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Interleukin-33 (IL-33) is a cytokine belonging to the interleukin-1 (IL-
1) superfamily. It is expressed and upregulated following pro-inflam-
matory stimulation, and plays a key role in inducing the synthesis of 
T-helper type 2 (Th2) cytokines and IN promoting the pathogenesis 
of Th2-related diseases. IL-33 exerts its biological effects by binding 
to its receptor, ST2; a member of the IL-1 receptor family that exists in 
two isoforms: the transmembrane form (ST2L) and the soluble form 
(sST2). Through ST2L, IL-33 signals surrounding immune cells in re-
sponse to tissue injury. In the respiratory system, IL-33 overexpres-
sion can exacerbate chronic respiratory diseases. In the cardiovascular 
system, cardiomyocytes and cardiac fibroblasts increase the expres-
sion of both IL-33 and ST2. Within the central nervous system, IL-33 
promotes M2 macrophage polarization and/or regulatory T cell (Treg) 
activation, thereby contributing to an anti-inflammatory response in 
various disease contexts. In the renal system, IL-33/ST2 signalling has 
been implicated in both pathogenic and tissue-protective processes 
across multiple renal disorders. In the gastrointestinal tract, targeting 
the IL-33 signalling pathway presents a potential therapeutic strategy. 
In type 2 diabetes mellitus, metformin treatment has revealed a key 
role for IL-33 and ST2 in disease modulation. In skin diseases such as 
psoriasis and vitiligo, increased IL-33 expression has been observed 
in lesional tissues. Finally, in rheumatological diseases, the IL-33/ST2 
pathway appears to exert a detrimental influence during both early 
and advanced disease stages.
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1. Introduction

Interleukin-33 (IL-33) is a cytokine belonging to the 
interleukin-1 (IL-1) superfamily. It is produced pri-
marily by stromal cells, including endothelial and 
epithelial cells, and is upregulated following pro-in-
flammatory stimulation. IL-33 can function both as 
a traditional cytokine and as a nuclear transcrip-
tional regulator. It is thought to act as an “alarmin”, 
released upon cell necrosis to signal tissue injury 
to the immune system. Its biological activity is me-
diated through interaction with the ST2 (IL-1RL1) 
receptor and the IL-1 receptor accessory protein 
(IL-1RAcP), both of which are highly expressed by T 
helper 2 (Th2) cells and innate immune cells1. IL-33 
promotes Th2 cytokine synthesis and contributes to 
the pathogenesis of Th2-mediated diseases such as 
asthma and atopic dermatitis. Conversely, it exhibits 
protective effects in conditions such as atherosclero-
sis, cardiac remodelling, type 2 diabetes (T2D), and 
obesity. The functional role of IL-33 – either pro-in-
flammatory or anti-inflammatory – depends on dis-
ease context and experimental model2.

ST2 exists in two isoforms: transmembrane (ST2L) 
and soluble (sST2). ST2L serves as the signalling re-
ceptor for IL-33, triggering immune responses and 
the production of inflammatory cytokines. In con-
trast, sST2 acts as a decoy receptor, neutralizing IL-
33 and inhibiting ST2L-mediated signalling. This re-
view summarizes the role of IL-33/ST2 signalling in 
inflammatory disease pathogenesis and its potential 
as a therapeutic target.

2. Respiratory system

Type II inflammation is a chronic inflammatory re-
sponse characterized by prolonged activation and 
dysregulation of immune cells. It underpins several 
respiratory disorders, notably asthma, chronic ob-
structive pulmonary disease (COPD), allergic rhi-
nitis, and pulmonary fibrosis. The process involves 
a complex crosstalk among pro-inflammatory cy-
tokines and regulatory pathways, with key contribu-
tions from Th2 cells, IL-4, IL-5, IL-9, IL-13, IL-33, and 
thymic stromal lymphopoietin. IL-33 is a central me-

diator of type II inflammation, particularly in asth-
ma and COPD. Its overexpression correlates with 
increased disease severity via sustained inflamma-
tion and airway remodelling. IL-33 also plays a role 
in allergic rhinitis by inducing Th2 cytokines asso-
ciated with nasal congestion and irritation. Several 
ongoing randomized controlled trials are investigat-
ing anti-IL-33 agents (itepekimab, tozorakimab) and 
anti-ST2 antibodies (astegolimab) in patients with 
asthma and COPD3.

3. Cardiovascular system

The IL-33/ST2 pathway plays a critical role in car-
diovascular physiology, particularly in response to 
myocardial stretch and injury. Following myocardial 
infarction or heart failure, IL-33 modulates cardiac 
hypertrophy, remodelling, and fibrosis. However, 
endothelial cells and fibroblasts release sST2, which 
antagonizes IL-33 by functioning as a decoy receptor. 
Elevated sST2 levels are associated with inadequate 
cardioprotection and heightened risk of ventricular 
dysfunction.

The IL-33/ST2 signalling is implicated in several 
cardiovascular conditions, including ischaemic heart 
disease, cardiomyopathy, and myocarditis. sST2 is 
also recognized as a biomarker in systemic and pul-
monary hypertension and as a diagnostic indicator 
in acute aortic dissection. In 2013, the American 
College of Cardiology Foundation / American Heart 
Association classified sST2 as an independent bio-
marker for heart failure and myocardial infarction4.

4. Central nervous system

In the central nervous system, IL-33 is primarily ex-
pressed by astrocytes and oligodendrocytes. Beyond 
its role in promoting brain tumorigenesis, IL-33 fa-
cilitates M2 macrophage polarization and regulatory 
T cell (Treg) activation and expansion. These mech-
anisms support anti-inflammatory responses in con-
ditions such as multiple sclerosis, Alzheimer’s dis-
ease, traumatic brain injury, and ischaemic stroke. 
These findings suggest IL-33 administration may 
offer therapeutic potential in CNS disorders5.
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5. Renal system

Numerous studies have examined IL-33 activity in 
renal injury models, including ischemia–reperfusion 
injury (IRI), ovalbumin-induced nephrotoxicity, and 
cisplatin-induced acute kidney injury. Notably, an 
engineered IL-2/IL-33 fusion protein has demon-
strated renoprotective effects in IRI models. Moreo-
ver, across various renal pathologies, the IL-33/ST2 
signalling exhibits a dual role, contributing to both 
injury and tissue repair, thereby emphasizing its 
context-dependent function2.

6. Gastrointestinal system

The IL-33/ST2 complex interacts with intestinal 
epithelial cells during injury and activates innate 
immune responses. Elevated IL-33 levels have been 
linked to exacerbated inflammation and tissue dam-
age in ulcerative colitis, and to recurring inflam-
mation with Th1 skewing in Crohn’s disease. In 
colorectal cancer, IL-33 promotes tumor progression 
through pro-angiogenic signalling and the activation 
of subepithelial myofibroblasts. Thus, targeting the 
IL-33 pathway holds promise for the development of 
therapeutic interventions in gastrointestinal diseas-
es6.

7. Diabetes mellitus

Pancreatic β-cell dysfunction is central to both type 
1 diabetes (T1D) and T2D, resulting from autoim-
mune destruction in T1D and multifactorial stress-
ors (such as glucolipotoxicity, mitochondrial dys-
function, endoplasmic reticulum stress, and inflam-
mation) in T2D. Emerging evidence suggests a pro-
tective role for IL-33 in diabetes. IL-33 suppresses 
insulitis, inhibits autoimmune diabetes progression, 
and enhances glucose homeostasis via the stimula-
tion of islet-resident group 2 innate lymphoid cells. 
Interestingly, metformin treatment in T2D patients 
has been associated with elevated IL-33 and reduced 
ST2 expression, which correlates with improved gly-
caemic control and highlights the cytokine’s inflam-
matory and therapeutic significance7.

8. Skin diseases

Atopic dermatitis (AD) is a Th2-driven condition 
mediated via the IL-33/ST2 signalling. Patients with 
AD exhibit elevated IL-33 levels in lesional skin, al-
though serum sST2 levels remain unchanged. Clin-
ical trials are underway in order to evaluate novel 
anti-IL-33 antibodies in this context. By contrast, 
psoriasis is governed by Th1 and Th17 cytokines, 
yet psoriatic lesions still show increased IL-33 ex-
pression. In vitiligo, skin biopsies reveal concurrent 
elevation of IL-33 and ST2, with corresponding in-
creases in serum IL-33 levels8.

9. Rheumatological system

The IL-33/ST2 pathway plays a deleterious role in 
the pathogenesis of several rheumatological condi-
tions, including rheumatoid arthritis, scleroderma, 
systemic lupus erythematosus, psoriasis, and gout. 
In early stages, IL-33 released from injured epithe-
lium activates neighbouring tissues and recruits 
immune cells. In later stages, IL-33 functions as a 
pro-fibrogenic factor that may also support barrier 
maintenance. These findings underscore the pleio-
tropic and context-dependent nature of IL-33 signal-
ling9.

10. Conclusion

IL-33 exhibits multifaceted immunomodulatory ef-
fects across a broad spectrum of inflammatory dis-
eases. It promotes Th2 cytokine synthesis and con-
tributes to Th2-related pathologies such as asthma 
and atopic dermatitis. Conversely, IL-33 confers pro-
tection in cardiovascular and metabolic disorders, 
including atherosclerosis, obesity, cardiac remod-
elling, and T2D. Understanding the optimal timing 
and context for modulating the IL-33/ST2 signalling 
might prove essential for the development of effec-
tive therapeutic strategies.
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