
Diabetic retinopathy is the most common cause of visual 
loss. There are many pathologic factors that give rise to visual 
impairment in diabetic retinopathy, such as diabetic macular 
edema (DME), intraocular neovascularization, and prolifera-
tive vitreoretinopathy. Inflammation and microangiopathy 
play an important role in the pathogenesis of diabetic reti-
nopathy [1].

Tumor necrosis factor-alpha (TNF-α) is a cytokine espe-
cially synthesized from T- lymphocytes, monocytes, and 
macrophages. TNF-α plays a role in inflammation, neovas-
cularization, and apoptosis. Recent studies have shown that 
inflammation is effective in the development of diabetic reti-
nopathy. The vitreous and serum levels of TNF-α in patients 
with proliferative diabetic retinopathy (PDR) are statistically 
significantly higher than the levels in patients with nonpro-
liferative diabetic retinopathy (NPDR). Interferon-gamma 
(IFN-γ) and TNF-α are inflammatory cytokines. IFN-γ and 
TNF-α increase the secretion of vascular endothelial growth 
factor (VEGF) A and C from RPE cells and choroidal fibro-
blasts. VEGF A is an important proinflammatory molecule 
that plays a role in the development of diabetic retinopathy. 
VEGF is a major mediator of angiogenesis. VEGF A causes 

breakdown of the blood–retinal barrier and increases vascular 
permeability. When leukocyte diapedesis occurs in the retina, 
endothelial cells are activated. This mechanism expresses 
that endothelial cells are associated matrix metalloprotein-
ases (MMPs). MMP-2 and MMP-9 are elevated in vitreous 
samples of diabetic retinas [2,3].

Adiponectin (APN), a 30-kDa adipocyte-derived vasoac-
tive peptide, is secreted by adipocytes. APN also has anti-
inflammatory and antiatherosclerotic effects on endothelial 
cells. The development of diabetic retinopathy is linked to 
oxidative stress and abnormal APN levels [4].

Hyperglycemia causes endothelial dysfunction via 
increasing oxidative stress and expressing angiogenic factors. 
Endothelial dysfunction is implicated in the development 
of diabetic microvascular complications [5-7]. Eventually, 
inflammation is an important factor in DME and diabetic 
retinopathy [8]. The epiretinal membrane (ERM) is an 
avascular fibrocellular membrane that overlies the central 
macular area between the vitreous and the internal limiting 
membrane.

The etiology in the idiopathic epiretinal membrane is 
unknown. In the secondary epiretinal membrane, there is 
an anamnesis of ocular pathologies, trauma, or intraocular 
surgery. Epiretinal membranes contain glial cells, macro-
phages, fibrocytes, collagen fibers, and RPE cells [9]. We 
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included nondiabetic patients with idiopathic epiretinal 
membranes in the control group.

METHODS

Twenty-one patients with PDR, 21 patients with NPDR, and 
21 nondiabetic patients (with idiopathic epiretinal membrane) 
were enrolled. Patients with the following conditions were 
excluded: a history of ocular trauma, intraocular surgery, 
and ocular inflammatory diseases or had been receiving 
topical or systemic steroid treatment. All vitrectomies were 
performed by one author (NIU). The enrollment criteria for 
vitrectomy in this study was epiretinal membrane for patients 
with diabetes and nondiabetic patients.

Undiluted vitreous f luid samples (0.5 ml) from 21 
patients with PDR, 21 patients with NPDR, and 21 nondia-
betic (control) patients were obtained during pars plana 
vitrectomy. Samples were stored at −80 °C until analyzed.

IFN-γ, TNF-α, MMP-2, and MMP-9 concentrations in 
the vitreous samples were analyzed with using commercial 
96-well enzyme-linked immunosorbent assay (ELISA) kits. 
APN levels were also measured with ELISA.

Written informed consent was obtained from all patients. 
This study was performed in accordance with the Declara-
tion of Helsinki, and the Internal Ethics Committees of the 

Ankara Numune Education and Research Hospital approved 
the protocol for the study (E-19–2455).

Statistical analyses were performed using the program 
SPSS. Kruskal–Wallis and Mann–Whitney U tests were 
used in statistical analysis. A p value of less than 0.05 was 
considered statistically significant. Pearson correlations were 
used to demonstrate the association between all the data. The 
quantitative data are presented as mean ± standard deviation 
(SD).

RESULTS

The mean levels of INF-γ, TNF-α, MMP-2, MMP-9, and APN 
in the vitreous in 63 patients are shown in Table 1. The mean 
age, gender, duration of diabetes mellitus, and hemoglobulin 
A1c (HbA1c) levels are presented in Table 2.

In the present study, we investigated the statistically 
significantly increased levels of INF-γ in proliferative 
(p = 0.002) and nonproliferative (p = 0.000) diabetic eyes 
compared with nondiabetic eyes. The INF-γ levels (p = 0.049) 
were statistically significantly higher in proliferative eyes 
than in nonproliferative diabetic eyes.

The TNF-α levels in the vitreous were not statistically 
significant between all groups (p>0.005). MMP-2 and 
MMP-9 concentrations in the vitreous were not different 

Table 1. Mean vitreous levels of the INF-γ, TNF-α, MMP-2, MMP-9, Adiponectin.

Cytokines

Diabetic group Control group
Nonproliferatif DR (n=21) Proliferatif DR 

(n=21)
Non-diabetic with idiopathic 
epiretinal membrane (Control) 
(n=21)

INF-γ (pg/ml) 46,61±27,38 70,98±44,53 22,02±12,16
TNF-α (pg/ml) 6,58±3,33 7,24±3,75 5,10±1,64
MMP-2 (ng/ml) 220,49±81 193,85±99,68 144,85±93,27
MMP-9 (ng/ml) 12,88±6,19 11,30±2,04 10,74±2,16
Adiponectin (µg/ml) 10,32±7,51 9,32±5,9 19,24±2,87

Table 2. Demographics of the overall patients.

Clinical information

Diabetic group Control group
Nonproliferatif DR (n=21) Proliferatif DR (n=21) Non-diabetic with idiopathic 

epiretinal membrane (Control) 
(n=21)

Female/Male 14/7 13/8 10/11
Age (years) 63,61±7,94 61,26±7,57 62,12±8,18
Diabetes Mellitus duration 
(years) 8,11±1,74 17,86±2 -

HbA1c (%) 9,03±1,23* 9,76±1,53* 4,5±0,36

* p<0,05 as compared the nondiabetic patients.
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between all groups (p>0.05). We investigated the statistically 
significantly decreased levels of APN in proliferative (p<0.05) 
and nonproliferative (p<0.05) diabetic eyes compared with 
nondiabetic eyes. The APN levels in the vitreous were not 
different between the proliferative and nonproliferative 
diabetic eyes (p>0.05). There was a very weak positive corre-
lation between the IFN-γ and TNF-α levels in the vitreous (r 
= 0.258, p<0.05).

While the groups were evaluated, it was checked whether 
there was a correlation between the parameters and age or 
gender. There was no correlation between the IFN-y, TNF-a, 
MMP-2, MMP-9, and adiponectin levels in the vitreous and 
age or gender.

DISCUSSION

In the present study, we determined the effect of decreased 
APN levels in the vitreous and increased INF-γ levels in 
the vitreous in diabetic eyes. APN is a cytokine secreted by 
adipocytes. APN is increased in the vitreous of patients with 
microangiopathy and chronic inflammation. APN regulates 
lipid-glucose metabolism and anti-inf lammatory effect. 
Cholesterol mediates the activation of the acid sphingomy-
elinase that disrupts RPE autography. APN may modulate 
retinal lipid metabolism by removing excess cholesterol, 
reducing acid sphingomyelinase activation, or converting 
ceramide to sphingosine-phosphate. Decreased APN levels 
are associated with diabetic retinopathy. APN levels in the 
blood are positively correlated with retina blood flow in 
patients with diabetes [10]. Liao et al. reported decreased 
APN levels in the serum in type 2 patients with diabetes [4]. 
El Dayem et al. found increased adiponectin levels in the 
serum in adolescent girls with type 1 diabetes [11]. Pradeepa 
et al. reported that APN levels in the serum increased with 
the severity of diabetic retinopathy [12].

INF-γ is a part of the helper T-cell cytokine response, 
which activates proinflammatory macrophages and B cells. 
INF-γ is a proinflammatory cytokine. We know that high 
vitreous levels of INF-γ increase inflammation, and this is 
important in the pathogenesis of diabetic retinopathy. Tsai et 
al. reported INF-γ upregulation in patients with diabetes, but 
the researchers did not categorize the patients as with PDR or 
NPDR [13]. Wakabayashi et al. reported high levels of INF-γ 
in the vitreous in diabetic retinopathy [14].

Oh et al. indicated that IL-6 may play a role in the devel-
opment of diabetic macular edema. They also suggested that 
ocular levels of IL-6 are not correlated with the severity of 
diabetic retinopathy [15]. IL-6 is a multifunctional cytokine 
that plays a role in the regulation of the immune process and 

angiogenesis. Increased levels of IL-6 in ocular fluids were 
reported in PDR [8,16].

Retinal Müller glial cells produce VEGF and TNF-α 
due to inflammation and hypoxia. TNF-α stimulates VEGF 
secretion in retinal vascular cells [16]. In the present study, 
the TNF-α levels in the vitreous were not statistically signifi-
cant between all groups. Studies have investigated increased 
TNF-α levels in the plasma in patients with diabetes [17]. 
Chen et al. investigated increased VEGF and decreased 
TNF-α levels in the plasma in patients with diabetes [8].

MMPs may play role in the pathogenesis of PDR. 
Increased levels of MMP-9 and MMP-2 contribute to acti-
vating retinal neovascularization. MMP-9 is an important 
molecule in inf lammatory cells for the initial phase of 
inflammation and the late phase of tissue remodeling. MMPs 
are key factors to switch in acute and chronic inflammation 
[18,19]. Jin and coworkers reported increased MMP-9 levels 
in the vitreous in patients with diabetes. However, the authors 
did not detect a statistically significant change in the MMP-2 
levels in the vitreous [3]. MMP-2 and MMP-9 concentrations 
in the vitreous were not different between all groups in the 
present study. MMP levels in the vitreous may not be direct 
indicators of tissue levels.

Increased levels of proinf lammatory cytokines in 
diabetic eyes may directly induce vessel development via 
affectionally endothelial cells, by inducing endothelial cells 
to produce proangiogenic mediators. Endothelial cells are 
sensitive to cytokines, especially TNF-α and INF-γ [20]. 
We also investigated whether INF-γ levels are statistically 
significantly higher in proliferative eyes than in nonprolifera-
tive diabetic eyes. There was a very weak positive correlation 
between IFN-γ and TNF-α levels in the present study.

Additional studies are needed to understand the molec-
ular mechanisms underlying ocular inflammation in diabetic 
retinopathy. In the future, it will be important to prevent 
inflammation in the treatment of diabetic retinopathy.

REFERENCES

1.	 Ciulla TA, Amador AG, Zinman B. Diabetic retinopathy and 
diabetic macular edema.  Diabetes Care  2003; 26:2653-64. 
[PMID: 12941734].

2.	 Theodossiadis PG, Markomichelakis NN, Sfikakis PP. Tumor 
necrosis factor antagonists: Preliminary evidence for an 
emerging approach in the treatment of ocular inflammation.  
Retina  2007; 27:399-413. [PMID: 17420690].

3.	 Jin M, Kashiwagi K, Iizuka Y, Tanaka Y, Imai M, Tsukahara S. 
Matrix metalloproteinases in human diabetic and nondiabetic 
vitreous.  Retina  2001; 21:28-33. [PMID: 11217926].

http://www.molvis.org/molvis/v26/718
http://www.ncbi.nlm.nih.gov/pubmed/12941734
http://www.ncbi.nlm.nih.gov/pubmed/17420690
http://www.ncbi.nlm.nih.gov/pubmed/11217926


Molecular Vision 2020; 26:718-721 <http://www.molvis.org/molvis/v26/718> © 2020 Molecular Vision 

721

4.	 Liao WL, Chen YH, Chen CC, Huang YC, Lin HJ, Chen YT, 
Ban B, Wu CM, Chang YW, Hsieh AR, Tsai FJ. Effect of 
adiponectin level and genetic variation of its receptors on 
diabetic retinopathy.  Medicine  2019; 98:e14878-[PMID: 
30882695].

5.	 Mancino R, Pierro DD, Varesi C, Cerruli A, Feraco A, Cedrone 
C, Pinazo-Duran MD, Coletta M, Nucci C. Lipid peroxidation 
and total antioxidant capacity in vitreous, aqueous humor, 
and blood samples from patients with diabetic retinopathy.  
Mol Vis  2011; 17:1298-304. [PMID: 21633716].

6.	 Izuta H, Matsunaga S, Shimazawa M, Sugiyama T, Ikeda 
T, Hara H. Proliferative diabetic retinopathy and relations 
among antioxidant activitiy, oxidative stress and VEGF in the 
vitreous body.  Mol Vis  2010; 16:130-6. [PMID: 20142849].

7.	 Hartnett ME, Stratton RD, Browne RW, Rosner BA, Lanham 
RJ, Armstrong D. Serum markers of oxidative stress and 
severity of diabetic retinopathy.  Diabetes Care  2000; 
23:234-40. [PMID: 10868837].

8.	 Chen H, Zhang X, Liao N. Assessment of biomarkers using 
multiplex assays in aqueous humor of patiens with diabetic 
retinopathy.  BMC Ophthalmol  2017; 17:176-[PMID: 
28969616].

9.	 Ting FSM, Kwok AKH. Treatment of epiretinal membrane: 
an update.  Hong Kong Med J  2005; 11:496-502. [PMID: 
16340027].

10.	 Fu Z, Gong Y, Löfqvist C, Hellström A, Smith LEH. Review: 
Adiponectin in Retinopathy.  Biochim Biophys Acta  2016; 
1862:1392-400. [PMID: 27155572].

11.	 Dayem SM, Nazif HK, El-Kader MA. Study of adiponectin 
level in diabetic adolescent girls in relation to glycemic 
control and complication of diabetes.  Maced J Med Sci  2015; 
3:613-8. [PMID: 27275296].

12.	 Pradeepa R, Surendar J, Indulekha K, Chella S, Anjana RM, 
Mohan V. Association of Serum Adiponectin With Diabetic 
Microvascular Complications Among South Indian Type 
2 Diabetic Subjects – (CURES-133).  Clin Biochem  2015; 
48:33-8. [PMID: 25445230].

13.	 Tsai T, Kuehn S, Tsiampalis N, Vu MK, Kakkasery V, Stute 
G, Dick HB, Joachim SC. Anti-inflammatory cytokine and 
angiogenic factors levels in vitreous samples of diabetic 
retinopathy patients.  PLoS One  2018; 13:e0194603-[PMID: 
29584759].

14.	 Wakabayashi Y, Usui Y, Okunoki Y, Kezuka T, Takeuchi 
M, Goto H, Iwasaki T. Correlation of vascular endothelial 
growth fctor with chemokines in the vitreous in diabetic 
retinopathy.  Retina  2010; 30:339-44. [PMID: 20142713].

15.	 Oh IK, Kim SW, Oh J, Lee TS, Huh K. Inflammatory and 
angiogenic factors in the aqueous humor and the relation-
ship to diabetic retinopathy.  Curr Eye Res  2010; 35:1116-27. 
[PMID: 21121809].

16.	 Ascaso FJ, Huerva V, Grzybowski A. The role of inflammation 
in the pathogenesis of macular edema secondary to retinal 
vascular diseases.  Mediators Inflamm  2014; 2014:432685-
[PMID: 25152567].

17.	 Dong N, Xu B, Wang B, Chu L. Study of 27 aqueous humor 
cytokines in patients with type 2 diabetes with or without 
retinopathy.  Mol Vis  2013; 19:1734-46. [PMID: 23922491].

18.	 Kowluru RA, Zhong Q, Santos JM. Matrix metalloproteinases 
in diabetic retinopathy: potential role of MMP-9.  Expert 
Opin Investig Drugs  2012; 21:797-805. [PMID: 22519597].

19.	 Sethi CS, Bailey TA, Luthert PJ, Chong NVH. Matrix metal-
loproteinase biology applied to vitreoretinal disorders.  Br J 
Ophthalmol  2000; 84:654-66. [PMID: 10837397].

20.	 Rübsam A, Parikh S, Fort PE. Role of inflammation in diabetic 
retinopathy.  Int J Mol Sci  2018; 19:942-[PMID: 29565290].

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China. 
The print version of this article was created on 15 October 2020. This reflects all typographical corrections and errata to the 
article through that date. Details of any changes may be found in the online version of the article.

http://www.molvis.org/molvis/v26/718
http://www.ncbi.nlm.nih.gov/pubmed/30882695
http://www.ncbi.nlm.nih.gov/pubmed/30882695
http://www.ncbi.nlm.nih.gov/pubmed/21633716
http://www.ncbi.nlm.nih.gov/pubmed/20142849
http://www.ncbi.nlm.nih.gov/pubmed/10868837
http://www.ncbi.nlm.nih.gov/pubmed/28969616
http://www.ncbi.nlm.nih.gov/pubmed/28969616
http://www.ncbi.nlm.nih.gov/pubmed/16340027
http://www.ncbi.nlm.nih.gov/pubmed/16340027
http://www.ncbi.nlm.nih.gov/pubmed/27155572
http://www.ncbi.nlm.nih.gov/pubmed/27275296
http://www.ncbi.nlm.nih.gov/pubmed/25445230
http://www.ncbi.nlm.nih.gov/pubmed/29584759
http://www.ncbi.nlm.nih.gov/pubmed/29584759
http://www.ncbi.nlm.nih.gov/pubmed/20142713
http://www.ncbi.nlm.nih.gov/pubmed/21121809
http://www.ncbi.nlm.nih.gov/pubmed/25152567
http://www.ncbi.nlm.nih.gov/pubmed/23922491
http://www.ncbi.nlm.nih.gov/pubmed/22519597
http://www.ncbi.nlm.nih.gov/pubmed/10837397
http://www.ncbi.nlm.nih.gov/pubmed/29565290

	Reference r20
	Reference r19
	Reference r18
	Reference r17
	Reference r16
	Reference r15
	Reference r14
	Reference r13
	Reference r12
	Reference r11
	Reference r10
	Reference r9
	Reference r8
	Reference r7
	Reference r6
	Reference r5
	Reference r4
	Reference r3
	Reference r2
	Reference r1
	Table t1
	Table t2

