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Abstract 
Objective  To find some plasma differential proteins in infants with Bronchopulmonary dysplasia(BPD) who are sensitive to the dexamethasone therapy.Methods 30 cases of BPD from NICU of the affiliated Huaian first people’s hospital of Nanjing Medical University were enrolled, the plasma samples were collected before a 10-day course dexamethasone therapy for all objects, and the therapeutic effect was judged sooner after the therapy finished.The infants who showed significant therapeutic effect were collected the plasma samples again.Then,3 infants were picked at random from the dexamethasone sensitive infants ,whose plasma samples before and after dexamethasone therapy were analyzed by the data independent acquisition.The differential proteins were to be found and be analyzed by bioinformatics.Results 10 of 30 cases were sensitive to dexamethasone therapy.There are 23 differential proteins between two groups(before and after dexamethasone administration) in total, from which, 27 proteins are downregulated,while 6 upregulated. Bioinformatics analysis shows the differential proteins may involve multiple genes and signaling pathways.The level of LRP1 and S100A8 in BPD infants were decreased significantly after dexamethasone therapy.Conclusion Some the differential proteins were found in plasma of the infants with BPD, which might related to sensitive to the dexamethasone therapy for BPD and provide the direction for the choice of glucocorticoids in the treatment of BPD. 


Introduction 
Bronchopulmonary dysplasia (BPD) is the most common chronisdc complication of premature infants, especially those with extremely preterm infant(EPI) and very extremely premature infants (VPI)[1].BPD rates have not improved over the past 2 to 3 decades and may be increasing.There are over 10,000 new BPD cases in the United States each year[2]; BPD rate of premature infants whose gestational age were less than 32 weeks was about 12.5% in China from 2013 to 2014.The smaller the gestational age, the higher the incidence of BPD[3].
There were multiple pharmacologic and non-pharmacologic treatment strategies have been proposed,aiming to not only support the survival but also minimize further lung injury andfacilitate recovery[5].Aside from protective ventilation strategies,optimal oxygen saturation goals,surfactant supplementation,and the use of antenatal corticosteroids,there has been a lackof efficacy of new therapies.The currently therapies under evaluation to prevent and treat BPD as the followings,caffeine[6],bronchodilator[7],Surfactant[8],Diuretics[9],Inositol[10],corticosteroids (Systemic corticosteroids or Inhaled corticosteroids )[11,121],VitA[13],cell therapy[14] etc.However,no single therapeutic intervention is effective at preventing BPD by now.
The corticosteroids have been used in BPD as a means to curb inflammatory processes that contribute to disease pathogenesis.The potent anti-inflflammatory properties of corticosteroids make them a logical therapeutic agent for BPD prevention.With the risks for gastrointestinal perforation,hypertrophic cardiomyopathy,cerebral palsy (CP),and major neurosensory disability, the “early” dexamethasone therapy has not been recommend,and the “latelly” dexamethasone therapy can be used selectively[15].An American Academy of Pediatrics policy statement on the use of postnatal corticosteroids was published in 2010 and acknowledged that available data were not suffificient to provide defifinitive recommendations[16]. Since the BPD infants have different therapeutic effects on dexamethasone therapy,so it has important clinical value to find biomarkers which can judge the sensitivity of the BPD infants for dexamethasone therapy.  
The data independent acquisition (DIA) is a non-standard quantitative techniques of proteome . It is well suited for studies of lung injury in children for the samples examined are readily available and repeatable[17]. 
The purpose of the study is to find some differential proteins in plasma of the BPD infants who sensitive to dexamethasone therapy by the DIA technique and promote effective treatment of BPD infants. 
2.Materials and methods
2.1Materials This study was carried out in the Neonatal Intensive Care Unit of The affiliated Huaian first people’s hospital of Nanjing medical university.From January 2019 to Mar 2020,30 cases of premature infants were diagnosed at 36ws PMA in NICU.The diagnosis of BPD was met with diagnostic criteriaare as “ New consensus on BPD definitions and diagnostic criteria developed at the 2018 NICHD Seminar” (abbreviated as 2018 NICHD)[18].This trial was approved by the ethics committee of  the affiliated Huaian first people’s hospital of Nanjing medical university, and the relevant informed consent was signed with parents before the trial.
2.2.Methods
2.2.1Inclusion criteria: The subjects of the study met the following criteria.1.Clinical diagnosis as BPD ( grade III) ,The details are as follows:Treatment with oxygen >21% for at least 28 d.Need for 30% oxygen and/or positive pressure (PPV or NCPAP) at 36 wk’ PMA,whichever comes first.2.Clinical signs of infection were excluded.Exclusion criteria(any one of the following ):1.There existed some congenital malformations such as digestive tract, respiratory tract, central nervous system and heart 2.There existed ventilator-associated pneumonia;3.Any glucocorticoid(dexamethasone, hydrocortisone, budesonide, etc.) adminstrated before the trial.
2.2.2 Methods of intervention:all eligible cases were treated with 10-day dexamethasone course after diagnosised as BPD(grade III) at 36ws PMA.The detail as follows:Infants received dexamethasone 0.15 mg/kg/d the fifirst 3 days, 0.1 mg/kg/d for the next 2 days ,0.05 mg/kg/d for the next 2 days,and then 0.02 mg/kg/d for 2 days,with a total dexamethasone dose of 0.89 mg/kg;blood samples were retained before and after dexamethasone therapy,and the tcurative effect was judged immediately after a 10-day course finished.The criteria for the tcurative effect are as the following:1)Significant effectiveness:patients with no need for respiratory support nor oxygen dependence;2)Partially effectiveness:decrease in inhaled oxygen concentration and/or improvement in respiratory support;3)Ineffective:no change in inhaled oxygen concentration  and/or no improvement in respiratory support.Some clinical indicators related to the use of glucocorticoids,such as blood sugar,blood pressure,gastrointestinal bleeding and other indicators were monitored during the course of dexamethasone therapy.
2.3 Sample collection and sample processing 
[bookmark: dttl]2.3.1 six plasma samples were taken from three cases before（T1 group） and after （T2 group） dexamethasone administration.All cases showed significant effectiveness after one 10-day course of dexamethasone administration,and the plasma samples were sent for DIA analysis,which was provided by Guangzhou Jidio Biotechnology Co.Ltd.
2.3.2 Protein digestio BCA Protein Assay Kit was used to determine the protein concentration of the supernatant.50μg proteins extracted from cells were suspended in 50μL solution,reduced by adding 1ul 1M dithiotreitol at 55°C for 1h,alkylated by adding 5ul 20mM iodoacetamide in the dark at 37°C for 1h.Then the sample was precipitated using 300ul prechilled acetone at -20℃overnight.The precipitate was washed twice with cold acetone and then resuspended in 50mM ammonium bicarbonate.Finally the proteins were digested with sequence-grade modified trypsin (Promega, Madison, WI) atasubstrate/enzyme radio of 50:1(w/w) at 37°C for 16h.
2.4 Data Analysis Raw Data of DIA were processed and analyzed by Spectronaut X (Biognosys AG, Switzerland) with default parameters. Retention time prediction type was set to dynamic iRT. Data extraction was determined by Spectronaut X based on the extensive mass calibration. Spectronaut Pulsar X will determine the ideal extraction window dynamically depending on iRT calibration and gradient stability.Q value (FDR) cutoff on precursor and protein level was applied 1%.Decoy generation was set to mutated which similar to scrambled but will only apply a random number of AA position swamps (min=2,max=length/2).All selected precursors passing the filters were used for quantification.The average top 3 filtered peptides which passed the 1% Qvalue cutoff were used to calculate the major group quantities. 
2.5 Screening of differential proteins The difference analysis of protein is based on the results of protein quantitative analysis to screen out the proteins with significant changes in abundance between the comparison groups.After Student’s t Test, different expressed proteins were filtered if their Q value <0.05 and Absolute AVG log2 ratio>0.58.
2.6The differential analysis The analysis of differential proteins is based on the results of protein quantitative analysis to screen out the proteins with significant changes in abundance between the comparison groups.In order to reduce the false-positive rate of P value, we used Benjamin and Hochberg (BH) method to get the FDR value (error detection rate) according to the screening threshold of differential expression protein: the absolute value of the multiple of differences (FC) is greater than 1.5 times,After adjusting p value,Qvalue was less than 0.05,and proteins with significant difference were screened out.Protein functional annotation and enrichment analysis Proteins were annotated against GO(http://www.geneontology.org/),KEGG (http://www.genome.jp/kegg/)and COG/KOG database to obtain their functions.Significant GO functions and pathways were examined within differentially expressed proteins with q value≤0.05)
3.Result 
3.1Infants were enrolled between from January 2019 to Mar 2020,30 cases ligible infants (80%) were entered into the study,of which 10 cases were steroid sensitive.Infants in steroid sensitive group and steroid no-sensitive group had similar perinatal characteristics (Table 1),and three  cases selected for DIA test shared similar perinatal characteristics with the other cases in the steroid sensitive group (Table 2).
3.2Difference integrity statistics There are 23 differential proteins between two groups( before and after treatment) in total, from which, 27 proteins are downregulated,while 6 upregulated,the detail as shown in Table 3:
3.3 Difference comparison volcanic map (Fig.1) the volcanic map can directly show the situation of different proteins between the comparison groups. In the figure, the closer to the two ends of the protein, the greater the difference.
3.4 Differential heat map Hierarchical cluster analysis and Z-score homogenization were used to map the proteins differentially expressed in the comparison groups(each column represents a sample and each row represents a protein. The protein expression in different samples is expressed in different colors. The red color indicates the higher expression, and the blue color indicates the lower expression,as shown in Figure 2:
3.5Go (gene ontology) enrichment analysis There are three ontologies in go (gene ontology) enrichment analysis.They describe the molecular function, cellular component and biological process of genes respectively. As It can be seen from the Figur 3 below,there exist significant difference between two groups in biological process involving cofactor metabolic process(GO:0051186)and catabolic process(GO:0009056).Pathway Detail while GO:0051186 involves the following genes,as ENSG00000067225(PKM);ENSG00000111669(TPI1);
ENSG00000134333(LDHA);ENSG00000167815(PRDX2);ENSG00000188536(HBA2);ENSG00000196565(HBG2);ENSG00000206172(HBA1);ENSG00000244734(HBB);ENSG00000257017(HP).And GO:0009056 involving genes as ENSG00000005421(PON1);ENSG00000067225(PKM)
;ENSG00000109971(HSPA8);ENSG00000111669(TPI1);ENSG00000123384(LRP1);ENSG00000134333(LDHA);ENSG00000143546(S100A8);ENSG00000146070(PLA2G7);ENSG00000167815(PRDX2);ENSG00000173546(CSPG4);ENSG00000188536(HBA2);ENSG00000196565(HBG2);ENSG00000206172(HBA1);ENSG00000244734(HBB);ENSG00000257017(HP).(Fig)
3.6 KO enrichment analysis  The most important biochemical metabolic pathway and signal transduction pathway involved in the genes can be determined by pathway significant enrichment. Pathway enrichment results was shown as (Fig4.).The Pathways mainly includes purine metabolism(ko00230), pyrimidine metabolism(ko00240),drug metabolism other enzymes
(ko00983), malaria(ko05144)(the value of q<0.05).The descriptions of pathway and differential expressed proteins are as follows:ko00230(K00873-ENSG00000067225,K00940-
ENSG00000243678,K00940-ENSG00000011052,K00940-ENSG00000239672),ko00240(K00940-ENSG00000243678, K00940-ENSG00000011052,K00940-ENSG00000239672)
,ko00983(K00940-ENSG00000243678,K00940-ENSG00000011052,K00940-ENSG00000239672).
3.7DO enrichment analysis  DO (disease ontology) is a database describing gene function and disease. We map genes to each term of do database (http://disease-ontology.org/), and calculate the gene number of each term, so as to get the gene list and gene number statistics with a do function. Then we use hypergeometric test to find out the do items that are significantly enriched in genes compared with the whole genome background.The result of DO enrichment was shown in Figur 5,and none of Q value for all DO terms is more than 0.05,while the corresponding p value of the Top 16 DO items  is less than 0.05,from which there were pulmonary hypertension (DOID:6432) and persistent fetal circulation syndrome(DOID:13042) might related to the pathogenesis of BPD.
3.8 Reactome enrichment analysis The reactome database collects the responses and biological pathways of some species.We map the gene to each term of the react database (https://react.org/), and calculate the gene number of each term, so as to get the gene list and gene number statistics with a react function. Then, hypergeometric test was used to find out the reactiome terms that were significantly enriched in the gene compared with the whole genome background.The result shows in Figur 6,and the top twelve reactome items were significantly enriched in the gene(q <0.05).
4.Discussion
BPD is a term coined in 1967 to describe the clinical, pathologic and radiographic features of preterm infants who require prolonged mechanical ventilation and oxygen support[1]. Defining BPD has been a topic of debate since the initial criteria was proposed.Different definitions can cause differences in the incidence of BPD[19]. The incidence of BPD by the NIH criteria[20] is 80% higher when compared to the Shennan's definition[21] with an estimated difference of 32%. There are two new BPD definitions and diagnostic criteria in recent years,namely, the NICHD version[18]  published in 2018 and the Jensen version published in 2019[22]. In this study, the 2018 NICHD version was used. 
Dexamethasone had been widely used since the 1980s because of its’ powerful anti-inflammatory effect, which can effectively change the course of BPD and reduce the severity of BPD[23]. However, the adverse effects (such as cerebral palsy and major neurosensory disability, etc.) caused by glucocorticoids were gradually found from late 1990[24]. So the American Academy of Pediatrics had recommended that the use of glucocorticoids in BPD should be more cautious in 2002[25]. After that the clinical use of corticosteroids in BPD had decreased significantly,but the corresponding BPD rate had increased[26]. In recent years, the proportion of infants with BPD used glucocorticoids has gradually increased.A European study showed that 13.9% of premature infants aged less than 30 weeks received corticosteroid therapy after birth[27],whereas systemic steroid use was reported by 56% of units in 2005, 57%  in 2010, and 68% of units in 2015 in Japan[28]. There is still no consensus on the use of corticosteroids in BPD by now[29,30,31]. In our study, there were only the 10 BPD infants who were sensitive to dexamethasone therapy and this suggest that it is necessary to find some sensitive biomarkers for deciding the use of adjuvant corticosteroids therapy in BPD.  
The whole mass spectrum scanning mass range is divided into several windows in DIA, and all ions in each window are broken in turn to collect all sub-ion information. This technique does not need to specify the target peptide segment, the scanning points are uniform, and the qualitative confirmation and quantitative ion screening can be realized by using the spectral map library,also the data backtracking can be realized at the same time. It is suitable for non-standard quantitative comparison of proteome in multi-biological samples,and discovery of differential proteins.Protein mass spectrometry had been applied to some experimental studies about BPD [32,33];and clinical research by DIA showed calcium-related protein can be used as a sensitive indicator of BPD progress [34].In this study, the result showed there were 33 differentially expressed proteins before and after dexamethasone therapy, in which 27 decreased and 6 increased. The above differential proteins were further analysised by literature search, the low-density lipoprotein receptor-related protein 1 and S100A8 were found for their close relationship with lung diseases and/or glucocorticoids. 
LRPl was first discovered in 1988, and its amino acid sequence is similar to low density lipoprotein receptor (LDL). LRP1 is an issue/signaling cell surface receptor which controls cellular and molecular mechanisms driving the physiological and pathological in flamatory reactions and tissue remodeling In several organs[35]. In recent years, LRP 1emerged as an important regulator of the inflammatory response.LRPl can bind specifically to MMP 9 and MMPO with endocytosis, LRPl are MMPO negative regulatory proteins.LRP-1as a negative regulator of DC-mediated adaptive immune responses in the setting of HDM-induced eosinophilic airway inflammation[36].ApoE directly bound to Collagen I and mediated Collagen I phagocytosis in vitro and in vivo,and this process was dependent on LPR1. Interference of ApoE/LRP1interaction impaired the resolution of lung fibrosis in bleomycin-treated WT mice[37].The new signaling pathway initiated by BMPER/LPR1axis broadens our understanding about BMPER's role in vascular homeostasis[38]. LRP is closely related to dexamethasone.Microglial cells were able to bind and internalize LRP-specific ligand, alpha(2)M*. The expression of LRP was up-regulated by dexamethasone,and down-regulated by lipopolysaccharide (LPS),gamma interferon (IFN-gamma) or a combination of both[39]; dexamethasone increases cell-surface LRP activity in HepG2 cells by increasing the steady state mRNA levels[40].  In this study, the level of plasma LRP1 in BPD infants decreased significantly after glucocorticoid therapy, which suggested that LRP1 might be a target of dexamethasone therapy for BPD. 
The inflammation S100 protein, S100A8, (also called CP-10 or MRP8), is considered proinflammatory by triggering TLR4 or the receptor for advanced glycation end products.In a murine model of lung injury,S100A8/A9 is an essential factor for neutrophil recruitment to lungs[41]; There existed excessive release of S100A8/A9 or calprotectin in neonatal sepsis rat models.narciclasine significantly reduced the plasma levels of S100A8/A9 and also suppressed its expression in the liver and lung[42];The impairment of DJ-1 and S100A8 function may contribute to cigarette smoke-induced ATII cell injury and emphysema pathogenesis[43];S100A8/A9 as a master regulator causing cardiomyocyte death in the early stage of MI/R injury via the suppression of mitochondrial function. Targeting S100a8/a9-intiated signaling may represent a novel therapeutic intervention against MI/R injury[44].S100A8 also play an anti-inflammatory, anti-oxidative,and protective effect  in sepsis,calprotectin is an immune regulatory protein complex made of S100A8 and S100A9 that inhibits the oxidative metabolism of PMNs in vitro, an effect that can be potentiated by the controlled activation of the protease activated receptor-2 (PAR2)[45].S100A8 has been concerned as a biomarker of heumatoid arthritis [46} and it was related with glucocorticoid resistance in MLL-rearranged infant acute lymphoblastic leukemia[47]. 
In our study, the level of S100A8 in plasma of the BPD infants decreased significantly after glucocorticoid therapy, which suggested that S100A8 might be related to dexamethasone sensitivity of BPD infants and a target of dexamethasone therapy for BPD. 
In summary, some the differential proteins such as LRP1 and S100A8 in plasma of the BPD infants tested by DIA technology were decreased significantly after dexamethasone therapy, which suggested that plasma LRP1 and S100A8 might be a target of dexamethasone therapy for BPD. 
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