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Interleukin-31: A Pro-inflammatory Oriented Cytokine
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Abstract

Type 2 immunity is represented by T helper 2 (Th2) lymphocytes and the cytokines produced downstream (Interleukin (IL)-4, IL-13,
IL-31). They are increasingly recognized as pivotal mediators in the pathogenesis of immune-mediated dermatological conditions such

as atopic dermatitis (AD) and psoriasis (Pso). In these disorders, they initiate and amplify immunological signaling cascades, promote

cutaneous inflammation, and contribute to the induction of pruritus. In this context, IL-33 and IL-31 would be believed to be intrinsically

linked and related to the acuity of the disease. The presence of an interleukin could in fact trigger the other, amplifying the inflamma-

tory process of itchy skin disorders and therefore the extent of the symptoms. High levels of IL-31 may support the maintenance of a

microenvironment that promotes both the growth and spread of solid tumors, as well as the development of cancer-associated pruritus.

Given these premises, non-histaminergic mediators such as IL-31 and IL-33 could be explored as novel therapeutic targets for the treat-

ment of pruritus in immune-mediated skin diseases and cancer, improving the QoL of patients. Finally, we briefly discussed the recent

innovations in the field of monoclonal anti-IL-31 therapies.
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1. Introduction

Interleukin 31 (IL-31) belongs to the IL-6 superfam-
ily, which includes among others IL-11, IL-21, IL-27, on-
costatin M (OSM), leukemia inhibitory factor, and car-
diotropin 1 [1]. This cytokine is mainly produced by
type Il helper (Th2) lymphocytes, monocytes/macrophages,
mast cells, basophils, dendritic cells, fibroblasts and ker-
atinocytes.

2. Mechanisms of the IL-31 Receptors

IL-31 plays a central role in innate and adaptive im-
mune responses. The signaling triggered by most of these
cytokines is mediated through their interaction with a novel
cytokine receptor known as the gp130-like monocyte re-
ceptor or gpl30-like receptor (GPL), which is a member
of the type I cytokine receptor family [2]. IL-31 receptor
(IL-31R) consists of two subunits, the IL-31 receptor alpha
(IL-31RA) and OSM receptor 5 (OSMRp) [1,2]. Recep-
tor expression on the cells is upregulated by interferon-vy
(IFN7) and toll-like receptor 2/toll-like receptor 1 agonists
[3]. IL-31 in turn stimulates the expression of the recep-
tor itself, especially in synergy with IL-33 [4]. The bind-
ing of IL-31 to its receptor induces the activation of three
principal signaling pathways: (i) the JAK/STAT pathway
(Janus kinase/signal transducer and activator of transcrip-

tion), (ii) the PI3K/AKT pathway (phosphatidylinositol 3°-
kinase/protein kinase B), and (iii) the mitogen-activated
protein kinase (MAPK) pathway, specifically involving c-
Jun N-terminal kinase (JNK) and p38 mitogen-activated
protein kinases. Furthermore, adaptor molecules such as
Src homology and Collagen (Shc) and Src homology-2-
containing protein tyrosine phosphatase 2 (SHP-2) are also
recruited within this signaling cascade, contributing to the
amplification of MAPK activation [1]. The interaction
of IL-31 with its receptors and the consequent activation
of signaling pathways including JAK/STAT, PI3K/AKT,
and MAPK (JNK/p38) underscores its pro-inflammatory
function, implicating IL-31 in the pathogenesis of multiple
immune-mediated disorders as well as in tumor develop-
ment.

3. Role of “IL-31/IL-33 Axis” in
Immune-mediated Diseases and Cancer
Pruritus

IL-31 controls the onset and maintenance of itch-
ing, mainly in atopic dermatitis (AD) and psoriasis (Pso)
[4], favoring late onset of itching compared to histamine-
induced itch [1,4]. IL-31 through the phosphorylation of
JAK1/2 and PI3K/AKT determines the activation of STAT3
and STATS inducing itching and Th-1-mediated skin ker-
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atinocyte cell proliferation, differentiation, apoptosis, and
inflammation [1,5]. Expression diversity is driven by mi-
croenvironment: autocrine expression of IL-4 activates Thl
cells to express IL-31 (Fig. 1). Various stimuli, including
allergenic substances, infectious organisms, and UV radia-
tion, can enhance the production of IL-31 [6].

Murdaca et al. [4] proposed the emerging idea of an
IL-31/IL-33 interaction network possibly playing a role in
the progression of allergic diseases, autoimmunity, and tu-
morigenesis. 1L-33, a member of the “alarmins” family,
is a nuclear cytokine produced by endothelial cells, epithe-
lial cells, fibroblast-like cells, and myofibroblasts. It has
been hypothesized that IL-33 may act both at an intracel-
lular level as a nuclear factor regulating gene expression
and at an extracellular level as a cytokine of the IL-1 fam-
ily [7]. 1L-33 is composed of two distinct domains: an
N-terminal nuclear domain and a C-terminal IL-1-like cy-
tokine domain, separated by a divergent central region. The
IL-1 homologous region of IL-33 allows it to interact with
soluble interleukin 1 receptor-like 1 (ST2), a membrane re-
ceptor classified within the Toll-like/IL-1 receptor group.
This interaction facilitates association with the IL-1 recep-
tor accessory protein (IL-1RAcP), which is shared among
other IL-1 family members such as IL-1«, IL-143, and IL-
36. ST2 is predominantly expressed on mast cells, group 2
innate lymphoid cells (ILC2), eosinophils, and regulatory T
cells (Tregs), which constitute the primary cellular targets
of IL-33 [5,8].

Fig. 1. Role of the Interleukin (IL)-31/IL-33 axis in the patho-
genesis of immune-mediated dermatological conditions and
pruritus. Created with Microsoft Designer.

Therefore, the involvement of the ‘IL-31/IL-33” axis
in allergic and autoimmune responses suggests a novel in-

flammatory mechanism, affirming IL-33’s role in initiating
these responses [4,9—11]. IL-31 activates a transcriptional
program in sensory neurons that promotes neurite elonga-
tion and branching, thereby enhancing neuronal sensitivity
to minimal stimuli and contributing to persistent pruritus
[12].

Notably, itching is also a symptom of hematological
tumorigenesis and cancers [13,14]. IL-31 is expressed dif-
ferently across multiple tumor categories and has the ca-
pacity to either promote or inhibit oncogenic advancement
[15]. Akhtar et al. [16] discuss the current knowledge on
the role of IL-31 in the pathogenesis of pruritus and in can-
cer onset and progression. They focus on the key role of
Th2 cytokine (IL-4, IL-13, IL-25, IL-31, IL-33 and thymic
stromal lymphopoietin) in mediating itch. In support of
this theory, the authors point out that the administration of
dupilumab (an antibody against IL-4«, subunit of the re-
ceptor for IL-4 and IL-13) in patients with prostate cancer,
cutaneous T-cell lymphoma and melanoma induced com-
plete remission of itching altering the quality of life [17].
The positive effect of dupilumab is linked to the fact that
the secretion of IL-31 is correlated with that of IL-4 and IL-
13. The onset of itching must already be considered a nega-
tive indicator of the presence of cancer. First of all, itching
could represent the first symptom, often unknown, of the
development of a neoplasm and be determined by the action
of factors released in the paraneoplastic syndrome. On the
other hand, the presence of a tumor mass that takes up space
could cause itching by stimulating nearby nerve fibers. Fi-
nally, antineoplastic drugs could stimulate the receptors
leading to the onset of itching [13]. Imatinib mesylate, the
first targeted therapy against chronic myeloid leukemia, in-
duces the release of IL-33 which, by stimulating its recep-
tor expressed on mast cells, determines the release of IL-
31 resulting in the appearance of itching [18]. It should
also be remembered that mantle cell lymphoma (MCL) is a
pathology of advanced age where I1L-33 levels are already
higher than at a young age [18]. The elevated levels of
IL-33 and the cutaneous infiltrate (“mass effect”) in my-
cosis fungoides and Sézary Syndrome explain the onset of
pruritus which represents a hallmark symptom [18]. The
importance of the “IL-31/IL-33 axis” in the onset of pruri-
tus is confirmed by the positive therapeutic effect of dex-
amethasone, histone deacetylase inhibitors (midepsin and
vorinostat) and mogamulizumab, a humanized monoclonal
anti-CCR4 antibody. Mogamulizumab the suppresses IL-
31+ Th2 cell subpopulation confirming that the “IL-31/IL-
31RA axis” may be a possible therapeutic focus in patients
with mycosis fungoides and Sézary Syndrome refractory to
therapy for itching [16].

On the other hand, itching is also considered a nega-
tive signal of the progression of the neoplastic disease. Fer-
retti et al. [19] confirmed first of all that the intense pruritus
in patients with Hodgkin Lymphoma is caused by IL-31 re-
leased by tumor-infiltrating Th2 cells which is capable of
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supporting a microenvironment stimulating the growth and
diffusion of Hodgkin cells expressing IL-31R. Moreover,
elevated levels of IL-31 maintain a microenvironment also
favorable to the growth and spread of solid tumors. Indeed,
in lung cancer high levels of IL-31 favor disease progres-
sion and dermal rash, pruritus, and xeroderma occurring
in patients treated with epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors (erlotinib and gefitinib)
[20]. Akhtar ef al. [16] confirmed in breast, gastric, colon,
endometrial and ovarian cancers the role of IL-31 in cancer
progression and the appearance of itching.
Single-nucleotide polymorphisms (SNPs) of the /L-31
gene may represent important information for cancer pro-
gression and survival. Indeed, the SNP rs7977932 of the
IL-31 gene is correlated with endometrial-cancer suscepti-
bility and the SNP rs4758680 with bladder cancer [1].

4. Conclusions

The use of monoclonal antibodies targeting IL-31 may
not only serve as an effective tool for controlling itching
and improving quality of life, but also as a strategy to
limit tumor progression by supporting the action of anti-
neoplastic drugs. Among the most recent innovations in
the field of monoclonal anti-IL-31 therapies, Nemolizumab
and Vixarelimab are the two that have passed phase II stud-
ies [21,22].

Nemolizumab is a subcutaneously administered hu-
manized monoclonal antibody targeting the IL-31RA, de-
veloped by Chugai Pharmaceutical Co., Ltd. It is approved
for the treatment of pruritus associated with atopic dermati-
tis (ADaP), prurigo nodularis (PN), chronic kidney disease-
associated pruritus (CKDaP), and systemic sclerosis (SSc)
[23,24].

Vixarelimab is also a human monoclonal antibody that
is currently being studied for the treatment of PN alone. It
acts at the level of the OSMR/ receptor, simultaneously
inhibiting the two cytokine pathways implicated in itching,
inflammation, hyperkeratosis and fibrosis [25,26].

It is plausible that further clinical studies including
pharmacogenomics studies on SNPs will be able to con-
firm the role of the IL-31/IL-33 axis and pave the way for
targeted therapies targeting IL-31 or IL-33.
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