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Abstract 

Background  Bronchopulmonary dysplasia (BPD) frequently occurs in preterm infants, causing significantly impaired 
lung function and increased mortality rates. Studies on plasma protein levels can facilitate early detection of BPD, 
enabling prompt intervention and a decrease in mortality.

Methods  We conducted a prospective observational study involving proteomic sequencing of plasma samples 
from 19 preterm infants. Our analysis included principal component analysis, volcano plots, heatmap analysis, enrich-
ment analysis, and receiver operating characteristic (ROC) analysis.

Results  Infants with BPD were characterized by increased levels of lipopolysaccharide (LPS)-binding protein (LBP), 
X-ray repair cross-complementing protein 6 (XRCC6), GLI pathogenesis-related 1 (GLIPR1), Golgi membrane Protein 
1(GOLM1), immunoglobulin kappa variable (IGKV1-5), and immunoglobulin kappa variable 1–33 (IGKV1-33) in cord 
blood. Additionally, gene pathway analysis revealed a significant correlation between the pathways associated 
with these genes and BPD, particularly pathways involved in the immune system, innate immune system, neutrophil 
degranulation, prion diseases, regulation of the actin cytoskeleton, and the MAPK signaling. The proteins amine oxi-
dase copper containing 3 (AOC3) and H4 clustered histone 6 (H4C6) were diagnostically significant. Additionally, H4C6 
was negatively correlated with intraventricular haemorrhage and patent ductus arteriosus, and positively correlated 
with antenatal steroid administration. AOC3 was also positively correlated with antenatal steroid use.

Conclusions  Our findings suggest that the development of BPD is associated with changes in the plasma pro-
teome of preterm infants. Specifically, the levels of AOC3 and H4C6 in the bloodstream could serve as biomarkers 
for the early detection of BPD in preterm infants. Furthermore, we found that GOLM1, lipopolysaccharide (LPS)-
binding protein, XRCC6, and the contribution of neutrophil degranulation may play a crucial role in the development 
of therapies for BPD.
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Background
Bronchopulmonary dysplasia (BPD) is a chronic lung dis-
ease in neonates, caused by prolonged use of mechanical 
ventilation (a machine that assists air movement in and 
out of the lungs) and/or long-term oxygen supplemen-
tation. It is the most common complication of preterm 
birth and affects both the alveoli and pulmonary vascu-
lature , leading to severe short and long-term complica-
tions [1]. With significant improvements in perinatal and 
neonatal care, the survival rate of premature infants has 
increased over the past decades. In particular, the sur-
vival rate of preterm infants with BPD who receive prena-
tal steroids for lung maturation, surfactant therapy, and 
changes into gentle ventilation strategies is higher [2]. 
However, preterm infants remain at high risk for mortal-
ity due to a significant increase in late respiratory mor-
bidity. Therefore, early identification and early treatment 
of premature infants at high risk of BPD are necessary. 
Currently, the clinical diagnosis of BPD is still based on 
clinical symptoms and lacks relevant detection measur-
able indicators [3]. A previous study revealed that some 
novel circulating biomarkers in preterm infants may 
improve early identification of at-risk preterm newborns 
and provide novel targets for future preclinical and clini-
cal studies for disease prevention [4]. However, no spe-
cific clinical indicator that can predict the occurrence of 
BPD has been identified.

Proteomics involves the measurement of protein lev-
els in accessible biofluids (for example, plasma, urine or 
cerebrospinal fluid) [5]; it also has the ability to identify 
the activity of multiple signalling pathways from very 
small amounts of blood [6]. Proteomics plays a vital role 
in increasing the understanding of disease processes, 
developing new biomarkers for more accurate disease 
diagnosis, stratifying disease risk, and expediting drug 
development.

Therefore, our main objectives, in this study was to 
first identify relevant differentially expressed proteins 
between preterm infants with BPD and controls via a 
large-scale proteomic strategy. We further sought to 
identify signalling pathways associated with the differen-
tially expressed proteins. Finally, we analysed the correla-
tions of these proteins, which may be associated with the 
diagnosis of BPD, with clinical information.

Methods
Study design and patient population
This study is a prospective observational study and all 
donors were enlisted from Guangdong Women and Chil-
dren Hospital in China. The diagnosis of bronchopulmo-
nary dysplasia (BPD) adhered to the standards proposed 
by Jensen et al. in 2019 [3], indicating that infants born at 

gestational ages less than 32 weeks require oxygen satu-
ration to be maintained at 90% to 95% by 36 weeks [7]. 
The inclusion criteria comprised: (a) birth at our hospi-
tal, (b) gestational age <32 weeks and a weight < 1,500 g, 
(c) absence of sepsis, suppurative meningitis, pneumonia, 
and other serious infectious diseases, and (d) availability 
of complete clinical data with family consent, including 
signed informed consent. The exclusion criteria encom-
passed patients with concurrent serious lung diseases 
or pulmonary infections, congenital conditions (such as 
congenital heart disease, malformations, or metabolic 
disorders), anomalies affecting the central nervous, res-
piratory, or digestive systems, individuals with necrotiz-
ing enterocolitis or digestive tract perforation, those with 
chromosomal abnormalities or diaphragmatic hernia, as 
well as those who deceased or were automatically dis-
charged before reaching 36 weeks of corrected gesta-
tional age.

Data collection
In addition to clinical information, cord blood samples 
were collected from the infant after birth. The blood 
samples were collected into an ED TA-plasma tube 
and centrifuged at 2,000 rpm for ten minutes at normal 
atmospheric temperature. The plasma was subsequently 
stored at -80°C until sequencing.

Proteomic analyses
Protein analyses were performed at the Beijing Genomics 
Institute Center. TimsTOF Pro was used to acquire mass 
spectrometry (MS) data for 19 samples in data-independ-
ent acquisition (DIA) mode. Quantification of peptides 
and proteins was performed with MSstats software pack-
ages. These analyses were performed via next-generation 
label-free quantitative proteomics technology, and the 
DIA analysis pipeline provided an ideal differential pro-
teomic analysis and a proteomic quantification platform 
for large amounts of samples. We utilized the UniProt 
protein database, the protein database from NCBI Refer-
ence Sequence (RefSeq) protein database and databases 
from other sources. The DIA data were analysed using 
indexed retention time (iRT) peptides for retention time 
calibration. A false-positive quality control analysis was 
subsequently conducted with a false discovery rate (FDR) 
of 1% according to the target-decoy model applicable to 
SWATH-MS (SWATH-MS utilizes DIA for large-scale 
data collection and differential analysis through the 
MSstats package), thus yielding significant quantitative 
results. MSstats was used for the statistical evaluation 
of significant differences in proteins or peptides from 
differential samples. Proteins were considered differ-
entially expressed if they met the criteria of fold change 
(FC) >1.1 and P value<0.05, which indicated significance. 
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Moreover, enrichment analysis was performed on the dif-
ferentially expressed proteins.

Results
Baseline clinical characteristics of the selected preterm 
infants
Nineteen preterm newborns were included in the study. 
A total of 19 plasma samples were collected for prot-
eomic analysis. Nine infants who developed BPD during 
their hospitalization in the neonatal intensive care unit 
(NICU) formed the BPD group, and 10 infants who did 
not meet the diagnostic criteria for BPD formed the non-
BPD group. The overall characteristics of the cohort and 
the differences in selected variables between the analysed 
groups are shown in Table 1. Infants who developed BPD 
during hospitalization were characterized by a longer 
total duration of ventilator use and total oxygen time. The 
baseline clinical characteristics of premature infants with 
BPD were as follows: female sex, 5 (55.6%%); mean birth 
weight, 1.20 kg; mean gestational age (GA), 28.87 weeks; 
mean maternal age, 31.56 years; caesarean, 6 (66.7%);pre-
natal steroids, 3 (33.3%); premature rupture of mem-
branes (PROM) >18h, 3 (33.3%); gestational diabetes, 
4 (44.4%); chorioamnionitis, 0 (0%); patent ductus arte-
riosus (PDA), 6(66.7%); early-onset sepsis, 0 (0%); intra-
ventricular haemorrhage (IVH), 5 (55.6%); retinopathy of 
prematurity, 0 (0%); mean total duration of ventilator use, 

1078.22h; mean total oxygen time, 1465.00 h; and mean 
pH of the first blood gas analysis, 7.25.

Proteomic analysis of premature infants with BPD 
and without BPD
Previous studies have indicated that early levels of 
angiogenic proteins are linked to a greater risk of bron-
chopulmonary dysplasia (BPD) in preterm infants. We 
reasoned that proteomic biomarkers may be used to 
identify infants at risk for BPD. To test this hypothesis, 
we adopted a large-scale proteomic strategy. Nine infants 
with BPD and 10 infants without BPD were included 
in the study. The scatter plots of the principal compo-
nent analysis scores of all proteins and the differentially 
expressed proteins between the two groups of subjects 
are shown in Figure 1, respectively. Most samples in the 
two groups of samples were not fitted in most part, and 
the differentially expressed proteins of between prema-
ture infants with BPD and those without BPD were sig-
nificantly different (Figure 1 B).

Analysis of differentially expressed proteins in premature 
infants with BPD and without BPD
A volcano plot of differentially expressed proteins was 
generated using the R programming language to visual-
ize the differences (Figure  2 A). Seventy-four proteins 
significantly differed (P <0.05) between BPD patients and 

Table 1  Comparison of selected demographic variables and hospitalization data of the patients in the studied groups

Patient characteristics BPD (N = 9) No BPD (N = 10) P value

N SD N SD

Sex(female) n = 5(55.6%) n = 6(60%) 1.000

Birth Weight(kg), mean 1.20 0.28 1.21 0.20 0.920

GA weeks, mean 28.87 1.52 30.30 1.43 0.050

Maternal Age, mean 31.56 3.43 32.20 5.63 0.770

Caesarean n = 6(66.7%) n = 7(70%) 1.000

Prenatal steroid usage n = 3(33.3%) n = 7(70%) 0.179

PROM > 18 h n = 3(33.3%) n = 2(20%) 0.628

Gestational diabetes n = 4(44.4%) n = 3(30%) 0.650

Chorioamnionitis n = 0(0%) n = 0(0%)

Apgar score (1 min), mean 7.89 7.20 0.497

Apgar score (5 min), mean 9.00 8.80 0.720

Complication

Patent ductus arteriosus n = 6(66.7%) n = 3(30%) 0.179

Early onset sepsis n = 0(0%) n = 1(10%) 1.000

Intraventricular hemorrhage n = 5(55.6%) n = 2(20%) 0.170

Retinopathy of prematurity n = 0(0%) n = 0(0%)

PH (the first blood gas analysis), mean 7.25 0.10 7.28 0.11 0.679

Total time of using the ventilator(h), mean 1078.22 713.10 287.00 114.62 0.004

Total oxygen time(h), mean 1465.00 687.82 358.20 102.23 0.000
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non-BPD patients. In addition, Of the 74 proteins, 8 pro-
teins were significantly upregulated in preterm infants 
with BPD, and 66 proteins were significantly upregulated 
in the control group (Figure 2; P <0.05; |log2FC|≤1). The 
proteins with the greatest FC values in preterm infants 
with BPD were LBP, X-ray repair cross-complementing 
protein 6 (XRCC6), glucose-6-phosphate isomerase 
(GPI), Golgi membrane protein 1 (GOLM1), immuno-
globulin kappa variable 1-5 (IGKV1-5), and I immuno-
globulin kappa variable 1-33 (GKV1-33) (Figure 2).

Analysis of corresponding reaction pathways
To elucidate the role of these differentially expressed pro-
teins in BPD pathogenesis, the proteins were mapped to 
reaction pathways and KEGG pathways using their pro-
tein ID (Figure  3). The differentially expressed proteins 
were associated with the following pathways: innate 
immune system, neutrophil degranulation, immune sys-
tem, haemostasis, antimicrobial peptides, platelet acti-
vation, regulation of actin cytoskeleton, systemic lupus 
erythematosus, Toll-like receptor cascades, VEGF sig-
nalling, prion disease, terminal pathway of complement, 
defective pyroptosis, GTPase effectors, MAPK signalling, 
pertussis, axon guidance, alcoholism, MAPK events, and 
scavenging of heme from plasma (Figure 3, P < 0.05). The 
most significant pathways in the development of BPD in 
preterm infants were immune system (P < 0.001, count: 
21), innate immune system (P < 0.001, count: 15), neutro-
phil degranulation (P < 0.001, count: 22), prion disease (P 

< 0.05, count: 5), regulation of the actin cytoskeleton (P 
< 0.05, count: 5), and the MAPK signalling pathway (P < 
0.05, count: 5).

Receiver operating characteristic (ROC) curves 
of the differentially expressed proteins
To validate the correlation between differentially 
expressed proteins and BPD, we generated ROC curves 
and calculated the areas under the curve (AUCs) to iden-
tify the proteins with diagnostic value for BPD. We found 
that the AUCs of prenylcysteine oxidase 1 (PCYOX1), 
amine oxidase copper containing 3 (AOC3) and H4 his-
tone clustered 6 (H4C6) were greater than 0.9 (Figure 4), 
and all the proteins had high specificity and sensitivity, 
suggesting diagnostic capabilities.

Correlation analysis investigating the relationships 
between proteins with diagnostic value for BPD 
and clinical indicators
We further analysed the correlations of these proteins 
that could be used to diagnose BPD with clinical informa-
tion (Figure 5). H4C6 was negatively correlated with IVH 
(correlation index: -0.494, P value < 0.05) and PDA (cor-
relation index: -0.494, P value < 0.05) but positively cor-
related with antenatal steroid usage (correlation index: 
-0.613, P value < 0.01). AOC3 was also positively cor-
related with antenatal steroid usage (correlation index: 
-0.681, P value < 0.01). PCYOX1 was weakly correlated 
with clinical information. Decreased levels of H4C6 in 

Fig. 1  PCA (principal component analysis) score plot (A) Principal Component Analysis (PCA) Plot for All Genes in premature infants with BPD 
and without BPD; B Principal Component Analysis (PCA) Plot for Differentially Expressed Genes in premature infants with BPD and without BPD



Page 5 of 12Chen et al. Italian Journal of Pediatrics           (2025) 51:81 	

Fig. 2  Differential proteins in premature infants with BPD and without BPD. A BPD vs. non-BPD Group Differential Genes Volcano Plot Analysis; 
B Heat maps of 8 different genes were analyzed between the BPD and non-BPD groups; C There were 74 proteins with the significant indicated 
significant differences in genes between BPD and no BPD
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Fig. 3  Differential proteins pathway enrichment maps of the premature infants with BPD and without BPD. A KEGG showed different signaling 
pathways between BPD and non-BPD groups; B Reactome analysis showed different signaling pathways between BPD and non-BPD groups
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umbilical cord blood may be associated with an increased 
risk of IVH or PDA in patients with BPD. The prenatal 
use of corticosteroids may be related to increased levels 
of H4C6 and AOC3 in infants with BPD.

Discussion
BPD is a common consequence of prematurity, often 
exacerbating lung damage and increasing mortal-
ity rates. Consequently, early intervention and treat-
ment are imperative for premature infants at risk of 
BPD. A systematic review identified several clini-
cal and laboratory biomarkers that may prove valu-
able in the early detection and treatment of infants 
at increased risk of developing BPD [8]. In a recent 
study, Bose et al. reported a strong correlation between 
increased blood concentrations of various proinflam-
matory cytokines, adhesion molecules, and proteases 
and the onset of BPD [9]. These findings suggest that 

inflammation-associated proteins in neonatal blood 
could function as biomarkers for modifiable biologi-
cal processes implicated in the pathogenesis of BPD. 
Understanding the impact of differentially expressed 
proteins on the development of BPD, particularly pro-
teins crucial for normal lung development, is essential 
for leveraging lung proteomics in the prevention and 
treatment of BPD. However, systematic research on the 
protein characteristics of premature infants with BPD 
is still lacking. If these characteristics can be systemati-
cally determined, early diagnosis, treatment, and inter-
vention of BPD will improve. Proteomics is currently 
widely applied in studies aimed at predicting the risk 
of infectious diseases in neonates, such as sepsis and 
chorioamnionitis [10, 11]. In summary, we employed 
advanced proteomic technologies, which are currently 
capable of profiling the circulating blood proteome in 
large population studies, to analyse 9 plasma samples 

Fig. 4  Receiver operating characteristic curve (ROC) of the differential proteins. A ROC diagnostic value analysis of PCYOX1; B ROC diagnostic value 
analysis of AOC3; (C) ROC diagnostic value analysis of H4C6
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from premature infants with BPD and 10 plasma sam-
ples from control groups infants.

Previously, in a proteomics study of 102 premature 
infants with and without BPD, Sanne Arjaans et  al. 
reported a significant association between early increased 
levels of BMP10 and the subsequent increased risk of 
BPD and pulmonary hypertension. They suggested that 
proteomic biomarkers detected within the first week of 
life could identify infants at risk of developing BPD and/
or pulmonary hypertension [4]. Our research group con-
ducted plasma proteomics analyses on premature infants 

with and without BPD, identified differentially expressed 
proteins, and analysed the potential protein pathways 
related to the pathogenesis of BPD.

In this study, we first identified the proteins that sig-
nificantly differed between infants with BPD and those 
without BPD. Second, we identified the differentially 
expressed proteins, such as GOLM1, IGKV1-5, and 
IGKV1-33, that significantly increased in premature 
infants with BPD. According to the literature, GOLM1 
can upregulate NEAT1 to promote pulmonary fibro-
sis, which is a major characteristic of BPD, before the 

Fig. 5  A correlation analysis was conducted to investigate the relationship between proteins capable of diagnosing BPD and clinical indicators
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implementation of antenatal steroids and surfactant ther-
apy [12]. Pulmonary fibrosis after new treatment is char-
acterized by less fibrosis [13], and GOLM1 may be useful 
for monitoring disease processes and the response to 
therapy. In addition, we found that LBP, XRCC6 and GPI 
increased significantly in premature infants with BPD. 
Lung inflammation is a hallmark of BPD. LBP is the main 
component of the outer membrane of gram-negative 
bacteria and its role in infections and inflammatory dis-
eases has been widely studied [14]. The lung phenotype 
of mice exposed to early postnatal LPS was similar to that 
of humans with BPD [15]. Shrestha et  al. reported that 
chronic LPS exposure plays a crucial role in lung devel-
opment [16].

These  findings are congruent with our findings, sug-
gesting that LBP has significant value in the development 
of therapeutic targets for BPD in infants. Past studies 
suggest that pulmonary hypertension is associated with 
the postnatal course and outcomes of extremely prema-
ture infants, especially infants with severe BPD [17, 18]. 
XRCC6 (ku70) is a direct target of the newly identified 
PIM1, and a study has demonstrated that PIM1 phos-
phorylates KU70 and initiates DNA repair signalling in 
pulmonary artery smooth muscle cells (PAH-PASMCs) 
in pulmonary arterial hypertension (PAH) rat models; 
therefore, PIM1 inhibitors represent a therapeutic option 
for patients with PAH [19].

However, the pathogenesis of pulmonary hyperten-
sion in infants with BPD is not yet completely clear. 
A few studies have reported that XRCC6 is involved in 
BPD pathogenesis in preterm infants. This finding pro-
vides insight for researchers investigating the pathogen-
esis of BPD, suggesting that XRCC6 may play a role in 
the disease’s development in preterm infants. GPI is an 
important enzyme in the glycolytic pathway. In high-
carbon dioxide conditions, such as those in patients with 
chronic obstructive pulmonary disease, asthma, cystic 
fibrosis, BPD, and muscular dystrophies, organs and tis-
sues are required to produce sufficient ATP through gly-
colysis [20]; our finding that GPI levels are significantly 
increased in premature infants with BPD supports the 
findings of this study. IGKV1-5 and IGKV1-33 are spe-
cific differentially expressed proteins identified in this 
study, but they have not been reported in clinical dis-
eases. We speculate that these proteins may play a role in 
the development of BPD, but further research and confir-
mation are needed.

The protein pathway enrichment diagram fully reflects 
the pathway characteristics of differentially expressed 
proteins in the plasma of premature infants at a given 
time. The most prominent protein pathways in prema-
ture infants with BPD are the immune system, innate 
immune system, neutrophil degranulation, prion disease, 

regulation of the actin cytoskeleton and MAPK signal-
ling pathways. A previous study revealed that immune 
system regulation was affected in a murine experimental 
model of BPD [21]. Dharmesh et  al. confirmed that the 
macrophage-driven inflammatory interleukin (IL)-6/sig-
nal transducer and activator of transcription 3 (STAT3) 
response is present in the lungs or in the plasma of infants 
with BPD in a recent study [22]. These findings and our 
findings revealed that elevated increased plasma levels 
of immune system-related plasma cytokines could be as 
potential biomarkers to identify infants receiving oxygen 
who are at increased risk of developing BPD. Moreover, 
numerous studies have shown that innate immune sys-
tem plays a role in the development of BPD; for example, 
type 3 innate lymphoid cells and type 2 innate lymphoid 
cells have been shown to regulate hyperoxia-induced 
lung injury via related pathways [23–26]. Furthermore, 
the overall consensus in the literature concerning the 
effect of hypoxia on neutrophil degranulation is that 
hypoxia augments granule exocytosis [27–29]. However, 
the role of neutrophil degranulation in the hypoxic envi-
ronment is not clear, Some studies have shown that neu-
trophil degranulation has a protective effect on the host 
[30], however, it has recently been demonstrated that 
excessive release of neutrophil granules aggravates the 
development of chronic hypoxic lung disease by damag-
ing tissue [30–32]. Therefore, the impact of neutrophil 
degranulation on development and its potential thera-
peutic significance in preterm infants with BPD should 
be explored. Chen et  al. conducted epigenetic research 
on hyperoxia-exposed newborn rat lungs and reported 
that deregulation of the actin cytoskeleton pathway in 
lung tissues may be involved in the pathophysiology of 
hyperoxia-induced arrested alveolarization [33]. In addi-
tion, the current study confirmed that the MAPK sig-
nalling pathway is involved in the development of BPD, 
and the long noncoding RNAs (lncRNAs) H19 and PAR2 
were identified as potential targets for the treatment of 
BPD [34, 35]. Prion disease is involved in the pathogen-
esis of several neurodegenerative diseases, but there are 
no studies related to its involvement in BPD.

AUC analyses revealed that PCYOX1, AOC3 and H4C6 
could have diagnostic potential for premature infants 
with BPD. Correlation analysis was performed between 
differentially expressed proteins and clinical test indi-
ces and revealed that the change in proteins was corre-
lated with the change in some clinical indices. H4C6 and 
AOC3 were significantly expressed in BPD infants; H4C6 
was negatively correlated with IVH and PDA, and H4C6 
and AOC3 were both positively correlated with antenatal 
steroids use. IVH is the most frequent and severe neuro-
logic complication in premature infants [36]. Extremely 
preterm infants born at a GA of less than 28 weeks face 
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the highest risk of developing PDA and its associated 
complications [37]. A previous study demonstrated that 
persistent PDA may result in adverse outcomes, includ-
ing BPD [38]. In summary, IVH and PDA are both severe 
complications in preterm infants and may be associated 
with the development of BPD. Based on our proteomic 
analysis, we propose that the early detection of decreased 
H4C6 levels in the umbilical cord blood of preterm 
infants could serve as a potential diagnostic marker for 
coexisting IVH or PDA. The detection of this biomarker 
may enable early intervention in preterm infants, thereby 
reducing the occurrence of adverse outcomes. The 
administration of antenatal steroids, which are widely 
utilized to decrease the occurrence of complications and 
morbidities linked to preterm birth, has demonstrated 
effectiveness in reducing neonatal complications and 
mortality in previous trials [39]. However, the immuno-
logical mechanisms by which prenatal corticosteroid use 
reduces complications in preterm infants remain unclear 
[40]. Vascular adhesion protein-1 (VAP-1), also known 
as AOC3, is a versatile proinflammatory molecule with 
adhesive and enzymatic properties. The role of VAP-1 
in inflammation, cardiovascular diseases, and tumour 
angiogenesis has been extensively studied, and it is con-
sidered a potential biomarker for disease diagnosis and 
prognosis [41]. H4C6 has no introns and encodes a repli-
cation-dependent histone that is a member of the histone 
H4 family. Currently, research on diseases associated 
with this gene is limited. On the basis of this analysis, we 
hypothesize that prenatal corticosteroid administration 
may reduce the incidence of BPD and its associated com-
plications by modulating immune mechanisms involving 
H4C6 or AOC3. These findings demonstrate that AOC3 
and H4C6 could be novel circulating biomarkers for early 
diagnosis of preterm infants with BPD. Furthermore, our 
findings may offer insights for researchers studying com-
plications in preterm infants, suggesting that H4C6 and 
AOC3 could be associated with a reduction in the inci-
dence of complications following prenatal corticosteroid 
administration.

This study has several limitations. The number of 
included infants was small, and it is likely that we missed 
important associations because of the lack of statistical 
power. In summary, our study has several implications for 
researchers interested in BPD. First, our findings suggest 
the possibility that two differentially expressed proteins 
in neonatal blood could serve as biomarkers for early 
diagnosis in premature infants with BPD. Second, some 
differentially expressed proteins, such as GOLM1, could 
be considered as indicators of the effect of BPD therapy. 
Finally, we identify several potential protein pathways 
that could offer some innovative targets for the interven-
tion and treatment of premature infants with BPD.

Conclusions
Our study revealed that AOC3 and H4C6 in the blood-
stream of newborns could serve as biomarkers for the 
early detection of BPD in preterm infants. Identifying 
these biomarkers early could help identify at-risk pre-
term newborns and provide novel targets for future 
preclinical and clinical studies aimed at disease preven-
tion. Additionally, the detection of H4C6 in the blood 
of infants with BPD may indicate the presence of com-
plications such as IVH or PDA, providing clinicians 
with valuable information to tailor individualized treat-
ment for BPD patients. The finding that increased levels 
of H4C6 and AOC3 in umbilical cord blood are associ-
ated with prenatal corticosteroid use in preterm moth-
ers offers new genetic targets for researchers studying 
the mechanisms by which corticosteroids mitigate BPD 
and reduce complications. These findings could also 
provide novel strategies for the targeted prevention 
and treatment of BPD in preterm infants. Furthermore, 
our research indicates potential associations between 
specific proteins and protein pathways and possible 
interventions for BPD in preterm infants, which could 
inform the future development of individualized thera-
pies. GOLM1 may serve as a useful biomarker for mon-
itoring disease progression and therapeutic response. 
LBP, lncRNA H19, PAR2 and XRCC6 have significant 
implications for the development of therapeutic targets 
for BPD in infants. Neutrophil degranulation has an 
impact on the development of BPD in preterm infants 
and holds potential therapeutic significance.
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