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Diabetic retinopathy as a subclinical 
inflammation: Vitreous and serum cytokine 
analysis

Diabetična retinopatija kot subklinično vnetje: 
Analiza citokinov v steklovini in serumu

Mojca Urbančič,1 Peter Korošec,2 MatjažFležar,2 Mojca Globočnik Petrovič1

Abstract
Background: Diabetic retinopathy can be defined as chronic subclinical inflammation. The pur-
pose of this study was to investigate levels of inflammatory cytokines in the vitreous and serum 
in patients with proliferative diabetic retinopathy (PDR) and in the control group. In addition, 
the purpose was to evaluate the levels of cytokines with regard to the activity of PDR. A better 
understanding of intraocular inflammation in patients with PDR could lead to the development 
of new treatment options for these patients.

Methods: The study included 37 patients with PDR (37 eyes) that required vitrectomy. Twenty 
patients with idiopathic macular hole (MH) served as a control group. The activity of PDR was 
defined based on preoperative examination and intraoperative evaluation of the fundus. Cyto-
metric Bead Array (CBA) method was used for cytokine analysis. Cytokines interleukin-1β (IL-1β), 
tumor necrosis factor-α (TNF-α), macrophage inflammatory protein-1α (MIP-1α), macrophage 
inflammatory protein-1β (MIP-1β), monocyte chemoattractant protein-1 (MCP-1), vascular en-
dothelial growth factor (VEGF), interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-10 (IL-10) and 
interleukin-12 (IL-12) were analysed in vitreous and serum samples.

Results: Levels of all cytokines in the vitreous differed significantly from levels in the serum. 
Levels of MCP-1, VEGF, IL-6, IL-8 were significantly higher in the vitreous of patients with PDR in 
comparison with vitreous levels in the control group. Vitreous levels of MIP-1α, IL-10 and IL-12 in 
patients with PDR were significantly lower in comparison with the control group (p < 0.05). Se-
rum levels of cytokines were similar in both groups. Patients with active PDR had higher vitreous 
levels of MCP-1, VEGF, IL-6 and IL-8 in comparison with patients with inactive disease, although 
the differences were not significant.

Conclusion: Significant differences in cytokine levels in the vitreous compared to serum levels 
in patients with PDR indicate the importance of local intraocular inflammation. Higher levels of 
MCP-1, VEGF, IL-6 and IL-8 might reflect the activity of PDR.

Izvleček
Izhodišče: Diabetično retinopatijo lahko opredelimo kot kronično subklinično vnetje. Želeli smo 
ugotoviti razlike v ravneh vnetnih citokinov med steklovino in serumom pri bolnikih s prolifera-
tivno diabetično retinopatijo (PDR) in pri kontrolni skupini ter primerjati ravni citokinov v steklo-
vini glede na aktivnost PDR. Boljše poznavanje vnetnega dogajanja v očesu bolnikov s PDR bi 
lahko prispevalo k razvoju novih načinov zdravljenja teh bolnikov.
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1 Introduction

Diabetic retinopathy (DR) is a late 
complication of diabetes and remains an 
important cause of blindness in the work-
ing population (1). The first clinically 
visible changes in the fundus are usually 
microaneurysms. Damage to the retinal 
vessels manifests itself as increased vascu-
lar permeability and capillary occlusion. 
Increased vascular permeability leads to 
retinal edema, and bleeding and hard ex-
udates occur in the retina. As ischemia 
progresses, neovascularizations begin 
to form. Depending on the presence of 
neovascularizations, diabetic retinopathy 
is divided into two stages: non-prolifera-
tive, when neovascularizations are not yet 
present, and proliferative, when they are 
already present. Complications of prolifer-
ative diabetic retinopathy include vitreous 

Metode: V raziskavo smo vključili 37 bolnikov (37 oči) s PDR, pri katerih je bila potrebna vitrekto-
mija, ter 20 bolnikov (20 oči) z idiopatskim foramnom makule (FM), ki so predstavljali kontrolno 
skupino. Glede na pregled pred operacijo in oceno očesnega ozadja med samim posegom smo 
opredelili aktivnost PDR. V steklovini in serumu smo s citometrično metodo CBA (angl. Cytome-
tric Bead Array) analizirali citokine interlevkin 1β (IL-1β), dejavnik tumorske nekroze α (TNF-α), 
makrofagni vnetni protein 1α (MIP-1α), makrofagni vnetni protein 1β (MIP-1β), monocitni kemo-
taktični protein 1 (MCP-1), žilni endotelni rastni dejavnik (VEGF), interlevkin 6 (IL-6), interlevkin 8 
(IL-8), interlevkin 10 (IL-10) in interlevkin 12 (IL-12).

Rezultati: Ravni vseh citokinov so se v steklovini pomembno razlikovale od ravni v serumu. Ra-
ven MCP-1, VEGF, IL-6, IL-8 v steklovini bolnikov s PDR je bila statistično pomembno višja v pri-
merjavi z ravnijo v steklovini bolnikov v kontrolni skupini, raven MIP-1α, IL-10 in IL-12 v steklovini 
bolnikov s PDR je bila statistično pomembno nižja v primerjavi z bolniki v kontrolni skupini (p < 
0,05). Ravni citokinov v serumu bolnikov s PDR se niso pomembno razlikovale od ravni citokinov 
pri kontrolni skupini. Bolniki z aktivno PDR so imeli v steklovini višjo raven MCP-1, VEGF, IL-6 in 
IL-8 kot bolniki z inaktivno PDR, a razlike niso bile statistično značilne.

Zaključek: Z našo analizo smo potrdili pomembne razlike v ravneh citokinov med steklovino in 
serumom pri bolnikih s PDR, kar kaže na pomen lokalnega vnetnega dogajanja v očesu pri PDR. 
Višje ravni MCP-1, VEGF, IL-6 in IL-8 nakazujejo aktivnost PDR.

Cite as/Citirajte kot: Urbančič M, Korošec P, Fležar M, Globočnik Petrovič M. Diabetic retinopathy as a 
subclinical inflammation: Vitreous and serum cytokine analysis. Zdrav Vestn. 2020;89(5–6):243–54.

DOI: https://doi.org/10.6016/ZdravVestn.2972

Copyright (c) 2020 Slovenian Medical Journal. This work is licensed under a
Creative Commons Attribution-NonCommercial 4.0 International License.

hemorrhage and traction retinal detach-
ment. We also define the condition of the 
central part of the retina - the macula. If 
diabetic changes in the macula are pres-
ent, we speak of diabetic maculopathy or 
diabetic macular edema. Conditions that 
seriously compromise vision include com-
plications of proliferative diabetic retinop-
athy and diabetic macular edema.

The biochemical mechanisms by which 
hyperglycemia causes tissue changes are 
not fully elucidated. There are several the-
ories, the most important being the aldose 
reductase theory, the glycation end prod-
uct theory, the reactive oxygen species or 
oxidative stress theory, the protein kinase 
C theory and the inflammation theory. 
Although DR is clinically manifested pri-
marily by changes in the retinal vessel, it 

https://doi.org/10.6016/ZdravVestn.2972
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can also be defined as chronic subclinical 
inflammation. Inflammation is reflect-
ed by changes at the molecular level, by 
changes at the cellular level, and by func-
tional changes such as increased vascular 
permeability and impaired visual function 
(2).

Cytokines are a diverse group of pro-
teins that are crucial in interactions be-
tween inflammatory and other cells. In-
dividual cells can synthesize different 
cytokines. A single cytokine can affect dif-
ferent cell types, but it can also affect the 
population of the same cells differently. 
The effects of individual cytokines are of-
ten regulated by other cytokines. The tar-
get cells on which the cytokine acts may 
be the same cytokine-secreting cells, cells 
in the immediate vicinity or in the same 
microenvironment, or more distant cells. 
Cytokines that regulate cell division are 
called growth factors. Cytokines that affect 
cell chemotaxis are called chemokines.

Hypoxia and ischemia trigger in-
creased formation of vascular endothelial 
growth factor (VEGF) in the retina, result-
ing in increased expression of adhesion 
molecules and leukostasis. Leukostasis 
leads to vascular occlusion and therefore 
additional ischemia, which triggers ad-
ditional release of inflammatory and an-
giogenic factors. In addition to VEGF, the 
synthesis of other inflammatory cytokines 
and chemokines are increased, such as e.g. 
tumor necrosis factor α (TNF-α), interleu-
kin 1β (IL-1β), monocyte chemoattrac-
tant protein-1 (MCP-1), and macrophage 
inflammatory protein (MIP). TNF-α and 
IL-1β in particular are thought to be cru-
cial for the breakdown of the blood-reti-
nal barrier and for the degeneration of 
retinal capillaries (3). Angiogenic factors 
stimulate and modulate the formation of 
neovascularizations characteristic of pro-
liferative diabetic retinopathy (PDR). In 
the inflammatory environment, there is 
a greater activity of matrix metallopro-
teinases, which degrade the extracellular 
matrix (4) and thus enable angiogenesis. 

Matrix metalloproteinase-9 (MMP-9) is 
induced by IL-8, while the same enzyme 
also activates IL-8, which recruits more 
inflammatory cells, creating a destructive 
positive feedback loop (5).

In several studies, higher levels of VEGF 
were found in the vitreous of patients with 
PDR (5-12). VEGF levels correlated with 
disease activity (10,11,13). Higher levels 
of MCP-1 (6-8,11,13), IL-6 (7,9) and IL-8 
(7,9,12,14) were also found in the vitreous 
of patients with PDR. The levels of MCP-
1, IL-6 and IL-8 in the vitreous of patients 
with PDR correlated with the level of 
VEGF (6). Higher levels of IL-6 in the vit-
reous in patients with PDR correlated with 
the disease activity (15), and higher levels 
of IL-8 with ischemia and poorer progno-
sis of vision outcome (16,17). Some stud-
ies have also found higher levels of IL-1β 
and TNF-α in the vitreous of patients with 
PDR (9,18) as well as of MIP-1β (19).

Changes in cytokine levels have also 
been observed in the serum of diabetic 
patients. In patients with type 1 diabe-
tes as well as in patients with type 2 dia-
betes, higher levels of C-reactive protein 
(CRP), IL-6 and TNF-α, and in particular 
ICAM-1, VCAM-1 and E-selectin, are as-
sociated with nephropathy, retinopathy 
and cardiac vascular diseases (20). Other 
studies have also found higher levels of 
TNF-α in the serum of patients with PDR, 
as well as of VEGF, MCP-1, IL-1β, IL-6 
and IL-8 (18,20-22). Some studies did not 
show differences in the serum levels of the 
cytokines IL-1β, TNF-α, IL-6, IL-10 and 
IL-12 in patients with DR compared to the 
control group (22,23).

With our analysis, we wanted to de-
termine the differences in cytokine levels 
between vitreous and serum in patients 
with PDR and in the control group and 
to compare the levels of cytokines in vit-
reous with respect to PDR activity. Better 
knowledge of inflammatory activity in the 
eye of patients with PDR could contribute 
to the development of new treatments for 
these patients.
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2 Methods

The study included 37 patients with 
type 2 diabetes (37 eyes) with PDR that 
required vitrectomy due to traction devi-
ation, and 20 patients (20 eyes) with id-
iopathic macular hole (MH) representing 
the control group.

Exclusion criteria for the group of pa-
tients with PDR were: fresh bleeding in-
to the vitreous (less than three months), 
laser photocoagulation in the last three 
months, complications during and after 
surgery, marked changes in the fovea (at-
rophy, fibrosis, hard exudates), cataracts 
and glycated hemoglobin (HbA1c) values 
above 10%. The exclusion criterion for the 
control group was diabetes. The exclusion 
criteria for both groups were previous vit-
rectomy, concomitant presence of another 
eye disease, systemic inflammatory dis-
ease, or haematological disease.

Patients were informed about the pur-
pose and course of the study and joined it 
voluntarily. Prior to inclusion in the sur-
vey, written consent was given for partici-
pation. The research was approved by the 
National Medical Ethics Committee of the 
Republic of Slovenia (118/12/11). The sur-
vey was conducted in accordance with the 
1975 Declaration of Helsinki (1983 Revi-
sion).

We described the clinical characteris-
tics of patients (age, sex, duration of diabe-
tes, glycated hemoglobin value, body mass 
index, presence of insulin therapy, arterial 
hypertension, hyperlipidemia). Data on 
the patient’s general health and diabetes 
management were obtained from the an-
amnesis and from the patient’s general 
practitioner or diabetologist. The HbA1c 
value, expressed as a percentage of glycat-
ed hemoglobin, was measured by venous 
blood analysis one day before surgery. 
HbA1c reflects the average blood glucose 
level in the last 6-8 weeks and serves to as-
sess the regulation of diabetes. Arterial hy-
pertension was defined by systolic blood 
pressure equal to or greater than 140 mm 
Hg and/or diastolic blood pressure equal 

to or greater than 85 mm Hg, or based on 
the information that the patient was taking 
antihypertensive drugs. Hyperlipidemia 
was defined on the basis of total cholester-
ol values greater than 5 mmol/l and/or tri-
glyceride values greater than 2 mmol/l or 
based on the information that the patient 
was taking hypolipidemic drugs.

All patients underwent a thorough 
ophthalmologic examination prior to 
surgery with determining the best-cor-
rected visual acuity, examination on a 
biomicroscope, and dilated-pupil fundus 
examination. We performed gonioscopy 
and measured intraocular pressure. The 
fundus examination showed active or in-
active neovascularization and obliterated 
retinal vessels, as well as possible addition-
al changes in the macula. Changes in the 
ocular fundus were also evaluated during 
surgery. We took a photo of the patient’s 
fundus with a fundus camera and of the 
macula with optical coherence tomogra-
phy (OCT).

Based on the examination of the ocular 
fundus before surgery and the assessment 
of the ocular fundus during the procedure, 
we defined the activity of PDR. The defi-
nition of PDR activity was summarized 
from the study by Aiello et al.: PDR was 
defined as active retinopathy if blood ves-
sels were visible in the fibrovascular mem-
branes during examination (before and/or 
during surgery), or as inactive (involutive) 
retinopathy if only fibrous membranes 
without blood vessels were present (11).

Just before surgery, a venous blood 
sample (two tubes) was taken from a vein 
on the inside of the elbow. At the begin-
ning of vitrectomy, a sample of undiluted 
vitreous humor (0.5–1.0 ml) was taken. 
The vitreous humor was absorbed from 
the central part of the vitreous with a vit-
reous cutting device into a syringe con-
nected to the vitrectomy system before 
opening the inflow of balanced salt solu-
tion (BSS) through the infusion tube into 
the eye.

A sample of undiluted vitreous humor 
taken at the beginning of vitrectomy and 

https://doi.org/10.6016/ZdravVestn.2972
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serum were frozen at -80°C and stored un-
til analysis.

Cytokines interleukin 1β (IL-1β), tu-
mor necrosis factor-α (TNF-α), macro-
phage inflammatory protein-1α (MIP-1α), 
macrophage inflammatory protein-1β 
(MIP-1β), monocyte chemoattractant 
protein-1 (MCP-1), vascular endothelial 
growth factor (VEGF), interleukin-6 (IL-
6), interleukin-8 (IL-8), interleukin-10 
(IL-10) and interleukin-12 (IL-12) were 
analysed in vitreous and control serum 
using the Cytometric Bead Array (CBA) 
method.

Statistical analysis. The values of the 
variables were not normally distributed, 
so we used the median and the minimum 
and maximum values for the description. 
We used the Wilcoxon signed-rank test 
and the Mann-Whitney test to assess the 
differences between the compared groups. 
The Spearman’s correlation coefficient was 
used to estimate the correlation between 
groups of variables. Due to the large num-
ber of tests, we used the Benjamini-Hoch-

berg adjusted P value in the assessment of 
statistical significance. A value of p less 
than 0.05 was considered statistically sig-
nificant. Statistical analysis was performed 
using the SPSS software, version 19 (SPSS 
Inc., Illinois).

3 Results

Cytokine levels were determined in vit-
reous and serum samples from 37 patients 
with PDR and 20 patients from the control 
group (MH). The clinical characteristics of 
the patients are shown in Table 1.

The level of cytokines in the vitreous 
in patients with PDR was compared with 
the level of cytokines in the serum (Table 
2). The levels of all analysed cytokines in 
the vitreous were statistically significant-
ly different from the serum levels, and the 
differences in the levels of MCP-1, VEGF, 
IL-6, IL-8 stood out the most (p = 0.0025; 
a higher level in the vitreous than in the 
serum) and IL-12 (p = 0.0025; a lower lev-
el in vitreous than in serum).

Table 1: Clinical features of patients with PDR (n = 37) and the control group with macular hole 
(MH) (n = 20).

Legend: PDR – patients with proliferative diabetic retinopathy; MH – patients with idiopathic 
macular hole; DB – diabetes; HbA1c – glycated hemoglobin; BMI – body mass index; NV – 
neovascularization.

PDR (n = 37) FM (n = 20) p - value

Age (years) 62.5 ± 11.5 71.2 ± 10.2 0.009

Sex 19 men (51.4 %),
18 women (48.6 %)

8 men (40.0 %),
12 women (60.0 %)

0.32

Duration of DB (years) 13.8 ± 8.8 0

HbA1c (%) 7.9 ± 1.0 0

Insulin treatment (n) 16 (70.3 %) 0

Incidence of arterial hypertension (n) 35 (94.6 %) 7 (31.8 %) 0.000

Incidence of hyperlipidemia (n) 21 (56.7 %) 6 (27.3 %) 0.000

BMI 30.7 ± 4.8 24.0 ± 6.3 0.000

NV of iris / angle (n) 2 (5.4 %) 0

PDR activity 27 active (72.9 %).
10 inactive (27.1 %)

0
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MIP-1α levels were lower than the 
minimum detectable concentration (<7 
pg/ml) in 16 vitreous samples from pa-
tients with PDR, as were IL-12 levels in 
one sample (<1 pg/ml) and IL-10 in two 
samples (<5 pg/ml). In one serum sample 
of a patient with PDR, the level of TNF-α 
was lower than the minimum detectable 
concentration (<3 pg/ml). In two control 
group patients, the level of MIP-1β in the 
vitreous was below the detectable limit of 
1 pg/ml.

Comparison of PDR patient samples 
with MH patient samples is shown in Ta-
ble 3. Vitreous samples did not differ sig-
nificantly with respect to IL-1β, TNF-α, 
and MIP-1β levels, but there were statisti-
cally significant differences in other cyto-
kine levels, with the difference in the levels 
of VEGF, MCP-1, IL-6 and IL-8 standing 
out the most (p = 0.00025). No significant 
difference in cytokine levels was found in 

Table 2: Comparison of vitreous and serum samples of patients with PDR (median, lowest value 
- highest value; Wilcoxon signed-rank test).

Legend: PDR – proliferative diabetic retinopathy; IL-1β –interleukin 1β; TNF-α – tumor necrosis 
factor α; MIP-1β – macrophage inflammatory protein 1β; IL-12 – interleukin 12; MCP-1– monocyte 
chemoattractant protein 1; MIP-1α – macrophage inflammatory protein 1α; IL-8 – interleukin 8; 
VEGF – vascular endothelial growth factor; IL-6 – interleukin 6; IL-10 – interleukin 10.

Patients with PDR (n = 37)

vitreous serum p- calue 
(Benjamini-Hochberg)

IL-1β (pg/ml) 9.15 (7.51–67.36) 7.54 (6.91–15.16) 0.003

TNF-α (pg/ml) 13.4 (2.41–69.09) 5.67 (0–23.35) 0.008

MIP-1β (pg/ml) 12.09 (2.9–38.02) 18.9 (6.89–48.83) 0.006

IL-12 (pg/ml) 3.17 (0–22.26) 17.7 (2.49–42.91) 0.000

MCP-1 (pg/ml) 1404.75 (403.05–3990.74) 72.6 (25.06–227.83) 0.000

MIP-1α (pg/ml) 9.55 (0–82.83) 14.36 (7.78–91.74) 0.001

IL-8 (pg/ml) 93.29 (20.04–295.71) 12.08 (10.12–31.69) 0.000

VEGF (pg/ml) 334.96 (26.41–1439.3) 39.74 (6.17–149.12) 0.000

IL-6 (pg/ml) 60.82 (13.64–798.23) 5.95 (2.41–24.76) 0.000

IL-10 (pg/ml) 5.67 (0–8.12) 7.64 (5.3–15.28) 0.001

the serum samples between the groups.
The level of MCP-1 in the vitreous of 

patients with PDR correlated well with the 
level of IL-6 in the vitreous (Spearman’s 
coefficient 0.65; p = 0.0001) and with the 
level of IL-8 (Spearman’s coefficient 0.51; 
p = 0.002). A moderate correlation was 
also found between VEGF and IL-8 levels 
(Spearman coefficient 0.43; p = 0.01), be-
tween TNFα and IL-10 (Spearman’s coef-
ficient 0.42; p = 0.014), between IL-6 and 
MIP -1β (Spearman’s coefficient 0.40; p = 
0.02), between MIP-1α and IL-10 (Spear-
man’s coefficient 0.36; p = 0.04), between 
IL-6 and IL-10 (Spearman’s coefficient 
0.35; p = 0.04), between IL-12 and IL-10 
(Spearman’s coefficient 0.35; p = 0.042) 
and between IL-8 and TNF-α (Spearman’s 
coefficient 0.35; p = 0.045).

The comparison of vitreous samples of 
patients with PDR (n = 37) with active and 
inactive form of PDR is shown in Table 4. 

Table 3: Comparison of PDR group samples with control group samples with macular hole (MH) (median, lowest value - 
highest value; Mann-Whitney test).

Vitreous Serum

PDR (n = 37) FM (n = 20) p-value 
(Benjamini-
Hochberg)

PDR (n = 37) FM (n = 20) p-value 
(Benjamini-
Hochberg)

IL-1β (pg/ml) 9.15
(7.51–67.36)

10.5
(7.7–35.99)

0.53 7.54
(6.91–15.16)

7.72
(5.55–15.55)

0.89

TNF-α (pg/ml) 13.4
(2.41–69.09)

21.5
(5.16–38.4)

0.29 5.67
(0–23.35)

4.79
(4.0–8.76)

0.79

MIP-1β (pg/ml) 12.09
(2.9–38.02)

13.44
(0–14.4)

0.31 18.9
(6.89–48.83)

17.72
(10.5–27.72)

0.6

IL-12 (pg/ml) 3.17
(0–22.26)

3.99
(2.56–11.18)

0.04 17.7
(2.49–42.91)

11.71
(7.09–18.84)

0.71

MCP-1 (pg/ml) 1404.75
(403.05–
3990.74)

374.17
(295.01–881.87)

0.000 72.6
(25.06–227.83)

43.4
(30.24–76.64)

0.1

MIP-1α (pg/ml) 9.55
(0–82.83)

14.25
(9.67–47.34)

0.014 14.36
(7.78–91.74)

20.38
(11.83–91.07)

0.52

IL-8 (pg/ml) 93.29
(20.04–295.71)

14.49
(13.12–16.64)

0.000 12.08
(10.12–31.69)

12.71
(11.21–13.33)

0.8

VEGF (pg/ml) 334.96
(26.41–1439.3)

4.58
(3.5–31.79)

0.000 39.74
(6.17–149.12)

25.73
(17.62–63.61)

0.78

IL-6 (pg/ml) 60.82
(13.64–798.23)

6
(5.28–8.1)

0.000 5.95
(2.41–24.76)

9.14
(5.81–28.4)

0.6

IL-10 (pg/ml) 5.67
(0–8.12)

6.05
(5.84–6.08)

0.04 7.64
(5.3–15.28)

6.63
(5.43–8.43)

0.6

Legend: PDR – group of patients with PDR; MH – group of patients with macular hole; IL-1β – interleukin 1β; TNF-α – tumor 
necrosis factor α; MIP-1β – macrophage inflammatory protein 1β; IL-12 – interleukin 12; MCP-1 – monocyte chemoattractant 
protein 1; MIP-1α – macrophage inflammatory protein 1α; IL-8 – interleukin 8; VEGF – vascular endothelial growth factor; IL-6 
– interleukin 6; IL-10 – interleukin 10.
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the serum samples between the groups.
The level of MCP-1 in the vitreous of 

patients with PDR correlated well with the 
level of IL-6 in the vitreous (Spearman’s 
coefficient 0.65; p = 0.0001) and with the 
level of IL-8 (Spearman’s coefficient 0.51; 
p = 0.002). A moderate correlation was 
also found between VEGF and IL-8 levels 
(Spearman coefficient 0.43; p = 0.01), be-
tween TNFα and IL-10 (Spearman’s coef-
ficient 0.42; p = 0.014), between IL-6 and 
MIP -1β (Spearman’s coefficient 0.40; p = 
0.02), between MIP-1α and IL-10 (Spear-
man’s coefficient 0.36; p = 0.04), between 
IL-6 and IL-10 (Spearman’s coefficient 
0.35; p = 0.04), between IL-12 and IL-10 
(Spearman’s coefficient 0.35; p = 0.042) 
and between IL-8 and TNF-α (Spearman’s 
coefficient 0.35; p = 0.045).

The comparison of vitreous samples of 
patients with PDR (n = 37) with active and 
inactive form of PDR is shown in Table 4. 

Table 3: Comparison of PDR group samples with control group samples with macular hole (MH) (median, lowest value - 
highest value; Mann-Whitney test).

Vitreous Serum

PDR (n = 37) FM (n = 20) p-value 
(Benjamini-
Hochberg)

PDR (n = 37) FM (n = 20) p-value 
(Benjamini-
Hochberg)

IL-1β (pg/ml) 9.15
(7.51–67.36)

10.5
(7.7–35.99)

0.53 7.54
(6.91–15.16)

7.72
(5.55–15.55)

0.89

TNF-α (pg/ml) 13.4
(2.41–69.09)

21.5
(5.16–38.4)

0.29 5.67
(0–23.35)

4.79
(4.0–8.76)

0.79

MIP-1β (pg/ml) 12.09
(2.9–38.02)

13.44
(0–14.4)

0.31 18.9
(6.89–48.83)

17.72
(10.5–27.72)

0.6

IL-12 (pg/ml) 3.17
(0–22.26)

3.99
(2.56–11.18)

0.04 17.7
(2.49–42.91)

11.71
(7.09–18.84)

0.71

MCP-1 (pg/ml) 1404.75
(403.05–
3990.74)

374.17
(295.01–881.87)

0.000 72.6
(25.06–227.83)

43.4
(30.24–76.64)

0.1

MIP-1α (pg/ml) 9.55
(0–82.83)

14.25
(9.67–47.34)

0.014 14.36
(7.78–91.74)

20.38
(11.83–91.07)

0.52

IL-8 (pg/ml) 93.29
(20.04–295.71)

14.49
(13.12–16.64)

0.000 12.08
(10.12–31.69)

12.71
(11.21–13.33)

0.8

VEGF (pg/ml) 334.96
(26.41–1439.3)

4.58
(3.5–31.79)

0.000 39.74
(6.17–149.12)

25.73
(17.62–63.61)

0.78

IL-6 (pg/ml) 60.82
(13.64–798.23)

6
(5.28–8.1)

0.000 5.95
(2.41–24.76)

9.14
(5.81–28.4)

0.6

IL-10 (pg/ml) 5.67
(0–8.12)

6.05
(5.84–6.08)

0.04 7.64
(5.3–15.28)

6.63
(5.43–8.43)

0.6

Legend: PDR – group of patients with PDR; MH – group of patients with macular hole; IL-1β – interleukin 1β; TNF-α – tumor 
necrosis factor α; MIP-1β – macrophage inflammatory protein 1β; IL-12 – interleukin 12; MCP-1 – monocyte chemoattractant 
protein 1; MIP-1α – macrophage inflammatory protein 1α; IL-8 – interleukin 8; VEGF – vascular endothelial growth factor; IL-6 
– interleukin 6; IL-10 – interleukin 10.

27 patients with PDR had active disease 
and 10 patients with PDR had the inactive 
form of it. Patients with active PDR had 
higher levels of MCP-1, VEGF, IL-8, and 
IL-6 in the vitreous, but the differences 
were not statistically significant.

4 Discussion

Patients with PDR had significantly 
different levels of all specific cytokines in 
the vitreous compared to serum. Patients 
with PDR had significantly different levels 

of the cytokines IL-12, MCP-1, MIP-1α, 
IL-8, VEGF, IL-6 and IL-10 in vitreous 
compared to control group patients. Pa-
tients with active PDR had higher levels of 
MCP-1, VEGF, IL-8, and IL-6 in vitreous 
compared to patients with inactive PDR, 
although the differences were not statis-
tically significant. Patients with PDR and 
the control group had similar serum cyto-
kine levels.

Cytokines play an important role in 
leukocyte activation, amplification and 
expansion of local inflammation, and in 
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modulation of cell proliferation and de-
velopment of neovascularization. The 
origin of cytokines in vitreous cannot be 
precisely determined. They are certainly 
formed by retinal cells in response to in-
flammation, but cytokines can also pass 
into the vitreous from the blood through a 
broken blood-retinal barrier. They are also 
formed by inflammatory cells in the vitre-
ous. Regardless of their origin, cytokines 
affect the development of DR directly and 
indirectly, and based on the level of cyto-
kines in the vitreous, we can indirectly in-
fer what is happening in the retina.

Higher levels of MCP-1, IL-8, VEGF, 
IL-6, IL-1β and TNF-α were found in the 
vitreous of patients with PDR than in the 
serum.

MCP-1 is the most common chemok-
ine and an important factor in the patho-
genesis of inflammatory changes in the 
retina in DR. It plays an important role in 
chemotaxis, triggering angiogenesis and 

Table 4: Comparison of vitreous samples of patients with PDR with active and inactive form of 
PDR (median, lowest value - highest value; Mann-Whitney test).

Legend: PDR – vitreous samples from patients with PDR; IL-1β – interleukin 1β; TNF-α - tumor 
necrosis factor α; MIP-1β – macrophage inflammatory protein 1β; IL-12 – interleukin 12; MCP-1 
– monocyte chemoattractant protein 1; MIP-1α – macrophage inflammatory protein 1α; IL-8 – 
interleukin 8; VEGF – vascular endothelial growth factor; IL-6 – interleukin 6; IL-10 – interleukin 10.

PDR (n = 37)

active PDR (n = 27) inactive PDR (n = 10) p-value
(Benjamini-Hochberg)

IL-1β (pg/ml) 8.07 (7.51–67.36) 28.14 (7.71–56.44) 0.41

TNF-α (pg/ml) 13.41 (2.41–69.09) 19.58 (3.51–31.52) 0.64

MIP-1β (pg/ml) 11.85 (2.9–30.67) 16.36 (4.56–38.02) 0.32

IL-12 (pg/ml) 2.66 (0–14.99) 3.80 (1.07–22.26) 0.41

MCP-1 (pg/ml) 1623.19 (437.43–3990.74) 987.23 (403.05–1625.84) 0.06

MIP-1α (pg/ml) 0 (0–68.26) 12.58 (0–82.83) 0.48

IL-8 (pg/ml) 112.76 (37.57–295.71) 54.97 (20.04–275.07) 0.225

VEGF (pg/ml) 477.87 (26.41–1439.30) 188.32 (29.86–1367.13) 0.2

IL-6 (pg/ml) 62.95 (20.41–798.23) 32.82 (13.64–220.31) 0.42

IL-10 (pg/ml) 5.57 (0–6.9) 5.79 (5.37–8.12) 0.26

fibrosis (24). Higher levels of MCP-1 in the 
vitreous were found in patients with PDR 
compared with the control group, and the 
level in the vitreous was also significantly 
higher than in serum and correlated with 
PDR activity (11,19). Our results are con-
sistent with the findings of the aforemen-
tioned studies.

Yoshimura et al. found significant-
ly higher levels of IL-6, IL-8, and MCP-1 
in the vitreous of patients with PDR and 
DME and significantly higher levels of 
VEGF in the vitreous of patients with PDR 
(6). Several other studies have also found 
higher levels of IL-6 and IL-8 in the vit-
reous of patients with PDR (9,17,19). Our 
results match the results of the mentioned 
studies. The role of IL-6 and IL-8 in the 
pathogenesis of PDR is not fully elucidat-
ed. IL-6 in vitro can affect the shape of en-
dothelial cells and thus the blood-retinal 
barrier (25). IL-8, functioning as a che-
moattractant, activates neutrophils and T 
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lymphocytes, and is also angiogenic. Its 
level in vitreous was found to correlate 
with PDR activity (11). The breakdown of 
the blood-retinal barrier alone is probably 
not the only and sufficient reason for high-
er levels of IL-6 and IL-8 in the vitreous. 
Both cytokines are more likely to be also 
formed by cells present in the vitreous of 
patients with PDR (macrophages, mono-
cytes, glial cells, retinal pigment epithelial 
cells).

VEGF is a proangiogenic cytokine that 
is crucial for the development of neovas-
cularizations and also has a significant 
effect on the blood-retinal barrier. Nu-
merous studies have demonstrated high-
er levels of VEGF in patients with PDR 
(6,8-11) and the correlation of VEGF with 
disease activity (5,10,11,13). In our study 
also, we found higher levels of VEGF in 
the vitreous of patients with PDR both 
compared to serum and compared to the 
vitreous of the control group. Patients with 
active PDR had higher levels of VEGF in 
vitreous than patients with inactive PDR, 
but the differences were not statistically 
significant.

IL-1β is a pro-inflammatory cytokine 
that has been shown to play an important 
role in the development of DR in animal 
model studies. Because it has a short half-
life and is formed predominantly in the 
tissue, only a small number of studies have 
demonstrated a higher level in the vitre-
ous of diabetic patients compared with 
the control group (18,26). In a study by 
Yoshimura et al., IL-1β in the vitreous of 
patients with PDR was not proven because 
concentrations were below the detectable 
limit of the method used (6). In our study, 
the level of IL-1β in vitreous did not differ 
significantly between the group of patients 
with PDR and the control group.

TNF-α is a pro-inflammatory cyto-
kine involved in the pathogenesis of ma-
ny chronic inflammatory diseases. In pa-
tients with diabetes, a higher TNF-α level 
in serum was observed compared to the 
control group and a strong correlation be-
tween TNF-α levels in serum and DR pro-

gression (18,21). In a study conducted by 
Yoshimura et al. (6), the level of TNF-α in 
the vitreous of patients with PDR was un-
detectable, and in our study it was higher 
in the vitreous of patients with PDR than 
in the serum, but did not differ significant-
ly from the level in the vitreous of patients 
in the control group. TNF-α also has a 
short half-life similar to IL-1β, which may 
give false negative results.

In our study, levels of IL-12, IL-10 as 
well as MIP-1α and MIP-1β were signifi-
cantly lower in vitreous than in serum.

IL-12 is a pro-inflammatory cytokine 
with antiangiogenic activity (27). There 
are very few studies that have looked at 
IL-12 in people with diabetes. Children 
with type 1 diabetes and DR were found 
to have significantly lower IL-12 levels in 
serum compared with the control group 
(27). Our study found a significantly low-
er level of IL-12 in the vitreous of patients 
with PDR compared with the serum. The 
level of IL-12 in the vitreous of patients 
with PDR was also significantly lower 
compared to the control group, although 
the values varied considerably.

Little is known about the possible role of 
anti-inflammatory cytokines in the patho-
genesis of PDR. IL-10 is an anti-inflam-
matory cytokine that stops macrophages 
and inhibits VEGF expression. Mao et el. 
found higher levels of IL-10 in the vitreous 
of patients with PDR (28), which is consis-
tent with the protective role of IL-10 in the 
inflammatory environment. On the con-
trary, Hernandez et al. did not find higher 
levels of IL-10 in the vitreous of patients 
with PDR, suggesting that higher levels 
of pro-inflammatory cytokines did not 
cause an increase in cytokine levels with 
the opposite effect (29). Similarly, Zhou et 
al. did not find a significant difference be-
tween the level of IL-10 in the vitreous of 
patients with PDR and the level of IL-10 
in the vitreous of the control group (10). 
Our results are in line with the conclu-
sions of Hernandez et al. and Zhou et al., 
as the level of IL-10 in the vitreous of our 
patients with PDR was lower than the level 



252

NEUROBIOLOGY

Zdrav Vestn | May – June 2020 | Volume 89 | https://doi.org/10.6016/ZdravVestn.2972

References
1.	 Fong DS, Aiello L, Gardner TW, King GL, Blankenship G, Cavallerano JD, et al.; American Diabetes 

Association. Retinopathy in diabetes. Diabetes Care. 2004;27:S84-7. DOI: 10.2337/diacare.27.2007.S84 
PMID: 14693935

2.	 Tang J, Kern TS. Inflammation in diabetic retinopathy. Prog Retin Eye Res. 2011;30(5):343-58. DOI: 
10.1016/j.preteyeres.2011.05.002 PMID: 21635964

in the vitreous of the control group.
MIP-1α and MIP-1β are formed by 

macrophages, act chemotactically, and 
are also important in the pathogenesis of 
retinal neovascularization (30). Polymor-
phonuclear cells activated by MIP-1α and 
MIP-1β release cytokines such as IL-1β, 
IL-6 and TNF-α. In a study by Maier et al., 
no levels of MIP-1α and MIP-1β were de-
tected in vitreous samples neither in PDR 
patient group nor in the control group, 
and Capeans et al. as well did not prove 
the presence of MIP-1α and MIP-1β in 
vitreous samples of the PDR patient group 
nor the control group (14,30). Capeans et 
al. based on the results of her study, con-
cluded that MIP-1α and MIP-1β are un-
likely to be involved in the pathogenesis of 
PDR. Yoshimura et al. proved the presence 
of MIP-1β only in the vitreous of some pa-
tients with PDR, but the level of MIP-1α 
was lower than the minimum detectable 
concentration (6). In our study, MIP-1α 
levels were above the minimum detectable 
limit in 21 of 37 vitreous samples from pa-
tients with PDR (56.7%) and in all control 
group vitreous samples (100%), the differ-
ences in levels were statistically significant-
ly different, and variability was very high 
in the group of patients with PDR. The 
level of MIP-1β was lower than the min-
imum detectable concentration in only 
two vitreous samples of the control group, 
and the presence of MIP-1β was proven in 
all vitreous samples of patients with PDR. 
The differences between the groups were 
not statistically significant. There was no 
significant difference in MIP-1α and MIP-
1β levels between the group of patients 

with active PDR and the group of patients 
with inactive PDR. Based on our results, 
we can confirm the conclusion of Capeans 
et al. that MIP-1α and MIP-1β probably 
do not play a significant role in the patho-
genesis of DR. A statistically significant 
difference between the group of patients 
with PDR and the control group, which 
was determined according to the level of 
MIP-1α in the vitreous, can be attributed 
to the greater variability of levels in indi-
vidual samples (ranging 0–82.83 pg/ml in 
patients with PDR compared to the range 
of 9.67–47.34 pg/ml in the control group). 
This may also indirectly indicate the like-
ly minor importance of MIP-1α in the 
pathogenesis of DR.

5 Conclusion

Inflammation in the eye is associated 
with changes that occur as part of diabet-
ic retinopathy. Our study demonstrated 
significant differences in cytokine levels 
between vitreous and serum in patients 
with PDR. Higher levels of MCP-1, VEGF, 
IL-6 and IL-8 and lower levels of MIP-1α, 
IL-10 and IL-12 in the vitreous of patients 
with PDR compared to the control group 
further confirm the importance of local 
inflammation in the eye in diabetic reti-
nopathy. Higher levels of MCP-1, VEGF, 
IL-6 and IL-8 in the vitreous indicate PDR 
activity. Better knowledge of pathogenet-
ic mechanisms and local inflammatory 
activities in the eye can contribute to the 
development of more effective treatment 
methods.

https://doi.org/10.6016/ZdravVestn.2972
https://doi.org/10.2337/diacare.27.2007.S84
https://pubmed.ncbi.nlm.nih.gov/14693935
https://doi.org/10.1016/j.preteyeres.2011.05.002
https://pubmed.ncbi.nlm.nih.gov/21635964


253

ORIGINAL SCIENTIFIC ARTICLE

Diabetic retinopathy as a subclinical inflammation: Vitreous and serum cytokine analysis

3.	 Kaur C, Foulds WS, Ling EA. Blood-retinal barrier in hypoxic ischaemic conditions: basic concepts, clinical 
features and management. Prog Retin Eye Res. 2008;27(6):622-47. DOI: 10.1016/j.preteyeres.2008.09.003 
PMID: 18940262

4.	 Ishizaki E, Takai S, Ueki M, Maeno T, Maruichi M, Sugiyama T, et al. Correlation between angiotensin-
converting enzyme, vascular endothelial growth factor, and matrix metalloproteinase-9 in the vitreous of 
eyes with diabetic retinopathy. Am J Ophthalmol. 2006;141(1):129-34. DOI: 10.1016/j.ajo.2005.08.066 PMID: 
16386986

5.	 Van den Steen PE, Proost P, Wuyts A, Van Damme J, Opdenakker G. Neutrophil gelatinase B potentiates 
interleukin-8 tenfold by aminoterminal processing, whereas it degrades CTAP-III, PF-4, and GRO-alpha 
and leaves RANTES and MCP-2 intact. Blood. 2000;96(8):2673-81. DOI: 10.1182/blood.V96.8.2673 PMID: 
11023497

6.	 Yoshimura T, Sonoda KH, Sugahara M, Mochizuki Y, Enaida H, Oshima Y, et al. Comprehensive analysis 
of inflammatory immune mediators in vitreoretinal diseases. PLoS One. 2009;4(12):e8158. DOI: 10.1371/
journal.pone.0008158 PMID: 19997642

7.	 Chan CC, Smith WM. Inflammatory Response and Mediators in Retinal Injury. In: Ryan SJ, editor. Retina. 5th 
ed. Philadelphia: W.B. Saunders; 2013. pp. 553-61. DOI: 10.1016/B978-1-4557-0737-9.00025-4

8.	 Abu El-Asrar AM, Struyf S, Kangave D, Geboes K, Van Damme J. Chemokines in proliferative diabetic 
retinopathy and proliferative vitreoretinopathy. Eur Cytokine Netw. 2006;17(3):155-65. PMID: 17194635

9.	 Abu El-Asrar AM, Nawaz MI, Kangave D, Mairaj Siddiquei M, Geboes K. Angiogenic and vasculogenic factors 
in the vitreous from patients with proliferative diabetic retinopathy. J Diabetes Res. 2013;2013:539658. DOI: 
10.1155/2013/539658 PMID: 23671874

10.	 Zhou J, Wang S, Xia X. Role of intravitreal inflammatory cytokines and angiogenic factors in proliferative 
diabetic retinopathy. Curr Eye Res. 2012;37(5):416-20. DOI: 10.3109/02713683.2012.661114 PMID: 22409294

11.	 Aiello LP, Avery RL, Arrigg PG, Keyt BA, Jampel HD, Shah ST, et al. Vascular endothelial growth 
factor in ocular fluid of patients with diabetic retinopathy and other retinal disorders. N Engl J Med. 
1994;331(22):1480-7. DOI: 10.1056/NEJM199412013312203 PMID: 7526212

12.	 Wakabayashi Y, Usui Y, Okunuki Y, Kezuka T, Takeuchi M, Goto H, et al. Correlation of vascular endothelial 
growth factor with chemokines in the vitreous in diabetic retinopathy. Retina. 2010;30(2):339-44. DOI: 
10.1097/IAE.0b013e3181bd2f44 PMID: 20142713

13.	 El-Asrar AM, Nawaz MI, Kangave D, Geboes K, Ola MS, Ahmad S, et al. High-mobility group box-1 and 
biomarkers of inflammation in the vitreous from patients with proliferative diabetic retinopathy. Mol Vis. 
2011;17:1829-38. PMID: 21850157

14.	 Capeans C, De Rojas MV, Lojo S, Salorio MS. C-C chemokines in the vitreous of patients with proliferative 
vitreoretinopathy and proliferative diabetic retinopathy. Retina. 1998;18(6):546-50. PMID: 9869464

15.	 Abu el Asrar AM, Maimone D, Morse PH, Gregory S, Reder AT. Cytokines in the vitreous of patients 
with proliferative diabetic retinopathy. Am J Ophthalmol. 1992;114(6):731-6. DOI: 10.1016/S0002-
9394(14)74052-8 PMID: 1463043

16.	 Petrovič MG, Korošec P, Košnik M, Hawlina M. Association of preoperative vitreous IL-8 and VEGF levels 
with visual acuity after vitrectomy in proliferative diabetic retinopathy. Acta Ophthalmol. 2010;88(8):e311-6. 
DOI: 10.1111/j.1755-3768.2010.02030.x PMID: 21073666

17.	 Petrovic MG, Korošec P, Košnik M, Hawlina M. Vitreous levels of interleukin-8 in patients with proliferative 
diabetic retinopathy. Am J Ophthalmol. 2007;143(1):175-6. DOI: 10.1016/j.ajo.2006.07.032 PMID: 17188064

18.	 Demircan N, Safran BG, Soylu M, Ozcan AA, Sizmaz S. Determination of vitreous interleukin-1 (IL-1) and 
tumour necrosis factor (TNF) levels in proliferative diabetic retinopathy. Eye (Lond). 2006;20(12):1366-9. 
DOI: 10.1038/sj.eye.6702138 PMID: 16284605

19.	 Dai Y, Wu Z, Wang F, Zhang Z, Yu M. Identification of chemokines and growth factors in proliferative 
diabetic retinopathy vitreous. BioMed Res Int. 2014;2014:486386. DOI: 10.1155/2014/486386 PMID: 
25401103

20.	 Goldberg RB. Cytokine and cytokine-like inflammation markers, endothelial dysfunction, and imbalanced 
coagulation in development of diabetes and its complications. J Clin Endocrinol Metab. 2009;94(9):3171-
82. DOI: 10.1210/jc.2008-2534 PMID: 19509100

21.	 Hang H, Yuan S, Yang Q, Yuan D, Liu Q. Multiplex bead array assay of plasma cytokines in type 2 diabetes 
mellitus with diabetic retinopathy. Mol Vis. 2014;20:1137-45. PMID: 25253986

22.	 Ozturk BT, Bozkurt B, Kerimoglu H, Okka M, Kamis U, Gunduz K. Effect of serum cytokines and VEGF levels 
on diabetic retinopathy and macular thickness. Mol Vis. 2009;15:1906-14. PMID: 19784389

23.	 Doganay S, Evereklioglu C, Er H, Türköz Y, Sevinç A, Mehmet N, et al. Comparison of serum NO, TNF-alpha, 
IL-1beta, sIL-2R, IL-6 and IL-8 levels with grades of retinopathy in patients with diabetes mellitus. Eye 
(Lond). 2002;16(2):163-70. DOI: 10.1038/sj/eye/6700095 PMID: 11988817

https://doi.org/10.1016/j.preteyeres.2008.09.003
https://pubmed.ncbi.nlm.nih.gov/18940262
https://doi.org/10.1016/j.ajo.2005.08.066
https://pubmed.ncbi.nlm.nih.gov/16386986
https://doi.org/10.1182/blood.V96.8.2673
https://pubmed.ncbi.nlm.nih.gov/11023497
https://doi.org/10.1371/journal.pone.0008158
https://doi.org/10.1371/journal.pone.0008158
https://pubmed.ncbi.nlm.nih.gov/19997642
https://doi.org/10.1016/B978-1-4557-0737-9.00025-4
https://pubmed.ncbi.nlm.nih.gov/17194635
https://doi.org/10.1155/2013/539658
https://pubmed.ncbi.nlm.nih.gov/23671874
https://doi.org/10.3109/02713683.2012.661114
https://pubmed.ncbi.nlm.nih.gov/22409294
https://doi.org/10.1056/NEJM199412013312203
https://pubmed.ncbi.nlm.nih.gov/7526212
https://doi.org/10.1097/IAE.0b013e3181bd2f44
https://pubmed.ncbi.nlm.nih.gov/20142713
https://pubmed.ncbi.nlm.nih.gov/21850157
https://pubmed.ncbi.nlm.nih.gov/9869464
https://doi.org/10.1016/S0002-9394(14)74052-8
https://doi.org/10.1016/S0002-9394(14)74052-8
https://pubmed.ncbi.nlm.nih.gov/1463043
https://doi.org/10.1111/j.1755-3768.2010.02030.x
https://pubmed.ncbi.nlm.nih.gov/21073666
https://doi.org/10.1016/j.ajo.2006.07.032
https://pubmed.ncbi.nlm.nih.gov/17188064
https://doi.org/10.1038/sj.eye.6702138
https://pubmed.ncbi.nlm.nih.gov/16284605
https://doi.org/10.1155/2014/486386
https://pubmed.ncbi.nlm.nih.gov/25401103
https://doi.org/10.1210/jc.2008-2534
https://pubmed.ncbi.nlm.nih.gov/19509100
https://pubmed.ncbi.nlm.nih.gov/25253986
https://pubmed.ncbi.nlm.nih.gov/19784389
https://doi.org/10.1038/sj/eye/6700095
https://pubmed.ncbi.nlm.nih.gov/11988817


254

NEUROBIOLOGY

Zdrav Vestn | May – June 2020 | Volume 89 | https://doi.org/10.6016/ZdravVestn.2972

24.	 Taghavi Y, Hassanshahi G, Kounis N, Koniari I, Khorramdelazad H. Monocyte Chemoattractant protein-1 
(MCP-1/CCL2) in Diabetic Retinopathy: Latest Evidence and Clinical Considerations. J Cell Commun Signal. 
2019;13(4):451-62. DOI: 10.1007/s12079-018-00500-8 PMID: 30607767

25.	 Simó-Servat O, Hernández C, Simó R. Usefulness of the vitreous fluid analysis in the translational research 
of diabetic retinopathy. Mediators Inflamm. 2012;2012:872978. DOI: 10.1155/2012/872978 PMID: 23028204

26.	 Tsai T, Kuehn S, Tsiampalis N, Vu MK, Kakkassery V, Stute G, et al. Anti-inflammatory cytokine 
and angiogenic factors levels in vitreous samples of diabetic retinopathy patients. PLoS One. 
2018;13(3):e0194603. DOI: 10.1371/journal.pone.0194603 PMID: 29584759

27.	 Zorena K, Raczyńska D, Raczyńska K. Biomarkers in diabetic retinopathy and the therapeutic implications. 
Mediators Inflamm. 2013;2013:193604. DOI: 10.1155/2013/193604 PMID: 24311895

28.	 Mao C, Yan H. Roles of elevated intravitreal IL-1β and IL-10 levels in proliferative diabetic retinopathy. 
Indian J Ophthalmol. 2014;62(6):699-701. DOI: 10.4103/0301-4738.136220 PMID: 25005199

29.	 Hernández C, Segura RM, Fonollosa A, Carrasco E, Francisco G, Simó R. Interleukin-8, monocyte 
chemoattractant protein-1 and IL-10 in the vitreous fluid of patients with proliferative diabetic retinopathy. 
Diabet Med. 2005;22(6):719-22. DOI: 10.1111/j.1464-5491.2005.01538.x PMID: 15910622

30.	 Maier R, Weger M, Haller-Schober EM, El-Shabrawi Y, Wedrich A, Theisl A, et al. Multiplex bead analysis of 
vitreous and serum concentrations of inflammatory and proangiogenic factors in diabetic patients. Mol 
Vis. 2008;14:637-43. PMID: 18385799

https://doi.org/10.6016/ZdravVestn.2972
https://doi.org/10.1007/s12079-018-00500-8
https://pubmed.ncbi.nlm.nih.gov/30607767
https://doi.org/10.1155/2012/872978
https://pubmed.ncbi.nlm.nih.gov/23028204
https://doi.org/10.1371/journal.pone.0194603
https://pubmed.ncbi.nlm.nih.gov/29584759
https://doi.org/10.1155/2013/193604
https://pubmed.ncbi.nlm.nih.gov/24311895
https://doi.org/10.4103/0301-4738.136220
https://pubmed.ncbi.nlm.nih.gov/25005199
https://doi.org/10.1111/j.1464-5491.2005.01538.x
https://pubmed.ncbi.nlm.nih.gov/15910622
https://doi.org/10.1007/s12079-018-00500-8

	Diabetic retinopathy as a subclinical inflammation: Vitreous and serum cytokine analysis
	Abstract
	Izvleček
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusion

