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ABSTRACT

Introduction: Interleukin 35 (IL-35) has recently been characterized as a cy-
tokine connected with the IL-12 group. The secretion of IL-35 was described
in forkhead box protein 3 (Foxp3) + regulatory T cells (Tregs), peripheral v6 T

cells, CD8+ T cells, placental trophoblasts, antigen-presenting cells (APCs) and
regulatory B cells (Breg).

Aim: The aim of this paper is to systematize current knowledge about IL-35
production and discuss its impact on the pathophysiology and outcome of vari-
ous diseases.

Material and methods: Literature review was conducted.

Results and discussion: IL-35 plays a pivotal role in the immune dysregu-
lation in the pathogenesis of cardiovascular diseases including atherosclerosis,
psychiatric and neurologic disorders, cancer, allergic and autoimmune diseases
and psoriasis, inducing the expression of Treg-related cytokines and inhibiting the
expression of Thl- and Thl7-related cytokines.

Conclusions: Due to the numerous signaling pathways of IL.-35, it may be
described as an innovative biomarker in the prognosis and treatment of various
diseases.
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1. INTRODUCTION

Interleukin (IL)-35 has recently been characterized as a cy-
tokine connected with the group of IL.-12, which consists of
the IL-27B chain Epstein-Barr virus-induced gene 3 (Ebi3)
and the IL-12a chain p35 connected by a disulfide bond.
Ebi3 resembles IL.-12 p40, whose expression may be in-
duced, while IL.-12 p35 expression is pervasive.!

IL-35 secretion had formerly been characterized in regu-
latory T (Treg) cells, forkhead box protein 3 (Foxp3)*, which
was subsequently verified by confirming the co-expression of
p35 and Ebi3 in peripheral y8 T cells, CD8" T cells, and pla-
cental trophoblasts. Other cells that might also produce IL-
35 are antigen-presenting cells and regulatory B (Breg) cells.??

IL.-35 has four groups of receptors with IL-12RB2/gp130,
gp130/gp130, IL12RB2/11.27Ra, and I1L.-1282/IL12RB2 sub-
units, which finally trigger signal transducer and activator
of transcription (STAT) — STAT1 and STAT4 - signaling
pathways.*

STATI mediates the IL.-12RB2/IL-27Ra receptor that is
expressed on B cells, and STAT1/STAT4 mediate IL-35

production by relating to their proper regions on Ebi3 and
IL-12A gene promoters. STAT4 mediates the IL-12RB2/
IL-12RP2 and gpl130/gpl130 receptors. STAT1/STAT3 ob-
tain the expression of IL-10 and IL-35 by penetrating the
nucleus. Moreover, the STAT3 pathway may facilitate B,
lymphocytes to increase the production of IL-10.*

IL-12p35 may induce the expression of itself, Ebi3 and
IL-10, while IL-35 may inhibit the proliferation of proin-
flammatory Th17 lymphocytes by IL-10 development (pro-
moted by B__ cells) [5].

Li et al. suggested that IL-35 should be described as a
responsive cytokine that stops inflammation development
in contrast to transforming growth factor beta (TGF-B), the
house-keeping cytokine, that inhibits the start of the in-
flammatory process.®

IL-35 dominantly suppresses Thl and Thl7 lympho-
cytes (effector CD4" T cells) as a consequence of T, , popula-
tion and inhibitory activity increase. Furthermore, it stimu-
lates the expression of interferon o, B, and A1.78

IL-35 signaling pathways and functions are shown in
Figure 1.1:38
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Figure 1. Signaling pathways and functions of IL-35. Abbreviations: IL-35 — interleukin 35; IFN - interferon; M1 - M1
macrophage; M2 — M2 macrophage; B cell — B lymphocyte; T cell — T lymphocyte; STAT1,3,4 — signal transducer
and activator of transcription 1,3,4; JAK1 - Janus kinase 1; JAK2 - Janus kinase 2; gp130 — glycoprotein 130; IL-27R
— interleukin 27 receptor; IL-2R[32 — interleukin 2 receptor, beta 2 subunit; IL-12Rp2 - interleukin 12 receptor, beta 2

subunit; Thl - T helper cell 1; Th17 -

T helper cell 17; ’I'reg

—regulatory T cell; Breg - regulatory B cell; Foxp3 - fork-

head box protein 3; IL-10 - interleukin 10; TGFb - transforming growth factor beta. Figure made using BioRender

(http://biorender.com).
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2. AIM

The aim of this paper was to systematize the current knowledge
of IL.-35, with special regard to the possible clinical significance.

3. MATERIAL AND METHODS

A review of the literature was conducted using the PubMed
database.

4. RESULTS AND DISCUSSION

4.1. IL-35 in cardiovascular diseases and ath-
erosclerosis

It is known that the development of cardiovascular diseases,
and the progress of atherosclerosis, may be consequences of
an inflammatory process. Immunosuppression as a part of
the action of T, and B. lymphocytes seems to present pro-
tective properties.’

IL-12A and Ebi3 were described in atherosclerotic aor-
tic lesions, and their polymorphisms correlated with altered
ischemic heart disease risk. In patients with coronary artery
disease, B lymphocytes demonstrated the reduced produc-
tion of IL-35, and IL-10 and T lymphocytes showed the re-
duced expression of interferon y (IFNy) and tumor necrosis
factor a (TNFa).?

4.2. IL-35 and cancer, allergic and autoimmune
diseases other than psoriasis
IL-35 plays a key role in the immune system and in the
pathogenesis of related diseases such as autoimmune diseases,
allergies or cancers, mainly through its immunomodulating
and immunosuppressive properties. Therefore, its expression
and serum concentration may be different in various diseases
and at different stages of the same disease. Recent reports
supported it as a new target of immunotherapy, when it may
be blocked in case of the overexpression, and also as a recom-
binant protein (in diseases with the decreased expression).!
The serum levels and expression of IL-35 in cancer, al-
lergic and autoimmune diseases other than psoriasis are
listed in Table 1.

The elevated expression and high serum concentration
of IL-35 are associated with the unfavorable prognosis in
pancreatic ductal adenocarcinoma, acute myeloid leukemia
and non-small-cell lung cancer.* IL-35 plasma levels were
negatively correlated with the severity of systemic lupus
erythematosus* and rheumatoid arthritis.”” The treatment
of mice with allergic rhinitis with the intranasal application
of IL-35 resulted in the inhibition of allergic response by
the reduction in IgE, eosinophils, IL-4 and IL-5, and the
upregulation of T, lymphocytes and IL-10.5%

Despite numerous studies conducted on the role of IL-
35 in the pathogenesis of psoriasis, it still remains unclear.
Therefore, it was decided to systematize the reports on the
relationship between IL-35 and psoriasis in a separate section
below. The role of IL-35 in Behcet disease is described in the
section concerning neurological and psychiatric conditions.

4.3. IL-35 in psoriasis

As regards the pathogenesis of psoriasis, IL-35 contributes
to the imbalance of the immune system. It is probably due
to inducing the expression of TGF-p and IL-10 (Treg-relat-
ed cytokines) and suppressing the expression of Thl- and
Th17-related cytokines.?

Beside antigen presentation and antibody secretion, B
lymphocytes may influence immune regulation as B, cells,
in which immunosuppressive function is mainly related to
IL-10 secretion under the stimulation of CD40L, which is
a toll-like receptor agonist. Moreover, Breg lymphocytes are
also capable of producing IL-35 and rIL-35 may induce B,
to secrete IL-10 and IL-35.8

Breg might also act as inflammation regulators in psoria-
sis. According to a study of Mavropoulos et al., Breg gener-
ating IL-10 were decreased in patients with psoriasis and
psoriatic arthritis and demonstrated a negative correlation
with T lymphocytes producing IL-17A and IFNy.?

Aberrancy in T cells was associated with inflammation in
the course of psoriasis. By producing I1.-10, they may decrease
inflammation by downregulating the expression of proinflam-
matory cytokines, chemokines, and adhesion molecules.

Foxp3 positive Treg cells have a possible role in the patho-
genesis of psoriasis. High levels of those lymphocytes in pe-
ripheral blood and skin lesions positively correlated with
disease severity in a study of Georgescu et al.*

Table 1. The serum levels and expression of IL-35 in cancer, allergic and autoimmune diseases other than psoriasis.

Plasma concentration/expression of IL-35 decreased Plasma concentration/expression of IL-35 increased

Immuno-related hemocytopenia!!
Primary Sjogren syndrome'?
Diabetes mellitus type 13
Systemic lupus erythematosus'*
Inflammatory bowel disease’
Rheumatoid arthritis’®
Asthma'®
Chronic obstructive pulmonary disease!®

Colorectal cancer!’

Dermatomyositis/polymyositis'®
Pancreatic ductal adenocarcinoma®®
Hepatocellular carcinoma?®
Non-small-cell lung cancer?
Breast cancer?

Gastric cancer?

Acute myeloid leukemia?
Multiple sclerosis®

Systemic sclerosis®®
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IL-35 plasma level was lower in patients with psoria-
sis than in the control group according to the results by Li
et al. it was negatively correlated with disease severity (pso-
riasis area and severity index — PASI score), IFNy, TNFa,
IL.-17 and positively correlated with the serum concentra-
tions of IL-10 and TGFp.?

IL-35 may be an additional therapeutic strategy for pso-
riasis. Zhang et al. demonstrated that IL-35 reduced the
quantity of macrophages and revealed a prolonged period of
therapeutic efficacy.?!

4.4. IL-35 in psychiatric and neurological con-
ditions

Rose et al. demonstrated significantly decreased plasma IL-
35 levels in children with autism spectrum disorders com-
pared to typically developing children. It was also associated
with worse behaviors (similarly to the decreased levels of
TGFB and IL-10).*

The pathogenesis of relapsing-remitting multiple sclero-
sis may be associated with IL-35. Badihan et al. showed the
decreased serum concentration of IL-35 in those patients
compared to healthy controls.

Prior to the treatment the plasma levels of IL-35 in pa-
tients with multiple sclerosis had been higher. Subsequent-
ly, they significantly decreased after treatment.?*

In patients suffering from acute motor axonal neuropa-
thy, serum IL-35 concentration was decreased and negative-
ly correlated with the outcomes, which may be related to the
anti-inflammatory role of IL-35 in those patients.*

Decreased serum levels of IL-35 in patients with the ac-
tive stage of Behcet disease compared to inactive Behcet pa-
tients and healthy controls might be a sign of the flexibility
of T lymphocytes depending on the stage of the disease.?

reg

4.5. IL-35 and infections

IL-35 suppresses the differentiation of Thl and Th17 lym-
phocytes and may be related to the chronicity of tuberculo-
sis. IL-35 positive cells were identified in the pleural tissue
of those patients. Furthermore, IL-35 level was higher in
tuberculous pleural effusion.?’

Shen et al. demonstrated an improved resistance to in-
fection with Salmonella enterica serovar Typhimurium in
mice in which no expression of IL-35 was observed in B
cells compared to control mice.*®

Chronic hepatitis B virus infection was associated with
the suppression of virus replication which activated a re-
duction in the responsiveness of Treg secreting IL.-17 under
IL-35 stimulation. It may constitute the evidence of the im-
munosuppressive activity of IL-35 in this disease.*

5. CONCLUSIONS

IL-35 is an important cytokine in the inflammatory process,
especially linked to the regulation of immune responses,
neutralizing Thl, Th2, and Th17 expansion.®3}

The pathogenesis of autoimmune diseases, including
psoriasis, is complex, and further research should illustrate

its immunosuppressive properties and therapeutic advan-
tages, especially in humans.!

The clarification of doubts concerning the receptors and
signaling pathways of IL-35 will allow the use of IL-35 as
an innovative biomarker in the prognosis and treatment of
various diseases.*
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