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ABSTRACT 
In current article, results of the determination of the 
concentrations of vascular endothelial growth factor 
(VEGF), and some interleukins (IL-4, IL-6, IL-10, 
IL-17А) in the vitreous of patients with proliferative 
diabetic retinopathy are presented. We have found 
that in the mechanism of development of diabetic re-
tinopathy, significant role plays an activation of local 
inflammation process and vascular proliferation. This 
is evidenced by a significant increase in the vitreous 
concentration of IL-4, IL-6, IL-10, IL-17A and vas-
cular endothelial growth factor. Identified correla-
tions between VEGF and IL-17A, between VEGF and 
IL-4, and between IL-17A and IL-4 show the rela-
tionship of inflammation and proliferation processes 
in the pathogenesis of diabetic retinopathy.  
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1. INTRODUCTION 
In today’s world, there are 200 million people, suffering 
from diabetes mellitus, and their numbers every 10 - 15 
years increased almost twice. Ophthalmic complications, 
which arise during the development of diabetes mellitus, 
are the crucial medical and social problems. The urgency 
of this problem is associated with significant role of 
ophthalmic complications of diabetes mellitus in the 

structure of visual impairment and irreversible blindness. 
These severe complications lead to disability of patients 
with diabetes mellitus and are a serious social conse- 
quences for the individual and for society as a whole 
[1-3]. 

Despite the progress of modern medicine in the im-
plementation of methods of prevention and treatment of 
diabetic lesions of the organ of vision, one of the worst 
specific defects of eye in diabetes mellitus is diabetic 
retinopathy. It is known that the prevalence of retinopa-
thy among patients with diabetes mellitus may reach 
80% - 90% and depends on many factors. These include 
the duration of diabetes mellitus, completeness of con-
ducted comprehensive treatment, the effectiveness of the 
control of glucose level in blood serum and a number of 
other factors. The progression of diabetic retinopathy 
may be complicated by recurrent intraocular hemorrhage, 
retinal and vitreous fibrosis, traction retinal detachment, 
optic atrophy, which leads to the development of irre-
versible blindness [1,4-6]. 

At present, the pathogenesis of diabetes mellitus is 
seen as a multifactorial process. Its pathogenetic basis is 
local and systemic vascular and metabolic disorders that 
lead to the appearance of lesions of the vision. 

The scientific literature shows that patients with di-
abetic retinopathy revealed activation of inflammatory 
reactions, violations of the functional state of the im-
mune system and also marked imbalance processes of 
intercellular interrelationships inductors—cytokines, 
matrix metalloproteinases, growth factors and other ele-
ments. Identified disorders indicate their absolute impor-
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tance in the pathogenesis of diabetic retinopathy [7-11]. 
In recent years, great importance is attached to the vas-
cular endothelial growth factor in the mechanisms of 
development of proliferative diabetic retinopathy [12- 
15]. 

However, many of the mechanisms of the pathogene-
sis of proliferative diabetic retinopathy remain unclear. 
Questions remain about the role of pro-inflammatory, 
anti-inflammatory and regulatory cytokines in diabetic 
retinopathy. The relationship of cytokines with the fac-
tors activating proliferation, also requires further study 
[4,10]. 

The aim of the present work was to study the content 
of interleukins IL-4, IL-6, IL-10, IL-17A and vascular 
endothelial growth factor (VEGF) in the vitreous of pa-
tients with proliferative diabetic retinopathy. 

2. MATERIALS AND METHODS 
According to the purpose of study for the period from 
year 2011 to 2012, we examined 38 patients who under-
went surgical treatment for traction retinal detachment. 
The patients’ ages ranged from 25 to 78 years (mean 
age—52.6 years). In the study group were 20 women and 
18 men. 

All patients gave informed consent to participate in the 
study and for the operation and fence of the vitreous, and 
the use of research data for scientific purposes, which is 
consistent with the ethical standards developed in accor-
dance with the Declaration of Helsinki.  

The criterion for inclusion in the study was the pres-
ence of patients traction retinal detachment, about which 
was conducted a surgical treatment.  

Inclusion criteria for the main group of patients was 
the availability of diabetes and proliferative diabetic re-
tinopathy. 

Inclusion criterion for a comparison group of was the 
absence in patients of diabetes and diabetic proliferative 
retinopathy. 

Exclusion criteria for both groups was availability of 
the acute exacerbation of chronic inflammatory diseases 
of eye, primary open-angle glaucoma, uveitis of various 
etiologies, as well as autoimmune and neoplastic pro- 
cesses of any location. 

Thus formed the core group (I group)—22 patients 
with traction retinal detachment against the background 
of proliferative diabetic retinopathy. The average age of pa- 
tients in the group was 50.5 years (range, 46 - 62 years). 
The number of women in the group was 14, men —8. 
Diabetes mellitus Type 1 was in 5 patients. Diabetes 
mellitus Type 2—in 17 patients. The mean hemoglobin 
A1c level was 9.9% (range, 6.9% - 12.2%), and the mean 
duration of diabetes was 12.4 years (range, 8 - 16 years).  

The diagnosis proliferative diabetic retinopathy is on 

the basis of the survey, including: visometry, delimita-
tion of the field of view and the presence of scotomas, 
binocular ophthalmoscopy with the use of forehead oph-
thalmoscope Heine Omega 200 and 20 diopter lens, slit 
lamp Karl Zeiss SL 115 Classic and lenses Ocular Max 
Field 78 diopters dimensional ultrasound scan setting 
Tomey UD 1000. 

The comparison group (II group) was 16 patients with 
traction retinal detachment, without a history of diabetes 
mellitus and had no signs of diabetic retinopathy. Mean 
age of patients in group was 55.5 ± 2.6 years. In the 
comparison group were 6 women and 10 men. 

Surgical treatment of retinal detachment in patients of 
both groups was carried out by a standard procedure 
back WAY vitrectomy 25G, 23G using operating sys-
tems “Constellation Vision System” (Alcon, USA), 
“Stellaris PC” (Bausch + Lomb, USA), Assistant (Opti-
kon, Italy). As the investigated material was used vi-
treous picked in the initial stages of vitrectomy. For the 
exception of hit of salt-free solution (BSS), fence of ma-
terial was carried with the air tamponade. Further mobi-
lization of retina, retinal fixation with perfluororganic 
compounds (PFOS), endolazerkoagulation.  

Biological material obtained was placed into tubes and 
centrifuged for 10 minutes at 1500 rpm, the resulting 
supernatant was placed in plastic tubes, frozen at −70˚C 
and, subsequently, used for the laboratory diagnosis. 
Samples for analysis were used within 6 months after 
collecting. 

Determination of IL-4, IL-6, IL-10 and IL-17A in the 
vitreous was carried out using commercial test systems 
for immunoassay produced by “Cytokine” company 
(Russia) at the manufacturer’s instructions. 

Determination of vascular endothelial growth factor 
(VEGF) in the vitreous was performed by ELISA on 
commercial test systems, produced by “Vector-BEST” 
(Novosibirsk, Russia) at the manufacturer’s instructions. 

ELISA results were recorded on a vertical photometer 
“Uniplan” at a wavelength of 450 nm. 

The resulting digital data were subjected to statistical 
analysis and presented in tabular form. Data analysis was 
performed using the software package Statistics 10 be 
StatSoft Inc. The significance of the differences in the 
variation series of unrelated samples was evaluated using 
the Mann-Whitney test. Data in tables are presented as 
M ± m, where M—mean, m—error of the mean. Consi-
dered significant difference between the compared series 
with a confidence level of probability 95% (p < 0.05). 
Correlation analysis was carried out using Spearman 
rank correlation. 

3. RESULTS AND DISCUSSION 
The studies obtained the results shown in Table 1. 
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Table 1. Contents VEGF, IL-4, IL-6, IL-10, IL-17A in the 
vitreous of patients with traction retinal detachment and di-
abetic retinopathy (Group I) and with no signs of retinopathy 
(Group II) (M ± m). 

Index Groups Group I Patients with 
diabetic retinopathy (n = 22) 

Group II A comparison 
group (n = 16) 

VEGF, pg/ml 1491.0 ± 183.1* 65.2 ± 11.2 

IL-4, pg/ml 32.5 ± 9.4* 8.1 ± 0.5 

IL-6, pg/ml 64.2 ± 10.4* 32.8 ± 8.7 

IL-10, pg/ml 4.43 ± 0.4 4.59 ± 0.6 

IL-17А, pg/ml 184.2 ± 18.7* 64.3 ± 4.8 

*difference on the value of the corresponding figure for the comparison 
group was significant at p < 0.05. 
 

Vascular endothelial growth factor (VEGF)—biologi- 
cally active substance capable of binding and activation 
by membrane receptors (receptor-1 VEGF and receptor-2 
VEGF), a signaling cascade run. The result of this stage 
is the stimulation of growth and proliferation of vascular 
endothelial cells. After the formation of new blood ves-
sels, VEGF plays the role of survival factor by inhibition 
of apoptosis of endothelial cells. Concentration of vas-
cular endothelial growth factor in the vitreous of patients 
with proliferative diabetic retinopathy was significantly 
(by more than 23 times) higher, than the index of patients 
with traction retinal detachment without signs of proli-
ferative diabetic retinopathy (p < 0.001) [13,16,17]. 

Interleukin-17A is a pro-inflammatory cytokine that is 
secreted primarily by activated T-lymphocytes. One of 
the functions of IL-17A is the stimulation of synthesis of 
pro-inflammatory cytokines TNF-α, IL-1β, as well as 
cell adhesion molecules and other factors [18,19]. The 
concentration of pro-inflammatory cytokines IL-17A in 
the vitreous of patients with proliferative diabetic reti-
nopathy was significantly (2.8 times) higher than the 
index of patients with traction retinal detachment without 
signs of proliferative diabetic retinopathy (p < 0.001). 

IL-4—cytokine has anti-inflammatory properties. It is 
an activator of T-helper response of Type 2, which de-
fines the importance of IL-4 in the development of the 
immune response during inflammatory and autoimmune 
processes. The concentration of IL-4 in the vitreous of 
patients with proliferative diabetic retinopathy was sig-
nificantly (4 times) higher than the index of patients with 
traction retinal detachment without signs of proliferative 
diabetic retinopathy (p < 0.001). 

IL-6—proinflammatory cytokine plays an important 
role in the mechanisms of chronization of inflammatory 
processes, including autoimmune etiology [20]. IL-6 
concentration in the vitreous of patients with traction 
retinal detachment and proliferative diabetic retinopathy 
was significantly (by 1.9 times) higher than the index of 

patients without signs of proliferative diabetic retinopa-
thy (p < 0.001). 

IL-10—anti-inflammatory cytokine involved in the 
processes of chronization and has immunosuppressive 
properties. In addition, IL-10 is involved in the regula-
tion of the synthesis of VEGF. When comparing the con- 
tent of IL-10 in patients of examined groups, the accura-
cy of the values of the differences was not found. The 
data obtained are different from those in the scientific 
literature that suggests increasing the content of this cy-
tokine in patients with proliferative diabetic retinopathy, 
which plays a significant role in its pathogenesis [21]. 
Probably the activity of its products may be associated 
with the timing of the pathological process that requires 
further study. 

To evaluate the diagnostic and prognostic value of any 
parameter is important not only change its content in 
biological substances, but the evaluation of the severity 
and direction of the relationship between the studied pa-
rameters in the pathogenesis of the pathological process. 

The study of the vitreous of patients of the main group 
was identified certain correlations, which presented in 
Table 2. 

Of the identified interactions, reliability is the direct 
significant correlative relationship between the concen-
trations of VEGF and IL-17A and between the concen-
trations of VEGF and IL-4, as well as between the con-
centrations of IL-17A and IL-4. Identified correlations 
may be a sign of the relationship between processes of 
proliferation and inflammation in the pathogenesis of 
proliferative diabetic retinopathy. 

Thus, our study has shown that in mechanisms of the 
development of proliferative diabetic retinopathy signif-
icant role played the high activity of local immune res-
ponses and inflammation process. This is evidenced by 
significantly higher levels of cytokines IL-17A, IL-6 and 
IL4 in the vitreous of patients with diabetic retinopathy 
compared with the control group.  

Increased production of these cytokines apparently 
leads to the activation of cell proliferation of the vascular 
wall. Perhaps proof of this is more than 20-fold increase 
in the content of vascular endothelial growth factor in the 
vitreous. Identified correlations indicate the relationship 

 
Table 2. Correlation relationship between the figures, deter-
mined in the vitreous of patients with diabetic retinopathy 
(Group I). 

Index 1 Index 2 The correlation 
coefficient (R) 

Significant 
difference (p) 

VEGF IL-17A 0.51 <0.05 

IL-4 IL-17A 0.43 <0.05 

IL-4 VEGF 0.51 <0.05 
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of inflammatory and proliferative processes. 
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