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Abstract

Background: Bronchopulmonary dysplasia (BPD) is characterized by impaired alveolar and microvascular development. Claudin-

18 is the only known lung-specific tight junction protein affecting alveolar epithelium development and transdifferentiation.

Objective: To explore the changes in claudin-18 expression, alveolar epithelial cell (AEC) marker proteins, the canonical Wnt

pathway, and their possible regulatory relationships in a hyperoxia-induced BPD rat model. Methods: The BPD neonatal rat

model was established by exposure to hyperoxia (85%). Hematoxylin and eosin (HE) staining was used to confirm the establish-

ment of the BPD model. The mRNA levels were assessed using quantitative real-time polymerase chain reaction, while protein

expression levels were determined using western blotting, immunohistochemical staining, and immunofluorescence . Results: As

confirmed by HE staining, the BPD neonatal rat model was successfully established. Compared with the air group, claudin-18

and claudin-4 expression decreased in the hyperoxia group. The expression of β-catenin of the Wnt signaling decreased, whereas

that of p-GSK-3β increased. Expression of the AEC II marker SFTPC decreased initially and then increased, whereas that of

the AEC I marker Podoplanin increased on day 14 (P < 0.05). Conclusions: Claudin-18 downregulation during hyperoxia may

affect lung development and maturation, which may result in hyperoxia-induced BPD. Additionally, claudin-18 is associated

with the canonical Wnt pathway and alveolar epithelial transdifferentiation.
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Abstract

Background: Bronchopulmonary dysplasia (BPD) is characterized by impaired alveolar and microvascular
development. Claudin-18 is the only known lung-specific tight junction protein affecting alveolar epithelium
development and transdifferentiation.
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. Objective: To explore the changes in claudin-18 expression, alveolar epithelial cell (AEC) marker proteins,
the canonical Wnt pathway, and their possible regulatory relationships in a hyperoxia-induced BPD rat
model.

Methods: The BPD neonatal rat model was established by exposure to hyperoxia (85%). Hematoxylin
and eosin (HE) staining was used to confirm the establishment of the BPD model. The mRNA levels
were assessed using quantitative real-time polymerase chain reaction, while protein expression levels were
determined using western blotting, immunohistochemical staining, and immunofluorescence .

Results: As confirmed by HE staining, the BPD neonatal rat model was successfully established. Compared
with the air group, claudin-18 and claudin-4 expression decreased in the hyperoxia group. The expression
of β-catenin of the Wnt signaling decreased, whereas that of p-GSK-3β increased. Expression of the AEC
II marker SFTPC decreased initially and then increased, whereas that of the AEC I marker Podoplanin
increased on day 14 (P < 0.05).

Conclusions: Claudin-18 downregulation during hyperoxia may affect lung development and maturation,
which may result in hyperoxia-induced BPD. Additionally, claudin-18 is associated with the canonical Wnt
pathway and alveolar epithelial transdifferentiation.

Introduction

Bronchopulmonary dysplasia (BPD) is one of the most common chronic respiratory diseases in preterm
infants. Lung injury that is caused by inflammation is the key cause of BPD (Kalikkot Thekkeveedu et
al. 2017; Papagianis et al. 2019), along with impaired alveolar and capillary development that is a typical
pathological feature, and pulmonary edema is the main manifestation in the early stage (Bhandari and
Bhandari 2003). The alveolar epithelial barrier is a sealed interface between adjacent epithelial cells, and its
function depends on tight junctions—a type of transmembrane protein complex.

The claudin family of membrane proteins plays a pivotal role in maintaining the structure and function of
tight junctions (Xu et al. 2021). In humans, claudin-1, 3-5, 7, 8, 10, 12, 18, and 23 are most abundantly
expressed (Schlingmann et al. 2015). Studies in rats demonstrate that alveolar epithelial cells (AECs) I and
II primarily express claudin-3, 4, and 18 (La Femina et al. 2010). However, only claudin-18.1 , one of the
isomers of claudin-18, is specifically expressed in lung tissues (Türeci et al. 2011), indicating its lung-specific
functions. Although claudin-1, 5, 7, 12, 15, and 23 are expressed at low levels in AEC I and II, and may also
contribute to the alveolar epithelial barrier function (Tanaka et al. 2017).

In this study, we aimed to assess the changes in claudin-18, claudin-4, SFTPC, Podoplanin, GSK-3β, p-GSK-
3β, and β-catenin expression levels in the lungs of neonatal hyperoxia-induced BDP model rats compared
with control rats. Additionally, we aimed to observe the development of alveoli, to further illustrate the role
of claudin-18 in the pathophysiological process of hyperoxia-induced BPD.

Materials and Methods

2.1 Experimental subjects and group

All animal experiments were performed in accordance with the National Institutes of Health guidelines and
protocols approved by the Institutional Animal Care and Use Committee (approval no. 2020PS574K). Forty
Sprague–Dawley rats (10-week-old; Changsheng Co., Ltd. Shenyang, China) were mated at a male to female
ratio of 4:1. Female rats were separated after conception. Within 12 h of the pregnant female rats naturally
giving birth, neonatal rats were randomly divided into two groups: air ((21% O2,n = 50) and hyperoxia
((80–85% O2,n = 50). And the newborn rats with their mother rats were exposed to normoxia or hyperoxia
until postnatal day 14. And to avoid oxygen poisoning, the lactating mother rats were switched between
normoxia and hyperoxia every 24 h. All animals had a cycle of 12-hour light/dark, free drinking water and
standard diet(Vyas-Read et al. 2018). Inhaling isoflurane (2%) was used for euthanasia.

2.2 Tissue harvest

2



P
os

te
d

on
A

u
th

or
ea

24
D

ec
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

03
68

72
.2

44
88

00
5/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. Ten neonatal rats were randomly selected at postnatal days 1, 3, 7, 10, and 14 (Fig. 1) for harvesting their
lungs. The thoracic cavity was opened after intraperitoneal anesthesia with 50 g/L pentobarbital sodium,
and the right ventricle was perfused. When lungs becoming white, they were collected aseptically. For
preparing paraffin specimens for HE staining, immunohistochemistry (IHC), and immunofluorescence (IF),
the right lower part of the lung was fixed in 4% paraformaldehyde without dissection, dehydrated using
graded alcohol, and rendered transparent using xylene. The remaining lobes were quick-frozen in liquid
nitrogen and stored at -80 °C for subsequent Western blot analysis and RT-PCR.

2.3 Determination of wet and dry weight

To determine the wet and dry weight, the upper right lobe was collected and weighed to determine the
wet and dry weight. The lobe was then placed in an oven at 80 °C for 24 h, upon which it was weighed
again; this step was repeated until the weight of the lung lobe no longer changed to get the dry weight. The
psychrometric ratio was calculated to assess the degree of pulmonary edema.

2.4 Hematoxylin and eosin (HE) stanning and radial alveolar count (RAC)

Paraffin blocks of lung tissues were sliced into 2.5-μm thick sections for HE staining. The radial alveolar
count (RAC; Wang et al. 2019) is determined as follows: based on the HE-stained specimens, a straight
line is drawn directly between the center of the respiratory bronchioles and the nearest fibrous septum, and
the number of alveoli through which the line passes are counted. The RAC was determined using a light
microscope (100× magnification) by counting each slice thrice and averaging the obtained values.

2.5 Quantitative real-time PCR

Total RNA was extracted from lung tissues using the RNAiso Plus (Code No9108, Takara Bio, Japan),
and the concentration and purity of the isolated RNA were measured using a NanoDrop spectrophotometer
(Thermo Fisher Scientific, MA, USA). For removing genomic DNA contamination and reverse-transcribing
the obtained RNA, the PrimeScriptTM RT reagent kit with gDNA Eraser kit (Code No. RRo47A, Takara
Bio, Japan) was used. PCR amplification was conducted using qPCR premix (Code No. RR820A, Takara
Bio, Japan).Primers were designed by Sangon Biotech; the sequences and other details are shown as follows
(Supplementary Table 1).Rat ACTB Endogenous Reference Genes Primers (Order NO. B661202, Sangon
Biotech)

The threshold (Ct) value was considered acceptable for analysis. ACTB was used as the reference gene, and
the 2-ΔΔCt method was used to evaluate the relative changes in the expression of each gene. All data shown
represent the average results from three replicates.

2.6 Western blot analysis

Total protein was extracted from the lung tissue, and its concentration was determined using an enhanced
BCA kit (Beyotime Biotechnology). Then, 30 μg of the protein sample was subjected to 10% SDS-
polyacrylamide gel electrophoresis, followed by which the separated proteins were transferred to a polyvinyli-
dene fluoride membrane (ISEQ00010, Millipore, USA) (Hu et al. 2021). After blocking with 5% skim milk at
37 for 2 h, the membrane was incubated with anti-claudin-18 (1:1000, Abcam, USA), anti-claudin-4 (1:1000,
Invitrogen, USA), anti-SFTPC (1:1000, Proteintech, China), anti-Podoplanin (1:1000, Santa Cruz, USA),
anti-GSK-3β (1:1000, CST,USA), anti-p-GSK-3β (1:1000, CST, USA), and anti-β-catenin (1: 1000, CST,
USA) antibodies at 4 °C overnight. The next day, the membranes were incubated with the corresponding
horseradish peroxide-conjugated secondary antibody (S0001, S0002, Affinity) at room temperature for 2 h.
Amersham Imager 600 (GE Healthcare Life Sciences) was used to detect chemiluminescence signals, and the
Image J 1.8.0 was used to calculate the gray value. The experiment was repeated at least thrice.

2.7 Immunohistochemical staining

Paraffin sections were deparaffinized, incubated with the Tris-EDTA antigen retrieval solution, and blocked
with anti-claudin-18 (1:200), anti-claudin-4 (1:100,), anti-SFTPC (1:100), anti-podoplanin (1:200), and anti-
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. β-catenin (1:100) antibodies at 4 °C overnight. Images were acquired and analyzed using ImagePro Plus 6.0
to assess protein expression.

2.8 Immunofluorescence staining

Paraffin sections (2.5-μm thick) were deparaffinized, washed with PBS, heat-repaired, and blocked with
3temperature for 1 h. The specimens were then incubated with anti-claudin-18 (1:200), anti-β-catenin
(1:100), or anti-podoplanin-antibodies (1:100) overnight at 4 °C. The next day, sections were incubated with
Alexa Fluor 488- and Alexa Fluor 594-conjugated secondary antibodies (1:400, Abcam) for 4 h at room
temperature. Sections were subjected to DAPI staining for 5 min, followed by which they were mounted
with glycerol and visualized under a full spectrum laser confocal microscope (C1Si, Nikon, Japan).

2.9 Statistical Analysis

The data obtained in the experiment are all analyzed using Prism 8.0, and the independent sample T test
is used for the comparison of each pair. The statistical significance was set at 0.05.

Results

3.1 Pulmonary edema and alveolar dysfunction observed in the neonatal hyperoxia-induced
BPD rat model

The lung tissues of neonatal rats in the hyperoxia group showed evident edema and immature alveolar
development. The lung volume in the hyperoxia group was significantly larger than in the air group (P <
0.05). The lung tissue was pale, with signs of edema and superficial bleeding spots from days 7 to 10 and
slight edema with bleeding spots on day 14. By contrast, the lungs in the air group were uniformly pink with
no edema and bleeding spots (Fig. 2A). Psychrometric ratio analysis suggested that the degree of lung tissue
edema of neonatal rats in the hyperoxia group was significantly higher than that in the air group (Fig. 2B).
Histopathologically, with an increase in age, the alveolar cavity of the air group rats increased in number
but decreased in size, and the alveolar compartments increased in number but gradually became thinner.
While in the hyperoxia group, the alveolar development gradually became disordered, and the volume of the
alveolar cavity became larger with evident alveolar fusion, interstitial cell proliferation, and simultaneous
inflammatory cell infiltration (Fig. 2C, 2D).

3.2 Downregulated claudin-18 and claudin-4 in the hyperoxia-induced BPD rat model

To confirm the hypothesis, we used different methods to detect the expression of claudin-18 and claudin-
4 in neonatal lung tissues (Fig. 2A-2I). The qPCR results showed that the claudin-18 transcription of the
neonatal lung in the air group was significantly higher than that in the hyperoxia group (P < 0.05) (Fig. 2A).
Western blot experiments showed that compared with the air group, claudin-18 expression was significantly
reduced to varying degrees under hyperoxia (P < 0.05) (Fig. 2B, 2C). The IHC showed that claudin-18 was
mainly expressed in the cytoplasm of AECs (Fig. 2D). The semi-quantitative analysis showed that claudin-18
expression in lung tissues of the air group was significantly higher than that of the oxygen group (P < 0.05)
(Fig. 2E). The experimental results are perfectly uniform, seemingly proving that hyperoxia would affect
claudin-18 expression in pulmonary tissues.

Similarly, we also used the three methods above to detect another important member of the claudin family,
claudin-4. QPCR results showed that claudin-4 transcription in the air group was significantly higher than
that in the hyperoxia group on days 10 and 14, whereas no difference in claudin-4 expression was noted
between the air and hyperoxia groups on postnatal days 1, 3, and 7 (P > 0.05) (Fig. 2F). Western blotting
results showed no statistical difference between claudin-4 expression in the hyperoxia and air groups on
postnatal days 1 and 7 (P > 0.05). However, claudin-4 expression in the air group was significantly higher
than that in the hyperoxia group on postnatal days 3, 10, and 14 (P < 0.05) (Fig. 2B). IHC showed that
claudin-4 was primarily expressed in the cytoplasm of AECs and that claudin-4 expression in the hyperoxia
group was significantly lower than that in the air group (P < 0.05) (Fig. 2H, 2I). The expression of Claudin-18
and Claudin-4 was decreased in the hyperoxia-induced BPD rat model.
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. 3.3 AEC I and AEC II expression in a hyperoxia-induced BPD rat model

We tested the marker proteins of AEC I-podoplanin and AEC II-SFTPC to confirm the transdifferentiation
of AECs under hyperoxia (Fig. 4A-4I). The RT-PCR results showed that except for day 1, Podoplanin in the
hyperoxia group was significantly higher than that in the air group (Fig. 4A). Western blot results showed
that claudin-18 expression only increased significantly on postnatal day 14, with no difference between the
expression levels in the hyperoxia and air groups on days 1, 3, 7, and 10 (Fig. 3B, 3C). Similar to the RT-
PCR results, IHC showed that under hyperoxic conditions, Podoplanin expression was significantly increased
(Fig. 3D, 3E).

Unlike podoplanin, the AEC II marker SFTPC showed good consistency. The SFTPC transcription of
neonatal lungs in the hyperoxia group was significantly lower than that in the air group on postnatal days
1, 3, 7, and 10 but significantly higher on day 14 (Fig. 4F). Western blot results suggested that the SFTPC
in the hyperoxia group was significantly lower than that in the air group on postnatal days 3 and 7, whereas
its expression was statistically higher in the hyperoxia group on postnatal days 10 and 14 (Fig. 4B, 4G).
IHC suggested that SFTPC was expressed in the nucleus and cytoplasm (Fig. 4H). The semi-quantitative
analysis results were consistent with the Western blot results (Fig. 4I).

3.4 Wnt canonical pathway was inhibited in the hyperoxia-induced BPD rat model

After experimental verification, the Wnt pathway was downregulated under hyperoxia (Fig. 5A-5F). The
mRNA expression of β-catenin in the hyperoxia group was also significantly lower than that in the air group
(Fig. 5A). Western blot results showed no statistical difference in the β-catenin expression between the two
groups on postnatal day 3; the expression in the hyperoxia group was significantly lower than that in the air
group on postnatal days 1, 7, 10, and 14; the β-catenin level was dramatically reduced on day 14 (Fig. 6B,
6C). In addition, the relative protein expression of p-GSK-3β significantly increased on days 7 and 10 (Fig.
5D). IHC showed that β-catenin was expressed in the nucleus and cytoplasm (Fig. 5E). Under hyperoxia
conditions, β-catenin expression was significantly reduced (Fig. 5F), mainly in the cytoplasm. These results
were confirmed by IHC.

3.5 ὃρρελατιον βετωεεν ςλαυδιν-18 ανδ β-ςατενιν εξπρεσσιον ιν νεοναταλ λυνγς

Double IF staining was performed to localize claudin-18 and podoplanin in pulmonary tissues. Claudin-18
was mainly expressed in the cytoplasm around the cell membrane, while podoplanin was mainly expressed
in the cytoplasm. Overall, at the same time point, compared with the oxygen group, the green fluorescence
intensity of claudin-18 was higher in the air group; the red fluorescence intensity of podoplanin was lower,
so the color was greener, whereas the fluorescence color of the oxygen group was reddish (Fig. 6A).

To observe the effect of hyperoxia on claudin-18 and β-catenin expression, we performed double IF staining of
claudin-18 and β-catenin (Fig. 6B). As before, claudin-18 was mainly expressed at the edge of the cytoplasmic
cell membrane, and β-catenin was diffusely expressed in the cytoplasm. The fluorescence intensity of both
was greatly reduced under hyperoxic conditions. The red represented by β-catenin underwent a greater
reduction, and the fluorescence of the air group was therefore orange, whereas the color of the oxygen group
was greener.We conducted a Pearson correlation analysis on claudin-18 and β-catenin expression levels; the
results demonstrated a significant positive correlation between claudin-18 and β-catenin protein expression
(r = 0.286, P < 0.05) (Fig. 6C).

Discussion

In this study, we aimed to determine the role of claudin-18 in the pathophysiology of hyperoxia-induced
BPD using a neonatal rat model of hyperoxia-induced BPD. Claudin-18 was mainly distributed at the edge
of the cell membrane in the cytoplasm. Compared with the air group, there was a significant decrease in
claudin-18 expression under hyperoxic conditions. SFTPC expression was reduced at postnatal days 3 and 7,
while an increase in expression was noted at postnatal days 10 and 14. Podoplanin expression was increased
on postnatal day 14. Our preliminary study revealed that the transdifferentiation of AECs was interrupted
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. under hyperoxia. Overall, our results showed that the classic Wnt/β-catenin pathway was inhibited under
hyperoxia.

The spatiotemporal expression pattern of claudin-18 during lung development is highly regulated. From
embryo day 16.5 to postnatal day 15, its expression shows an upward trend. Except for postnatal day 3,
claudin-18 expression declines then reaches a peak at postnatal day 15 (Lewis et al. 2018). In various animal
models of lung injury, decreased claudin-18 expression has been considered a sign of lung barrier damage (Lee
et al. 2020; M et al. 2020; Reynolds et al. 2018; Weber et al. 2019). Especially in a hyperoxia-induced BPD
model, claudin-18 may be involved in early pulmonary edema development and late alveolar development
(Abdul-Hafez et al. 2019).

La Femina et al. (2014) studied the role of claudin-18 in lung development and barrier function in a claudin-18
(exon 2 and 3) knock-out (KO) mouse model. They found that, compared with wild-type mice, claudin-
18 KO mice showed lung injury and pulmonary edema, whose severity increased with time, along with an
increased alveolar epithelial barrier permeability. When AECs are formed in claudin-18 KO mice, an increase
in radial perinuclear aggregates associated with the nuclear plasma membrane is reportedly observed (Jin
et al. 2013). The changes in the morphology and function of tight junctions noted in the claudin-18 KO
mouse model were alike those observed in the rat model of hyperoxia-induced BPD, namely fewer alveoli,
larger in size, widened alveolar compartments, and impaired alveolar formation. Human fetal alveoli with
a gestational age of 23–24 weeks, which are in the small vesicle stage and still immature, show a state of
atelectasis, widened alveolar interval and increased alveolar fluid exudation. These changes occur within the
risk period for BPD development (Day and Ryan 2017) and may be related to abnormal claudin expression.

Our research showed increased SFTPC expression in neonatal lungs under hyperoxia. Although the transd-
ifferentiation from AEC II to AEC I was thought to be enhanced under these conditions, SFTPC expression
was observed to decrease at the early stage and increase later, contrasting the expected trend of transdif-
ferentiation enhancement. These results are consistent with those obtained in previous studies. Hou et al.
(2015) found that SFTPC expression in tissues first decreased and then increased, while that of the AEC
I marker, AQP5, increased in the BPD model. However, primary cells isolated from lung tissues indicated
decreasing SFTPC expression and increasing AQP5 expression. The reason may be that when AEC II trans-
differentiation to AEC I increases in tissues, AEC II proliferation is required to maintain the number of cells.
In earlier studies, Chen et al. (2007) explored the differences in the expression of genes related to AEC II
proliferation and differentiation. They found that the expression of SPC and SPA was decreased, while that
of T1a (an AEC I marker) was decreased, supporting the notion of transdifferentiation. Another paper in-
vestigating the contents of SP-C and SP-D in bronchoalveolar lavage fluid by enzyme-linked immunosorbent
assay suggested that the SPC content was higher in the hyperoxia group on day 3, reached its peak on day
7, and then began to decrease on days 10 and 14 (Jin et al. 2018). The increase in SFTPC expression might
also be caused by the failure to release SFTPC into the alveolar cavity due to pulmonary edema.

Furthermore, some scholars found that the expression of claudin-18 and alveolar surfactants (SPA, SPB,
and SPC) in MLE-12 cells was significantly increased following corticosteroid analogs treatment. Silencing
claudin-18 effectively inhibited corticosteroid analog-induced SPB and SPC expression (Shi et al. 2019).
Therefore, claudin-18 expression was deemed related to peripheral lung epithelial cell maturation. Further-
more, drugs that promote lung maturation would induce claudin-18 expression in human fetal AECs and
promote alveolar development, suggesting that claudin-18 may be a potential driver of lung maturation
(Niimi et al. 2001). In addition, compared with the wild-type group, higher expression of pro-SPC and
Podoplanin was observed in the claudin-18 KO mouse model (La Femina et al. 2014). The researchers
speculated that the KO of claudin-18 could have resulted in abnormal AEC differentiation. However, the
extent to which claudin-18 expression affects alveolar epithelial cell phenotype needs further research, and
the mechanisms underlying barrier dysfunction and AEC damage remain unclear.

In our study, the Wnt signaling pathway was inhibited under hyperoxia, possibly enhancing AEC II transd-
ifferentiation. However, the Wnt signaling pathway is reactivated during alveolar formation, leading to AEC
II proliferation. In contrast, inhibition of this pathway could reduce cell proliferation, promoting AEC II

6
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. differentiation to AEC I (Frank et al. 2016). The Wnt signaling pathway is crucial in embryonic development
and is significantly involved in lung diseases (Ota et al. 2016). The expression of β-catenin in embryonic
lung respiratory epithelial cells is necessary for the growth and differentiation of peripheral epithelial cell
progenitor cells (Mathew 2020). The absence of β-catenin in embryonic lung epithelial cells disrupts lung
morphogenesis, restricts the formation and differentiation of peripheral lungs, and enhances the formation
of conductive airways (Mucenski et al. 2003).

However, many recent studies have reported that the Wnt signaling pathway is activated by hyperoxia
(Alapati et al. 2011; Alapati et al. 2013; Xu et al. 2015). Our results differ from these previously
reported results in at least two aspects. First, we tested five time points after birth, a critical period for
lung development, when the normal development of the lung is ensured by the precise regulation of the
Wnt pathway. In addition, experiments yielding opposite results were conducted under the intervention
of different drugs; therefore, we cannot rule out that the placebo used did not affect the expression of the
Wnt pathway. Furthermore, even though the BPD model was established similarly to previous studies, the
feeding conditions and animal batches used differed. Hence, results are expectedly inconsistent with those
of some previous studies.

We found that, in the hyperoxia-induced BPD model, claudin-18 and β-catenin expression simultaneously
decreased (Fig. 8). We speculated that downregulating claudin 18 expression inhibits the classic Wnt
signaling pathway (Lingappan and Savani 2020). However, the evidence obtained in this study is insufficient
to confirm this speculation. In the future, we need to clarify the regulatory effect of claudin-18 on the
Wnt/β-catenin signaling pathway and determine the process underlying claudin-18-mediated inhibition of
the Wnt/β-catenin signaling pathway under hyperoxic conditions.

This is the first study to use a neonatal rat model of hyperoxia-induced BPD to study the effect of claudin-18
on rat alveolar epithelial transdifferentiation. However, a limitation of our study is that we only conducted
research through animal experiments and did not explore the molecular mechanisms underlying the obtained
results.

Conclusions

In conclusion, in a neonatal rat model of hyperoxia-induced BPD used, changes in claudin-18 and claudin-4
expression were found to follow the same trend as that of the classic Wnt signaling pathway, co-occurring
with abnormal AEC transdifferentiation. Therefore, the claudin protein may be a potential regulator of the
Wnt canonical pathway and may play a unique role in AEC transdifferentiation. Nonetheless, this hypothesis
warrants further experimental validation.
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