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Abstract
● AIM: To identify differentially expressed genes (DEGs) in 
rabbits with traumatic proliferative vitreoretinopathy (PVR) 
using high-throughput sequencing (HTS).
● METHODS: Thirty-six rabbits were randomly allocated 
to the control group and the PVR group induced by scleral 
puncture. On the 28th day following modeling, fundus 
B-ultrasound and fundus photography were performed on all 
rabbits, and hematoxylin-eosin (HE) staining was conducted 
on retinal tissues. RNA sequencing (RNA-Seq) combined 
with bioinformatics analysis was used to screen PVR-
associated DEGs. Gene Ontology (GO) functional enrichment 
analysis and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analysis were carried out for 
the identified DEGs. S100A6, EDNRB and CEBPD were 
randomly selected for quantitative reverse transcription 
polymerase chain reaction (RT-qPCR) validation to verify the 
reliability of the RNA-Seq results.

● RESULTS: Fundus B-ultrasound, fundus photography 
and retinal HE staining confirmed the successful 
establishment of the traumatic PVR rabbit model. A total of 
1587 DEGs were screened, of which 1094 were significantly 
up-regulated and 493 were significantly down-regulated. GO 
function enrichment analysis showed that these DEGs were 
mainly enriched in immune response, extracellular region 
and inflammatory response. KEGG pathway enrichment 
analysis showed that DEGs were mainly involved in the 
cytokine-cytokine receptor interaction and hematopoietic 
cell lineage pathway. RT-qPCR results showed that S100A6, 
CEBPD and EDNRB were significantly increased in PVR 
group.
● CONCLUSION: A large number of genes exhibit 
significant differential expression in rabbits with traumatic 
PVR, among which S100A6, CEBPD and EDNRB may play 
an important role in traumatic PVR.
● KEYWORDS: proliferative vitreoretinopathy; high-
throughput sequencing; differentially expressed genes; 
rabbits
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INTRODUCTION

T raumatic proliferative vitreoretinopathy (PVR) is a 
severe, vision-threatening complication of ocular trauma, 

occurring in more than 70% of patients with open ocular 
trauma involving the posterior segment[1]. Pathologically, it 
is characterized by the growth and contraction of intraocular 
proliferative membranes, which ultimately lead to traction 
retinal detachment[2]. Compared to other PVR subtypes, 
traumatic PVR exhibits a more intense inflammatory 
response[3]. The occurrence and development of traumatic 
PVR is multi-factorial, in which the epithelial-mesenchymal 
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transition (EMT) of retinal pigment epithelial (RPE) cells 
is the core process[4]. Scarring is the final stage of wound 
healing. Despite its clinical significance, the lack of in-depth 
understanding of traumatic PVR pathogenesis has hindered 
effective treatment development: surgery remains the first-
line treatment, but anatomical retinal reattachment rates 
range only from 43% to 69%[5-6], and severe cases (e.g., 
funnel-shaped retinal detachment) frequently fail due to 
persistent tissue hyperplasia exacerbating traction[7-8]. These 
limitations underscore an urgent need to unravel the molecular 
mechanisms driving traumatic PVR to identify novel 
therapeutic targets.
To address this gap, exploring genetic-level mechanisms has 
emerged as a promising direction. High-throughput sequencing 
(HTS) technology, a core tool for profiling gene expression, 
enables comprehensive and rapid detection of global mRNA 
transcription levels in samples, providing a powerful means 
to identify key differentially expressed genes (DEGs) and 
unravel disease mechanisms[9-10]. In PVR research, single-
cell RNA sequencing (scRNA-seq) has provided insights into 
cellular heterogeneity (e.g., abnormally activated immune cells 
or RPE cells)[4,11], but it focuses on single-cell transcriptional 
features, potentially overlooking overall tissue level expression 
trends and carrying risks of bias from cell isolation artifacts or 
stochastic transcriptional fluctuations. In contrast, tissue-level 
HTS (bulk RNA-seq) sequences mixed RNA from entire tissue 
samples, reflecting the average mRNA expression levels across 
all cell types (including RPE cells, inflammatory cells, and 
fibroblasts) within the pathological microenvironment. This 
approach minimizes scRNA-seq-associated artifacts, offers 
simplified operation, strong sample compatibility, and high 
data stability-making it ideal for systematically screening key 
genes and pathways driving PVR pathogenesis. 
Here, we employed HTS combined with bioinformatics 
analysis technology to obtain the DEGs associated with 
traumatic PVR. By systematically characterizing these 
molecular signatures, we aim to provide novel insights 
into traumatic PVR pathogenesis and lay a foundation for 
developing targeted prevention and treatment strategies.
MATERIALS AND METHODS
Ethical Approval  This study has been approved by the 
Medical Research Ethics Committee of the Affiliated Eye 
Hospital of Nanchang University, and the approval number is 
YLP20221206. All procedures involved followed the National 
Research Council’s Guide for the Care and Use of Laboratory 
Animals.
Animals  A total of 36 healthy female adult chinchilla 
rabbits, weighing 2-2.5 kg and aged 10wk, were purchased 
from Ganzhou Institute of Animal Husbandry and Fisheries 
[Ganzhou, Jiangxi Province, China; SCXK(Gan)2018-0009]. 

All rabbits were kept in an animal house with a temperature 
of 10℃-25℃ and a humidity of 40%-60%. Eye diseases were 
eliminated by direct ophthalmoscopy before the experiment. 
All rabbits used the right eye as the experimental eye.
Main Experimental Instruments and Consumables  Slit 
lamp (Shanghai NIDke Medical Equipment Trading Co., 
LTD., China), Direct ophthalmoscope (Suzhou Liuliu Vision 
Technology Co., LTD., China), fundus camera (Chongqing 
Shangbang Medical Equipment Co., LTD., China), eye 
B-ultrasound machine (Meda Medical Technology Co., 
LTD., China), Agelent 2100 Bioanalyzer (Agilent, USA), 
NanoDrop 2000 Ultra-micro ultraviolet spectrophotometer 
(Thermo Scientific, USA), inverted fluorescence microscope 
(OLYMPUS, Japan),  PCR instrument (ABI, USA), 
fluorescence quantitative polymerase chain reaction (PCR) 
instrument (Roche, Switzerland), Illumina sequencer 
(Illumina, USA), promecaine hydrochloride eye drops (Alcon 
Co., LTD., Japan), tobramycin dexamethasone eye drops 
(Alcon Co., LTD., Japan), tobramycin dexamethasone eye 
cream (Alcon Co., LTD., Japan), Trizol reagent (Nanjing 
Nuoweizan Biotechnology Co., LTD., China), primer 
(Cytology), eyeball fixation solution (Solarbio, China), 
anhydrous ethanol (Xilong Science, China), mRNA reverse 
transcription kit (Shanghai Yisheng Biotechnology Co., LTD., 
China), reverse transcription-polymerase chain reaction (RT-
PCR) kit (Shanghai Yisheng Biotechnology Co., LTD., China), 
Hematoxylin-Eosin staining (HE) staining kit (Solarbio, 
China) and neutral resin (Sewell, China).
Preparation of Platelet-Rich Plasma  Arterial blood 20 mL 
was extracted from rabbit ears with a syringe, and immediately 
injected into a vacuum collection vessel (containing sodium 
citrate), and gently shook the collection vessel for 3min to 
prevent blood coagulation. Centrifuge 1000×g for 15min, 
carefully absorbed 1/3 of the supernatant and performed 
platelet count. The operation was repeated for 3 times and 
plasma with platelet density of (2.2-2.4)×108/mL was obtained.
Establishment of Traumatic PVR Model  Thirty-six rabbits 
were randomly divided into the control group and PVR group, 
with 18 rabbits in each group. After the PVR group was given 
compound topicamine eye drops to fully dilate the eyes, The 
rabbits were then given general and local anesthesia, eyelid 
opening device was used to open the eyes, 5 mm of the 
corneoscleral margin above the temporal layer, and the bayonet 
at 15° was pierced vertically to the center of the vitreous body 
of the rabbit eye, resulting in scleral puncture about 3 mm. 
Vitreous body 0.3 mL was carefully sucked out with a 1 mL 
syringe, and 0.3 mL platelet-rich plasma (PRP) was injected 
into the vitreous cavity. Within 1wk after the operation, 
tobramycin dexamethasone was applied to the right eye to 
prevent infection and inflammation, while the rabbit’s dietary 
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wading was closely observed. Previous experiments have 
suggested that this modeling method can obtain PVR models 
with similar grades[12].
Fundus observation after modeling  On the 28th day after 
surgery, all rabbits were dilated with compound tropicamide 
eye drops. When the pupil dilated to about 8 mm, the 
changes of vitreous body and retina of rabbit’s right eye were 
examined by fundus camera and ocular B-ultrasound machine 
successively, and the images were recorded in time. The 
grading of PVR adopts Fastenberg grading standard[13]. Grade 
0, vitreous is transparent, and the fundus is normal; grade 
1, formation of proliferative strands in the vitreous; grade 
2, preretinal membranous structures are visible with focal 
traction; grade 3, folds are visible in the posterior pole retina, 
with possible local retinal detachment; grade 4: extensive 
retinal detachment (involving the medullary ray and around the 
optic disc); grade 5, total retinal detachment with visible holes.
Retinal HE Staining  In order to observe the changes of 
fundus of rabbits after modeling, all experimental rabbits 
were euthanized under deep anesthesia on the 28th day after 
modeling. An eyeball was randomly taken from each of the 
two groups and placed into the tissue fixation solution for 
1d, and the eyeballs were treated in the order of dehydration, 
transparency, wax immersion, embedding, and section. 
The sections were dewaxed, hydrated with high to low 
concentration alcohol, dyed, dehydrated with low to high 
concentration, and sealed with neutral gum. After standing for 
one day, the morphology of the sections was observed under a 
microscope.
High Throughput Sequencing Technology  Retinal tissue 
was removed and placed into an EP tube containing Trizol, 
homogenized, and then subjected to chloroform extraction, 
isopropanol precipitation at -80℃, 75% ice ethanol washing, 
and dissolution in 20 µL RNase-free water. RNA concentration 
was measured. For cDNA library construction, ribosomal 
RNA was removed, followed by RNA fragmentation, 
reverse transcription, purification, and PCR amplification. 
Gene expression levels were quantified using fragment per 
million reads (FPK), and DEGs were screened with DESeq2 
software (version 1.16.1) using criteria of |log2fold change|≥1 
and adjusted P<0.05. Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) enrichment 
analyses of DEGs were performed using DAViD software with 
hypergeometric distribution test, and P<0.05 was considered 
statistically significant.
RT-qPCR Verified the Sequencing Results  In order to verify 
the reliability of HTS, S100A6, CEBPD and EDNRB which 
expression was up-regulated in sequencing were randomly 
selected for RT-qPCR verification. The amplification reaction 
was performed by fluorescent quantitative PCR instrument. 

The reaction conditions were: 94℃ 30s, 94℃ 5s, 60℃ 30s, 45 
cycles. The internal parameter was GAPDH. The experiment 
was repeated three times for each sample, and the expression 
was calculated according to 2-ΔΔCT method[14]. The sequence of 
primers is shown in Table 1.
Statistical Analysis  GraphPad (version 9.0) software was 
used to analyze the relevant experimental data. The PVR 
grade was tested by Mann-Whitney U test. The measurement 
data was expressed as mean±standard deviation (SD). The 
independent sample t-test was used for comparison between 
groups. P<0.05 was considered statistically significant.
RESULTS
Vitreous and Retinal Changes  On the 28th day after 
modeling, there was a statistically significant difference in 
PVR grading between the PVR group and the control group 
(P<0.001), as shown in Table 2. Fundus photography and 
ocular B-ultrasound images showed that the vitreous cavity and 
retina of rabbits in the control group were normal, while the 
PVR group showed turbidity in the vitreous cavity, extensive 
proliferating film and retinal detachment in front of the retina 
(Figures 1 and 2).
HE Staining of the Retina  On the 28th day after modeling, 
HE staining results showed that all retinal layers in the control 
group were arranged neatly without any special features. In 
the PVR group, all layers of retinal tissue were disordered and 
retinal edema was observed (Figure 3).
Sequencing Results
Results of sequencing data preprocessing  We obtained 
a total of 81.91 G of effective data, and the distribution of 
effective data for each sample ranged from 12.25 to 15.91 G, in 
which Q30 bases were distributed from 92.13% to 92.85%, and 
the average GC content was 47.92%. The genome alignment 

Table 1 Primer sequence of RT-qPCR

Gene name Sequence of primers Tm
S100A6 F: AGGGCTGAAGACAGACTG 60°C

R: ATCTTACAATCACCCACAC
CEBPD F: TGAACTGCGAGAGAAGCTAT 60°C

R: CCTTAGCTGCATCAACAGGA
EDNRB F: CTTACCATTGGCCATCACTG 60°C

R: AAGGCAATTTGCATTCCAC
GAPDH F: TCACCATCTTCCAGGAGCGA 60°C

R: CACAATGCCGAAGTGGTCGT

RT-qPCR: Quantitative reverse transcription polymerase chain 

reaction; Tm: Temperature.

Table 2 PVR classification of rabbits on the 28th day after modeling

Group
PVR grade

Average P
0 1 2 3 4 5

Control 18 0 0 0 0 0 0 <0.001
PVR 2 3 6 4 3 0 2.17

PVR: Proliferative vitreoretinopathy.
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rates of each sample ranged from 93.62% to 94.34%. The 
quality preprocessing results of transcriptome sequencing data 
are shown in Table 3.
Analysis of expression level of DEGs  A total of 1587 
DEGs were screened, of which 1094 were significantly up-
regulated and 493 were significantly down-regulated. The 
overall distribution of DEGs was shown by volcanic plots 
respectively, and cluster analysis of DEGs was carried out, as 
shown in Figure 4A. The results of differential cluster analysis 
for each group are shown in Figure 4B.
GO and KEGG analysis of DEGs  In order to further 
understand the biological characteristics of DEGs, functional 
analysis of DEGs was performed using bioinformatics 
methods. GO enrichment showed that DEGs were enriched 
in 252 items and mainly concentrated in inflammatory 

response, immune response, extracellular region and structural 
constituent of eye lens (Figure 5A). KEGG analysis showed 
that DEGs are mainly enriched in the cytokine-cytokine 
receptor interaction pathway and hematopoietic cell lineage 
pathway (Figure 5B). 
Results of RT-qPCR  The expression levels of S100A6, 
CEBPD and EDNRB were increased significantly in the PVR 
group, and the trend was consistent with the sequencing results 
(Figure 6).
DISCUSSION
The essence of traumatic PVR is the excessive repair response 
of eye tissue to traumatic stimuli. How to avoid or mitigate 
the damage caused by traumatic PVR is a great challenge for 
clinical ophthalmologists and ophthalmologists. So far, there 
has been no breakthrough in the treatment of traumatic PVR. 

Figure 1 Rabbit fundus image on the 28th day after modeling  A: Fundus of rabbit in control group is normal; B: Fundus of rabbit in PVR group: 

the proliferative membrane on the surface of the retina is clearly visible (black arrow). PVR: Proliferative vitreoretinopathy.

Figure 2 B-ultrasound image on the 28th day after modeling  A: B-ultrasound image of rabbit in control group is normal; B: B-ultrasound image 

of rabbit in PVR group: retinal detachment is obvious (white arrow). PVR: Proliferative vitreoretinopathy.

Figure 3 Hematoxylin-Eosin staining of rabbit retina  A: Control group, retina layers are arranged neatly; B: PVR group: retina layers are 

disordered and retinal detachment is clear. Scale bar: 50 μm. PVR: Proliferative vitreoretinopathy.

Differentially expressed genes in traumatic PVR model



669

Int J Ophthalmol,    Vol. 19,    No. 4,  Apr. 18,  2026        www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

Although vitrectomy is now well developed, studies have 
shown that the incidence of PVR has not improved.
Due to the complexity of PVR pathogenesis, there has been a 
lot of research on how to model PVR in vivo in the past few 
decades. Suitable animal models are inevitable in the course 
of PVR research. In this study, chinchilla rabbit was selected 
as the experimental object, because it has the advantages of 

large vitreous body cavity and small lens, which is conducive 
to reducing the risk of puncture of lens. This advantage is also 
one of the reasons why rabbits are the best choice for PVR 
models[15]. The animal modeling methods of PVR are also 
varied, and the commonly used modeling methods are mainly 
to inject cells[16-18], blood components[19], cytokines[20-21], and 
proteases[22] into the vitreous cavity. However, the success rate 

Table 3 Transcriptome sequencing data preprocessing

Sample Raw reads Raw bases Clean reads Clean bases Valid bases Q30 GC

Control1 87.92 M 13.19 G 86.05 M 12.25 G 92.89% 92.48% 48.95%
Control2 93.14 M 13.97 G 91.15 M 12.97 G 92.84% 92.34% 49.31%
Control3 92.57 M 13.89 G 90.61 M 12.93 G 93.13% 92.36% 48.39%
PVR1 94.48 M 14.17 G 92.41 M 13.12 G 92.60% 92.13% 47.14%
PVR2 115.11 M 17.27 G 112.43 M 15.91 G 92.12% 92.41% 45.79%
PVR3 106.52 M 15.98 G 104.11 M 14.73 G 92.21% 92.85% 47.97%

PVR: Proliferative vitreoretinopathy.

Figure 4 Expression levels of DEGs in the control and PVR groups  A: Volcano plot of DEGs, gray is for genes with non-significant differences, 

red and green are for genes with significant differences in expression; B: Heatmap of DEGs with red representing high-expressed mRNAs and 

blue representing low-expressed mRNAs. PVR: Proliferative vitreoretinopathy; DEGs: Differentially expressed genes.

Figure 5 GO and KEGG analysis of DEGs  A: Graph of the top 30 enrichment items in the GO enrichment analysis of DEGs; B: KEGG enrichment 

analysis of DEGs: bubble maps of the top 20 entries. GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; DEGs: Differentially 

expressed genes; PVR: Proliferative vitreoretinopathy.
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of the simple injection method is relatively low. In order to 
improve the success rate of modeling, most scholars adopt the 
combined method for molding[23]. Our previous studies have 
suggested that injection of PRP into the vitreous cavity can 
significantly improve the success rate of modeling on the basis 
of scleral perforation injury. Since most experimental rabbits 
developed PVR between 14-28d, we selected the 28th day after 
modeling as the endpoint for observation. 
PVR is a complex fibrotic disorder driven by interactions 
between RPE cells, fibroblasts, inflammatory cells, and 
extracellular matrix (ECM) components, mediated by multiple 
cytokines and signaling pathways. Key cytokines involved 
in PVR pathogenesis include transforming growth factor-β 
(TGF-β), platelet-derived growth factor (PDGF), vascular 
endothelial growth factor (VEGF), interleukin-6 (IL-6), 
and tumor necrosis factor-α (TNF-α)[24-26]. These cytokines 
orchestrate pathological processes such as cell proliferation, 
EMT, ECM deposition, and inflammatory infiltration, which 
are central to PVR progression. Corresponding signaling 
pathways activated by these cytokines include the TGF-β/
Smad pathway (critical for fibrotic gene transcription), 
mitogen-activated protein kinase (MAPK) pathway (regulating 
cell proliferation and migration), phosphatidylinositol 
3-kinase (PI3K)/Akt pathway (promoting cell survival), and 
nuclear factor-κB (NF-κB) pathway (mediating inflammatory 
responses)[27-29]. For instance, TGF-β ligands bind to 
transmembrane receptors, phosphorylate Smad2/3, and 
translocate to the nucleus to induce the expression of fibrotic 
markers[30].
However, the existing studies on the genetic level of PVR are 
still not in-depth. In this study, a rabbit model of traumatic 
PVR was established, and a total of 1587 DEGs were obtained 

by HTS platform. Through literature review, we found 
that S100A6 belongs to the S100 family and is a calcium-
binding protein involved in the regulation of cytoskeletal 
assembly and degradation. It has been shown that inhibiting 
S100A6 expression in rat lung fibroblasts can weaken cell 
proliferation[31]. This proves that S100A6 is not only related to 
the cytoskeleton but also promotes cell proliferation. Studies 
have also shown that S100A6 is involved in cellular oxidative 
stress[32]. S100A6 is widely expressed in a variety of cancers 
and is therefore considered as a marker for disease diagnosis 
and prognosis assessment[33]. Otherwise, tumor cell-secreted 
S100A6 promotes lymphatic metastasis of liver cancer by 
upregulating VEGF-D via the RAGE/NF-κB/VEGF-D 
pathway[34]. It can also be used as a marker for stem cells[35-36]. 
Which means it has the ability to repair damage. These effects 
are highly consistent with the pathogenesis of PVR. So, we 
speculate that S100A6 has the potential to be a marker of 
traumatic PVR, but further experiments are needed to confirm 
it. As a member of the C/EBP family, CEBPD is normally low 
in expression, but rapidly increases in response to immune 
activation and external stimulation[37]. Because it can not 
only promote the transduction of inflammatory signaling 
pathways, but also inhibit inflammatory responses, which may 
be related to the cell state and the environment. CEBPD is a 
known downstream target of IL-6/STAT3 and TNF-α/NF-κB 
signaling pathways[38]. At the same time, studies have shown 
that it is both a tumor suppressor and a tumor promoter[39-40]. 
Therefore, CEBPD can be used as both a protective factor 
and a risk factor in the development of the disease. CEBPD 
is also closely related to fibrotic response. There may be a 
balance point in between, and the tilt of the balance point 
determines its positive or negative effects. Finding this balance 
point will help us further understand the role of CEBPD in 
traumatic PVR, and hopefully make it play a protective role in 
traumatic PVR by controlling this balance point. EDNRB is 
often regarded as a tumor suppressor gene, which is involved 
in the development of cancers including prostate and breast 
cancer[41]. Some studies have shown that EDNRB is related to 
MAPK signaling pathway and promotes cell proliferation and 
migration[42].
The increasing precision of HTS is expected to advance 
personalized treatment of traumatic PVR diseases. This 
sequencing has laid a solid foundation and new insights for 
further exploration of traumatic PVR related research. Of 
course, this study has some shortcomings. First of all, it is 
necessary to further functional verification of the molecular 
mechanism of these DEGs, and we can obtain the internal 
correlation between genes through further relevant experiments 
and bioinformatics methods. Second, in vitro sequencing 
results were lack, and the combination of in vivo and in vitro 

Figure 6 Results of quantitative reverse transcription polymerase 

chain reaction  aP<0.0001 vs control group. PVR: Proliferative 

vitreoretinopathy.
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sequencing results is more convincing. Furthermore, we 
lack multi-time point, single-cell sequencing of traumatic 
PVR tissue. We know that multiple cells are involved in the 
development of traumatic PVR, but it is unknown which cells 
play a decisive role.
In conclusion, numerous genes exhibit significant differential 
expression in a rabbit model of traumatic proliferative 
vitreoretinopathy, among which S100A6, CEBPD and EDNRB 
may serve as potential biomarkers and therapeutic targets.
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