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Abstract. Hyperoxia is one of the primary causes of broncho-
pulmonary dysplasia, which may occur in premature infants 
following supplemental oxygen therapy. Glucose regulated 
protein 78 (GRP78), which is a molecular chaperone located 
in the lumen of the endoplasmic reticulum (ER), has been 
reported to regulate hyperoxia‑associated ER stress. The role 
of GRP78 in lung epithelial cells during hyperoxia remains to 
be elucidated. In the present study, the A549 cultured human 
lung epithelial cell line was exposed to hyperoxic conditions, 
and then transfected with short interfering (si)RNA targeted 
to GRP78. siRNA or pEGFP‑N1 plasmid were used to 
knockdown or overexpress specific genes, reverse transcrip-
tion‑quantitative polymerase chain reaction and western blot 
analysis were used to detect RNA and protein levels of gene 
expression, and flow cytometry was used to detect apoptosis. 
The expression levels of ER stress‑associated genes were 
determined, and a significant increase in C/EBP homologous 
protein (CHOP) expression and apoptosis of A549 cells was 
observed, following GRP78 knockdown. The overexpression 
of CHOP downregulated B‑cell lymphoma (Bcl)‑2 expression 
levels, upregulated BCL2 associated X (Bax), and increased 
apoptosis of A549 cells under conditions of hyperoxia. CHOP 
knockdown demonstrated the opposite effect on Bcl‑2 and 
Bax expression levels. These results suggested that GRP78 
silencing promoted lung epithelial cell apoptosis during hyper-
oxia, via regulation of the CHOP pathway.

Introduction

Bronchopulmonary dysplasia (BPD) is one of the most 
common chronic lung diseases in preterm infants undergo 

supplemental oxygen therapy in US (1). Oxygen toxicity or 
hyperoxia is one of the major risk factors in the development 
of bronchopulmonary dysplasia. Hyperoxia was reported to 
promote cell injury in alveolar endothelial and epithelial cells 
in vivo and in vitro (2,3), leading to impaired gas exchange 
and increased epithelial apoptosis (4). Premature infants are 
more susceptible to hyperoxia induced epithelial damage due 
to their respiratory immaturity and deficiency of anti‑oxidant 
enzyme activity (5,6). The molecular mechanism in regulating 
epithelial apoptosis under hyperoxia needs to be further eluci-
dated.

The essential site responsible for protein synthesis and 
maturation is endoplasmic reticulum (ER), into which newly 
synthesized polypeptide chains enter through a peptide trans-
locon, and undergo maturation processes such as cleavage, 
glycosylation, disulfide bond formation, folding and assembly. 
Much physiological and pathological stimulation, such as isch-
emia, hyperoxia, and poisons, cause ER stress, during which 
inhibition of protein glycosylation or disulfide bond formation 
results in accumulation of unfolded and misfolded proteins 
in the lumen of the ER. Gene expression alteration occurs 
during ER stress (7). Glucose regulated protein 78 (GRP78), 
a molecular chaperone, locates in the lumen of the ER that 
binds newly synthesized proteins as they translocate into the 
ER, and maintains them in a state competent for subsequent 
folding and oligomerization. GRP78 protein is usually highly 
induced by the microenvironment factors including hyperoxia, 
acidosis as well as glucose deprivation (8). Inositol‑requiring 
enzyme‑1 (IRE1), activating transcription factor‑6 (ATF6), 
and protein kinase regulated by RNA‑like ER kinase (PERK) 
play important role during ER stress (9). GRP78 recruitment 
to chaperone the malfolded proteins results in GRP78 disso-
ciation from its conformational binding state of the above 
three trans‑membrane receptors (10,11), subsequently induces 
cell apoptosis. C/EBP homologous protein (CHOP) is widely 
known as a participator in the initiation of apoptosis. IRE1, 
ATF6 and PERK can trigger CHOP (12). The Bcl2 family and 
plays a crucial role in the apoptotic process of various cancers. 
It has been documented that Bax (bcl‑2‑like protein 4) and 
Bcl‑2 (B‑cell lymphoma 2) are separately pro‑apoptosis and 
anti‑apoptosis proteins of the Bcl2 family and that these two 
molecules can finally regulate programmed cell death in 
ER (13). The pathway (via PERK) that induces transcription 
of the pro‑apoptotic factor CHOP can inhibit anti‑apoptotic 
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protein Bcl‑2, leading to activation of the executioner 
caspase‑3 and cell death (14). mRNA and protein levels of 
GRP78 and CHOP were increased in lung tissue of preterm 
Sprague‑Dawley rats exposed to hyperoxia (15). Exposure 
to 95‑100% O2 induces CHOP mRNA expression in the 
bronchiolar epithelium of adult mice and in isolated type II 
cells in culture (16), as well as postnatal day 2 and 7 murine 
developing lung tissue (17). Hyperoxia has also been shown 
to enhance CHOP expression after 72 h exposure together 
with increased ATF4 mRNA expression (18). However, how 
GRP78 regulates lung epithelial cell apoptosis during hyper-
oxia, especially the underlying mechanisms still remains 
unknown.

In this study, we used siRNA targeted GPR78 to transfect 
A549 cell under hyperoxia. GPR78 knockdown increased the 
expression of CHOP at gene level or protein level, further 
induced A549 cell apoptosis under hyperoxia. CHOP over-
expression under hyperoxia led to the robust apoptosis of 
A549 cells by inducing Bax and inhibiting Bcl‑2. CHOP 
knockdown (CHOP‑siRNA) showed opposite effect on Bax 
and Bcl‑2. GRP78 silencing promoted lung epithelial cells 
apoptosis during hyperoxia, probably through regulating 
CHOP pathway.

Materials and methods

Cell culture and hyperoxia exposure. The human airway 
epithelial cell line A549 was purchased from American Type 
Culture Collection (ATCC; Manassas, VA, USA) and cultured 
in DMEM/F12 with 10% FBS. Cells were grown under 
humidified conditions consisting of 95% air and 5% CO2 at 
37˚C (normoxia). For hyperoxia exposure, cells were plated in 
an MIC‑101 chamber (Modular Incubator; Billups-Rothenberg, 
Inc., Del Mar, CA, USA) filled with 95% O2 and 5% CO2 for up 
to 72 h at 37˚C. The gases were replaced every day.

Lipsome mediated cell transfection and hyperoxia treatment of 
A549. siRNA sequences targeted GRP78, CHOP were designed 
and called GRP78‑siRNA and CHOP‑siRNA, respectively. 
The sequences of GRP78‑siRNA or CHOP‑siRNA were as 
follows: 5'‑AAGAUCACAAUCACCAAUGACTT‑3', 5'‑AAG 
AACCAGCAGAGGUCACAATT‑3'. The sequence of the 
corresponding negative control was 5'‑AAAUCAUAGCGU 
AUGGUGCUGTT‑3'. 3e5 A549 cells cultured in six‑well 
plate were transfected with 4 µg of siRNA or pEGFP‑N1 
plasmid with CHOP by Lipofectamine® 2000 (Invitrogen 
Life Technologies, Carlsbad, CA, USA). 24 h after transfec-
tion, fresh medium was added. Next, A549 cells were treated 
with hyperoxia for 24, 48 and 72 h subsequently. A549 cells 
without transefection or hyperoxia were designated as control 
(C). A549 cells treated with the combination of negative 
control transfection and hyperoxia were designated as nega-
tive control (N).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). RT‑qPCR was carried out as previous 
described  (15) to detect the expression of genes including 
ATF6, PERK, CHOP, Bcl‑2 and Bax. Total RNA was 
extracted with Trizol (~0.5e6 cells adding 0.5 ml TRIzol) 
reagent (Applied Biosystems Life Technologies, Foster 

City, CA, USA) and fractionated by electrophoresis 
on a 1.2%  agarose/3‑(N‑morpholino) propanesulfonic 
acid/formaldehyde gel to ensure RNA integrity. Total RNA was 
reverse‑transcribed to cDNA according to the manufacturer's 
instructions (Multiscribe Reverse Transcriptase; Applied 
Biosystems Life Technologies). Platinum Taq polymerase 
(Invitrogen Life Technologies) and EvaGreen dye (Biotium, 
Inc., Hayward, CA, USA) were applied for RT‑qPCR. In this 
system, the increase in the concentration of EvaGreen dye 
fluorescent is proportional to the increase in PCR products; 
the reaction production can be accurately measured in the 
exponential phase of amplification by the ABI prism 7700 
Sequence Detection System. The sequences of the primers 
used are listed in Table I. The signal of the housekeeping gene 
GAPDH was used for normalization. The correct size of PCR 
product was confirmed by electrophoresis on a 2% agarose 
gel stained with ethidium bromide. Metling curve analysis 
was performed to assess the specificity of the amplified PCR 
products.

Western blotting. Total protein was isolated using RIPA lysis 
buffer (Biyuntian Biotechnology Co., Ltd., Shanghai, China), 
and protein concentrations were determined by the Bradford 
method. 80 µg proteins were separated by SDS‑PAGE and 
transferred onto polyvinylidene fluoride membranes with 
the Bio‑Rad Trans blot system. Membranes were stained 
by Ponceau for 3 min, and cleaned by double distilled H2O 
until the red blots were clear. After blocking in 5% bovine 
serum albumin (BSA) and mixture of Tris‑Buffered Saline 
and Tween‑20 (TBST) for 1 h, membranes were incubated 
overnight in primary antibody diluted in 5% BSA at 4˚C. The 
following primary antibodies were used: anti‑PERK (AF5304), 
anti‑IRE1 (DF7709), anti‑ATF6 (DF6009), anti‑CHOP 
(DF6025, 1:500, Affinity biosciences, USA), anti‑β‑actin 
(A1978, 1:10,000; Sigma, St. Louis, MO, USA). Membranes 
were incubated for 1 h with HRP‑conjugated goat anti‑mouse 
(1:5,000) or rabbit (1:2,000) immunoglobulin (Sigma) in 
5% BSA. Chemiluminescence kit (Biyuntian Biotechnology 
Co., Ltd.) was used to visualize the secondary antibody. The 
bands were quantified using Image J software from three inde-
pendent experiments.

Flow cytometry. Transfected cells were harvested, washed 
by ice‑cold PBS, centrifuged at 300 x g for 5 min. 1e6 Cells 
were re‑suspended with 500 µl of 1xbinding buffer, then 
stained with FITC‑conjugated Annexin V and PI (Biyuntian 
Biotechnology Co., Ltd.) for 15 min at 4˚C in the dark. The 
samples were analyzed using FACS (BD Biosciences, San 
Diego, CA, USA).

Statistical analysis. The results are expressed as the 
mean  ±  standard error of the mean (SEM) of at least 
three independent experiments. All data were analyzed 
by SPSS  20.0 statistical software (SPSS, Inc., Chicago, 
IL, USA). Statistical analysis comparing the treated and 
control groups was assessed using the Student's t‑test, and 
among multiple groups were tested by analysis of variance 
(ANOVA) followed by Geisser‑Greenhouse corrections post 
hoc test. P<0.05 was considered to indicate a statistically 
significant difference.
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Results

GRP78 silencing increase CHOP expression in A549 cells 
under hyperoxia. We used GPR78‑siRNA to transfect A549 
cells, hyperoxia was established subsequently for 24, 48 and 
72 h after transfection, expressions of PERK, ATF6, IRE1 and 
CHOP at gene level and protein level were detected. GRP78 
mRNA level dropped 80‑90% by RT‑PCR and protein level 
dropped over 50% by western blotting after knockdown 
(data not shown). The results showed that the expressions of 
PERK, ATF6 and IRE1 were not affected at gene level and 
protein level, while the expression of CHOP slightly increased 
after GPR78 silencing at gene level and protein level under 
normoxia, the increases were significantly enhanced under 
hyperoxia (Figs.  1  and  2). Also, the expression of CHOP 
in A549 cells treated with GRP78‑siRNA and hyperoxia 
increased gradually with time. CHOP protein expression was 
slightly increased after 24 h under hypoxia after shamRNA 
treatment, not significantly different from those under nomaxia 
(Fig.  2E and F). Our previous studies have shown CHOP 
protein expression was increased for ~2 folds under hypoxia 
for 72 h  (15), GRP78 knockdown under hypoxia for 72 h 
further brought up CHOP protein expression by ~4.5‑folds.

The effect of GRP78‑siRNA on the apoptosis of A549 cells 
under hyperoxia. A549 cells were treated with GRP78 siRNA 
and hyperoxia, induction of ER‑mediated apoptosis was 
assessed. We found that that the under normal oxygen levels, 
the percent of apoptotic A549 cells was increased over time 
after GRP78 silencing, in addition, the apoptosis of A549 cells 
were further enhanced at presence of hyperoxia over time, 
which is consistent with the increase of CHOP expression after 
GRP79 silencing (Fig. 3).

The effect of CHOP overexpression on the expressions of Bcl‑2 
or Bax under hyperoxia. To test whether CHOP regulation by 
GRP78 was correlated with the subsequent apoptotic events of 
A549 cells, we overexpressed CHOP by using pEGFP‑N1‑CHOP 
(plasmid containing core domain sequence of CHOP) on 
A549 cells, and establish hyperoxia subsequently for 24, 
48 and 72 h after transfection, and monitored the expressions 
of anti‑apoptotic protein Bcl‑2 and pro‑apoptotic protein Bax 
at gene level and protein level. CHOP overexpression induced 

Table I. Sequences of primers used in qPCR.

Gene	 Sense	 Antisense

GRP78	 TCCTATGTCGCCTTCACT	 ACAGACGGGTCATTCCAC
PERK	 TTGTCGCCAATGGGATAG	 CAGTCAGCAACCGAAACC
IRE1	 GACAGGCTCAATCAAATGG	 CGGTCAGGAGGTCAATAACA
ATF6	 TCAATGGGCAGGACTACGA	 GGGAGCCAAAGAAGGTGT
CHOP	 CACTCTTGACCCTGCTTC	 AGTCGCCTCTACTTCCCT
Bcl‑2	 TCCAATCCTGTGCTGCTA	 ACTCTGTGAATCCCGTTT
Bax	 TTTTGCTTCAGGGTTTCATC	 GACACTCGCTCAGCTTCTTG
GAPDH	 GCACCGTCAAGGCTGAGAAC	 TGGTGAAGACGCCAGTGGA

qPCR, quantitative polymerase chain reaction.

Figure 1. The expressions of CHOP detected by (A)  RT‑qPCR and 
(B and C) western blotting. A549 cells were transfected with GRP78‑siRNA 
or negative control, hyperoxia was established subsequently for 24, 48 and 
72 h after transfection. Sham siRNA: A549 cells treated with negative control 
siRNA; siRNA+N 24 h, siRNA+N 48 h, siRNA+N 72 h: A549 cells were 
treated with GRP78‑siRNA and nomaxia for 24, 48 and 72 h; siRNA+H 24 h, 
siRNA+H 48 h, siRNA+H 72 h: A549 cells were treated with GRP78‑siRNA 
and hyperoxia for 24, 48 and 72 h.
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2‑3‑folds mRNA (24 h) by RP‑PCR and protein expression 
levels (48 h) by western blot (data not shown). We found that the 
expression of Bcl‑2 and Bax at RNA level were not affected by 
CHOP overexpression under normal oxygen level for up to 72 h 
after transfection. Decreased expression of Bcl‑2 and increased 
expression of Bax at protein level were found in later time 
points after CHOP overexpression (48 and 72 h). Importantly, 
CHOP overexpression under hyperoxia significantly decreased 
the expression of Bcl‑2 and increased expression of Bax at both 
RNA and protein level (Fig. 4). Bcl‑2 and Bax protein levels 
were not changed after 24 h under hyperoxia compared with 
normoxia on empty vector treated cells (Fig. 5).

CHOP overexpression promoted apoptosis of A549 cells under 
hyperoxia. To examine whether regulation of Bcl‑2 and Bax by 
CHOP could impact the apoptosis of A549 cells, we stained 
A549 cells with PI and Annexin V‑FITC under normoxia or 
hyperoxia after CHOP overexpression. The percent of apop-
totic A549 cells (defined by Annexin‑V+PI‑) increased over 
time after CHOP overexpression under normoxia using BD 
FACSCanto, furthermore, the apoptosis of A549 cells was 
significantly enhanced under hyperoxia, with the peak apop-
totic phase at 48 h after hyperoxia treatment, suggesting the 
early apoptosis of A549 cells treated with pEGFP‑N1‑CHOP 
transfection under hyperoxia (Fig. 6).

The effect of CHOP‑siRNA on the expression of Bcl‑2 and 
Bax on A549 cells under hyperoxia. To further confirm 
the role of CHOP expression on regulation of apoptotic 
related genes, we used CHOP‑siRNA to transfect A549 cell, 
established hyperoxia subsequently for 24, 48 and 72 h after 
transfection, and monitored the expressions of Bcl‑2 and 
Bax at gene level and protein level. CHOP siRNA induced 
over 90% mRNA by RT‑PCR and around 50‑60% protein 
downregulation by western blot compared with shamRNA 
(data not shown). We found the relative mRNA expression 
of Bcl‑2 was increased and Bax was decreased at later time 
points after CHOP siRNA at gene level and protein level, 
while significant increase of Bcl‑2 and decrease of Bax were 
shown when A549 cells were treated with CHOP siRNA 
under hyperoxia. These results further confirmed the impor-
tant role of CHOP and hyperoxia in promoting apoptosis of 
A549 cells, probably through regulation of Bcl‑2 and Bax 
(Fig. 7). Bcl‑2 and Bax protein levels were not significantly 
changed after 24 h under hyperoxia compared to normoxia 
on Sham siRNA treated cells (Fig. 8).

Discussion

Hyperoxia‑induced lung injury after oxygen supplementation 
is one of the major risk factors in the pathogenesis of BPD (1). 

Figure 2. The expressions of PERK, ATF6, IRE1 were detected by (A‑C) RT‑qPCR and (D) western blotting. A549 cells were transfected with GRP78‑siRNA 
or negative control, hyperoxia was established subsequently for 24, 48 and 72 h after transfection. Sham siRNA: A549 cells treated with negative control 
siRNA; siRNA+N: A549 cells were treated with GRP78‑siRNA and nomaxia for 24 h; siRNA+H 24 h, siRNA+H 48 h, siRNA+H 72 h: A549 cells were treated 
with GRP78‑siRNA and hyperoxia for 24, 48 and 72 h. CHOP protein expression was slightly increased after 24 h under hypoxia after (E and F) shamRNA 
treatment.
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Observations from prenatal and postnatal lung studies revealed 
that apoptosis plays an important role in lung development in 
animals as well as in humans. Apoptosis is more prominent in 
mesenchymal cells and less frequent in epithelium in developing 
lungs, which are normal processes in alveolar wall thinning 
and alveolar formation  (19,20). Preterm infants underwent 
supplemental oxygen therapy showed disrupted lung devel-
opment featured by larger and simplified alveoli, increased 
alveolar macrophages, and thickened alveolar walls due to 
interstitial fibrosis and smooth muscle hyperplasia  (21,22). 
Hyperoxia causes apoptosis in peripheral airways (23,24). It 
has demonstrated that apoptosis is significantly increased in 
alveolar epithelial cells in preterm infants with BPD and respi-
ratory distress syndrome (25,26). All these results suggest that 
adaptive apoptosis is a critical process in lung development, 
neonatal lung injury and the pathogenesis of BPD. In this study, 
the A549 cell line was selected for this study due to its human 
alveolar type II epithelial cell origin, we cultured A549 cells 
under 95% O2 to mimics hyperoxia in vitro, apoptosis were 
induced and cellular events associated with apoptosis were 

evaluated. There are potential limitations of using A549 for this 
study, hTERT immortalized cell line, primary cultured cells, or 
a panel of cancer cell lines will be included in future study to 
confirm the findings we discovered on A549 cells.

Prolonged oxygen exposure regulates the expression of 
a variety of genes involved in cellular oxidative stress, cell 
cycle, growth, and death (27). GRP78 is a HSP70 molecular 
chaperone located in the lumen of the ER that binds newly 
synthesized proteins as they are translocated into the ER, and 
maintain them in a state competent for subsequent folding and 
oligomerization. Inhibition or downregulation of GRP78 has 
been demonstrated to increase ER stress‑induced cell death 
in melanoma and cancer cells (28,29). GRP78 siRNA lipoplex 
inhibited the growth of the renal carcinoma cell line, which 
highly expresses GRP78 basally (11). Previous studies showed 
that 2‑deoxyglucose (2‑dG), tunicamycin (TM), and cigarette 
smoke extract (CSE) treatments induced apoptosis of alveolar 
epithelial cells, downregulation of GRP78 expression by 
GRP78 siRNA led to the increased expression of caspase‑3 
and sensitivity to apoptosis  (30,31). ER protein ERp57 

Figure 3. The apoptosis of A549 cells treated with GRP78‑siRNA transfection under hyperoxia. (A) A549 cells were transfected with GRP78‑siRNA, hyper-
oxia was established subsequently for 24, 48 and 72 h after transfection. Apoptosis was determined by flow cytometry. (B) N 24 h, N 48 h, N 72 h: A549 cells 
were treated with GRP78‑siRNA and nomaxia for 24, 48 and 72 h; H 24 h, H 48 h, H 72 h: A549 cells were treated with GRP78‑siRNA and hyperoxia for 24, 
48 and 72 h. Experiments were repeated three times and percentages of apoptotic cells were quantified.
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knockdown protected hyperoxia‑ or tunicamycin‑induced 
apoptosis of A549 cells by induction of BiP/GRP78 (8). In 

current study, we observed significant increase of apoptosis 
of A549 cells treated with the combination of GRP78‑siRNA 

Figure 4. The expressions of Bcl‑2 and Bax detected by (A and B) RT‑qPCR and (C) western blotting. A549 cells were transfected with pEGFP‑N1‑CHOP 
or empty pEGFP‑N1 vector (pEGFP‑N1), hyperoxia was established subsequently for 24, 48 and 72 h after transfection. pEGFP‑N1‑CHOP‑N24 h, 
pEGFP‑N1‑CHOP‑N48  h and pEGFP‑N1‑CHOP‑N72h: A549 cells were treated with pEGFP‑N1‑CHOP and nomaxia for 24, 48 and 72  h; 
pEGFP‑N1‑CHOP‑H24 h, pEGFP‑N1‑CHOP‑H48 h and pEGFP‑N1‑CHOP‑H72h: A549 cells were treated with pEGFP‑N1‑CHOP and hyperoxia for 24, 48, 
and 72 h. Experiments were repeated three times and band intensity of (D) Bcl‑2 and Bax were quantified.

Figure 5. The expressions of Bcl‑2 and Bax detected by (A) western blotting and (B and C) quantified. A549 cells were transfected with empty pEGFP‑N1 
vector (pEGFP‑N1), hyperoxia was established subsequently for 24 h.
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under hyperoxia, suggesting that GRP78 signaling pathway 
plays an important role for lung epithelial injuries in preterm 
infants undergo supplemental oxygen therapy.

ER stress induced cell death signaling occur via three 
ER‑resident transmembrane proteins, IRE‑1α, ATF6α, and 
PERK (14,32): i) Activated IRE‑1α can recruit c‑Jun N‑terminal 
inhibitory kinase (JIK) and tumor necrosis factor receptor‑asso-
ciated factor‑2 (TRAF2) to activate apoptosis‑signal regulating 
kinase‑1 and c‑Jun N‑terminal kinase (JNK), leading to the 
activation of a mitochondria‑dependent cell‑death pathway 
(activation of caspase‑3, 8, 9, Bcl‑2‑associated X protein or 
Bax, the release of cytochrome c); ii) The release of JIK from 
procaspase‑12 allows for activation to caspase‑12, which acti-
vates procaspase‑9, which in turn activates procaspase‑3, the 
executioner of cell death. iii) Activated PERK phosphorylates 
the eukaryotic initiation factor‑2α that enhances the translation 
of ATF4 mRNA, which in turn induces CHOP (33,34). CHOP 

can inhibit antiapoptotic Bcl‑2, leading to the activation of the 
executioner caspase‑3. Newborn murine lung exposed to hyper-
oxia and IFN‑γ showed marked increase in cyclooxygenase‑2 
(Cox2) and the upregulation of the endoplasmic reticulum (ER) 
stress pathway mediator CHOP, which resulted in increased 
alveolar epithelial cell death in as well as murine BPD (17). We 
investigate the effects of GRP78 siRNA on the gene expression 
profile of ER stress signaling pathway molecules, and found 
that both gene and protein expression of CHOP increased 
compared with those treated with sham siRNA. Overexpression 
of CHOP under hyperoxia caused significant downregulation 
of Bcl‑2 and upregulation of Bax, enhanced apoptosis of A549 
cells, which suggested that imbalance of CHOP expression by 
GRP78 knockdown under hyperoxia might be the cause of 
increased apoptosis of A549 cells. Mouse embryo fibroblasts 
from Bax‑/‑Bak‑/‑ mice were resistant to apoptosis induced by 
ER stress, suggesting the role of Bax and Bak as executioner 

Figure 6. The apoptosis of A549 cells treated with pEGFP‑N1‑CHOP transfection under hyperoxia. A549 cells were transfected with pEGFP‑N1‑CHOP 
or empty pEGFP‑N1 vector (pEGFP‑N1), hyperoxia was established subsequently for 24, 48 and 72 h after transfection. pEGFP‑N1‑CHOP‑N24 h, 
pEGFP‑N1‑CHOP‑N48  h and pEGFP‑N1‑CHOP‑N72h: A549 cells were treated with pEGFP‑N1‑CHOP and nomaxia for 24, 48 and 72  h; 
pEGFP‑N1‑CHOP‑H24 h, pEGFP‑N1‑CHOP‑H48h and pEGFP‑N1‑CHOP‑H72h: A549 cells were treated with pEGFP‑N1‑CHOP and hyperoxia for 24, 48 
and 72 h. The apoptotic cells were detected by flow cytometry with (A) PI and Annexin V‑FITC staining and (B) quantified.
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in ER‑stress mediated apoptosis (35). Also, Matsumoto et al 
reported that overexpression of Bcl‑2 blocked CHOP‑induced 
apoptosis (36). On the other hand, we treated A549 cells with 
the CHOP siRNA under hyperoxia, the results showed the 
expression of Bcl‑2 increased, while the expression of Bax 
decreased, which further supported our hypothesis on the role 
of GRP78‑CHOP‑Bcl‑2/Bax pathway in ER related apoptosis 
of lung epithelial cells under hyperoxia.

In this study, we determined the effect of GRP78 siRNA 
and CHOP overexpression under hyperoxia on human lung 
epithelial cell line A549 cells, and found that the GRP78 siRNA 
or CHOP overexpression could lead the enhanced apoptosis of 
A549 cells under hyperoxia, suggesting that the important role 

of GRP78 in promoting lung epithelial apoptosis under hyper-
oxia, probably through regulating CHOP‑Bcl‑2/Bax pathway, 
targeting GRP78 might help to reduce lung epithelial injury 
for preterm infants undergo oxygen supplementary treatment 
and lower the incidence of BPD.
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Figure 7. The expressions of Bcl‑2 and Bax detected by qRT‑PCR (A and B) and western blotting (C). A549 cells were transfected with CHOP‑siRNA or sham 
control siRNA (Sham siRNA), hyperoxia was established subsequently for 24, 48 and 72 h after transfection. siRNA+N24h, siRNA+N48h and siRNA+N72h: 
A549 cells were treated with CHOP siRNA and nomaxia for 24, 48 and 72 h; siRNA+H24 h, siRNA+H48 h and siRNA+H72h: A549 cells were treated with 
CHOP siRNA and hyperoxia for 24, 48 and 72 h. Experiments were repeated three times and band intensity of Bcl‑2 and Bax were quantified (D).

Figure 8. The expressions of Bcl‑2 and Bax detected by western blotting (A) and quantified (B and C). A549 cells were transfected with Sham SiRNA, 
hyperoxia was established subsequently for 24 h.
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