.1. Overexpression of Bag-1L and Bag-1L△C in A549 Cells.
After 48 h of infection, the real-time PCR results showed a
dramatic increase in Bag-1L mRNA expression in both the
Bag-1L and Bag-1L△C groups compared with the adenovi-
rus control groups and the noninfection group (Figure 1(a),
all p < 0:01). Western blot analyses also confirmed that exog-
enous Bag-1L (e-Bag-1L) and Bag-1L△C (e-Bag-1L△C) pro-
teins were expressed in the respective adenovirus infection
groups (Figure 1(b)).

3.2. Effects of Bag-1L and Bag-1L△C Expression on A549 Cell
Viability. CCK-8 assay was used to evaluate the viability of
A549 cells. After exposure to hypoxia-reoxygenation for dif-
ferent times, the highest viability of A549 cells was observed
after 6 h of treatment, and therefore, hypoxia for 6 h was cho-
sen for our further research. The increased proliferation of
A549 cells after 6 h of hypoxia may be explained by previous
observations that a short period of hypoxia stimulates cell
proliferation, whereas long-term hypoxia reduces cell activity
[29, 30].

To assess whether overexpression of Bag-1L has an effect
on A549 cell viability after exposure to hypoxia-
reoxygenation and whether the effect of Bag-1L is dependent
on its C-terminal, A549 cells were infected with Bag-1L or
Bag-1L△C for 48 h and then treated with hypoxia-
reoxygenation for an additional 6 h. Overexpression of Bag-
1L△C in A549 cells did not increase cell survival rates,
whereas overexpression of full-length Bag-1L resulted in sig-
nificantly increased cell viability compared with that of the
Bag-1L control group and noninfection group (both p <
0:01, Figure 2). No difference in cell viability was observed
between the adenovirus control group and noninfection
group (p > 0:05, Figure 2).

3.3. Effects of Bag-1L and Bag-1L△C on A549 Cell Apoptosis
and LDH Release. The results of flow cytometric analyses
revealed increased apoptosis of A549 cells at 6 h after hypox-
ia/reoxygenation in each group. Overexpression of Bag-1L
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Figure 4: Measurement of LDH activity in the culture medium. ∗
p < 0:01 vs. the noninfection group; #p < 0:01 vs. the Bag-1L
control group; Δp < 0:01 vs. the Bag-1L△C control group;
&p < 0:01 vs. the Bag-1L△C group.
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but not Bag-1L△C significantly attenuated the apoptotic rate
of the cells compared with the rates in the adenovirus control
group and noninfection group (Figures 3(a) and 3(b), p <
0:05). Moreover, the apoptotic rates in the adenovirus con-
trol group and noninfection group were not significantly dif-
ferent (Figures 3(a) and 3(b), p > 0:05).

Bag-1L-overexpressing cells attenuated the release of
LDH after context of hypoxia/reoxygenation for 6 h com-
pared with the control cells (Figure 4, p < 0:01). Overexpres-
sion of Bag-1L△C however did not result in altered LDH
release in the same conditions compared to the adenovirus
control group and noninfection group (Figure 4, p > 0:05).

3.4. Effects of Bag-1L and Bag-1L△C on Cell Cycle
Distribution. After adenovirus infection for 48h, no change
in cell cycle distribution was observed among the groups of
A549 cells (Figure 5(a), p > 0:05). However, after treatment
with hypoxia/reoxygenation for 6 h, the percentage of cells
at G0/G1 phase in the Bag-1L group was significantly lower,
and the percentage of cells at S phase was significantly
increased compared with the respective percentages in the
Bag-1L△C group, adenovirus control group, and noninfec-
tion group (Figure 5(b), p < 0:01).

3.5. Effects of Bag-1L and Bag-1L△C on Regulation of Gene
Expression. After treatment with hypoxia/reoxygenation for
6 h, Bag-1L and Bag-1L△C protein levels were upregulated
in the adenovirus infection group compared with these levels

in the adenovirus control group and noninfection group
(Figure 6(a)). Bag-1L overexpression resulted in increased
endogenous HSP70 (Figures 6(a) and 6(b), p < 0:01) and
Bcl-2 protein levels and decreased Bax (Figures 6(a) and
6(c), p < 0:01) and cleaved caspase-3 levels (Figures 6(a)
and 6(d), p < 0:05) compared with the levels of these proteins
in the other groups.

After all group of cells were exposed to hypoxia/reoxy-
genation for 6 h, the AKT, p-AKT, ERK, and p-ERK protein
levels were detected by western blot assay. The results
showed that the total AKT and Erk protein levels were not
changed, but the p-AKT protein level was increased in the
Bag-1L group (Figures 7(a) and 7(b), p < 0:01). Unexpect-
edly, the phosphorylation levels of Erk were elevated both
in the Bag-1L group and Bag-1L△C group (Figure 7(a)).
To confirm whether the PI3K/AKT pathway mediates the
effects of Bag-1L, we treated cells overexpressing Bag-1L
with ly29004 (which targets PI3K/AKT) for 4 h before
hypoxia/reoxygenation treatment. Then we investigated the
effects of Bag-1L and the specific pharmacological inhibitor,
ly29004, on the proliferation of A549 cells. Treatment with
ly29004 (5μmol/l) inhibited the proliferation of cells
overexpressing Bag-1L (Figure 7(c), p < 0:01) and altered
the percentage of cells in cell cycle arrest (Figure 7(d)). Addi-
tionally, we investigated the inhibitory effects of ly29004 on
signaling protein expression. The phosphorylation of AKT
produced by Bag-1L was inhibited by ly29004 significantly
(Figures 7(e) and 7(f)).
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Figure 5: Overexpression of Bag-1L altered the cell cycle distribution of A549 cells in response to hypoxia/reoxygenation. (a) After infection
for 48 h, there were no differences in each phase of the cell cycle between groups with overexpression of Bag-1L or Bag-1L△C. (b)
Hypoxia/reoxygenation decreased significantly the percentage of cells in G0/G1 phase and increased the percentage of cells in S phase in
the Bag-1L group. ∗p < 0:01 vs. the G0/G1 phase in the noninfection group; #p < 0:01 vs. the G0/G1 phase in the Bag-1L control group;
Δp < 0:01 vs. the G0/G1 phase in the Bag-1L△C control group; £p < 0:01 vs. the G0/G1 phase in the Bag-1L△C group; §p < 0:01 vs. the S
phase in the noninfection group; ¥p < 0:01 vs. the S phase in the Bag-1L control group; ¢p < 0:01 vs. the S phase in the Bag-1L△C control
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Figure 6: Continued.
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4. Discussion

LIRI is a disease caused by ischemia and reperfusion in the
vascular tissues and organs. In the pathological process, the
reperfusion results in serious damage to tissues and cells. It
has been well established that LIRI induces cell death via
the process of apoptosis [31, 32], indicating that prevention
of apoptosis may be a potential strategy for LIRI treatment.

An in vitro model of LIRI was achieved by simultaneous
shortage of nutrients and oxygen in cultured cells, and the
dysregulation of cell viability showed the successful construc-
tion of the in vitro LIRI injury model. The results of the pres-
ent study demonstrated that Bag-1L can protect alveolar cells
from apoptosis induced by simulated ischemia/reperfusion,
and this is consistent with previous research showing that
Bag-1 can suppress apoptosis in diverse systems [33]. The
present study also provides the first analyses of Bag-1L func-
tion in LIRI and the mechanism of action through an evalu-
ation of the effects of a specific mutation.

The Bcl-2 family includes antiapoptotic genes such as
Bak, Bcl-2, and Bcl-xL [34] and proapoptotic genes such as
Bad and Bax [35]. Bcl-2 family members have been shown
to prevent apoptosis in lung epithelial cells [36, 37], and it
is well known that Bcl-2 can bind to Bax to form Bcl-1/Bax
heterodimers to regulate apoptosis [38–40]. The ratio of
Bcl/Bax determines the survival of cells in ischemic disease;
in other words, when Bcl is dominant, cells survive [41, 42].
At the same time, caspase-3 is a member of the caspase family
and one of the key executors of apoptosis, with previous
research showing that activation of caspase-3 is important
for apoptosis following ischemia [43]. Bcl-2 acts upstream

to prevent caspase activation [44]. In our study, overexpres-
sion of Bag-1L decreased cellular apoptosis while also
increasing Bcl-2/Bax expression and decreasing cleaved
caspase-3 expression. Our findings support that Bag-1L, but
not Bag-1L△C, alleviates the apoptosis of LIRI by modulat-
ing the Bax/Bcl-2 ratio and preventing caspase-3 activation.

LDH is a glycolytic enzyme present in many cells.
Hypoxia/reoxygenation can enhance glycolysis and increase
intracellular LDH. Ischemia/reperfusion can damage the
physiological function of cells and then produce a series of
pathological and biochemical changes, such as increased
membrane permeability and extracellular release of LDH
from damaged cells, which is a sensitive reflection of cell
activity and function. Therefore, the LDH concentration
can be measured to indirectly evaluate the degree of cell dam-
age and necrosis. Our previous study showed that hypoxia/r-
eoxygenation leads to an increase in the intracellular LDH
level [16]. A decreased LDH level in the Bag-1L group, but
not in the Bag-1L△C group, further supports the role of
Bag-1L in preserving the stability of the cell membrane.
These results suggest that Bag-1L, but not Bag-1L△C, allevi-
ates cell injury and apoptosis in the model of hypoxia-
reoxygenation.

Previous studies showed Bag-1 provides protection
against neuronal apoptosis through upregulation of HSP70
[45, 46], and our study also revealed increased expression
of HSP70 in the Bag-1L group. Because Bag-1L binds tightly
to HSP70 chaperones, we assume Bag-1L stabilizes HSP70
protein, leading to HSP70 accumulation in cells. Overexpres-
sion of HSP70 effectively protects cells against apoptosis and
antagonizes the effects of LIRI [13, 47], whereas silencing
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Figure 6: Expression levels of Bag-1L, HSP70, Bcl-2, Bax, and cleaved caspase-3 upon hypoxia/reoxygenation. (a) Western blots results for
HSP70, Bcl-2, Bax, and cleaved caspase-3. Relative protein expression according to the optical density ratios of (b) HSP70 and (c) Bcl-2/Bax
relative to β-actin: ∗p < 0:01 vs. the noninfection group; #p < 0:01 vs. the Bag-1L control group; Δp < 0:01 vs. the Bag-1L△C control group;
&p < 0:01 vs. the Bag-1L△C group. (d) Optical density ratio for cleaved caspase-3 relative to β-actin: ∗p < 0:05 vs. the noninfection group;
#p < 0:05 vs. the Bag-1L control group; Δp < 0:05 vs. the Bag-1L△C control group; &p < 0:05 vs. the Bag-1L△C group.

8 BioMed Research International



p‑AKT

AKT

𝛽‑Actin

ERK

p‑ERK

N
on

in
fe

ct
io

n

Ba
g‑

1L
 co

nt
ro

l

Ba
g‑

1L
Δ

C 
co

nt
ro

l

Ba
g‑

1L
Δ

C

Ba
g‑

1L

(a)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

p-
AK

T/
to

ta
l A

KT

N
on

in
fe

ct
io

n

Ba
g‑

1L
 co

nt
ro

l

Ba
g‑

1L
Δ

C 
co

nt
ro

l

Ba
g‑

1L
Δ

C

Ba
g‑

1L

#Δ&⁎

(b)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

An
tip

ro
lif

er
at

iv
e e

ffe
ct

 o
f l

y2
90

04

A
54

9

A
54

9+
ly

29
00

4

Ba
g‑

1L
+

ly
29

00
4

Ba
g‑

1L
#Δ⁎

(c)

Figure 7: Continued.
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Figure 7: Effects of Bag-1L on AKT, p-AKT, ERK, and p-ERK protein expression levels after exposure to hypoxia/reoxygenation for 6 h. (a)
Western blot results for AKT, p-AKT, ERK, and p-ERK. (b) Relative protein expression based on the optical density ratio relative to that for β-
actin. Data are presented as the ratio of p-AKT/total AKT. ∗p < 0:01 vs. the noninfection group; #p < 0:01 vs. the Bag-1L control group;
Δp < 0:01 vs. the Bag-1L△C control group; &p < 0:01 vs. the Bag-1L△C group. (c) Cell proliferation with addition of ly29004 (5 μmol/l): p
< 0:01. (d) Ly294002 altered the cell cycle distribution. (e, f) Phosphorylation of AKT was inhibited by ly29004. Three independent
experiments were performed. ∗p < 0:01 vs. the A549 group; #p < 0:01 vs. the A549+ly29004 group; Δp < 0:01 vs. the Bag-1L+ly29004 group.
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HSP70 makes cells more vulnerable to apoptosis in LIRI [16].
Prior research showed that Bag-1 functions as a cochaperone
of HSP70/HSC70 proteins and modulates their activity in
many important cellular processes by binding to the ATPase
domain [48]. In contrast, Bag-1L△C was shown to be unable
to bind to HSP70 or to affect the folding or refolding activity
[48, 49]. Another previous study demonstrated that binding
to chaperones is essential for Bag-1-mediated cytoprotection
from apoptosis induced by ischemia-reperfusion [11]. In the
current study, A549 cells that overexpressed Bag-1L△C
remained sensitive to apoptotic stimuli induced by hypox-
ia/reoxygenation and did not increase the HSP70 level. Thus,
it is likely that Bag-1L protection of A549 cells against hypox-
ia/reoxygenation is correlated with its ability to activate the
HSP70 chaperone activity.

In addition to the interaction of HSP70 with Bag-1L, the
Bag domain also mediates interaction with RAF-1 [50]. The
binding of HSC70/HSP70 and RAF-1 is competitive [15],
and therefore, we checked whether Bag-L△C, like Bag-1L,
still induces Raf-1-mediated Erk phosphorylation. Stimula-
tion by hypoxia/reoxygenation markedly increased Erk phos-
phorylation in the Bag-1L group. However, unexpectedly,
overexpression of Bag-1L△C also affected Erk phosphoryla-
tion. Our results are consistent with previous reports [49,
51] suggesting that Raf-1 kinase may be a promising focus
for future experiments to further elucidate the pathways
modulated by Bag-1L.

The PI3K/AKT pathway is active in a wide variety of
cells, and previous studies showed activation of the
PI3K/AKT signaling pathway alleviates the apoptosis
induced by ischemia-reperfusion injury [52–55]. In the pres-
ent study, we observed increased Act pathway activation
based on phosphorylation of the AKT pathway proteins in
the Bag-1L group but not in the Bag-1L△C group. In addi-
tion, treatment with ly294002, a synthetic PI3K inhibitor, sig-
nificantly reduced the levels of phosphorylated AKT as well
as cell proliferation in the Bag-1L group. These results sug-
gest that Bag-1L may inhibit the cell apoptosis induced by
LIRI via PI3K/Akt activation.

Notably, apoptosis is related to cell cycle arrest [56].
Given that the PI3K/AKT signaling pathway plays an
important role in proliferation, Myklebust et al. showed
that ly294002 can inhibit proliferation via induction of cell
cycle arrest in the G0/G1 or G2/M phases of the cell cycle
[57, 58], and we also examined the effects of Bag-1L
expression on cell cycle progression. The current study
revealed that overexpression of Bag-1L resulted in S arrest
in A549 cells following hypoxia/reoxygenation, while
ly294002 changed the cell cycle distribution. Thus, we pro-
pose that the mechanism by which overexpression of Bag-
1L protects A549 cells from apoptosis may involve cell
cycle arrest, further confirming that the PI3K/AKT path-
way is involved in the process.

5. Conclusions

In summary, overexpression of Bag-1L resulted in a potent
antiapoptotic action in an in vitro LIRI model, and this action
was partly dependent on the “Bag” domain of Bag-1, through

HSP70 binding and activation of the p-AKT/AKT signaling
pathway. It is conceivable that small-molecule drugs that
mimic Bag-1L and occupy the binding site for HSP70 could
have cytoprotective properties and offer promise as potential
therapeutics for LIRI treatment. However, more studies
in vivo are needed to confirm the effects of Bag-1L in LIRI
in the future.

Data Availability

The datasets generated and analyzed during the present
study are available from the corresponding author on reason-
able request.

Conflicts of Interest

The authors have no conflicts of interest related to the sub-
mission of this manuscript.

Authors’ Contributions

Ji-ling Lv designed the study. Ji-ling Lv, Li-na Shi, Cong-ying
Zhai, Ge-jin Wang, and Yan Qu carried out the study. Ji-ling
Lv and Cong-ying Zhai participated in the experiments and
statistical analysis. Ji-ling Lv wrote the manuscript. Ji-ling
Lv, and Yan Qu revised the manuscript. All authors contrib-
uted to the data analysis, participated in the drafting or revis-
ing the article, gave final approval of the version to be
published, and agreed to be accountable for all aspects of
the work.

Acknowledgments

This work was supported by grants from the National Natu-
ral Science Foundation of China (81571938, 81501706).

References

[1] B. Xu, X. Gao, J. Xu et al., “Ischemic postconditioning attenu-
ates lung reperfusion injury and reduces systemic proinflam-
matory cytokine release via heme oxygenase 1,” The Journal
of Surgical Research, vol. 166, no. 2, pp. e157–e164, 2011.

[2] J. Zhang, J. S. Wang, Z. K. Zheng et al., “Participation of
autophagy in lung ischemia-reperfusion injury in vivo,” The
Journal of Surgical Research, vol. 182, no. 2, pp. e79–e87, 2013.

[3] S. Kundu, S. J. Herman, and T. L.Winton, “Reperfusion edema
after lung transplantation: radiographic manifestations,” Radi-
ology, vol. 206, no. 1, pp. 75–80, 1998.

[4] C. S. H. Ng, S. Wan, A. P. C. Yim, and A. A. Arifi, “Pulmonary
dysfunction after cardiac surgery,” Chest, vol. 121, no. 4,
pp. 1269–1277, 2002.

[5] S. Wan, J. L. LeClerc, and J. L. Vincent, “Inflammatory
response to cardiopulmonary bypass,” Chest, vol. 112, no. 3,
pp. 676–692, 1997.

[6] C. S. Ng, S. Wan, and A. P. Yim, “Pulmonary ischaemia-
reperfusion injury: role of apoptosis,” The European Respira-
tory Journal, vol. 25, no. 2, pp. 356–363, 2005.

[7] H. Doong, A. Vrailas, and E. C. Kohn, “What’s in the ‘BAG’?–a
functional domain analysis of the BAG-family proteins,” Can-
cer Letters, vol. 188, no. 1-2, pp. 25–32, 2002.

11BioMed Research International



[8] S. Takayama, T. Sato, S. Krajewski et al., “Cloning and func-
tional analysis of BAG-1: a novel Bcl-2-binding protein with
anti-cell death activity,” Cell, vol. 80, no. 2, pp. 279–284, 1995.

[9] D. A. Knee, B. A. Froesch, U. Nuber, S. Takayama, and J. C.
Reed, “Structure-function analysis of Bag1 proteins,” The Jour-
nal of Biological Chemistry, vol. 276, no. 16, pp. 12718–12724,
2001.

[10] G. Packham, M. Brimmell, and J. L. Cleveland, “Mammalian
cells express two differently localized Bag-1 isoforms generated
by alternative translation initiation,” The Biochemical Journal,
vol. 328, no. 3, pp. 807–813, 1997.

[11] P. A. Townsend, R. I. Cutress, C. J. Carroll et al., “BAG-1 pro-
teins protect cardiac myocytes from simulated ischemia/reper-
fusion-induced apoptosis via an alternate mechanism of cell
survival independent of the proteasome,” The Journal of Bio-
logical Chemistry, vol. 279, no. 20, pp. 20723–20728, 2004.

[12] S. Takayama and J. C. Reed, “Molecular chaperone targeting
and regulation by BAG family proteins,” Nature Cell Biology,
vol. 3, no. 10, pp. E237–E241, 2001.

[13] S. Liu, J. Xu, C. Fang et al., “Over-expression of heat shock pro-
tein 70 protects mice against lung ischemia/reperfusion injury
through SIRT1/AMPK/eNOS pathway,” American Journal of
Translational Research, vol. 8, no. 10, pp. 4394–4404, 2016.

[14] H. Sondermann, C. Scheufler, C. Schneider, J. Höhfeld, F. U.
Hartl, and I. Moarefi, “Structure of a bag/Hsc70 complex: con-
vergent functional evolution of Hsp70 nucleotide exchange
factors,” Science, vol. 291, no. 5508, pp. 1553–1557, 2001.

[15] J. Song, M. Takeda, and R. I. Morimoto, “Bag1-Hsp70 medi-
ates a physiological stress signalling pathway that regulates
Raf-1/ERK and cell growth,” Nature Cell Biology, vol. 3,
no. 3, pp. 276–282, 2001.

[16] C. Zhai, J. Lv, K. Wang, Q. Li, and Y. Qu, “HSP70 silencing
aggravates apoptosis induced by hypoxia/reoxygenation
in vitro,” Experimental and Therapeutic Medicine, vol. 18,
no. 2, pp. 1013–1020, 2019.

[17] C. P. Baines, L. Wang, M. V. Cohen, and J. M. Downey, “Myo-
cardial protection by insulin is dependent on phospatidylino-
sitol 3-kinase but not protein kinase C or KATP channels in
the isolated rabbit heart,” Basic Research in Cardiology,
vol. 94, no. 3, pp. 188–198, 1999.

[18] Z. Cai and G. L. Semenza, “Phosphatidylinositol-3-kinase sig-
naling is required for erythropoietin-mediated acute protec-
tion against myocardial ischemia/reperfusion injury,”
Circulation, vol. 109, no. 17, pp. 2050–2053, 2004.

[19] J. W. Phillis, D. Song, and M. H. O'Regan, “Inhibition of tyro-
sine phosphorylation attenuates amino acid neurotransmitter
release from the ischemic/reperfused rat cerebral cortex,”Neu-
roscience Letters, vol. 207, no. 3, pp. 151–154, 1996.

[20] Q. Qin, J. M. Downey, andM. V. Cohen, “Acetylcholine but not
adenosine triggers preconditioning through PI3-kinase and a
tyrosine kinase,” American Journal of Physiology. Heart and Cir-
culatory Physiology, vol. 284, no. 2, pp. H727–H734, 2003.

[21] S. Roth, A. R. Shaikh, M. M. Hennelly, Q. Li, V. Bindokas, and
C. E. Graham, “Mitogen-activated protein kinases and retinal
ischemia,” Investigative Ophthalmology & Visual Science,
vol. 44, no. 12, pp. 5383–5395, 2003.

[22] T. Shoji, S. Yoshida, M. Mitsunari et al., “Involvement of p38
MAP kinase in lipopolysaccharide-induced production of
pro- and anti-inflammatory cytokines and prostaglandin
E(2) in human choriodecidua,” Journal of Reproductive Immu-
nology, vol. 75, no. 2, pp. 82–90, 2007.

[23] X. Wang, H. Wang, L. Xu et al., “Significant neuroprotection
against ischemic brain injury by inhibition of the MEK1 pro-
tein kinase in mice: exploration of potential mechanism asso-
ciated with apoptosis,” The Journal of Pharmacology and
Experimental Therapeutics, vol. 304, no. 1, pp. 172–178, 2003.

[24] M. Lieber, G. Todaro, B. Smith, A. Szakal, and W. Nelson-
Rees, “A continuous tumor-cell line from a human lung car-
cinoma with properties of type II alveolar epithelial cells,”
International Journal of Cancer, vol. 17, no. 1, pp. 62–70,
1976.

[25] J. A. Cardella, S. Keshavjee, E. Mourgeon et al., “A novel cell
culture model for studying ischemia-reperfusion injury in lung
transplantation,” Journal of Applied Physiology, vol. 89, no. 4,
pp. 1553–1560, 2000.

[26] L. Sun, H. Fan, L. Yang, L. Shi, and Y. Liu, “Tyrosol prevents
ischemia/reperfusion-induced cardiac injury in H9c2 cells:
involvement of ROS, Hsp70, JNK and ERK, and apoptosis,”
Molecules, vol. 20, no. 3, pp. 3758–3775, 2015.

[27] T. Sun, H. Liu, Y. Cheng et al., “2,3,5,4′‐Tetrahydroxystilbene‐
2‐O‐β‐d‐glucoside eliminates ischemia/reperfusion injury–
induced H9c2 cardiomyocytes apoptosis involving in Bcl‐2,
Bax, caspase‐3, and Akt activation,” Journal of Cellular Bio-
chemistry, vol. 120, no. 7, pp. 10972–10977, 2019.

[28] T. Kamiya, A. H. Kown, T. Kanemaki et al., “A simplified
model of hypoxic injury in primary cultured rat hepatocytes,”
In Vitro Cellular & Developmental Biology - Animal, vol. 34,
no. 2, pp. 131–137, 1998.

[29] Z. Hu, J. Huang, Q. Li, J. Yang, L. Zhong, and Q. Zeng, “Effect
of hypoxia on infiltration and migration of lung cancer cells
and expression of MMP-2 and TIMP-2,” Zhongguo Fei Ai Za
Zhi, vol. 8, no. 4, pp. 270–273, 2005.

[30] H. Zhang, M. Okamoto, E. Panzhinskiy, W. M. Zawada, and
M. Das, “PKCδ/midkine pathway drives hypoxia-induced pro-
liferation and differentiation of human lung epithelial cells,”
American Journal of Physiology. Cell Physiology, vol. 306,
no. 7, pp. C648–C658, 2014.

[31] S. Fischer, A. A. Maclean, M. Liu et al., “Dynamic changes in
apoptotic and necrotic cell death correlate with severity of
ischemia-reperfusion injury in lung transplantation,” Ameri-
can Journal of Respiratory and Critical Care Medicine,
vol. 162, no. 5, pp. 1932–1939, 2000.

[32] S. M. Quadri, L. Segall, M. de Perrot et al., “Caspase inhibition
improves ischemia-reperfusion injury after lung transplanta-
tion,” American Journal of Transplantation, vol. 5, no. 2,
pp. 292–299, 2005.

[33] P. A. Townsend, R. I. Cutress, A. Sharp, M. Brimmell, and
G. Packham, “BAG-1: a multifunctional regulator of cell
growth and survival,” Biochimica et Biophysica Acta (BBA) -
Reviews on Cancer, vol. 1603, no. 2, pp. 83–98, 2003.

[34] T. Chittenden, E. A. Harrington, R. O'Connor et al., “Induc-
tion of apoptosis by the Bcl-2 homologue Bak,” Nature,
vol. 374, no. 6524, pp. 733–736, 1995.

[35] E. Yang, J. Zha, J. Jockel, L. H. Boise, C. B. Thompson, and S. J.
Korsmeyer, “Bad, a heterodimeric partner for Bcl-XL and Bcl-
2, displaces Bax and promotes cell death,” Cell, vol. 80, no. 2,
pp. 285–291, 1995.

[36] M. T. Santore, D. S. McClintock, V. Y. Lee, G. R. S. Budinger,
and N. S. Chandel, “Anoxia-induced apoptosis occurs through
a mitochondria-dependent pathway in lung epithelial cells,”
American Journal of Physiology. Lung Cellular and Molecular
Physiology, vol. 282, no. 4, pp. L727–L734, 2002.

12 BioMed Research International



[37] H. Simsek, Ş. Demiryürek, T. Demir et al., “Assessment of
expressions of Bcl-XL, b-FGF, Bmp-2, caspase-3, PDGFR-α,
Smad1 and TGF-β1 genes in a rat model of lung ischemia/re-
perfusion,” Iranian Journal of Basic Medical Sciences, vol. 19,
no. 2, pp. 209–214, 2016.

[38] S. Jayanthi, X. Deng, M. Bordelon, M. T. Mccoy, and J. L.
Cadet, “Methamphetamine causes differential regulation of
pro-death and anti-death Bcl-2 genes in the mouse neocortex,”
The FASEB Journal, vol. 15, no. 10, pp. 1745–1752, 2001.

[39] Y. M. Lin, Y. R. Chen, J. R. Lin et al., “eIF3k regulates apoptosis
in epithelial cells by releasing caspase 3 from keratin-
containing inclusions,” Journal of Cell Science, vol. 121,
no. 14, pp. 2382–2393, 2008.

[40] Z. N. Oltvai, C. L. Milliman, and S. J. Korsmeyer, “Bcl-2 het-
erodimerizes in vivo with a conserved homolog, Bax, that
accelerates programed cell death,” Cell, vol. 74, no. 4,
pp. 609–619, 1993.

[41] N. Aboutaleb, N. Shamsaei, M. Khaksari, S. Erfani, H. Rajabi,
and F. Nikbakht, “Pre-ischemic exercise reduces apoptosis in
hippocampal CA3 cells after cerebral ischemia by modulation
of the Bax/Bcl-2 proteins ratio and prevention of caspase-3
activation,” The Journal of Physiological Sciences, vol. 65,
no. 5, pp. 435–443, 2015.

[42] C. Zhang, Z. Guo, H. Liu, Y. Shi, and S. Ge, “Influence of levo-
simendan postconditioning on apoptosis of rat lung cells in a
model of ischemia-reperfusion injury,” PLoS One, vol. 10,
no. 1, article e0114963, 2015.

[43] L. Hwang, I.-Y. Choi, S.-E. Kim et al., “Dexmedetomidine
ameliorates intracerebral hemorrhage-induced memory
impairment by inhibiting apoptosis and enhancing brain-
derived neurotrophic factor expression in the rat hippocam-
pus,” International Journal of Molecular Medicine, vol. 31,
no. 5, pp. 1047–1056, 2013.

[44] J. P. MacManus and M. D. Linnik, “Gene expression induced
by cerebral ischemia: an apoptotic perspective,” Journal of
Cerebral Blood Flow and Metabolism, vol. 17, no. 8, pp. 815–
832, 1997.

[45] P. Kermer, M. H. Digicaylioglu, M. Kaul et al., “BAG1 over-
expression in brain protects against stroke,” Brain Pathology,
vol. 13, no. 4, pp. 495–506, 2003.

[46] Y.Wang, C. Jia, Q. S. Li, C. Y. Xie, N. Zhang, and Y. Qu, “BAG-
1L protects SH-SY5Y neuroblastoma cells against hypoxia/re-
oxygenation through up-regulating HSP70 and activating
PI3K/AKT Signaling pathway,” Neurochemical Research,
vol. 42, no. 10, pp. 2861–2868, 2017.

[47] M. Hiratsuka, B. N. Mora, M. Yano, T. Mohanakumar, and
G. A. Patterson, “Gene transfer of heat shock protein 70 pro-
tects lung grafts from ischemia-reperfusion injury,” The
Annals of Thoracic Surgery, vol. 67, no. 5, pp. 1421–1427, 1999.

[48] S. Takayama, D. N. Bimston, S. Matsuzawa et al., “BAG-1
modulates the chaperone activity of Hsp70/Hsc70,” The
EMBO Journal, vol. 16, no. 16, pp. 4887–4896, 1997.

[49] J. Liman, S. Ganesan, C. P. Dohm et al., “Interaction of BAG1
and Hsp70 mediates neuroprotectivity and increases chaper-
one activity,” Molecular and Cellular Biology, vol. 25, no. 9,
pp. 3715–3725, 2005.

[50] H. G. Wang, S. Takayama, U. R. Rapp, and J. C. Reed, “Bcl-2
interacting protein, BAG-1, binds to and activates the kinase
Raf-1,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 93, no. 14, pp. 7063–7068,
1996.

[51] H. Nakagami, R. Morishita, T. Nishikawa et al., “Lack of asso-
ciation between the hepatocyte growth factor receptor, c-
met, and the anti-apoptotic action of bag-1 in endothelial
cells,” Hypertension Research, vol. 27, no. 5, pp. 359–365,
2004.

[52] M. He, Y. Zhang, F. Xie, X. Dou, M. Han, and H. Zhang, “Role
of PI3K/Akt/NF-κB and GSK-3β pathways in the rat model of
cardiopulmonary bypass-related lung injury,” Biomedicine &
Pharmacotherapy, vol. 106, pp. 747–754, 2018.

[53] S. Liang, Y. Wang, and Y. Liu, “Dexmedetomidine alleviates
lung ischemia-reperfusion injury in rats by activating
PI3K/Akt pathway,” European Review for Medical and Phar-
macological Sciences, vol. 23, no. 1, pp. 370–377, 2019.

[54] W. Zhang, J. Q. Zhang, F. M. Meng, and F. S. Xue, “Dexmede-
tomidine protects against lung ischemia-reperfusion injury by
the PI3K/Akt/HIF-1α signaling pathway,” Journal of Anesthe-
sia, vol. 30, no. 5, pp. 826–833, 2016.

[55] J. Zhou, T. du, B. Li, Y. Rong, A. Verkhratsky, and L. Peng,
“Crosstalk between MAPK/ERK and PI3K/AKT signal path-
ways during brain ischemia/reperfusion,” ASN Neuro, vol. 7,
no. 5, p. 175909141560246, 2015.

[56] D. R. Green, “Apoptotic pathways: the roads to ruin,” Cell,
vol. 94, no. 6, pp. 695–698, 1998.

[57] J. H. Myklebust, H. K. Blomhoff, L. S. Rusten, T. Stokke, and
E. B. Smeland, “Activation of phosphatidylinositol 3-kinase is
important for erythropoietin-induced erythropoiesis from
CD34+ hematopoietic progenitor cells,” Experimental Hema-
tology, vol. 30, no. 9, pp. 990–1000, 2002.

[58] J. Yang, S. Hu, C. Wang et al., “Fangchinoline derivatives
induce cell cycle arrest and apoptosis in human leukemia cell
lines via suppression of the PI3K/AKT and MAPK signaling
pathway,” European Journal of Medicinal Chemistry, vol. 186,
p. 111898, 2020.

13BioMed Research International


	Bag-1L Protects against Cell Apoptosis in an In Vitro Model of Lung Ischemia-Reperfusion Injury through the C-Terminal “Bag” Domain
	1. Introduction
	2. Materials and Methods
	2.1. Cell Line and Culture
	2.2. Bag-1 Adenovirus and Cell Infection
	2.3. Hypoxia/Reoxygenation Model
	2.4. qRT-PCR
	2.5. Western Blotting
	2.6. Cell Viability Assay
	2.7. Flow Cytometric Apoptosis Assay
	2.8. Lactate Dehydrogenase (LDH) Activity Assay
	2.9. Cell Cycle Distribution Analysis by Flow Cytometry
	2.10. Statistical Analysis

	3. Results
	3.1. Overexpression of Bag-1L and Bag-1L△C in A549 Cells
	3.2. Effects of Bag-1L and Bag-1L△C Expression on A549 Cell Viability
	3.3. Effects of Bag-1L and Bag-1L△C on A549 Cell Apoptosis and LDH Release
	3.4. Effects of Bag-1L and Bag-1L△C on Cell Cycle Distribution
	3.5. Effects of Bag-1L and Bag-1L△C on Regulation of Gene Expression

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

