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EVALUATION OF THE ROLE OF THE RELATIONSHIP OF INFLAMMATORY CYTOKINES
WITH THE NEOANGIOGENESIS FACTOR IN THE DEVELOPMENT OF PROLIFERATIVE
DIABETIC RETINOPATHY

e-mail: sabinamedjidova@gmail.com

A clinical and immunological study was carried out in two groups of patients with diabetes mellitus at the National
Center of Ophthalmology named after Academician Zarifa Aliyeva. The first group — 40 patients with non-proliferative diabetic
retinopathy; the second group — 42 patients with the development of proliferative diabetic retinopathy within a year. In the first
group, there was a significant decrease in inflammatory cytokines and VEGF factor at the local level (VEGF, TNF-a, IL-1p —
p=0.001; IL-8 — p<0.001). Diabetic maculopathy and proliferative diabetic retinopathy developed against the background of
worsening of the HbAlc diabetes compensation index (9.7+1.1 %; p<0.001) with an increase in angiogenesis factor VEGF and
inflammatory cytokines in the blood (VEGF — p=0.034; TNF-a, IL-1 — p=0.001; IL-8 — p<0.001) and tear fluid (VEGF —p=0.018;
TNF-o — p=0.005; IL-1p, IL-8 — p<0.001). At the same time, a positive correlation was revealed between the local and systemic
levels of VEGF (1=0.333; p=0.031), between the central thickness of the macula and HbAlc, VEGF, TNF-a, IL-1p, IL-8 of a high
degree of significance (p<0.001). The results indicate the advisability of a detailed study of the issue of preventive anti-
inflammatory therapy along with antiangiogenic treatment for diabetic retinopathy.
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C.P. Men:xuaoBsa

OLIHKA POJII B3AEMO3B'SI3KY HUTOKIHIB 3AITAJIEHHSA 3 ®PAKTOPOM )
HEOAHI'TOTI'EHE3Y ¥ PO3BUTKY IIPOJI®EPATUBHOI JIABETUYHOI PETUHOIIATII

Kniniko-iMyHoIOTi4HE TOCTIKEHHS IPOBOAMIIOCS Y ABOX TPyIax MAIi€HTIB 13 MyKpoBUM aiadetoM y HamionansHOMY
Lentpi Odransmornorii imeni akagemika 3apudu Amnieoi. Ilepma rpyna — 40 nauieHTiB i3 HenpoutipepaTHBHOIO 1iabeTHYHOO
peTHHOIATIEI0; Apyra rpyna — 42 MamieHTH 3 PO3BUTKOM IpoiepaTUBHOI Mia0eTHIHOI peTHHONATII IPOTATOM POKy. Y Tepiriit
Tpymi BiI3HAYanoCs 3HaYyHE 3HIDKEHHS NUTOKiHIB 3ananeHHs Ta VEGF ¢axropa Ha nokansHomy piBHi (VEGF, TNF-a, IL-1p —
p=0,001; IL-8 — p<0,001). [iabernuna MaxynomaTis Ta mpouidepaTHBHA AiaOeTHYHA PETHHONATIS PO3BUBAIMCI Ha TIi
HOTipIIeHHs NoKa3HuKa koMneHcanii giadery HbA1C (9,7+1,1 %; p<0,001) 3i 3pocranusam dakropa anriorenesy VEGF Ta
nuTokKiHiB 3ananenHs B kposi (VEGF - IL; -1 — p=0,001; IL-8 — p<0,001) ta cmiznoi piguau (VEGF —p=0,018; TNF-a — p=0,005;
IL-1B, IL-8 — p<0,001). IIpu upoMy BusBISUIACS IMO3UTHBHA KOPEJSILis MK JIOKanbHUM i cuctemuuM piBieM VEGF (r=0,333;
p=0,031), mixx nenTpansHoIo ToBIMHOO Makyu Ta HbAlc, VEGF, TNF-a, IL-18, IL-8 Bucokoro crynens 3HaunmMocTi (p<0,001).
OTpumMaHi pe3ynbTaTH CBiqYaTh MPO TOLUIBHICTH JETaJbHOTO BHUBUCHHS MUTAHHS MPOBEACHHS MPH MiaOeTHYHIA peTWHOMATIi
NPEBEHTHUBHOI MPOTHU3AIAIbHOI Teparil HOpsiA 3 aHTHAHT0TCHHOIO.

KoniouoBi ci1oBa: niabeTnuHa peTHHOMNATIS, TIIKO3WILOBAHUH TeMOTII00iH, (JaKTop PpOCTy SHAOTEIII0 CYANH, INTOKIHY,
3arajeHHs.

According to the World Health Organization, the increase in the incidence of diabetes mellitus
(DM) globally is projected to reach 366 million people by 2030 [9]. Chronic hyperglycemia, triggering a
pathological mechanism of biochemical processes, leads to the development of one of the most severe
complications of diabetes — diabetic retinopathy (DR) [4]. Thickening of the vascular basement membrane,
proliferation of endothelial cells, and obliteration of capillaries in combination lead to deterioration of
retinal microcirculation and hypoxia [8]. Hypoxia-inducible factor-1-alpha (HIF1-a), produced in this case,
increases the expression of the vascular endothelial growth factor (VEGF) gene [11].

However, in recent years, much attention has been paid to the role of other biologically active
substances (cytokines, growth factors, adhesion molecules) in the pathogenesis of proliferative changes in
DR [6]. A large number of publications today highlight the results of studies of various cytokines in blood
serum (BS) and biological substrates of the eye (TNF-a, IL-1B, IL-6, IL-8, IL-10, IL-17, IL-4, MCP-1,
etc.) during the development of DR [2, 5].

But, despite the large number of multiple studies devoted to the study of the pathogenesis of DR,
many questions remain not yet fully resolved and require further detailed consideration. Many aspects of
this issue do not have a generally accepted scheme that allows the creation of a model of pathology
development, taking into account the participation of all etiopathogenetic factors.

The purpose of this study was a comparative assessment of the level and relationship of
angiogenesis factor and inflammatory cytokines (TNF-a, IL-1p, IL-8) at the systemic and local levels in
the development of proliferative diabetic retinopathy.

Materials and methods. This retrospective longitudinal study was conducted based on clinical
material from the National Center of Ophthalmology named after Academician Zarifa Aliyeva.
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82 patients with DM included in the study were divided into two groups. At the initial treatment of
all patients, NPDR was diagnosed. The first group (I) included 40 patients without signs of the development
of'a proliferative process; the second (II) included 42 patients with the transition from NPDR to PDR within
a year. In group II, at 6 months, only 36 % of 42 patients remained in the non-proliferative stage of DR,
while 64 % (27/42) progressed from NPDR to PDR. After one year in group II, 100 % of patients (42/42)
had progressed to PDR. Exclusion criteria were any other pathology of the retina (except for NPDR), active
inflammation of the ocular adnexa, clouding of the optical media of the eye, intraocular surgery or laser
intervention within the last 3 months, autoimmune systemic diseases, and oncological diseases. The groups
did not differ statistically in age, gender, or mean duration of diabetes. The mean age of patients in the two
groups was 57.5+8.8 and 56.0+10.5 years (p=0.581), male composition — 45 % (18/40) and 52 % (22/42)
(p= 0.507), the mean duration of diabetes was 12.0£5.8 and 13.5+4.2 years (p=0.098), respectively.
Although there were more patients with type I diabetes in group II (52 % — 22/42) than in group I (40 % —
16/40), there was also no significant difference between the groups based on the type of diabetes (p=0.264).
Also in group I, the relative number of patients suffering from concomitant hypertension (71 % — 30/42),
coronary heart disease (31 % — 13/42), nephropathy (41 % — 17/42) and neuropathy (57 % — 24/42) was
higher than in group I (60 % — 24/40, 23 % — 9/40, 25 % — 10/40, 55 % — 22/40) accordingly, but this
difference was not significant (p=0.278, p=0.391, p=0.138, p=0.846).

All patients provided written informed consent to participate in the study. The study was approved
by the Azerbaijan Medical University Ethics Committee (protocol No. 25) and was conducted per the
Declaration of Helsinki.

Patients underwent ophthalmological and laboratory examinations. Ophthalmological research
methods: determination of best corrected visual acuity (BCVA) (Huvitz Chart Projector CCP-3100 (HUVITZ
Co, LTD, South Korea), biomicroscopy of the anterior segment of the eye (slit lamp TOMEY TSL-5000,
TOMEY, Japan), tonometry (non-contact tonometer FT-1000, TOMEY, Japan), fundus ophthalmoscopy (slit
lamp TOMEY TSL-5000, TOMEY, Japan with Ocular High Mag 78D lens, Ocular Instruments Inc., USA),
optical coherence tomography (OCT) (Cirrus optical coherence tomography HD-OCT 5000, Carl Zeiss
Meditec AG, Germany), fluorescent angiography (FAG) (Carl Zeiss FF450, Germany).

An endocrinologist assessed the general condition of all patients and monitored diabetes indices.
The glycosylated haemoglobin level in the blood (Glycosylated hemoglobin — HbA1c) was determined
using affinity chromatography. The laboratory examination also included determination, using the ELISA
method, of the level in blood serum (BS) and tear fluid (TF) of VEGF, cytokines TNF-a, IL-1p, and IL-8.

The results were processed by the method of variation statistics with the calculation of arithmetic
means, standard deviation, standard error, and minimum and maximum sample values. A comparative
assessment between the parameters of the two groups was carried out using the Mann-Whitney U-test (Pu),
with the initial indices in the corresponding group using the Wilcoxon W-test (Pw). The statistical
significance of differences was assessed at p<0.05. The Spearman criterion (Rho) calculated the correlation
between the parameters. Statistical analysis of the results was carried out using MS Excel software.

Results of the study and their discussion. The mean level of the HbAlc diabetes compensation
index at the initial treatment of patients was higher than the reference values in both groups (in group I —
7.8£1.5 %, in group Il — 8.9+1.2 %). In
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of DM at the initial visit of patients and after a year (in %) ded at the initial presentation (Fig‘ 1).

In group I, there were significantly fewer patients with DM initially — 53 % (21/40), than in group
I - 79 % (33/42) (p=0.004). The most common form of DM in both groups was cystoid macular edema
(CME) without traction — in 30 % of patients (12/40) and 24 % (10/42), respectively, in the first and second
groups. A year later, despite the increase in the number of patients with DM in both groups, their relative
number in group II (88 % — 37/42) remained higher than the same parameter in group I (60 % — 24/40).
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Clinical parameters of deterioration of the macular fundus and the progression of DR in the second
group of patients were confirmed by objective indices of visometry and OCT. During the year, there were
no significant changes in the mean BCVA values in group I (p = 0.383), while in group II, BCVA was
initially significantly less than in the first group I — 0.18 £ 0.19 (p = 0. 05), during the year it significantly
decreased from 0.18+0.19 to 0.12+0.09 (p=0.001). Accordingly, in the second group at the initial treatment,
the mean indices of the state of the macular region — the central macula thickness (CMT) and the total
macula volume (TMV) — were significantly higher than similar indices in group I: 393.2+168.0 um and
437.9£145.1 pm (p=0.042); 11.9£2.3 mm? and 12.9+£2.2 mm?® (p=0.034). After a year, the mean CMT and
TMYV indices in group I significantly decreased to 256.5+23.2 um and 9.9+1.0 mm?, respectively
(p<0.001). In group II with the progression of NPDR, the mean CMT (424.7+133.0 um) and TMV
(12.941.9 mm?®) remained significantly higher than in group I (p<0.001), did not significantly change
(p=0.817, p=0.288) relative to the primary values.

Table 1 presents comparative results of a study of the content of the angiogenesis factor VEGF and
key inflammatory cytokines in the BS in both groups of patients at their initial treatment and after a year.

Table 1
Results of comparative assessment of cytokines in BS (pg/mL)

Research Factor Study time I (n=40) 1T (n=42) Pu
VEGF First visit 243.0+19.8 (101.7-548.8) 333.6+18.3 (178.4-558.9) 0.001

In a year 230.4+17.1 (112.4-509.4) 344.2419.1 (164.6-589.4) <0.001

Pw 0.214 0.034
TNF-a First visit 5.3+0.5 (0.3-12.2) 7.7£0.5 (0.9-13.4) 0.001

In a year 5.3+£0.4 (0.7-11.1) 8.4+0.4 (3.2-13.1) <0.001

Pw 0.667 0.001
IL-1B First visit 7.1£0.5 (1.2-15.9) 12.1+0.6 (3.2-18.5) <0.001

In a year 7.3+£0.5 (2.9-15.6) 12.9+0.5 (6.3-20.3) <0.001

Pw 0.393 0.001
IL-8 First visit 22.6+2.5 (0.4-61.8) 38.0+£2.3 (4.3-63.2) <0.001

In a year 23.04£2.2 (1.9-54.2) 40.542.1 (9.8-64.7) <0.001

Pw 0.609 <0.001

As a result of a comparative assessment of the angiogenesis factor VEGF and inflammatory

cytokines TNF-q, IL-1pB, and IL-8 in the BS, it was found that in group II, both at the initial visit of patients
and a year later with progression of NPDR, the mean level of the studied factors was significantly higher
relative to the parameters in group I without progression of NPDR (p=0.001; p<0.001). A year later, there
were no significant changes in the mean level of inflammatory cytokines and VEGF factor in group I
without the development of PDR, while in group II, the results of a significant increase in all studied factors

were obtained (VEGF — p=0.034; TNF-q, IL-1p — p=0.001; IL-8 — p<0.001).

Table 2
Results of comparative evaluation of cytokines in TF (pg/mL)
Study Factor Study time I (n=40) II (n=42) Pu
VEGF First visit 1657.5+96.4 1869.7+89.7 0.090
(765-2987) (778-2742)
In a year 1367.9+£65.9 1944.5+86.4 <0.001
(786-2348) (765-2856)
Pw 0.001 0.018
TNF-o First visit 28.9+ 1.4 31.4+ 1.4 0.207
(17.5-48.3) (16.4-48.9)
In a year 255+ 1.0 331 1.3 <0.001
(16.8-42.1) (18.7-50.2)
Pw 0.001 0.005
IL-1B First visit 27.0+ 1.6 24.6+ 1.4 0.278
(11.7-44.2) (9.6-41.5)
In a year 23.0£ 1.2 28.0= 1.4 0.009
(12.8-40.1) (12.9-48.9)
Pw 0.001 <0.001
IL-8 First visit 19.8+2.2 19.2+ 1.9 0.967
(3.4-46.8) (4.1-49.4)
In a year 149+ 1.6 263+ 2.5 0.001
(3.2-42.6) (5.6-66.7)
Pw <0.001 <0.001
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Table 2 presents the results of a comparative study of the content of the angiogenesis factor VEGF
and inflammatory cytokines in the TF in both groups of patients at their initial treatment and a year later.

In contrast to systemic indices, a comparative assessment of the studied factors in the TF revealed
that the mean level of VEGF factor and inflammatory cytokines did not have a significant difference
between the two groups during the initial treatment of patients. But a year later, with the progression of
NPDR in group II, there is an increase in the local level of VEGF factor and inflammatory cytokines, which
is significantly different from both the indices in group I and the primary indices (VEGF —p =0.018; TNF-
a —p = 0.005; IL-1pB, IL-8 — p<0.001). In addition, in group I, on the contrary, there was a significant
decrease in the mean level of the studied factors at the local level (VEGF, TNF-a, IL-1p — p=0.001; IL-8 —
p<0.001).

For a more detailed representation of the relationship between the local and systemic levels of the
main angiogenesis factor VEGF, which plays a key role in the etiopathogenesis of proliferation during the
progression of NPDR, it
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600 700 the correlation coefficient
between these indices. As

600

500 ¢ * * . %o the results showed, a
500 ~ i moderate positive

. . .
400 ? . correlation was established

.

e " 400 /4 between the local and

300 e ¢ * i ¢S systemic VEGF levels at
- ﬂt/_. os ((:: ’\ . } . the initial treatment of
. 200 % patients in both groups

100 ""o L ¢ - (group I — r=0.55;

p<0.001; group 1II -
r=0.335; p=0.03). The

0 0

0 S0 1000 1500 2000 2500 | g 1960 200 0 g results of calculating the

Fig. 2. Correlation between VEGF in the TF and VEGF in the BS when patients re-apply correlation ) cqefﬁc_ient

a year later (Spearman's rank coefficient). A — in group I (r=0.188; p=0.246); B — in group II between these indices in a
(r=0.333; p=0.031) year are shown in Fig. 2.

Interestingly, after a year, the significant significance of the moderate positive correlation between
the local and systemic levels of the angiogenesis factor VEGF remained only in group II (r=0.333;
p=0.031). In group I, the relationship between these indices was unreliable (r=0.188; p=0.246).

The feasibility of a comparative calculation of the correlation between CMT and laboratory
parameters at the initial visit of patients and after a year is presented in Fig. 3.
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Fig. 3. Correlation between CMT and laboratory parameters (Spearman's rank coefficient) at the initial visit of patients (A) and
after a year (B). Indices of the Spearman coefficient in group I are marked in blue and in group II — in red. Positive correlation indices
with a high degree of significance (p<0.001) are shaded in yellow, while those without significant significance are shaded in green.

In group I, at initial treatment, a strong positive correlation of a high degree of significance was
revealed between CMT and HbAlc (r= 0.727; p<0.001), VEGF factor in the TF (r= 0.748; p<0.001), IL-
1B in the TF (r= 0.727; p<0.001). With other laboratory indices at the systemic and local level, CMT's
degree of positive correlation in group I was of moderately high significance.

In group 11, at the initial treatment, the correlation coefficient between CMT and VEGF in the BS
(r=0.302; p=0.052) and IL-8 in the TF (r=0.286; p=0.066) was insignificant. A strong positive relationship
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was established with VEGF in the TF and other cytokines at the systemic and local level, with HbAlc a
moderate (r= 0.563; p<0.001) positive relationship with CMT of a high degree of significance (p<0.001).

After a year in group I without DR progression, the correlation coefficients between CMT and
laboratory parameters were insignificant. In group II, with the development of PDR, CMT had a moderate
and strong positive relationship with all study factors at the systemic and local level of a high degree of
significance (p<0.001).

The role of the relationship between the imbalance of pro- and anti-inflammatory cytokines and
the dynamics of changes in vasoproliferative factors in the pathogenesis of DR is currently being discussed
from various positions. Literature data indicate the diagnostic value of the increase in TNF-a concentration
in BS, the relationship between the concentrations of VEGF and TNF-qa, IL-1p in BS and the severity of
the disease [3, 7], the role of IL-8 as a marker of ischemic inflammatory response and visual impairment
in the progression of PDR and the development of diabetic macular edema [10]. Inflammatory cytokines
link the key links in the pathogenesis of DR in the early stages and during the development of proliferative
complications [2, 5]. Our results allow us to conclude the prognostic significance of the interrelated
increase in the angiogenesis factor VEGF and inflammatory cytokines (VEGF, TNF-q, IL-1B, IL-8) at the
systemic level in the development of DR. Further, with the progression of NPDR to PDR, the
interdependent growth of these factors at the systemic and local levels determines the important role of
inflammation in triggering a cascade of processes leading to pathological proliferation. Along with
antiangiogenic therapy, which is widely used today in the treatment of DR [1], it is advisable to consider
the need for preventive anti-inflammatory therapy to prevent the worsening of diabetic damage to the organ
of vision.

472 44444

1. In the absence of proliferative changes in NPDR and stable HbA1c values (7.8+1.2 %; p=0.903),
there was a significant decrease in the mean level of inflammatory cytokines and VEGF factor at the local
level (VEGF, TNF-a, IL-1B —p =0.001; IL-8 — p<0.001).

2. DM and PDR developed against the background of worsening of the HbAlc diabetes
compensation index (9.7+1.1 %; p<0.001) with an increase in the values of VEGF angiogenesis factor and
inflammatory cytokines in the BS (VEGF — p=0.034; TNF-qa, IL-1p — p=0.001; IL-8 — p<0.001) and TF
(VEGF — p=0.018; TNF-a — p=0.005; IL-1p, IL-8 — p<0.001).

3. With the development of proliferative changes in DR and damage to the macular area, a positive
correlation was revealed between the local and systemic levels of VEGF (r=0.333; p=0.031), between CMT
and HbAlc, VEGF, TNF-a, IL-1p, IL-8 in the BS and the TF of high significance (p<0.001), which was
not observed in patients without the development of proliferative complications.
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