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Serum IL-33 as a biomarker in different diseases:
useful parameter or much need for clarification?
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ABSTRACT

Interleukin-33 (IL-33), a member of the IL-1 family, is critically involved in the modulation of the activity of a
diverse range of immunocompetent cells. Essential roles have been implicated in cardioprotection, in both in-
nate and adaptive immune responses in mucosal organs, and in the maintenance of adipose tissue cells. Over
the past 10 years, several studies evaluated the usability of IL-33 as a biomarker in diseases of inflammatory and
noninflammatory origin. Our group is currently evaluating the predictive role of serum IL-33 in acute kidney injury
(AKI). The aim of the article is to discuss selected studies on IL-33 in different diseases and its potential role as a

biomarker molecule.
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Introduction

The identification of biomarkers for either early diagnosis
or risk prediction in various diseases remains a fundamental
goal in the whole field of medicine. A sophisticated discussion
of all or of at least the most important findings in recent years
is impossible in one single article that is intended to focus on
one potential marker molecule. The literature on biomarkers
in even one particular disease, such as acute kidney injury
(AKI), is vast. For illustrative purposes, it needs to be men-
tioned that more than 100 candidate molecules have been
investigated in AKI subjects over the past 20 years (1). Only
few parameters (e.g., NGAL, KIM-1 (2,3)) or combinations
of two proteins such as the product of urinary insulin-like
growth factor-binding protein (IGFBP-7) and tissue inhibi-
tor of metalloproteinase (TIMP-2) (4,5) have been proven
as reliable tools for diagnostic/prognostic purposes under
certain AKl-associated conditions. However, no parameter
can truly replace serum creatinine for measuring excretory
kidney function in daily clinical practice, despite creatinine
far from being an “optimal” biomarker. In 2019, our group
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published a study on cytokine profiling in patients with ANCA-
associated vasculitis (AAV) (6). Serum from healthy subjects
and from patients with AAV or other autoimmune-mediated
diseases was analyzed for concentrations of certain pro- and
anti-inflammatory mediators. It became apparent that serum
IL-33 was significantly higher in AAV subjects than in controls.
Also, AAV patients with necrotizing glomerulonephritis (NGN)
differed from AAV subjects without NGN. These findings led
to the hypothesis of IL-33 as a potential biomarker in acute
renal diseases, namely in AKI. The respective study has been
initiated and is ongoing. The current article will summarize
the most important references on IL-33 as a diagnostic tool
and risk predictor in genetic and acquired diseases.

Interleukin-33—origin and physiology

Interleukin-33 (IL-33) belongs to the IL-1 family of cytoki-
nes (7). Common feature of the latter is a beta-trefoil struc-
ture, which has been identified in proteins such as IL-1alpha
and -beta, IL-1Ra, and IL-18. IL-33 was initially found within
endothelial cell nuclei of so-called human high endothelial
venules (HEV). Baekkevold et al (8) described the protein
as NF (nuclear factor)-HEV. Later, Pichery and colleagues (9)
detected IL-33 within the nuclei of murine cells in various
tissues, such as epithelial cells, lymphoid organs, brain,
and embryonic tissue. Herein, the cytokine was expres-
sed in a constitutive manner. In contrast, blood vessels did
not show constitutive IL-33 expression. Within nuclei, IL-33
binds to chromatin (10); in the extracellular space however,
it interacts with ST2. The latter exists as membrane-bound
and soluble isoform (sST2), respectively (11). Interleukin-33
mediates so-called alarmin function. Alarmins, which are
represented by extracellularly secreted proteins of various
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origin and phenotype, indicate cell/tissue damage. Subse-
qguently, immune cells are activated. In this context, IL-33 has
been shown to modulate the activity of mast cells, group 2
innate lymphoid cells (ILC2s), T helper 2 cells, eosinophils,
basophils, dendritic cells, macrophages, and others (12).
Essential roles of the cytokine have been implicated in car-
dioprotection (11), in both innate and adaptive immune
responses in mucosal organs (13) and in the maintenance of
adipose tissue cells (via immune cell modulation) (14).

Quantification of serum IL-33

The data on IL-33 quantification by either ELISA (enzyme-
linked immunosorbent assay) or multiplex technologies are
heterogeneous. By far not all groups initially succeeded in
measuring serum levels of the cytokine. Firstly, Krychtiuk
and colleagues (15), who identified low serum IL-33 to be
predictive in intensive care-treated patients, did not detect
the protein in 57 out of 223 subjects. In 2016, Ketelaar et
al (16) reported the results of serum IL-33 quantification
by using four different ELISA kits (Quantikine and DuoSet,
R&D systems, respectively; ADI-900-201, Enzo Life Sciences;
SKR038, GenWay Biotech Inc, San Diego, USA). Serum sam-
ples were drawn from asthma patients. The authors included
different numbers of samples per individual kit: Quantikine—
n = 45; DuoSet—n = 17; ADI-900-201—n = 17; SKR038—n =
22). Surprisingly, the percentages of samples above the lower
detection limit (LLD) were 0 (zero) in two kits (ADI-900-201
and SKR038). The Quantikine kit showed only 2% of all sam-
ples above the LLD, the DuoSet kit was successful in at least
76%. Comparable findings were reported by Asaka et al (17),
who also employed the Quantikine kit. Difficulties in IL-33
quantification were also reported by Riviére and colleagues
(18). In this context, it needs to be noted that erythrocytes
contain IL-33 in relevant concentrations. Thus, hemolysis
may increase serum IL-33 concentrations and potentially
adulterate the findings in biomarker-related studies (19).

Aberrant IL-33 in diseases: elevation

Genetic disorders

Behairy and colleagues (20) evaluated 60 infants with
cholestasis, assigned to one of two subgroups with ver-
sus without biliary atresia (BA and non-BA group). Subjects
belonging to the first group showed significantly higher serum
IL-33. Also, IL-33 was higher in both groups as compared to
healthy controls. Finally, IL-33 correlated with aspartate and
alanine aminotransferase (ALT), and with serum bilirubin in
a positive manner, respectively. Since cytokine levels addi-
tionally correlated with the fibrosis stage, the authors con-
cluded a potential (pathogenic) role of IL-33 in BA disease
progression.

Cardiovascular diseases
A study in subjects with chronic kidney disease (CKD)

was published in 2017 (21). Two-hundred and thirty-eight
CKD patients were followed up for 24 months. Both serum
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IL-33 and ST2, the circulating isoform of the IL-33 receptor,
were quantified and associated with cardiovascular events
and parameters of endothelial dysfunction (flow-mediated
vasodilation, FMD). The two analytes increased with decre-
asing estimated glomerular filtration rate and elevated levels
were associated with impaired FMD and cardiovascular risk.
Nevertheless, Bao et al (22) failed to show increased IL-33 in
CKD subjects. In experimental studies TGF-B KO (knock out)
enhanced IL-33, and while its inflammatory regulation varies
with the disease, in the heart it protects against pathological
remodeling after infarction, myocyte hypoxia, pressure over-
load, and increased Ca? release from the SR (sarcoplasmic
reticulum) which is tunneled to mitochondria via mitochon-
drial RyR, leading to stimulation of mitochondrial adenosine
triphosphate production (23).

Autoimmune-mediated diseases

In 2010, Mu et al published data on rheumatoid arthritis
(RA) (24). Three groups were evaluated: healthy controls, RA
subjects, and patients with osteoarthritis. The cytokine was
not detectable in controls and osteoarthritis but in almost
100 RA subjects (42.2%). Cytokine concentrations correlated
with the RF and anti-CCP titers, respectively, and anti-TNF-
alpha therapy reduced IL-33 serum levels. IL-33 elevation in
RA was also shown by Hong and colleagues (25). Borsky et al
(26) performed a study in psoriasis vulgaris subjects, inten-
ded to quantify serum levels of alarmins. The latter act as
danger signals. The following factors were analyzed: HMGB1,
IL-33, S100A7, and S100A12. In total, 63 psoriasis patients
and 95 controls were included. All four proteins were ele-
vated in a significant manner. Correlations between serum
concentrations and disease activity were however not iden-
tified. Our group studied subjects with AAV and with other
autoimmune-mediated diseases (6). Serum concentrations
of the following parameters were measured: IL-18, IL-6, IL-17
A, IL-17 F, IL-21, IL-22, IL-23, TNF-a, sCD40L, IL-4, IL-10, IL-25,
IL-31, IL-33, and INF-y. A total number of 62 AAV subjects
were included in the study (39 females; 23 males). Forty-five
subjects were PR3+, 17 subjects showed ANCA specificity for
MPO (myeloperoxidase). Serum IL-33 was elevated in AAV
and SSc (systemic sclerosis). In AAV, higher levels were found
in non-NGN. Minaga et al (27) investigated a rarer type of
disease, type 1 autoimmune pancreatitis (type 1 AIP), belon-
ging to the heterogeneous group of IgG4-related disease
(IgG4-RD). The study revealed higher levels of interferon-
alpha and of IL-33 in type 1 AIP subjects in comparison to
individuals with chronic pancreatitis of other origin and to
healthy controls. Bakr et al (28) analyzed serum IL-33 in
patients with pemphigus vulgaris. Affected subjects showed
higher cytokine levels than healthy controls. Also, serum
levels significantly correlated with the activity of the disease
(measured by the Pemphigus Disease Area Index, PDAI).

Neoplasia
A study in patients with newly diagnosed prostate can-

cer was published in 2019 (29). One-hundred and fifty indivi-
duals were included. Serum IL-33 was higher than in controls,
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particularly in subjects with higher disease stages. Neverthe-
less, cytokine concentrations did not differ between certain
predefined genotypes. As a matter of fact, elevated IL-33 has
also been documented in other malignant diseases such as
gastric cancer (30), endometrial cancer (31), non-small cell
lung cancer (32), and breast cancer (33).

Sepsis

Sepsis may be regarded as an archetype of a widespread
inflammatory disease. In 2016, Cekmez and colleagues (34)
reported data from 128 septic children (20 of these were
controls). Finally, 68 individuals were excluded since blood
cultures were negative. Serum IL-33 differed significantly
between the two groups of controls vs sepsis (1.1 + 0.28 ng/
mL vs 5.23 + 1.80 ng/mL; p = 0.01). Two years later, another
study performed in septic children (neonates) (35) showed
comparable findings with a rapid IL-33 increase at the first
day after diagnosis, followed by a decrease over time (days
3and 7).

Others

Although immune-mediated mechanisms are substan-
tially involved in the pathogenesis of asthma bronchiale,
the disorder has been placed in this section. Bahrami and
colleagues (36) included 61 affected children and 63 healthy
controls in their analyses and found serum IL-33 to be
significantly elevated. Blood cytokine levels increased with
increasing disease severity. The predictive value of serum
IL-33 in polytraumatized subjects was analyzed by Halat and
colleagues (37). The specific aim was to evaluate whether
IL-33 is suitable for the prediction of pulmonary complica-
tions. The study included 130 patients, serum samples were
obtained at the time of hospital admission and 2 days later.
Subjects that developed both parenchymal lung injury and
subsequent Acute Respiratory Distress Syndrome (ARDS)
showed particularly high serum IL-33 at the time of admis-
sion. It was hypothesized that the cytokine is involved in
promoting sustained lung injury in traumatized patients.
Sundnes et al (38) also published a trial in traumatized
individuals (n = 136). Plasma samples were collected at the
time of hospital admission and several hours later (2, 4, 6,
and 8 hours). The analyses showed a rapid and transient
IL-33 increase in a subset of patients. The latter presented
with more intense tissue injuries and a higher degree of
coagulopathy. Another study related to serum patterns of
alarmins (Danger-Associated Molecular Patterns—DAMPs)
focused on schizophrenia. The following molecules were
quantified: IL-33, sST2, HMGB1, and S100B (39). The study
included 68 patients suffering from chronic schizophre-
nia and 29 healthy controls. All four analytes were higher
in the disease group. It was concluded that alarmins may
be involved in latent neuroinflammation underlying/per-
petuating schizophrenia. Yuan and colleagues focused on
chronic hepatitis B (CHB) (40). A total number of 130 CHB
patients were included, 48 cases were defined as stable, 50
patients showed progression to acute-on-chronic liver fai-
lure (ACLF), 30 individuals also progressed but with overall
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milder dynamics (pre-ACLF). The highest IL-33 levels were
detected in ACLF patients, associations were found with
serum ALT, aspartate transaminase, and the Model End-
Stage Liver Disease (MELD) score, respectively. The combi-
nation of serum IL-33 and the MELD score was predictive
with regard to the 90-days mortality. Thus, IL-33 was propo-
sed as prognostic marker in CHB-associated liver disease. In
2021, Venkataraman et al (41) published multiplex immune
assay data from children with “Paediatric inflammatory
multisystem syndrome temporally associated with SARS-
CoV-2 infection (PIMS-TS).” Numerous cytokines were ele-
vated, including IL-33. Duan and colleagues analyzed gout
patients and found increased IL-33 in respective subjects
with even higher levels in those individuals without impai-
red kidney function (42). Also, IL-33 was negatively correla-
ted with markers of kidney dysfunction.

Aberrant IL-33 in diseases: suppression

Cardiovascular diseases

Experimental data showed neuroprotective effects of
IL-33 (43,44). Therefore, Chen et al (45) evaluated the rela-
tionship between serum IL-33 and the risk for hemorrhage
transformation (HT) of acute ischemic stroke (AIS) in
humans. More than 150 individuals were included, none of
these received thrombolytic therapy. Patients were assigned
to the HT group if any radiographic signs of HT became appa-
rent during the first 2 weeks after AIS diagnosis. Multivariate
regression analysis identified IL-33 as an independent HT
predictor (lower serum IL-33 levels were associated with
higher HT risk). The authors expanded their analyses in the
context of poststroke depression (46) and found a compa-
rable (inverse) association between serum IL-33 and the
risk for depression after AIS. Together, the data confirmed
the concept of IL-33-mediated neuroprotection, even in
humans. In this context, an important study by Li et al (47)
evaluated long-term outcome variables of stroke patients in
relation to initial serum IL-33. Higher cytokine levels were
associated with a better 2-year outcome of affected indivi-
duals. Low serum IL-33 was finally also shown to be predic-
tive in patients with intracerebral hemorrhage (48). A study
in patients with heart failure with reduced ejection fraction
(HF-REF) was published by Segiet et al (49). One hundred
and fifty-five HF-REF individuals (males: 106, females: 49)
were included, the mean left ventricular ejection fraction
was 32.13 +12.8%. Patients displayed lower mean serum
IL-33 as compared to controls. Also, cytokine levels were
lower in HF-REF of ischemic origin as opposed to HF-REF of
other etiology.

Autoimmune-mediated diseases

A rarer autoimmune-mediated disorder (at least in cen-
tral Europe), Behget’s disease was evaluated by Koca et al
(50) who included 117 affected individuals. While patients’
serum IL-33 did not differ from control levels, active disease
states were associated with lower IL-33. Nevertheless, cer-
tain allelic variations did not differ in serum IL-33.
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Others

In contrast to the study by Halat et al (37), who found
IL-33 to be elevated in polytraumatized patients, another
investigation performed in critically ill subjects showed oppo-
site findings. Krychtiuk and colleagues (15) evaluated the
predictive value of both IL-33 and sST2 with regard to the
30 days mortality in 223 intensive care patients. IL-33 was not
detectable at all in 57 subjects. Serum IL-33 concentrations
below the median strongly predicted death in an indepen-
dent manner. Lower-than-normal IL-33 concentrations were
also documented in osteoporosis (51) and in amyotrophic
lateral sclerosis (52). Finally, Hasan et al (53) showed a nega-
tive correlation between IL-33 and the body mass index. They
also found IL-33 to negatively correlate with HbA1C in non-
diabetic individuals.

No aberrant IL-33 in diseases
Cardiovascular diseases

Firouzabadi and colleagues (54) measured serum IL-33
and the soluble isoform of its receptor (sST2) in 44 heart
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failure patients (n = 25 under carvedilol treatment vs n = 19
without beta-blocker therapy) and in 22 healthy controls.
The analyses did not reveal any differences between any of
the three groups, which led to the conclusion that cardio-
protective effects of carvedilol are most likely not mediated
via the IL-33/sSTs axis. Two other studies related to acute
cardiovascular diseases did also not show any differences in
serum IL-33 between controls and patients. Demyanets et al
(55) investigated subjects with stable angina, NSTEMI (non-
ST-segment elevation myocardial infarction), or STEMI in
comparison to healthy controls. Dhillon and colleagues (56)
analyzed NSTEMI subjects.

Table | summarizes studies on serum IL-33 in diseases,
assigned to one out of three groups: elevation/suppression
or constant IL-33.

Conclusions

The data on serum IL-33 in human diseases are hetero-
geneous. On the one hand, methodological difficulties in
measuring serum IL-33 may occur and must always be put
into consideration if low levels or no protein at all is detec-
table. The majority of studies in which IL-33 quantification

TABLE | - Studies in serum IL-33 in inflammatory and noninflammatory disorders

IL-33 elevation IL-33 suppression

Constant IL-33

Biliary atresia (20) HT of AIS (45)
CKD (21)

Rheumatoid arthritis (24)
Rheumatoid arthritis (25)
Psoriasis vulgaris (26) HF-REF (49)
Prostate cancer (29)
Gastric cancer (30)
Endometrial cancer (31) Osteoporosis (51)
Non—small cell lung cancer (32)
Breast cancer (33)

Sepsis in infants (34)

Sepsis in infants (35)

Asthma bronchiale in children (36)
Polytrauma (37)

Trauma (38)

ANCA-associated vasculitis (6)
Pemphigus vulgaris (28)

Type 1 autoimmune pancreatitis (27)
Schizophrenia (39)

Hepatitis B-associated acute-on-chronic
liver failure (40)

PIMS-TS (41)
gout (42)

Poststroke depression (46)
Long-term outcome after stroke (47)

Intracerebral hemorrhage (48)

Behget’s disease (50)
Critically ill subjects (15)

Heart failure (54)

CKD (22)

Stable angina pectoris, NSTEMI, STEMI (55)
NSTEMI (56)

Amyotrophic lateral sclerosis (52)
Increased body weight (53)

References appear according to the order in the text.

AlS = acute ischemic stroke; CKD = chronic kidney disease; HF-REF = heart failure with reduced ejection fraction; HT = hemorrhage transformation; IL = interleukin;
NSTEMI = non-ST-segment elevation myocardial infarction; PIMS-TS = pediatric inflammatory multisystem syndrome temporally associated with SARS-CoV-2 infection.
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succeeded showed higher blood concentrations of the cyto-
kine. However, to identify a pattern that potentially allowed
conclusions on the exact role of serum IL-33 in inflammatory
and noninflammatory diseases is quite difficult. We cited a
total number of 21 studies that reported IL-33 elevation
under pathological circumstances. Thirteen out of these 21
investigations evaluated diseases with distinct inflammatory
pathogenesis (exceptions: CKD, BA, schizophrenia, five mali-
gnancies). Two out of 10 studies reporting lower IL-33 were
nevertheless also performed in inflammatory disease states
(Behget’s disease, critically ill subjects). Thus, it may be con-
cluded that elevation of serum IL-33 should be expected with
higher probability in inflammatory than in noninflammatory
disorders. The references on malignancies with elevated IL-33
were all referring to carcinomas. Activation of the immune
system is known to significantly occur in malignant disorders.
Itis therefore not surprising that diseases such as heart failure
with preserved or reduced ejection fraction, ischemic stroke,
or even most cases of AKI are not associated with increased
serum IL-33. Regarding the heterogeneity of diseases with
either IL-33 elevation or suppression, it is hardly possible to
propose the molecule as specific biomarker at the moment.
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