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A B S T R A C T

Allergic diseases are ubiquitous diseases with detrimental effects on the quality of life of people worldwide.
Common allergic diseases include asthma, allergic rhinitis (AR) and allergic dermatitis (AD). Recently, studies
have shown that interleukin (IL)-37, a novel cytokine in the IL-1 family, exhibits broad protective properties in
various diseases, such as autoimmune diseases and cancer. IL-37 displays its anti-inflammatory effect on diseases
by curbing innate and acquired immunity as well as inflammatory reactions. IL-37 functions by forming a
complex with IL-18Rα and IL-1R8 extracellularly and can be translocated to the nucleus upon forming a complex
with mothers against decapentaplegic homolog 3 (Smad3) intracellularly, thereby affecting gene transcription
and signaling pathway activation. In addition, increasing evidence confirms that IL-37 expression is aberrant in
asthma, AR and AD, which indicates that IL-37 may also play essential roles in allergic diseases. Furthermore,
accumulating data obtained from recombinant IL-37 (rIL-37)-treated mice and from IL-37 transgenic (IL-37tg)
mice suggest a protective role for IL-37. This review will detail the role of IL-37 in the occurrence and devel-
opment of allergic diseases and discuss the potential of IL-37 as a therapeutic target in allergic diseases.

1. Introduction

In the past few decades, the morbidity of allergic diseases has dra-
matically increased worldwide and has become a major public health
issue [1]. Allergic diseases not only cause physical and psychological
damage to patients’ health but also impose a large socioeconomic
burden [2]. Allergic diseases involve several diseases resulting from
immune system hypersensitivity to specific substances in the

environment [3]. Asthma, allergic rhinitis (AR) and allergic dermatitis
(AD) are common allergic disorders in people [4,5]. An increasing
understanding of allergic diseases has helped to recognize the central
role of the interleukin (IL) family in the occurrence and development of
allergic diseases [6,7].

IL-37, a novel member of the IL-1 family, extensively curbs innate
and acquired immunity [8,9]. The broad anti-inflammatory signature of
IL-37 was initially demonstrated by Charles A Dinarello, who found that

https://doi.org/10.1016/j.cytogfr.2019.10.003
Received 20 September 2019; Accepted 10 October 2019

Abbreviations: AR, allergic rhinitis; AD, allergic dermatitis; IL-37, interleukin-37; rIL-37, recombinant interleukin-37; IL-37tg, interleukin-37 transgenic; Smad3,
mothers against decapentaplegic homolog 3; FIL1ξ, family of interleukin-1ξ; IL-1H4, interleukin-1 homologues 4; IL-1RP1, interleukin-1-related protein 1; IL-1H,
interleukin-1 homologues; IL-1F7, interleukin-1 family member 7; LPS, lipopolysaccharide; PBMCs, peripheral blood mononuclear cells; DCs, dendritic cells; TLR,
toll-like receptor; IFN-γ, interferon-γ; TNF-α, tumor necrosis factor α; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; IBD, inflammatory bowel disease;
TGF-β, transforming growth factor beta; IL-18Rα, interleukin-18 receptor α; IL-1R8, interleukin-1 receptor 8; TIR, toll/IL-1 receptor; SIGIRR, single Ig IL-1R-related
molecule; IL-18BP, interleukin-18 Binding Protein; ERK, extracellular signal-regulated kinase; p38MAPK, p38 mitogen-associated protein kinase; JNK, c-Jun N-
terminal kinase; PI3K, phosphatidylinositide 3-kinases; AKT, protein kinase B; mTOR, The mammalian target of rapamycin; NF-κB, nuclear factor kappa-B; TAK1,
transforming growth factor beta-activated kinase; STAT, signal transducers and activators of transcription; PTEN, phosphatase and tensin homolog deleted on
chromosome ten; GM-CSF, granulocyte-macrophage colony stimulating factor; ICAM-1, intercellular cell adhesion molecule-1; BMDMs, bone marrow-derived
macrophages; HDM, house dust mite; AHR, airway hyperreactivity; TH2, T helper 2; OVA, ovalbumin; BALF, bronchoalveolar lavage fluid; ILC, innate immune cells;
ASMC, airway smooth muscle cells; TEC, tracheobronchial epithelial cells; AEC, alveolar epithelial cells; TSLP, thymic stromal lymphopoietin; ECP, Eosinophil
Cationic Protein; Treg, regulatory T cells; ACD, allergic contact dermatitis; CHS, contact hypersensitivity

⁎ Corresponding authors.
E-mail addresses: SongGuo.Zheng@osumc.edu, songguozheng2013@yahoo.com (S.G. Zheng), suwr3@mail.sysu.edu.cn (W. Su).

1 These authors contributed equally to this work.

Cytokine and Growth Factor Reviews 49 (2019) 32–41

Available online 18 October 2019
1359-6101/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/13596101
https://www.elsevier.com/locate/cytogfr
https://doi.org/10.1016/j.cytogfr.2019.10.003
https://doi.org/10.1016/j.cytogfr.2019.10.003
mailto:SongGuo.Zheng@osumc.edu
mailto:songguozheng2013@yahoo.com
mailto:suwr3@mail.sysu.edu.cn
https://doi.org/10.1016/j.cytogfr.2019.10.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cytogfr.2019.10.003&domain=pdf


IL-37 could curb immune responses by keeping the cytokine balance
away from excessive inflammation [10]. Emerging studies have in-
dicated the pivotal role of IL-37 in limiting excessive inflammatory
responses as well as avoiding rampant inflammation, mainly by curbing
innate and acquired immunity [8]. Increasing interest has been capti-
vated by the broad anti-inflammatory property of IL-37 in autoimmune

diseases [11], cancer [12], cardiovascular disease [13] and allergic
diseases [14,15]. In this paper, we review recent advance in the roles of
IL-37 and several related factors in allergic disorders.

2. Interleukin-37

2.1. The discovery of IL-37

IL-37 was initially reported by three different laboratories [16–18].
It was originally called FIL1ξ [19], IL-1H4 [17], IL-1RP1 [16], IL-1H
[18] and IL-1F7 [20], until Charles et al. renamed it IL-37 in 2010 [10].
The human IL-37 gene produces five splice variants including IL-37a-e
(Table1), and IL-37b is a most common and best characterized tran-
script. The human IL-37 gene contains six exons. Exons 4–6 encode the
β-clover secondary structure and mainly contribute to biological ac-
tivity. IL-37a and IL-37d share the same exons 4, 5, and 6 with IL-37b,

Table 1
Human IL37 transcripts and IL-37 isoforms.

Isoform Exon1 Exon2 Exon3 Exon4 Exon5 Exon6 Residues

IL-37a √ √ √ √ 192
IL-37b √ √ √ √ √ 218
IL-37c √ √ √ √ 178
IL-37d √ √ √ √ 197
IL-37e √ √ √ 157

Table 2
The role of IL-37 in human disorders (allergic diseases are described in detail in the article).

Disorder Expression level Source Action of IL-37 References

rheumatoid arthritis increased peripheral blood CD4(+) T cells and total
lymphocytes in RA patients

inhibit TNF-α and IL-6 expression [27]

systemic lupus erythematosus increased plasma inhibit TNF-α, IL-1β and L-6 expression [90,91,92]
peripheral blood mononuclear cells (PBMCs)
and serum in SLE patients

[93]

endometriosis increased serum inhibit NF-κB activation [94]
systemic juvenile idiopathic arthritis increased plasma and PBMCs inhibit IL-6, TNF-αand IL-17 expression [95]
Hashimoto's thyroiditis increased serum inhibit TNF-α/β, IL-1α/β expression [96]
adult-onset Still's disease increased serum inhibit IL-6, IL-1β, TNF-α, and IL-18 expression [97]
primary Sjogren's syndrome increased serum positively correlate with the antibody, IL-18 and IL-

18BP expression
[98]

gout increased PBMCs limit monosodium urate
crystal-induced innate immune responses

[99]

Guillain-Barre Syndrome increased plasma and cerebrospinal fluid unclear [100]
influenza A virus increased serum inhibit the replication of IAV RNA [101]
inflammatory bowel disease increased inflamed mucosa inhibit TNF-α-induced interferon-gamma-inducible

protein (IP)-10 expression
[102]

acute anterior uveitis increased PBMCs inhibit IL-1β, IL-6, IL-10, IL-21, IL-23, TNF-α and
IFN-γ expression

[103]

proliferative diabetic retinopathy increased vitreous fluids stimulate proangiogenic responses in retinal
endothelial cells

[104]

Graves' disease increased PBMCs inhibit IL-6, IL-17 and TNF-α expression [105]
chronic primary angle closure

glaucoma
increased aqueous humor unclear [106]

atherosclerosis increased human atherosclerotic plaques protect against atherosclerosis and strengthen
plaque stability

[89]

tuberculosis increased serum induce macrophages towards an
M2-like phenotype

[107]

HIV-Infected increased PBMCs may be correlated to the size of the total viral HIV-1
reservoir

[108]

ankylosing spondylitis increased PBMCs and serum inhibit TNF-α, IL-6, IL-17, IL-23 expression [109]
multiple sclerosis increased serum correlate with disease severity [110]
autistic spectrum increased serum unclear [111]
sickle cell anemia increased serum inhibit IL-8 expression [112]
sepsis increased serum positively correlate with IL-1β, IL-10, neutrophile

granulocyte and procalcitonin
[113]

psoriasis increased serum positively correlate with disease severity [114]
obesity-induced

inflammation and insulin
resistance

increased adipose tissue protect against obesity-induced
inflammation and insulin resistance

[55]

Behcet's disease decreased PBMCs 1. inhibit the production of ROS by DCs
2. inhibit the activation of ERK1/2, JNK and P38
MAPK in DCs
3. inhibit TH17 and TH1 cell responses
4. inhibit IL-1β, IL-6 and TNF-α expression

[115,116]

no significant
change

serum [117]

gestational diabetes mellitus decreased placenta mononuclear
macrophages

negatively correlate with miR‐657 [47]

adenomyosis decreased ectopic endometria unclear [118]
alcoholic steatohepatitis decreased liver inhibit IL-1α/β, TNF-α/β expression [88]
Vogt-Koyanagi-Harada disease decreased PBMCs inhibit IL-1β, IL-6, and TNF-α

induce IL-27 expression.
[119]
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so both IL-37a and IL-37d may have biological activity. Exons 1 and 2 of
IL-37b can encode a prodomain, which contains a caspase-1 cleavage
site that accounts for the transformation from the IL-37b precursor form
into mature IL-37b [21]. IL-37a does not contain exons 1 and 2 but
includes exon 3, whereas other isoforms do not include, so IL-37a has a
unique N-terminus. IL-37c and IL-37e are likely to be inactive since they
lack the β-clover secondary structure [17]. IL-37b includes five of the
six exons of the IL-37 gene, which leads to biological functions and
attracts much interest.

The human IL-37 gene is located on human chromosome 2q12-13 in
close proximity to the regulatory regions for the IL-1α and IL-1β genes
[22]. IL-1α, IL-1β and IL-37 are transcribed simultaneously in response
to lipopolysaccharide (LPS) stimulation in human monocytes and
macrophages [22]. The particularity of this position may be related to
the immunomodulatory effect of IL-37. Unlike other IL-1 family mem-
bers, the IL-37 gene is not detected in mice or chimpanzees [23].
Therefore, the numerous studies of IL-37 are based on IL-37 transgenic
mice (IL-37tg mice) and recombinant IL-37 (rIL-37) protein treatment
in a murine model [10].

2.2. Intracellular function of IL-37

IL-37 can be detected in many human tissues and cells, such as the
lymph nodes, bone marrow, lungs, and uterus as well as peripheral
blood mononuclear cells (PBMCs), dendritic cells (DCs), monocytes,
and tonsil plasma cells [24]. IL-37 is not constitutively expressed in
healthy human tissues and cells. Exon 5 contains an instability sequence
that regulates the degradation of IL-37 mRNA when the host is in a
normal state. Subsequently, IL-37 mRNA and protein levels will rise
sharply upon LPS stimulation [25]. Moreover, when the host is exposed
to inflammatory stimuli, such as toll-like receptor (TLR) agonists, in-
terferon-γ (IFN-γ), or tumor necrosis factor (TNF-α), IL-37 expression
will be readily induced to prevent improper immune responses [10,26].
Investigations have shown that the IL-37 level is elevated or reduced in
many diseases, including rheumatoid arthritis (RA) [27], systemic lupus
erythematosus (SLE) [28] and inflammatory bowel disease (IBD) [29]
(Table2).

As mentioned, the production of IL-37 requires stimulation with
LPS. IL-37 nuclear translocation is observed after LPS stimulation for at
least 15 h [30]. Subsequently, IL-37 diminishes the expression of TNF-
α, IL-1α, and IL-6 as well as that of the chemokine MIP-2 [31]. Con-
sistently, Bulau et al. found that IL-37 also fails to enter the nucleus and
diminish the cytokine or chemokine expression when its cleavage site is
mutated [32,33]. In this regard, it is reasonable to speculate that cas-
pase-1 and the cleavage site are particularly critical for the nuclear
translocation of IL-37. Additionally, the results indicated the nuclear
function of IL-37 in the inhibitory effect on innate immune responses
[33].

Smad3 is a known mediator of the transforming growth factor beta
(TGF-β) pathway. As early as 2004, Grimsby et al. discovered that IL-37
was an interacting protein of Smad3 [34]. Nold et al. found that IL-37b
exerts its anti-inflammatory effect through Smad3-dependent mechan-
isms in vivo and in vitro [10]. In addition to IL-37b, IL-37d has been
found to be involved in similar phenomena. For example, Mingsheng
et al. demonstrated that IL-37d can bind to Smad3 and interact with p-
Smad3, which contributes to nuclear translocation. Specifically, SIS3, a
Smad3-specific inhibitor, can abrogate the anti-inflammatory effect of
IL-37d. Consistently, interfering with the production of Smad3 with
siRNA can also block the anti-inflammatory function of IL-37d [35].
Hence, we can highlight that the intracellularly inhibitory role of IL-37
relies on Smad3. As Smad3 is also crucial for TGF-β to exert its im-
muoregulatory and anti-inflammatory effect on immune cells [36–38],
it is unclear what is relationship between IL-37 and TGF-β.

2.3. Extracellular function of IL-37

As previously shown, IL-37 can play an anti-inflammatory role in an
intracellular manner. When cells are stimulated by inflammatory sti-
muli, they can produce IL-37. After being processed by caspase-1, IL-37
forms the IL-37-Smad3 complex with Smad3 and then enters the nu-
cleus, acting as a transcription factor that influences the transcription of
proinflammatory genes. However, extracellular IL-37 exerts an anti-
inflammatory effect by binding to interleukin-18 receptor α (IL-18Rα)
and interleukin-1 receptor 8 (IL-1R8).

IL-18, a known proinflammatory cytokine, can bind to IL-18Rα and
IL-18Rβ, and then the complex they formed can induce the production
of IFN-γ and activate macrophages and other immune cells. IL-37 and
IL-18 are structurally similar, both have 2 conserved amino acids [39].
Therefore, IL-37 is likely to be the same as IL-18, which can be com-
bined with IL-18R to volatilize the function of IL-18. A series of ex-
periments proved that IL-37 can bind to IL-18Rα [21,39]. Interestingly,
IL-37 has neither an agonistic nor an antagonistic effect on IL-18 [39].
IL-18 has at least a 50-fold higher affinity for IL-18Rα than does IL-37,
so IL-37 binds to IL-18Rα in a noncompetitive manner [21]. Following
the interaction with IL-18Rα, the complex recruits IL-1R8, previously
known as an orphan receptor, rather than IL-18Rβ. Nold-Petry et al.
observed the complex IL-37-IL-1R8-IL-18Rα on the surface of human
PBMCs [40].

IL-1R8 (TIR8/SIGIRR), a vital member of the IL-1 receptor family,
plays salient roles in T cell polarization and TLR-IL-1R-mediated sig-
naling [41]. The accumulated evidence indicates that IL-1R8 is required
for the immunomodulatory characteristic of IL-37. Knockdown experi-
ments indicated that silencing IL-1R8 damages the anti-inflammatory
effect of IL-37. After the application of an IL-1R8-specific siRNA, IL-1β
and TNF levels decreased by 34% (compared to 80% before applica-
tion) and 49% (compared to 83% before application), respectively [40].
Consequently, in vivo experiments showed that IL-37-mediated reduc-
tions in IL-6 expression were 64% lower in IL-1R8-deficient IL-37tg
mice than in IL-37tg mice [40]. Cavalli et al. observed the protective
effect of IL-37 on systemic inflammation when mice received human
rIL-37. IL-1R8 deficiency dampened the protective effect of IL-37 [42].
In the synovium from RA patients, the level of IL-1R8 is increased
significantly, but there is no a significant difference in the level of IL-37
between RA patients and controls [43]. Similarly, activated CD4+T
cells isolated from patients with AR express higher levels of IL-18R than
those from healthy controls [44].

IL-18Binding Protein (IL-18BP), an antagonist of IL-18, has a high
affinity for IL-18 (400 pM). Thus, IL-18BP prevents IL-18-induced
proinflammatory effects caused by IL-18 binding to other receptors
[45]. Additionally, IL-18BP binds to IL-37 to affect anti-inflammatory
function. Hence, it is possible that with an increased IL-18BP level, the
free IL-37 level will decrease, which would contribute to a less effective
anti-inflammatory function for IL-37. Consistently, a low concentration
of IL-18BP (0.5mg/kg) can notably reduce the clinical disease score of
collagen-induced arthritis. When the concentration of IL-18BP (1 and
3mg/kg) is gradually increased, its protective effect gradually became
less effective [46].

In general, we conclude that IL-37 plays an immunomodulatory role
intracellularly and extracellularly (Fig. 1).

2.4. Signaling pathways

The production, process and biological function of IL-37 are closely
related to various signaling pathways. MicroRNA is likely to selectively
regulate IL‐37 in gestational diabetes mellitus [47]. Experiments with
triptonide indicated the possible involvement of the ERK1/2 and p38
MAPK pathways in IL-37 production [48]. Interestingly, in M1 macro-
phages, the administration of exogenous rIL-37 can suppress p38, ERK,
and JNK phosphorylation [49]. In addition, IL-37 induces autophagy by
curbing PI3K/AKT/mTOR signaling in various hepatocellular
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carcinoma cells [50]. Nold-Petry et al. demonstrated the critical role of
IL-37 not only in the inhibition of the MAPK, NF-κB, TAK1 and Fyn
pathways but also in the pseudostarvational effects on the mTOR
pathway that activates STAT3, Mer and PTEN and induces p62 (dok)
[40].

3. Endogenous IL-37

Although the role of IL-37 in human diseases is less clear, one of the
definite features of IL-37 is its anti-inflammatory property. Specifically,
IL-37 is a natural suppressor of innate immunity, acquired immunity
and inflammation. As early as 2008, Sharma et al. found that the TNF-
α, IL-1α, IL-6 and MIP-2 expression in human IL-37b-transfected RAW
macrophages was significantly lower than that in empty plasmid-
transfected RAW macrophages [31]. Typically, the levels of TNF-α, IL-
1α, IL-1β, IL-6, GM-CSF, IL-23, and soluble ICAM-1 are drastically
suppressed in RAW-IL-37 cells [10]. Consistently, when researchers
silenced or knocked down IL-37 expression, the levels of related
proinflammatory cytokines, such as TNF-α, IL-1α, IL-1β, and IL-6, were
strongly boosted [10,40]. Adding exogenous antibodies specific for IL-
37 to LPS-stimulated monocytes can also increase the expression of
TNF-α, IL-6, and IL-1β. Additionally, after stimulation with LPS, the
expression levels of various proinflammatory factors (IL-1α, IL-1β, IL-6
and TNF-α) in bone marrow-derived macrophages (BMDMs) isolated
from IL-37d-tg mice are lower than those in BMDMs isolated from wild-
type mice [35]. As expected, IL-37d-tg mice show less LPS-induced
expression of IL-6, TNF, IL-1β, IFN-γ, IL-17A and MCP-1 [35].

4. rIL-37

Using rIL-37 to study the function of IL-37 is also a common and
vital method for researchers. Due to the biological characteristics of the
IL-37 subgroup, the IL-37b isoform is the most common and effective
type of IL-37. As an illustration, adding rIL-37b to LPS-stimulated
human blood M1 macrophages reduces the expression of IL-1β, IL-6,
and TNF-α [49]. In THP‐1 macrophages, after stimulation with LPS,
there are increased levels of NF‐κB phosphorylation and nuclear
translocation, and rIL‐37 treatment reduces this intracellular phenom-
enon [47]. Moreover, rIL-37 treatment can inhibit the expression of
CCL11 and the STAT6 signaling pathway. In the house dust mite
(HDM)-induced mouse asthma model, airway hyperreactivity (AHR)
can be alleviated during the challenge phase [51]. Furthermore, in re-
cent research, rIL‐37 could diminish sulfated proteoglycan release and
the expression of MMP in human osteoarthritis cartilage explants [52].
Interestingly, a study showed that rIL-37b forms a dimer at high con-
centrations, which may affect its biological activity [8]. Elan et al.
showed that the monomeric form of IL-37 has better inhibitory effects
on innate immunity compared to the dimeric form [53]. Accordingly, it
is reasonable to speculate that the appropriate application of exogenous
human rIL-37 to treat or alleviate inflammatory diseases is a clinical
possibility.

In addition to its anti-inflammatory biological function, IL-37 may
also be highly relevant to autophagy. After the application of rIL-37 in
SMMC-7721 and Huh-7 cells, Zhao et al. found increased numbers of
autophagosomes, which indicates that IL-37 may be implicated in au-
tophagy. Moreover, IL-37 may also contribute to apoptosis. Further
mechanistic experiments have shown that this effect may be achieved

Fig. 1. Diagram depicting the mechanisms of action of IL-37. Proinflammatory stimuli, such as LPS, increase the production of the precursor form of IL-37. The
precursor is processed into mature IL-37 by caspase-1. Mature IL-37 interacts with Smad3, which contributes to nuclear translocation and gene transcription
regulation. Both the precursor and mature forms of IL-37 are released from cells via nonclassical secretory pathways. IL-37 then binds to IL-18Rα and recruits IL-1R8.
The complex exerts the extracellular function of IL-37.
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by curbing the PI3K/AKT/mTOR pathway [50]. On the other hand, IL-
37tg mice lose lean body mass by reducing food intake and energy
expenditure [54]. An increasing number of studies have shown that IL-
37 is critically involved in energy metabolism, obesity and diabetes
mellitus [55,56]. From these studies, we could conclude that in addition
to its extensive anti-inflammatory effect, IL-37 also plays vital roles in
development, such as by affecting metabolism, autophagy and apop-
tosis, and we will continue to study these roles in depth in the future.

5. The role of IL-37 in asthma

Asthma is a frequent, long-term, inflammatory allergic airway dis-
ease with reversible airway obstruction and bronchospasms implicated
in excessive T helper 2 (TH2) inflammation and infiltration of in-
flammatory cells into the airways of the lungs [57]. People with asthma
often have symptoms of wheezing, coughing, chest tightness and
shortness of breath. Since asthma is a major public health issue in our
daily lives, asthma has been attracting much interest. Ovalbumin (OVA)
or HDM antigen-induced murine asthma models that mimic human
asthma with AHR are extensively studied. According to the increasing
research on asthma, we believe that the interleukin family and its
pathway as well as TH2 cells play essential roles in the occurrence,
development and deterioration of asthma [58].

Compared with that in healthy people, the level of IL-37 in asth-
matic patients is decreased significantly [59–61]. More specifically, a
study found that the IL-37 protein level in PBMCs isolated from healthy
control children is higher than that in PBMCs from children with
asthma [60], which was consistent with previous research results [59].
In another study, researchers observed lower levels of IL-37 mRNA in
induced sputum cells from asthmatic patients than in those from
healthy people, and there were no notable differences between mild
asthma and moderate asthma, although higher IL-37 mRNA expression
was observed in mild asthma [61]. After combining the anti-in-
flammatory characteristics of IL-37 and the hallmarks of asthma, it can
be speculated that the reduction in IL-37 levels is due to the inability to
inhibit the progression of asthma and the imbalance between proin-
flammatory and anti-inflammatory responses [62]. Hence, the research
focus has always been on the roles of IL-37 in the initiation, develop-
ment and maintenance of asthma.

After applying rIL-37 in mice, the number of eosinophils decreased
significantly in the bronchoalveolar lavage fluid (BALF), but the num-
bers of macrophages, lymphocytes and neutrophils did not change
significantly [51,60,63]. However, in contrast with these studies,
Huang et al. found that the numbers of macrophages, lymphocytes,
neutrophils and eosinophils were significantly reduced in the BALF
after rIL-37 administration [64]. This difference may be due to factors
such as different experimental models, different experimental methods
or test errors. Although there are minor differences, these studies all
demonstrated that the administration of rIL-37 can reduce peribron-
chial and perivascular inflammation and AHR [51,63,64]. Eosinophil
infiltration and collagen deposition are important pathophysiological
changes in asthma that are prominently diminished after rIL-37 ad-
ministration [51,63]. Interestingly, the opposite conclusion has also
emerged from the study of mucus secretion. Meng et al. found that
Muc5ac, a representative mucin in mucus cell hyperplasia, exhibited
decreased expression in rIL-37-treated mice [63], while Lv et al. re-
ported that rIL-37 had no effect on Muc5ac [51]. In addition, Zhu et al.
documented a remission in mucus secretion and thickened airway walls
in rIL-37-treated mice [15].

As we mentioned earlier, IL-18Rα and IL-1R8 are two indispensable
components through which IL-37 exerts its anti-inflammatory proper-
ties. Lunding et al. demonstrated that the absence of either IL-18Rα or
IL-1R8 negated the suppression of airflow inflammation and goblet cell
hyperplasia after rIL-37 treatment in mice suffering from asthma [60].
Although there may be a minor discrepancy among the different stu-
dies, we can still conclude that IL-37 has a crucial anti-inflammatory

role in asthma.
In recent years, one has recognized the importance of TH2 cells,

innate immune cells (ILC) and eosinophils in allergic inflammatory
responses [58,65]. Lunding et al. found that rIL-37 administration can
reduce IL-4, IL-5, IL-6, IL-12, and IL-13 levels in the BALF of asthmatic
mice, whereas IL-10 production was unaltered by rIL-37 treatment
[60]. Specifically, IL-4, IL-5 and IL-13 are known as TH2-type cyto-
kines, while IL-6 and IL-12 are associated with ILC. Meng and Zhu et al.
documented results similar to those of Lunding. Consistently, Charrad
et al. identified that the levels of the proinflammatory cytokines TNF-α,
IL-β, IL-6 and IL-17A in sputum cells isolated from asthmatic patients
are remarkably boosted upon LPS stimulation and reduced after rIL-37
treatment [61]. In addition, Meng and Zhu further demonstrated that
CCL5, CCL11, CCL17, CCL22, and IL-17 are highly expressed in ex-
perimental mouse lungs and BALF and can be suppressed by rIL-37.
Additionally, Meng et al. documented that the local administration of
rIL-37 does not affect TH2 systemic sensitization, which indicates a
local anti-inflammatory feature of rIL-37 [63]. Contrary to previous
research results, the results published by Lv et al. showed that rIL-37
treatment does not affect TH2-associated cytokine production and T cell
infiltration in the lungs [51]. This difference may be due to the dif-
ference in the doses of rIL-37 used in the two studies and the pre-
paration method of the mouse asthma models.

As we mentioned before, levels of eosinophils, IL-4, IL-13 and
CCL11 are boosted and play important roles in IL-37 functions and
asthma. Of note, CCL11 is also known as an eosinophil chemotactic
protein and selectively recruits eosinophils. Research has identified that
IL-4 and IL-13 contribute to the secretion of CCL11 via a STAT6-de-
pendent pathway [66–68]. Consistent with decreased eosinophil levels,
markedly reduced CCL11 expression is observed in the lungs of asth-
matic mice treated with rIL-37. The administration of CCL11 to rIL-37-
treated asthmatic mice can strongly restore AHR and eosinophil in-
filtration. Lv et al. revealed that rIL-37 treatment displays an anti-in-
flammatory effect by decreasing CCL11 expression [51]. Moreover,
CCL11 in asthmatic mice is mainly produced by airway smooth muscle
cells (ASMC) and fibroblasts rather than tracheobronchial epithelial
cells (TEC) and alveolar epithelial cells (AEC). Interestingly, rIL-37
administration was unable to suppress CCL11 secretion by ASMC and
fibroblasts. Researchers subsequently discovered that high expression
of IL-18Ra and IL-1R8 is detected in TEC cells, whereas lung fibroblasts,
ASMC and AEC express low levels. Further studies demonstrated that
rIL-37 reduces the CCL11 expression of ASMC and lung fibroblasts by
acting on TEC, and this suppressive effect relies on direct cell contact
[51].

In addition to CCL11, thymic stromal lymphopoietin (TSLP) plays a
vital role in asthma. Berraies et al. found that high TSLP expression in
induced sputum from asthmatic patients can be suppressed by rIL-37
[69]. Meng et al. demonstrated that TSLP is mainly expressed by E-
cadherin-positive bronchial epithelium. In particular, TSLP coadminis-
tration with IL-37 strongly restored AHR and pathological changes,
including eosinophil infiltration, boosted mucus secretion and collagen
deposition. Consistently, TSLP coadministration also restored the ex-
pression of TH2-type cytokines as well as chemokines. Mechanistically,
Meng et al. demonstrated that rIL-37 ameliorates HDM-induced asthma
in mice by acting on TSLP via the NF-κB and ERK1/2 pathways [63].
Additionally, Huang et al. identified that IL-37 exerts its protective
effect via STAT3 pathways [64]. These signaling pathways associated
with IL-37 in asthma are consistent with those identified in previous
studies. Collectively, we have all realized that IL-37 plays important
roles in the occurrence and development of asthma (Fig. 2).

6. The role of IL-37 in AR

AR is a common chronic inflammatory illness of the nasal mucosa
with an incidence rate of 10–40%. AR is more prevalent in children and
Westernized countries [70,71]. People with AR typically experience
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runny or blocked noses, sneezing, redness, itching and watery eyes.
Inherited genetics and specific environmental antigens, such as house
dust and pollen, contribute to the initiation of AR [72]. Furthermore,
AR is also often closely associated with the initiation, development and
deterioration of AA. Emerging evidence indicates that TH1, TH2, and
TH17 cells as well as related cytokines play essential roles in the pa-
thological process of AR [73–75].

Studies have found that IL-37 expression is reduced in AR patients
[76,77]. Specifically, Liu et al. identified that both the mRNA and
protein levels of IL-37 are downregulated in the serum and nasal lavage
of patients with AR. Shen et al. found similar downregulation in PBMCs.
In addition, Liu et al. also identified that the production of the TH2-type
cytokines IL-4, IL-5 and IL-13 is upregulated in the serum and nasal
lavage of AR patients and negatively correlates with the serum IL-37
level. Furthermore, these cytokines could be suppressed by rIL-37 [76].
Additionally, Wang et al. validated the inhibitory effect of rIL-37 on IL-
4, IL-5 and IL-13 in a mouse model [14]. Consistently, serum Eosinophil
Cationic Protein (ECP) and specific IgE levels are boosted and can be
inhibited by rIL-37, and these effects have also been verified in AR mice
[14,76]. Similar to TH2 cytokines, IL-17 has significantly augmented
expression in both AR patients and murine models compared with the
appropriate control, and rIL-37 inhibits the proliferation and differ-
entiation of TH17 cells [14,44,77,78]. There are data indicating that
ROR-γt, a transcription factor that can induce IL-17 expression, is
highly expressed in the nasal mucosa of AR mice and that the expres-
sion of IL-27, a key cytokine suppressor of IL-17, is dampened in AR
patients but can be restored by rIL-37 treatment [77–80]. Apart from
the focus on TH2 and TH17 cells, TH1 and regulatory T (Treg) cells also
attract much attention [81]. Contrary to the inhibitory effect of IL-37 on
TH2 and TH17 cells, IL-37 exhibits a limited and minimal effect on TH1
and Treg cells [14,76,78]. Consistently, studies have shown that after
rIL-37 administration, the expression levels of T-bet, IL-10 and Foxp3
do not change significantly, suggesting that IL-37 is ineffective against
TH1 and Treg cells [14,44,76,78]. The expression of IL-10 in AR

remains to be explored. While some researchers have documented de-
creased IL-10 production in AR, others have reported that the IL-10
level remains unchanged [14,76–78].

Referring to the therapeutic effect of rIL-37, sneezing and nasal
rubbing symptoms in an HDM/OVA-induced AR murine model are re-
lieved after rIL-37 administration [14,78]. When applying Mometasone
Furoate to children with AR, Liu et al. detected elevated production of
IL-37 in the nasal lavage and a negative correlation between the level of
IL-37 and symptom scores [76]. Mechanistically, a study by Liu et al.
noted that IL-37 attenuates TH2-type immune responses in AR via the
MAPK and PI3K signaling pathways [76]. Wang et al. identified that IL-
37 inhibits TH2- and TH17-related factors by suppressing the activation
of STAT3/STAT6 signaling [14]. All of these results demonstrate the
important role of IL-37 in AR (Fig. 3).

7. The role of IL-37 in AD

AD comprises both allergic contact dermatitis (ACD) and atopic
dermatitis types. AD morbidity is dramatically rising in the world and
has become a major public health threat [82]. Innate and acquired
immunity play important roles in ACD. TH cells and related cytokines
are closely related to the initiation and development of ACD [83].
Atopic dermatitis is a kind of inflammation of the skin characterized by
skin irritation, itching, rash and cracked skin. Atopic dermatitis often
starts in childhood, resulting from immune abnormalities, impaired
skin barriers and allergen permeation. TH2 immune responses play an
essential role in the pathogenesis of atopic dermatitis [84].

Contact hypersensitivity (CHS) is a vital characteristic of AD. Luo
et al. documented that compared with wild-type mice, IL-37tg mice
show fewer allergic symptoms, such as ear swelling, after hapten ap-
plication. Luo et al. further found that high IL-37 expression in DCs
during sensitization may contribute to helping hosts reduce CHS se-
verity. Subsequently, researchers realized that the expression of IL-37 in
DCs influences DC maturation, which is responsible for the suppressed

Fig. 2. The role of IL-37 in asthma. IL-37 can
act on fibroblasts, bronchial epithelial cells
(BEC) and airway smooth muscle cells (ASMC)
and affect the expression of related cytokines
and chemokines, such as TH2-related cytokines
(IL-4, IL-5, etc.), a crucial allergy-related factor
(TSLP), and an eosinophil chemotactic protein
(CCL11). IL-37 promotes TH1 responses and
inhibits TH2 and TH17 responses, which con-
tribute to eosinophilic infiltration. On the other
hand, IL-37 can inhibit epithelial-mesenchymal
transition (EMT), which is involved in airway
wall thickening and subepithelial fibrosis. IL-37
alleviates airway inflammation, remodeling
and hyperresponsiveness in the above-
mentioned ways.
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CHS. Furthermore, IL-37 damaged the ability of DCs to activate innate
and acquired immunity and induced Treg cell development during the
sensitization stage [85].

On the other hand, Fujita et al. found that the serum IL-37 level is
notably boosted in atopic dermatitis patients. Consistent with the serum
level, the skin IL-37 level was also elevated. Interestingly, IL-37 protein
could not be detected in keratinocytes, dermal fibroblasts or PBMCs,
but IL-37 mRNA could be identified in these cells [86]. In addition, Da
Rosa et al. found that atopic dermatitis skin displays higher production
of IL-37 than non-atopic dermatitis skin. Additionally, IL-10 and FoxP3
level were highly boosted in atopic dermatitis skin95. Ghosh et al.
identified that IL-37 is the top augmented gene in nonlesional atopic
dermatitis by multiple transcriptome data analysis. However, the re-
searchers interestingly found higher expression of the IL-4 and IL-13
receptor genes in the database, whereas IL-4 and IL-13 gene expression
did not change significantly [87].

All of the above studies have shown that IL-37 is closely related to
AD. IL-37 is likely to be involved in AD by regulating TH2 cytokines,
chemokines, and DC maturation and function. However, in general,
compared to that in other diseases, the research on the role and func-
tion of IL-37 in AD is not abundant, and in the future, we need to focus
more on AD, which is decidedly worth exploring.

8. Discussion

The noticeable anti-inflammatory and immunoregulatory

characteristics identified from numerous studies reveal that the novel
cytokine of the IL-1 family is able to curb rampant inflammation and
protect hosts from various inflammatory disorders. IL-37 inhibits the
maturation of some related inflammatory cells, the expression of cy-
tokines and the activation of a series of signaling pathways through
both intracellular and extracellular processes. Extracellularly, IL-37
exerts an inhibitory effect through binding to IL-18Rα and then re-
cruiting IL-1R8. Intracellularly, after processing by caspase-1, IL-37
forms the IL-37-Smad3 complex with Smad3 and then enters the nu-
cleus, acting as a transcription factor to influence transcription, cell
maturation and cytokine production.

In recent years, our understanding of the role and function of IL-37
in various diseases, such as autoimmune diseases, cancer, and athero-
sclerosis, has greatly increased. Notably, considerable data has gradu-
ally highlighted the ability of IL-37 to protect against allergic diseases.
However, our current knowledge of IL-37 in allergic diseases is far from
complete, and the specific role and mechanism of IL-37 in allergic
diseases are still unclear. For instance, studies on IL-37 and AD are still
insufficient. Far more research could focus on the exact effects of IL-37
on TH1, TH2, TH17 and Treg cells in AD and dissect the signaling
pathways that are involved in the function of IL-37 during pathological
changes. Defining the exact functions and pathways through which IL-
37 impacts allergic inflammatory processes may be beneficial to finding
credible ways to strongly ameliorate allergic disorders. As we men-
tioned, IL-37tg mice exhibit fewer clinical symptoms and pathological
changes when used to model allergic diseases than control mice.
Additionally, rIL-37 treatment exerts a considerable protective effect on
murine models of allergic disease. Likewise, rIL-37-treated mice and IL-
37tg mice display similar conditions in various disorders, including
alcoholic liver disease [88], colitis [26], atherosclerosis [89], asthma
[15]. These previous studies raise the possibility of using IL-37 as a
novel therapeutic target in allergic diseases. Overall, we emphasized
the significant potential for clinical treatment and the role and function
of IL-37 in asthma, AR and AD. In the future, additional careful in-
vestigations are urgently needed to demonstrate the promising ther-
apeutic potential of IL-37.
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