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Abstract
● AIM: To analyze the retinal proteomes with and without 
conbercept treatments in mice with oxygen-induced 
retinopathy (OIR) and identify proteins involved in the 
molecular mechanisms mediated by conbercept.
● METHODS: OIR was induced in fifty-six C57BL/6J 
mouse pups and randomly divided into four groups. Group 1: 
Normal17 (n=7), mice without OIR and treated with normal 
air. Group 2: OIR12/EXP1 (n=14), mice received 75% oxygen 
from postnatal day (P) 7 to 12. Group 3: OIR17/Control (n=14), 
mice received 75% oxygen from P7 to P12 and then normal 
air to P17. Group 4: Lang17/EXP2 (n=21), mice received 
75% oxygen from P7 to P12 with intravitreal injection of 1 µL 
conbercept at the concentration of 10 mg/mL at P12, and 
then normal air from P12 to P17. Liquid Chromatography-
Mass Spectrometry (LC-MS)/MS data were reviewed to 
find proteins that were up-regulated after the conbercept 
treatment. Gene ontology (GO) analysis was performed 
of conbercept-mediated changes in proteins involved in 
single-organism processes, biological regulation, cellular 
processes, immune responses, metabolic processes, 
locomotion and multiple-organism processes. 
● RESULTS: Conbercept induced a reversal of hypoxia-
inducible factor 1 signaling pathway as revealed by the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis 
and also induced down-regulation of proteins involved in 
blood coagulation and fibrin clot formation as demonstrated 
by the Database for Annotation, Visualization and Integrated 

Discovery (DAVID) and the stimulation of interferon genes 
studies. These appear to be risk factors of retinal fibrosis. 
Additional conbercept-specific fibrosis risk factors were also 
identified and may serve as therapeutic targets for fibrosis.
● CONCLUSION: Our studies reveal that many novel 
proteins are differentially regulated by conbercept. The new 
insights may warrant a valuable resource for conbercept 
treatment.
● KEYWORDS: anti-vascular endothelial growth factor; 
conbercept; retinopathy; fibrosis; proteomic analysis
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INTRODUCTION

P athological retinal neovascularization, an abnormal 
blood vessel growth in the retina, occurs where there 

is retinal ischemia. It is one of the most common causes 
of vision loss[1]. Some studies have revealed that many 
angiogenic factors are involved during the development of 
retinal neovascularization[2-4], of which vascular endothelial 
growth factor (VEGF) is mostly thought to be the key 
mediator of neovascularization[5]. Michaelson[6] firstly 
suggested the presence of an angiogenic factor responsible for 
neovascularization in retinopathy. VEGF plays an vital role 
in the regulation of angiogenesis by stimulating proliferation 
and vascular endothelial cell migration[7], enhances vascular 
permeability, and drives the formation of choroidal 
neovascularization[8-9]. Patients with increased levels of VEGF 
in ocular fluids and active neovascular ocular disease were 
also reported[5]. The rental injury may also disturb homeostatic 
balance, showing in elevated cell proliferation, cellular shape 
change, VEGF production, and promote retinal fibrosis which 
ultimately leads to blindness[10].
Using the anti-VEGF agents for treating ocular disorders 
has been introduced for over 10y[11]. It is known that anti-
VEGF drug is effective in many diseases, such as diabetic 
retinopathy[12] and neovascular age-related macular 
degeneration (AMD)[9,13]. Blocking VEGF functions using 
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local intravitreal injections of VEGF receptor antibodies, 
VEGF neutralizing antibodies, or VEGF receptor chimeric 
proteins has been reported with clinical success in eye 
neovascularization[14]. Anti-VEGF antibodies, such as 
ranibizumab or bevacizumab, are mainly used as the first-
line treatment for neovascular AMD[15]. They have been 
developed to antagonize the function of VEGF, decreasing 
the plasma leakage through incompetent neovasculature and 
result in a temporary improvement in vision[16]. However, in 
some diseases such as retinal branch vein occlusion, diabetic 
retinopathy, repeated administration over time may cause a 
reduction in bio-efficiency. The repeated intravitreal injection 
of anti-VEGF drugs in the treatment of ocular disorders 
may induce intraocular pressure fluctuations and long-term 
suppression of neurotrophic cytokines[17]. Some patients have 
experienced a gradual efficacy loss of these anti-VEGF drugs 
after repeated administration over time with the reported 
tolerance rate at 2%-10%[18-19].
Conbercept (KH902) is among the most recent anti-VEGF 
drugs approved for treating neovascular AMD by the 
China Food and Drug Administration in December 2013. 
It appears to have higher binding affinity, longer clearance 
time, and lower VEGF dissociation rate than other anti-
VEGF drugs[20]. Conbercept acts as a soluble receptor decoy 
that blocks all isoforms of VEGF-A, VEGF-B, VEGF-C, 
and placental growth factor (PIGF) and also has a long half-
life in vitreous[20]. Preclinical studies have demonstrated that 
conbercept has anti-angiogenesis activity not only in ocular 
neovascular disease models but also in tumor models[9]. Zhang 
et al[17] had reported that repeated intravitreal injections of 
conbercept were well tolerated in AMD patients; however, 
more studies were required to confirm its long-term efficacy 
and safety.
Proteome analyses of various retina diseases, such as AMD, 
diabetic retinopathy and retinal degeneration using rat[21] or 
human[22] samples have been reported. Besides, a proteomics 
study on the rabbit retinal receiving high frequency intravitreal 
injection of conbercept had also suggested that there was no 
significant difference in inflammation or apoptosis associated 
proteins[23]. The retinal proteome analysis in mouse model of 
oxygen-induced retinopathy (OIR) has been conducted[24-25]; 
however, the effect of conbercept on retinal proteomic changes 
in OIR mice has not yet been reported. In addition, previous 
studies have suggested that anti-VEGF treatment may result 
in the up-regulation of hypoxia-inducible factors-1 (HIF-1) 
protein[26]. The effect of conbercept on the regulation of HIF-1 
protein in OIR model had also been studied. 
In this study, we aimed to explore the effects of conbercept on 
the molecular mechanism in retinal neovascularization using 
mice with OIR. Additionally, we assessed the conbercept-

induced changes in retinal protein expression to identify the 
underlying molecular mechanisms of conbercept in OIR.
MATERIALS AND METHODS
Ethical Approval  All animal experiments were performed 
under the Guidelines for the Care and Use of Laboratory 
Animals of the Chinese Medical Academy and were performed 
in accordance with the Association for Research in Vision and 
Ophthalmology (ARVO) Statement for the Use of Animals 
in Ophthalmic and Vision Research, Soochow University, 
Suzhou, China, and were approved by the Animal Care 
Committee (Suzhou, China).
Establishment of a Mouse Model with OIR  C57B6 mice 
were obtained from Shanghai SLAC Laboratory Animal Co. 
Ltd. (Shanghai, China) and fed with a standard laboratory diet 
and water in a specific pathogen-free condition with a 12-hour 
light-dark cycle.
OIR was induced in fifty-six C57BL/6J mouse pups as 
previously described[27]. Mice were randomly divided into 
four groups. The experimental protocol was presented 
in Figure 1A. Group 1: Normal17 (n=7), mice without OIR 
and treated with normal air. Group 2: OIR12/EXP1 (n=14), 
mice received 75% oxygen from postnatal day (P) 7 to 12. 
Group 3: OIR17/Control (n=14), mice received 75% oxygen 
from P7 to P12 and then normal air to P17. Group 4: Lang17/
EXP2 (n=21), mice received 75% oxygen from P7 to P12 with 
intravitreal injection of 1 µL conbercept at the concentration of 
10 mg/mL at P12, and then normal air from P12 to P17.
Intravitreal Injection  We performed intravitreal injection 
based on the protocol proposed by Chiu et al [28] with 
slight modifications. In brief, mice were anesthetized by 
intravenously injecting 2% phenobarbital sodium solution 
(20 mg/kg). Corneal surface anesthesia was performed by 
applying 0.4% (w/v) oxybuprocaine hydrochloride eye drop 
(Santen Pharmaceutical Co. Ltd, Japan) and a combination 
drop containing 0.5% phenylephrine and 0.5% tropicamide 
(Mydrin-P, Santen, Japan). The needle was inserted to 
the center of the vitreous under direct visualization. One 
microliter of 10 mg/mL conbercept solution was injected into 
the vitreous with HAMILTON needle of the correct eye and 
1 µL of identical vehicle solution was injected into the left 
eye as a control. The needle was inserted behind the limbus 
through the pars plana at an oblique angle to avoid damaging 
the crystallized lens. To forestall the injected solution from 
escaping the attention once the needle was withdrawn, the 
needle tip was command within the eye for 30s once the injection.
Retina Isolation and Isolectin Staining of Retinal 
Vasculature  To visualize retinal vasculature in fixed tissue, 
vessel staining and mouse retina preparation were performed 
as demonstrated by Tual-Chalot et al[29]. Postnatal mice were 
sacrificed by cervical dislocation and the surrounding tissues 
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and optic nerve were cut and the eyes were lifted up. Eyeballs 
were harvested and immersed in 4% paraformaldehyde (PFA) 
at room temperature. After fixing with PFA for 10-15min, 
uveal tissue, cornea, sclera and lens were removed from 
the retina. The isolated retina was stored in the phosphate 
buffered saline (PBS) and cut partially at four places along 
the rim to allow the tissue to be flattened on the microscope 
slides. Cold (-20℃) methanol was then added onto surface 
of retina to fix the retinas and facilitated permeabilization. 
Then retinas were incubated with the endothelial cell-specific 
marker and isolectin-B4 at 4℃ for overnight, and followed by 
4,6-diamidino-2-phenylindole (DAPI) nucleic acid staining. 
Images were captured by immunofluorescence using a Nikon 
OFN25 microscope (4×).
Protein Purification  The protein samples were from 8 
mice retinas in each group, but Group 1 (Normal17) was not 
included. The retinal tissue was dropping into liquid nitrogen 
and grinding into the fine powder and then transferred to a 
5-mL centrifuge tube. Adding four volumes of lysis buffer 
(8 mol/L urea, 1% protease inhibitor cocktail; Calbiochem, 
Merck, Germany) to the fine tissue powder, followed by 
sonication three times on ice using a high intensity ultrasonic 
processor (Ningbo Scientz Biotechnology Co., Ltd, China). 
The homogenate was then centrifuged at 12 000 g at 4℃ 
for 10min. The retinal protein extract was collected from the 
supernatant. The protein concentration of each retina was 
measured by the bicinchoninic acid (BCA) protein assay kit 
(Beyotime, Jiangsu Province, China).
Trypsin Digestion  The retinal protein extraction was reacted 
with 5 mmol/L dithiothreitol (Sigma-Aldrich, USA) for 30min 
at 56℃ and alkylated with 11 mmol/L iodoacetamide (Sigma-
Aldrich, USA) for 15min at room temperature in darkness. 
The treated protein sample was diluted by adding 100 mmol/L 
triethylammonium bicarbonate (TEAB, Sigma-Aldrich, USA) 
to urea (Sigma-Aldrich, USA) concentration less than 2 mol/L. 
At last, the first and second digestion were using trypsin-to-
protein mass ratio at 1:50 (overnight), 1:100 (4h), respectively. 
(Trypsin, Promega corporation, USA).
TMT Labeling  Trypsin digested peptides were desalted by 
Strata X C18 SPE column (Phenomenex, USA) and vacuum-
dried. Peptide then was reconstituted in 0.5 mol/L TEAB and 
processed according to the tandem mass tag kit (TMT; Thermo 
Fisher Scientific, USA) protocol. One unit of TMT reagent 
was thawed and reconstituted in acetonitrile (Thermo Fisher 
Scientific, USA). The peptide mixtures were incubated for 2h 
at room temperature, and desalted, pooled and dried by the 
vacuum centrifugation.
HPLC Fractionation  The tryptic peptides were then 
separated by high pH reverse-phase HPLC using Agilent 300 
Extend C18 column (5 μm particles, 4.6 mm ID, 250 mm 

length, Agilent Technologies, USA). Peptides were separated 
into 60 fractions with a gradient of 8% to 32% acetonitrile (pH 
9.0) for about 60min. Further, the peptides were separated into 
18 fractions and dried by the vacuum centrifugation.
LC-MS/MS Analysis  The tryptic peptides were dissolved in 
0.1% acid (solvent A, Fluka, Sigma-Aldrich, USA), directly 
loaded onto a home-made reversed-phase analytical column 
(15-cm length, 75-μm inner diameter). The gradient was 
composed of a rise from 6% to 23% solvent B (0.1% formic 
acid in 98% acetonitrile) over 26min, 23% to 35% in 8min 
and climb to 80% in 3min then holding at 80% for 3min, all 
at a continuing rate of 400 nL/min on associate degree 
EASY-nLC 1000 UPLC system. The peptides were subjected 
to the nano-spray-ionization (NSI) supply followed by tandem 
mass spectrum analysis (MS/MS) in Q ExactiveTM Plus 
(Thermo Fisher Scientific, USA) coupled on-line to the UPLC. 
The electrospray voltage applied was a 2.0 kV. The m/z scan 
vary was 350 to 1800 for full scan, and intact peptides were 
detected within the Orbitrap at a resolution of 70 000. Peptides 
were then designated for MS/MS exploitation NCE setting 
as twenty eight and therefore the fragments were detected 
within the Orbitrap at a resolution of 17 500. A data-dependent 
procedure that alternated between one MS scan followed by 
twenty MS/MS scans with 15.0s dynamic exclusion. 
Data Processing and Library Searching  The MS/MS raw 
data were processed using Maxquant search engine (v.1.5.2.8). 
Tandem mass spectra were searched against mice database 
concatenated with reverse decoy database. Trypsin/P was 
specified as the cleavage enzyme allowing up to 2 missing 
cleavages. First search range was set to 5 ppm for precursor 
ions and main search range was set to 5 ppm and 0.02 Da for 
the fragment ions. Carbamidomethyl on Cys was specified 
as the fixed modification and oxidation on Met was specified 
as variable modifications. False discovery rates (FDR) were 
adjusted to <1% and minimum score for peptides was set >40.
Statistical and Bioinformatic Analysis  The proteomics 
analysis was used to analyze the retinal proteomic alterations 
in which bioinformatic tools were applied to study their 
associated biological pathways and functions. Statistical 
significant was set at P<0.05.
Functional Enrichment Analysis  Pathway enrichment analyses 
were widely used to analyze high-throughput data and help link 
individual proteins, which were differentially expressed under 
experimental disease and treatment conditions, in order to 
improve understanding regarding biological pathways[30].
Gene Ontology  The Gene ontology (GO) annotation proteome 
was derived from the UniProt-GOA database (http://www.ebi.
ac.uk/GOA/). We converted identified protein ID to UniProt 
ID and mapped to GO IDs. The unidentified proteins were 
use the InterProScan soft to annotate protein’s GO functional 
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based on aligning the protein sequence. Furthermore, GO 
annotated proteins were classified in three categories: cellular 
component, biological process and molecular function. 
KEGG Pathway Analysis  KEGG automatic annotation 
server (KAAS) was used to annotate the protein’s KEGG 
database description and mapped the annotation result on the 
KEGG pathway database. The KEGG database identified 
enriched pathways by a two-tailed Fisher’s exact test to test 
the enrichment of the differentially expressed protein against 
all identified proteins. Standard false discovery rate control 
methods were use to correct multiple hypothesis testing. 
DAVID Analysis  As a comprehensive set of functional 
annotation tools, the Database for Annotation, Visualization 
and Integrated Discovery (DAVID; https://david.ncifcrf.
gov/) had been used for systematic and integrative analysis 
to characterize the function of the identified proteins in the 
quantitative proteomics analysis. Also, DAVID was applied to 
the functional enrichment studies in GO analyses and KEGG 
pathway, following the protocol in 2009[31].
Protein-Protein Interaction Network  The protein-protein 
interaction (PPI) analysis used to explore the molecular 
mechanisms. In this study, we applied Search Tool for the 
Retrieval of Interacting Genes (STRING; http://string-db.org/) 
database to construct PPI network, and the protein interaction 
was applied to the protein interaction and GO analyses, 
following the protocol in 2015[32].
RESULTS
Effects of Conbercept on Retinal Neovascularization in 
OIR Mice  Mice treated with conbercept were presented 
in Figure 1A. Neonatal mice were placed under hyperoxic 
conditions (75% O2) for 5d to produce retinal vaso-
obliteration. Next, the mice were returned to normoxia (room 
air) to induce ischemic retinal neovascularization and treated 
with conbercept for 5d. The Isolectin b4 binds to the sugar 
residues of the glycocalyx in the retina blood vessels. Mice 
with retinas treated room air (Normal17) had fewer small 
vessels compared to the retina vessels treated high oxygen 
(OIR12/EXP1). The oxygen damaged retina had loss the main 
vessel and center vessel node in non-treated OIR mice (OIR17/
Control) compared to conbercept treated mice (Lang17/EXP2; 
Figure 1B). The reduction difference of the avascular area and 
the extent of neovascularization were evaluated by relating the 
area covered by avascular area to the total retinal area (Figure 
1C) and by observing clusters and tufts of blood vessels. 
Branching point analysis of TRITC-lectin-stained retinae from 
Normal17, OIR12/EXP1, OIR17/Control, and Lang17/EXP2 
mice showed a prematurely dense vessel network in OIR17/
Control and Lang17/EXP2 in comparison to Normal17 mice, 
whereas the vessel density was reduced in OIR12/EXP1 mice 
(Figure 2).

Disease and Repair Progression-associated Changes in 
Protein Expression on Retinas in OIR Mice  LC-MS/MS 
analysis were performed to analyze the protein expression 
profiles of retina proteins in disease progression and repair in 
OIR mice with conbercept treatment. Three groups included 
OIR 12 (EXP1), OIR 17 (Control) and Lang17 (EXP2) were 
exanimated and used to evaluate the protein expression 
changes during three periods of disease (disease progression, 
repair-end, repair begin) in this study. The disease progression 
was investigated in the retina protein expression changes in 5d 
after oxygen treatment by comparing the protein expression 
of OIR 12 (EXP1) with OIR 17 (Control) group. Repair 
end were studied in the retina protein expression change in 
5d after treatment by comparing the protein expression of 
Lang17 (EXP2) with OIR 17 (Control) group. Furthermore, by 
comparing the protein expression of OIR12 (EXP1) to Lang17 
(EXP2) group, the protein changes induced by conbercept 
treatment (repair begin) were identified.

Figure 1 Effects of conbercept on retinal neovascularization at 
postnatal 17 in OIR mice  A: Scheme of the OIR model and experimental 
designs. Group 1 (Normal17; n=7): mice were treated with normal air; 
Group 2 (OIR12/EXP1; n=14), mice received 75% oxygen from P7 to 
P12; group 3 (OIR17/Control; n=14), mice received 75% oxygen from 
P7 to P12 and then normal air to P17; and group 4 (Lang17/EXP2; n=21), 
mice received 75% oxygen from P7 to P12 with conbercept injection 
at P12, and then normal air from P12 to P17. B: The flat mounted 
retinas stained with Isolectin b4. C: The avascular area is given in % 
of the total retinal area. Results show means±SD; n=6/group; aP<0.05.
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In the disease progression period, the expression ratio of 
320 proteins were more than 1.3 and those of 365 protein 
expressions were down regulated (P<0.05). In the repair 
end period, 73 proteins were up-regulated, and 63 protein 
expressions were down-regulated (P<0.05). We found there 
was up-regulation of 362 proteins in the repair begin, and 
down-regulation of 299 proteins in the repair begin (Figure 3A, 
P<0.05).

GO Enrichment Analysis of Disease and Repair 
Progression-associated Proteins on Retinas in OIR Mice  
We found that the proteins were changed in disease progression 
were involved in cellular process (15%), single-organism 
process (13%), biological regulation (12%) and metabolic 
process (10%) (Figure 3B). In the repair end, the proteins 
that were changed by conbercept treatment were involved 
in cellular process (14%), single-organism process (12%), 

Figure 3 The GO analyses were performed to identify up- and down-regulated protein expression and associated functions in retinas 
during three periods: disease progression, repair end and repair begin  A: Three periods were indicated at X-axis and numbers of protein 
were denoted at Y-axis. The up- and down-regulated protein were denoted in red and green, respectively. GO analysis classified the proteins into 
3 groups (molecular function, biological process and cellular component). B: Disease period [OIR12 (EXP1)/Control]. C: Disease repair end 
[Lang17(EXP2)/Control]. D: Disease repair begin [EXP2 (Lang17)/EXP1 (OIR12)].

Figure 2 Conbercept influences retinal vascularization  A: Fluorescence Isolectin b4 staining of the vascular structure of whole mount retina 
in Normal17, OIR12/EXP1, OIR17/Control and Lang17/EXP2 mice. Scale bar: 500 µm. B: Statistical analysis of the number of branching 
points in the retina of Normal17, OIR12/EXP1, OIR17/Control, and Lang17/EXP2 mice. Mean±SD, n=6, aP<0.05. 
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multiple-organism process (10%) and biological regulation 
(10%) (Figure 3C). The conbercept treatment induced proteins 
changed in the repair begin period were involved in cellular 
process (15%), single-organism process (13%), biological 
regulation (12%) and metabolic process (10%) (Figure 3D). 
Although the main biological processes were practically the 
same among these three periods, the immune system (2%), 
locomotion (2%) and multiple-organism process (2%) were 
only presented in the repair end period. This result suggested 
that the different protein components were participated in the 
repair end compared with other two periods.
KEGG Signaling Pathways Analysis of Disease and Repair 
Progression-associated Proteins on Retinas in OIR Mice  
The numbers of up- and down-regulated proteins and their 
associated significantly enriched pathways during the disease 
and repair progression periods were presented at Figure 4A 
(up-regulation group) and 4B (down-regulation group). During 
both repair (begin and end), proteins associated in HIF-1, focal 
adhesion, photo-transduction, and complement and coagulation 
cascades pathways were up-regulated. However, proteins 
associated with these pathways during disease period were up-
regulated in the OIR17 treatment group. The results showed 
that conbercept increased the regulation of proteins involved 
in HIF-1, focal adhesion, photo-transduction, and complement 
and coagulation cascades pathways yet inhibited proteins 
related to the cell cycle and DNA repair in the OIR17 treated 
groups. In addition, proteins involved in the extracellular 
matrix (ECM)-receptor interactions pathway were up-regulated 
in the repair begin period but down-regulated in the repair end. 
It was suggested that conbercept may initiated retinal fibrosis 
in OIR mice.
Up- and Down-regulated Proteins Induced by Conbercept 
after Oxygen-induced Retinopathy  The numbers of proteins 
changed their expression in the disease and repair regression 
with expression ratio of disease progression, repair begin 

and repair end periods more than 1.3 (P<0.05) were present 
in Figure 5A. We then further listed the up- and down-
regulated proteins induced by the conbercept treatment in 
different combination period statuses in the OIR. We evaluated 
various regulation types in non-treated OIR mice (OIR17/
Control) compared to conbercept treated mice (Lang17/EXP2) 
and achieved results as follows. Without change of protein 
expression in the disease progression period OIR, the effect 
of conbercept treatment on the proteins change had been 
investigated. In the repair progression, conbercept induced 
down-regulation of thirteen proteins and the up-regulation of 
thirteen proteins medicated by conbercept treatment in the OIR.
Along with the decreasing of protein expression in the disease 
progression period of OIR, effect of conbercept treatment on 
the proteins change had been explored. Two proteins were 
down-regulated in the repair end period and up-regulated 
in the repair begin period, including Zinc finger protein 
428 (Znf428) and N-alpha-acetyltransferase 40 (Naa40). In 
addition, four proteins that were up-regulated in the repair end 
and unchanged in the repair begin include fatty acid-binding 
protein, epidermal (Fabp5), multiple epidermal growth factor-
like domains protein 10 (Megf10), chloride intracellular 
channel protein 6 (Clic6) and protein tweety homolog 1 
(ttyh1). Moreover, the conbercept treatment suppressed 
fourteen proteins in the repair progression.
With an increasing number of protein expression in the disease 
progression period of OIR, effect of conbercept treatment on 
the proteins change had also been studied. Six proteins were 
only down-regulated in the repair end not in the repair begin. 
In the repair begin, twenty proteins were increased and down-
regulated in the repair begin. In addition, the conbercept 
treatment induced seventeen proteins increased expression 
during the disease progression period.
DAVID Analyses of Disease and Repair Progression-
associated Proteins on Retinas in OIR Mice  The potential 

Figure 4 KEGG signaling pathways were analyzed with proteins during three periods including disease, repair end and repair begin 
The protein numbers were as indicated at X-axis and enriched pathways were denoted at Y-axis. A: Up-regulation proteins; B: Down-regulation 
proteins (enrichment score>2 and P<0.05).
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function of different protein expressions and their associated 
signally pathways in the repair end were shown in Figure 
5B and 5C. Most of up-regulated proteins involved in eye 
development in the repair end (Figure 5B). During the repair 
end, the down-regulated proteins were related to translation 
and focal adhesion pathways and protein expression were 
increased in the ribonucleoprotein and intracellular proteins 
(Figure 5C). The results showed proteins that down-regulated 
in the repair end period were involved in metabolic process 
and angiogenesis. The proteins could increase complement and 
coagulation cascades, negative regulation of apoptotic process, 
blood coagulation, and fibrin clot formation.
PPI Network Construction  The interaction score from 
experiments and databases was medium confident (0.400). The 
up-regulated proteins analyzed were included up-regulated 
proteins in repair end, such as fibroblast growth factors (FGF) 
2 and Cryab. The two major networks included that ApoE, 
Fgg, Fga and F13a1 interacted with Clu, and Crygd, Crygs, 
Cryaa and Crybb1 interacted with Cryab (Figure 6A). The 
down-regulated proteins analyzed included down-regulated 
proteins in repair end period, such as Hspg2 and Uba52. The 
two major interaction networks included that the group of 
ribosomal proteins, H3F3A, H2AFX, Hist1h1d and Hist1h1a 
interact with Uba52. Another network is Lamc1, Lamb1, 
Col4a2 and Cspg4 interact with Hspg2 (Figure 6B).
DISCUSSION
Conbercept has demonstrated excellent efficacy with a 
long half-life and greater potential in dealing with VEGF-
related retinal neovascularization[9]. To identify proteins for 
the treatment of OIR, we quantitatively analyzed the retinal 

proteome with conbercept treatment in mice with OIR. 
Through proteomic analysis of mice retinas, we tend to find 
that OIR molecular risk factors and fibrosis-related cytokines 
had been elicited by conbercept treatment, which can doubtless 
distress the physiological equilibrium towards the tube-shaped 
structure development in retinas. Our results from LC-MS/MS 
and isotope labeling-based relative quantification of macromole 
expression indicated that distinguished molecular activity in 
OIR mice with conbercept treatment were associated with OIR 
controls. Major molecular responses were detected within the 
OIR together with varied parts of tissue structure machinery 
and sensory responses for the upkeep of tissue equilibrium. 
However, no proteomic alterations related to associate in 
progress death method were detected in conbercept treated 
retinas. In addition, this study may provide a validation for 
recent experimental discoveries from the OIR mouse model. 
Bevacizumab exposure in human retinal pigment epithelial 
cells and glial cells has been shown to induce the epithelial-
of-mesenchymal transition which may contribute to the 
possible formation of retinal fibrosis[33]. However, we found 
that conbercept treatment in OIR mice induced fibrosis-related 
cytokines and mechanisms mediated different pathways. We 
also observed that the FGF2 and HIF-1 signaling pathways 
were involved in the conbercept treatment. Therefore, more 
comprehensive studies in understanding of the fibrosis-related 
cytokines and mechanisms induced by conbercept were required.
We had presented that proteins down-regulated in the repair 
end period, but up-regulation in the disease progression and 
repair begin period were involved in ECM pathways including 
ECM-receptor interaction, ECM organization, extracellular 

Figure 5 Functional enrichment analysis of gene ontology terms of the conbercept regulated proteins A: Summary of the combination 
status in up and down regulation types by expression ratio more than 1.3 (P<0.05). Results were summarized as number of protein (Y-axis). ‒, no 
change; ↑, up regulation type; ↓, down regulation type. B: GO-based annotation was based on the up-regulated proteins mediated by conbercept 
using the DAVID (v6.8) and String (v10.5) functional enrichment analysis tools. C: GO-based annotation was based on the down-regulated 
proteins mediated by conbercept using the DAVID (v6.8) and String (v10.5) functional enrichment analysis tools.
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exosome and glycoprotein. These proteins consist of laminins 
family (Lamb1 and Lamc1), heparan sulfate proteoglycan 2 
(HSPG2) and type IV collagenalpha 2 (COL4A2). Fibrosis 
requires a normal functioning vascular network, and its success 
in restoring the damaged tissue depends on the remodeling of 
ECM[10]. Laminins are major proteins in the basal lamina and 
the protein network foundation for most cells and organs[34-35]. 
The HSPG2 can modulate the signaling of FGF 1, 2, and 
18[36-37] and also bind to other heparin-binding growth factors 
including VEGF isoforms 165, 189 and 206, epidermal growth 
factor (EGF), transforming growth factor (TGF) α, connective 
tissue growth factor and hepatocyte growth factor (HGF). In 
addition, vascular smooth muscle cell proliferation occurs 
via FGF2 and plays a role for HSPG2 in the regulation of the 
FGF2 mediated proliferative responses[36]. HSPG2 is often 
thought as a pro-atherogenic molecule[38]. The vascular smooth 
muscle cell activation and proliferation is often inhibited by 
HSPG2[39]. Results from STRING analysis indicated that 
COL4A2 and chondroitin sulfate proteoglycan 4 (Cspg4) were 
interacted with VEGF-A, Flt (VEGF receptor-1) and KDR 
(VEGF receptor-2). Furthermore, COL4A2 was regulated by 
VEGF[40]. Our results showed that conbercept mediated down-
regulated proteins consisting of Lamb1 and Lamc1, HSPG2 
and COL4A2 were involved in ECM pathways, and associated 
with the fibrosis-related cytokines and mechanisms.

We also found the major proteins related to OIR including 
Cluserin (Clu), Fgg, Fga, and F13a1 were involved in the 
fibrosis. Clu deficiency was shown to be associated with renal 
inflammation and tissue fibrosis in the kidney through multiple 
pathways[41]. Fgg and Fga had also found to be involved in 
the fibrosis inranibizumab treatment[42]. Our study suggests 
potential target proteins including F13a1 were involved in 
retinal fibrosis, yet their associated molecular mechanisms 
required further investigations.
Proteins up-regulated in the three periods (with or without 
conbercept) were involved in complement and coagulation 
cascades (Fga and Fgg), negative regulation of apoptotic 
process (Cryab and Lgals3), and blood coagulation and fibrin 
clot formation (Fga and Fgg). Fga and Fgg were important 
renal pathology genes which involved in renal fibrosis[43]. ab‐
Crystallin (Cryab) had been reported as a key target for the 
development of drugs in the treatment of idiopathic pulmonary 
fibrosis (IPF) or other fibrotic diseases[44]. The key protein 
also increased the sub-retinal fibrotic lesions processes by 
modulating the epithelial-mesenchymal transition induced 
by transforming growth factor-β2 (TGFβ2)[45]. The TGFβ2 
and FGF2 pathway also increased the vimentin expression 
to induced epithelial-mesenchymal transition[46]. In the study, 
vimentin reveal the relationship of FGF2 interaction network 
and Cryab interaction network. Galectin-3 (Lgals3) was shown 

Figure 6 Protein-protein interaction network of proteins mediated by conbercept treatment in OIR Conbercept had increased the fibrosis 
factors expression and down-regulated the angiogenic proteins and angiogenic factors expression. A: The increased fibrosis proteins were 
associated with fibronectin pathways; B: The down-regulated angiogenic proteins were in the transcriptional activation. Node size was shown the 
fold change of EXP2/Control and edge thickness was indicated by the strength of data support.



1852

to be increased in a mouse model of bleomycin-induced lung 
fibrosis and in patients with IPF and interstitial pneumonia 
associated with collagen vascular disease (CVD-IP)[47].
The conbercept mediated fibrosis factors we found was fatty 
acid binding protein 5 (FABP5). The expression of FABP5 
was down-regulated in the disease period yet upregulated in 
the repair end. FABP5 had 2.15-fold increase in human fibrotic 
skin tissues and regulated by the significant activation of the 
profibrotic TGF-β signaling pathway in human fibroblast[48]. 
However, this study was based on mouse retina, and the protein 
expression profile may be different from that in the human 
retinas. Nevertheless, this OIR mice model was consistent, 
reliable and suitable for studying the retina during the OIR.
In conclusion, in mice with OIR, we comprehensively 
examined the anti-angiogenic effects of conbercept in vivo 
and found that conbercept may effectively suppress ECM 
pathways. Conbercept appeared to induce specific fibrosis 
factors, which may serve as novel therapeutic targets to avoid 
fibrosis in the repeated conbercept injections. We suggested 
that the HIF-1 inhibitor combined with conbercept could be 
a promising strategy for the treatment of retinal angiogenic 
diseases.
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