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Summary

Interleukin-33 (IL-33) is a member of the IL-1 cytokine family. It pre-

dominantly induces type 2 immune responses and thus is protective

against atherosclerosis and nematode infections but contributes to allergic

airway inflammation. Interleukin-33 also plays a pivotal role in the devel-

opment of many autoimmune diseases through mechanisms that are still

not fully understood. In this review, we focus on the recent advances in

understanding of the expression and function of IL-33 in some autoim-

mune disorders, aiming to provide insight into its potential role in disease

development.
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Introduction

Interleukin-33 (IL-33) was originally recognized as a

nuclear factor of high endothelial venules.1 In 2005 it was

identified, via a sequence database search for genes

homologous to the IL-1 family, as the ligand for the

orphan molecule ST2.2 In contrast to other IL-1 family

members such as IL-1 and IL-18, which require caspase-1

for their activation, full-length IL-33 released via cell

necrosis is, in fact, biologically active, whereas its cleavage

by caspases during apoptotic cell death destroys its bioac-

tivity.3,4 IL-33 can be classified as an alarmin because it is

released into the extracellular space following cell damage

or tissue injury and acts as an endogenous danger signal

by sending out warning signals to alert neighbouring cells

and tissues.5 However, in their study determining the

sub-cellular localization of IL-33 and tracking its intracel-

lular mobility and extracellular release, Kakkar et al.6

demonstrated that IL-33 is localized simultaneously to

nuclear euchromatin and membrane-bound cytoplasmic

vesicles, and is secreted by living cells to carry out its

extracellular functions without the need for cellular

necrosis.

IL-33 is constitutively expressed by tissue barrier cells

such as the epithelial and endothelial cells of many

organs,2,7 but it is also expressed by some innate immune

cells such as macrophages and dendritic cells.2,8,9 IL-33

possesses dual roles both as a traditional extracellular

cytokine and as an intracellular nuclear factor with tran-

scriptional regulatory properties.10,11 The pathophysiolog-

Abbreviations: AIA, autoantibody-induced arthritis; CD, Crohn’s disease; CIA, collagen-induced arthritis; CNS, central nervous
system; DM, diabetes mellitus; DSS colitis, dextran sodium sulphate-induced colitis; EAE, experimental autoimmune encephalo-
myelitis; IBD, inflammatory bowel diseases; IFN-c, interferon-c; IL, interleukin; IL-1RAcP, IL-1 receptor accessory protein; M2,
alternative macrophages; MS, multiple sclerosis; NF-jB, nuclear factor-jB; RA, rheumatoid arthritis; SF, synovial fluid; SLE, sys-
temic lupus erythematosus; SSc, systemic sclerosis; sST2, soluble ST2; T1D, type 1 DM; T2D, type 2 DM; Th2, T helper type 2;
TNBS, trinitrobenzene sulphonic acid; TNF-a, tumour necrosis factor-a; UC, ulcerative colitis
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ical role of IL-33 as a nuclear factor is not fully under-

stood but a recent report suggests that full-length nuclear

IL-33 sequesters nuclear factor-jB (NF-jB) and reduces

NF-jB-triggered gene expression to dampen pro-inflam-

matory signalling.12

IL-33 exerts its classical cytokine biological effects via

binding to a heterodimer receptor complex consisting of

ST2 and the IL-1 receptor accessory protein (IL-1RAcP),13

and activating the signalling pathway of MyD88 and NF-

jB.5 In addition to the membrane form of ST2, soluble

ST2 (sST2) is produced as a result of alternative splicing

and acts as a decoy receptor; binding of IL-33 to sST2

results in the inhibition of the IL-33/ST2 pathway. ST2 is

expressed by many resting or activated immune cells

including T helper type 2 (Th2) cells, mast cells, basophils,

macrophages, dendritic cells, CD8 T cells and B cells.2,14–16

IL-33 predominantly induces type 2 immune responses via

activation of dendritic cells that drive the differentiation of

naive lymphocytes into Th2 cells.17 IL-33 also acts on Th2

cells, nuocytes18 and B1 cells19 to produce IL-5 and IL-13,

but not the archetypal Th2 cytokine IL-4.2,20 Furthermore,

IL-33 polarizes macrophages towards an alternatively acti-

vated phenotype,21 enhances cytotoxic T-lymphocyte clo-

nal expansion and the antiviral function of these cells.16

While IL-33 has also been shown to synergize with IgE in

mast cell activation and degranulation,22 long-term expo-

sure to IL-33 renders mast cells refractory to FceRI stimula-

tion.23

In addition to immune cells, ST2 is also expressed by the

endothelium, epithelium cells10,24–26 and fibroblasts7 in

many tissues and organs, suggesting the involvement of the

IL-33/ST2 pathway in the pathogenesis of a large number

of diseases. Whereas the expression of ST2 in specific tissue

and organ cells such as adipocytes, osteoblasts, cardiac

myocytes and neuronal cells7 indicates that IL-33 also has

tissue-specific functions contributing to disease develop-

ment in these organs. Indeed, emerging evidence suggests

that IL-33 has important but also pleiotropic effects in

many immune-mediated diseases. It activates immune cells

to produce Th2 cytokines such as IL-5 and IL-1320,27 and is

often associated with type 2 immune responses that

exacerbate allergic airway inflammation,20,21,27–32 confer

resistance to nematode infection33 and protect against

cardiovascular diseases.34–36 However, IL-33 is also able to

induce inflammatory hypernociception,37 a hallmark of

pro-inflammatory activity, and is a pro-inflammatory

cytokine in collagen-induced arthritis (CIA).38 Thus it is

likely that IL-33 can play either pro- or anti- inflammatory

roles depending on the specific disease and immune

context.

This review therefore aims to bring together current

findings from clinical research and models of autoim-

mune disease to highlight and better understand the role

of IL-33. Although we acknowledge that there are limita-

tions to translating research in animal models to human

conditions, valuable insights on immune mechanisms that

are difficult to explore in humans may be gained.

IL-33 in rheumatoid arthritis

A large body of research suggests that IL-33 is heavily

involved in the pathogenesis of rheumatoid arthritis

(RA). Early studies using in situ hybridization showed

that IL-33 is detected in the blood vessels of RA synovi-

um tissues.10 We and others further confirmed that both

IL-33 and ST2 are present in the lining layer and in the

interstitial sub-lining layer of tissues from RA

patients.38,39 Although resting primary synovial fibroblasts

from RA patients express little or no IL-33, the expression

level is dramatically up-regulated following the stimula-

tion of pro-inflammatory cytokines such as tumour

necrosis factor-a (TNF-a) and IL-1b.38 The above obser-

vations indicate that the IL-33/ST2 pathway may contrib-

ute to the pathogenesis of joint inflammation and

destruction.

Some recent studies have attempted to evaluate the lev-

els of IL-33 and ST2 in serum and synovial fluid (SF) in

RA patients with the aim of identifying potential biomar-

kers for the disease. Robust data from different laborato-

ries indicate that the levels of IL-33 and ST2 in sera and

SF samples are significantly increased in RA patients, par-

ticularly those with active disease, compared with healthy

controls, and osteoarthritis and psoriatic arthritis

patients.40–43 Furthermore, higher levels of IL-33 are

observed in SF than serum samples of the same RA

patients.44 Xiangyang et al.40 further observed that the

higher levels of IL-33 detected in the sera of RA patients

are positively correlated with disease severity, rheumatic

factor and the Modified Sharp Score that was used to

evaluate bone erosion; the authors therefore suggest that

IL-33 may contribute to RA pathogenesis partly through

bone erosion. However, as IL-33 is an inhibitor of bone

resorption,45 it can also be speculated that IL-33 might be

secreted as a result, rather than being the cause, of bone

erosion after joint inflammation. Our own investigations

confirmed elevated serum and SF levels of IL-33 in RA

patients, although no correlation was found between IL-

33 concentration and acute-phase inflammation reactant

or the score of the Disease Activity Index.46 Interestingly,

we observed that the serum IL-33 concentration correlated

with the production of IgM and RA-related auto-antibodies

including rheumatic factor and anti-citrullinated protein

antibodies, suggesting a more complex and indirect link

between IL-33 and RA inflammation involving mast cells

and B cells.46 This link is further supported by the strong

correlation between serum IL-33 levels and RA treatment

as IL-33 levels are decreased in patients after receiving

etanercept treatment.47 Similarly, RA patients who

responded to treatment with a TNF inhibitor also

showed a reduction in serum IL-33.42,46 These important
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observations suggest that the measurement of IL-33 levels

in serum could be a useful marker of RA severity and for

monitoring the effect of RA treatment.

Increasing evidence supports a role for the IL-33/ST2

pathway in the pathology associated with chronic articu-

lar inflammation. A few years before IL-33 was identified,

Leung et al.48 reported that IL-33 decoy receptor sST2-Fc

was able to reduce disease severity in CIA mice. The pro-

tective effect is also obtained after administering anti-ST2

blocking antibody at the onset of disease, and the attenu-

ated CIA is associated with reduced joint destruction and

a marked decrease of interferon-c (IFN-c) and IL-17 pro-

duction by the draining lymph node cells.39 The role of

IL-33 as a pro-inflammatory cytokine in arthritis disease

was further confirmed by our own reports that exogenous

recombinant IL-33 (rIL-33) exacerbated disease severity

in CIA or autoantibody-induced arthritis (AIA) mice,

whereas ST2-deficient mice developed attenuated CIA or

AIA together with marked reduction of pro-inflammatory

cytokine production (IL-17, TNF-a and IFN-c).38,49 We

further identified that ST2-expressing mast cells, which

are abundant in RA synovium tissues, are the likely cells

mediating IL-33 function in RA. We demonstrated that

rIL-33 treatment exacerbates CIA or AIA only in ST2-

deficient mice engrafted with mast cells from wild-type

but not from ST2-deficient mice. It is therefore likely that

IL-33 primarily derived from synovial fibroblasts contrib-

utes to synovial pathology by activating mast cells to

degranulate and produce pro-inflammatory cytokines. It

should be noted, however, that extrapolating data based

on exogenous IL-33 treatment to form conclusions

regarding endogenous IL-33 may be misleading. A recent

study50 using IL-33-deficient mice reported that endoge-

nous IL-33 was not required for the development of joint

inflammation in AIA. Interestingly, in good agreement

with our findings,49 ST2-deficient mice in that study were

found to have reduced arthritis severity,50 which could

indicate an IL-33-independent effect of ST2, though this

requires further investigation.

Taken together, the above data suggest that the IL-33/

ST2 pathway is critical in promoting arthritogenic inflam-

mation (Fig. 1) and is a novel therapeutic target for RA

disease. However, any treatment involving this pathway

will need to be closely monitored as IL-33 also protects

bone through inhibiting osteoclast differentiation as

shown in in vitro culture.45 In addition, osteoclastogenesis

was confirmed to be inhibited in transgenic mice over-

expressing IL-33.51

IL-33 in multiple sclerosis

The role of IL-33 in the development of immune-

mediated central nervous system (CNS) diseases such as

multiple sclerosis (MS) has gained extra attention because

of the extremely high level of IL-33 mRNA expression in

the brain and spinal cord,2 suggesting that IL-33/ST2 may

have CNS-specific functions in addition to a role as an

immune-mediator. Indeed IL-33 is associated with Alzhei-

mer’s disease,52 and genetic variants of IL-33 affect dis-

ease susceptibility.53 Some recent studies have focused on

the expression and function of IL-33 in CNS cells. While

pathogen-associated molecular patterns can significantly

increase IL-33 expression in cultured CNS glia cells, IL-33

levels and activity are also dramatically increased in the

brains of mice infected with Theiler’s murine encephalo-

myelitis virus.54 Subsequent reports confirmed that IL-33

is mainly expressed by astrocytes in murine spinal

cord55,56 and in human CNS tissues,57 indicating that IL-

33-producing astrocytes may act as a potentially critical

regulator of innate immune responses in the CNS. How-

ever, less is known about the target CNS cells that IL-33

binds to and activates. We previously observed that ST2

protein is abundantly expressed in murine spinal cord tis-

sues.55 Others using primary CNS cell culture suggested

that mRNA of ST2, IL-1RAcP and sST2 were detected in

microglia and astrocytes, and only IL-1RAcP was present

in neuronal cells.56 Further studies defining the precise

cellular location of IL-33 receptor in CNS will help to
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Figure 1. Schematic of the role of interleukin-33 (IL-33) in the

development of rheumatoid arthritis (RA). IL-33 released by synovial

fibroblasts under inflammatory conditions [detected in the synovial

fluid (SF) and serum samples of RA patients] binds to ST2 on

immune cells such as mast cells and lymphocytes (Th2 and B cells)

and activates these cells to release inflammatory molecules and anti-

bodies contributing to the pathology of the disease. Pro-inflamma-

tory cytokines released by immune cells such as IL-1b and TNF-a
can activate fibroblast cells creating a positive feedback system and

thus releasing more IL-33. Meanwhile, expression of IL-33 is also

increased during osteoblast differentiation and IL-33 is able to inhi-

bit bone absorption by blocking osteoclast formation, therefore pro-

tecting bone in RA. In this setting, IL-33 might be secreted as a

result, rather than as a cause, of bone erosion.
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elucidate the functions of the IL-33/ST2 pathway in CNS

homeostasis and disease development.

The importance of IL-33 in MS development was first

indicated by the significant up-regulation of IL-33 and/or

ST2 in the spinal cord tissues from experimental autoim-

mune encephalomyelitis (EAE) mice compared with naive

ones.55,58 This phenomenon was then confirmed in

humans: the levels of IL-33 were significantly elevated in

normal-appearing white matter and plaque areas in the

CNS of MS patients when compared with the white mat-

ter of normal controls.57 In addition, a more than four-

fold increase of IL-33 was observed in the sera of patients

with relapsing–remitting MS (untreated for over

2 months) compared with healthy controls. Consistent

with the serum data, IL-33 levels were also significantly

increased in freshly prepared peripheral leucocytes

(mRNA) as well as in the supernatants of stimulated lym-

phocytes and macrophages of these patients.57 Interest-

ingly, both plasma IL-33 level and its mRNA expression

in peripheral leucocytes are suppressed in MS patients

when they receive a 3-month treatment of recombinant

IL-1b-1a.57 As such, IL-33 could be a potential biomarker

of MS disease activity and for monitoring clinical

therapies.

Despite the emerging evidence suggesting a role for

IL-33 in CNS inflammation, functional data as to whether

IL-33 is beneficial or detrimental to MS disease is less

clear. Research in animal models for MS disease has pro-

vided an insight into the function of IL-33 in MS patho-

genesis. Mice that were IL-33-deficient developed EAE

normally, indicating that IL-33 is not essential for the

pathogenesis of EAE.59 However, we demonstrated that

ST2-deficient mice developed exacerbated EAE, and that

rIL-33 appears to exert protective effects when adminis-

tered to EAE mice after disease onset.55 The protection is

accompanied by a reduced production of IL-17 and IFN-

c but increased IL-5 and IL-13 by lymphocytes of periph-

eral lymphoid organs, together with a shift of macrophage

function towards the alternative (M2) phenotype,55 a

characteristic function of IL-33 that was also observed in

airway and adipose tissue inflammation.21,60 In fact,

growing insight into IL-33 function in CNS inflammation

can also be found in other reports, which suggest that

ST2 gene deletion alters polarization of antigen-presenting

cells, and subsequently leads to the development of highly

pathogenic T-helper cell subsets thus contributing to CNS

pathology.61,62 However, contradictory findings were

reported that rIL-33 exacerbates the disease course of

EAE and anti-IL-33 antibody delays the onset and inhibits

the severity of EAE.58 The reason for the discrepancies in

the above findings is currently not known. However, in

our investigation, we observed that the administration

time of exogenous rIL-33 is critical to its function in EAE

development. While delayed administration of IL-33

attenuates EAE, treatment before disease onset exacerbates

EAE development (H.-R. Jiang, F.Y. Liew, unpublished

data). In addition to its role as an immunomodulatory

cytokine, IL-33 is also a potent endothelial activator. It

increases endothelial permeability with reduced vascular

endothelial-cadherin-facilitated cell–cell junctions in vitro

and induces vascular leakage in mouse skin.25 As the

breakdown of the blood–brain barrier is an essential step

for the subsequent CNS inflammation, it is tempting to

speculate that early administration of IL-33 may contrib-

ute to MS and EAE inflammation via disrupting the

blood–brain barrier in addition to modulating the

immune system. Delayed treatment with IL-33 may also

be more important in its currently undefined role in the

CNS compartment.

Although the precise pathophysiological function of the

IL-33/ST2 axis in MS and other CNS diseases remains to

be determined, current evidence supports a role for IL-33

in autoimmune MS development (Fig. 2). It is to be

hoped that IL-33 may be a potential biomarker for MS

development and treatment, and become a potential

target/reagent in the future treatment of MS.

IL-33 in inflammatory bowel disease

In an early study characterizing the expression and role

of IL-33 in organs and cells, Schmitz et al. reported that

IL-33 mRNA is found in the stomach, and observed that

IL-33 induces severe pathological changes in the digestive

tract including infiltration of immune cells, epithelial

hyperplasia, goblet cell hypertrophy and increased mucus

in the lumen.2 In fact, a recent genotyping study has

revealed an association between genetic variants of genes

of IL-33 and ST2 and susceptibility to autoimmune

inflammatory bowel diseases (IBD) including ulcerative

colitis (UC) and Crohn’s disease (CD).63 Some recent

studies have subsequently focused on the expression and

potential role of IL-33 in UC and CD development.

Carrier et al. were the first to report that endothelial

cells of CD are a major source of IL-33 in chronically

inflamed tissues.10 However, some other reports have sug-

gested that IL-33 may play a potential role in UC but not

CD. Interleukin-33 is produced by gut epithelial cells and

lamina propria mononuclear cells, and the expression is

highly up-regulated in UC samples and correlates with

disease activity.64–66 Such results were not observed in

CD patients. However, the correlation between serum

IL-33 level and UC activity appears to be inconclusive.

While Beltran et al.65 and others67 reported that IL-33 is

barely detected in the serum of all UC and CD patients,

Pastorelli et al.66 observed elevated cleaved IL-33 in the

serum of the IBD patients. The above disagreement may

suggest that different forms of IL-33 exist in tissues and

they potentially indicate the different mechanisms of

IL-33 functions in disease. Similar to IL-33, sST2 expres-

sion in the colonic mucosa was mainly observed in UC
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rather than CD patients or healthy controls.65 In contrast

to the cellular source of IL-33, ST2 is increased in lamina

propria mononuclear cells but is absent/decreased in the

epithelial cells in inflamed UC colons. In addition there is

less controversy about the increased serum levels of sST2

in both active UC and CD patients, although the levels in

CD are still about fivefold lower than that in UC

patients.68 Similar to the findings in RA and MS, the lev-

els of circulating IL-33 and sST2 in UC patients also

appear to correlate with disease severity and are modulated

by treatment with infliximab (anti-TNF).66 Thus it is rea-

sonable to propose that the IL-33/ST2 axis is important in

orchestrating inflammation associated with UC but not

CD. Why IL-33/ST2 is less obviously involved with CD is

unclear but may be due to the fact that CD is predomi-

nantly mediated by Th1/Th17 cells whereas UC is Th2

mediated69,70 and IL-33 is a strong inducer of type 2

immune responses.71

To understand the function and underlying mecha-

nisms of IL-33 in IBD, several groups have investigated

the role of IL-33 in IBD development in animals. Elevated

IL-33 is observed in tissues of mice with trinitrobenzene

sulphonic acid-induced colitis and rIL-33 significantly

ameliorates the clinical symptoms of colitis and colonic

tissue damage, together with enhanced Th2 type immune

responses and Foxp3+ T regulatory cell functions.72 A

similar protective role for IL-33 was also reported in a

chronic dextran sodium sulphate (DSS) -induced colitis

model when exogenous IL-33 reduced disease severity by

modulating Th1 inflammation and induced a shift to

Th2-associated cytokine production.73 Aberrant mucosal

immune responses to intestinal microbiota are believed to

be the cause of IBD74 and interestingly, translocation of

bacteria across the gut epithelium is reduced by IL-33

treatment in the chronic DSS-induced colitis model.73

However, in acute DSS colitis, which is predominantly
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Figure 2. Schematic of the role of interleukin-33 (IL-33) in the development of multiple sclerosis (MS). MS is a disease which involves both the

immune and the central nervous systems (CNS). In the immune system, IL-33 levels in serum samples of MS patients are elevated, suggesting

active immune responses in the periphery. IL-33 promotes vascular permeability and may be involved in the disruption of the blood–brain bar-

rier (a) thus facilitating the infiltration of immune cells to the CNS. Peripheral IL-33 can also activate multiple immune cells such as dendritic

cells (DC), macrophages (M) and lymphocytes to induce type 2 immune responses, which then down-regulate systemic inflammation (b). In the

CNS, IL-33 may be released by the CNS-resident cells such as astrocytes, under inflammatory conditions/cell death and subsequently it activates

CNS cells and/or infiltrating immune cells via binding to its ST2 receptor. These activated cells then produce important cytokines and antibodies

that play important roles in CNS damage and repair, e.g. demyelination or remyelination, and thus modulate MS development (c). IL-33 may

also have a direct effect on oligodendrocytes and myelin damage/repair in CNS (d).
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mediated by innate immune responses, IL-33-deficient

mice displayed greater viability than wild-type controls

during the early stage of colitis suggesting that IL-33 is

important for the induction of mucosal inflammation at

the onset of DSS colitis.59 Interestingly, these mice also

have delayed recovery of body weight after changing from

DSS water to normal plain drinking water. The authors

suggested that the delayed local inflammation in IL-33-

deficient mice resulted in delayed resolution of tissue

damage. However, the data may support a novel unrecog-

nized function of IL-33 in mucosal healing and wound

repair in IBD diseases,75,76 therefore indicating a more

complicated role for IL-33 in IBD in addition to being an

immune modulator.

Current evidence clearly shows that the up-regulation of

IL-33 and ST2 in the inflamed mucosa tissues of IBD is a

good indicator of active inflammation, and it is more

specific for UC than CD. These findings may lead to excit-

ing potential therapeutic strategies for UC patients if we

are able to better understand the dichotomous function of

IL-33 in mucosal inflammation and IBD development.

IL-33 in diabetes

IL-33 may play a role in pancreatic diseases as it is con-

stitutively expressed by murine pancreas77 and activates

pancreatic stellate cells.78 Indeed, IL-33 has a protective

role in acute pancreatitis, and serum sST2 levels correlate

with disease severity.77 Surprisingly, there is very little

published information about the role of IL-33 in both

insulin-dependent (type 1 diabetes, T1D) and non-insu-

lin-dependent (type 2 diabetes, T2D) diabetes.

It is well recognized that the IL-33/ST2 signalling path-

way is beneficial in cardiovascular disease and obesity

through enhancing Th2 cytokine production in adipo-

cytes and adipose tissues and reducing the expression of

adipogenic and metabolic genes.79 Treatment with rIL-33

exerts protective effects in genetically obese diabetic (ob/

ob) mice with reduced adiposity and improves glucose

and insulin tolerance60 via polarizing T cells and macro-

phages towards type 2 immune responses. The above evi-

dence suggests that manipulating IL-33 expression may

be a useful therapeutic strategy for treating or preventing

T2D in obese patients. In fact, high levels of sST2 are

detected in T2D patients compared with healthy controls,

and the levels are even higher in those with left ventricu-

lar diastolic dysfunction.80 Furthermore, sST2 levels are

positively and independently correlated with glycaemic

controls in T2D and the authors proposed that chronic

inflammation most likely establishes the basis of increased

sST2 levels. In a cross-sectional study, Miller et al. exam-

ined whether sST2 concentration in serum correlates with

classic and novel markers of cardiovascular and diabetic

risk factors.81 They concluded that sST2 levels are related

principally to the markers associated with diabetes and

ectopic fat, indicating a potential role for the IL-33/ST2

pathway in diabetes.

The function and mechanisms by which the IL-33 sig-

nalling pathway operates in diabetes are still waiting to be

characterized. In a murine model of T1D induced by

multiple doses of streptozotocin, ST2 gene deletion

enhances diabetes susceptibility in the disease-resistant

BALB/c strain, confirmed by the levels of glycaemia, gly-

cosuria, the number of infiltrating cells and b cell loss.82

The authors proposed that the IL-33/ST2 pathway exerts

a protective effect in T1D, possibly through balancing the

Th1/Th17 and Th2 responses as the clinical severity of

the disease is accompanied by enhanced mRNA expres-

sion of TNF-a, IFN-c and IL-17 in the pancreatic lymph

nodes. Using the same animal model, others have

reported that the myocardial levels of IL-33 are decreased

compared with controls, and the reduction enhances the

sensitivity of the myocardium to ischaemia/reperfusion-

induced injury through mechanisms of activating protein

kinase C bII.83 Treatment with exogenous rIL-33, on the

other hand, attenuates ischaemia/reperfusion-induced

injury. In general, the above findings point to an impor-

tant protective role for IL-33 in diabetes, and the disease-

related heart complications.

IL-33 in systemic lupus erythematosus

It was reported over a decade ago that ST2 protein was

identified in the serum of some systemic lupus erythemat-

osus (SLE), RA and other rheumatic disease patients.84

However, information regarding the role of the IL-33/ST2

signalling pathway in SLE is still limited. A recent report

from Hong Kong confirmed that the serum levels of sST2

are significantly increased in patients with active SLE com-

pared with patients with inactive disease and normal con-

trols,85 and they correlate significantly with disease

severity, anti-dsDNA antibody and prednisolone dosage

and negatively with C3. A parallel study demonstrated that

serum IL-33 levels in Chinese SLE patients are also signifi-

cantly up-regulated relative to healthy controls,86 but

lower than that of RA patients. Further investigation into

the association of IL-33 levels with various SLE-associated

laboratory tests indicates that IL-33 plays a role in the

acute phase of SLE, but a role in the subsequent course of

the disease is unlikely.86 In addition, IL-33 may exert bio-

logical effects on erythrocytes and platelets or their precur-

sors in SLE. As all the patients in the above studies are of

Far Eastern origin, it will be interesting and important to

confirm the findings in western SLE populations. Never-

theless the above observations point to a possible role for

the IL-33/ST2 pathway in the development of SLE. How-

ever, a lack of published data in the field indicates the

need for further investigation into SLE disease models to

determine the precise functions and immune mechanisms

of IL-33 and ST2 in this context.
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IL-33 in systemic sclerosis

Interleukin-33 was recently found to be related to sys-

temic sclerosis (SSc). Both IL-33 and ST2 are abnormally

expressed in the affected skin and visceral organs of SSc

patients.87 In fact, the expression levels of IL-33 and ST2

in tissues are either up-regulated or down-regulated

depending on the disease stage. IL-33 is lost in most

endothelial cells of affected organs in early but not late

SSc tissue samples, whereas the expression of ST2 in infil-

trating immune cells is enhanced in early SSc but weak-

ened in late SSc. The authors propose that upon

endothelial cell activation/damage, IL-33 may be mobi-

lized from these cells to signal through ST2 in key profib-

rotic players such as inflammatory/immune cells and

fibroblasts/myofibroblasts. Further analysis of IL-33 con-

centrations in serum demonstrated that the levels are ele-

vated in SSc patients and correlate with the extent of skin

sclerosis (higher levels in patients with diffuse cutaneous

SSc than those with limited cutaneous SSc) and the sever-

ity of pulmonary fibrosis.88 The increased serum IL-33

levels are also indicative of vascular involvement in SSc

development.89 Hence IL-33 is likely to play a role in

cutaneous and pulmonary fibrosis in SSc patients. To

explore how IL-33 contributes to SSc development, a

recent study in mice has demonstrated that subcutaneous

injection of IL-33 results in the development of cutaneous

fibrosis, which is similar to that seen in SSc patients con-

firming that IL-33 is a profibrotic mediator.90 In addi-

tion, it appears that the development of IL-33-induced

skin fibrosis was dependent on IL-13, predominantly

being produced by eosinophils, while IL-4 and mast cells

were not required.90

IL-33 in other autoimmune diseases

Interleukin-33 is also linked to the development of many

other autoimmune disorders an example being atopic

dermatitis. Combined stimulation of TNF-a and IFN-c
efficiently induces IL-33 production by dermal fibroblasts

and keratinocytes.91 In the murine model of atopic der-

matitis, increased expression of IL-33 and ST2 are also

observed in skin lesions after allergen or staphylococcal

enterotoxin B exposure, and the expression can be sup-

pressed by topical Tacrolimus treatment.91 Further inves-

tigation suggests that IL-33 influences atopic dermatitis

susceptibility by significantly down-regulating human

b-defensin 2 expression in keratinocytes and in acute

eczematous reactions.92 Elevated levels of IL-33 are also

reported in some less common autoimmune diseases such

as ankylosing spondylitis, amyotrophic lateral sclerosis

and Behc�et’s disease. The IL-33 levels are increased in the

sera of ankylosing spondylitis patients when compared

with healthy controls, and positively correlate with disease

activity and TNF-a and IL-17 levels.93 In contrast, the

levels of serum IL-33 are significantly lower in amyo-

trophic lateral sclerosis patients compared with healthy

controls, while the levels of sST2 are significantly higher

and reflect inflammation in amyotrophic lateral sclero-

sis.94 Increased expression of IL-33 has also been reported

Table 1. IL-33 expression and function in some autoimmune diseases

Disease IL-33 and ST2 expression in tissues (Refs) Function of IL-33 (Refs)

RA IL-33↑ and ST2↑ in synovium, SF and serum40–43

Serum IL-33 level correlates with RA severity40

Serum IL-33 level correlates with

RA-related autoantibodies46

IL-33↓ in RA serum after treatment45–47

Harmful in RA but protects bones

sST2 attenuates CIA48

ST2 blocking antibody attenuates CIA39

rIL-33 exacerbates CIA38 and AIA49

IL-33 inhibits osteoclastogenesis45,51

ST2 deficiency attenuates CIA or AIA38,49,50

MS IL-33↑ in serum, PBMCs and CNS lesion of MS patients57

IL-33↑ and ST2↑ in EAE spinal cord55,58

IL-33↓ in MS serum after treatment57

Contradictory

rIL-33 attenuates EAE55

ST2 deficiency exacerbates EAE55,62

IL-33 deficient mice develop normal EAE59

rIL-33 exacerbates EAE and IL-33 antibody inhibits EAE58

IBD IL-33↑ in UC but not CD mucosa, and its

level correlates with UC activity64–66

Cleaved (not full–length) IL-33↑ in UC serum65–67

sST2↑ in UC mucosa and serum65,68

Serum IL-33↓ and sST2↓ after treatment66

Protective?

rIL-33 ameliorates trinitrobenzene sulphonic acid-induced colitis72

rIL-33 attenuates chronic DSS colitis73

IL-33 deficient mice have delayed acute colitis and delayed recovery59

IL-33 promotes mucosal healing75,76

Diabetes IL-33 is expressed by murine pancreas77

sST2↑ in serum of T2D80

sST2 level correlates with markers of

diabetic and cardiovascular risk factor81

Protective

ST2 deficiency enhances T1D susceptibility in mice82

rIL-33 attenuates T1D and related heart disease83

SLE IL-33↑ and sST2↑ in serum84–86

Serum sST2 correlate with severity85
Not clear
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in serum, peripheral blood mononuclear cells and skin

lesions of Behc�et’s patients, with a correlation to other

cytokines such as IL-6, IL-17 and active status of the dis-

ease,95 suggesting that IL-33 could be used as a biomarker

for active Behc�et’s disease.

Conclusions

This review has summarized the current evidence for a

role of IL-33 in various autoimmune diseases (Table 1).

The correlations, both positive and negative, with the lev-

els of IL-33 and its receptor ST2 in tissue and serum with

disease severities and following treatments suggest that

IL-33 and/or ST2 may represent potential biomarkers in

monitoring autoimmune disease severity and subsequent

efficacy of clinical treatment. The importance of the

IL-33/ST2 signalling pathway in the development of many

autoimmune diseases indicates that modulating this path-

way may have potential therapeutic benefits for the

patients. However, much remains to be elucidated regard-

ing the mechanisms that activate cells to express and

secrete IL-33 in each organ and the precise functions and

underlying mechanisms of the IL-33/ST2 axis in these

systemic and organ-specific autoimmune diseases.
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