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Diabetic retinopathy (DR) is a common microvascular complication of type 2 diabetes mellitus (T2DM) and a
leading cause of visual impairment in working-age adults. Chronic hyperglycaemia damages the retinal microvas-
culature, resulting in oedema, ischaemia and pathological neovascularisation. Cytokine markers and their ratios
are increasingly recognised as tools for the early diagnosis and personalised treatment of DR. The aim of this study
was to assess the role of interleukins IL-33 and IL-10 in the pathogenesis of DR in patients with T2DM, with the
intention of improving prediction, enabling early diagnosis and optimising preventive and therapeutic strategies.
Sixty patients aged 35-65 years with confirmed DR were included in the study and divided into decompensated and
compensated diabetes groups. Aqueous humour samples were collected during scheduled surgeries and IL-33 and
IL-10 concentrations were measured using ELISA. Statistical analysis was performed using standard methods, with
p<0.05 being considered significant. While absolute IL-33 and IL- 10 levels did not differ between the two groups,
the IL-33 / IL-10 ratio was found to be 30% lower and the IL-10 / IL-33 ratio 60% higher in the decompensated group
compared to the compensated group (p<0.05). These results suggest a shift towards relative IL-10 enhancement and
pro-inflammatory activity, indicating changes in immune regulation and inflammatory processes within the anterior
chamber of the eye despite no significant alterations in absolute cytokine levels. The study suggests that decompen-
sated diabetes is associated with altered relative activity of pro-inflammatory and regulatory immune mechanismes,
and that the IL-33 / IL-10 ratio may serve as a prognostic marker for DR progression, helping to guide personalised

preventive and therapeutic strategies in T2DM.
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Connection of the publication with planned re-
search work.

The article is a fragment of the planned research
project of Danylo Halytsky Lviv National Medical Uni-
versity entitled “The Impact of Traumatic, Vascular, In-
fectious and Metabolic Factors on the Nervous System”
(state registration number 0125U000894).

Introduction.

Diabetes mellitus (DM) is frequently accompanied by
ocular complications, particularly the development of
diabetic retinopathy (DR). Chronic hyperglycemia leads
to structural and functional alterations of the retinal
microvasculature, including edema, increased vascular
permeability, vascular occlusion, and tissue ischemia. In
response to ischemic injury, pathological neovasculariza-
tion may occur. The cumulative effect of these processes
results in progressive visual impairment and, in some
cases, vision loss [1, 2].

Type 2 diabetes mellitus (T2DM) is a chronic meta-
bolic disorder characterized by insulin resistance and/
or relative insulin deficiency, leading to elevated blood
glucose levels. In the early stages, the disease may re-
main asymptomatic; however, persistent hyperglycemia
over time contributes to the development of microvas-
cular and macrovascular complications. These include
cardiovascular disease, renal impairment, peripheral
neuropathy, and ocular damage [3]. T2DM remains the
most prevalent form of diabetes among adults. Although
traditionally associated with individuals over 40 years
of age, its incidence has increasingly been observed in
younger populations in recent years.

Diabetic retinopathy is one of the most common mi-
crovascular complications of DM and a leading cause of

visual impairment and blindness among people of work-
ing age. Pathological changes include the formation of
microaneurysms, retinal edema, intraocular hemor-
rhages, and pathological neovascularization, which may
ultimately result in retinal detachment [2]. At the same
time, timely diagnosis and effective glycemic control can
significantly slow the progression of DR and reduce the
risk of vision loss.

The key pathogenetic mechanisms involved in the
development of diabetic retinopathy include [4]:

— Prolonged hyperglycemia leading to damage of ret-
inal microvessels.

—Increased vascular permeability, resulting in retinal
edema and exudation.

— Vascular occlusion and ischemia which impair the
retinal blood supply.

— Neovascularization, i.e., the formation of new
pathological vessels prone to bleeding.

Diabetic retinopathy is characterised by a slow but
progressive course. Several years usually pass from the
onset of diabetes to the appearance of early morpho-
logical retinal changes, such as microaneurysms. This
is followed by possible progression to the proliferative
form of the disease, which is associated with a high risk
of vision loss [1]. Although elevated HbAlc levels are
considered key risk factors for DR, they do not fully ex-
plain its complex pathogenesis. This highlights the need
for further research into the molecular mechanisms un-
derlying DR development and the identification of novel
biomarkers for early diagnosis and personalised ther-
apy. Previously obtained data have demonstrated that
changes in the protein content of the aqueous humour
in the anterior chamber (particularly increased levels

336

ISSN 2077-4214. BicHuk npo6nem 6ionorii i meguumunm — 2026 — Bun. 1(180) / Bulletin of problems in biology and medicine — 2026 — Issue 1(180)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/



KNIHIYHA TA EKCMEPUMEHTA/IbHA MEAULMHA / CLINICAL AND EXPERIMENTAL MEDICINE

of microalbumin and total protein) positively correlate
with HbAlc and may reflect early impairment of the
blood-ocular barrier, even before there are any clinically
evident manifestations of DR [5]. Furthermore, previous
studies have shown that systemic inflammation indices
(SIRI and SlI) are accessible laboratory markers that cor-
relate with DR progression and can be used for risk strat-
ification at preclinical stages [6]. This supports the role
of chronic systemic inflammation as an important com-
ponent of DR pathogenesis. It was shown that immune
predictors, including chemokines and their receptors,
play a significant role in the development of diabetes
mellitus and its microvascular complications, including
retinopathy, through the activation of proinflammatory
pathways and dysregulation of immune responses [7].
Therefore, further investigation of the immunological
mechanisms underlying DR development represents a
promising direction for identifying new prognostic mark-
ers and developing personalized preventive and thera-
peutic strategies [8].

The aim of the study.

To determine the role of interleukins IL-33 and IL-10
in the development of diabetic retinopathy, with the aim
of improving diagnostic accuracy, preventing complica-
tions and slowing the progression of this diabetes-relat-
ed condition.

Object and research methods.

The study included 60 patients treated at the Eye
Health Centre. Patients were included if they had clini-
cally confirmed diabetic retinopathy and were aged be-
tween 35 and 65 years (mean age 46.0%2.0 years), and
if there was an equal distribution of males and females
(male-to-female ratio of 1:1). The patients were divid-
ed into two groups: Group 1 (n=30) comprised patients
with decompensated diabetes mellitus and Group 2
(n=30) comprised patients with compensated diabetes
mellitus.

During planned surgical procedures, aqueous hu-
mour was collected as it freely drained from the ante-
rior chamber of the eye. Levels of IL-33 and IL-10 in the
samples were determined using the ELISA method (Bio-
Source, USA).

This study was conducted in accordance with the
requirements of Good Clinical Practice (ICH E2(R6) GCP)
and the Declaration of Helsinki of the World Health Or-
ganization. All patients provided informed voluntary
consent prior to any procedures.

Statistical analysis was performed using the STATIS-
TICA 8.0 software package (StatSoft, USA) and mathe-
matical statistics methods. Data are presented as mean
values and standard deviation. Differences were consid-
ered statistically significant at p<0.05.

Research results and their discussion.

Type 2 diabetes mellitus is conventionally classi-
fied according to the degree of compensation and the
progression of the disease. In compensated diabetes,
blood glucose levels are kept within the normal range
by diet, exercise, or medication. Subcompensated dia-
betes is characterised by slightly elevated glucose levels
and mild manifestations of complications. In decompen-
sated diabetes, persistent hyperglycaemia is difficult to
control and associated with severe complications such
as diabetic coma, renal damage, nervous system disor-
ders and ocular pathology. Timely medical intervention
is required to prevent irreversible consequences [9].

In a study examining 60 patients with diabetic ret-
inopathy (DR), changes in IL-33 and IL-10 levels in the
aqueous humour of the anterior chamber were inves-
tigated in relation to the degree of diabetes compensa-
tion. The results are presented in table.

The content of interleukins IL-33 and IL-10 in the an-
terior chamber fluid in both groups of patients did not
differ statistically. To assess the potential pathogenetic
role of these cytokines in the onset and progression of
diabetic retinopathy, as indicated by the literature, the
ratio of IL-33 to IL-10 was calculated.

This ratio reflects the balance between pro-inflam-
matory and anti-inflammatory components. In Group 1,
this ratio was 30% lower than in Group 2 (p<0.05), in-
dicating a shift in the cytokine balance towards relative
IL-10 predominance. Consequently, the IL-10 / IL-33 ratio
in Group 1 was 60% higher than in Group 2 (p<0.05).

Table — Levels of IL-33 and IL-10 in the aqueous
humour of the anterior chamber depending on
diabetes compensation (n=60)

Examined groups L Senig
ec group (decompensated DM) |(compensated DM)
/ Indicators n=30 =30
IL-33 (pg/ml) 8.61+0.70 8.66+0.70
IL-10 (pg/ml) 19.91+0.90 19.75+0.80
IL-33/1L10 0.42+0.04 0.55+0.05*
IL-10 /1L 33 3.02+0.20 1.84+0.09*

Notes: * — statistically significant difference compared with Group 1
(p<0.05).

Thus, while the absolute levels of IL-33 and IL-10 in
the aqueous humour of the anterior chamber did not
differ between groups, analysis of cytokine ratios sug-
gests a shift in the cytokine balance towards relative
enhancement of IL-10 and pro-inflammatory potential
in the decompensated diabetes group. These findings
suggest that, during diabetes decompensation, changes
in the relative activity of immune regulatory and pro-in-
flammatory mechanisms occur, even in the absence of
significant alterations in absolute cytokine concentra-
tions. The obtained data emphasise that consideration
of cytokine ratios, as well as absolute levels, is important
for understanding the pathogenesis of anterior chamber
changes in diabetic retinopathy.

Type 2 diabetes mellitus (T2DM) is a chronic meta-
bolic disease associated with ageing and systemic inflam-
mation, which increases long-term mortality. Identifying
prognostic biomarkers in patients with this condition
could contribute to improved risk stratification and opti-
misation of personalised therapeutic strategies. The aim
of this study was to establish a basis for evaluating the
long-term prognostic value of circulating biomarkers as-
sociated with inflammation, metabolic stress and organ
damage in individuals with T2DM.

Interleukin-33 (IL-33), a member of the IL-1 family,
was initially described as a type 2 immune response
inducer capable of activating T helper 2 (Th2) cells and
mast cells. There is growing evidence that IL-33 also
effectively stimulates group 2 innate lymphoid cells
(ILC2s), regulatory T cells (Tregs), Th1l cells, CD8+ T cells
and natural killer (NK) cells [10]. This pleiotropic activ-
ity reflects IL-33’s role in maintaining tissue and met-
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abolic homeostasis, immune responses to infections
and inflammation, oncological processes, and diseases
of the central nervous system. High IL-33 expression in
stromal and barrier tissues identifies it as a key immu-
nomodulatory molecule that coordinates type 1, type
2 and regulatory immune responses. IL-33 contributes
to the formation of cytokine networks that control not
only pathogen elimination, but also support tissue repair
through ILC2 and Treg cells [11, 12]. Based on the above,
modulation of IL-33 activity is a promising therapeutic
strategy for maintaining immune homeostasis and pro-
tecting against infectious and inflammatory diseases.

Interleukin-10 (IL-10) was initially identified as a
stimulator of mast cells. It acts as a potent costimulatory
molecule, preparing mast cells to respond to IL-33; how-
ever, its effects are independent of endogenous IL-33
signalling [13]. This suggests that IL-10 may mediate
mast cell degranulation independently of IL-33, while
IL-33 modulates certain aspects of IL-10 activity. Studies
also demonstrate IL-10’s pleiotropic effects during aller-
gic inflammation, which manifest as both anti-inflamma-
tory and pro-inflammatory actions [13]. The pro-inflam-
matory effects of IL-10 on mast cells are independent of
IL-33 signalling [14]. Not only does IL-10 promote IgE-de-
pendent mast cell responses, it also strongly enhances
IL-33-induced mast cell activity by increasing the sen-
sitivity of the ST2 receptor. These observations suggest
that the pro-inflammatory effects of IL-10 on mast cells
are global and not limited to IgE-allergen cross-linking
mechanisms [11, 13].

Recent data indicate that IL-10 is required for the de-
velopment of allergen-specific Th2 cells and the stimu-
lation of T-cell effector functions [15, 16]. Furthermore,
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IL-10 produced by B cells contributes to allergic sensiti-
sation in asthma models, enhancing cytokine secretion,
cell degranulation and proliferation [17]. Taken together,
these findings suggest that endogenous IL- 33 signalling
in mast cells is not essential for the pro-inflammatory ef-
fects of IL- 10 on mast cell activation and function.

Conclusions.

1. There was no difference in the absolute levels of
IL-33 and IL-10 in the aqueous humour of the anterior
chamber between patients with decompensated and
compensated diabetes mellitus.

2. The IL-33 / IL-10 ratio was 30% lower in the de-
compensated diabetes group than in the compensated
diabetes group (p<0.05), indicating a shift in the balance
of cytokines towards the relative predominance of IL-10.
Consequently, the I1L-10 / IL-33 ratio in the decompen-
sated diabetes group was 60% higher than in the com-
pensated diabetes group (p<0.05).

3. Changes in the IL-33 and IL-10 ratios suggest that,
during decompensation of diabetes, the relative activ-
ity of pro-inflammatory and regulatory immune mech-
anisms in the anterior chamber of the eye is modified,
even in the absence of significant changes in absolute
cytokine concentrations.

Prospects for further research.

Future studies should focus on increasing the sample
size of the patients and analysing how changes in I1L-33
and IL-10 depend on the stage of diabetic retinopathy
and the degree of diabetes compensation. A promising
direction would be to comprehensively assess the IL-33 /
IL-10 ratio in combination with other cytokines, in order
to evaluate their prognostic significance and potential
use as biomarkers of disease progression.
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AiabemuyHa pemuHonamia ([P) € 00HUM i3 HalinowupeHiwux MiKpoCcyOUHHUX YCKAAOHEHb UyKposozo diabemy
2 muny (U/2) i npogioHo0 Npu4yuHOK 3HUMCEHHSA 30py ceped ocib npaye3damHoezo eiKy. Tpusana 2inepanikemis
YWKOOMHCYE MIKPOCYOUHU CIMKiBKU, CIPUYUHAE HABPSAK, iWemMito ma namosozaiyuHy Heo8acKynsapusayito. LlumokiHosi
MapKepu ma ix crieeiOHOWeHHA MOXHA po32a90amu AK nomeHyiliHi iHcmpymeHmu paHHbol diaeHocmuKku ma
nepcoHanizosaHoi mepanii nayienmie 3 [JP. Memoto 0ocniorweHHsA 6yn0 oyiHumu pone iHmepelkiHie IL-33 ma
IL-10 y namoeeHesi [JP y nauyieHmis i3 L|/]2 0na nidsuuwjeHHa Mo4YHOCMI Npo2HO3y8aHHS, PAHHbLOI 0ia2HOCMUKU
ma onmumizayii npoginakmuyHuUX i mepanesmu4yHuUx nioxo0dis. ¥ 0ocnioxeHHi 83aau yyacme 60 nayieHmie 8ikom
35-65 pokie i3 niomeepdxceHoro [P, aki 6yau nodineHi Ha epynu 3 0eKOMNeHCO8AHUM ma KOMeHCco8aHUM LI/.
3a6ip 80s1020i NepedHbOI Kamepu oKa 30ilicHB8aU Mi0 Yac NAAHOBUX Xipyp2iYHUX 8MpPYyYaHb, a KOHYeHmpauii IL-33
ma IL-10 su3Ha4anu imyHoghepmeHmMHUM MemoOomM. ABCOMOMHI piBHI UUMOKIHI8 Mixc epynamu He 8idpi3HAUCS,
npome cniggidHoweHHA IL-33 / IL-10 y 0ekomneHcosaHux nayieHmie 6yno Ha 30% Huxum, a IL-10 / IL-33 — Ha
60% suwumM nopisHAHO 3 KOMMeHcosaHot epymnoto (p<0,05). Lle moxce ceioyumu rnpo 3miujeHHS YUMOKIHO8020
b6anaHcy Ha Kopucme IL-10 ma npo3anaabHOi aKMUBHOCMI, U0 8i006PaAMCAE 3MIHU iIMyHOpe2yamopHUX Npouecie y
rnepeOdHili kKamepi oka Hasimb 6e3 3HaYHUX 3MiH a6CotoMHUX KoHUeHmpayit. CriiegioHoweHHsA IL-33 / IL-10 moxe
cnyeyeamu nomeHyiliHuUM npo2HoCMuUYHUM MapKepom 014 cmpamugbikayii pusuky npoepecy8aHHA AP i po3pobku
1epcoHaNi308aHUX NPOPINAKMUYHUX Ma AiKy8asnabHUX cmpamegil.

Knro4oei cnosa: diabemuyHa pemuHonamis, IL-33, IL-10, yykposuli diabem, 4umokKiHu.
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3B’A30K ny6nikauii 3 nnaHoBMMM HayKOBO-AoCAig-
HUMK poboTamu.

Pob6ota € pparmeHTom HAOP AHM «/1bBiBCbKMIA HaLio-
Ha/IbHUIM MeaMUYHUI yHiBepcUTeT imeHi JaHuna Manvup-
Koro» «Bnive TpaBMaTUYHUX, CYAUHHUX, IHDEKLINHUX,
MeTaboNiYHUX YUHHUKIB HA HEPBOBY cMCTEMY» (HOMEpP
JeprkaBHoi peecTpaiii 0125U000894).

Bctyn.

LlykpoBuit aiabeT 4acto CynpoBOAMKYETbCA YPAXKEH-
HAM OpraHiB 30py, 30KpeMa PO3BUTKOM AiabeTnyHOI pe-
TuHonarTii (AP). XpoHiyHa rinepraikemis npusBoguTb 40
CTPYKTYPHO-PYHKLLIOHANbHUX 3MiH KPOBOHOCHUX CyAMH
CITKIBKM, BK/tOYAlOYM HAbPAK Ta NiABULLEHHA MPOHUK-
HOCTI CYAMH, iX OK/03it0 Ta iWemito TKaHWUH. Y BiANOBiAb
Ha iWeMiYHi 3MiHM MOXKe CcrnocTepiraTmcA NaTtonorivyHa
HeoBacKynapmsayia. CyKynHiCTb TaKMX MNpoOLEciB npu-
3BOAMTb A0 NOCTYNOBOrO NOTipLUEHHSA 30pY, @ TAaKOX A0
oro 3HayHoi BTpatu [1, 2].

LlykpoBuit giabeT 2 TUNy € XPOHIYHUM MEeTaboNIYHUM
3aXBOPIOBAHHAM, LLO XapaKTepU3yeTbCA iHCYyiIHOpe3unc-
TeHTHicTIO Ta/abo BiAHOCHOW iIHCY/IHOBOK HeaoCTaTHI-
CTIO, BHACNIAOK YOro NigBULLYETbCA PiBEHb [IOKO3W B
KpoBi. Ha paHHix cTagiax 3axBoptoBaHHA MoxKe nepebi-
ratm 6€3cMMNTOMHO, OZHAK 3 YaCOM Finepraikemis cnpu-
YMHAE PO3BUTOK MIKPO- Ta MaKPOCYAUHHUX YCKIAAHEHD,
30Kpema 3 bOKy cepLeBo-CyANHHOT CUCTEMMU, YPAKEHHS
HUPOK, NepudepmnyHOi HEepPBOBOI CUCTEMM Ta OpPraHiB
30py [3]. Lleti TMn giabeTy € HavinowmpeHilwo dopmoto
cepep, LOPOCNOro HaceneHHsa i TpaAMLLIMHO acoL,itoeTbCA
3 Bikom noHagz 40 poKiB, NpoTe OCTaHHIMW POKaMK Moro
YyacCToTa 3POCTAE | cepes, MONOALNX BIKOBUX rpyn.

[iabeTnyHa peTMHoNaTiA € OAHUM i3 HaliMoWMpPEHi-
LIMX MIKPOCYAMHHUX YCKAAAHEHD LLYKPOBOro AiabeTy Ta
NPOBIAHOK NPUUYMHOK 3HUMKEHHA 30pY | CNINOTU cepes,
ocib npauesgaTHoro BiKy. MaTosoriyHi 3MiHM BK/OYa-
10Tb GOPMYBaHHS MiKpPOaHEBPM3M, HabpAK CiTKiBKYM,
BHYTPILUHbOOYHI KPOBOBW/IMBM Ta NATOJIONYHY HeoBa-
CKY/IAPM3aL,ito, WO MOXKEe MPU3BOANTM A0 BiAllapyBaHHA
CiTKiBKM [2]. BogHOYac cBOeYacHa AjarHoCcTMKa Ta edekK-
TUBHUIN KOHTPO/b [NiKeMii 34aTHi yNoBiIbHUTU nporpe-
cyBaHHA [IP Ta 3MeHLWNTM pU3MK BTPaATU 30pY.

OCHOBHi NaTOreHeTUYHi MexaHi3mu po3BUTKY Aiabe-
TUYHOI peTuHoNarTii BKAtoYatoTh [4]:

— Tpusany rinepraikemito, AKa NPM3BOANTb A0 YLUKO-
OXKEHHA MIKPOCYANH CiTKIBKM.

— MigBULWEHHA CYANHHOT NPOHMKHOCTI, WO CApUYKN-
HSI€ HabPAK CITKIBKM Ta eKcyaalito.

— CyAaMHHY OKJII03it0 Ta ileMmito, AKi NOPYLLYIOTb Kpo-
BOMOCTAYaHHA CiTKiBKMU.

— HeoBackynsipusau,ito, TO6TO yTBOPEHHA HOBMX Na-
TONOTIYHUX CYAMH, CXMIbHUX A0 KPOBOTOYMBOCTI.

[JiabeTnyHa peTMHONAaTIA XapaKTepmn3yeTbCA NOBIMb-
HMM, ane nporpecytoumm nepebirom. Big nouaTky Ai-
abeTy 40 noABM paHHIX MOP}ONOTiYHMX 3MiH CiTKIBKM,
TaKUX SIK MiKPOaHEBPM3MM, 3a3BMYAN MUHAIOTb POKU,
nicns 4oro MOMAMBWUI nepexig A0 nposidepaTMBHOT
bopMM 3aXBOPIOBAHHA 3 BMCOKMM PU3MKOM BTPaATU
30py [1]. He3Ba)Katoum Ha Te, WO NiABULLEHUI piBEHb
HbAlc € ogHUM i3 KNOYOBUX HAKTOPIB PU3KKY PO3BUT-
Ky AiabeTnyHoi peTMHonarii, BiH He NOBHICTIO NOSACHIOE
CKNAAHUI NaToreHes Lboro ycknagHeHHs. Lle niakpec-
JIIOE HEeOobXiAHICTb MOAANbLLIOrO BUBYEHHA MONEKYAAP-
HUX MexaHi3miB po3BuTKy AP Ta igeHTMdiKauii HOBKX
biomapKepiB ANa paHHbOI AiarHOCTUKM Ta NepcoHaniso-
BaHoi Tepanii. Monpwu Te, Wwo niasuweHnin piseHb HbAlc

€ OOHUM i3 KNYOBUX HAKTOPIB, AKMIN aCOL,OETbCA i3
po3BUTKOM [IP, BiH HE MOBHICTIO NMOACHIOE CKNAAHWNI Na-
TOreHes LbOro ycknagHeHHA. OTpMMaHi Hamu paHiwe
AaHi NpPoAeMOHCTpyBaau, WO 3MiHM 6inKoBOro cnek-
Tpa BOAAHMUCTOI BONOTN NepenHboi Kamepu OKa, 30Kpe-
Ma NiABMLIEHHA PiBHA MiKpoanbbymiHy Ta 3arasibHOro
6inKa, NO3UTUBHO KOPeNoThb i3 piBHem HbALc i moXKyTb
BifobpaKaT paHHE NoOpyLUEHHA remaToodTanbMiYHOro
bap’epa We A0 KAiHIYHO BuMpaxkeHux npossis AP [5].
Kpim TOro, y nonepegHix gocnigeHHAX BCTAHOBNEHO,
Lo iHAEeKCK cuctemHoro 3ananeHHsa (SIRI, Sll) e goctyn-
HUMK NaboPATOPHMMU MapKepamu, IKi KOpPentThb i3
nporpecyBaHHAM [IP Ta MOXyTb BMKOpPMCTOBYBaTUCA
Ana ctpatudikauii pM3MKy Ha AOKANIHIYHMX eTanax [6].
Lle niaTBEpAKYE PONb XPOHIYHOrO CUCTEMHOTO 3anasieH-
HA AK BaXKNIMBOI NaHKM naTtoreHesy [P. JaHi nitepatypum
CBigYaTh, WO iIMYHHI NPeANKTOPU, 30KPEMA XEMOKIHM Ta
iX peuenTopw, BiAirpatoTb Baromy po/b y PO3BUTKY Ly-
KpoBoro Aiabety Ta MOro MiKpOCYAUHHWUX YCKNALHEHD,
BK/IIOYAIOYM pEeTUHONATID, 4Yepe3 aKTMBaLil npo3a-
NasbHUX MeXaHi3MiB i AncCperynaLito imyHHOI Bignosiai
[7]. Takum uMHOM, NopanbLIe BUBYEHHA IMYHONOTIYHUX
MexaHi3miB po3BUTKY [P € nepcnekTMBHMM HanpPAMKOM
ONA NOLYKY HOBMX MPOFHOCTUYHUX MapKepiB Ta po3-
PO6KM NepcoHanizoBaHUX Migxoais 40 NPodinakTUKKM i
NiKyBaHH=A [8].

MerTa gocnigxKeHHs.

BusHaueHHA poni iHTepneikiHis IL-33 Ta IL-10 y po3-
BUTKY AiabeTyHOoi peTMHonatii 3 MeTol MiABULLEHHSA
TOYHOCTI AiarHOCTUKM, 3anobiraHHA yCKAagHEHb Ta Npo-
diNaKTUKM NporpecyBaHHA LbOro YCKAAAHEHHA LyKpPO-
BOro giabery.

O6’eKT i meTOaM AOCNiAXKeHHA.

Ons obctexeHHn BigibpaHo 60 naujieHTiB, AKi Npo-
XOAMNU NiKyBaHHA B MegunyHomy ueHTpi T30B «LeHTp
340poB’A ouei». Kputepiamm BKAOYEHHA BYAN KAiHIY-
HO niaTBEpAKeHa AiabeTnyHa peTnHonartia Ta BiK 35-65
pokKiB (cepeaHin Bik 46,0£2,0 poky), cniBBigHOLEHHS
YOJI0BIKiB i XiHOK cTaHOBMAO 1:1. NaujieHTn 6ynm posno-
Ainexi Ha agi rpynu: rpyna 1 (n=30) — nawieHTn 3 AeKom-
neHcoBaHMM LyKpoBum aiabetom; rpyna 2 (n=30) — na-
LLIEHTM 3 KOMNEHCOBAHUM LlyKpoBMM aiabeTom. MNig vac
NAaHOBUX XipypriyHMX BTPy4YaHb 3AilCHIOBaBCA 3abip
BOJIOTM NepefHboi KaMepu OKa, AKA BiNIbHO BUTIKana.
PisHi IL-33 Ta IL-10 y 3pa3kax BM3Hayanm metogom ELISA
(BioSource, CLLA).

Mig yac npoBeAeHHs AaHOro AOCAIAXKEHHs 6yno Ao-
TpumaHo Bumor Good Clinical Practice (ICH E2(R6) GCP)
Ta lenbciHcbKoi [eknapalii BcecBiTHbOI meamyHoi opra-
Hi3auii. [lo no4aTtky 6yab-AKMX npoueayp Yyci NauieHTn
Haganu iHbopmoBaHy A0BPOBINbHY 3rofly Ha y4acTb.

CTaTUCTUYHY 06POOKY pe3y/bTaTiB BUKOHAHO 3 BUKO-
PUCTAaHHAM METOAiB MaTEMATUYHOT CTAaTUCTUKK 33 A0NO-
moroto nporpamu STATISTICA 8.0 (StatSoft, USA). AaHi
NnoAaHo AK CepeHE 3HaYeHHA Ta CTaHAAPTHE BiAXWeH-
HA. BiporiaHnmun BBa*kanwm BigmiHHOCTI npu p<0,05.

Pe3ynbTatu AocnigyKeHHA Ta ix 06roBopeHHs.

LykpoBuit giabeT 2 Tuny ymoBHO KnacudikyoTb 3a
CTyneHem KoMneHcallii Ta nepebirom: Nnpy KOMNeHcoBa-
HOMY fiabeTi piBeHb [1HOKO3M NiATPUMYETBCA B MEMKaX
HOPMMW 3aBAAKK Ai€eTi, Pi3nYHI akTMBHOCTI abo MeauKa-
MEeHTO3Hi/ Tepanii; cybkomneHcoBaHui aiabeT xapak-
TEPU3YETbCA HE3HAYHUM MEepPeBULLEHHAM [IIOKO3M Ta
NerkMmmM NposiBaMu YCKAaAHEHb; AEKOMMNEHCOBaHUI Ai-
abeT BiA3HAYaETLCA CTINKOIO rinepraikemieto, AKa BaXKKo
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NiAAAETBCA KOHTPOJIO, | CYNPOBOAMKYETbCA PO3BUT-
KOM TAMKWUX YCKNafHeHb (AiabeTMyHa Koma, ypakeH-
HA HMPOK, HEPBOBOI CUCTEMM, OPraHiB 30py) i BUMarae
CBOEYACHOTO MEAMYHOro BTPYYAHHA ANA 3anobiraHHA
HE3BOPOTHMM Hacniakam [9].

Mpu obcTexkeHHi 60 nauieHTiB i3 AiabeTUYHO peTn-
HonarTieto ([P) 6ynn BM3HAUYEHi 3MiHM NoKa3HUKiB IL-33
Ta IL-10 y BON0O3i nepeaHbOi Kamepu OKa 3aneXHOo Bif
piBHA KOomneHcay,ii LyKposoro giabety. Pesynbtatn Ha-
BeZleHi B Tabnuui.

Ta6bnunua — Bmict IL-33 Ta IL-10 y BON03i nepegHboOi
Kamepu OKa 3aN1eXHOo Bifg, KomneHcauii LyKpoBoro
piabety (n=60)

Mpynun pyna 1 lpyna 2
obcTeskeHunx / |(aekomneHcosaHuii LLA)| (komneHcosanuin L)
MoKasHUKM n=30 n=30
IL-33 (pg/ml) 8,61+0,70 8,66+0,70
IL-10 (pg/ml) 19,91+0,90 19,75+0,80
IL-33/1L10 0,42+0,04 0,55+0,05*
I-10 /1L 33 3,02+0,20 1,84+0,09*

Mpumitkn: * — BiporigHicTb BiAMIHHOCTI Yy MOPIBHAHHI 3 rpynoto 1
(p<0,05).

BmicTiHTepnelikiHis IL-33 Ta IL-10 y BON03i nepeaHboi
Kamepu OKa B 060x rpynax obcTerKyBaHUX CTaTUCTUYHO
He Biapi3HABCA. [1a OUiHKM MOTEHLiMHOT naToreHeTny-
HOI POAi UMX UMTOKIHIB Y BUHMKHEHHI Ta NpOrpecyBaHHi
AiabeTMyHoi peTMHoNaTil, Ha WO BKa3ylTb AaHi niTepa-
TYpU, po3paxoByBanu cnisBigHoweHHA [L-33 ta IL-10.

CnissigHoweHHsa IL-33 / IL-10 sigobpaxae
BigHOCHMI BanaHc Npo3anasbHOro i NPOTM3anaabHOro
KOMMOHEHTIB. Y rpyni 1 BOHO 6yn0 Ha 30 % HUNKUUM,
HiXK y rpyni 2 (p<0,05), Wo CBiAYMTb MPO 3MiLLEHHS Uu-
TOKiHOBOro 6anaHcy y 6ik BigHOoCcHOro nocuneHHa IL-10.
BignosiaHo, cnissigHoweHHa IL-10 / IL-33 y rpyni 1 ne-
peBuMLLYBaNo MOKa3HMK rpynu 2 Ha 60% (p<0,05).

TakuMM YnHOMm, xo4a abcontoTHi piBHi IL-33 Ta IL-10
y BOJIO3i MepeaHbOi KaMepn OKa He BigpisHAANCA MiX
rpynamu, aHani3 cniBBifHOWEHb LMX LIUTOKIHIB BKA3ye
Ha 3mileHHs B6anaHcy y rpyni 3 AgekomneHcoBaHum LIy
6iK BigHOCHOro nocuneHHs IL-10 Ta npo3anasibHOro no-
TeHujiany. Le csigumTb Npo Te, WO Npu geKoMmneHcauil
LI, BiAHOCHA aKTUBHICTb iIMYHHUX PErynaATOPHMX Ta NPO-
3ananbHUX MeXaHi3MiB 3MIHIOETbCA, HABITb 3a BiACYTHO-
CTi 3HAYYLMX 3MiH aBCONOTHUX KOHLLEHTPALN LUTOKI-
HiB. OTPUMaHI AaHi NiAKPECAIOTb, WO AN1A PO3YMIHHA
naToreHeTMYHUX NPOLLECiB y NepeaHii Kamepi oka npu
niabeTuYHIl peTMHoNaTii BaXKNIMBO BpaxyBaTW He sivwe
abCcontoTHI PiBHI LIUTOKIHIB.

Llykposuit giabet 2 Tny (LA2) € xpoHiyHMM meTabo-
NiYHMM 3aXBOPIOBAHHAM, LLLO ACOLLIOETLCA 3i CTAPiHHAM,
CUCTEMHMM 3ananeHHAM Ta NiABULLEHOK AOBrOCTPOKO-
BOIO CMEPTHICTHO. BU3HAUYEHHA NPOrHOCTUYHMX Biomap-
KepiB y TaKMX MALLEHTIB MOXe CNpUATK NOAINWEHHIO
cTpaTudiKayii pnsnKy Ta onTumisauii nepcoHanisosa-
HUX TepaneBTUYHUX cTpaTerii. Lle pocnigxKeHHa mano
Ha MeTi 3aKNacTU OCHOBY A/A OLiHKW [0BroCTPOKOBOI
NPOrHOCTUYHOI LIIHHOCTI LMpKyAooumMx biomapkepis,
acoLiioBaHMX i3 3anafeHHAM, MeTaboniYHUM CTpecom
Ta NOLWKOAXKEHHAM opraHis y ocib i3 LLA2.

IHTepnenkin-33 (IL-33), yneH poauHu IL-1, cnoyat-
Ky 6yB OMMCaHUI AK iIHAYKTOP iIMYHHUX peakLuin Tuny 2,
34aTHUIM akTMByBaTK T-xennepwu 2 (Th2) Ta mactoumTu.

HakonuuytoTbca yncneHHi gaHi, wo IL-33 Takox edek-
TUBHO CTUMYIOE BPOAMKEHI NiMPOigHI KNiTUHM rpynu 2
(ILC2), perynaTopHi T-kniTnHu (Treg), Thl-knitnHm, CD8+
T-KkNiTMHKM Ta npupoaHi Kinepu (NK) [10]. Taka nneito-
TPOMHa aKTMBHICTb BiAobpakae Moro posib y NiaTPUMLL
TKaHWUHHOTO Ta meTaboiyHOro romeocTasy, iMyHHiIl Big-
nosigi Ha iHGeKLii, 3ananeHHi, OHKO/IOTNYHMX NpoLecax
Ta 3aXBOPHOBAHHAX LEHTPaNbHOI HEepPBOBOI CUCTEMM.
Bucoka ekcnpecis IL-33 y cTpomanbHuX Ta 6ap’epHuUX
TKAHMHAX BM3HAYa€E MOro AK KNHOYOBUW IMYHHWUM MO-
OYNATOpP, WO KOOpAMHYE TMN 1, TMN 2 Ta perynatopHi
iMyHHIi peakuii. IL-33 cnpusie GopMyBaHHIO LLUTOKIHOBUX
MepeXK, AKi He nLle KOHTPONKOTL eniMmiHaLio naTtore-
HiB, ane " 3abe3nevyyloTb BiLHOBNEHHA TKAHWH 4yepes
ILC2 Ta Treg-knituHm [11, 12]. 3 BMLE ONUCAHOrO BUNAK-
BaE€, WO MOAYNOBAHHA aKTUBHOCTI IL-33 € nepcneKTums-
HOM TepaneBTUYHOI CTpaTerielo ANA NiIATPUMKN iMyH-
HOro roMeocTasy Ta 3axXMCTy Bif, iIHPeKLiNHO-3ananbHMX
3aXBOPOBAHb.

IHTepnenkin-10 (IL-10) cnoyaTky igeHTMdiIKyBanm
AK CTUMYNATOP MacTOUMTIB. BiH BMCTymae noTy»KHMM
KOCTUMY/NIATOPOM, KU FOTYE MACTOLMTU AO BiANOBifi
Ha IL-33, xouya Moro epekTM He 3anexaTb Bif, eHAOreH-
HoT curHanisauii IL-33 [13]. Lle cBigunThb, wo IL-10 moxke
onocepeaKoBYBaTM [AErpaHynALlilo  MacToumTiB Hesa-
nexHo Big IL-33, Toaj Ak eHaoreHHWi IL-33 moayntoe ok-
pemi Moro edeKkTn. JocCNiarKeHHS TaKOX AEeMOHCTPYHOTb
naenoTponHy aito IL-10 nig yac anepriyHoro 3ananeHHs,
NPOABM AKOI BKAOYAIOTb AK NPOTU3ananbHi, TaK i Npo-
3ananbHi edpektn [13]. MposananbHi epektn IL-10 Ha
MacTouMUTM By HesaneHUmM Bif curHanisauii 1L-33
[14]. IL-10 He nunwe cnpuse IgE-3anexHuUMm Bignosigam
MacTOUMTIB, @ M MOTY}KHO CTUMYNOE |L-33-iHayKoBaHy
AKTMBHICTb MACTOUMTIB LWAAXOM NiABULLEHHA YYTANBOCTI
peuenTtopa ST2. Lli cnocTepexeHHA cBig4aTh, WO Npo3a-
nanbHi edpekTn IL-10 Ha MacTouMTU MatoTb Fob6anbHU
XapakTep i He 0BbMeXKyTbCA NepexpecHMM 3B’A3yBaH-
HAam IgE-anepreny [11, 13].

HewopaBHi aaHi ceigyath, Wwo IL-10 HeobxiaHui ana
PO3BUTKY anepreH-cneundiyHnx Th2-KAiTuH i cTumyns-
uii edpekTopHOi dyHKUi T-KniTnH [15, 16]. Kpim Toro, IL-
10, cMHTe30BaHUI B-KniTMHamu, cnpusB aneprivyHili cex-
cnbinisauii B Mmogensax actTMy Ta NOCUIIOBAB CEKpeL,ito
LUMTOKIHIB, AerpaHynsuito i nponipepauito KaitnH [17].
CYKYMNHICTb UMX AaHWUX CBiAYNUTb, LLO eHAOreHHa CUrHa-
nisauis IL-33 y macToumTax He € HeobxigHoto ans nposa-
nanbHoro BnauBy IL-10 Ha iXHI0 aKTMBaLito Ta QYHKLHO.

BucHoBKM.

1. AbcontoTHi piBHi IL-33 Ta IL-10 y Bon03i nepegHboi
Kamepu OKa y NauieHTiB i3 AiabeTUyHO peTuHonartieto
He BiAPi3HANMNCA MiXK rpynamum 3 AeKOMMNEHCOBaHMM Ta
KOMMNEHCOBAHUM LlYKPOBUM fiabeTom.

2. CnisBigHoweHHn IL-33 / IL-10 y rpyni 3 AeKomneH-
coBaHuUM L 6yno Ha 30% HUNKYMM, HiXK Y Tpyni 3 KOM-
neHcosaHum LA (p<0,05), wo cBig4MTb NpPo 3MillleHHA
LMTOKiIHOBOro 6anaHcy y 6iK BigHOCHOro nocuneHHs IL-
10. BignosiaHo, cnissigHoweHHA IL-10 / IL-33 y rpyni 3
AekomneHcoBaHum L/l nepeBuLLYyBano NOKasHUK rpynu
3 KomneHcoBaHum L Ha 60% (p<0,05).

3. 3miHun cniBBigHoweHb IL-33 Ta IL-10 cBigyaTb, Wo
npun gekomneHcayii L[ BiAHOCHa aKTUBHICTb Npo3a-
NaNbHUX | PErynaToOpHUX iIMYHHMUX MeXaHi3miB y nepe-
OHIN Kamepi oka moaudiKyeTbCs, HaBiTb 3a BiACYTHOCTI
3HAYYLLMX 3MiH aBCONOTHUX KOHLLEHTPAL,iN LIUTOKIHIB.
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MepcneKkTMBM NoAaNnbLUNX AOCNIAMHKEHbD. TUBHUM € KOMMNJIEKCHE BUBYEHHA CMiBBigHOWeEHHA IL-33

Mopanbli AOCAIAMEHHA AOUiAbHO cnpamyBaTi Ha /1L-10y NnoeaHaHHI 3 iHWMMK LMTOKIHAMM 418 OLLIHKK 1X
PO3LMpPEHHs BMBIPKM MauieHTiB Ta aHani3 3miH IL-33 i  NPOrHOCTUYHOT 3HAYYLLLOCTi Ta MOMK/IMBOCTI BUKOPUCTaH-
IL-10 3anexHo BiA, cTagii AiabeTnMyHOl peTMHONaTii Ta  HA AK NOTEHUiMHMX BiomapKepiB NporpecyBaHHA 3aXBO-
NOKa3HMKIB KOMMeHcaLii uykpoBoro giabety. MNepcrnek- proBaHHS.
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BMICT IHTEPNIEMKIHIB 33 TA 10 NPU OIABETUYHIN PETUHOMATIT Y BO/103I NEPEAHBbOT KAMEPU OKA
CapaxmaH . M., lanoseupb /1. €., Tkauyk C. O., Akimosa B. M.,
BopoHuosa /1. /1., Pagantok C. ., Kozonac H. M.

Pestome. [liabeTnuHa petnHonartia ([P) € oAHMM i3 HAMNOWMPEHIWNX MIKPOCYANHHUX YCKNAAHEHb LlYKPOBOro
Aiabety 2 Tny (LLO2) i BoAHOYAC oAHIED 3 NPOBIAHUX NPUYMH 3HUMKEHHA 30pYy Ta CAiNOTK cepep ocib npauesnaT-
HOrO BiKy. [MaToreHeTUYHi MmexaHiamu [P BKAOYAOTb TPUBAY FiNepr/likemito, WO YWKOAMKYE MIKPOCYANHU CITKIBKY,
NiABULLEHHA CYANHHOT MPOHUKHOCTI 3 PO3BUTKOM HabpsKy Ta eKcydalil, CyAMHHY OK/03ilo Ta illemito, a TaKoK na-
TONOriYHY HeoBacKynapmsayito. CydacHi AOCAIAKEHHA NIAKPECNOTb BAXKAMBICTb OLIHKM LMTOKIHOBMX MapKepis
Ta iX CNiBBiAHOLWEHb, AKI MOXYTb CNYryBaTV iHCTPYMEHTOM A1 PAHHbOI AiarHOCTUKKM Ta NepcoHani3oBaHoi Tepanii
naujieHris i3 AP.

MeTa — BU3HaunTK ponb iHTepaelnKiHiB IL-33 Ta IL-10 y naToreHesi P y nauieHTis i3 L2 3 MmeToto NiABULLEHHA
TOYHOCTI MPOrHO3yBaHHA PO3BUTKY YCKNaAHEHb, PaHHbOI A4iarHOCTUKM Ta ONTUMI3auii NpodinakTMUYHKMX i Tepane-
BTUYHUX Niaxoais.

JocniaxeHHA npoBegeHo Ha 60 nauieHTax Bikom 35-65 pokiB i3 KniHiYHO nigTBepaKeHoto AP. Koropta 6yna no-
AineHa Ha ABi rpynu: gekomneHcoBaHui LU (n=30) Ta KomneHcosaHuit L[, (n=30). 3abip Bonoru nepeaHboi Kamepu
OKa 34iMCHI0BaBCA NiJ Yac NaaHOBUX XipypriyHnx BTpyYaHb. KoHueHTpauii IL-33 Ta IL-10 Bu3Havanm metomom ELISA.
CTaTUCTMYHY 0BPO6KY pe3ynbTaTiB BUKOHYBA/IM CTAaHAAPTHUMU METOLAMM MATEMATUYHOT CTAaTUCTUKK, NPU LbOMY
p<0,05 BBaxanoca 3Ha4yLLUM.

AB6contoTHi piBHi IL-33 Ta IL-10 y B0/103i NepeaHbOi KamepKn OKa He BiApi3HANMCA Mix rpynamu. BoaHodac cnis-
BigHoweHHA IL-33 / IL-10 y rpyni 3 aekomneHcoBaHum LU 6yno Ha 30% HMxuYMM, a IL-10/IL-33 — Ha 60% BUWMM
NopiBHAHO 3 KOMMNEHcoBaHoto rpynoto (p<0,05). Lle cBiaYMTb NPo 3MmileHHA LMTOKIHOBOrO 6anaHcy y 6iK BiAHOCHOTO
nocuneHHa IL-10 Ta npo3anasbHOi aKTUBHOCTI, WO Bifobparkae moandiKkaLito iIMyHHUX PEryiaTOpPHUX i 3ananbHUX
NpoueciB y nepegHii Kamepi oka Npu gekomneHcosaHomy L, HaBiTb 3@ BiACYTHOCTI 3HAYHMX 3MiH abBCONOTHUX
KOHUEHTpPALi LMTOKIHIB.

Jocnif)KeHHs [OeMOHCTPYE, Wo npu AekomneHcauii LJ BiabyBaeTbcA 3miHa BiAHOCHOI aKTUBHOCTI
npo3anasbHKX Ta PEryATOPHUX IMyHHUX MeXaHi3MiB y nepeaHiin Kamepi oka. CniesigHoweHHs IL-33 1a IL-10 moxke
CNyryBaTv MOTEHLIAHMM NMPOrHOCTUYHUM MapKepom Ana cTpatudikauil pusmnky nporpecyBaHHa [P Ta po3pobku
nepcoHani3oBaHUX NiAXoAiB A0 NPOdINAKTUKM i NiKyBaHHA yCKAagHeHb L2,

Kntouosi cnosa: giabetuyHa petuHonaris, IL-33, IL-10, uyKpoBuit AgiabeT, UMTOKIHM
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CONTENT OF INTERLEUKINS 33 AND 10 IN THE AQUEOUS HUMOR OF THE ANTERIOR CHAMBER IN DIABETIC
RETINOPATHY

Sarakhman D. M., Lapovets L. Ye., Tkachuk S. O., Akimova V. M., Vorontsova L. L, Rafaliuk S. Ya., Kozopas N. M.

Abstract. Diabetic retinopathy (DR) is one of the most common microvascular complications of type 2 diabetes
mellitus (T2DM) and is among the leading causes of visual impairment and blindness in the working-age population.
The pathogenesis of DR involves chronic hyperglycemia, which damages retinal microvasculature, increases vascular
permeability with subsequent edema and exudation, vascular occlusion and ischemia, as well as pathological
neovascularization. Current studies emphasize the importance of evaluating cytokine markers and their ratios,
which may serve as tools for early diagnosis and personalized therapy in patients with DR.

The aim is to determine the role of interleukins IL-33 and IL-10 in the pathogenesis of DR in patients with T2DM
in order to improve the accuracy of predicting complication development, enable early diagnosis, and optimize
preventive and therapeutic strategies.

The study included 60 patients aged 35-65 years with clinically confirmed DR. The cohort was divided into two
groups: decompensated diabetes (n=30) and compensated diabetes (n=30). Aqueous humor samples were collect-
ed during scheduled surgical interventions. IL-33 and IL-10 concentrations were determined by ELISA. Statistical
analysis was performed using standard methods of mathematical statistics, with p<0.05 considered significant.

Absolute levels of IL-33 and IL-10 in the aqueous humor did not differ between groups. However, the IL-33 / IL-10
ratio in the decompensated diabetes group was 30% lower, and the IL-10/IL-33 ratio was 60% higher compared to
the compensated group (p<0.05). These findings indicate a shift in cytokine balance toward relative enhancement
of IL-10 and pro-inflammatory activity, reflecting modifications of immune regulatory and inflammatory processes in
the anterior chamber of the eye in decompensated diabetes, even in the absence of significant changes in absolute
cytokine concentrations.

The study demonstrates that decompensated diabetes is associated with alterations in the relative activity of
pro-inflammatory and regulatory immune mechanisms in the anterior chamber of the eye. The IL-33 / IL-10 ratio
may serve as a potential prognostic marker for stratifying the risk of DR progression and developing personalized
approaches to the prevention and management of T2DM complications.
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