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An endogenous amniotic fluid-derived 10-amino acid peptide 
improves lung development and hyperoxia injury
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Background: Bronchopulmonary dysplasia (BPD) is a chronic lung disease that occurs in preterm infants 
and lacks effective treatment. We aim to reveal the relationship between amniotic fluid (AF) peptides and 
lung development by analyzing the differences in the composition of AF peptides at different gestational 
periods, thus providing a new means of prevention and treatment for BPD.
Methods: Based on the stages of lung development, we collected AF by amniocentesis in two different 
gestational periods, using the 25th week of pregnancy as the cut-off. We conducted a peptide omics analysis 
of these AF samples using liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis. 
Additionally, we verified the regulatory effects of hyperoxia and the peptide COL5A2 on BPD-related cells 
[(mouse lung epithelial (MLE-12) cells] by 5-Ethynyl-2'-deoxyuridine (EdU) staining, JC-1 staining, flow 
cytometry, and reactive oxygen species (ROS) assay. 
Results: There were 131 differentially expressed peptides, including 85 up-regulated and 46 down-
regulated [fold change (FC) ≥1.2 or ≤1/1.2, P<0.05], in the ≥25 weeks’ gestation group compared to 
the <25 weeks’ gestation group. Further bioinformatics analysis revealed that the precursor proteins of 
the differentially expressed peptides between these two groups were involved in the regulation of the 
developmental process, anatomical structure development, and other biological processes, suggesting that 
these differential peptides may play a key role in lung development. We found peptide COL5A2 with the 
sequence GPPGEPGPPG and verified the regulatory effects of COL5A2 on the proliferation, apoptosis, cell 
viability, and ROS levels of MLE-12 cells by cell assays. 
Conclusions: In this study, peptidomic studies using AF from different gestational periods revealed that 
peptides in AF may be involved in lung development. They could be used in the future to assist in the 
postnatal development of preterm infants and provide new therapeutic prospects for BPD.
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Introduction

Bronchopulmonary dysplasia (BPD) is  one of the 
most common and serious complications of preterm 
birth, with long-term effects involving multiple organ 
systems, including adverse effects on lung function and 
neurodevelopment (1,2). The primary factor leading 
to BPD is that the developmentally immature lung is 
susceptible to multiple injuries which interfere with 
pulmonary alveolar and vascular development. The 
pathogenesis of BPD involves multiple aspects, such as 
mechanical ventilation, oxygen toxicity, chorioamnionitis, 
and postpartum inflammation (3,4), but essentially, it is a 
disease of developmental origin. Due to prematurity, the 
normal in utero lung growth process is interrupted, and 
the underdeveloped lungs cannot perform their normal 
functions. Although contemporary medical treatments 
have significantly improved the survival rate of preterm 
infants, some life-saving therapies, such as mechanical 
ventilation, often serve as enablers for BPD development 
while maintaining normal vital signs (5). Therefore, there 
is an urgent need to find substances that can assist with the 
lung development process from a developmental point of 
view to prevent and treat BPD, thus improving the quality 
of children’s survival. 

It is widely accepted that amniotic fluid (AF), as a liquid 
environment in direct contact with the fetus in utero, not 

only protects the fetus from extrusion but is also closely 
related to fetal development (6). The fetal lung contributes 
to the formation of the AF, while the composition of AF 
may well reflect the stage of fetal lung development. It is 
well established that mechanical forces play a crucial role in 
the effect of AF on lung development, and oligohydramnios 
can lead to reduced lung expansion, thereby causing 
lung development retardation (7-9). However, with the 
development of regenerative medicine in recent years, AF-
derived stem cells have also been shown to promote lung 
growth and maturation in models of pulmonary hypoplasia 
by promoting branching morphogenesis (10), stimulating 
lung epithelial cell differentiation, and improving 
alveolarization (11). Furthermore, AF-derived mesenchymal 
stem cells can improve lung function in rats with hyperoxia-
induced pulmonary fibrosis by reducing reactive oxygen 
species (ROS) production, inflammatory cell infiltration, 
and expression of the inflammatory factor IL-6 (12).

Endogenous peptides are mainly produced by proteolysis 
and gene encoding and have gained much attention 
in recent years due to their low molecular weight and 
wide distribution in the body (13). By detecting the 
composition and changes of peptides in different biological 
samples, peptidomics is highly valued for the screening 
of biomarkers, the diagnosis of diseases, and the search 
for potential active peptides (14-16). Peptidomic analysis 
of cord blood has identified biomarkers associated with 
neonatal respiratory distress syndrome (17), and endogenous 
peptides in breast milk are essential for neonatal growth 
and development (18,19). As a body fluid critical for 
fetal development, AF has peptides associated with heart 
development and ventricular septal defects (20), but as yet, 
no studies have identified the peptides associated with lung 
development. Therefore, in this study, we performed a 
peptide omics analysis of AF to find differentially expressed 
peptides related to different stages of lung development to 
provide a new therapeutic modality for BPD.

In this paper, the characteristic changes in the 
polypeptide group in AF samples were studied using liquid 
chromatography-tandem mass spectrometry (LC-MS/MS) 
technology, and the effect of the differential polypeptide 
GPPGEPGPPG on the function of mouse lung epithelial 
(MLE-12) cells was identified by an in vitro study, which 
provides support for the study of BPD pathogenesis and 
treatment. We present the following article in accordance 
with the MDAR reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-22-681/rc).

Highlight box

Key findings
• The COL5A2 peptide with a GPPGEPGPPG sequence can 

reverse the inhibition of the proliferation and promotion of 
apoptosis induced by hyperoxia on MLE-12 cells.

What is known, and what is new?
• A proteomic analysis of amniotic fluid at 16–18 weeks of gestational 

age showed that proteins are involved in organ development. 
Protein-derived peptides have been confirmed to possess a range 
of biological activities, such as promoting cell proliferation and 
differentiation. 

• Analysis of amniotic fluid samples after the 25th week of gestation 
reveals that amniotic fluid peptides play a role in lung development. 
Peptides are mainly derived from the precursor proteins SPP1, 
COL5A2, SPRR3, COL1A1, APOA1, and ANXA1.

What is the implication, and what should change now?
• Amniotic fluid peptides may be used in the future to assist in 

the postnatal development of preterm infants and provide new 
therapeutic prospects for bronchopulmonary dysplasia.

https://tp.amegroups.com/article/view/10.21037/tp-22-681/rc
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Methods

Collection of AF

We collected AF samples from pregnant women undergoing 
prenatal examination using ultrasound-guided amniocentesis 
at Dongguan Eighth People’s Hospital (Dongguan Children’s 
Hospital). Samples were taken for routine prenatal diagnosis, 
and the remaining samples were used for our experimental 
analysis. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The sample 
collection process for this study was approved by the Medical 
Ethics Committee of Dongguan Eighth People’s Hospital 
(approval No. LL2021113001). The patients provided their 
written informed consent to participate in this study. Samples 
were divided into <25 weeks’ gestation (n=3) and ≥25 weeks’ 
gestation (n=6). All samples were stored at –80℃ until 
required for the peptide omics analysis.

Sample processing and peptide extraction

The samples stored at −80 ℃ were thawed and centrifuged 
at 12,000 ×g for 15 minutes. The supernatant was 
transferred to new tubes, and a 7:1 volume of lysate (8 M 
Urea/100 mM Tris-Cl, pH 8.0) was added. Then, a 10 kD 
aperture ultrafiltration tube was used for ultrafiltration, and 
the filtrate was collected. After the pH value of the solution 
was adjusted to about 6.0, centrifugation was performed at 
12,000 ×g for 15 minutes, and the supernatant was taken for 
desalting. The desalted peptide solution was drained by a 
centrifuge concentrator and frozen at −20 ℃ for further use.

LC-MS/MS analysis

The peptides were analyzed using a Q Exactive Plus mass 
spectrometer (Thermo Fisher Scientific, Waltham, MA, 
USA) and an UltiMate 3000 RSLCnano System (Thermo 
Fisher Scientific, Waltham, MA, USA). The peptide 
samples were dissolved in the sample buffer, then inhaled 
by an autosampler, bound to the C18 trap column (3 µm,  
100 µm × 20 mm), and eluted at 300 nL/min to the 
analytical column (2 µm, 750 µm × 150 mm). We used  
two mobile phases (mobile phase A: 3% DMSO, 0.1% 
formic acid, 97% H2O; mobile phase B: 3% DMSO, 0.1% 
formic acid, 97% ACN) to establish the analysis gradient. 
For data-dependent acquisition (DDA), each scan loop 
contained an MS full scan (R =70 k, AGC =3e6, max IT 
=20 ms, scan range =350–1,800 m/z) and 15 MS/MS scans 
(R =17.5 k, AGC =2e5, max IT =100 ms). The high energy 

collision dissociation (HCD) was 28, and the quadrupole 
screening window was 1.6 Da. The dynamic elimination 
time of the repeated ion collection was set to 35 s.

Data analysis

The identification and quantification of proteins and 
peptides were performed using MaxQuant (V1.6.6) software 
(Max Planck Institute of Biochemistry, Martinsried, 
Germany). Our search was conducted using the Uniprot 
Human Swiss-prot proteome reference database (https://
www.uniprot.org). The main retrieval parameters were 
as follows: the item type was LFQ; Oxidation (M) and 
Acetyl (Protein N-term) were selected as the variable 
modifications; Carbamidomethyl (C) was chosen as the fixed 
modification, and the digestion method was “Nonspecific.” 
The search results were screened using a 1% false discovery 
rate (FDR) at the protein and peptide levels. The criteria 
for differential expression were fold change (FC) ≥1.2 or 
≤1/1.2 and P<0.05.

Bioinformatics

The basic characteristics and physicochemical properties of 
the differential peptides were analyzed using the Uniprot 
protein database and “ProtParam” tool. In addition, to 
explore the potential functions of differentially expressed 
peptides and their precursors, Gene Ontology (GO) and 
the Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway enrichment analyses were performed using the 
GO website (http://geneontology.org/) and the KEGG 
Orthology Based Annotation System (KOBAS) v.3.0.

Cell culture

MLE-12 cells were purchased from the Cell Bank of the 
Typical Culture Collection Committee of the Chinese 
Academy of Sciences and placed in Dulbecco’s modified 
eagle medium (DMEM) containing 10% fetal bovine serum 
(FBS), 100 mL streptomycin/penicillin at 37 ℃ with 5% 
CO2 for culture. For the subsequent cell function assay, 
the MLE-12 cells were divided into three groups: control, 
hyperoxia, and hyperoxia + GPPGEPGPPG groups. The 
control group cells were placed at 37 ℃ with 5% CO2 for 
culture, the hyperoxia group cells were placed in an oxygen 
container with 85% O2 at 37 ℃ with 5% CO2 for culture, 
and the hyperoxia + GPPGEPGPPG group cells were 
treated with GPPGEPGPPG (GPPGEPGPPG: culture 

https://www.uniprot.org
https://www.uniprot.org
http://geneontology.org/
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media =1:500), then placed in an oxygen container with 
85% O2 at 37 ℃ with 5% CO2 for culture.

Cell proliferation assay

MLE-12 cells were inoculated in 96-well plates at a density 
of 1×105 per well and cultured until they had grown to 
70–80% confluence. The proliferation of MLE-12 cells was 
examined using 5-Ethynyl-2'-deoxyuridine (EdU) staining. 
The cells were then fixed with paraformaldehyde and 
stained with 4',6-diamidino-2-phenylindole (DAPI). Finally, 
the cells were imaged by fluorescence microscopy.

Mitochondrial membrane potential (MMP/ΔΨm) 
determination

MMP/ΔΨm was assessed by the JC-1 assay kit according to 
the instructions and incubated at 37 ℃ for 30 minutes. The 
average fluorescence intensity of red and green fluorescence 
in each group was subsequently examined using confocal 
microscopy, and the ratio of red/green fluorescence 
intensity was calculated to assess the loss of MMP—an early 
indicator of apoptosis.

Flow cytometry assay

The MLE-12 cells were rinsed twice with PBS, followed by 
the Annexin V-APC/7-AAD apoptosis kit, and incubated 
overnight in the dark at 4 ℃ with a propidium iodide (PI) 
staining mixture. The final test was conducted in accordance 
with the manufacturer’s instructions using flow cytometry.

The intracellular ROS 

We assessed ROS levels in the MLE-12 cells using a ROS 
assay kit, incubating them with 2’7’-dichlorofluorescein 
diacetate (DCFH-DA) for 30 minutes at 37 ℃ in the dark. 
After washing with phosphate-buffered saline (PBS), the 
diclofenac (DCF) fluorescence intensity was measured by 
fluorescence microscopy.

Statistical analysis

For this study, all data were expressed as the mean ± 
standard error of the mean, and the statistical significance 
of differences between different groups was determined 
by one-way analysis of variance (ANOVA). A P<0.05 was 

considered statistically significant.

Results

Identification and screening of differential peptides in AF 
samples

The 25th week of gestation represents the transition from 
the late canalicular to early saccular lung stage (21), which 
is an important transitional stage in lung development. 
We used mass spectrometry to analyze the polypeptide 
composition of AF at different stages of lung development. 
A total of 905 peptides were quantified by LC-MS/MS 
analysis, including 131 differentially expressed peptides (85 
up-regulated and 46 down-regulated) (FC ≥1.2 or ≤1/1.2, 
P<0.05) in the ≥25 weeks’ gestation group compared to the 
<25 weeks’ gestation group (Figure 1A). Volcano mapping 
(Figure 1B) and hierarchical clustering (Figure 1C) show 
these differentially expressed peptides between the two 
groups. The sequence and detailed information about the 
differentially expressed peptides are shown in Table S1. 

Characteristics of the differentially expressed peptides

Understanding the basic characteristics and physicochemical 
properties of peptides will help us to carry out subsequent 
functional verification. Peptides are small molecular 
compounds made of amino acids linked to each other. The 
differentially expressed peptides ranged in length from 8 
to 25 amino acids (Figure 2A), and the molecular weights 
ranged from approximately 800 to 3,200 (Figure 2B). The 
isoelectric points (Figure 2C) of most peptides are acidic, 
indicating that the number of acidic amino acids is higher 
than that of basic amino acids. In addition, since peptides 
are cleaved from precursor proteins by different enzymes at 
different sites, we analyzed the cleaved sites of differentially 
expressed peptides (Figure 2D,2E). The results showed that 
the dominant amino acid sites of the up-regulated peptides 
were Proline (P), Lysine (K), Glycine (G), and Serine (S), 
and the dominant amino acid sites of the down-regulated 
peptides were Proline (P), Aspartic acid (D), Glutamic acid 
(E) and Serine (S). Because different proteins may have the 
same conserved sequences, some peptides may come from 
multiple precursor proteins. Similarly, the same protein 
can be cleaved by different enzymes or at different sites to 
produce different peptides. In our study, up to 15+ peptides 
were derived from the precursor proteins SPP1, COL5A2, 
and SPRR3, and up to 9+ peptides were derived from 

https://cdn.amegroups.cn/static/public/TP-22-681-Supplementary.pdf
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COL1A1, APOA1, and ANXA1 (Figure 2F).

GO function and KEGG pathway analysis of the 
differently expressed peptides

To investigate the potential biological functions of 
differentially expressed peptides in AF during different 
stages of pregnancy, GO and KEGG pathways analyses 
were performed using the GO website (http://geneontology.
org/) and the KOBAS v.3.0. 

GO analysis revealed that the precursor proteins of these 
differential peptides are mainly located outside the cell, with 
the top three most significantly enriched being extracellular 
vesicles, extracellular membrane-bound organelles, and 
extracellular organelles (Figure 3A). The molecular function 
of these proteins is mainly involved in the extracellular 
matrix structural constituent, growth factor binding, and 
structural molecule activity (Figure 3B). The main biological 
processes they are involved in include regulation of the 
developmental process, anatomical structure development, 
and peptide cross-linking (Figure 3C). The KEGG pathway 
enrichment analysis indicated that the potential function 

of these differentially expressed peptides was related to 
the human papillomavirus infection, platelet activation, 
cholesterol metabolism, PPAR signaling pathway, 
complement and coagulation cascades, protein digestion 
and absorption, amoebiasis, and the AGE-RAGE signaling 
pathway in diabetic complications (Figure 3D).

GPPGEPGPPG improved hyperoxia-induced apoptosis and 
attenuated hyperoxia-induced impairment of cell viability 
in MLE-12 cells

In the cell function assay, we divided MLE-12 cells 
into three groups: control, hyperoxia, and hyperoxia 
+ GPPGEPGPPG, and explored the mechanism of 
GPPGEPGPPG in MLE-12 cells based on EdU staining, 
JC-1 staining, ROS assay, and flow cytometry. The EdU 
staining results (Figure 4A,4B) showed that the number 
of MLE-12 cells was significantly reduced after hyperoxia 
treatment compared to the control group, while the 
peptide GPPGEPGPPG reversed this phenomenon and 
promoted the proliferation of MLE-12 cells. The JC-1 
kit also examined the changes in MMP /ΔΨm between 
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the different groups, showing that the red fluorescence 
was weaker and the green fluorescence was stronger in the 
hyperoxia group, indicating that MMP/ΔΨm was reduced 
at an early stage of apoptosis (Figure 4C,4D). However, 
the green fluorescence was weaker in the hyperoxia + 
GPPGEPGPPG group than in the hyperoxia group, 
indicating that GPPGEPGPPG interfered with the effect 
of hyperoxia on apoptosis in MLE-12 cells. Flow cytometry 
revealed that GPPGEPGPPG reversed the impairment 
of MLE-12 cell viability by hyperoxia (Figure 4E,4F). 
In addition, based on the results of the ROS assays, we 
observed a higher accumulation of ROS in MLE-12 cells in 
the hyperoxia group (Figure 4G,4H).

Discussion

Human embryonic lung development is divided into five 

stages: embryonic, pseudoglandular, canalicular, saccular, 
and alveolar. Complete and normal lung development 
generates abundant alveoli and a rich network of capillaries, 
which constitute the blood and air exchange barrier and 
maintain the normal physiological activities of the body (22). 
Preterm birth interrupts normal lung development and 
often requires mechanical ventilation or oxygen therapy due 
to a lack of alveolar surfactant. Although preterm children 
have an increased survival rate due to the advances in these 
treatments, the treatments themselves can lead to BPD 
and even increased susceptibility to asthma and chronic 
obstructive pulmonary disease in adulthood (23). 

The importance of the uterus as a place for fetal growth 
and development is undeniable. In addition to the placenta 
as a source of nutrients for the fetus, the role of AF as a fluid 
environment surrounding the fetus is also irreplaceable. 
AF is not just a filtrate of maternal plasma but a separate 
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Figure 3 GO and KEGG pathway enrichment analysis of precursor proteins. (A) Cellular component. (B) Molecular function. (C) 
Biological process. (D) KEGG pathway enrichment analysis. KEGG, Kyoto Encyclopedia of Genes and Genomes; PPAR, peroxisome 
proliferator-activated receptor; GO, Gene Ontology. 
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fluid environment (24) that includes fetal urine and alveolar 
fluid, as well as a variety of metabolites (25). Bolton et al. 
carried out a proteomic analysis of AF at 16–18 weeks of 
gestational age and identified that proteins were involved in 
organ development (23). Extensive experimental research 
has confirmed that protein-derived peptides possess a range 
of biological activities, such as promoting cell proliferation 
and differentiation (25). Peptidomics allows us to study the 
composition of AF peptides, determine their sequences, 
and further understand their potential biological functions 
through bioinformatics analysis (26). Unlike other studies, 
the innovative aspect of our research is the identification 
of peptides in AF to investigate their relationship with 
lung development so as to assist in the postnatal lung 
development of preterm infants and provide a new 
therapeutic tool for the prevention and treatment of BPD. 

In this study, the analysis of the endogenous peptidome 
of AF samples from different gestational periods, using  
25 weeks of gestation as the cut-off, resulted in the screening 
of 131 differential peptides (85 up-regulated and 46 down-

regulated) in a ≥25 weeks’ gestation group compared to 
a <25 weeks’ gestation group. These differential peptides 
reflect changes in the synthesis, processing, and degradation 
of proteins in the AF during different stages of pregnancy, 
indirectly reflecting the physiological or pathological 
condition of the mother and fetus. Bioinformatics analysis 
of the precursor proteins of the differential peptides in 
this study showed that these proteins are involved in 
the regulation of the developmental process, anatomical 
structure development, and other biological processes. We 
specifically investigated the peptide COL5A2 that contained 
the GPPGEPGPPG sequence and explored the functional 
mechanism of GPPGEPGPPG in MLE-12 cells by in vitro 
assays.

In the cell function experiments, we first assessed the 
differences in the proliferation of MLE-12 cells treated 
by different methods based on EdU staining. It was clear 
that the number of MLE-12 cells decreased after hyperoxia 
treatment compared to the control group, indicating that 
hyperoxia inhibited the proliferation of MLE-12 cells. 
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Figure 4 Effects of hyperoxia and GPPGEPGPPG on apoptosis and cell viability in MLE-12 cells. (A) EdU staining is used to detect the effect 
of GPPGEPGPPG and hyperoxia on the proliferation of MLE-12 cells (magnification, 40×). (B) Integral optical density of EdU staining. (C) 
JC-1 staining detects MMP/ΔΨm: the hyperoxia + GPPGEPGPPG group shows the weakest red fluorescence intensity and the strongest green 
fluorescence (magnification, 40×). (D) Aggregate/monomer fluorescence ratio of JC-1 staining. (E) Flow cytometry using FSC and SSC to 
detect MLE-12 cell viability in the three groups. (F) Apoptotic cells ratio of flow cytometry. (G) ROS levels are detected by the ROS assay kit; 
fluorescence signals are captured by fluorescence microscopy (magnification, 20×). (H) Integral optical density of ROS staining. *, P<0.05. Ox, 
hyperoxia; DAPI, 4',6-diamidino-2-phenylindole; EdU, 5-Ethynyl-2'-deoxyuridine; FITC, fluorescein isothiocyanate; ROS, reactive oxygen 
species; MLE-12, mouse lung epithelial; MMP, mitochondrial membrane potential; FSC, forward scatter; SSC, side scatter. 
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Conversely, the peptide GPPGEPGPPG reversed this 
phenomenon and promoted the proliferation of MLE-12 
cells. The JC-1 kit also examined changes in MMP/ΔΨm 
and assessed the effect of the GPPGEPGPPG peptide and 
hyperoxia on apoptosis in MLE-12 cells. It was evident that 
the red fluorescence was weaker in the hyperoxia group, 
while the green fluorescence was stronger, indicating that 
MMP/ΔΨm was decreased in early apoptosis. However, 
the green fluorescence was weaker in the hyperoxia + 
GPPGEPGPPG group compared to the hyperoxia group. 
These findings indicated that GPPGEPGPPG interfered 
with the effect of hyperoxia on apoptosis in MLE-12 cells. 
Furthermore, we observed that GPPGEPGPPG attenuated 
the hyperoxia-induced impairment of MLE-12 cell viability. 
In addition, GPPGEPGPPG and hyperoxia were associated 
with the accumulation of ROS in MLE-12 cells. There is no 
report that the peptide COL5A2 can be applied in clinical. 
The above results suggest that the peptide COL5A2 
contained the GPPGEPGPPG sequence is involved in 
BPD-related cell genesis and development, and it could be 
a potential target for the clinical treatment of BPD.

Conclusions

In conclusion, we have revealed that the composition of 
AF varies between gestational periods from a peptidomic 
perspective, and these differential peptides are expected 
to provide new therapeutic tools for the prevention and 
treatment of BPD. In vitro investigations exploring the lung 
development of preterm infants may improve the survival of 
preterm infants and reduce long-term complications. 
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Table S1 Differentially expressed peptides in the amniotic fluid

Sequence Entry name Start position End position Log FC P value

DGAKGDAGPAGPKGEPGSPGENGAP COL1A1 274 298 7.3801 0.0250 

MCLQEEFQCLNHRCVSAVQRCDGVD LRP10 139 163 7.3753 0.0000 

GPPGEPGPPG COL5A2 1212 1221 6.6793 0.0081 

EPPQSPWDRVKD APOA1 26 37 6.5004 0.0000 

MYHRYWEEYSKGADYMDCLYRYLNT CUL2 86 110 6.2338 0.0092 

FHCLEYFKSFNFNTLLGEEWKQPES C4orf33 165 189 6.0869 0.0031 

RSSASAAPSQAEPACPPRQACGGGG ORAI3 212 236 5.9765 0.0178 

EGSALGKQL APOA1 58 66 5.8323 0.0001 

SPGSAPGSTPGSAPGSAPGSAPGS TMEM271 166 189 5.7544 0.0072 

IEQKSNEEGSEEKGPEVREY SFN 65 84 5.7215 0.0000 

TGETVTGSGTQTQAGATQT CRNN 223 241 5.7089 0.0000 

NDEDPVVVTK JUP 152 161 5.6968 0.0000 

IENEEQEYVQTVK ANXA1 14 26 5.6352 0.0000 

GESDLDDLEDDGGEDAQSFQQEVIP SCN10A 1002 1026 5.6274 0.0000 

ISHELDSASSEVN SPP1 302 314 5.5951 0.0015 

AAEVQGAGNENEPREADKSHPEQRE SLC9A3R1 125 149 5.5799 0.0120 

ENDPVLGPDGKTHGNK SPINK5 178 193 5.2090 0.0090 

GPPGEPGPP COL5A2 1212 1220 4.9676 0.0122 

SNEEGSEEKGPEVREY SFN 69 84 4.9368 0.0000 

TPPPQLQQQQVK SPRR3 11 22 4.8344 0.0060 

ATVQQLEGRW FABP5 2 11 4.8231 0.0002 

STRSPYLFSCGEDKQVKCWDLEYNK PLRG1 255 279 4.7794 0.0000 

KSMSCYVLSNVLDYNTEIVSQDQVD VPS35 434 458 4.7180 0.0206 

HLEHPEQQDGQLK IVL 509 521 4.6164 0.0020 

QPPPQEIFVPTTK SPRR3 26 38 4.4513 0.0036 

SVGEAGPEGPPGEPGPPGP COL5A2 1204 1222 4.2287 0.0200 

GPPDVPDH ITIH4 674 681 4.2117 0.0142 

WDDIEFELLTWDEEGDFGDPWSRIP MAGED1 707 731 4.1511 0.0176 

VPPPPMEPDHP PGAM4 121 131 4.0564 0.0016 

EGPEVDVNLPK AHNAK 765 775 4.0458 0.0002 

TATTSLASPFVTTACHTLCPDHPPS ANKRD33 310 334 3.7785 0.0096 

GPSTPGVLSNC ATG9B 749 759 3.7475 0.0371 

NLEKETEGL APOA1 98 106 3.7456 0.0009 

FVELGTQPATQ APOA2 90 100 3.6645 0.0014 

GASRQCLSTVECYNATTNEWTYIAE KLHL2 457 481 3.5280 0.0173 

STHCQDINECAMPGVCRHGDCLNNP LTBP3 350 374 3.5259 0.0121 

NEEQEYVQTVK ANXA1 16 26 3.5208 0.0047 

STVTPGPAQQ SPRR3 155 164 3.5105 0.0308 

DSELGERPPEDNQSFQYDHEAFLGK RCN1 42 66 3.4879 0.0061 

TPPPQLQQQQV SPRR3 11 21 3.4780 0.0070 

HIWTWKRDERYFFQGNQYWRYDSDK MMP21 399 423 3.4627 0.0451 

HQTGETVTGSGTQTQAGATQT CRNN 221 241 3.4308 0.0001 

GPPGEPGPPGPPGPP COL5A2 1212 1226 3.3846 0.0291 

IGDSWEKYVHGVRYQCYCYGRGIGE FN1 572 596 3.3161 0.0000 

FIENEEQEYVQTVK ANXA1 13 26 3.3017 0.0034 

SPPPPPPPG MICAL3 1458 1466 3.2933 0.0324 

ELQEKLSPLGEEM APOA1 160 172 3.2232 0.0002 

DVPPPPMEPDHP PGAM4 120 131 3.2022 0.0012 

QRHEEPKTITDEFEQGTYIYFDYEK CNOT3 707 731 3.1374 0.0020 

GPPDVPDHA ITIH4 674 682 3.0776 0.0143 

PEPAKSAPAP H2BC9 2 11 3.0583 0.0070 

SPPPPPPP FHDC1 57 64 3.0177 0.0243 

QPPPQEIFVPTT SPRR3 26 37 2.9379 0.0055 

SSGNAKIGHPAPNF PRDX1 2 15 2.9278 0.0239 

DQSRVLNLGPIT UMOD 594 605 2.9148 0.0466 

LPPFPDHV MFAP2 26 33 2.9012 0.0140 

IFSSDLYDHWVSVMDQGNDEEKINT ARHGAP20 445 469 2.8955 0.0188 

EDENFILK PPIA 84 91 2.8858 0.0303 

PSPDWTSSSRENQHPNLLGGAGEPP PRR15 48 72 2.8171 0.0420 

TEVAQELTEL RNF135 132 141 2.8121 0.0125 

PEEEEFHEVEEYFEEGEFHEVEEFI TTN 11305 11329 2.7670 0.0051 

VGDEDFVHL CSTB 59 67 2.7054 0.0211 

PPPQEIFVPTTK SPRR3 27 38 2.5783 0.0085 

EEHPVLLTEAPLNPK ACTG1 99 113 2.5046 0.0001 

DDPIEKVIEG SBSN 26 35 2.4573 0.0060 

ASGVAVSDGVIK CFL1 2 13 2.4143 0.0022 

GSGTQTQAGATQTVEQDSSHQTG CRNN 229 251 2.2824 0.0098 

DESLQVAERLT CLU 328 338 2.2376 0.0010 

YFSYEHFYVIYCKFWELDTDHDLYI PPP2R3A 894 918 2.1812 0.0380 

DPPPPPLP LFNG 27 34 2.1589 0.0400 

GPPGPTGPGG COL3A1 618 627 2.1496 0.0145 

GPPGEPGPPGP COL5A2 1212 1222 2.0952 0.0247 

PPPPPPPPPPPP RAPH1 629 640 2.0206 0.0473 

PAPPPPPPPP FHDC1 32 41 1.9542 0.0380 

SQQHTLPVTL IVL 2 11 1.8637 0.0404 

RLTEVDVYDEEEININLREESDWHY GREB1 1368 1392 1.7204 0.0376 

KDCGKGFMWNSDLSQHQRVHTGDKP ZNF662 335 359 1.7146 0.0185 

QYDRDKYWNRFRDDDYFRNWNPNKP SPOCK1 50 74 1.6003 0.0275 

SHELDSASSEVN SPP1 303 314 1.5127 0.0003 

GPEGPPGEPGPPGPP COL5A2 1209 1223 1.4887 0.0387 

ENEEQEYVQTVK ANXA1 15 26 1.3979 0.0330 

SKSESPKEPEQL HNRNPA1 2 13 0.8636 0.0443 

KADDLITSRQQYSSDHSHSSPHGSH INO80D 805 829 0.8593 0.0440 

PDDMGSEPKRTLPFRKGPNFTMEKF ZFHX4 1465 1489 0.7736 0.0138 

AAPPSPAWSEPEPEAGLEPEREPGP KLF13 115 139 −0.6074 0.0326 

LGDNSEDADEIIQCDNCGITVHEGC PHF14 326 350 −0.6101 0.0132 

PSTPPNSPMQTP TRAK1 779 790 −0.8260 0.0398 

MLKFLAKGEVPKGSCEDEPMDSTMD ATE1 97 121 −1.0029 0.0461 

DDEDEDVEGDEDDDEVSEEEEEFGL ANP32B 194 218 −1.0114 0.0064 

WDRERYWRECERDYQDDTLELYNRE YLPM1 1221 1245 −1.0627 0.0004 

MRCPEDEYAGYGYHSYHQGYQDGYQ CCDC80 911 935 −1.1012 0.0165 

NCDMDCSLFESCHETSECLELAMEI MDFIC2 159 183 −1.3034 0.0446 

CHGTQCGFCTPGMVMSIYTLLRNHP AOX1 109 133 −1.3522 0.0478 

HLWPDGSLGDWKSFSCHCYWGWAGP HYAL3 380 404 −1.3770 0.0068 

SVASQGFPSTCGHYAMSTVSNAAYP SEC24B 170 194 −1.3858 0.0393 

DGEAGAQGPPGP COL1A1 613 624 −1.3893 0.0195 

FYYDYNFINFHEDLSYGPSEEPDLD ADAMTS7 1063 1087 −1.4111 0.0375 

EDEEMKTDSDD CHD1 244 254 −1.5439 0.0271 

LSHEEEDEEEEEEEEEEEEDEEEEE MYT1 255 279 −1.6184 0.0490 

DFRYCEYTEWDLQFKNYQQLFDYMN MAN2A1 426 450 −1.6625 0.0454 

TLNEDEEWKCDQDMDEDDGRDAAPP AXIN1 240 264 −1.8047 0.0416 

QYSYRCDYYNDCGDGSDEAGCLFRD LRP2 2755 2779 −1.9507 0.0116 

TSENDDQLLFCDDCDRGYHMYCLNP DPF3 324 348 −1.9799 0.0209 

TSSVPQETRTQHLYQSNENSSSSSI SETD5 796 820 −1.9832 0.0076 

TSGCGSAGGCGSVSCCGNANFSGSV CAAP1 40 64 −2.1196 0.0299 

SVQGQTSEMIPSDEEEEDDEEEEEE TUT7 833 857 −2.1212 0.0153 

SDCPSGAWGKHNCDHEEDVGLTCTG SSC5D 849 873 −2.1763 0.0497 

WHRSNHSNADNEFYFRYPSFQDVHA RHBG 45 69 −2.3336 0.0360 

CTTCGQHYHGMCLDIAVTPLKRAGW KMT2C 359 383 −2.4920 0.0096 

PEDPLVAEEYYADAFDSYCEESDEE NEK11 469 493 −2.6608 0.0084 

FYCKEIEEDYYSLAPGDTYYIPPHG DNAH3 3754 3778 −2.6821 0.0460 

IQEEGGEEEEEEEEEEEEEEEEEEE DCAF8L2 120 144 −2.7199 0.0275 

DGLQRHSDEEEEDDEEEEEEEEEEE ZBTB47 270 294 −2.9176 0.0359 

SGLSSTGSEVHQEDICSNSSRDSPP PROX1 114 138 −2.9762 0.0454 

ELERPGGNE FGA 260 268 −3.3192 0.0447 

DDELAEYDLDKYDEEGDPDAETLGE PWP1 89 113 −3.4865 0.0034 

SIDSNDSDDVDDTDDSHQS SPP1 102 120 −3.5241 0.0111 

RALDSSPEANTEDDKTEEDVPMPKN TMEM233 12 36 −3.7684 0.0186 

PGGLEPKGE IGFBP4 238 246 −3.8087 0.0423 

MYFYLQLGGAECCLLAAMAYDRYVA OR2T10 101 125 −4.2523 0.0222 

LGEGPGDTAEEEQLFLSVHDAVQTA SLC26A1 663 687 −4.3135 0.0000 

DAEDGHGPGEQQ CFB 246 257 −4.3865 0.0246 

IDSNDSDDVDDTDDSHQS SPP1 103 120 −4.5528 0.0044 

AGEPGRDGVPGGPGMRGMPGSPGGP COL3A1 521 545 −5.1403 0.0234 

PTSPNYTPTSPSYSPTSPSYSPTSP POLR2A 1750 1774 −5.4640 0.0087 

NDSDDVDDTDDSHQS SPP1 106 120 −5.5633 0.0075 

SNDSDDVDDTDDSHQS SPP1 105 120 −5.5729 0.0051 

DDVDDTDDSHQS SPP1 109 120 −6.1833 0.0033 

PGDLGAPGPSGA COL1A1 664 675 −7.5101 0.0237 

DGQPGAKGEPGDAGAK COL1A1 820 835 −7.6401 0.0114 

FC, fold change.
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