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Abstract   
● AIM: To assess alterations in growth factors, inflammatory 
mediators, and cytokines associated with vitreous-retinal 
diseases in vitreous humor from patients with proliferative 
diabetic retinopathy (PDR), and to identify potential new 
treatment targets and strategies.
● METHODS: Control vitreous samples were collected 
from patients with macular hole, epiretinal membranes, or 
rhegmatogenous retinal detachments, and PDR samples 
from patients with complications of PDR, who required pars 
plana vitrectomy. Specimens were stored at −80℃ and 
then investigated by Luminex multi-factor assay. Parametric 
and nonparametric analyses of demographic characteristics 
and cytokine expression levels were conducted using SPSS.
● RESULTS: There were no significant differences in 
demographic characteristics between patients with and 
without PDR. Expression levels of growth factors [platelet-
derived growth factor (PDGF)-AA, glial cell line-derived 
neurotrophic factor (GDNF), and vascular endothelial growth 
factor A (VEGFA)], inflammatory mediators [interleukin (IL)-8, 
IL-11, and tumor necrosis factor-α (TNF-α)] and cytokines 
[chemokine C-X-C ligand (CXCL)10, interferon-γ (IFN-γ), and 
granulocyte macrophage-colony stimulating factor (GM-CSF)] 
were significantly elevated in vitreous humor from patients 

with PDR compared with those in the control group (all 
P<0.05). Further, VEGFA levels were lower in patients with 
PDR treated with anti-VEGF injection than those who were 
not (P<0.05), and there was no difference between the PDR 
group treated with anti-VEGF and controls (P>0.05).
● CONCLUSION: This proof-of-concept study demonstrates 
the potential for combinational therapeutic strategies to 
ameliorate diabetic retinopathy progression by targeting 
growth factors, inflammatory factors, and cytokines, in 
addition to VEGFA.
● KEYWORDS: vitreous; proliferative diabetic retinopathy; 
growth factors; inflammation; cytokines
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INTRODUCTION     

D iabetic retinopathy (DR) is a leading cause of blindness, 
due to the prevalence of diabetes mellitus (DM) 

worldwide[1]. Breakdown of the blood-retinal barrier and 
the resulting complex pathophysiology lead to formation of 
microaneurysms, cotton-wool patches, and nonperfusion, 
which characterize non-proliferative diabetic retinopathy 
(NPDR)[2]. When DR progresses and becomes severe, vitreous 
hemorrhage (VH), fibrovascular membrane formation, and 
even tractional retinal detachment (TRD) can occur and 
indicate the development of proliferative diabetic retinopathy 
(PDR). Current therapies targeting DR with neovascularization 
or diabetic macular edema mainly focus on intravitreal 
injection of anti-vascular endothelial growth factor (VEGF) 
antibody[3]; however, not all patients respond positively. The 
huge burden of this increasingly severe disease necessitates 
better understanding of the molecular mechanisms underlying 
DR as a crucial objective in the struggle to prevent vision loss.
The critical role of growth factors, particularly VEGF-
family proteins, in DR pathophysiology is established. Prior 
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studies have focused on VEGF-A, -B, -C, and -D[4], as well as 
placental growth factor (PlGF)[5]. Research to identify other 
growth factors that are correlated with DR progression, which 
may cooperate directly with, or be independent from, VEGF, 
could inform novel therapeutic interventions. Notably, basic 
fibroblast growth factor (bFGF) functions in coordination 
with VEGF to worsen vascular permeability in experimental 
retinopathy[6-7]. To date, novel proangiogenic targets, such as 
platelet-derived growth factor (PDGF), are subject to ongoing 
investigation for their potential for use in patients poorly 
responsive to anti-VEGF therapy and as a means to reduce the 
adverse effects of long-term VEGF inhibition for treatment of 
neovascular eye disease[8]. Glial cell line-derived neurotrophic 
factor (GDNF) suppresses vascular hyperpermeability in 
retinopathy pathology by decreasing VEGF expression in 
endothelial cells[9]. Therefore, in addition to VEGFA, we 
analyzed bFGF, PDGF-AA, and GDNF in vitreous samples in 
this study. 
In addition to assessing the role of growth factors, many 
studies have focused on the recruitment and important effects 
of inflammatory mediators in vitreoretinal diseases[10-11]. 
Inflammatory flux can be induced by hyperglycemia and 
hypoxia under diabetic conditions, thereby inducing oxidative 
stress, inflammatory storm, and infiltration of inflammatory 
factors, among other effects, leading to deterioration of DR[12-13]. 
Hence, in developing potential therapeutic targets for future 
DR treatments, it is fundamental to include an inflammatory 
mediator profile.
While growth factors and inflammatory mediators are major 
elements influencing retinal neovascular disease, including 
DR, other cytokines likely contribute to the initiation and 
progression of these diseases[14]. Chemokines may function 
similarly to VEGF or assist VEGF in driving retinal cell 
proliferation and motility to influence DR development[15]. 
Therefore, establishing a comprehensive profile of vitreous 
proteins, including vascular growth factors, inflammatory 
factors, and chemokines, across a range of DR samples may 
help to direct future investigations and strategies.
SUBJECTS AND METHODS
Ethical Approval  This study was performed in accordance 
with the tenets of the Declaration of Helsinki and approved 
by the local Research Ethics Committee of Shanghai General 
Hospital. Informed consent was obtained from all individual 
participants included in the study.
Study Population  This study was a prospective analysis of 
31 eyes from 31 patients undergoing pars plana vitrectomy 
from April 2020 to September 2020 at the National Clinical 
Ophthalmic Center, Shanghai General Hospital. The inclusion 
criteria were as follows: all patients were to undergo pars 
plana vitrectomy by a single surgeon during the above time 

period for indications including macular hole (MH), epiretinal 
membranes (ERM), or rhegmatogenous retinal detachment 
(RRD, control group); or for complications of PDR (VH or 
TRD, PDR group). Patients with a history of prior vitrectomy, 
choroidal detachments, retinal vascular occlusion, uveitis, lens 
dislocation, complicated anterior segment surgery, glaucoma, 
or trauma were excluded. Patients with PDR who had received 
treatment with intravitreal anti-VEGF agents were included 
for comparison with other patients with PDR and untreated 
eyes. Patient clinical characteristics, including sex, age, eye, 
pretreatment with ranibizumab (Lucentis, 0.5 mg), fasting 
blood glucose (FBG), serum creatinine, and blood urea 
nitrogen (BUN), were extracted from their medical records.
Vitreous Sample Collection, Preparation, Storage, and Use  
At the beginning of the surgical procedure, undiluted vitreous 
samples were collected from patients as previously reported[16]. 
Briefly, before initiating infusion and starting the vitrectomy, 
a 25-gauge vitreous cutter was used to obtain an undiluted 
vitreous sample (approximately 1 mL). A 2-mL syringe was 
attached to the vitreous cutter to contain the specimen. Once 
sufficient volume of vitreous fluid was obtained, infusion was 
initiated and the syringe removed to continue the vitrectomy. 
Undiluted specimens were injected into cryogenic vials and 
immediately transferred to liquid nitrogen, followed by storage 
at –80℃ until further analysis.
A multi-factor assay (R&D, USA) was performed on a 
Luminex instrument according to the manufacturer’s protocol. 
All samples were plated in duplicate. Fifteen biomarkers were 
analyzed, including the growth factors, VEGFA, bFGF, PDGF-
AA, and GDNF; the cytokines and chemokines, interleukin 
(IL)-6, -7, -8, -11, tumor necrosis factor-α (TNF-α), C-C 
motif chemokine ligand 2 (CCL2), chemokine C-X-C ligand 
(CXCL)10, Fractalkine/CX3C chemokine ligand 1 (CX3CL1), 
CXCL1, interferon-γ (IFN-γ), and granulocyte macrophage-
colony stimulating factor (GM-CSF). Results are reported as 
pg/mL.
Protein-Protein Interactions  Predicted protein-protein 
interactions were generated following analysis of significantly 
different molecules input into the STRING database (http://
string-db.org). The molecules include VEGFA, bFGF, PDGF-
AA, GDNF, IL-6, -7, -8, -11, TNF-α, CCL2, CXCL10, 
CX3CL1, CXCL1, IFN- γ, and GM-CSF.
Statistical Analysis  Vitreous specimens were divided into two 
groups: 1) those who had undergone vitrectomy for MH, ERM, 
or RRD with no history of diabetes mellitus (DM, control 
group, n=20); 2) eyes with complications of PDR (PDR group, 
n=11). Data management and analyses were performed using 
SPSS software (SPSS, Inc., Chicago, IL, USA). All data were 
assessed for normal distribution, and if distributions were 
skewed, analyzed using nonparametric tests. Analyses of patient 
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characteristics were conducted by Chi-square, unpaired t-, and 
Mann-Whitney U tests. Mann-Whitney U tests were used to 
compare levels of individual biomarkers between groups, as 
well as between pretreated and untreated eyes within the PDR 
group. For all tests a P value <0.05 was considered significant.
RESULTS
Clinical Characteristics  Vitreous samples were collected 
from 31 eyes of 31 patients. The characteristics and 
distributions of the subjects included in this study are listed 
in Table 1. A total of 20 eyes without DM, and 11 eyes with 
PDR were enrolled. There was no significant difference in age 
(56.85±11.90 vs 51.6±11.5y) or sex (9/11 vs 6/5 male/female) 
between the cohorts (P=0.26 and P=0.94 respectively). 
Six patients received intravitreal anti-VEGF therapy three 
days prior to vitrectomy. FBG was significantly higher in 
PDR group (8.11±1.382 mmol/L) than the control group 
(5.6±0.766 mmol/L; P<0.001). Although there was no 
significant difference in serum creatinine (68.645±23.861 vs 
162.155±248.694 μmol/L, P=0.24) or BUN (5.802±1.807 vs 
9.416±8.348 mmol/L, P=0.19) levels between the control and 
PDR groups, levels tended to be elevated in patients with PDR 
relative to the control group.
Protein Expression in Vitreous of Patients with Different 
Vitreoretinal Diseases  To evaluate the roles of growth factors, 
inflammatory factors, and cytokines in PDR progression, 
biomarkers of various pathways were detected in vitreous 
samples. Among the growth factors, bFGF exhibited no 
significant difference between control and PDR specimens, 
while PDGF-AA (~4.5 fold) and GDNF (~1.2 fold) levels 
were clearly higher in PDR vitreous than in samples from 
control patients. Further, VEGFA was elevated to 38-fold in 
samples from patients with diabetes relative to controls. As 
some patients with PDR received anti-VEGF therapy prior to 
surgery, unsurprisingly, VEGFA was significantly inhibited 
by intravitreal injection of anti-VEGF agents, and thus its 
expression was similar to that of control group. In contrast, 

VEGFA expression in samples from patients with PDR who 
had not undergone anti-VEGF injection was much higher 
(~82.6 fold) than that in control samples (Figure 1A). Of 
the inflammatory factors examined, vitreous levels of IL-8 
(~14.7 fold), IL-11 (~1.8 fold), and TNF-α (~1.2 fold) were 
clearly higher in patients with PDR than controls, while those 
of IL-6 and IL-7 did not differ significantly between control 
and diabetic samples (Figure 1B). Subsequently, cytokines 
were explored in vitreous samples from patients with diabetic 
conditions and controls. Levels of CXCL10 (~1.2 fold), 
IFN-γ (~1.3 fold), and GM-CSF (~1.7 fold) were significantly 
enhanced in PDR vitreous vs control samples; however, there 
were no significant differences in levels of CCL2, CX3CL1, 
and CXCL1 between control and PDR specimens (Figure 1C).
Based on the results of this study, we constructed a complex 
protein network, based on the STRING database (Figure 2). 
The STRING database (http://string-db.org) provides 
comprehensive assessment and integration of protein-
protein interactions, including direct (physical) and indirect 
(functional) associations. This analysis may provide 
improved understanding of the interactions of growth factors, 
inflammatory mediators, and cytokines in DR pathogenesis.
DISCUSSION
Identification of Biomarkers in Proliferative Diabetic 
Retinopathy Vitreous  The identification and quantification 
of biomarkers related to different functions in vitreous humor 
from patients with PDR could contribute to comprehensive 
understanding of DR pathogenesis. Growth factors, 
inflammatory factors, and cytokines, are potential targets for 
further investigation and therapeutic intervention. Previous 
studies of DR have largely focused on aqueous humor or 
serum, rather than vitreous, as patients with NPDR do not 
usually require surgically intervention, leading to difficulty 
in obtaining vitreous[17-19]; however, biomarker levels in the 
aqueous humor reflect the aqueous recycling and topical 
pathophysiology of diabetic patients, and do not reliably 

Table 1 Clinical characteristics of the subjects included in this study

Demographic Control (n=20) PDR (n=11) P

Age (y, mean±SD) 56.85±11.90 51.6±11.5 0.26

Sex (M:F) 9:11 6:5 0.94

Eye type (OD:OS) 14:6 6:5 0.36
Pretreatment with anti-VEGF 0 6 N/A
FBG (mmol/L) 5.6±0.766 8.11±1.382 <0.001a

Serum creatinine (μmol/L) 68.645±23.861 162.155±248.694 0.24
BUN (mmol/L) 5.802±1.807 9.416±8.348 0.19

VEGF: Vascular endothelial growth factor; FBG: Fasting blood glucose; BUN: Blood urea nitrogen; 
PDR: Proliferative diabetic retinopathy; N/A: Not available. OD: Right eye; OS: Left eye. aStatistically 
significant P value by unpaired t-test.
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Figure 1 Expression levels of different factors in vitreous humor of control and PDR patients  A: Altered growth factors including bFGF, 
PDGF-AA, GDNF, and VEGF-A in vitreous; B: Inflammatory mediators containing IL-6, -7, -8, -11, and TNF-α were detected in vitreous 
samples; C: Vitreous cytokines including CCL2, CXCL10, CX3CL1, CXCL1, IFN-γ, and GM-CSF were evaluated. aP<0.05, bP<0.01, PDR vs 
CON; cP<0.05, PDR with anti-VEGF vs PDR without anti-VEGF. CON: Control group; bFGF: Basic fibroblast growth factor; CCL2: C-C motif 
chemokine ligand 2; CXCL: Chemokine C-X-C ligand; CX3CL1: Fractalkine/CX3C chemokine ligand 1; GM-CSF: Granulocyte macrophage-
colony stimulating factor; IL: Interleukin; IFN-γ: Interferon-γ; PDGF: Platelet-derived growth factor; PDR: Proliferative diabetic retinopathy; 
TNF-α: Tumor necrosis factor-α; VEGF: Vascular endothelial growth factor.

Figure 2 A string pathway demonstrating the interdependent relationships of the 15 biomarkers.
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respond to their counterparts in the vitreous; hence, direct 
evaluation of vitreous proteins is preferable[20]. In this study, 
we assessed a network of growth factors, inflammatory factors, 
and cytokines in the vitreous humor of patients with PDR 
(including VH and TRD), and detected significantly altered 
levels of 15 chemokines. Unsurprisingly, certain growth 
factors, inflammatory factors, and cytokines were elevated in 
the PDR group relative to samples from patients with non-
diabetes conditions.
PDGF, GDNF, and VEGF family  In this study, we found that 
levels of PDGF-AA, GDNF, and VEGFA were significantly 
increased in vitreous from patients with PDR, consistent with 
previous observations in fibrous vascular membrane and 
vitreous humor samples from patients with PDR[15]. PDGF 
is a strong inducer of angiogenesis, and PDGF-AA is related 
to proteins involved in neovascularization and fibrosis, such 
as angiopoietin-1 (Ang-1) and -2 (Ang-2), transforming 
growth factor β (TGF-β), and PlGF[21]. These findings support 
a possible role for PDGF as a pivotal force in accelerating 
pathological angiogenesis, and even fibrosis, in patients with 
PDR. Notably, clinical trials of intravitreal injection with a 
combination of a PDGF inhibitor and an anti-VEGF agent 
in neovascular age-related macular degeneration reported 
a favorable short-term safety profile[22], indicating that 
combination therapy targeting PDR is a possibility.
In addition to being a microvascular complication of diabetes, 
DR can be considered a neurodegenerative disease that causes 
impaired vision at the onset of diabetes[23]. The neural changes 
involved in DR can further trigger retinal neuronal survival 
signaling, including the production of neurotrophins[24]. 
Neurotrophins, released from glial cells, such as muller cells, 
are functionally and structurally related to growth factors 
with crucial roles in the development, maintenance, survival, 
and repair of the nervous system, and also have critical 
roles in angiogenesis and fibrosis[25]. Given the vital role 
of neurotrophins in modulating neuronal function, it is not 
surprising that neurodegenerative disorders, such as DR, are 
associated with altered expression of neurotrophins. In the 
present study, levels of GDNF were significantly enhanced 
in vitreous humor from patients with PDR, similar to a 
report from a previous study[26]. Increased understanding of 
neurotrophin expression and its related signaling in the retina 
may improve therapeutic approaches for the management of 
DR.
Furthermore, the expression of VEGFA was evaluated in 
vitreous humor from patients with PDR pretreated or not with 
anti-VEGF agent prior to vitrectomy. As expected, administration 
of anti-VEGF treatment significantly suppressed the enhanced 
levels of VEGFA induced by PDR. It is established that 
VEGF is a critical stimulator of neovascularization and 

closely associated with DR deterioration by disrupting 
retinal microvascular structure and function[27]. Although 
administration of anti-VEGF therapy has been widely applied 
to inhibit neovascularization in retinal diseases, and is not 
limited to DR, the disadvantages of tolerance development, 
undesirable responses, and side effects of anti-VEGF therapy 
mean that invention of novel therapeutic targets to ameliorate 
DR is urgently required. The findings of this study indicate that 
combination of PDGF or GDNF inhibitors with anti-VEGF 
treatment, may help to prevent neovascularization and fibrosis 
in DR. The detailed mechanism involved and the efficacy of 
such a combination treatment strategy in DR warrant further 
study in the future.
Inflammatory Flux in Diabetic Retinopathy  This study 
also presents evidence of significant increases in inflammatory 
proteins, including IL-8, IL-11, and TNF-α. IL-8 is a crucial 
mediator of ocular inflammation and angiogenesis in retinal 
ischemic disease[28-29] and increased IL-8 is correlated with DR 
progression. Moreover, our observation of IL-11 upregulation 
in vitreous humor of patients with PDR was consistent with 
a previous publication, which proposed that IL-11/IL-11Rα 
signaling and CD163+ M2 macrophages may be involved in 
angiogenesis in PDR[30]. Moreover, TNF-α is activated and 
can induced the expression of proinflammatory proteins in 
DR, contributing to DR progression[31]. During inflammation, 
inflammatory cells may activate the expression of growth 
factors, angiogenic cytokines, and proteases which induce 
formation of new vessels and tissue damage. As discussed 
by Yoshimura et al[32], it is possible that inflammatory factors 
also contribute to elevated vascular permeability while, unlike 
growth factors, they primarily induce proliferative disease, 
leading to increased expression levels of inflammatory mediators. 
Thus, inflammation and angiogenesis are interlinked, and it 
is predictable that inflammation both has a role in the early 
stages of DR and occurs later in the disease course, alongside 
neovascularization and edema. The increased levels of 
inflammatory proteins detected in the present study suggest 
a role for the use of anti-inflammatory agents or steroids, in 
conjunction with current anti-VEGF therapy, to treat PDR.
Enrollment of Chemokines in Diabetic Retinopathy  
The identification and assessment of chemokines in the 
vitreous humor of diabetic patients with PDR may provide 
more comprehensive insights into the pathophysiology of 
DR. Chemotactic cytokines are potential targets for further 
investigation and treatment. Patients with PDR (including 
VH and TRD) had significantly elevated levels of CXCL10, 
IFN-γ, and GM-CSF, which were associated with early retinal 
damage and DR development. Previous reports have suggested 
a crucial role for angiogenic growth factors, neurotrophin, 
and inflammatory mediators in DR progression, while 
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investigation of chemokines suggested they could be useful 
for DR prognosis or diagnosis[18,33]. Chemokines can mediate 
leukocytic activation and migration, which may induce 
leukostasis, eventually resulting in capillary occlusion and 
retinal hypoxia.
CXCL10 was increased in the PDR group relative to controls, 
suggesting that it has a role in DR progression. CXCL10 
recruits leukocytes after binding to its receptor, C-X-C 
chemokine receptor (CXCR) 3. As previously reported, CXCL10 
can regulate retinal inflammation through modulation 
of endoplasmic reticulum stress-induced NF-κB, RelA, 
and STAT3 activation in photoreceptor cells treated with 
advanced glycation end products and high glucose[34]. In 
addition, CXCL10 secretion can affect outer retinal and 
choroidal neovascularization induced by ciliary neurotrophic 
factor (CNTF)[35]. These studies revealed that elevation of 
chemokine CXCL10 not only induces inflammation, but may 
also influence neovascularization during DR progression. 
Further, upregulation of IFN-γ and GM-CSF also contribute to 
inflammation induction in DR.
The present analysis has several limitations. The sample size 
was relatively small and analysis of vitreous humor from 
patients with non-proliferative DR would be beneficial to 
allow comparison of cytokine levels at the different stages; 
however, we were unable to obtain such samples from 
patients who did not require surgery. Further, we did not 
collect patient aqueous humor or serum samples. Previous 
studies have demonstrated that circulating cytokines correlate 
poorly with ocular cytokines, and aqueous humor does not 
accurately reflect the expression of cytokines in the vitreous. 
Further studies will focus on interdependent mechanisms in DR 
pathogenesis involving growth factors, inflammatory mediators, 
and cytokines.
In summary, expression levels of growth factors (PDGF-AA, 
GDNF, and VEGFA), inflammatory mediators (IL-8, IL-11, 
and TNF-α), and cytokines (CXCL10, IFN-γ, and GM-CSF)
were significantly elevated in vitreous humor samples from 
patients with PDR. The results of this comprehensive analysis 
suggest potential combination therapeutic strategies, based on 
anti-VEGF, which may ameliorate DR progression. Further 
investigations are warranted to verify the efficacy and mechanisms 
involved in combination anti-angiogenic, neuroprotective, and 
anti-inflammation strategies for treating DR.
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