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group mainly involved in protein binding (95%) and serine-
type endopeptidase activity (5%; Figure 5F).
2) KEGG pathway significant enrichment analysis  According 
to the results, differentially expressed proteins in IVC 5d group 
involved in complement and coagulation cascades (36%), 
relaxing signaling pathway (4%), platelet activation (4%) etc. 
(Figure 6A). Differentially expressed proteins in IVC 7d group 
involved in complement and coagulation cascades (45%), 
Cholesterol metabolism (10%) etc. (Figure 6B).
3) Protein-protein interaction analysis  By use of string 
online data base, PPI analysis was performed. Totally 
23 proteins were involved in the PPI net of differentially 
expressed proteins in IVC 5d group (Figure 7A). In the IVC 

7d group, totally 18 proteins were involved in PPI net of 
differentially expressed proteins (Figure 7B).
DISCUSSION
At present, the research on the pathogenesis of DR primarily 
includes the hyperactivity of the polyol pathway, activation of 
protein kinase C, accumulation of AGE, oxidative stress, and 
overexpression of cytokines[27]. Extensive retinal ischemia and 
hypoxia cause blood-retinal barrier damage, induce vascular 
leakage and macular edema, and lead to the proliferation of 
fibrovascular membranes at the vitreoretinal interface, causing 
vitreous hemorrhage and retinal detachment, which seriously 
threaten the patient’s vision[28-30]. These pathological processes 
involve the interaction of multiple proteins[31]. Inflammatory 

Figure 4 Protein-protein interaction analysis of differentially expressed proteins between before operation and after IVC for 5d or 7d  A: 

Protein-protein interaction analysis of differentially expressed proteins in IVC 5d; B: Protein-protein interaction analysis of differentially 

expressed proteins in IVC 7d group. IVC: Intravitreal conbercept.

Figure 5 Gene ontology (GO) analysis of differentially expressed proteins between cataract control group and after IVC for 5d or 7d  A, B: 

Biological processes (BP) analysis of differentially expressed proteins in IVC 5d or 7d group vitreous participated compared with cataract control 

group; C, D: Classification of cell components (CC) of differentially expressed proteins in IVC 5d or 7d group compared with cataract control 

group; E, F: The analysis of molecular function (MF) of differentially expressed proteins in IVC 5d or 7d group compared with cataract control 

group. IVC: Intravitreal conbercept.



1824

and angiogenic factors, especially VEGF, are key to retinal 
neovascularization. Although VEGF antagonists have proven 
effective in treating PDR, their efficacy is short-lived and 
may aggravate fibrosis and cause traction retinal detachment. 
To further explore the role of VEGF antagonists in treating 
PDR, we administered conbercept to PDR patients 3, 5, and 
7d before PPV. Aqueous humor samples were collected before 
and after injection. The results showed a downward trend in 
VEGF levels and an upward trend in CTGF levels post-IVC. 
The ratios of CTGF/VEGF increased significantly across all 
time points, indicating a therapeutic impact on angiogenesis 
and fibrosis pathways in PDR[32]. To comprehensively measure 
the impact of IVC on PDR vitreous protein levels, analyze the 
pathogenesis of PDR, and explore new therapeutic targets, we 
employed proteomics. The results showed that differentially 
expressed proteins in the 5d IVC group were involved in 
immunoglobulin-mediated immune responses (42%), stress 
responses (8%), defense responses (8%), localization (8%), 
and endocytosis (6%). The 7d IVC group was involved in 
immune response processes (33%), platelet degranulation 
(26%), transport (18%), and wound response (5%). In CC 
analysis, differentially expressed proteins in the 5d IVC 
group mainly involved extracellular regions (86%) and 
membrane-bound organelles (8%). The 7d IVC group mainly 

involved extracellular membrane-bound organelles (85%) 
and vesicles (10%). In MF analysis, differentially expressed 
proteins in the 5d IVC group mainly participated in protein 
binding (53%) and antigen binding (36%); the 7d IVC group 
mainly participated in protein binding (97%). KEGG analysis 
showed that differentially expressed proteins in the 5d IVC 
group were involved in complement and coagulation cascade 
reactions (6%); the 7d IVC group involved complement 
and coagulation cascade reactions (26%), arachidonic acid 
metabolism (5%), and ferroptosis (5%). PPI analysis showed 
that APOA2, Timp1itih2, and APCS in the 5d IVC group, and 
APOA1, C3, and TF in the 7d IVC group, participated in the 
PPI network. ELISA results validated these findings, showing 
high expression of HBA1, SERPINA1, and COL1A1, and low 
expression of CLU, APOE, and ALB.
Here, we analysed the vitreous humor protein profiles in 
PDR patients following IVC treatment reveals significant 
insights into the pathogenesis and potential therapeutic targets 
for this condition. However, it is crucial to acknowledge the 
potential heterogeneity within the PDR patient group. This 
variability may stem from differences in disease severity, 
duration of diabetes, genetic factors, and comorbid conditions, 
all of which can influence the protein expression profiles and 
treatment responses. To manage this variability and ensure 

Figure 6 KEGG analysis of differentially expressed proteins between cataract control group and after IVC for 5d or after IVC for 7d  A: KEGG 

analysis of differentially expressed proteins in in IVC 5d group compared with cataract control group; B: KEGG analysis of differentially expressed 

proteins in IVC 7d group compared with cataract control group.

Figure 7 Protein-Protein interaction analysis of differentially expressed proteins between cataract control group and after IVC for 5d or after 

IVC for 7d  A: Protein-Protein interaction analysis of differentially expressed proteins in in IVC 5d group compared with cataract control group; 

B: Protein-Protein interaction analysis of differentially expressed proteins in IVC 7d group compared with cataract control group.

VEGF/CTGF and proteomic analysis of aqueous humor in PDR
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robust and meaningful results, our study included several 
strategies. First, we stratified patients into subgroups based 
on the interval between IVC and PPV surgery (3, 5, and 
7d). This stratification helps account for differences in drug 
response times and the dynamic changes in protein expression 
post-treatment. Additionally, we employed strict inclusion 
and exclusion criteria to minimize confounding factors. 
For instance, patients with other significant eye diseases, 
recent vitrectomy, severe infections, or poorly controlled 
diabetes were excluded from the study. Further, we performed 
comprehensive proteomic analyses, including GO, KEGG, 
and PPI, to identify differentially expressed proteins and their 
involvement in various BP and pathways. By comparing 
the protein profiles of PDR patients before and after IVC 
treatment, and against cataract controls, we could pinpoint 
specific proteins and pathways that are altered due to the 
treatment. This approach not only highlights the therapeutic 
effects of IVC but also elucidates the underlying molecular 
mechanisms. Moreover, to validate our findings, we used 
ELISA to confirm the differential expression of key proteins 
identified through mass spectrometry. This dual-method 
validation strengthens the reliability of our results. Despite 
these measures, we recognize that individual variations in 
protein expression and disease progression can still impact the 
study outcomes. Therefore, future research should consider 
larger sample sizes and more diverse patient populations 
to further validate and refine these findings. In summary, 
in addition to CTGF and VEGF, Conbercept can affect the 
levels of various proteins in the vitreous of PDR patients, and 
the changes of differentially expressed proteins are also the 
key way to cause the aggravation of preretinal proliferative 
membrane. our study underscores the importance of 
considering patient heterogeneity in clinical research. Through 
careful stratification, rigorous selection criteria, and multi-
faceted analytical approaches, we can manage this variability 
and derive meaningful insights into the effects of IVC on 
PDR, paving the way for more targeted and effective therapies. 
When analyzing the vitreous protein mass spectrometry 
of PDR patients after IVC treatment, some differentially 
expressed proteins identified were significantly correlated with 
clinical parameters such as vision and retinal thickness. By 
combining these clinical results with protein data, we not only 
deepened the interpretation of the research results, but also 
improved their practical significance. For example, we found 
that patients with significantly reduced VEGF levels also 
showed significant improvement in visual acuity and reduced 
retinal thickness. This indicates that IVC treatment not only 
plays a role at the molecular level, but also brings practical 
benefits in clinical practice. In addition, the increase in CTGF 
levels is associated with improved surgical outcomes, such as 

reduced intraoperative bleeding and increased visibility during 
PPV surgery. Specifically, in the IVC 5d and 7d groups, the 
expression changes of key proteins such as APOA1, C3, and 
TF are closely related to clinical outcomes. The involvement 
of these proteins in the PPI network indicates their important 
role in regulating immune responses, stress responses, and 
cellular metabolic processes. The high expression of APOA1 
is associated with significant improvement in vision, indicating 
that this protein may play an important role in retinal repair 
and functional recovery. The high expression of C3 and 
TF is associated with structural improvement of the retina, 
particularly in reducing inflammation and promoting retinal 
stability. In addition, the high expression of proteins such as 
HBA1, SERPINA1, and COL1A1 is also closely related to the 
improvement of vision in patients. As a part of hemoglobin, the 
increased expression of HBA1 may improve the oxygenation 
status of local tissues, thereby contributing to the functional 
recovery of the retina. SERPINA1, as an anti-protease, may 
promote visual recovery by reducing inflammation and tissue 
damage. COL1A1, as a type of collagen, its high expression 
may play an important role in the structural repair of the 
retina. On the contrary, the low expression of proteins such 
as CLU, APOE, and ALB is associated with a decrease in 
retinal thickness. The low expression of CLU may reduce 
the occurrence of cell apoptosis, thereby protecting retinal 
cells. The low expression of APOE may be related to the 
improvement of lipid metabolism and the protection of 
retinal cells. The low expression of ALB may reduce protein 
aggregation in the retina, thereby reducing tissue damage and 
inflammatory response[33-37].
This study has limitations, including a sample size that may not 
fully capture the variability within the PDR patient population. 
Larger, more diverse cohorts are needed to validate findings. 
While we focused on proteomic changes at specific intervals 
post-IVC, longitudinal studies are necessary to understand 
long-term effects. The complexity of PDR suggests that 
other unidentified proteins and pathways might be involved, 
necessitating advanced proteomic techniques and integrative 
approaches. Future research should expand to larger, diverse 
cohorts, conduct long-term follow-ups, and use integrative 
omics approaches. Investigating the roles of key proteins 
like APOA1, C3, and TF in retinal repair, and exploring 
personalized treatment strategies based on proteomic profiles, 
will optimize therapeutic efficacy and minimize adverse 
effects.
In short, our study underscores the importance of considering 
patient heterogeneity in clinical research. By correlating 
protein expression changes with clinical parameters, we better 
understand the molecular mechanisms of IVC treatment in 
PDR patients and its clinical impacts. This helps optimize 
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treatment strategies and provides a basis for personalized 
treatments, improving efficacy and reducing complications. 
Future research should continue to explore these associations 
in larger, diverse cohorts to validate and expand our findings. 
Our work lays the foundation for exploring new therapeutic 
targets for PDR.
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