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The interleukin- (IL-) 17 superfamily, a T cell-derived cytokine, consists of 6 ligands (IL-17A–IL-17F) and 5 receptors (IL-17RA–IL-
17RE). IL-17A, a prototype member of this family, is involved in the pathogenesis of allergies, autoimmune diseases, allograft
transplantations, and malignancies. By contrast, IL-17B is reported to be closely related to certain diseases, particularly tumors such
as breast cancer, gastric cancer, and pancreatic cancer. Recently, the biological function of IL-17E (also called IL-25) in disease,
particularly airway diseases, has attracted the attention of researchers. However, studies on IL-25 are scant. In this review, we detail
the structural characteristics, expression patterns, responder cells, biological properties, and role of IL-25 in disease pathogenesis.

1. Introduction

Cytokines are a class of small molecular proteins with broad
biological activity. They are synthesized and secreted by
immune cells (monocytes, macrophages, T cells, B cells,
and natural killer (NK) cells) and nonimmune cells (endo-
thelial cells, epidermal cells, and fibroblasts). Cytokines can
regulate innate and adaptive immunities, blood-cell produc-
tion, cell growth, adult pluripotent stem cells (APSC), plurip-
otent cells, and damaged tissue repair. The interleukin- (IL-)
17 family is a recently discovered group of cytokines that
share homology in amino acid sequences and have highly
conservedcysteine residues [1].The IL-17 family and its recep-
tors, which share minimal homology with other cytokines or
known proteins, have been recognized as a distinct cytokine-
receptor family and are crucial for normal host immune
responses; this family is associated with many human patho-
geneses, including those of inflammation and cancer [2–4].

2. Structural Characteristics of IL-25

IL-25, also named IL-17E, was first reported by Lee et al. [5]
as a new member of the IL-17 family. Shortly after, Fort et al.

reported that IL-25 is a cytokine produced by type 2 helper T
(Th2) cells with structural similarity with IL-17 [6]. IL-25
was discovered after a BLAST search of the NCBI expression
sequence tag (EST) database. A sequence of EST with a sig-
nificant homology to IL-17 was discovered, and the IL-25
gene was finally cloned through reverse genetics. The IL-25
gene is located on chromosome 14 (14q11.2); it is 3987 base
pairs (bp) in length and contains a 483 bp open reading
frame, encoding a 161-amino acid hydrophobic signal pep-
tide. The final products include a hydrophobic signal peptide
consisting of 16 amino acids and a mature protein composed
of 145 amino acids [7]. The IL-25 gene has two types of alter-
native splicing mRNA products that encode two subtypes
(subtypes 1 and 2). The mRNA of both subtypes contains
two exons; subtype 2 is less of an internal fragment than sub-
type 1 for a shorter N end. The mRNA of subtype 1 encodes a
protein composed of 177 amino acids, and the mRNA of sub-
type 2 encodes a protein with 161 amino acids. Both subtypes
have the same carboxy-terminal end composed of 159 amino
acids. So far, no studies have reported differences in the phys-
iological function of the two subtypes [8]. The murine IL-25
gene is located on chromosome 7, measures 985 bp in length,
and encodes a protein composed of 169 amino acids. The
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human and mouse IL-25 genes share 80% homology. The
IL-25 proteins of the human and mouse have a potential
N-glycosylation site and a conserved cysteine sequence,
which is composed of 10 cysteine residues in humans and
11 cysteine residues in mice [6].

3. Expression Patterns of IL-25

Fort et al. reported that IL-25 is a cytokine produced by Th2
cells, which are one of the earliest recognized sources of IL-25
[6]. Subsequently, the bone marrow-derived mast cells [9],
alveolar epithelial cells [10], and alveolar macrophages were
identified as other sources of IL-25 [11]. Later, the IL-25
expression was identified in the central nervous system [12]
and the bronchial submucosa in asthmatic patients [13].
Sonobe et al. proved that IL-25 can be produced by brain cap-
illary endothelial cells (BCECs) [14]. Gregory et al. reported
the expression of IL-25 in varying degrees in allergic diseases
[15]. A recent study has shown that mesenchymal stem cells
derived from the placenta and bone marrow also secrete IL-
25 [16]. A series of experimental studies have found that
IL-25 is widely distributed and can be expressed in various
cells, tissues, and systems.

4. IL-25 Responder Cells

The effects of IL-25 are mediated by the IL-25 receptors that
are composed of two subunits, IL-17RA and IL-17RB [5].
Terashima et al. reported that NKT cells are target cells of
IL-25 [17]. Stock et al. further proved that IL-17RB is highly
expressed on a subset of inactive and activated CD4(+)
invariant NKT (iNKT) cells [18]. Subsequently, type 2 mye-
loid cells, Th9 cells, basophils, eosinophils, mast cells, and
endothelial cells [19] were identified as target cells of IL-25
in the course of allergic inflammation [20–22]. Recently,
Yang et al. reported that macrophages carry IL-17RB [23],
and Hongjia et al. proved that dendritic cells carry IL-17RB
as well [24].

5. Biological Activities of IL-25

IL-25 can induce and enhance Th2-type immune responses
and plays an important role in some allergic diseases. How-
ever, how IL-25 regulates the Th2 immune response is not
fully understood. Some studies have suggested that IL-25
enhances the expression of Th2-type cytokines and induces
Th2-type immune responses mainly through two mecha-
nisms: (i) high doses of IL-25 can induce inherent lymphoid
type 2 cells (ILC2s) to produce IL-4, IL-5, IL-13, and other
cytokines and (ii) low doses of IL-25 can induce Th cells to
differentiate into Th2 cells with the participation of cluster
of differentiation 4 (CD4+) T cells and increase the expres-
sion of Th2-type cytokines [25, 26].

In addition to promoting Th2-type immune responses,
IL-25 can also inhibit the immune responses mediated by
Th1/Th17. Kleinschek et al. found that IL-25 in knockout
mice were highly susceptible to autoimmune encephalomyeli-
tis and rapid deterioration [12]. Through a study of patients
with inflammatory bowel disease, Caruso et al. found that

IL-25 can inhibit IL-12 production, reduce inflammation
mediated by Th1, and inhibit Th17 immune responses by
inducing IL-23 production [27].

6. Role of IL-25 in Asthma

Bronchial asthma is a chronic inflammatory disease of the
airways, which is caused by various cells (e.g., eosinophils,
mast cells, T lymphocytes, neutrophils, smooth muscle cells,
and airway epithelial cells) and cellular components. The
pathogenesis of asthma is related to Th2 cells, ILC2s, Th2
cytokines secreted by Th2 cells and ILC2s, and epithelial cell
factors [28]; however, the pathogenesis of asthma has not yet
been fully clarified. IL-25 is associated with bronchospasm
after aspirin challenge, possibly via mechanisms other than
altered LTC4 and PGD2 production [29]. Blockade of the
IL-25 receptor (IL-25R) reduced many rhinovirus-induced
exacerbation-specific responses, including type 2 cytokine
expression, mucus production, and recruitment of eosino-
phils, neutrophils, basophils, and T and non-T type 2 cells
[30, 31]. The release of IL-25 has been found to increase
when the airway epithelium has been damaged, and this plays
an important role in allergic diseases represented by bron-
chial asthma [2, 32, 33]. Similarly, Wang et al. found that
IL-25 promoted the accumulation of inducible costimulator
(ICOS) and T1/ST2 on nuocytes, further inducing the proin-
flammatory Th2 cells, and promoted Th2 cytokine responses
in ovalbumin-induced airway inflammation [34]. Eosino-
phils are considered a typical marker of bronchial asthma air-
way inflammation [35]. IL-25 through immune reactivity
localize with eosinophils [19]. Wong et al. suggested that
IL-25 can activate eosinophils in allergic inflammation, while
levels of IL-4, IL-5, eosinophil chemokines, and IgE increased
[36]. The IL-25/IL-25R axis plays a crucial role in promoting
the recruitment and proinflammatory function of eosino-
phils in allergic asthma [37]. It also plays an important role
in the recruitment of eosinophils, airway mucus oversecre-
tion, and airway remodeling in the airway of mice [2, 6, 38,
39]. Corrigan et al. found that IL-25 contributes to angiogen-
esis, at least partly by increasing endothelial cell VEGF/VEGF
receptor expression through PI3K/Akt and Erk/MAPK path-
ways [40]. IL-25 can also mediate bronchial smooth muscle
hyperplasia and collagen deposition around the airway [15],
which further supports the idea that IL-25 promotes airway
remodeling. IL-25 and its receptor IL-17RB are considered
as targets for innate and adaptive immune responses in
chronic allergic airway disease [41]. Specific immunotherapy
reduced asthmatic Th2 cytokine levels and the production of
IL-25 and alleviated oxidative stress and cell apoptosis in the
lung tissue of an asthma mouse model [42]. Lipopolysaccha-
ride and ovalbumin (OVA) induced the production of IL-25
in bronchial epithelial cells in vitro via the activation of
MAPK p38 and JNK [34]. Zhang et al. reported that the
coblockade of IL-13 and IL-25 with sIL-13R and sIL-25R
was more effective than either agent alone at decreasing
inflammatory cell infiltration, airway hyperresponsiveness,
and airway remodeling, including mucus production, extra-
cellular collagen deposition, smooth muscle cell hyperplasia,
and angiogenesis in mice exposed to OVA [43]. Bronchial
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mucosal vascular remodeling refers to structural changes
such as loss of epithelial integrity. Chronic exposure of the air-
ways to IL-25 alone is sufficient to cause functionally relevant
airway remodeling, with the corollary that targeting of IL-25
may attenuate bronchial remodeling and fibrosis in human
asthmatics [44]. To target IL-17Rb+CD4+NKT cells for the
treatment of allergic asthma, IL-25 is considered to be a novel
therapeutic approach [17]. In conclusion, IL-25 plays a key
role in the pathogenesis of bronchial asthma, and the regula-
tion of IL-25 production is expected to become a new direc-
tion for the treatment of bronchial asthma (Figure 1).

7. Role of IL-25 in Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic, systemic autoimmune
disease characterized by erosive and symmetrical arthritis.
The basic pathological changes of RA include synovitis, pan-
nus formation, and gradual joint cartilage and bone destruc-
tion, which may eventually lead to joint malformation and
loss of function. The exact pathogenesis of RA is unknown,
but it is classified as an immune-mediated inflammatory dis-
order. Studies have shown that RA inflammation is domi-
nated by Th1 cell immunity and that there is an imbalance
of Th1 cell polarization. The inflammatory damage caused
by this immune imbalance is closely related to Th17 cells
and IL-17 family members [45]. Some researchers have found
that the expression of IL-25 in articular cartilage inhibits the
synthesis of articular cartilage matrix, stimulates the release
of nitric oxide (NO), and stimulates the production of IL-6,
which is related to the occurrence of arthritis. Recent studies
[10, 27, 46] suggest that IL-25 has dual immune-regulatory
effects: it can upregulate Th2-mediated immune responses
and also downregulate Th1 and Th17 cell-mediated immune

responses. Moreover, collagen-induced arthritis (CIA) in a
mouse model showed high expression of IL-25 and IL-17 in
the early stage of diseases [47]. In a recent study, Liu et al.
found that IL-25 can alleviate CIA development in mice
through suppression of Th17-type immune responses in an
IL-13-dependent manner [48]. In conclusion, IL-25 may be
involved in the immune and inflammatory responses of RA
and has considerable value in the treatment of RA (Figure 2).

8. Role of IL-25 in Allergic Rhinitis

Allergic rhinitis (AR) is considered a nasal inflammation
mediatedbyTh2-type cytokines, characterizedby theaggrega-
tion of nasal mucosal eosinophils and mast cell and increased
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Figure 1: The potential mechanism of IL-25 in asthma. LPS and OVA induce the production of IL-25 in bronchial epithelial cells via
activating MAPK p38 and JNK. Damage of airway epithelium induces the production of IL-25 in bronchial epithelial cells as well. IL-25
can enhance the Th2-type immune responses, stimulate ILC2s, promote the accumulation of inducible costimulator (ICOS) and T1/ST2
on nuocytes, or induce naïve T cells differentiated into Th2 cells to produce IL-4, IL-5, IL-13, or other cytokines. IL-25 increases
chemokines and promotes the recruitment of eosinophils and inflammation. IL-25 can also promote airway remodeling by mediating
mucus secretion, extracellular collagen deposition, smooth muscle cell proliferation, and angiogenesis. All of the above can aggravate asthma.
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Figure 2: The mechanism of IL-25 involvement in rheumatoid
arthritis. IL-25 stimulates the production of IL-6 at the early stage
of RA to promote Th17 immune responses. IL-25 also suppresses
Th17 immune responses in an IL-13-dependent manner at the
middle and late stages of RA.
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serum antigen-specific IgE levels [49]. It is a common and
recurrent disease in the ear-nose-throat department that
severely affects the quality of life of the patients. In recent
years, the imbalance of Th1/Th2 cytokines has been dis-
covered to play an important role in the pathogenesis of
AR: Th2 cytokines increase while Th1 cytokines decrease,
breaking the balance between them, which is the basis of
AR. The pathogenesis of AR and bronchial asthma is very
similar; both are Th2-type immune hyperactivity reactions
and diseases essentially caused by Th2-type hyperimmune
reaction. Grossman [50] introduced the concept of “the
same airway, the same disease.” Casale and Dykewicz have
found that AR and bronchial asthma are highly similar in
their etiology, pathogenesis, and treatment, further proving
this concept [51]. Hence, we speculate that the role of IL-
25 in bronchial asthma patients is also applicable in the
ARAs and that eosinophils are associated with allergic dis-
eases, such as AR and bronchial asthma [52]. IL-25 can
promote the expression of Th2 cytokines and accumula-
tion of eosinophils [6, 26], inhibit the apoptosis of eosino-
phils, enhance adhesion between eosinophils and epithelial
cells, release cytokines and chemokines by stimulating
eosinophils, and thus promote allergy [2, 6, 36, 38, 39,
45, 53, 54]. These studies have confirmed that IL-25 is
involved in the pathogenesis of allergic rhinitis and that it
plays a crucial role in the occurrence and development of
the disease. The expression of IL-25 in the nasal mucosa
and the concentration of IL-25 in the serum are positively
correlated with the severity of AR, which can be used to
judge the severity of allergic rhinitis. Therefore, inhibitors
related to IL-25 may be a new target for the treatment
of allergic rhinitis.

9. Role of IL-25 in Inflammatory Bowel Disease

Inflammatory bowel disease (IBD) is an idiopathic intestinal
inflammatory disease involving the ileum, rectum, and/or
colon. The clinical manifestations are diarrhea, abdominal
pain, and even persistent loose stools. The most common
forms of the disease are ulcerative colitis (UC) and Crohn’s
disease (CD). The etiology and pathogenesis of IBD are not
completely clear, and recent studies suggest that IBD is
caused by the interaction of several factors, for example, envi-
ronmental, genetic, and immune factors. Its pathogenesis is
related to the regulation of the intestinal mucosal immune
barrier to the inflammatory response of the intestinal anti-
gen, and Th1/Th17-type reaction mediated by IL-12/23 is
one of the key factors [55]. Commensal-dependent expres-
sion of IL-25 by intestinal epithelial cells limits the expansion
of Th17 cells in the intestine by inhibiting expression of
macrophage-derived IL-23 [46]. Kleinschek et al. found that
IL-25 knockout mice are highly susceptible to autoimmune
encephalomyelitis, which was associated with increased
expression of IL-23; IL-17, interferon γ, tumor necrosis fac-
tor α, and other proinflammatory factors infiltrate the central
nervous system [12]. Caruso et al. used IL-25 to stimulate
CD4+ cells in the intestinal mucosal tissue of CD patients,
which lead to decreased synthesis of IL-23 and IL-12, similar
to the levels in the peripheral blood [27]. Su et al. found that

the level of IL-25 in the intestinal mucosa and serum of
patients with active IBD was significantly lower than that of
the control group and was negatively correlated with the
degree of IBD activity and the level of C-reactive protein
[56]. A recent study by Shi et al. showed that the expression
of IL-25 was negatively correlated with microRNA-31 in rats
with CD and patients with UC. Luciferase test results showed
that miR-31 could bind to the untranslated region of IL-25
mRNA 3′ and directly regulate the expression of IL-25. The
content changes of microRNA-31 in CD rats can affect the
Th1/Th17 pathway mediated by IL-12/23 in the intestinal
mucosa and consequently improve or aggravate colitis [57].
If IL-25 in CD mice was cleared or the content of IL-25 in
the colon was decreased, the treatment effects of miR-31
inhibitors on colitis were significantly decreased. The results
suggest that IL-25 is an important anti-inflammatory factor
in the pathogenesis of IBD and a possible target to inhibit
the Th1/Th17 inflammatory pathways, which are mediated
by IL-12/IL-23. In the future, IL-25 inhibitors may be a new
therapy for the treatment of IBD with potential quality of life
benefits for patients with IBD (Figure 3).

10. Role of IL-25 in Skin Diseases

Urticaria is a localized edema caused by a temporary increase
in vascular permeability of the skin and mucous membrane.
Chronic urticaria (CU) is defined as skin lesions that recur
for more than 6 weeks with attacks occurring at least 2 times
per week. The pathogenesis of this disease is not clear. How-
ever, several studies have demonstrated that the imbalance of
Th1/Th2 and Th2-mediated immune response is dominant
in the pathogenesis of CU [58–60]. As explained earlier, IL-
25 can increase Th2 cytokines via two mechanisms, resulting
in enhanced Th2-type immune response. Therefore, IL-25
may be involved in the pathogenesis of CU.

Psoriasis is a polygenic inflammatory dermatosis that
can be induced by certain environmental factors [61]. It
is typically characterized by scaly erythema or plaque that
can be limited or widely distributed. The exact etiology
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Figure 3: The potential mechanism of IL-25 in IBD. IL-25
stimulates CD4+ T cells to reduce synthesis of IL-12 and inhibit
Th1 immune responses. IL-25 also stimulates CD4+ T cells and
intestinal epithelial cells to decrease IL-23 to inhibit Th17 immune
responses, thus improving inflammatory bowel diseases.
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and pathogenesis of psoriasis are not yet clear, but a series
of studies have shown that Th1/Th2 imbalance and Th17
cells comediate this autoimmune disease [62, 63]. IL-25 is well
known to regulate allergic responses and type 2 immunity.
Caruso et al. found that IL-25 levels in the peripheral blood
of patients with psoriasis vulgaris were significantly reduced
as compared to normal people [27]. Thus, IL-25 may play
a certain inhibitory role in the pathogenesis of psoriasis
vulgaris. Recently, Xu et al. have shown that via IL-17RB
expression in keratinocytes, IL-25 stimulated the prolifera-
tion of keratinocytes and induced the production of inflam-
matory cytokines and chemokines, via activation of the
STAT3 transcription factor [64]. Thus, the IL-17-induced
autoregulatory circuit in keratinocytes is proved to be
mediated by IL-25, and this circuit could be targeted in
the treatment of psoriasis patients (Figure 4).

11. Relationship between IL-25 and
Other Diseases

Bernal et al. found that the expression of IL-25 in the periph-
eral blood of patients with nonalcoholic fatty liver disease
(NAFLD) is significantly decreased and is negatively corre-
lated with body mass index (BMI) [65]. In vitro and in vivo
studies have further confirmed that IL-25 can activate macro-
phages, transform macrophages into M2 type, enhance its
intake of fat, promote fat decomposition, inhibit fat synthe-
sis, and significantly improve NAFLD. Moreover, fulminant
hepatitis (FH) is a liver disease characterized by massive
destruction of hepatocytes and severe impairment of liver
functions [65]. In a FH animal model study, Sarra et al. found
that the IL-25 content in the liver of FH mice was signifi-
cantly reduced and the intervention of IL-25 before drug
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Figure 4: The role of IL-25 in skin diseases. IL-25 can aggravate CU by enhancing the Th2-type immune responses. IL-25 stimulates the
proliferation of keratinocytes via activation of the STAT3 transcription factor, inhibits the production of IL-12 to reduce Th1 immune
responses, increases the production of IL-13, and decreases the production of IL-23 to inhibit the Th17 immune responses. Thus, IL-25
can improve psoriasis.
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induction could prevent the occurrence of FH, suggesting
that IL-25 might have therapeutic effects on FH [66].

Owyang et al. found that IL-25 not only enhanced Th2
immune response but also inhibited the secretion of Th1-
type cytokines to inhibit gastrointestinal inflammation
induced by parasite in a mouse model of whipworm infection
[67]. Fallon et al. found that IL-25 knockout mice had
delayed secretion of Th2 cytokines and could not effectively
expel the nematode, further confirming that IL-25 played
an important role in parasitic infection [68]. Parasitic hel-
minths and allergens induce a type 2 immune response lead-
ing to profound changes in tissue physiology, including
hyperplasia of mucus-secreting goblet cells and smooth mus-
cle cell’s hypercontractility. Tuft cells express IL-25, sustain
ILC2 homeostasis, and regulate type 2 immune responses
in mice [69, 70] (Figure 5).

12. Conclusion

As one of the members of the IL-17 family, IL-25 is distinctly
different from other family members in molecular structure
and biological functions. The current studies show that
IL-25 not only plays an important role in the regulation
of type 2 immune responses and inflammatory, skin, and
autoimmune diseases but also has a certain role in the treat-
ment of tumors. Therefore, IL-25 provides new exploratory
direction and is expected to become a new treatment target
for these diseases. However, further research is needed to
confirm these results.

Conflicts of Interest

The authors declare no competing financial interests.

Authors’ Contributions

Yuwan Liu and Zewei Shao contributed equally to this work.

Acknowledgments

The authors acknowledge the National Natural Science
Foundation of China (81702439, 81802446), the Postdoctoral
Science Foundation of China (2016M600383), and the Special
Funded Projects of China Postdoctoral Science Fund
(2017T100337).

References

[1] M. Kawaguchi, M. Adachi, N. Oda, F. Kokubu, and S. K.
Huang, “IL-17 cytokine family,” The Journal of Allergy and
Clinical Immunology, vol. 114, no. 6, pp. 1265–1273, 2004.

[2] M. Suzukawa, H. Morita, A. Nambu et al., “Epithelial cell-
derived IL-25, but not Th17 cell-derived IL-17 or IL-17F, is
crucial for murine asthma,” The Journal of Immunology,
vol. 189, no. 7, pp. 3641–3652, 2012.

[3] J. K. Kolls and A. Linden, “Interleukin-17 family members and
inflammation,” Immunity, vol. 21, no. 4, pp. 467–476, 2004.

[4] T. A. Moseley, D. R. Haudenschild, L. Rose, and A. H. Reddi,
“Interleukin-17 family and IL-17 receptors,” Cytokine &
Growth Factor Reviews, vol. 14, no. 2, pp. 155–174, 2003.

[5] J. Lee, W. H. Ho, M. Maruoka et al., “IL-17E, a novel proin-
flammatory ligand for the IL-17 receptor homolog IL-
17Rh1,” The Journal of Biological Chemistry, vol. 276, no. 2,
pp. 1660–1664, 2001.

[6] M. M. Fort, J. Cheung, D. Yen et al., “IL-25 induces IL-4, IL-5,
and IL-13 and Th2-associated pathologies in vivo,” Immunity,
vol. 15, no. 6, pp. 985–995, 2001.

[7] M. R. Kim, R. Manoukian, R. Yeh et al., “Transgenic over-
expression of human IL-17E results in eosinophilia, B-
lymphocyte hyperplasia, and altered antibody production,”
Blood, vol. 100, no. 7, pp. 2330–2340, 2002.

[8] C. Buning, J. Genschel, R. Weltrich, H. Lochs, and H. Schmidt,
“The interleukin-25 gene located in the inflammatory bowel
disease (IBD) 4 region: no association with inflammatory
bowel disease,” European Journal of Immunogenetics, vol. 30,
no. 5, pp. 329–333, 2003.

[9] K. Ikeda, H. Nakajima, K. Suzuki et al., “Mast cells produce
interleukin-25 upon FcεRI-mediated activation,” Blood,
vol. 101, no. 9, pp. 3594–3596, 2003.

[10] P. Angkasekwinai, H. Park, Y. H. Wang et al., “Interleukin 25
promotes the initiation of proallergic type 2 responses,” The
Journal of Experimental Medicine, vol. 204, no. 7, pp. 1509–
1517, 2007.

[11] C. M. Kang, A. S. Jang, M. H. Ahn et al., “Interleukin-25
and interleukin-13 production by alveolar macrophages in
response to particles,” American Journal of Respiratory Cell
and Molecular Biology, vol. 33, no. 3, pp. 290–296, 2005.

[12] M. A. Kleinschek, A. M. Owyang, B. Joyce-Shaikh et al., “IL-25
regulates Th17 function in autoimmune inflammation,” The
Journal of Experimental Medicine, vol. 204, no. 1, pp. 161–
170, 2007.

[13] S. Létuvé, S. Lajoie-Kadoch, S. Audusseau et al., “IL-17E upre-
gulates the expression of proinflammatory cytokines in lung
fibroblasts,” The Journal of Allergy and Clinical Immunology,
vol. 117, no. 3, pp. 590–596, 2006.

[14] Y. Sonobe, H. Takeuchi, K. Kataoka et al., “Interleukin-25
expressed by brain capillary endothelial cells maintains
blood-brain barrier function in a protein kinase Cε-dependent
manner,” The Journal of Biological Chemistry, vol. 291, no. 24,
article 12573, 2016.

[15] L. G. Gregory, C. P. Jones, S. A. Walker et al., “IL-25 drives
remodelling in allergic airways disease induced by house dust
mite,” Thorax, vol. 68, no. 1, pp. 82–90, 2012.

[16] W. B.Wang,M. L. Yen, K. J. Liu et al., “Interleukin-25mediates
transcriptional control of PD-L1 via STAT3 in multipotent
human mesenchymal stromal cells (hMSCs) to suppress Th17
responses,” Stem Cell Reports, vol. 5, no. 3, pp. 392–404, 2015.

[17] A. Terashima, H. Watarai, S. Inoue et al., “A novel subset of
mouse NKT cells bearing the IL-17 receptor B responds to
IL-25 and contributes to airway hyperreactivity,” The Journal
of Experimental Medicine, vol. 205, no. 12, pp. 2727–2733,
2008.

[18] P. Stock, V. Lombardi, V. Kohlrautz, and O. Akbari, “Induc-
tion of airway hyperreactivity by IL-25 is dependent on a sub-
set of invariant NKT cells expressing IL-17RB,” The Journal of
Immunology, vol. 182, no. 8, pp. 5116–5122, 2009.

[19] C. J. Corrigan, W. Wang, Q. Meng et al., “Allergen-induced
expression of IL-25 and IL-25 receptor in atopic asthmatic air-
ways and late-phase cutaneous responses,” The Journal of
Allergy and Clinical Immunology, vol. 128, no. 1, pp. 116–
124, 2011.

6 Journal of Immunology Research



[20] V. Dolgachev, B. C. Petersen, A. L. Budelsky, A. A. Berlin, and
N. W. Lukacs, “Pulmonary IL-17E (IL-25) production and IL-
17RB+ myeloid cell-derived Th2 cytokine production are
dependent upon stem cell factor-induced responses during
chronic allergic pulmonary disease,” The Journal of Immunol-
ogy, vol. 183, no. 9, pp. 5705–5715, 2009.

[21] P. Angkasekwinai, S. H. Chang, M. Thapa, H. Watarai, and
C. Dong, “Regulation of IL-9 expression by IL-25 signaling,”
Nature Immunology, vol. 11, no. 3, pp. 250–256, 2010.

[22] H. Wang, R. Mobini, Y. Fang et al., “Allergen challenge of
peripheral blood mononuclear cells from patients with sea-
sonal allergic rhinitis increases IL-17RB, which regulates baso-
phil apoptosis and degranulation,” Clinical & Experimental
Allergy, vol. 40, no. 8, pp. 1194–1202, 2010.

[23] Z. Yang, V. Grinchuk, J. F. Urban et al., “Macrophages as IL-
25/IL-33-responsive cells play an important role in the induc-
tion of type 2 immunity,” PLoS One, vol. 8, no. 3, article
e59441, 2013.

[24] L. Hongjia, Z. Caiqing, L. Degan et al., “IL-25 promotes Th2
immunity responses in airway inflammation of asthmatic mice
via activation of dendritic cells,” Inflammation, vol. 37, no. 4,
pp. 1070–1077, 2014.

[25] J. L. Barlow and A. N. J. McKenzie, “Nuocytes: expanding the
innate cell repertoire in type-2 immunity,” Journal of Leuko-
cyte Biology, vol. 90, no. 5, pp. 867–874, 2011.

[26] T. Tamachi, Y. Maezawa, K. Ikeda et al., “IL-25 enhances aller-
gic airway inflammation by amplifying a TH2 cell-dependent
pathway in mice,” The Journal of Allergy and Clinical Immu-
nology, vol. 118, no. 3, pp. 606–614, 2006.

[27] R. Caruso, M. Sarra, C. Stolfi et al., “Interleukin-25 inhibits
interleukin-12 production and Th1 cell-driven inflammation
in the gut,” Gastroenterology, vol. 136, no. 7, pp. 2270–2279,
2009.

[28] P. Licona-Limón, L. K. Kim, N. W. Palm, and R. A. Flavell,
“TH2, allergy and group 2 innate lymphoid cells,” Nature
Immunology, vol. 14, no. 6, pp. 536–542, 2013.

[29] J.U. Lee,H. S.Chang,H. J. Lee et al., “Associationof interleukin-
25 levels with development of aspirin induced respiratory dis-
eases,” Respiratory Medicine, vol. 123, pp. 71–78, 2017.

[30] J. Beale, A. Jayaraman, D. J. Jackson et al., “Rhinovirus-
induced IL-25 in asthma exacerbation drives type 2 immunity
and allergic pulmonary inflammation,” Science Translational
Medicine, vol. 6, no. 256, article 256ra134, 2014.

[31] M. Cully, “Lung disease: IL-25 blockade could reduce virus-
associated asthma attacks,” Nature Reviews Drug Discovery,
vol. 13, no. 11, pp. 810-811, 2014.

[32] W. al-Ramli, D. Préfontaine, F. Chouiali et al., “TH17-associ-
ated cytokines (IL-17A and IL-17F) in severe asthma,” The
Journal of Allergy and Clinical Immunology, vol. 123, no. 5,
pp. 1185–1187, 2009.

[33] C. Dong, “Regulation and pro-inflammatory function of
interleukin-17 family cytokines,” Immunological Reviews,
vol. 226, no. 1, pp. 80–86, 2008.

[34] C. Wang, Q. Liu, F. Chen, W. Xu, C. Zhang, and W. Xiao, “IL-
25 promotes Th2 immunity responses in asthmatic mice via
nuocytes activation,” PLoS One, vol. 11, no. 9, article
e0162393, 2016.

[35] K. V. Soman, S. J. Stafford, K. Pazdrak et al., “Activation of
human peripheral blood eosinophils by cytokines in a compar-
ative time-course proteomic/phosphoproteomic study,” Jour-
nal of Proteome Research, vol. 16, no. 8, pp. 2663–2679, 2017.

[36] C. K. Wong, P. F. Y. Cheung, W. K. Ip, and C. W. K. Lam,
“Interleukin-25-induced chemokines and interleukin-6 release
from eosinophils is mediated by p38 mitogen-activated pro-
tein kinase, c-Jun N-terminal kinase, and nuclear factor-κB,”
American Journal of Respiratory Cell and Molecular Biology,
vol. 33, no. 2, pp. 186–194, 2005.

[37] W. Tang, S. G. Smith, B. Salter et al., “Allergen-induced
increases in interleukin-25 and interleukin-25 receptor expres-
sion in mature eosinophils from atopic asthmatics,” Interna-
tional Archives of Allergy and Immunology, vol. 170, no. 4,
pp. 234–242, 2016.

[38] S. D. Hurst, T. Muchamuel, D. M. Gorman et al., “New IL-17
family members promote Th1 or Th2 responses in the lung:
in vivo function of the novel cytokine IL-25,” The Journal of
Immunology, vol. 169, no. 1, pp. 443–453, 2002.

[39] S. J. Ballantyne, J. L. Barlow, H. E. Jolin et al., “Blocking IL-25
prevents airway hyperresponsiveness in allergic asthma,” The
Journal of Allergy and Clinical Immunology, vol. 120, no. 6,
pp. 1324–1331, 2007.

[40] C. J. Corrigan, W. Wang, Q. Meng et al., “T-helper cell type 2
(Th2) memory T cell-potentiating cytokine IL-25 has the
potential to promote angiogenesis in asthma,” Proceedings of
the National Academy of Sciences of the United States of Amer-
ica, vol. 108, no. 4, pp. 1579–1584, 2011.

[41] M. D. Knolle, B. M. Rana, and A. N. J. McKenzie, “IL-25 as a
potential therapeutic target in allergic asthma,” Immunother-
apy, vol. 7, no. 6, pp. 607–610, 2015.

[42] X. Yuan, E. Wang, X. Xiao et al., “The role of IL-25 in the
reduction of oxidative stress and the apoptosis of airway epi-
thelial cells with specific immunotherapy in an asthma mouse
model,” American Journal of Translational Research, vol. 9,
no. 9, pp. 4137–4148, 2017.

[43] F. Q. Zhang, X. P. Han, F. Zhang et al., “Therapeutic efficacy of
a co-blockade of IL-13 and IL-25 on airway inflammation and
remodeling in a mouse model of asthma,” International
Immunopharmacology, vol. 46, pp. 133–140, 2017.

[44] X. Yao, W. Wang, Y. Li et al., “Characteristics of IL-25 and
allergen-induced airway fibrosis in a murine model of
asthma,” Respirology, vol. 20, no. 5, pp. 730–738, 2015.

[45] C. Wu, S. Wang, F. Wang et al., “Increased frequencies of T
helper type 17 cells in the peripheral blood of patients with
acute myeloid leukaemia,” Clinical and Experimental Immu-
nology, vol. 158, no. 2, pp. 199–204, 2009.

[46] C. Zaph, Y. du, S. A. Saenz et al., “Commensal-dependent
expression of IL-25 regulates the IL-23-IL-17 axis in the intes-
tine,” The Journal of Experimental Medicine, vol. 205, no. 10,
pp. 2191–2198, 2008.

[47] W. Kaiwen, S. Zhaoliang, Z. Yinxia et al., “Changes and signif-
icance of IL-25 in chicken collagen II-induced experimental
arthritis (CIA),” Rheumatology International, vol. 32, no. 8,
pp. 2331–2338, 2012.

[48] D. Liu, T. Cao, N. Wang et al., “IL-25 attenuates rheumatoid
arthritis through suppression of Th17 immune responses in
an IL-13-dependent manner,” Scientific Reports, vol. 6, no. 1,
article 36002, 2016.

[49] D. P. Skoner, “Allergic rhinitis: definition, epidemiology,
pathophysiology, detection, and diagnosis,” The Journal of
Allergy and Clinical Immunology, vol. 108, no. 1, pp. S2–S8,
2001.

[50] J. Grossman, “One airway, one disease,” Chest, vol. 111, no. 2,
Supplement 2, pp. 11s–16s, 1997.

7Journal of Immunology Research



[51] T. B. Casale and M. S. Dykewicz, “Clinical implications of the
allergic rhinitis-asthma link,” The American Journal of the
Medical Sciences, vol. 327, no. 3, pp. 127–138, 2004.

[52] A. A. Humbles, C. M. Lloyd, S. J. McMillan et al., “A critical
role for eosinophils in allergic airways remodeling,” Science,
vol. 305, no. 5691, pp. 1776–1779, 2004.

[53] S. Swaidani, K. Bulek, Z. Kang et al., “The critical role of
epithelial-derived Act1 in IL-17- and IL-25-mediated pulmo-
nary inflammation,” The Journal of Immunology, vol. 182,
no. 3, pp. 1631–1640, 2009.

[54] J. M. Kessel, J. E. Gern, R. F. Vrtis, J. B. Sedgwick, and W. W.
Busse, “Ligation of intercellular adhesion molecule 3 inhibits
GM-CSF production by human eosinophils,” The Journal of
Allergy and Clinical Immunology, vol. 111, no. 5, pp. 1024–
1031, 2003.

[55] M. Sarra, F. Pallone, T. T. MacDonald, and G. Monteleone,
“IL-23/IL-17 axis in IBD,” Inflammatory Bowel Diseases,
vol. 16, no. 10, pp. 1808–1813, 2010.

[56] J. Su, T. Chen, X. Y. Ji et al., “IL-25 downregulates Th1/Th17
immune response in an IL-10-dependent manner in inflam-
matory bowel disease,” Inflammatory Bowel Diseases, vol. 19,
no. 4, pp. 720–728, 2013.

[57] T. Shi, Y. Xie, Y. Fu et al., “The signaling axis of microRNA-31/
interleukin-25 regulates Th1/Th17-mediated inflammation
response in colitis,” Mucosal Immunology, vol. 10, no. 4,
pp. 983–995, 2017.

[58] M. Caproni, B. Giomi, W. Volpi et al., “Chronic idiopathic
urticaria: infiltrating cells and related cytokines in autologous
serum-induced wheals,” Clinical Immunology, vol. 114, no. 3,
pp. 284–292, 2005.

[59] M. Ferrer and A. P. Kaplan, “Chronic urticaria: what is new,
where are we headed,” Allergologia et Immunopathologia,
vol. 35, no. 2, pp. 57–61, 2007.

[60] T. Zuberbier, R. Asero, C. Bindslev-Jensen et al., “EAACI/
GA2LEN/EDF/WAO guideline: management of urticaria,”
Allergy, vol. 64, no. 10, pp. 1427–1443, 2009.

[61] W. Wang, Y. Qiu, F. Zhao, and F. Zhang, “Poor medication
adherence in patients with psoriasis and a successful interven-
tion,” The Journal of Dermatological Treatment, pp. 1–18,
2018.

[62] S. Jain, I. R. Kaur, S. Das, S. N. Bhattacharya, and A. Singh, “T
helper 1 to T helper 2 shift in cytokine expression: an autore-
gulatory process in superantigen-associated psoriasis pro-
gression?,” Journal of Medical Microbiology, vol. 58, no. 2,
pp. 180–184, 2009.

[63] P. J. Mease, “Inhibition of interleukin-17, interleukin-23 and
the TH17 cell pathway in the treatment of psoriatic arthritis
and psoriasis,” Current Opinion in Rheumatology, vol. 27,
no. 2, pp. 127–133, 2015.

[64] M. Xu, H. Lu, Y. H. Lee et al., “An interleukin-25-mediated
autoregulatory circuit in keratinocytes plays a pivotal role in
psoriatic skin inflammation,” Immunity, vol. 48, no. 4,
pp. 787–798.e4, 2018.

[65] W. Bernal, G. Auzinger, A. Dhawan, and J. Wendon, “Acute
liver failure,” The Lancet, vol. 376, no. 9736, pp. 190–201, 2010.

[66] M. Sarra, M. L. Cupi, R. Bernardini et al., “IL-25 prevents and
cures fulminant hepatitis in mice through a myeloid-derived
suppressor cell-dependent mechanism,” Hepatology, vol. 58,
no. 4, pp. 1436–1450, 2013.

[67] A. M. Owyang, C. Zaph, E. H. Wilson et al., “Interleukin 25
regulates type 2 cytokine-dependent immunity and limits

chronic inflammation in the gastrointestinal tract,” The Jour-
nal of Experimental Medicine, vol. 203, no. 4, pp. 843–849,
2006.

[68] P. G. Fallon, S. J. Ballantyne, N. E. Mangan et al., “Identifica-
tion of an interleukin (IL)-25-dependent cell population that
provides IL-4, IL-5, and IL-13 at the onset of helminth expul-
sion,” The Journal of Experimental Medicine, vol. 203, no. 4,
pp. 1105–1116, 2006.

[69] J. von Moltke, M. Ji, H. E. Liang, and R. M. Locksley, “Tuft-
cell-derived IL-25 regulates an intestinal ILC2-epithelial
response circuit,” Nature, vol. 529, no. 7585, pp. 221–225,
2016.

[70] F. Gerbe, E. Sidot, D. J. Smyth et al., “Intestinal epithelial tuft
cells initiate type 2 mucosal immunity to helminth parasites,”
Nature, vol. 529, no. 7585, pp. 226–230, 2016.

8 Journal of Immunology Research



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

