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Abstract

Diabetic retinopathy is associated with immune dysregulation driven by chronic hyperglycemia. The role of cytokine bal-
ance in its progression remains incompletely understood. To evaluate IL-33 and IL-10 levels and their ratios in patients with
diabetic retinopathy depending on disease stage and metabolic control. Patients with proliferative and non-proliferative
diabetic retinopathy were stratified by compensated and decompensated diabetes. IL-33 and IL-10 concentrations were
measured by ELISA, and IL-33/IL-10 and IL-10/IL-33 ratios were calculated. IL-33 levels did not differ significantly between
groups (p>0.05), although a decreasing trend was observed in non-proliferative diabetic retinopathy with compensated di-
abetes. IL-10 levels were significantly higher in non-proliferative diabetic retinopathy compared with proliferative (p<0.05).
The IL-33/IL-10 ratio was increased in proliferative, indicating higher pro-inflammatory potential, while it was reduced in
non-proliferative diabetic retinopathy with decompensated diabetes. Conversely, the IL-10/IL-33 ratio was elevated in de-
compensated diabetes regardless of retinopathy stage (p<0.05). Cytokine balance between IL-33 and IL-10 depends on both
disease stage and metabolic control. IL-10 may exhibit context-dependent pro-inflammatory effects in decompensated dia-

betes. Cytokine ratios may serve as potential biomarkers of immune dysregulation in diabetic retinopathy.
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Introduction

One of the most serious complications of diabetes
mellitus is diabetic retinopathy, which ranks among
the leading causes of visual impairment and blindness
worldwide [1, 2]. The pathogenesis of diabetic retin-
opathy is associated with the toxic effects of hypergly-
cemia [3-5]. In the early stages, patients may have no
complaints, symptoms, or clinical signs; however, fo-
cal retinal abnormalities, vitreous and retinal detach-
ment, and partial or complete loss of vision can develop
rapidly [6-8].

Proliferative diabetic retinopathy (PDR) is the most
severe and advanced stage of diabetic retinal disease.

It is characterized by retinal ischemia-induced patho-
logical growth of new, fragile blood vessels into the
retina and vitreous body. This process leads to vitre-
ous hemorrhage and retinal detachment and may ul-
timately result in complete blindness. PDR is a serious
complication of diabetes mellitus that requires prompt
treatment [9, 10].

Diabetes mellitus induces vascular dysfunction
and pathological alterations within the retinal layers.
In diabetic retinopathy, reduced ocular blood flow
leads to tissue hypoxia. This oxygen deficiency stimu-
lates pathological neovascularization, resulting in the
growth of newvesselsthatareabnormally thinand frag-
ile. Consequently, these vessels are prone to recurrent
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intraocular hemorrhages. Collectively, these processes
compromise retinal integrity and drive the progressive
deterioration of visual function [11].

Diabetic retinopathy develops gradually. Depend-
ing on the extent of pathological changes in the retinal
vasculature, several stages of the disease are distin-
guished [12,13].

Non-proliferative diabetic retinopathy is the ini-
tial stage. At this stage, retinal blood vessels become
thinned, dilated (with the formation of microaneu-
rysms), and fragile, resulting in frequent hemorrhag-
es. The development of retinal edema is also character-
istic of this stage.

As diabetic retinopathy advances, it enters the
pre-proliferative stage, characterized by more pro-
nounced ocular changes. Retinal hemorrhages become
increasingly frequent, and in certain regions, blood
flow may be completely obstructed. The resulting is-
chemia deprives retinal cells of adequate oxygen and
nutrients, causing functional impairment and acceler-
ating the deterioration of visual acuity.

At the third stage, proliferative diabetic retinopa-
thy, insufficient retinal perfusion triggers the growth of
very thin, fragile new blood vessels. These newly formed
vessels give rise to fibrous (scar) tissue, which can cause
retinal detachment and subsequent vision loss.

Importantly, both metabolic and immunological
factors play significant roles in the onset and progres-
sion of diabetic retinopathy and its advanced stages [14].

Purpose of the study was to elucidate the pathoge-
netic roles of interleukin-33 (IL-33) and interleukin-10
(IL-10) in the development of diabetic retinopathy. By
clarifying their contributions to disease mechanisms,
the research seeks to improve diagnostic strategies,
support the prevention of complications, and reduce
the risk of disease progression.

Material and methods

The study included 70 patients who received treat-
ment at the Medical Center LLC “Eye Health Center”.
Patients were selected based on clinical data and were
aged 35-65 years (mean age 46.0+2.0 years), with a
male-to-female ratio of 1:1. Patients were stratified into
groups according to the level of diabetes mellitus com-
pensation and the presence of retinal proliferation in
diabetic retinopathy. Group 1 consisted of 20 patients
with verified proliferative diabetic retinopathy and de-
compensated diabetes mellitus. Group 2 included 17 pa-
tients with verified proliferative diabetic retinopathy
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and compensated diabetes mellitus. Group 3 comprised
16 patients with non-proliferative diabetic retinopathy
and decompensated diabetes mellitus. Group 4 includ-
ed 17 patients with non-proliferative diabetic retin-
opathy and compensated diabetes mellitus. During
scheduled surgical procedures, samples of aqueous hu-
mor from the anterior chamber were collected by pas-
sive outflow. Concentrations of IL-33 and IL-10 in the
aqueous humor were measured using a commercially
available in vitro enzyme-linked immunosorbent assay
(ELISA) kit (BioSource) [15].

Statistical analysis was performed using
STATISTICA software, version 8.0 (StatSoft, USA).
Data are presented as meanzstandard deviation. Statis-
tical significance was defined as p<0.05 [16].

Results

Examination of patients with diabetic retinopathy
revealed complex alterations in the concentrations of
interleukin-33 (IL-33) and interleukin-10 (IL-10) within
the aqueous humor. These changes varied according to
the degree of diabetes mellitus compensation and the
presence of retinal proliferation. The detailed results
of the observed interleukin alterations are summarized
in Tablel.

IL-33 concentrations did not differ significantly
among the study groups (p>0.05), although a trend to-
ward reduction was noted in Group 4 compared with
the others. This finding suggests that in non-prolifera-
tive diabetic retinopathy (NPDR) with compensated di-
abetes mellitus, there is a tendency toward diminished
pro-inflammatory activity.

IL-10 levels in patients with NPDR and decom-
pensated diabetes mellitus were 28% higher than in
patients with proliferative diabetic retinopathy (PDR)
and decompensated diabetes, and 36% higher than in
patients with PDR and compensated diabetes (p<0.05).
In addition, IL-10 levels in patients with NPDR and
compensated diabetes were 23% higher than in pa-
tients with PDR and compensated diabetes (p<0.05).
These findings indicate activation of anti-inflammato-
ry mechanisms in NPDR compared with PDR.

The IL-33/IL-10 ratio in patients with PDR and de-
compensated diabetes was 35% higher than in patients
without retinal proliferation and decompensated dia-
betes (p<0.05). In patients with PDR and compensated
diabetes, the ratio was 52% higher than in patients with-
out proliferation and decompensated diabetes (p<0.05).
Among NPDR patients, the ratio in the compensated
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Table 1: Changes in IL-33 and IL-10 levels in the aqueous humor depending on the presence of retinal proliferation
in diabetic retinopathy, stratified by diabetes mellitus compensation status (n=70).

Il::i:a;ig::;lps/ Groupl Group 2 Group 3 Group 4

IL 33 (pg/ml) 8.69+0.70 8.64+0.70 8.16+0.70 7.48+0.70
IL10 (pg/ml) 20.43+0.10 19.17+0.20 * 26.11+0.90 * # 23.56+0.80 *: # &
IL 33/IL10 0.42+0.01 0.47+0.01 0.31£0.04 * # 0.49+0.05 %
IL10/IL 33 3.02+0.20 2.21:0.20* 3.2+0.20 % 2.08+0.09 * &

Note: * - the probability of differences compared with the control group 1 (p<0.05); * - the probability of differences
compared with the control group 2 (p<0.05); & - the probability of differences compared with the control group 3

(p<0.05).

diabetes subgroup exceeded that of the decompensated
diabetes subgroup by 58%. The ratio was significantly
reduced in NPDR patients with decompensated diabe-
tes, reflecting a decrease in pro-inflammatory poten-
tial in this group.

The IL-10/IL-33 ratio in patients with proliferative
diabetic retinopathy (PDR) and decompensated diabe-
tes mellitus was 37% higher than in patients with com-
pensated diabetes. In patients with non-proliferative
diabetic retinopathy (NPDR) and decompensated dia-
betes, the ratio was 54% higher than in patients with
compensated diabetes (p<0.05). This parameter was
significantly elevated in patients with decompensated
diabetes regardless of the presence of retinal prolifera-
tion. These findings suggest that the pleiotropic prop-
erties of IL-10 may manifest in this context, with an
associated increase in pro-inflammatory potential in
decompensated diabetes mellitus.

Discussion

The present study provides evidence of a complex
immunoregulatory balance between IL-33 and IL-10 in
diabetic retinopathy, which appears to depend both on
the stage of retinal damage and the degree of metabolic
compensation.

The observed trend toward reduced IL-33 levels
in NPDR with compensated diabetes may indicate
decreased pro-inflammatory activity at earlier stag-
es of diabetic retinopathy. Elevated IL-10 levels in
NPDR compared with PDR suggest activation of an-
ti-inflammatory mechanisms in non-proliferative
stages of the disease. However, the increased IL-10/
IL-33 ratio in decompensated diabetes, irrespective of
retinal proliferation, may reflect the complex and po-
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tentially pro-inflammatory role of IL-10 under certain
conditions.

IL-10 is a pleiotropic cytokine known to exhibit
both pro- and anti-inflammatory effects. Numerous
studies have demonstrated that IL-10 can play a signif-
icant role in allergic reactions and exert pro-inflam-
matory activity on mast cells and other immune cells
[17-19]. The pleiotropic nature of IL-10 is reflected not
only in its pro-inflammatory action on IgE-mediated
mast cell activation but also in its ability to enhance
IL-33-induced responses [20].

Interleukin-33 (IL-33), a member of the IL-1 cy-
tokine family, was initially identified as an inducer of
type 2 immune responses through activation of T help-
er 2 (Th2) cells and mast cells. Subsequent studies have
demonstrated that IL-33 also stimulates group 2 innate
lymphoid cells (ILC2), regulatory T (Treg) cells, Thl
cells, CD8+ T cells, and natural killer (NK) cells. This
pleiotropic activity underlies its involvement in tissue
and metabolic homeostasis, infection, inflammation,
cancer, and central nervous system disorders. Broad
expression in stromal and barrier tissues highlights
IL-33 as a ubiquitous immune modulator orchestrat-
ing type 1, type 2, and regulatory responses. Moreover,
IL-33 contributes to cytokine networks that not only
facilitate pathogen clearance but also promote tissue
repair mediated by ILC2 and Treg cells. Modulation of
IL-33 activity, either through activation or inhibition,
represents a promising therapeutic strategy for main-
taining immune homeostasis and mitigating infectious
and inflammatory diseases [21, 22].

Initially, IL-10 was identified as a stimulator of
mast cells. IL-10 functions as a potent costimulator
of mast cell responses, capable of priming mast cells
for IL-33-induced activation, while its effects do not
depend on endogenous IL-33 signaling [23, 24]. This

© 2026 The Authors



indicates that although IL-10 can promote mast cell de-
granulation independently of IL-33 signaling, endoge-
nous IL-33 may modulate certain of its effects.

Interleukin-10 (IL-10) not only facilitates IgE-de-
pendent mast cell responses but also co-stimulates
IL-33-activated mast cells by enhancing ST2 receptor
sensitivity. These findings suggest that the pro-inflam-
matory effects of IL-10 on mast cells may be broad and
not limited to IgE-allergen cross-linking [25, 26].

Recent studies further indicate that IL-10 is essen-
tial for the development of allergen-specific Th2 cells
and for the activation of T-cell effector functions. In
addition, B cell-derived IL-10 has been shown to con-
tribute to allergic sensitization in asthma [27].

Furthermore, IL-10 can enhance cytokine secre-
tion, degranulation, mMCP-1 release, and prolifera-
tion in mast cells. Collectively, these data indicate that
endogenous IL-33 signaling in mast cells is not neces-
sary for the pro-inflammatory actions of IL-10 on mast
cell activation or function [28]. Taken together, these
findings support the concept that IL-10 may exert dual
effects in diabetic retinopathy, acting as both an an-
ti-inflammatory and a context-dependent pro-inflam-
matory mediator, particularly in conditions of meta-
bolic decompensation.

Conclusion

Asresult, in non-proliferative diabetic retinopathy
(NPDR) with compensated diabetes mellitus, there is
a tendency toward reduced pro-inflammatory poten-
tial, as reflected by a trend toward lower IL-33 levels in
the aqueous humor. Activation of anti-inflammatory
mechanisms is observed in NPDR compared with pro-
liferative diabetic retinopathy (PDR), demonstrated
by increased IL-10 levels in the aqueous humor. The
IL-33/IL-10 ratio is significantly decreased in NPDR
patients with decompensated diabetes, indicating re-
duced pro-inflammatory potential in this group. Con-
versely, the IL-10/IL-33 ratio is significantly elevated
in patients with decompensated diabetes, independent
of the presence of retinal proliferation. These findings
suggest that the pleiotropic properties of IL-10 may be
manifested, contributing to increased pro-inflamma-
tory potential in decompensated diabetes mellitus.

Conflict of interest

The authors declare no conflict of interest.

© 2026 The Authors

Romanian Journal of Diabetes, Nutrition and Metabolic Diseases :: www.rjdnmd.org

Rom J Diabetes Nutr Metab Dis. 2026; volume 33, issue 3

References

1.  DeBoer MD. Assessing and managing the metabolic syndrome
in children and adolescents. Nutrients. 2019;11(8):1828. DOI:
10.3390/nu11081788

2. Centers for Disease Control and Prevention (CDC), National
Center for Health Statistics. National Health and Nutrition Exam-
ination Survey (NHANES): 1988-1994, 2005-2006, 2007-2008. 2019.

3. BiY, LiuY, Wang H, Tian S, Sun C. The association of alanine
aminotransferase and diabetic microvascular complications: a
Mendelian randomization study. Front Endocrinol (Lausanne).
2023;14:110. DOI: 10.3389/fend0.2023.1104963

4. LeiC,ZhangK, Chang T, Ran Q, Zhang M. Relationship between
renal function and prognosis of Chinese proliferative diabetic
retinopathy patients undergoing the first vitrectomy: proto-
col for a prospective cohort study. BMJ Open. 2021;11(12): DOI:
10.1136/bmjopen-2021-052417

5. Cardoso CRL, Leite NC, Moram CBM, Salles GF. Long-term vis-
it-to-visit glycemic variability as predictor of micro- and macro-
vascular complications in patients with type 2 diabetes: the Rio
de Janeiro Type 2 Diabetes Cohort Study. Cardiovasc Diabetol.
2018;17(1):33. doi: 10.1186/s12933-018-0677-0

6. DengL, Jia J, Yao J, Xu Z. Stromal cell-derived factor 1 (SDF-
1) and its receptor CXCR4 improves diabetic retinopathy.
Biosci Biotechnol Biochem. 2019 Jun;83(6):1072-1076. doi:
10.1080/09168451.2019.1588095.

7. ParkHC, Lee YK, Cho A, Kim SY, Kim MG, Jo SK. Diabetic retin-
opathy is a prognostic factor for progression of chronic kidney
disease in patients with type 2 diabetes mellitus. PLoS One.
2019;14(7).doi: 10.1371/journal.pone.0220506. eCollection 2019.

8. YaoL,ZhongY, WulJ,etal. Multivariable logistic regression and
back propagation artificial neural network to predict diabetic
retinopathy. Diabetes Metab Syndr Obes. 2019;12:1943-1951. doi:
10.2147/DMS0.5219842. eCollection 2019.

9. Yao X, Pei X, Yang Y, et al. Distribution of diabetic retinop-
athy in diabetes mellitus patients and its association rules
with other eye diseases. Sci Rep. 2021;11(1):17264. doi: 10.1038/
$41598-021-96438-w.

10. Hammes HP, Lemmen KD, Bertram B. Diabetic retinopathy and
maculopathy. Exp Clin Endocrinol Diabetes. 2021;129(S01):S64-
$69. doi: 10.1055/a-1284-6223

11. Riquelme-Neira R, Walker-Vergara R, Fernandez-Blanco JA,
Vergara P. IL-10 modulates the expression and activation of
pattern recognition receptors in mast cells. Int J Mol Sci.
2023;24(12):9875. doi: 10.3390/ijms24129875.

12.  Alifanov IS, Sakovich VM. Prognostic risk factors for the devel-
opment of diabetic retinopathy in patients with type 2 diabetes
mellitus. Ophthalmology Journal. 2022;6:19-23. DOI: https://
doi.org/10.31288/oftalmolzh202261923

13. Panchenko YO, Sorina AO. Effectiveness of a multi-stage
treatment method for secondary neovascular glaucoma in
proliferative diabetic retinopathy: 1-month follow-up. Arch
Ophthalmol Ukr. 2024;12(1):43-48. https:/doi.org/10.22141/2309-
8147.12.1.2024.356

14. Horecha M, Sarakhman D, Lapovets L, et al. Peculiarities of
the immune status of patients with diabetic retinopathy in the
framework of metabolic syndrome. Rom J Diabetes Nutr Metab
Dis. 2025;32(1):49-54. https:/www.rjdnmd.org/index.php/RJD-
NMD/article/view/1834

409


http://www.rjdnmd.org

Sarakhman D ef al. Interleukin-33 and interleukin-10 expression in proliferative diabetic retinopathy

15.

16.

17.

18.

19.

20.

21

22.

410

Lapovets LYe, Akimova VM, Lebed HB, Martyanova OI,
Polovkovych SV. Laboratory immunology. Lviv: Marchenko
Publishing; 2021.

Rudenko VM. Mathematical statistics. Kyiv: Center for Educa-
tional Literature; 2012.

El Ansari YS, Kanagaratham C, Oettgen HC. Mast cells as regula-
torsofadaptiveimmune responsesin food allergy. Yale J Biol Med.
2020;93(5):711-718. https:/pubmed.ncbi.nlm.nih.gov/33380933/
Chu DK, Llop-Guevara A, Walker TD, et al. IL-33, but not thym-
ic stromal lymphopoietin or IL-25, is central to mite and peanut
allergic sensitization. J Allergy Clin Immunol. 2013;131(1):187-
200.e1-8. doi: 10.1016/j.jaci.2012.08.002.

Galand C, Leyva-Castillo JM, Yoon J, Han A, Lee MS, McKenzie
ANJ. IL-33 promotes food anaphylaxis in epicutaneously sen-
sitized mice by targeting mast cells. J Allergy Clin Immunol.
2016;138(5):1356-1366. doi:10.1016/j.jaci.2016.03.056

Ranjitkar S, Krajewski D, Garcia C, Tedeschi C, Polukort SH,
Rovatti J. IL-10 differentially promotes mast cell responsive-
ness to IL-33. J Immunol. 2024;212(9):1407-1419. doi:10.4049/
jimmunol.2300884

Joulia R, L'Faqihi FE, Valitutti S, Espinosa E. IL-33 fine tunes
mast cell degranulation and chemokine production at the sin-
gle-cell level. J Allergy Clin Immunol. 2017;140(2):497-509.€l10.
doi: 10.1016/j.jaci.2016.09.049

Lunderius-Andersson C, Enoksson M, Nilsson G. Mast cells re-
spond to cell injury through the recognition of IL-33. Front Im-
munol. 2012;3:82. doi:10.3389/fimmu.2012.00082

https://doi.org/10.46389/rjd-2026-2192

23.

24.

25.

26.

27.

28.

Thompson-Snipes L, Dhar V, Bond MW, Mosmann TR, Moore
KW, Rennick DM. Interleukin-10: a novel stimulatory factor for
mast cells and their progenitors. J Exp Med. 1991;173(2):507-510.
doi:10.1084/jem.173.2.507

Saadalla AM, Osman A, Gurish MF, Dennis KL, Blatner NR,
Pezeshki A. Mast cells promote small bowel cancer in a tumor
stage-specific and cytokine-dependent manner. Proc Natl Acad
Sci U S A. 2018;115(7):1588-1592. d0i:10.1073/pnas.1716804115
Polukort SH, Rovatti J, Carlson L, Thompson C, Ser-Dolansky J,
Kinney SR. IL-10 enhances IgE-mediated mast cell responses. J
Immunol. 2016;196(11):4865-4876. doi:10.4049/jimmunol.1600066
Krajewski D, Ranjitkar S, Tedeschi C, Perez NM, Jordan N,
Mire M. IL-10 neutralization attenuates mast cell responses.
Immunohorizons. 2024;8(6):431-441. doi:10.4049/immunohori-
zons.2400002

Guerriero JL. Macrophages: their untold story in T cell ac-
tivation and function. Int Rev Cell Mol Biol. 2019;342:73-93.
doi:10.1016/bs.ircmb.2018.07.001

Ghildyal N, McNeil HP, Stechschulte S, Austen KF, Silberstein
D, Gurish MF. IL-10 induces transcription of the gene for mouse
mast cell protease-1. J Immunol. 1992;149(6):2123-2129. https://
pubmed.ncbi.nlm.nih.gov/1517575/

© 2026 The Authors



