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Abstract
This study aimed to explore the proteins in cord blood that could regulate the development of neonatal
bronchi and lungs, and to �nd a new target for the prevention and treatment of bronchopulmonary
dysplasia (BPD). In this study, proteomic analysis was used to analyze the proteins in cord blood of
preterm and term infants. A total of 100 differentially expressed (57 up-regulated and 43 down-regulated)
proteins were identi�ed from preterm with BPD and term infants cord blood (fold change ≥ 1.5, P value <
0.05). GO analysis revealed that the major enrichment functions of these differential proteins were multi-
organism process, stimulus, immune system process growth, reproductive process, development process
and antioxidant activity. The signaling pathways involved included insulin resistance, insulin signaling
pathway, IL−17 signaling pathway, PI3K−Akt signaling pathway, NF−kappa B signaling pathway,
glucagon signaling pathway, apoptosis, MAPK signaling pathway, as well as glycolysis/gluconeogenesis.
Further protein and protein interact (PPI) analysis revealed that the interacting proteins involved were
PGAM1, CNN2, HSP90AA and DAG1, which were all crucial in the development of BPD. We found that
these differential proteins in cord blood might regulate bronchopulmonary development through the
abovementioned signaling pathways or their interaction proteins, which may provide a new research
direction for the intervention of BPD. 

1. Introduction
Bronchopulmonary dysplasia (BPD), a chronic lung disease in infants, affects the morbidity and mortality
of premature infants[1]. With the improvements in NICU and aggressive mechanical ventilation and
oxygen exposure after birth [2], the survival rate of preterm infants was increased, in particular very low or
extremely low birth weight. The incidence of BPD is also increasing year by year[3–5]. Children with severe
BPD often die because of ineffective treatment, the survival are often associated with poor quality of life.
Therefore, it is still necessary to actively seek healthy and effective methods to prevent and treat BPD.

The previous studies, which focus on biomarkers like cytokines or other mediators, have shown
insu�cient sensitivity or speci�city in clinical practice [6]. Therefore, it is of great signi�cance to �nd new
targets.

Proteomics techniques, which are used for in-depth and large-scale study of the proteins in a high-
throughput manner, can screen the potential biomarkers in complex biological substrates. Up to now,
proteomics has been used as a key approach to discover novel biomarkers and personalized therapies[7].
Quantitative proteomics analysis revealed the dynamic network of macrophage in�ammatory response[8];
analysis plasma proteome pro�ling of high-altitude polycythemia[9].

The high content of umbilical cord plasma proteins and their continuous perfusion in fetal tissues can
re�ect the biological status of the fetus and provide diagnostic information[10]. Previous studies have
shown that proteins in cord blood, such as basal cell adhesion molecule, sialic acid-binding Ig-like lectin
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14 and angiopoietin-like protein 3, are involved in the pathogenesis of BPD[11]. Therefore, the protein
content in umbilical cord blood may contain early diagnostic and treatment biomarkers of BPD.

In our study, we conducted a comparative proteomic analysis of umbilical cord blood samples and
identi�ed the BPD-related biomarkers. Liquid chromatography tandem mass spectrometry (TMT) labeled
MS/MS was used to quantitatively analyze differentially expressed proteins so as to isolate the potential
biological functions of these proteins and seek new preclinical markers for BPD.

2. Materials And Methods

2.1 Sample Collection
The cord blood of premature with BPD (gestational age 32 weeks) and term (gestational age ≥ 37
weeks) infants was collected from Lianyungang First People's Hospital from September to December
2019. The consent form and approval of the Ethics Committee of Lianyungang First People's Hospital
were obtained. The comparison of clinical characteristics of pregnant women and neonates between the
two groups were shown in Table 1. Cord blood samples were centrifuged at 1000g for 10 minutes at 4℃
to remove cell debris. After the addition of the protease inhibitor cocktail (no edta, Roche, Basel,
Switzerland), the samples were then stored at 80 ℃.

Table 1
Clinical characteristics of pregnant women and neonates of the two groups.

Sample Mother Age Week Weight Delivery way Parity BPD

  1 32 38 + 6 2830 natural birth G2P1 No

Term 2 26 40 3730 natural birth G1P1 No

  3 31 39 + 4 3260 natural birth G1P1 No

  4 30 31 + 5 1740 Caesarean section G2P1 Yes

Preterm 5 26 31 + 1 1620 natural birth G1P1 Yes

  6 32 30 + 2 1100 natural birth G1P1 Yes

2.2 Protein Extraction
All samples in frozen state were put on ice; the urea powder was added to reach a �nal concentration of
8M; then the protease inhibitor was added. The samples under ice ultrasound for 2 min and ice cracking
for 30 min. The protein supernatant was centrifuged at 12000g for 30 min at 4℃, and �nally stored at − 
80°C.

2.3 Proteome Analysis
According to the proteins quanti�cation results, the proteins was dissolved in the buffer solution of mass
spectrometry with an isoconcentration of 0.5 constant g/ constant l for mass spectrometry analysis.
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Data acquisition software: Thermo Xcalibur 4.0 (Thermo, USA); reversed phase column information: C18
column (75 mu m * 25 cm, Thermo, USA); chromatographic instrument: EASY-1200 mass spectrometer
nLC: Q - Exactive (Thermo, USA); chromatographic separation time: 120 min. Labeled proteins were
injected onto a column (PepMap100 RP C18 75 µm i.d. × 15 cm, Thermo Scienti�c, Waltham, MA) via a
trap column (PepMap100 RP C18 75 µm i.d. × 2 cm, Thermo Scienti�c, Waltham, MA). Each proteins
fragment was isolated using a 65-min 7–45% B phase linear gradient that A phase − 2% ACN and 0.1%
FA as well as B phase − 80% ACN and 0.1% FA operated at a 300 nL/min on an UltiMate 3000 HPLC
system (Thermo Scienti�c, Waltham, MA) �ow rate; MS scanning range (m/z): 350–1300; collection
mode: DDA, Top 20; Top 20 (selecting the parent ion signal strongest 20 secondary fracture) level
resolution mass spectrometry: 60000; AGC target: 3 e6; maximum injection time: 20 ms; fragmented way:
HCD; second resolution: 15000; AGC target: 1e5; maximum injection time: 50ms; �xed �rst mass: 100m/z;
minimum AGC target: 8e3; intensity threshold: 1.6e5; dynamic exclusion time: 18 s.

Mayu (TPP) was used to estimate the protein misdiscovery rate (FDR) and protein recognition with FDR
less than 1% was considered as a correct match. In MaxQuant environment, the proteins abundance
missing value of log2 conversion normalized iTRAQ was estimated; the reported strength was at least
75% of the standard value for a protein in the dataset by plotting values from a normal distribution, with
parameter optimization simulating a typical low abundance measurement. The iTRAQ-labeled proteins
were quantitatively and statistically analyzed by DanteR software. ANOVA was performed using a linear
model at the protein level. Benjamin and Hochberg error discovery rate (FDR) correction were used to
adjust p values. Protein folding changes were reported as the median of corresponding unique peptides

2.5 Bioinformatics Analysis
The molecular weight (MW) of each protein was calculated by the ExPASy online tool (http://web.expasy.
org/compute_pi). Putative functions of the identi�ed proteins were analyzed by GO and pathway
signaling analyzer (https://david.ncifcrf.gov/). The isolated proteins and their interacting proteins were
mapped to the associated network functions generated by the literature in the original system repository.

2.6 Statistical Analysis
Comparisons of the two groups were performed using student's t-test and multiple-group comparison by
one-way ANOVA. P < 0.05 was considered signi�cant.

3. Results

3.1 Umbilical cord blood protein identi�cation
Endogenous proteins from the preterm with BPD and term cord blood were analyzed by LC–MS/MS after
TMT labeling, and 100 differentially expressed (57 up-regulated, and 43 down-regulated) proteins were
identi�ed (FD ≥ 1.5, P ≤ 0.5) (Supplementary Table 1). The process of cord blood peptide identi�cation
was shown in Fig. 1.
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3.2 Characterization of the proteins
The speci�c characteristics of these identi�ed differentially expressed proteins, including the protein
information, coverage, MW, peptide length, and peptide numbers of each precursor protein, were
analyzed. A total of 102,707 spectra were identi�ed, and 5,762 peptides as well as 2,675 proteins
belonging to 777 protein groups were isolated (Fig. 2A). Most peptides derived from precursor proteins
were at 1–40 (Fig. 2B); the MW of proteins was at a wide range of 0.400–3.2 kDa (Fig. 2C). The peptides
length was mainly between 6 and 30 amino acids (Fig. 2D), and the peptide numbers derived from
precursor proteins were mostly at 1–12 (Fig. 2E).

3.2 Differential expression of proteins in cord blood
A total of 572 proteins in cord blood were identi�ed from preterm with BPD smples and 546 proteins from
term samples (Fig. 3A). Among the 100 proteins identi�ed to have signi�cant differences between the
preterm with BPD and term cord blood samples (p < 0.05, fold change ≥ 1.5), 57 were up-regulated and 43
were down-regulated (Fig. 3B). The volcano plot and scatter diagram of the 100 proteins were shown in
Fig. 3B C and D, and the 10 abundant proteins with differential expression in the two kinds of cord blood
were shown in Table 2.
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Table 2
Top 10 abundant proteins that were differentially expressed in the two kinds of cord blood

Accession log2FC Pvalue Description

Up-regulated      

P21291 5.68 0.04 Cysteine and glycine-rich protein 1 OS = Homo sapiens OX = 
9606 GN = CSRP1 PE = 1 SV = 3

A0A024R6I7 4.99 0.04 Alpha-1-antitrypsin OS = Homo sapiens OX = 9606 GN = 
SERPINA1 PE = 1 SV = 1

P08519 4.46 0.02 Apolipoprotein(a) OS = Homo sapiens OX = 9606 GN = LPA PE = 
1 SV = 1

P08779 4.12 0.03 Keratin, type I cytoskeletal 16 OS = Homo sapiens OX = 9606 GN 
= KRT16 PE = 1 SV = 4

B8ZWD1 3.94 0.02 Acyl-CoA-binding protein OS = Homo sapiens OX = 9606 GN = 
DBI PE = 1 SV = 1

Q6B0K9 3.86 0.01 Hemoglobin subunit mu OS = Homo sapiens OX = 9606 GN = 
HBM PE = 1 SV = 1

A0A0B4J1U7 3.72 0.02 Immunoglobulin heavy variable 6 − 1 OS = Homo sapiens OX = 
9606 GN = IGHV6-1 PE = 3 SV = 1

O95897 3.59 0.04 Noelin-2 OS = Homo sapiens OX = 9606 GN = OLFM2 PE = 1 SV 
= 2

Q16819 3.50 0.02 Meprin A subunit alpha OS = Homo sapiens OX = 9606 GN = 
MEP1A PE = 1 SV = 2

Q9NZD4 3.44 0.03 Alpha-hemoglobin-stabilizing protein OS = Homo sapiens OX = 
9606 GN = AHSP PE = 1 SV = 1

Down-
regulated

     

B0QYH5 -6.63 0.00 Seizure 6-like protein OS = Homo sapiens OX = 9606 GN = SEZ6L
PE = 1 SV = 1

F5H423 -4.85 0.04 Uncharacterized protein OS = Homo sapiens OX = 9606 PE = 3
SV = 1

Q13332 -4.76 0.04 Receptor-type tyrosine-protein phosphatase S OS = Homo
sapiens OX = 9606 GN = PTPRS PE = 1 SV = 3

P10645 -4.37 0.03 Chromogranin-A OS = Homo sapiens OX = 9606 GN = CHGA PE 
= 1 SV = 7

P25815 -4.08 0.01 Protein S100-P OS = Homo sapiens OX = 9606 GN = S100P PE = 
1 SV = 2

P08637 -3.82 0.01 Low a�nity immunoglobulin gamma Fc region receptor III-A OS 
= Homo sapiens OX = 9606 GN = FCGR3A PE = 1 SV = 2
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Accession log2FC Pvalue Description

P11169 -3.75 0.03 Solute carrier family 2, facilitated glucose transporter member 3
OS = Homo sapiens OX = 9606 GN = SLC2A3 PE = 1 SV = 1

P08294 -3.71 0.08 Extracellular superoxide dismutase [Cu-Zn] OS = Homo sapiens
OX = 9606 GN = SOD3 PE = 1 SV = 2

A0A087WUI2 -3.54 0.02 Heterogeneous nuclear ribonucleoproteins A2/B1 OS = Homo
sapiens OX = 9606 GN = HNRNPA2B1 PE = 1 SV = 1

P08709 -3.42 0.02 Coagulation factor VII OS = Homo sapiens OX = 9606 GN = F7
PE = 1 SV = 1

3.4 Functional prediction by bioinformatics
To further determine the function of these proteins, we conducted GO and KEGG signaling pathway
analyses to determine the potential functions of these proteins. In the GO term, the biological process,
molecular function and cellular component were most related to the response to stimulus, reproductive
process, immune system process growth, multi-organism process, development process and antioxidant
activity (Fig. 4A, B, C, D). With the results obtained from GO analysis, the pathways involved in the
preterm and term cord blood formation were examined. The KEGG pathway analysis indicated insulin
resistance, insulin signaling pathway, PI3K − Akt signaling pathway, IL − 17 signaling pathway, NF − kappa
B, glucagon, apoptosis, MAPK, as well as glycolysis/gluconeogenesis signaling pathway were the most
involved pathways (Fig. 4E, F).

3.5 Protein-protein interaction analysis
To further comprehend the interactions between the identi�ed proteins, another bioinformatics analysis
was performed using the software Cytoscape to visualize the protein–protein interaction (PPI) networks
in Fig. 5. Each node represented a protein; each line represented the interaction relationship between
proteins. Line width represented the total number of protein-protein interactions. A wider line indicated a
higher score; a narrower line indicated a lower score. With the PPI network visualized, we managed to
identify the other proteins. Among these proteins, the interaction in EEG1G, PGAM1, TXNDC5, HSPA5, JUP,
CNN2, HSP90AA1, TFRC, DAG1, ITGB3 and TLN1 were most obvious.

4. Discussion
BPD, a chronic lung disease that mainly occurs in premature infants, is caused by the imbalance between
lung damage and immature lung repair[12]. Lower gestational age and birth weight is related to a higher
risk of BPD [13]. In addition, the disease is often accompanied by a variety of protein dysfunction[14]. To
date, the changes of some plasma proteins (such as sialic-acid-bound insulin-like lectin 14, basal cell
adhesion molecules, and angiogenin-like protein 3) have been identi�ed to increase the risk of BPD[15].
Since cord blood contains many proteins that the fetus needs for growth and development and serves as
a bridge between the mother and the fetus, we speculated there might exist some key proteins in cord
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blood that could affect BPD. In our study, we identi�ed a total of 100 differentially expressed (57 up-
regulated and 43 down-regulated) proteins in the cord blood of preterm infants with BPD and term
infants. which might be important for the development of BPD.

The strongest risk factors for BPD are premature birth and low birth weight[16]. The baby's adaptation to
air breathing is critical to perinatal survival. The transition from fetal to postnatal life is mediated by
complex physiological and biochemical processes, including ventilation, oxygenation, and pulmonary
microcirculation perfusion[17]. Lung formation begins between the third and sixth weeks of gestation.
Then gradually alveoli, lung parenchyma and vesicles are formed to prepare for breathing after birth[18,

19]. During the last trimester of gestation (28 to 40 weeks), the surrounding vesicles further divide the air
space and form more alveoli, thus increasing the surface area of air exchange. Peripheral lung epithelial
cells mature into alveolar type 1 (AT1) cells and AT II cells, which produce lung surfactant. Premature
infants at the edge of viability (22–23 weeks of gestation) begin ventilation in the tubular-cystic phase of
the lung prior to morphogenesis and alveolar differentiation. However, they could not adapt to the
postnatal breathing due to their incomplete lung development, and eventually develop BPD. Cord blood
links the mother and the fetus and thus is important for the development of the newborn. In this study, the
GO analysis of the differentially expressed proteins in the umbilical cord blood of premature with BPD
and term infants found that many of these proteins were involved in the critical growth and development
of the bronchi and lungs, such as multi-organism process, immune system process growth, development
process and antioxidant activity. Apoptosis is essential in the development of BPD. Inhibiting the
apoptosis of lung epithelial cells can effectively alleviate the increased apoptosis of hyperoxia-induced
lung epithelial cells[20, 21]. KEGG analysis showed that the function of differential proteins in cord blood of
premature and term infants involved the apoptotic signaling pathway. In our study, the KEGG pathway
also involved in the PI3K − Akt signaling pathway and MAPK signaling pathway, the classical signaling
pathways in life. A previous study indicated that hydrogen could protect against hyperoxia-induced
apoptosis in type II alveolar epithelial cells via activating PI3K-Akt signaling pathway[22], and MAPK
signaling pathway implicated in the progression of BPD. The pro-in�ammatory properties of IL-17, a
founding member of the new family of the in�ammatory cytokines, are critical for its host protective
ability. The unrestricted IL-17 signaling pathway is related to immunopathology, autoimmune diseases,
and cancer progression[23]. IL-17A induces and/or exacerbates fetal in�ammatory response, which
increases neonatal morbidity and is associated with common neonatal disorders like sepsis, BPD, and
necrotizing enterocolitis[24]. In this study, we found that the pathway of differentially expressed proteins
was also enriched in IL-17 signaling pathway, suggesting that these proteins might participate in the
development of BPD through the IL-17 signaling pathway.

The clustering of protein-protein interaction networks can predict genes and protein modules that
function together[25]. As previously reported, basic proteins tend to form highly connected clusters rather
than function independently[26]. In our PPI network, we found EEG1G, PGAM1, TXNDC5, HSPA5, JUP,
CNN2, HSP90AA1, TFRC, DAG1, ITGB3 and TLN1 serving as important hubs in the preterm and term cord
blood. PGAM1 can induce cell apoptosis[27], and then disrupt vascular growth and signal transduction,
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damaging the lung structure [28, 29], and leading to a signi�cant reduction in alveolar capillary surface
area[30, 31]. The abnormal growth of pulmonary circulation in BPD is characterized by decreased vascular
branches, changes in the distribution of blood vessels in the pulmonary segments, and persistent
intrapulmonary venous anastomosis[32–34], which all contribute to the symptoms of BPD. CNN2 is an
actin binding protein associated with cytoskeleton tissue. Reduced expression of calpain 2 prevents
normal migration of endothelial cells during intergenerational angiogenesis[35]. CNN2 may participate in
the bronchial and pulmonary vascular development. BPD is also thought to be caused by oxidative
damage to lung morphology[36]. HSP90 can protect the cells during hypertoxic injury[36]. HSP90AA1, an
isomer of HSP90, may play an antioxidant role in the prevention and treatment of BPD. DAG1 is an
extracellular matrix receptor and an adhesion molecule necessary for plasma membrane stability, may
play an important role in BPD repair [37].

5. Conclusion
Premature is an important risk factor for BPD. In this study, we identi�ed and analyzed the differentially
expressed proteins in premature with BPD and term cord blood. We also found that these differential
proteins in cord blood might regulate bronchopulmonary development through certain signaling
pathways or their interaction proteins, which may provide a new research direction for the intervention of
BPD.
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Figures

Figure 1

Process to identify the proteins in preterm and term cord blood.
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Figure 2

Characterization of the differentially expressed endogenous proteins. (A) proteins information; (B) protein
coverage; (C) molecular weight of the proteins; (D) length of the identi�ed peptides; (E) peptide number of
the precursor proteins.
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Figure 3

Differential expression of proteins in cord blood. (A) Venter diagram shows proteins identi�ed in both
preterm and term cord blood samples; (B) The heat map shows differential proteins in preterm and term
cord blood; (C) The volcanic map shows the distribution of differential proteins; (D) The scatter plot
shows the homogeneity of the different proteins. (Fold change ≥ 1.5 , P  0.05 )
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Figure 4

Functional prediction by bioinformatics (A) biological process of these differetially expressed proteins;
(B) cellular component of these differetially expressed proteins; (C) molecular function of these
differetially expressed proteins; (D) enrichment function of these differential proteins revealed by GO
analysis; (E, F) enrichment signalling pathway of these differential proteins by KEGG pathwayc.
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Figure 5

Protein–protein interaction Analysis
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