MOLECULAR MEDICINE REPORTS 23: 33, 2021

Hyperoxia induces endoplasmic reticulum
stress-associated apoptosis via the IREloa pathway
in rats with bronchopulmonary dysplasia
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Abstract. Bronchopulmonary dysplasia (BPD) is the most
common chronic lung disease in premature infants, and
alveolar dysplasia and pulmonary vascular development disor-
ders are the predominant pathological features. Apoptosis of
lung epithelial cells is a key factor in the pathological process
of alveolar developmental arrest. Endoplasmic reticulum
stress (ERS)-associated apoptosis is a noncanonical apoptotic
pathway involved in the development of several pulmonary
diseases.Previous studies have demonstrated that protein kinase
RNA-like endoplasmic reticulum kinase, inositol-requiring
enzyme lo (IRElo) and activating transcription factor 6 can
initiate the apoptosis signaling pathway mediated by ERS and
induce apoptosis of injured cells. Among them, the IREla
pathway is the most conservative pathway in the unfolded
protein response, which serves an important role in a number
of pathological environments, to the extent of determining
cell fate; however, it is rarely reported in BPD. Based on the
establishment of a rat BPD model, the present study verified
the activation of ERS in BPD and further confirmed that
prolonged ERS inhibited the protective pathway, IRElo/X-box
binding proteins, and activated the proapoptotic pathway,
IREla/c-Jun N-terminal kinase, to induce the apoptosis of
lung epitheliums.

Introduction

Bronchopulmonary dysplasia (BPD) is the most common
chronic lung disease in premature infants worldwide, and
the predominant pathological features are alveolar dysplasia
and pulmonary vascular development disorders (1,2). In
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total, ~10,000 infants are diagnosed with BPD annually in
the United States (3). Infants with BPD require respiratory
support in early life and for long-term pulmonary dysfunction,
including persistent airway obstruction and distal lung devel-
opment (1,4). Furthermore, infants with BPD often show delays
in the development of the nervous system (5). Given that there
are no effective preventive and therapeutic measures, BPD
remains one of the most challenging issues in neonatology.

A previous study suggested that premature lung exposure
to hyperoxia induces lung epithelial cell damage, which
triggers pathological changes in alveolar dysplasia (6). In addi-
tion, the apoptosis of lung epithelial cells is a key factor in
the pathological process of alveolar developmental arrest (7).
The two main apoptosis pathways are the death receptor
pathway and the mitochondrial pathway (8,9). Previous
studies have demonstrated that endoplasmic reticulum stress
(ERS)-related apoptosis is a noncanonical apoptosis pathway
involved in several lung diseases, including chronic obstruc-
tive pulmonary disease (COPD), interstitial lung disease and
lung cancer (10-13). The ERS-mediated apoptosis pathway has
been investigated; however, only a few studies have assessed
its role in BPD (14). A previous study identified that the ER is
significantly enlarged in alveolar type II epithelial (AEII) cells
of BPD rats (15), suggesting that functional changes in the
ER may be involved in the development of BPD; however, the
specific molecular mechanism requires further investigation.

Previous studies have demonstrated that protein
kinase RNA-like endoplasmic reticulum kinase (PERK),
inositol-requiring enzyme lo (IREla) and activating tran-
scription factor 6 (ATF6) can initiate the ERS-mediated
apoptosis signaling pathway, and thereby induce apoptosis in
injured cells (16,17). The IREla pathway, which is the most
conserved and important pathway in the unfolded protein
response (UPR), serves a key role within several pathological
processes and determines cell fate (18-21). For example, an
increasing amount of evidence has demonstrated that IREla
plays a key role in the initiation, growth, metastasis and angio-
genesis of cancer cells. The X-box binding protein (XBP1)
branch of IREI provides tumor cells with the ability to adapt
to unfavorable microenvironmental conditions and promote
their survival and growth (18). In addition, IRE1 is also
involved in important physiological processes, such as lipid
metabolism, cell differentiation, inflammation and energy
regulation. IREla-knockdown 3T3L1 cells were found to have
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notable defects in adipogenesis (19). However, studies on the
role of the IREla pathway in BPD are limited.

Thus, the present study established a rat BPD model to
verify the presence of ERS activation in BPD, and to determine
the role of the IREla/X-box binding proteins (XBP1s)/c-Jun
N-terminal kinase (JNK) signaling pathway components:
IRElaq, p-IREla, XBPIs, JNK and p-JNK. Changes in gene
and protein expression, and the occurrence of apoptosis were
monitored to determine the role of the ERS signaling pathway
in the pathogenesis of BPD and to provide an experimental
basis for the clinical prevention and treatment of BPD.

Materials and methods

Animal models. A total of 40 Sprague-Dawley (SD) rats
(32 females and 8 males, aged 4 weeks, 220-250 g) were
purchased from the Experimental Animal Center of China
Medical University and all animal experiments were approved
by the Animal Ethics committee of China Medical University
(Shenyang, China; approval no. 2019PS308K). The rats were
housed in a standard pathogen-free environment (SPF level), at
a temperature of 22+2°C, and relative humidity 60-70%. The
rats were fed ordinary feed and sterilized water. The light/dark
cycle was 12 h light/12 h dark. The rats were mated at a
female/male ratio of 4:1, and gave birth naturally at 22 days of
pregnancy. The newborn SD rats (together with the mother rats)
were randomly divided into 2 groups within 12 h after birth,
model group (n=40) and control group (n=40). According to
the method we established in a previous study (22), the model
group newborn rats were placed in a glass oxygen box to main-
tain the oxygen concentration at 80-85%. Soda lime was used
to absorb CO, in the oxygen box to keep the concentration
<0.5%. The silica gel absorbed water to maintain the oxygen
level. The temperature of the box was 25-27°C, the humidity
was 60-70%, and the oxygen concentration was monitored
with a digital oxygen meter every day. The control rats inhaled
fresh air. All additional conditions and control factors were the
same in both groups. The oxygen box was opened for 30 min
every 24 h to replenish food and water and to change the
bedding, and maternal rats in the model group and the control
group were exchanged to prevent oxygen poisoning.

Collection of lung samples. A total of 8 pups from each group
were randomly selected at 1, 3, 7 and 14 days after the start
of the experiment and anesthetized by sevoflurane inhala-
tion. Lung tissues were removed under aseptic conditions and
the right middle lobe was fixed with 4% paraformaldehyde
(PFA; Beyotime Institute of Biotechnology), for >24 h at
room temperature, for hematoxylin and eosin (H&E) staining,
immunohistochemistry (IHC) and terminal deoxynucleotidyl
transferase dUTP nick-end labeling (TUNEL). The remaining
lung tissue samples were stored at -80°C for protein and
mRNA analysis.

Lung histology and morphometric analysis. Lung tissues were
fixed with 4% PFA for 24-48 h at room temperature, dehydrated
in a graded alcohol series. Then, the tissues were embedded
in paraffin at room temperature. Paraffin-embedded tissue
samples were cut into 4-ym-thick sections and conventional
dewaxing and rehydration was performed. Morphological

changes were observed by H&E staining for 10 min at room
temperature. For each group of animals 6 slices at different
time points were randomly selected, and 10 visual fields in each
slice were randomly selected to observe pathological changes
under the high power lens of a light microscope (Nikon C1
System; Nikon Corporation) at magnification x200. The radial
alveolar count (RAC) and mean alveolar diameter (MAD) are
simple and relatively accurate measures of lung development,
larger RAC values indicate more complete alveolar develop-
ment and larger MAD values indicate larger alveoli and less
mature alveolar development. The RAC was measured using
the Emery and Mithal method (23,24), whereas the MAD
was measured using Image-Pro Plus 6.0 software (Media
Cybernetics, Inc.).

Transmission electron microscopy (TEM). Fresh lung tissues
were sampled within 1-3 min, the size of the sampled tissue
was 1 m?, as thin as possible. Immediately after removing the
tissue, fresh lung tissues were fixed with 2.5% glutaraldehyde
(Beijing Solarbio Science & Technology Co., Ltd.) for 2 h
at room temperature, and then with 1% succinic acid, dehy-
drated with acetone and placed in epoxy resin prior to being
impregnated and embedded with epoxy resin for 72 h. Then,
the ultra-thin sections were produced and double-stained with
uranyl acetate and lead nitrate for 30 min. The ultrastructural
changes in alveolar epithelial type II (AEII) cells and organ-
elles were observed by TEM (H-600; Hitachi, Ltd.).

TUNEL staining. TUNEL staining was performed to detect
apoptosis in lung tissue. Tissue sections were routinely
dewaxed, rehydrated in an ethanol gradient and then washed
with PBS. Following which, 3% hydrogen peroxide (H,0,)
was added and sections were incubated at 37°C for 20 min to
eliminate endogenous peroxidase activity. Then, the sections
were treated with proteinase K at 37°C for 8 min, and washed
with PBS three times for 5 min. The sections were then incu-
bated at 37°C for 1 h in a humidified chamber with 50 pl of the
TUNEL mixture (Roche Diagnostics) per sample, according
to the manufacturer's protocol. Subsequently, sections were
then stained with DAPI (Beyotime Institute of Biotechnology)
at room temperature for 5 min for nuclear staining. For each
group of animals six slices were randomly selected to observe
the TUNEL-positive cells under the high power lens of a light
microscope (Nikon C1 System; Nikon Corporation) at magnifi-
cation x200. The percentage of apoptotic cells was determined
as the percentage of the total cells positive for TUNEL.

IHC. The paraffin-embedded lung tissue sections were baked
in an oven at 60°C for 30 min. After routine dewaxing and
gradient alcohol rehydration at room temperature, they were
thoroughly washed with PBS. Then, 3% H,0, was added
and sections were incubated at 37°C for 20 min to eliminate
endogenous peroxidase activity. The sections were subjected
to heat-mediated antigen retrieval for 8 min using citric acid,
and then cooled to room temperature, and washed with PBS.
Goat serum (50 pl; OriGene Technologies, Inc.) was used for
blocking at 37°C for 30 min, and then sections were incubated
with primary antibodies against: Glucose regulated protein
78,000 (GRP78; 1:5,000; cat. no. ab21685) phosphorylated
(p)-IREla (1:500; cat. no. ab48187) and p-JNK (1:300;



MOLECULAR MEDICINE REPORTS 23: 33, 2021 3

Table I. Primer sequences used for quantitative PCR.

Gene Forward (5'-3") Reverse (5'-3")
GRP78 CCGTAACAATCAAGGTCTACGA AAGGTGACTTCAATCTGGGGTA
XBPI-s GCACCTCTAAGCTCTTCA CCTCATATCCACAGTCACT

GRP78, glucose regulated protein 78,000; XBP1s, X-box binding protein 1.

cat. no. ab124956; all from Abcam) overnight at 4°C. Following
this, sections were washed four times with PBS, and then incu-
bated with goat anti-mouse/anti-rabbit IgG and horseradish
peroxidase-labeled streptavidin (cat. no. SP-9001; OriGene
Technologies, Inc.) at 37°C for 20 min. Subsequently, DAB
(OriGene Technologies, Inc.) development was performed
under an optical microscope (Nikon C1 System; Nikon
Corporation), and the color development was stopped when
brown particles appeared in the nucleus or cytoplasm. For the
negative control, the primary antibodies (GRP78, p-IREla
and p-JNK) were replaced with PBS; all other steps were
performed as aforementioned.

Western blot analysis. Total protein was extracted from lung
tissues using RIP (Beyotime Institute of Biotechnology),
quantified using a BCA protein assay kit (Beyotime Institute
of Biotechnology), and then diluted with loading buffer and
boiled for 5 min. Protein samples (50 pg/lane) were sepa-
rated by 10 or 12% SDS-PAGE and subsequently transferred
onto a PVDF membrane (EMD Millipore) at 100 V for
30 min. Subsequently, the PVDF membrane was blocked
with non-fat milk diluted with 5% TBST at room tempera-
ture for 1 h. Membranes were incubated with primary
antibodies against: GRP78 (1:2,000; cat. no. ab21685;
Abcam), p-IREla (1:2,000; cat. no. ab48187; Abcam), IREla
(1:1,000; cat. no. 3294; Cell Signaling Technology, Inc.),
XBP1-s (1:1,000; cat. no. 27901S; Cell Signaling Technology,
Inc.), p-JNK (1:2,000; cat. no. ab124956; Abcam), INK
(1:2,000; cat. no. ab179461; Abcam) and B-actin (1:4,000;
cat. no. 60008-1-Ig; ProteinTech Group, Inc.) overnight
at 4°C. Following the primary incubation, membranes were
incubated with horseradish peroxidase-conjugated secondary
antibodies (1:5,000; goat anti-mouse and anti-rabbit
IgG-HRP; cat. nos. SA00001-1 and SA00001-2, respectively;
Wuhan Sanying Biotechnology) at room temperature for
2 h. Proteins bands were detected using the Super ECL Plus
(Thermo Fisher Scientific, Inc.) and luminescence analysis
was performed with a chemiluminescence imaging system
(C300; Azure Biosystems, Inc.). The bands were standard-
ized according to [3-actin.

Reverse transcription-quantitative (RT-q)PCR. RNA was
extracted using TRIzol® reagent (Takara Biotechnology Co.,
Ltd.). According to the manufacturer's protocols, 1 ml TRIzol
was added to 50 mg lung tissues and then the tissues were
cut into pieces and mixed thoroughly. Chloroform (200 yl)
was added to the tissues for 5 min at room temperature,
followed by centrifugation (12,000 x g) at 4°C for 15 min to
get the supernatant. Then, isopropanol was added at room

temperature for 10 min and centrifuged (12,000 x g) at 4°C for
10 min. Finally, 75% ethanol was added three times at room
temperature for 5 min. The mRNA was reverse transcribed
into cDNA using a Prime Script™ RT reagent kit (Takara
Biotechnology Co., Ltd.) to remove genomic DNA for 15 min
at room temperature, with the following conditions: 37°C
for 15 min, and 85°C for 5 sec. The primers (Table I) were
designed and synthesized by Sangon Biotech Co., Ltd., and
gPCR was performed using a 7500 Real-Time PCR System
(Applied Biosystems, Thermo Fisher Scientific, Inc.) and a
PCR amplification kit (Takara Biotechnology Co., Ltd.) in a
reaction volume of 20 ul. The thermocycling conditions were
as follows: 95°C for 30 sec, 95°C for 5 sec, 60°C for 34 sec,
95°C for 15 sec, 60°C for 1 min, 95°C for 30 sec, and 60°C
for 15 sec, for a total of 40 cycles. Relative expression levels
were calculated using the 2224 method and normalized to
B-actin (25).

Statistical analysis. Statistical analysis was performed using
SPSS 17.0 software (SPSS, Inc.). Unpaired Student's t-test was
used to compare difference between two groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

Morphological changes in lung tissue and differences in lung
development. The H&E staining results demonstrated that lung
tissues in the control group gradually improved with the age of
the rats; the alveolar number gradually increased, the alveolar
interval became thinner and the irregular alveolar morphology
gradually disappeared as the alveoli adopted a uniform size. At
day 14, alveolarization was complete. Alveolar development in
the model group was significantly delayed compared with the
control group, with a significant reduction in the number of
alveoli, an increased alveolar diameter, an irregular alveolar
shape, simple alveolar structure and unclear alveolar ridges
and stimulation intervals (Fig. 1A).

Compared with the control group, the RAC in the model
group was significantly decreased starting at day 7 (P<0.05)
and this difference was more pronounced at day 14 (P<0.01).
These findings suggested that the model group experienced a
block in alveolar development starting at day 7 and develop-
ment was significantly delayed compared with the control
group. Another indicator of alveolar development is MAD,
which was significantly greater in the model group compared
with the control group at day 7 (P<0.05), with a more
pronounced increase at day 14, indicating that the alveoli in
the model group gradually became larger compared with those
in the control group (P<0.01; Fig. 1B and C).
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Figure 1. Morphological changes in lung tissue from control and model rats. (A) Hematoxylin and eosin staining (scale bar, 100 ym). (B) The RAC was
significantly lower in the model group compared with the control group at day 7, with a greater difference at day 14. (C) The MAD was significantly increased
at day 7 in the model group compared with the control group and this difference was more pronounced at day 14. "P<0.05, “P<0.01. RAC, radial alveolar count;

MAD, mean alveolar diameter.

Ultrastructural changes in AEII cells in lung tissue. TEM
demonstrated that the AEII cells in the control group were
cubic in form, with microvilli at the top and characteristic
lamellar bodies in the cytoplasm. The organelles, including
the ER and mitochondria, were normal. In the AEII cells
in the model group, chromatin accumulation at the nuclear
periphery was observed and the microvilli at the top of the cell
were sparse and detached. The cytoplasmic lamellar bodies
were destroyed and vacuolization, mitochondrial swelling, ER
expansion and degranulation were observed (Fig. 2).

Detection of apoptosis in lung tissue. TUNEL-positive cells
were observed in lung tissue at day 14 in the control group,
while the number of apoptotic cells in the model group was
significantly increased (P<0.01; Fig. 3).

RT-qPCR analysis of GRP78 and XBPI-s mRNA levels in lung
tissue. RT-qPCR analysis demonstrated that GRP78 mRNA
levels were upregulated by exposure to hyperoxia (Fig. 4A).
Compared with the control group, the model group exhibited
GRP78 upregulation at day 3, with a significant increase on
day 14 (P<0.05); GRP78 protein levels demonstrated a similar
change (Fig. 5A). Consistent with this finding, XBP1-s mRNA
expression peaked on day 3 (P<0.05; Fig. 4B) and then began
to decline prior to reaching the lowest level on day 14.

Western blot analysis of GRP78, p-IREla, IREla, XBPI-s,
p-JNK and JNK protein expression levels in lung tissue.
Western blot analysis demonstrated that GRP78 protein
expression was upregulated with hyperoxia exposure; GRP78
expression increased beginning on day 3 and was significantly
increased on day 14 (P<0.05). The p-IREla/IREla ratio
gradually increased over time; it increased starting at day 3

Control

Figure 2. Ultrastructural changes in the ER of AEII cells at day 14 via trans-
mission electron microscopy. (A) Control group at 14 days. (B) Magnification
of the insert in (A). (C) Model (hyperoxia) group at 14 days. (D) Magnification
of the insert in (C). Compared with control rats, those in the model group
demonstrated marked ER dilation. Scale bar, 0.1 pm. ER, endoplasmic
reticulum; N, nucleus; LB, lamellar body.

in the experimental group and peaked at day 14 (P<0.05); the
expression trend was consistent with that of GRP78. Changes
in XBP1-s protein expression were relatively delayed, with the
highest expression at day 7 (P<0.05) and decreased expression
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Figure 4. RT-qPCR analysis of GRP78 and XBP1-s mRNA expression in lung tissue. (A) GRP78 mRNA levels gradually increased with hyperoxia exposure
and were markedly increased on day 14. (B) XBP1s mRNA expression peaked at day 3 and then began to decrease, reaching the lowest level at day 14. Relative
GRP78/XBP1s mRNA expression was normalized to -actin expression and calculated using the 222 method. "P<0.05, “P<0.01. GRP78, glucose regulated

protein 78,000; XBP1s, X-box binding protein 1.

at day 14. The p-JNK/JNK ratio was increased on day 7
(P<0.01) and this increase was more pronounced on day 14
(P<0.01; Fig. 5A-D).

Immunohistochemistry analysis of the localization
and expression of GRP78, p-IREla, XBPI and p-JNK.
Immunohistochemistry analysis revealed that in the model
group, GRP78 protein was mainly localized in the cytoplasm

of AEII cells, closely surrounding the nucleus, consistent with
ER localization. p-IREla, p-JNK and XBP1 were mainly
localized in the nucleus of AEII cells (Fig. 6).

Discussion

Obstruction of alveolar development is a pathological charac-
teristic in preterm infants with BPD (1,2). In the present study,
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Figure 5. Western blot analysis of GRP78, p-IREla, IREla, XBP1-s, p-JNK and JNK protein expression levels in lung tissue. (A) GRP78 protein levels
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progressively increased over time; it was upregulated in the treatment group beginning at day 3 and was markedly increased at day 14. (C) XBPIs protein
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upon exposure to hyperoxia, the number of alveoli gradually = Compared with the control group, the RAC in the model group
decreased, the alveoli became larger, the alveolar structure was ~ was significantly decreased at day 7 of hyperoxia exposure
simplified and alveolar development was blocked. The RAC  and further decreased with increasing age. RAC analysis also
is an important indicator of the degree of alveolarization (24).  demonstrated the stagnation of alveolar development in the
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Figure 6. Detection of GRP78, p-IREla, XBP1 and p-INK protein expression in lung tissue from the control and model groups at different time points by
immunohistochemistry (magnification, x400). The positively stained cells appeared brown-yellow. GRP78 protein was primarily localized in the cytoplasm
of AEII cells. GRP78, glucose regulated protein 78,000; p-, phosphorylated; IREla, inositol requiring kinase enzyme 1 a; XBP1s, X-box binding protein 1;

AEII, alveolar type II epithelial.

model group. These pathological changes are consistent with
the pathological features of alveolar development in BPD.
When ERS occurs, the UPR survival pathway is initiated.
Three UPR signaling pathways are mediated by ATF6, PERK
and IREl, and a series of cascading pathways are activated
to increase protein processing capacity and protein folding
ability by reducing protein translation. The increased degrada-
tion of misfolded proteins relieves the pressure on the ER and
promotes cell survival (16,17). Previous studies have demon-
strated that ERS serves an important role in lung diseases,
including COPD, pulmonary fibrosis, acute lung injury and
lung cancer (10-13). GPR78 is significantly upregulated by
ERS only and is extensively used as a marker of ERS (26,27).
In the present study, the ultrastructure of AEII cells in the lung
tissue of the model group demonstrated substantial hyper-
plasia and expansion, suggesting a dysfunctional ER structure
and a significant increase in GRP78 gene and protein expres-
sion. Taken together, these results indicated that the activation
of ERS was involved in the development of BPD, which was
consistent with the reports of Lu et al (14) and Teng et al (28).
Among the three signaling pathways that mediate the
UPR, the IREla pathway is the most sensitive and conserva-
tive (29,30). IREla is a kinase/endonuclease (RNase) with
multiple activities. Upon ERS activation, IREla is immediately

activated by oligomerization and autophosphorylation. When
activated, the RNase domain of IREla excises the 26-nucleo-
tide intron from the XBPI-u mRNA and cleaves the exon
by RtcB ligation to generate the active transcription factor
XBPI-s, an important protective factor in cells. Upon activa-
tion, XBP1-s immediately enters the nucleus and upregulates
its target genes, including those that encode ER chaperone and
ER-associated degradation components, thereby enhancing
the folding and degradation of proteins and maintaining ER
homeostasis. However, with prolonged overactivation of ERS,
XBP1-s activation is gradually inhibited and the apoptosis
pathway is progressively activated (). Previous studies have
demonstrated that when ERS is overactivated, IREla acti-
vates JNK by interacting with tumor necrosis factor (TNF)
receptor-associated factor 2 (TRAF2) (29-32). Activated INK
can induce apoptosis through the death receptor pathway or
the mitochondrial pathway (32).

Previous studies have demonstrated that the protective
effects of XBP1 are important in a number of diseases and
targeting these protective effects has been proposed as a strategy
for the treatment of these diseases (33-37). Akiyama et al (33)
reported that XBP1 can alleviate glucose dysfunction by
improving insulin sensitivity and stimulating insulin secre-
tion. Furthermore, Casas-Tinto et al (34) identified that the
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spliced form of XBP1 attenuates neuronal damage in cell
culture models of Alzheimer's disease. In addition, a previous
study demonstrated that XBP1 is critical for the differentiation
of dendritic cells (37). These previous studies proposed that
targeting these protective effects could be a strategy for the
treatment of these diseases.

In the present study, western blotting and immunohisto-
chemistry analyses demonstrated that IREla phosphorylation
increased with hyperoxia exposure, which was consistent with
the trend in GRP78 levels, indicating that IREla is rapidly acti-
vated following ERS activation. XBP1-s mRNA levels peaked
on day 3 (P<0.05) and then began to decline, reaching the
lowest level on day 14. Changes in XBP1-s protein levels were
relatively delayed, peaking at day 7 and then declining. These
findings indicated that the IREla/XBP1 pathway is activated
at the onset of ERS. However, over time, XBP1-s activation
was gradually inhibited when ERS was overactivated. In addi-
tion, the changes in XBP1-s mRNA and protein levels in the
control group demonstrated that XBP1-s expression increased
with increasing age, suggesting that this protein may be asso-
ciated with lung development. This finding further indicated
that excessive ERS led to the inhibition of XBP1-s and may be
responsible for the obstruction of alveolar development in BPD.

When ERS was overactivated, in addition to downstream
XBP1 inhibition and IRE1a/JNK pathway activation, the
induction of apoptosis was observed. Previous studies have
demonstrated that JNK-induced apoptosis is an important cause
of several diseases, including cancer, liver dysfunction, meta-
bolic disorders and neurodegenerative diseases (38-41). The
apoptosis of lung epithelial cells is an important mechanism
of BPD (1). It has been demonstrated that the apoptosis-related
gene, Fas/FasL initiates apoptosis in caspase-dependent AT-II
cells and that the signal is transduced by Bcl-2/Bax; these events
are key in BPD-related alveolar dysplasia (42). In addition, the
present study demonstrated that when BPD developed and the
change in RAC became evident, ERS was overactivated, XBP1-s
began to decrease and JNK activation gradually increased; these
differences were more pronounced at day 14. Furthermore,
TUNEL experiments confirmed that apoptosis was significantly
increased at day 14. These findings suggest that the apoptosis
pathway is activated when ERS is overactivated.

Taken together, the present study demonstrated that
ERS was present during the development and progression
of BPD, and that ERS overactivation inhibited the protec-
tive IRE1a/XBP1-s pathway and activated the proapoptotic
IRE1a/JNK pathway to induce the apoptosis of lung epithelial
cells, which may lead to BPD. The key factors in the patho-
genesis of alveolar dysplasia have been elucidated; however,
further research is required to clarify the exact mechanism.
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