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Background: The aim of this study was to identify inflammatory biomarkers in

traumatic proliferative vitreoretinopathy (TPVR) patients and further validate the

expression curve of particular biomarkers in the rabbit TPVR model.

Methods: The Olink Inflammation Panel was used to compare the differentially

expressed proteins (DEPs) in the vitreous of TPVR patients 7–14 days after open globe

injury (OGI) (N = 19) and macular hole patients (N = 22), followed by correlation

analysis between DEPs and clinical signs, protein–protein interaction (PPI) analysis,

area under the receiver operating characteristic curve (AUC) analysis, and function

enrichment analysis. A TPVR rabbit model was established and expression levels of

candidate interleukin family members (IL-6, IL-7, and IL-33) were measured by

enzyme-linked immunosorbent assay (ELISA) at 0, 1, 3, 7, 10, 14, and 28 days afterOGI.

Results: Forty-eight DEPs were detected between the two groups. Correlation analysis

showed that CXCL5, EN-RAGE, IL-7, ADA, CD5, CCL25, CASP8, TWEAK, and IL-33 were

significantly correlated with clinical signs including ocular wound characteristics, PVR

scoring, PVR recurrence, and final visual acuity (R = 0.467–0.699, p < 0.05), and all with

optimal AUCvalues (0.7344–1). Correlations betweenDEP analysis and PPI analysis further

verified that IL-6, IL-7, IL-8, IL-33, HGF, and CXCL5 were highly interactive (combined

score: 0.669–0.983). These DEPs were enriched in novel pathways such as cancer

signaling pathway (N = 14, p < 0.000). Vitreous levels of IL-6, IL-7, and IL-33 in the rabbit

TPVR model displayed consistency with the trend in Olink data, all exhibiting marked

differential expression 1 day following the OGI.

Conclusion: IL-7, IL-33, EN-RAGE, TWEAK, CXCL5, and CD5 may be potential

biomarkers for TPVR pathogenesis and prognosis, and early post-injury may be

an ideal time for TPVR intervention targeting interleukin family biomarkers.
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1 Introduction

Proliferative vitreoretinopathy (PVR) is characterized by the

formation and contraction of fibrotic membranes on the retinal

surface and involves three overlapping phases: inflammation,

proliferation, and remodeling. It is known that multiple

intraocular cell types, cytokines, growth factors, chemokines,

matrix proteins, and multiple signaling pathways interact to

promote this complex pathological process. A large number of

cytokines have been reported to be involved in the pathogenesis of

PVR, including PDGF, VEGF, HGF, EGF, TGFa/b, FGF, IL-1, IL-6,
IL-8, IL-10, TNF-a/b, IFN-g1, and GFAP (1–7). However, different

immune responses and mechanisms may be active in the

pathogenesis of PVR and traumatic proliferative vitreoretinopathy

(TPVR) (8, 9), and when it comes to TPVR-related cytokines, only

IL-6, IL-8, ABCA4, TNF-a, and HGF have been mentioned in

relevant reports (8, 10, 11).

Prevention and intervention of TPVR are two important aspects

of this challenging task. The standard practice worldwide for OGI-

PVR is to conduct primary surgical repair at the earliest opportunity

to preserve the structural integrity of the globe (12). Vitrectomy is

often undertaken 7–14 days thereafter to reconstruct the intraocular

tissues; however, the outcomes are frequently unsatisfactory and

there are also no effective medical treatments available yet. The use

of biomarkers in the detection and management of disease has

become an important tool in modern clinical medicine, and their

application to TPVR should be no exception. The strong

inflammatory response immediately after OGI is the initiating

factor for the formation of TPVR, and it is of great importance to

identify effective inflammation-related biomarkers during this

process, which may provide an important reference for future

drug use. However, the multiple cytokines involved in the onset

and development of this disease make targeted treatment

challenging, and targeting single cytokine is always ineffective.

With the recent advent of Olink proteomic technologies, it is

now possible to simultaneously detect the expression levels of 92

cytokines with only a small amount of sample, and the excellent
Frontiers in Immunology 02
reproducibility and stability in detection of plasma samples have

been demonstrated in previous studies (13, 14). Therefore, it is an

ideal option for the TPVR study, providing a more comprehensive

analysis of the proteins involved in this disease. This study uses an

inflammatory panel to identify inflammatory biomarkers associated

with TPVR, while providing a preliminary proteomic reference for

further investigation. We select some valuable and novel

biomarkers and explore their role and possible mechanism in the

development of TPVR through functional enrichment analysis.

Furthermore, we validate the expression curve of selected

biomarkers during 28 days after injury using the rabbit TPVR

model, thus providing evidence for optimal targeted intervention

timing, which was difficult to achieve due to the limited schedule of

vitrectomy in clinical practice (Figure 1).
2 Materials and methods

2.1 Participants

The study protocol adhered to tenets of the Declaration of Helsinki

and was approved by the institutional ethics committee of Tianjin

Medical University General Hospital. All participants gave written

informed consent for use of their intraocular specimen and clinical

records. Nineteen patients (19 eyes) with OGI who developed PVR and

required vitrectomy were prospectively recruited from Tianjin Medical

University General Hospital from February 2021 to June 2022. For

intraocular foreign bodies and traumatic endophthalmitis, emergency

vitrectomy was required in all cases if necessary when PVR had not

formed.Moreover, the presence ofmicrobial infectious inflammation in

the two groupswas not identical to the aseptic inflammation that occurs

during the formation of PVR, and for the sake of relative consistency of

the samples included in the study, such cases with the possibility of

infection were excluded. Moreover, patients with closed globe injury,

previous ocular anomalies, a history of ocular trauma and intraocular

surgery, and diabetes; those who are younger than 18 years; and those

with severe comorbidities were also excluded. Twenty-two patients (22
FIGURE 1

Overview of the study. OGI: open globe injury, TPVR: traumatic proliferative vitreoretinopathy, DEPs: different expression proteins, ROC: receiver
operating characteristic, AUC: the area under the receiver operating characteristic curve, PPI: protein–protein interaction, ELISA: enzyme-linked
immunosorbent assay.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1355314
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Guo et al. 10.3389/fimmu.2024.1355314
eyes) who underwent vitrectomy for macular hole during the same

period were included as controls. A total of 41 vitreous samples were

collected for Olink proteomics analysis. Clinical characteristics of the

participants were carefully recorded, including age, cause of injury,

locationof injury, initial visual acuity, typeof injury (NOI), timebetween

injury and emergency surgery (TIES), interval between injury and

vitrectomy (IOIV), total wound length (TWL), distance from the

limbus to the most posterior full thickness scleral wound (DLP),

scleral wound length (SWL), retinal retention (Retinal-R) and PVR

score at vitrectomy (PVR-S), PVR recurrence after vitrectomy (PVR-R),

and best-corrected visual acuity in Log-MAR (BCVA-L) at the last

follow-up. The TPVR scoring system we used has been described

previously (15) (Supplementary files, Supplementary Table 1).
2.2 Vitreous collection in TPVR patients

Vitreous was obtained at the beginning of vitrectomy using a

23G vitreous cutter, immediately placed on ice and transferred to

sterile tubes, centrifuged at 4°C for 10 min to remove blood cells or

other confounding cellular material, then transferred to another

sterile tube and frozen at −80°C for immediate future use.
2.3 Protein extraction and
cytokine measurement

Vitreous samples were measured using the Olink®

INFLAMMATION panel* (Olink Proteomics AB, Uppsala,

Sweden) according to the manufacturer’s instructions, which

allows the simultaneous analysis of 92 analytes using 1 µL of each

sample (13, 14, 16). Detailed information about the panel can be

found in the Supplementary files, Supplementary Data Sheet 1. The

final assay result is presented as Normalized Protein Expression

(NPX) values, which is an arbitrary unit on a log2 scale and a higher

value corresponds to higher protein expression. However, NPX

values cannot be compared among diverse proteins.
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Quality control (QC) of the data is performed in two steps as

previously described (14). All assay validation data (detection limits,

intra- and inter-assay precision data, etc.) are available on the

manufacturer’s website (www.olink.com). All samples were

successfully measured and passed QC in the current

study (Figure 2).
2.4 Potential biomarkers’ screening

The R package Olink ®Analyze was used to identify sets of

differentially expressed proteins (DEPs) between the two groups.

The correlation between DEPs and clinical signs in TPVR patients

was determined, and the clustering correlation heatmap with

signs was performed using OmicStudio tools at https://

www.omicstudio.cn. The clinical parameters analyzed were age,

TIES, NOI, IOIV, TWL, DLP, SWL, Retinal-R, PVR-S, PVR-R,

and final BCVA-L. The correlation between the expression levels

of two DEPs was determined, and the clustering correlation

heatmap with signs was performed using the OmicStudio tools

at https://www.omicstudio.cn. A protein–protein interaction

(PPI) network was constructed using the STRING database to

further visualize the interaction of all DEPs and the candidate

biomarkers. The diagnostic performance of the DEPs was assessed

by receiver operating characteristic (ROC) curves generated using

the ROCR package, with the higher the areas under the ROC

(AUC) value reflecting better classifier performance. Only those

that were found to be highly significant in all of the above

bioinformatic analyses were considered as potential biomarkers

for TPVR.
2.5 Function enrichment analysis

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and

Genomes (KEGG) enrichment analyses were also performed

using ggplot2. All significant DEPs were mapped to each term
FIGURE 2

The quality control testing of all samples.
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or pathway of the GO or KEGG database, and the GO term or

KEGG pathway that was significantly enriched in DEPs

compared to the whole genome background was identified

using a hypergeometric test.
2.6 Rabbit TPVR model establishment and
vitreous collection

Rabbits were treated according to the Association for Research

in Vision and Ophthalmology animal statement and housed in the

Laboratory of Experimental Animals, Tianjin Medical University

General Hospital. Healthy Belgian rabbits with no pre-existing

fundus abnormalities were selected and the rabbit TPVR model

was implemented as described previously with slight modifications

(17) (Figure 3) . Briefly, a 6-mm penetrat ing wound

circumferentially 5.0 mm behind the limbus at the supratemporal

quadrant of the right eye was made, and the wound was sutured 4 h

later with an aseptic technique, followed by intravitreal injection of

0.1 mL of autologous serum. Blood was drawn via the ear vein

immediately before surgery. B-scan ultrasonography and

hematoxylin–eosin (HE) staining were used to confirm the

establishment of the model.

Approximately 0.5 mL of vitreous was collected at baseline, 1, 3,

7, 10, 14, and 28 days after OGI using 24G syringes (n = 5 rabbits for

each time point). Normal rabbit vitreous was collected as control (n

= 5). Vitreous was collected only once for each rabbit.

Concentrations of IL-6, IL-7, and IL-33 were measured using

enzyme-linked immunosorbent assay (ELISA) kits (Jiangsu

Jingmei Biological Technology Co., Cheng, China) according to

the manufacturer’s instructions.
2.7 Statistical analysis

All statistical analyses of the Olink test were performed using

the R software “Olink®Analyze” (R version 3.6.3). For the ELISA

test, the different groups were compared using ANOVA. p < 0.05

was considered statistically significant.
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3 Results

3.1 Clinical characteristics of
the participants

Tables 1A, B shows the clinical characteristics of all the

participants in the Olink study. A total of 41 patients were

included in this cohort.
3.2 Potential biomarkers screening

Compared to the control group, 48 DEPs were identified in the

TPVR group, of which 29 were upregulated and 19 were

downregulated (Figure 4), mainly covering members of the

chemokine, interleukin, and growth factor families. The

expression heatmap of the above DEPs in each sample is shown

in Figure 4A. The top 5 DEPs according to the smallest p-value were

4E-BP, ADA, EN-RAGE, IL-6, and IL-7 (Figure 5). Detailed

information can be found in the Supplementary fi le

(Supplementary Table 2).

The association between the 48 DEPs and clinical

characteristics of TPVR patients was analyzed, and 29 DEPs were

found to be correlated (Supplementary files, Supplementary Table

3, Figure 6). CXCL5, EN-RAGE, and CD5 were positively correlated

with final BCVA-L. IL-7 was positively correlated with PVR-S.

ADA and CD5 were positively correlated with PVR-R. Massive

cytokines were correlated with TIES (especially IL-6 and CASP8),

TWL (especially CCL25 and TWEAK), SWL (especially CCL25),

and DLP (especially IL-33). However, none was correlated with

IOIV and NOI. Based on the above analysis, we primarily

considered IL-6, IL-7, CXCL5, EN-RAGE, CASP8, TWEAK, IL-

33, CCL25, ADA, and CD5 as candidate biomarkers for

further investigation.

The correlation between the 48 DEPs is shown in the

correlation heatmap in Figures 7A, B. TWEAK and HGF had the

most significant positive correlation, and 4E-BP and IL-1a had the

most significant negative correlation. CXCL5 and EN-RAGE were

also highly correlated with IL-8 (Figure 7C, D); detailed information
FIGURE 3

The establishment of the rabbit TPVR model. (A) A 6-mm full-thickness scleral wound was made; (B) the wound was sutured 4 h after injury.
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can be found in the Supplementary files (Supplementary Table 4, R

> 0.65 would receive more attention). Chemokine and interleukin

family members were highly activated and strongly interconnected

in the PPI analysis (Figure 8A). A PPI network for certain DEPs was

also created to further explore the connection of these candidate

proteins, and the proteins included are the top 5 proteins with the

highest fold change and the candidate biomarkers mentioned

above. IL-6, IL-8, IL-7, HGF, CXCL5, CCL25, and IL-33 were all

strongly interconnected in the candidate biomarkers’ PPI analysis
Frontiers in Immunology 05
(Figure 8B). IL-6 appeared to be a central hub protein as it was

connected to all the other 11 proteins, and it was most strongly

connected to IL-8 (combined score of 0.991). In addition, IL-7 was

most strongly connected with HGF (combined score of 0.991).

ROC analysis was performed and the results showed that all the

above candidate biomarkers had high AUC values (0.734–1), of

which EN-RAGE with the highest AUC generated 100% sensitivity

and 5% specificity. Figure 9 shows the AUC curve of some

candidate biomarkers. The AUC values for all DEPs are listed in

Supplementary files (Supplementary Table 2).

IL-6, IL-7, IL-8, IL-33, CXCL5, EN-RAGE, TWEAK, and CD5

may be potential biomarkers for TPVR pathogenesis and prognosis

based on all the aforementioned bioinformatics analyses.
3.3 Function enrichment of DEPs

To further investigate the potential function of the DEPs, GO and

KEGG enrichment analysis was conducted (Supplementary files,

Supplementary Tables 5 and 6). The results of GO analysis showed

that the genes of DEPs in biological processes were mainly enriched

in cytokine-mediated signaling pathway and inflammatory response.

Cellular component was mainly enriched in extracellular space and

extracellular region. The molecular function category was mainly

enriched in growth factor activity and chemokine activity

(Figures 10A, B). KEGG analysis showed that the functions of the

DEPs weremainly focused on cytokine–cytokine receptor interaction,

rheumatoid arthritis, and pathways in cancer (Figures 10C, D).
3.4 Validation of potential biomarkers in
the TPVR rabbit model

Intense inflammation typically occurs after ocular trauma.

Therefore, we further carried out ELISA verification for the

interleukin family members of chosen biomarkers. B-scanning

and HE staining confirmed the establishment of the rabbit TPVR

model (Figure 11). Expression levels of IL-6 was significantly

upregulated, peaking 1 day after injury, and remained at high

levels until 28 days after injury (Figure 12A). IL-7 was

significantly downregulated in 1, 7, 10, and 14 days after injury

(Figure 12B). IL-33 was significantly upregulated, peaking 1 day

after injury, and remained at high levels until 10 days after injury

(Figure 12C). All are consistent with the trend observed in Olink

data (Figure 12, Supplementary files, Supplementary Table 7).
4 Discussion

Although the pathological mechanism is very complex, it is

widely accepted that inflammation is central to the onset and

development of TPVR, and a key factor in optimizing therapeutic

management is the identification of sensitive and reliable

inflammatory protein biomarkers. In the present study, we used

Olink to identify protein differences in TPVR patients by

inflammation panel. The 92 protein biomarkers covered pro- and
TABLE 1A Clinical features of TPVR (N = 19).

Sex: Male/Female 14/5

Age (years) 53.8 (23–74)

Cause of injury
Assault
Traffic accident
Fall down

14
2
3

Place of injury
Workplace
Home
Road
Public places

8
6
2
3

Initial VA (Log MAR) 2.74 (2.5–3.0)

Nature of injury
Laceration
Globe rupture

4
15

TWL (mm) 20.2 (5–36)

SWL (mm) 18.5 (5–36)

DLP (mm) 9.2 (1–25)

Zone
1, 2, and 3
1, 2
2, 3
2 only
3 only

2
1
9
3
4

TIES (h) 22.7 (5–96)

PVR-S 7.4 (1–14)

IOIV (days) 10.2 (7–14)

Retinal retention (%) 80 (5–100)

Final BCVA (Log-MAR) 1.8 (0.1–3)

PVR recurrence 57.9%

Retinal attachment rate 86.8%
TABLE 1B Clinical features of control group (N = 22).

Diagnosis Macular Hole

Number 22

Age (years) 65.9 ± 6.5

Gender (M:F) 5:17

Pre-operative VA (logMAR) 1.0 ± 0.3

Duration of symptoms (weeks) 17.8 ± 18.1
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anti-inflammatory cytokines, chemokines, growth factors, and

factors involved in acute inflammatory and immune responses,

angiogenesis, fibrosis, and endothelial activation. Forty-eight DEPs

were identified, indicating an excessive inflammatory response in

the TPVR process at the molecular level for the first time. For

ethical reasons, it is impossible to obtain fresh human vitreous

samples from healthy eyes. Therefore, we chose macular hole

patients as control. The complex GO and KEGG enrichment also

indicated that TPVR pathogenesis is a sophisticated biological

process and multifaceted mechanism involved. In addition to

traditional biomarkers such as IL-6 and IL-8, we also identified

some novel biomarkers through a series of bioinformatic analyses.

In addition to previously identified pathways such as NF-kB, JAK/
STAT, and TGF-b (1, 2), novel pathways such as cytokine–cytokine

receptor interaction pathways were also highly enriched. Candidate

biomarkers such as IL-7, TWEAK, 4E-BP, CXCL5, and CD5 are all

actively involved in cancer initiation and progression in previous

reports (18–22), and the KEGG analysis also indicated cancer

pathway enrichment. This may be due to the similar biological

processes of these two diseases, such as overgrowth, proliferation,

and epithelial-to-mesenchymal transition (EMT). PPI analysis of all
Frontiers in Immunology 06
DEPs suggested that interleukin and chemokine families are actively

involved in TPVR and strongly interact. IL-6, IL-8, IL-7, IL-33,

HGF, and CXCL5 were all strongly interconnected and highly

expressed in TPVR by the PPI network for certain DEPs,

suggesting that they may work together mechanistically, and IL-6

appeared as the central hub protein, indicating its core role

in TPVR.

Among the selected biomarkers, IL-6, IL-7, and IL-33 all belong

to the interleukin family. IL-6 is a potent pro-inflammatory

cytokine that significantly upregulated in many inflammation-

related diseases and also exhibits a wide range of biological

activities such as stimulating immune responses, stimulating glial

and fibroblast proliferation, and promoting collagen synthesis

during wound healing after trauma, especially burns or other

tissue damage leading to inflammation (23). IL-6 expression was

upregulated in previous PVR studies (7, 23–27), especially in TPVR

(8) and has been recommended as an important target for PVR

treatment (23–27). In accordance with a previous study (8), IL-6

was significantly elevated in the TPVR group with particular high

diagnostic value in our study. The PPI analysis also showed its core

role in TPVR. Previous research has demonstrated a positive
B CA

FIGURE 4

All differentially expressed inflammation-related biomarkers between TPVR and control group. (A) Heat map of 48 DEPs; (B) 29 proteins upregulated,
19 proteins downregulated; (C) volcanic visualization of 92 inflammation-related biomarkers. Red, significantly upregulated proteins; gray, no
differences; blue, significantly downregulated proteins.
FIGURE 5

Box scatter plot of the five DEPs (4E-BP1, ADA, EN-RAGE, IL-6, and IL-7) with the largest fold change and five other potential biomarkers (CXCL5, IL-
33, CD5, TWEAK, and IL-8).
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correlation between IL-6 levels and the extent and duration of PVR

grade (23). However, in our study, there was no correlation between

IL-6 levels and PVR-S, but it was positively correlated with TIES,

suggesting that completing emergency surgery as soon as possible

may alleviate the subsequent inflammatory response. IL-7 plays a

critical role in the development, proliferation, and differentiation of

T cells and the maturation of B cells through activation of IL-7R (19,

28). It can reconstitute the immune system, enhance its function,

and antagonize the immunosuppressive network (29, 30). Previous

studies have shown that IL-7 plays an important role in wound

healing by inhibiting TGF-b production in fibroblasts (31–34). Kim

SY reported that IL-7 plays a critical role in corneal fibroblasts in

granular corneal dystrophy type 2 by reducing the expression of

TGF-b and TGFBI through regulation of the RNNKI/RANK

signaling cascade and by regulating the expression of MT-MMP

(35). Here, we identified a potential role of IL-7 in TPVR patients

for the first time, with the largest fold change among all DEPs and a

high AUC value of 0.96. Since TGF-b plays a key role in PVR, this

suggests that IL-7 may affect PVR by activating the TGF-b pathway.

Moreover, IL-7 was positively correlated with PVR-S, meaning that

IL-7 may ameliorate the PVR severity to some extent, which may

facilitate the manipulation of vitrectomy, consistent with previous

studies showing that IL-7 slows wound healing (31). The potential

protective role of IL-7 and its mechanism in TPVR is still a matter
FIGURE 6

Correlation heatmap between the DEPs and clinical features.
Orange, positively related; blue, negatively related; and white,
nonrelated. *p < 0.05, **p < 0.01.
B C D

A

FIGURE 7

(A) Correlation heatmap between the DEPs. Orange, positively related; blue, negatively related; and white, nonrelated.*p < 0.05, **p < 0.01, ***p <
0.001, ****p < 0.0001. (B–D) The scatter plots are visualizations of these three pairs of inflammation-related biomarkers: TWEAK and HGF (the most
significant positive correlation, B), CXCL5 and IL-8 (C), EN-RAGE and IL-8 (D); R: Pearson correlation coefficient.
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for further investigation. Among these DEPs, IL-33 caught our

attention, which belongs to IL-1 family and is famous for its alarmin

signal after injury and associated with the sterile inflammation

caused by mechanical trauma. It is considered to be a dual-function

protein, exerting its pro- or anti-inflammatory effects (36), with

pro-inflammatory roles in retinal and retinal pigment epithelial

(RPE) cells (37–39). Previous clinical studies have shown that

serum IL-33 levels rise sharply immediately after injury, and

initial IL-33 levels may serve as an indicator of impending death

in polytraumatized patients (40). The Ricker LJ study showed no

significant changes in IL-33 in patients with recurrent PVR after

rhegmatogenous retinal detachment (RRD) compared to those

without postoperative PVR (41). However, IL-33 was upregulated
Frontiers in Immunology 08
in TPVR patients in our study and its correlation with DLP also

suggests its association with trauma severity. Müller glial cells are

the primary source of IL-33 in the retina (37, 42) and it is

significantly increased after RPE cell activation and stimulates

further release of inflammatory factors such as IL-6, IL-8, and

TNFa, which regulate tissue remodeling (43). IL-33 is also known

for its profibrotic function and increases retinal fibrosis after laser

injury (39, 44), all of which provide some clues as to the mechanism

for its involvement in TPVR that require further in-

depth investigation.

Chemokines, as an important component of inflammatory

factors, have attracted the attention of some scholars in the

development of PVR. IL-8, also CXCL1, is mainly secreted by
BA

FIGURE 8

Co-expression network and identification of hub proteins: (A) The PPI network between all the DEPs was established by using the STRING database.
The node represents the protein, and the edge represents the relationship between the proteins; dashed red box: interleukin family members highly
interactive; dashed yellow box: chemokine family members highly interactive. (B) The PPI network between the potential biomarkers was established
by using the STRING database. The edge width represents the combined score. PPI, protein–protein interaction.
FIGURE 9

The AUC curve of EN-RAGE, IL-6, IL-7, CXCL5,TWEAK, IL-8, CD5, and IL-33; the AUC value is shown in the figure legend at the bottom right corner.
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RPE cells, macrophages, and endothelial cells, with HRPE cells

being the major source (8, 45, 46). It has angiogenic and

fibrocellular proliferative effects on ocular tissues (8, 45, 46) and

is particularly important in acute inflammation. The increased

levels of IL-8 in the vitreous of the TPVR groups in the present

study were in agreement with the previous study by Canataroglu H

(8), which showed that IL-8 levels were elevated in all (100%) of the

traumatic PVR patients, combined with the high AUC value of 0.93,

all suggesting that IL-8 may be an important mediator in the

pathogenesis of TPVR. Ayako Yoshida (46) reported that

mechanical injury triggers HRPE IL-8 secretion, which may lead

to neutrophil recruitment in the retinal wound healing response,

shedding light on the mechanism of IL-8 in TPVR. A significant

positive correlation between IL-8 and CXCL5 was found here,

which is consistent with the previous study that CXCL5 is

homologous to IL-8 (47). CXCL5 is released by inflammatory

cells through activation of IL-1 or TNFa, interacts with CXCR2,

has a strong chemotactic effect on neutrophils, is particularly

important for leukocyte infiltration in inflammatory diseases, and

is also involved in angiogenesis and connective tissue remodeling

(48, 49). CXCL5/ENA78 is also responsible for several cellular

functions, including proliferation, migration, and EMT, which are

important steps in PVR formation (18, 50). Zandi S et al. reported

that CXCL5 was significantly upregulated in patients with primary

RRD who developed postoperative PVR compared to eyes without

postoperative PVR, suggesting its potential predictive value for the

development of postoperative PVR (51). In this study, CXCL5

expression was significantly increased in TPVR patients and

correlated with final BCVA-L, implying that inhibition of CXCL5

is an attractive target for improving TPVR prognosis.
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TWEAK is a TNFSF member that activates the fibroblast

growth factor inducible-14 (Fn14) or CD163 receptor to trigger

multiple signaling cascades leading to a variety of cellular events

including proliferation, migration, differentiation, apoptosis,

angiogenesis, and inflammation. The function of TWEAK varies

depending on the receptor to which it binds, the tissue type in which

it is expressed, specific extrinsic conditions, and the presence of

other cytokines. It is protective in healthy tissues, but detrimental in

chronic inflammatory conditions (52, 53). Previous studies have

identified a potential role for TWEAK/Fn14 in pro-fibrosis in

various organs or tissues (52–58). Chen DY reported TWEAK in

proliferative diabetic retinopathy (PDR) and promoted

proliferation and collagen synthesis in retinal ARPE-19 cells (59).

In our study, the upregulation of TWEAK in TPVR patients, the

particularly high AUC value, the most significant positive

correlation with HGF, and the correlation with PVR-S led us to

propose TWEAK as another candidate target biomarker for the

diagnosis of TPVR and for the assessment of PVR severity.

The main challenge of TPVR is recurrence and poor prognosis,

which deserves more attention. In the present study, CD5

expression levels were correlated with PVR-R and BCVA-L, and

EN-RAGE was correlated with final BCVA-L, suggesting that they

may be potential biomarkers for the prognosis of TPVR. CD5 is a

transmembrane glycoprotein that regulates T-cell function and

development and is expressed on the surface of dendritic cells.

The presence of CD5+ DCs has been correlated with increased

patient survival in a variety of tumors (60). He et al. (61) identified

CD5 on DCs as a new potential target for improving response rates

in patients undergoing immune checkpoint blockade therapy, and

CD5 offers great potential for the development of related new drugs
B

C D
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FIGURE 10

GO and KEGG enrichment analysis of DEPs. (A) Scatter plot of GO: The color of the bubbles indicates the significance of the enriched GO terms. (B) Bar
plot of GO: The abscissa indicates the enrichment by GO functional classification and the ordinate represents the number of enriched proteins. (C)
Scatter plot of KEGG: The color of bubbles indicates the significance of the enriched KEGG pathway. (D) Bar plot of KEGG: The ordinate represents the
significantly enriched KEGG pathways and the abscissa represents the number of proteins enriched in each KEGG pathway (rich factor ≤ 1).
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(21). All of the above points to its potential prognostic value (21, 60,

61). However, this has not been reported in any previous study of

TPVR. EN-RAGE, also known as S100A12, is a calcium-binding

pro-inflammatory protein secreted predominantly by activated

granulocytes, macrophages, and lymphocytes (62). It has been an

important modulator of the inflammatory immune response by

acting on RAGE-mediated downstream cascades. Increased levels of

EN-RAGE have been reported in the serum, aqueous humor, and

tear fluid of autoimmune uveitis patients (63, 64). A previous study

found that the RAGE axis was enhanced in PDR and PVR, but the

specific mechanisms were unclear (65). In our Olink protein study,

we found a robust upregulation and the highest AUC value of EN-

RAGE in the TPVR group. In addition, it was positively correlated

with IL-8, which was an important cytokine in TPVR (9, 13). Taken

together, EN-RAGE may be a potential biomarker for the diagnosis

and the prognosis of TPVR.
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In addition to identifying effective biomarkers, determining the

optimal timing of intervention is another important aspect of

improving the prognosis of TPVR. However, the continuous

expression changes of biomarkers during the formation of TPVR

have been difficult to obtain due to the limited schedule of vitrectomy

in clinical practice. The PPI network suggests that interleukin family

members may be hub proteins in TPVR formation. Based on the

above, IL-6, IL-7, and IL-33 were selected for further validation by

ELISA in the rabbit model at different time points during 28 days after

injury, and the trend was consistent with the proteomics results from

Olink. Notably, IL-6 and IL-33 increased and peaked 1 day after injury

and remained high until 28 days, demonstrating early, extensive and

persistent post-injury inflammation in the TPVR process. IL-7

expression levels also exhibited a dramatic change 1 day after injury,

suggesting that early post-injury may be an optimal time for

intervention targeting interleukin family members.
B
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FIGURE 11

B-scanning and HE staining confirmed the establishment of the rabbit traumatic PVR model at 28 days. (A) Ultrasound of normal rabbit eyes showed
flattened retina and no abnormal echoes in the vitreous cavity. (B) Ultrasound of rabbit eyes in the TPVR model showed a large number of dots and
bands of echoes in the vitreous cavity, localized retinal detachment (yellow arrowheads), and enhanced echoes at the wound site (green *). (C) HE
staining of the structure of each layer of the retina in normal rabbit eyes (×40). (D) HE staining of the TPVR showed localized injury as large areas of
subretinal proliferative membranes, vitreoretinal traction, retinal detachment, and folding and curling to the contralateral side (black arrow is the
proliferation and the red solid box is the detached retina) (×40). (E) HE staining of each layer of the structure of the retina in normal rabbit eyes
(×100). (F) HE staining of the local retinal structure within the red box in (D) shows that there is a disruption in the structure of the retina, with the
structural arrangement of the layers in disarray and the absence of multilayers of cells (×100).
B CA

FIGURE 12

ELISA measurement of vitreous IL-6 (A) , IL-7 (B), and IL-33 (C) in the rabbit TPVR model. N = 5 animals/time point. * represent data compared with
Ctrl, *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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The study provides insights for future clinical management of

TPVR. The identification of multiple biomarkers that cover

parameters associated with PVR severity and PVR prognosis may

create additional avenues for improving diagnostic procedures and

disease monitoring, as well as providing clues to appropriate targets

for further therapeutic drug discovery. The combined testing of

biomarkers that play different roles during this process may prove

useful for clinical decision-making, especially for those who cannot

achieve vitrectomy at the optimal time, an additional intervention

may take action. On the other hand, the robust differential

expression of interleukin in the TPVR rabbit model at an early

stage of injury validates and demonstrates an excessive

inflammatory response soon after injury. This reminds us that

early intraocular or systemic prophylactic application of anti-

inflammatory therapy can be applied to control the intraocular

inflammation at an early stage, thereby inhibiting the development

and severity of PVR and ultimately restoring as much retinal

function as possible.
5 Conclusion

In conclusion, we observed the variation of a wide range of

cytokines in the vitreous of TPVR, among which IL-7, EN-RAGE,

TWEAK, CD-5, CXCL-5, and IL-33 were our novel findings by

comprehensive bioinformatics analysis, providing a preliminary

reference for studying the mechanism of TPVR formation. In the

future, we will expand clinical sample sizes, improve the

diagnostic accuracy of candidate biomarkers, and validate their

potential for clinical application. In addition, the molecular

mechanisms of these potential biomarkers in TPVR require

further in-depth investigation. Targeted therapy based on the

right biomarkers and pathway at the right time can ensure

ideal outcomes.
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