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WHTEPJIENKWH-40 — HOBbIA LUTOKWUH

Mounnpex Ackap3zane!l, Moxamman Peza Araosaxm?,
3akpa Illokpoaaxn? Moxammang Peza Aramaxap?

! lllkona meduyumnvt, Meduyunckuit ynueepcumem Maszandapan, e. Capu, Hpan
2 lllkona meduyunwvt, Meduyunckuii ynusepcumem Daca, 2. Paca, Upan

Pestome. 11.-40, usBecTHbIl Takke Kak Cl170rf99, sgBasgeTcsi ”HTEpECHBIM HEOAaBHO OTKPBITHIM ITUTOKM-
HOM — HOBBIM O€JIKOM, ceKpeTupyeMbiM B-keTkamu. OH 3KCIIpeccUpyeTcsl Y HEKOTOPBIX MJIICKOTTMTAIOTITX
M TIPOIYLIMPYETCSI B KOCTHOM MO3re 1 (peTabHOM neuyeHu. [ToMrnMo MepBUYHOM pOJIY TTOIIePKAHUS TOMEO-
cTasa, co3peBaHus U pa3BuTUs B-kietok, IL-40 urpaeT Takxke BaxKHYIO POJb B 'yMOPalbHOM UMMYHHOM OT-
BeTe, B YaCTHOCTH B MPOAYKIINU aHTUTEJI, 0coOOeHHO Kiacca IgA. MmMeeTcs Takske B3anMocBa3b Mexay 1L-40
M DKCIpeccueil MapKepoB BHEKJIETOYHBIX HelTpoduiabHbiX JoByliek (NETosis). Kpome yyactus B Hop-
MajabHOM (hyHKIIMOHUpOoBaHUM B-kierok, IL.-40 BoBieueH B mmaToreHes psina 3aboneBanuii. UccnenoBanus
npenarnoaaraioT ¢Bsa3b Mexay 1L.-40 1 peBMaTOMAHBIM apTPUTOM, T€IIATOLELTIONSIPHON KapLUMHOMOM, HEXO/I -
KKUHCKUMH TuMpomamu, cuaapomoM Lllerpena, pSS-acconmmnpoBaHHBIMU JTUMMOMaMU, ayTOUMMYHHOM
MaTOJIOTUEN IIIUTOBUIHON XeJe3bl, caXxapHbIM 1MabeTOM 2-TO TUTIa, aHKWJIO3UPYIOIIUM CITIOHIUIUTOM, XPO-
HUYECKON OOCTPYKTUBHOI OOJIE3HBIO JIETKUX U CUCTEMHOIN KpacHOUW BOJYAHKOU. DTO mpearnosaraer Bo3-
MOXHOCTb puMeHeHus1 1L-40 B kauecTBe OMoOMapKepa B JUAarHOCTHUKE M JISUEeHUM 3TUX 3a0oneBaHuii. On-
HaKO, HECMOTPSI HAa 3TU BaXKHbIE PE3yJIBTaThl, CJIEyeT ellle MHOTOE MMOHSITh OTHOCUTEJIbHO IIuToknHa 1L-40.
HeobOxonnMpl mambHEUIIINE WCCIICIOBAHMS UIST BEIICHCHMS IPYTUX CBOMCTB M (PYHKIIMI 3TOTO IIMTOKMHA.
JanbHeie padoThl HaMpaBieHbl Ha YTOYHEHME MeXaHU3MOB, M0 KOTopbiM IL.-40 Bausier Ha 6GMOJAOTUIO
B-xi1eTOK 1 ryMOpaIbHBII MMMYHHUTET, a TAKXKEe €TO POJIM B ITaTOreHe3e 3a00aeBaHUIl. DTH MUCCICIOBAHUS
TMOMOTYT ONIPEaC/INTh IMTOTEHIIMAIbHBIE 00JIAaCTU €T0 TepaeBTUUYECKOTO MTPUMEHEHUS U MCITOJIb30BaHMS B Ka-
YecTBe IMarHocTuieckoro mapkepa. Lleab naHHOTO MUHU-0030pa — 00CYKIeHWEe COBPEMEHHBIX pe3ysibra-
TOB, Kacatomuxcs 1L-40.
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Abstract. 1L-40, also known as C170rf99, is an intriguing cytokine that has recently been discovered as a
novel protein secreted by B cells. It is expressed in specific mammals and is derived from the bone marrow and
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fetal liver. While its primary role is in maintaining B cell homeostasis and promoting B cell maturation and
development, IL-40 also plays a crucial role in humoral immunity, particularly in the production of antibodies,
with a specific emphasis on IgA production. As well as there are relationship between 1L-40 and neutrophil
extracellular traps externalization (N ETosis) markers. In addition to its involvement in normal B cell functions,
1L-40 has been found to have significant implications in the pathogenesis of several diseases. Research has linked
1L-40 to rheumatoid arthritis, hepatocellular carcinoma, non-Hodgkin B cell ymphoma, Sjogren’s syndrome,
pSS-associated NHL, autoimmune thyroid disease, Type 2 diabetes mellitus, ankylosing spondylitis, chronic
obstructive pulmonary disease, and systemic lupus erythematosus. This suggests that IL-40 could potentially
serve as a diagnostic or treatment biomarker for these conditions. However, despite these exciting findings,
there is still much to be learned about 1L-40. Further research is necessary to uncover additional properties
and functions of this cytokine. Ongoing studies aim to elucidate the mechanisms by which IL-40 contributes
to B cell biology and humoral immunity, as well as its role in disease pathogenesis. These investigations will
help determine the potential therapeutic applications of IL-40 and its utility as a diagnostic marker. In this

minireview, we aim to discuss the recent findings surrounding IL-40.

Keywords: IL-40, C170rf99, orphan cytokines, biomarker

Introduction

Cytokines are regulator proteins or glycoproteins
that play crutial roles in the regulation, activation, and
development of the immune response, inflammation,
cell differentiation, cell growth, cell death, deve-
lopment, angiogenesis, and homeostasis. They are
either membrane-bound or secreted [4, 24, 25].

Cytokines have been divided into diverse family
groups based on their structural homologies, receptors,
function, and cellular source; for example, they have
been classified into interleukins (ILs), tumor necrosis
factors (TNFs), lymphokines, monokines, interferons
(IFNs), and transforming growth factors (TGFs),
or categorized as type 1 cytokines that produced by
T helper 1 (Thl) cells, including IL-2, TNFp, IFNy
and IL-12; and type 2 cytokines that produced by
Th2 cells, including IL-4, IL-5, IL-10, and IL-13,
or categorized as pro-inflammatories including
TNFa, IL-1B, 1L-6, IL-8, IL-12 and interferons or
anti-inflammatories such as IL-1 receptor antagonist
(IL-1RA), TGF-B and IL-4, IL-6, 1L-10, IL-11,
IL-13 [16]. Cytokines with shared structural features
belong to the same family and are developed through
gene duplication from ancient precursors [4].

Interleukin production is self-limited because
of the transient synthesis of messenger RNA. They
can up and down-regulate intracellular mechanisms
by inducing genes that encode for cytokine receptor
inhibitors [34]. Interleukin 40, which was discovered
in 2017 by Catalan-Dibene et al., is the most recent
of the forty interleukins that have been identified
to date [4, 6, 25]. They examined a big database of
genes expressed by human immune system organs,
including tonsils, thymus, bone marrow, fetal liver,
spleen and lymph node. The researchers then
hypothesized that the C170rf99 gene could encode a

protein (27 kDa) that could be expressed and secreted
by activated B cells, bone marrow, and fetal liver. They
found that the source of mouse C170rf99 is stromal
cells (LinclCD45-CD51- cells) in the bone marrow [4].
CD45-CD51- cells consist of mature stromal cells
that facilitate lymphopoiesis and hematopoiesis [8].
Therefore, lymphopoiesis-participating  stromal
cells produce mouse C170rf99. Additionally, fewer
B220* and pre-B cells were detected in the bone
marrow of C170rf99-/- mice [4]. On the other hand,
lymphopoiesis occurs in the fetal liver and bone
marrow, both of which express C170rf99 or 1L-40 so
C170rf99 is involved in development of B cell and has
function in the bone marrow and fetal liver [4].

Characterization of Interleukin 40 and sources

I1L-40, also known as Cl170rf99 (chromosome
17 open reading frame 99), is a secreted protein as-
sociated with the C170rf99 gene by small size of
approximately 27 kD [4, 20]. It consists of 265 amino
acids, and 20-amino acid signal peptide [6] and is only
expressed in mammals [4, 20]. IL-40 is considered a
cytokine associated with B cells [2].

It is derived from activated B cells, bone marrow
and fetal liver. Catalan-Dibene et al. demonstrated
that mouse spleen B cells and murine B cell ymphoma
A20-2J could also produce it [4, 6]. Human B cells
express IL-40 when stimulated by TGF-1, 1L-4, anti-
IgM and anti-CD40 mAb [4, 6, 20].

IL-40 has unique structural properties and does
not belong to any cytokine family; therefore, it is one
of the few “orphan” cytokines, along with IL-32 and
1L-34 [6].

Functions of 1L-40

Bioinformatics analyses revealed that the C170rf99
gene is exclusive to mammals, indicating that its
functions are related to a mammalian-specific func-
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tion, such as a mammalian-specific immune system.
IL-40-/- mice lacked B220" cells (pre-B cells) in
the bone marrow and all B cell populations including
follicular, transitional, and marginal zone in the
spleen, compared to wild-type mice. These findings
confirm that IL-40 plays a role in the homeostasis
and maturation of B cells in the bone marrow and
periphery. A general IgA deficiency and a significant
reduction in the IgA concentration of the milk of
lactating 1L.-40-/- mice are also observed. The lack
of I1L-40 in the gut of IL-40-/- mice resulted in a
significantly decreased in the number of IgA*™ B cells
in Peyer’s patches (PPs) and dysregulated microbiota,
which decreased the number and size of PPs.
1L-40-/- mice demonstrated a significant decrease
in Firmicutes and an increase in Bacteriodetes
compared to wild type. These results suggested that
IgA production, particularly at the mucosal barriers,
and decreased IgA levels in the gut of 1L-40-/- mice
influence the diversity of the gut microbiome [4, 6, 7].

IL-40 and diseases

Rheumatoid arthritis (RA)

RA is a long term autoimmune disorder marked
by joint inflammation and multiple extraarticular
manifestations. It is marked by a progressive joint
disorder, severe pain, functional disability [30, 31, 33,
36]. The complex pathogenesis of RA involves Thl
and Thl7, activated B cells, plasma cells, synovial
cell proliferation, fibrosis is focused in the synovial
joint [12, 13, 19].

Adela Navratilova and colleagues evaluated
expression levels of 1L-40 in the synovial fluid and
serum of systemic lupus erythematosus (SLE),
osteoarthritis (OA) and RA patients. The researchers
analyzed the relationship between IL-40 and
neutrophil extracellular traps externalization
(NETosis) markers, cytokines, autoantibodies, and
disease activity as well as the changes in expression
levels of 1L-40 in RA patients after B cell depletion
with rituximab. The researchers discovered that the
expression of IL-40 was elevated in the synovial fluid
and serum of RA patients compared to those of OA,
HC, and SLE patients. After 16 and 24 weeks of
treatment with rituximab, the serum level of 1L-40 in
RA patients decreased relative to HC, OA, and SLE.
1L-40 serum and synovial fluid levels were correlated
with anti-cyclic citrullinated peptide (anti-CCP)
and rheumatoid factor-IgM. IL-40 levels in synovial
fluid were also associated with neutrophil attractants
IL-8, markers of NETosis including proteinase 3 and
neutrophil elastase, MIP-1, synovial fluid leukocyte
count, and disease activity score DAS28. Synovial
fibroblasts secreted more MMP-13, MCP-1, and
IL-8 in response to 1L-40. These findings indicate

that IL-40 has important roles in the pathogenesis,
inflammation and tissue destruction of RA [20]
In addition, Zahraa A.G. Al Ghuraibawi et al.
demonstrated that IL-40 is a potential biomarker for
RA patients [2].

Hepatocellular carcinoma (HCC)

HCC is a prevalent form of primary liver cancer
that arises from hepatocytes. Cirrhosis, hepatitis B and
C, and fibrosis resulting from metabolic liver disecase
are major risk factors in the development of HCC [3,
21, 22]. Chronic inflammation in the liver alters
the innate and adaptive immune response, resulting
in the development of tumors. The interaction
between regulatory T cells with Tumor-Associated
Macrophages (TAMs) and also Myeloid-Derived
Suppressor Cells (MDSCs) generates several changes
in MHCI/II expression, downstream T cell activation
and chemokine production that are associated with
immunosuppression and also development of HCC.
During the progression of HCC, signaling pathways of
IL-10 and TGF and long noncoding RNAs (IncRNAs)
also activate Tregs [32].

Noha Mohamed Said found a significant ampli-
fication in IL-40 serum levels in patients with HCC
compared to the control group. Therefore, their
findings suggested a potential relationship between
IL-40 and early HCC diagnosis, but the role of 1L-40
in HCC development and pathogenesis remains
unclear [35].

Lymphoma

Multiple human non-Hodgkin B cell lymphoma
cell lines, including Val, HL-2 and OCI-Ly1 contained
IL-40, suggesting it may play a role in lymphoma
pathogenesis. The high levels of B cell activation Ag
TSPAN33 in peripheral blood B cells activated with
IL-4 and anti-CD40 confer a “activated” B cell
phenotype to 1140* lymphomas [4]. However, Ovidiu
Farc denied any known association between I1L-40
and cancer [7].

Sjogren’s syndrome (pSS) and pSS-related lym-
phoma

SS is autoimmune disease characterized by
lymphoplasmacytic infiltration of the exocrine
glands that results in keratoconjunctivitis sicca and
xerostomia [15]. In addition to the classic sicca
syndrome, systemic manifestations of the disease,
such as arthritis, interstitial lung disease, neurological
disorders,andanincreasedriskoflymphoma, havebeen
reported [18, 29]. Primary systemic sclerosis (pSS),
which occurs in the absence of other autoimmune
diseases, and secondary systemic sclerosis (sSS),
which is associated with other autoimmune diseases
such as systemic lupus erythematosus (SLE), systemic
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sclerosis (SSc) and rheumatoid arthritis (RA) are the
two types of SS [10, 26].

C. Rizzo et al. obtained minor salivary gland
biopsies or Paraffine-embedded samples from patients
with pSS, pSS-associated non-Hodgkin lymphoma
(NHL), and non-specific chronic sialoadenitis
(nSCS) as controls. Measuring IL-4, 1L-40, and
TGF-B1 and serum levels of 1L-40 by ELISA, and
cellular sources of 1L-40 revealed that both the 1L-40
mRNA and protein level were significantly elevated in
the inflamed salivary glands and serum of patients with
pSS and parotid glands of pSS-associated NHL and
was correlated with the presence of TGF- and IL-4
that both were significantly increased in pSS patients.
Among infiltrating cells, CD68" macrophages,
CD4*CDS8*T cells and CDI19*B cells are sources
of IL-40. Consequently, their findings revealed
the significance of IL-40 in the pathogenesis of pSS
and pSS-associated NHL [9].

Chronic obstructive pulmonary disease (COPD)

In a rat model of COPD, there is a correlation
between SIgA deficiency and the severity of airflow
obstruction. Under the influence of hydrogen
inhalation, IL-40, along with other components
(IL-4, IL-5, and PIgR), could increase the production
of IgA, thereby alleviate the symptoms of COPD [8].
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