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Abstract N\
Bronchopulmonary dysplasia (BPD) remains a major complication and accounts for high morbidity and mortality of preterm infants. |
The present study aimed to identify the key genes in the development of BPD and to provide some new insights into the pathogenesis
of BPD. The GSE108754 dataset was downloaded from Gene Expression Omnibus database containing 5 samples of BPD patients
and 6 of non-BPD infants. The differentially expressed genes (DEGs) between BPD and non-BPD patients were identified by R
software. The pathway and function enrichment analyses were performed through Database for Annotation Visualization and
Integrated Discovery website. The protein-protein interaction network for DEGs was established by Cytoscape software and the
most highly connected module was selected through MCODE plugin. Furthermore, the clinical sample verification among 25 BPD
patients and 10 non-BPD infants was carried out in our center. Finally, based on the results above, the gene set enrichment analysis
focusing on CD74 upregulated status was employed. Totally, 189 DEGs including 147 upregulated genes and 42 downregulated
genes between BPD and non-BPD patients were screened out. The pathway and function enrichments revealed these DEGs were
mainly enriched in asthma, intestinal immune network for IgA production, antigen processing and presentation and immune
response. Thirteen DEGs (CD74, HLA-DMA, HLA-DRA, HLA-DMB, HLA-DOB, HLA-DQA1, HLA-DRB5, HLA-DPA1, HLA-DOA,
HLA-DPB1, HLA-DQB2, HLA-DQA?2, and HLA-DQB1) were determined as hub genes. The mRNA expression levels of the 13 hub
genes were tested by quantitative real-time polymerase chain reaction among our clinical samples. Eventually, CD74 was confirmed
to be the most significant highly expressed in BPD samples (P<.001) and its expression level was negatively correlated with
gestational age (r=-0.653) and birth weight (~=-0.675). The gene set enrichment analysis results showed the gene sets associated
with lupus erythematosus, viral myocarditis, immune network for IgA production, graft versus host disease, cell adhesion molecules
and so no were differentially enriched with the phenotype of high-expression CD74. In conclusion, CD74 may serve to predict the
BPD development and provide a new therapeutic target for BPD.

Abbreviations: BPD = bronchopulmonary dysplasia, BW = birth weight, DEGs = differentially expressed genes, GA = gestational
age, GO = gene ontology, GSEA = gene set enrichment analysis, KEGG = Kyoto Encyclopedia, MHC = major histocompatibility
complex, PPl = protein-protein interaction, gRT-PCR = quantitative real-time PCR.
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1. Introduction

Bronchopulmonary dysplasia (BPD) remains a leading cause of
respiratory illness and results in significant morbidity and
mortality of neonates specifically of preterm infants."! The
incidence of BPD varies country to country, based on the different
risk factors and care practices as well as the inconsistence in the
clinical definitions of BPD."*3! Neonates with birth weight (BW)
<1250 g contribute 97 percent of the cases of BPD. For extremely
preterm infants (defined as gestational age [GA] <28 weeks), the
incidence of BPD is approximately 40%, and the risk increases
with the decreasing GA."!

In recent decades, as the great progress has been achieved in
neonatal-perinatal medicine, the survival rate of extremely
preterm infants is considerable higher than it used to be.
However, BPD stands out a frustrating clinical problem. So far,
the exact mechanism regarding BPD pathogenesis is still
ambiguous and multiple factors are thought to be involved in
BPD development including preterm delivery, long duration of
oxygen supplementation, mechanical ventilation, and so on.

It has been confirmed that genetic influences play a crucial role in
the pathogenesis of BPD.I*! Moreover, in some twin studies, ! it
revealed that the heritability component is estimated to be between
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50% and 80%, indicating that BPD has a significant genetic
background. Despite this, no specific genes or heritable factors
have been successfully identified yet.

Thanks to the development of microarray technology, the
differentially expressed genes (DEGs) between BPD patients and
non-BPD infants could be analyzed through the gene database. In
the present study, we aim to screen and identify the potential key
genes of BPD pathogenesis and hope to assist the early diagnosis
and targeted treatment of BPD.

The gene expression matrix of BPD patients and non-BPD
neonates were downloaded from Gene Expression Omnibus
database!”! and analyzed. The DEGs regarding BPD versus no-
BPD group were screened out. Furthermore, the Kyoto
Encyclopedia of Genes and Genomes (KEGG)!®! pathway and
Gene Ontology (GO)™! enrichments were analyzed by means of
Database for Annotation, Visualization, and Integrated Discov-
ery website!'”! subsequently. The topological analyses based on
protein to protein interaction (PPI) make the selection of hub
genes feasible. In our study, several key genes derived from the
common network representing both PPI and risk sub-pathway
information were identified. After key genes determined, further
verification of expressions of these genes in BPD patients and
non-BPD infants were conducted by quantitative real-time
polymerase chain reaction (QRT-PCR). Furthermore, the gene
set enrichment analysis (GSEA) focusing on CD74 upregulated
status was conducted based on the results of clinical verification.

These results may provide a new insight into the understanding
of BPD pathogenesis and these key genes may be served as
potential therapeutic targets for BPD.

2. Materials and methods

2.1. Microarray data

The dataset of GSE108754"" (GPL13497 platform, Agilent-
026652 Whole Human Genome Microarray 4x44K v2) was
downloaded from Gene Expression Omnibus database (http:/
www.ncbi.nlm.nih.gov/geo) which contained 5 and 6 blood
samples from BPD patients and non-BPD infants, respectively.
The probes were converted into the corresponding gene symbol
based on the annotation information of the platform.

2.2. DEGs identification

The DEGs between BPD and non-BPD infants were identified
by using Lima package of R software (version 3.6.2) and the
further selective criteria were [logFC(fold-change)| >1 plus adj.
P-value <.01.

2.3. KEGG and GO enrichment analyses of DEGs

The Database for Annotation, Visualization, and Integrated
Discovery website (https://david.ncifcrf.gov/, version 6.8) was
adopted to perform KEGG pathway and GO term analyses of
DEGs and the enrollment criteria were P-value <.05 and DEG
counts >2.

2.4. PPI network construction and module analysis

The Search Tool for the Retrieval of Interacting Genes (version
11.0, http://string-db.org) website was used for building the PPI
network of aforementioned DEGs and the PPI score >0.4
was considered as the inclusion criteria. After the network
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established, the nodes without any connections were excluded
and the data of the remaining network was imported in
Cytoscape software (version 3.7.2) for further module analysis
and data visualization.

2.5. Gene-disease network construction

The gene-disease association information of DEGs was collected
form the DisGeNET database (https://www.disgenet.org/, ver-
sion 6.0) which is a discovery platform containing one of the
largest publicly available collections of genes and variants
associated to human diseases.'?! The threshold was set at a
degree of >1.0 and the network was visualized by R software.

2.6. Samples collection and ethics statement

Thirty-five blood samples were collected from 25 BPD patients
and 10 non-BPD infants who were hospitalized from June 2018
to June 2019 in our center. Patients who were enrolled in have
been informed and signed the informed consent form. This study
was approved by the institutional ethics committee of Children’s
Hospital of Soochow University. Patients’ clinical characteristics
were summarized in Table 1.

2.7. qRT-PCR

Total RNA from peripheral blood mononuclear cells were
isolated using TRIzol reagent (Invitrogen [Carlsbad CA, United
States]) immediately and stored at —80°C. Total RNA of each
sample was reverse transcribed into cDNAs by using the reverse
transcription kit (Takara, Japan). The qRT-PCR was employed
to measure the levels of mRNAs using the comparative Ct
method. GAPDH was considered as the normalization control
for mRNA. All the primers for qRT-PCR were listed in Table 2.

The clinical characteristics of 25 BPD patients and 10 non-BPD
infants.

Variables BPD Control P-value
Patients’ characteristics
Gender, male N (%) 20 (80.0) 6 (60.0) .393

Gestational age (wk)
median (range)

Birth weight (kg) median
(range)

32.3 (25.7-36.6) 353 (30.6-39.4)  .009

144 (0.75-2.79) 2.38 (1.37-4.08)  .003

Respiratory distress 20 (80.0) 0(0) <.001
syndrome N (%)
Sepsis N (%) 18 (72.0) 2 (20.0) .008
Pulmonary surfactant N (%) 17 (68.0) 00 <.001
Mechanical ventilation N (%) 16 (64.0) 0(0) .001
Perinatal steroids N (%) 13 (62.0) 4 (40.0) 711
Oxygen supplementation (d) 37 (12-69) 3.5 (0-14) <.001
median (range)
Delivery mode
Caesarean section N (%) 9 (36.0) 3 (30.0) 1.000
Perinatal asphyxia N (%) 11 (44.0) 3 (30.0) 1.000
Maternal conditions
Maternal age >35 yr N (%) 10 (40.0) 3 (30.0) 709
Preeclampsia/eclampsia N (%) 2 (8.0 1(10.0) 1.000
Smoking during pregnacy N (%) 2 (8.0 0(0) 1.000

BPD = bronchopulmonary dysplasia.
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The sequences of hub gene primers.

Gene symbol Primer sequence
CD74 Forward 5'-CCAGCGAGGAGCAGAGTCAC-3'
Reverse 5/-TTATCTCCAACAATGAGCAACT-3
HLA-DRA Forward 5/-TCCCTGAAGCTCCTACTCCAA-3
Reverse 5'-CTGTGTGGCAAGAAGGTATG-3
HLA-DMB Forward 5'-GAGCAGGTGGCTTCGTGGC-3
Reverse 5/-CATCTTTACAGAGCAGAGCAT-3
HLA-DMA Forward 5/-TCCCTGAAGCTCCTACTCCAA-3
Reverse 5'-CTGTGTGGCAAGAAGGTATG-3
HLA-DOB Forward 5'-ATCTGACCCGACTGGATTCCT-3’
Reverse 5'-GCACCTTTTCTGTCCCGTTG-3'
HLA-DQA1 Forward 5'-AGATGAGCAGTTCTACGTGGA-3’
Reverse 5'-ACGGGAGACTTGGAAAACACT-3’
HLA-DRB5 Forward 5'-AGGCAGCATTGAAGTCAGGTG-3’
Reverse 5'-GAGAGGGCTTGTCACGCTT-3’
HLA-DPA1 Forward 5'-ATGCGCCCTGAAGACAGAATG-3'
Reverse 5'-ACACATGGTCCGCCTTGATG-3'
HLA-DOA Forward 5’-CCTACGGACCCGCCTTCTA-3’
Reverse 5'-GGCCTCGCTTTTCTTCAGG-3'
HLA-DPB1 Forward 5'-TGTCCACCAACCTGATCCGTA-3’
Reverse 5'-CCACGGTGACAGGACTATCCA-3’
HLA-DQB2 Forward 5'-GTGTGCAGACACAACTACGAGG-3'
Reverse 5'-TCACTGAGCAGACCAGCAGGTT-3'
HLA-DQB1 Forward 5'-AGACTCTCCCGAGGATTTCGT-3’
Reverse 5'-GAAGTAGCACATGCCCTTAAACT-3'
HLA-DQA?2 Forward 5'-TGCCTCCTATGGTGTGAACTT-3'
Reverse 5'-AGACAGTCTCTTTCGTCTCCAG-3'

2.8. Gene set enrichment analysis

GSEA is a computational method that assesses whether a set of
priori defined genes shows statistically significant and concordant
differences between 2 biological states. To investigate the role of
CD74 in BPD, GSEA was conducted to analyze the enrichment of
datasets between high-expression CD74 (defined as the mRNA
level higher than the median one) and low-expression CD74
(defined as the mRNA level lower than the median one) groups.
False discovery rate <25% and nominal P-value < 5% were set as
the cut-off criteria.

www.md-journal.com

2.9. Statistical analysis

Continuous variables are expressed as median (range) and
categorical variables are expressed as number (percentage). The
independent Student ¢ test was utilized to compare normal
distributional variables while the Mann—Whitney U test was used
to compare skewed distributional variables. The categorical
variables were analyzed using Chi-square or Fisher Exact Test, as
appropriate. Correlation between variables with normal distri-
bution was assessed using Pearson correlation test, while skewed
distributions were assessed using Spearman Rho test. SPSS 26.0
software was employed for data processing. Prism 8.0 software
was served for results visualization. P < .05 was considered to be
statistically significant.

3. Results
3.1. Identification of the DEGs

The gene expression matrix was standardized by log2 conversion
(Fig. 1) and according to the inclusion criteria, eventually, there
were 189 DGEs were identified (Fig. 2) consisting of 147
upregulated genes and 42 downregulated genes between BPD and
non-BPD samples.

3.2. KEGG and GO enrichment analyses of DEGs

The KEGG pathway results revealed that the DEGs were mainly
enriched in intestinal immune network for IgA production,
Staphylococcus aureus infection and hematopoietic cell lineage
(Fig. 3). While the GO term analysis showed the DEGs were
mainly enriched in antigen processing and presentation,
interferon-gamma-mediated signaling pathway, antigen recep-
tor-mediated signaling pathway, and immune response (Fig. 4).

3.3. Gene-disease network

The significant genes from previous analysis are mapped to the
corresponding molecular interaction database. The results showed
that the genes mainly connected with diseases were: CNR1, HLA-
DPB1, CNR2, CD74, and HLA-DQB1, while the majority of
diseases that related to these genes were: schizophrenia, autosomal
recessive predisposition, and liver cirrhosis (Fig. 5)
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Figure 1. (A) Data normalized by log2 conversion. (B) The principal component analysis of samples.
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Figure 2. DEGs demonstrated as heatmap and volcano plot. (A) The global heatmap of DEGs. (B) The heatmap of 50 most significant DEGs. (C) The volcano plot of
DEGs, red dots represent the upregulated genes while blue dots represent the downregulated genes. DEGs = differentially expressed genes.

3.4. PPI network construction and the hub genes contains 13 nodes and 78 edges. These 13 nodes were considered
identification as the hub genes (CD74, HLA-DMA, HLA-DRA, HLA-DMB,

HLA-DOB, HLA-DQA1, HLA-DRBS, HLA-DPA1, HLA-DOA,
The PPI network of DEGs was constructed (Fig. 6A) containing ~ HLA-DPB1, HLA-DQB2, HLA-DQA2, and HLA-DQB1) and
104 nodes and 279 edges, of which, the most significant clusters ~ were ranked by using the plug-in cytoHubba of Cytoscape
were obtained by using plug-in MCODE of Cytoscape which  (Fig. 6B). The depth of color represented the different scores
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Figure 3. The KEGG enrichment analysis. (A) The KEGG enrichment of the upregulated genes. (B) The KEGG enrichment of the downregulated genes. (C) The top

20 of KEGG enrichment. KEGG = Kyoto Encyclopedia.

GO enrichment of the up-regulated DEGs

e sigorne -

S0 I00 IS0 200 20 N0 3800

STmal Sbmpectm St Puase SFOR

GO enrichment of the down-regulated DEGs

Top 20 of GO Enrichment
@
®
®

GO:0002504 antigen pmcassmg and presentation of |
peptide or polysaccharide antigen via MHC class Il |
GO:0019886 antigen processing and presentation |

of exogenous peptide antigen via MHC class 1l
GO:0002495 antigen processing and presentation |
of peptide antigen via MHC class Il |

GO:0019882 antigen processing and presentation

G0:0002478 antigen processing and presentation |
of exogenous peptide antigen

GO:0019884 antigen processing and |
presentation of exogenous antigen

GO:0048002 antigen processing and |
presentation of peptide antigen

ing pathway <

GO:0060333 i na-

GO:0050851 antigen receptor-mediated signaling pathway 1

GO:0002503 peptide antigen assembly | 5
with MHC class Il protein complex

G0:0002399 MHC class || protein complex assembly - -

GOterm

GO:0006955 immune response |
GO:0002501 peptide antigen assembly with MHC protein complex <
GO:0071346 cellular response to interferon-gamma 4

G0:0050852 T cell receptor signaling pathway 1

GO 000@429 immune response-activating cell |
tace receplor signaling pathway |

GO:0034341 response to interferon-gamma <
GO:0002396 MHC protein complex assembly 1 .

®
000

G0:0002682 regulation of immune system process 1

GO:0002768 immune response-regulating cell |
surface receplor signaling pathway

025 050 075
{5 RichFactor

GenesNumber
e 25
® 50
[ I
@ o

qvalue
9.486597e-32

7.114847e-32
4.743298e-32
2.371649e-32
1.694235e-111

Figure 4. The GO enrichment analysis. (A) The GO enrichment of the upregulated genes. (B) The GO enrichment of the downregulated genes. (C) The top 20 of GO

enrichment. GO = gene ontology.



http://www.md-journal.com

Gao et al. Medicine (2020) 99:48

Medicine

[ ]
o " =
o © 4 o g
. M Hyperalgesia @ Py
M Bipolar Disorder @ o
M Pain M Mental Depression ]
M Liver Cirrhosis @ ®
°® ® M Alcoholic Intoxication, Chronic
® [l Depressive disorder
® e @ PNoC = - -
pe @ ADM .CNR1 . u B Mammary Neoplasms
CNR2
] e R, L @ seeP1
B Liver Cirrhosis, Experimental B Seizlres = ° ®
® B schizophrenia @PsaT -
B Multiple Sclerosi.s @®cias @ AREG -
m @HADBI = B Autosomal rBtessive predisposition
o - @® W Immunologic Deficiency Syndromes
]
@ HuaDPB1 ©
. W Asthma @ NFRSF138
e L
= B A&toimmune Diseases *
@ B Rheumatoid Arthritis . cD19
o P @co74
o - -

M Lupus Erythematosus, Systemic

Figure 5. Gene-disease network was constructed through the DisGeNET database.

calculated by cytoHubba. The darker of the node, the higher
score was. The names, abbreviations, and functions for these 13
hub genes were shown in Table 3.

3.5. Expressions of key genes in BPD patients

The 13 genes were further verified by qRT-PCR in our clinical
samples. CD74 was the highest expressed in BPD patients with a
P-value <.001, followed by HLA-DPB1 (P=.017), HLA-DOB
(P=.023), HLA-DMA (P=.025), HLA-DRA (P=.038), and
HLA-DQAT1 (P=.038). Whereas, the remaining DEGs showed
no significant difference between groups (Fig. 7).

3.6. Patients’ clinical features and linear correlation
analyses between GA, BW, and hub genes

There was no significant difference of the gender distribution,
maternal age, incidence of chorioamnionitis, smoking during
pregnancy, maternal preeclampsia/eclampsia, caesarean section
rate, incidence of perinatal asphyxia, and the antenatal steroids
administration rate between the 2 groups. The differences of
GA, BW, incidence of sepsis, respiratory distress syndrome,
mechanical ventilation requirement, the duration of oxygen
therapy, and the pulmonary surfactant usage rate were
significant between the 2 groups (Table 1). In addition,
CD74, HLA-DOB, and HLA-DPB1 were negatively correlated
with GA and BW (Fig. 8).

3.7. GSEA of CD74

To better understand the function of CD74 and signaling
pathways activated in BPD, we applied GSEA comparing the
datasets of low-expression and high-expression of CD74. The
results showed the gene sets associated with lupus erythematosus,
viral myocarditis, immune network for IgA production, graft
versus host disease, cell adhesion molecules, B cell receptor
signaling pathway, auto immune thyroid disease, asthma, and
antigen processing and presentation pathway were differentially
enriched with the phenotype of high-expression CD74 (Fig. 9).

4. Discussion

BPD is a type of chronic lung disease due to its disruption of
pulmonary development and repeatedly damage-repairment of
pulmonary tissue mainly in the population of preterm infants. It
mostly affects preterm infants with GA <32 weeks and/or BW
<1250g and such neonates account for 97 percent of the cases of
BPD.!"3! Despite great efforts have been done on BPD, the
etiology of BPD is still not fully understood and there is still no
specific treatment for it. The mainly strategies are supportive care
and symptomatic treatments such as steroids, oxygen therapy,
diuretics, and so on. Thus, it is meaningful to explore the
mechanism of BPD, and the knowledge obtained might provide
great help for further diagnoses and therapeutic strategies. What
is more, BPD has a strong genetic background which has been
confirmed in recent decades. Therefore, figuring out which gene
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Figure 6. The PPI network of DEGs. (A) The global PPI network of DEGs. The red dots represent the upregulated genes while the blue dots represent the
downregulated genes. The darker the dot, the more significant is. (B) The hub genes extracted from the global network by the plug-in MCODE. DEGs = differentially

expressed genes, PPl = protein-protein interaction.

or genome involved in the pathogenesis of BPD may shed a light
on diagnosis and treatment of it.

As mentioned above, the pathogenesis of BPD has a strong
genetic background, therefore, in the recent decade, many
researchers devote to explore the susceptibility genes even non-
coding RNAs which may get involved in regulating the
development of BPD using bioinformical methods. Bhattacharya
et al demonstrated that the gene Ahr as one driver of gene

dysregulation in the acute neonatal hyperoxia model of BPD-like
pathology through high-throughput sequencing-based transcrip-
tional profiling."*! Another research performed by Nitkin. C. R,
et al found that FOSL1 is a novel mediator of endotoxin/
lipopolysaccharide-induced pulmonary angiogenic signaling
which may result in BPD development.''*! In the present study,
a total of 189 DEGs including 147 upregulated genes and 42
downregulated genes between BPD and non-BPD samples have

The names, abbreviations and main functions of the hub genes.

Gene

No.  symbol Full name

Function

CD74
HLA-DQB1
HLA-DQA1
HLA-DPA1

CD74 Molecule
Major Histocompatibility Complex, Class I, DQ Beta 1

1

2

3

4 Major Histocompatibility Complex, Class Il, DP Alpha 1
5 HLA-DQB2 Major Histocompatibility Complex, Class Il, DQ Beta 2
6 HLA-DRA  Major Histocompatibility Complex, Class Il, DR Alpha
7 HLA-DRB5  Major Histocompatibility Complex, Class Il, DR Beta 5
8 HLA-DPB1  Major Histocompatibility Complex, Class II, DP Beta 1
9 HLA-DOB  Major Histocompatibility Complex, Class Il, DO Beta
10 HLA-DOA Major Histocompatibility Complex, Class Il, DO Alpha
11

Important chaperone that regulates antigen presentation for immune response.

Plays a central role in the immune system by presenting peptides derived from extracellular proteins
Major Histocompatibility Complex, Class Il, DQ Alpha 1 Plays a central role in the immune system by presenting peptides derived from extracellular proteins
Plays a central role in the immune system by presenting peptides derived from extracellular proteins
Plays a central role in the immune system by presenting peptides derived from extracellular proteins
Plays a central role in the immune system by presenting peptides derived from extracellular proteins
Plays a central role in the immune system by presenting peptides derived from extracellular proteins
Plays a central role in the immune system by presenting peptides derived from extracellular proteins
Suppresses peptide loading of MHC class Il molecules by inhibiting HLA-DM

Regulates HLA-DM-mediated peptide loading on MHC class Il molecules

HLA-DQA2 Major Histocompatibility Complex, Class Il, DQ Alpha 2 Plays a central role in the peptide loading of MHC class Il molecules by helping to release the CLIP
molecule from the peptide binding site

12 HLA-DMB Major Histocompatibility Complex, Class Il, DM Beta

Plays a central role in the peptide loading of MHC class Il molecules by helping to release the CLIP

molecule from the peptide binding site

13 HLA-DMA  Major Histocompatibility Complex, Class I, DM Alpha

Plays a central role in the peptide loading of MHC class Il molecules by helping to release the CLIP

molecule from the peptide binding site
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Figure 7. The expressions of 13 hub genes of 2 group samples by gRT-PCR verification. gRT-PCR = quantitative real-time PCR.

been identified. The pathway and function enrichments were
assessed, the results summarized above revealed the DEGs were
mainly enriched in immune system and response to viral
infection. The pathogenesis of BPD is complicated and the
inappropriate immunological reaction to inflammatory insult is a
crucial cause. Those DEGs vyielded from the enrichments
mentioned above may probably be involved in the development
of BPD. Furthermore, in terms of the PPI network we established,

thirteen hub genes were identified to be probably associated with
BPD pathogenesis. These genes belong to class II major
histocompatibility complex (MHC) family regulating antigen
presentation for immune response and the inappropriate immune
response to inflammatory impairment occurring in the immature
lungs is a critical factor of BPD development. However, up to
now, researches focusing on the linkage between MHC 1I family
and BPD pathogenesis are so rare. A research conducted in fetal
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Figure 8. The linear analysis of hub genes associated with GA and BW. BW = birth weight, GA = gestational age.

lambs using Ureaplasma parvum serovar 3 to induce an
inflammatory response in fetal lungs which mimic the pathology
of BPD showing that 14 days after being exposed to U parvum
serovar 3, the MHC class II-positive cells increased, although
macrophage levels were not elevated.''® This phenomenon
indicates that the MHC II family genes may get involved in BPD
development. In our work, among aforementioned 13 genes,
CD74, HLA-DPB1, HLA-DOB, HLA-DMA, HLA-DRA, and
HLA-DQAT1 were the highest expressed with P<.05 in BPD
samples comparing with non-BPD samples. By univariate

analysis of the clinical features, the most significant risk factors
of BPD occurrence were low birth weight and small gestational
age. Through the correlation analyses of aforementioned 6 hub
genes with BW and GA, the results showed that CD74, HLA-
DOB, and HLA-DPB1 were negatively correlated with GA and
BW with statistical significance. In addition, CD74 showed the
strongest linkage with BW and GA with r coefficients of —0.653
and —0.675, respectively.

CD74 is a protein coding gene that associates with major
histocompatibility complex class II (MHCII) regulating antigen
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Figure 9. The GSEA analysis of the status when CD74 upregulated. GSEA = gene set enrichment analysis.

presentation for immune response.'”'®! Furthermore, the

protein encoded by CD74 is a type of cell surface receptor for
the cytokine macrophage migration inhibitory factor bounding,
initiates survival pathways, and cell proliferation. This protein
also interacts with amyloid precursor protein and suppresses the
production of amyloid beta. CD74 also facilitates the export of
class I MHC from the endoplasmic reticulum to the Golgi
apparatus, and then to the late endosome compartment. During
this stage, CD74 is broken down by proteases in stages called
cathepsins, leaving only a small fragment known as CLIP (class I
associated invariant chain peptide), which maintains blockage of
the peptide binding cleft on the MHC molecule!*®! (Fig. 10). A
flood of previous researches regarding CD74 are mostly
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focused on oncology and diseases related to CD74 mainly
are mucinous lung adenocarcinoma and undifferentiated
pleomorphic sarcoma.*** However, as a highly immune-
related gene, it also participates the pathogenesis in many
inflammatory diseases such as infectious diseases and rheumatic
diseases.”>% In terms of the gene-disease network analysis
demonstrated in Figure 5 showing that CD74 was linked to
immunologic deficiency syndromes and autoimmune diseases.
BPD pathogenesis, in turn, has been confirmed to be multifacto-
rial and the inappropriate immune response to the pulmonary
damage plays an essential role in it. To sum up, CD74 may be one
of the critical genes that participate in the development of BPD
through immunologic pathway. However, the gene-disease
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network analysis is a method that based on big data mining, the
results yielded from which could only offer some kind of the
potential relationships between genes and diseases, therefore the
laboratorial research and verification are still needed. Cazalis et al
found that decreased invariant chain/CD74 mRNA expression
significantly predict 28-day mortality in septic shock patients
alive at day 3.*°/ BPD is a kind of inflammatory disease due to the
improper damage-repairment of lung tissues. Thus, in terms of
the so many significant roles that CD74 play, it is reasonable to
believe that CD74 may also be important in BPD. In our clinical
verifications and the correlation analyses, CD74 is demonstrated
to be significantly high expressed in BPD patients. In addition,
CD74 expression level is negatively correlated with BW and GA
while both of BA and GA are well known as the risk factors of
pathogenesis of BPD. Then, from the GSEA enrichment analysis
focused on CD74, we can also see that many immune-related
diseases were involved in the status of CD74 upregulation.
The other 2 genes, HLA-DOB and HLA-DPB1, are both
members of HLA class II B chain paralogues. HLA class II
molecule is a heterodimer consisting of an alpha (DPA) and a beta
chain (DPB), both located on the membrane of the antigen
presenting cells which presents peptides coming from extracellu-
lar proteins.?”7% They are closely related to CD74 because

11

MHC class II gene transcription is regulated by class II
transactivator A and factors of the Regulatory Factor X family.
During their synthesis, the a and B chains are complexed with the
invariant chain (that is CD74) resulting the prevention of
the binding of newly synthesized MHC II /B heterodimers with
the numerous polypeptides.*”!

HLA-DMA, HLA-DRA, and HLA-DQAT1 all belong to the
HLA class 1T alpha chain paralogues either. These class II
molecules are heterodimer consisting of an alpha (DMA) and a
beta chain (DMB), both anchored in the membrane. It is located
in intracellular vesicles. DM plays a central role in the peptide
loading of MHC class IT molecules by helping to release the CLIP
(which is released by CD74, mentioned before) molecule from the
peptide binding site. Class II molecules are expressed in antigen
presenting cells (APC: B lymphocytes, dendritic cells, macro-
phages). The alpha chain is approximately 33 to 35 kDa and its
gene contains 5 exons. Exon one encodes the leader peptide,
exons 2 and 3 encode the 2 extracellular domains, exon 4 encodes
the transmembrane domain and the cytoplasmic tail.

In summary, among MHC class II family, CD74 serves as a
bridge connecting other molecules, and such relationship
between CD74 and other MHC II molecules were well
demonstrated in Figure 10. Indeed, during PCR verification,
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CD 74 showed the highest expression compared to others
(P<.001).

To our knowledge, this is the first time to speculate and explore
the relationship between CD74 and the pathogenesis of BPD.
BPD is a chronic lung disease induced by inflammatory insult,
which can lead to the impairment of the epithelial cells reside in
the distal alveolar region of the lung. These cells are crucial that
not only for respiration but also for its critical functions of the
physical barriers and pulmonary host defenses. The damage to
aforementioned epithelial barrier might be one of the most
important pathogenesis of BPD. In a study regarding the neonatal
necrotizing enterocolitis conducted by Laura Farr et al,'”! CD74
signaling is proved to be involved in intestinal epithelial cell
regeneration and it also promotes mucosal healing. During
inflammation, CD74 could be activated and protect the host by
promoting epithelial cell regeneration, healing, and maintaining
mucosal barrier integrity. In necrotizing enterocolitis patients,
CD74 expressions were significant enhanced. The damage-repair
mechanism of epithelial cells in lungs resembles that of intestinal
epithelial cells. Therefore, it is reasonable to deduce that CD74
may also play an important role in BPD pathogenesis. Indeed,
in present study, during qRT-PCR verification stage, CD74
was significantly higher expressed in BPD samples than that of
non-BPD controls.

Taken together, CD74 may be served as a novel biomarker for
BPD early evaluation and diagnosis. Even more, it may also be
considered as a new therapeutic target of BPD.

There are also some limitations of our work that should be
considered. Firstly, the sample size of the dataset we downloaded
is too small, however, since the microarray profile of BPD in
human samples are so rare, through the quality control, this
dataset is the best one among others. Secondly, as a bioinformical
study, we paid more attention on data mining and less on
experimental verification. The sample size of clinical verification
is small either. Based on the encouraging result of the present
study, we will expand the sample size in the future, and further
laboratorial verification will be performed.

In summary, our study has identified the common biological
pathways involved in the progression of BPD through the
integrated bioinformatics analysis, laboratorial experiments, and
clinical research. CD74 is one of the most significant gene that
highly upregulated in BPD and CD74 may have the potential for
predicting the development of BPD in preterm infants. Our study
may provide some innovative strategies for dealing with this
disease.

5. Conclusion

CD74 may have the potential of predicting BPD development in
preterm infants and may also be considered as a novel therapeutic
target for this disease
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