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Introduction

Interleukins (/Ls) are a group of cytokines that
are expressed by white blood cells (leucocytes)
and regulate cell growth and differentiation. ILs
are classified into different groups depending on
the source of their production and their receptor,
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target cells, and function. One of the most
important /L families is IL-1; the family of
IL-1 cytokines is a set of protein molecules
that play a key role in regulating intrinsic
immunogenicity activation and are the first line
of defense against pathogenic microorganisms
(1). IL-1, which was initially described as a
fever-inducing protein, induces a complex
network of inflammatory cytokines and
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regulates inflammatory responses by expressing
integrins on leukocytes and endothelial cells (2).
The IL-1 family consists of 11 members that
include 7 pro-inflammatory agonists (including
IL-36a) and 4 distinct antagonists (including
IL-37 and IL-38) (3). The genes of all members
of the /L-1 family are positioned as gene cluster
on chromosome 2 (4, 5). IL-360 is a common
mediator of intrinsic and adaptive immune
responses. The major function of /L-36a is to
progress primary inflammatory response to the
injured tissue or infection (6). Recently, IL-36
expression has been reported in autonomic
dysreflexia lesions, psoriasis, systemic lupus
erythematosus (SLE), rheumatoid arthritis
(RA), and inflammatory bowel disease (IBD)
(7, 8). IL-37 is often expressed in monocytes,
tonsillar plasma cells, and breast carcinoma
cells; this type of IL also has anti-inflammatory
properties, and its major activity is inhibition of
IL-18 activity and intrinsic immunogenicity (9).
IL-38 expression has been reported in the skin,
tonsils, thymus gland, liver, and salivary glands
(10). IL-38 plays a role in the pathogenesis
of inflammatory diseases and exerting the
supportive effect in some autoimmune diseases.
IL-38 binds to the IL-36 receptor, so that both
ILs have the same biological role on immune
cells and produce anti-inflammatory effects
(11). Studies have shown that the /L-/ family
is particularly important in stimulating immune
responses such as inflammation, and therefore
the immune system’s function depends heavily
on these types of ILs so that the association
between their defect, immunodeficiency, and
therefore development of a wide range of diseases,
including asthma, AIDS, and autoimmune
diseases such as multiple sclerosis (MS), has
attracted many researchers’ attention (12, 13).

MS is an autoimmune, neurodegenerative
disease characterized by demyelination and
neuronal deficiency in the central nervous
system (14). Although MS is one of the
most common neurological diseases, its
pathogenicity remains to be fully understood.
There seems to be a significant heterogeneity
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in the mechanisms of the disease, but in most
cases, at least a strong genetic component is
involved (15). Since inflammation plays a
crucial role in the development of MS, study
of the expression of cytokine genes appears to
be a good option to assess the potential for the
onset and development of this disease. It has
been shown that the /L-/ family plays a major
role in neuritis. During inflammation, the levels
of tumor necrosis factor alpha and /-7 in the
brain increase and their presence may break the
blood-brain barrier (16). A study has indicated
an increase in serum IL-2 levels in patients
with MS, demonstrating the crucial role of IL-2
in MS pathogenesis by activating endothelial
cells (17). IL-7 is known as the Pre-B-cell
growth factor or lymphopoietin-1. Studies have
shown that alpha chain receptor in IL-7 has a
significant allelic and functional association
with MS (15). IL-2 receptor (IL-2R) and IL-7
receptor (IL-7R) genes are also associated with
MS (14). IL-17, and induce pro-inflammatory
cytokines. Recently, /L-17 has been confirmed as
an important immunological constituent for the
nervous system inflammation (18). Therefore,
given the importance of ILs in immune responses
as well as the role of these proteins in the onset
and development of autoimmune diseases,
including MS, the changes in the expression of
three ILs from the /L-1 family, including /L-36aq.,
IL-37, and IL-38, in MS were investigated in the
present study.

Material and Methods
Blood samples collection and characteristics
of participants

In the present study, blood samples were
used to detect changes in the expression of
three IL genes (/L-36a, IL-37, and IL-38) in
MS disease. The participants consisted of 45
patients with relapsing-remitting (RR) MS and
45 health controls. All participants (MS patients
and controls) were enrolled from the same
geographic area. Diagnosis of MS was made
with reference to the McDonald criteria (19). A
neurologist also confirmed the diagnosis of MS.
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In the present study, controls had no
history of neurological, autoimmune, and
neurodegenerative diseases. All individuals
in this study provided written consent to
participate in the study and blood samples were
collected after completion of the questionnaires.
The questionnaires included the clinical
information including age, sex, duration of
illness, type of drug, and degree of disability
in the patients. To test the gene expression, the
experiments were performed in several steps
and in accordance with the standard protocols.

Total RNA extraction and cDNA synthesis

In this study, extraction of total RNA was
performed on blood samples and MN extraction
kit (NucleoSpin RNA Blood, Germany) was used
to extract total cell RNA that was then purified
according to the instructions of the kit. Nanodrape
(Nanodrop2000, Thermo Fisher Scientific,
Wilmington, DE, USA) was used to evaluate the
quality and quantity of extracted RNAs. Next,
the synthesis of complementary DNA (cDNA)
was performed by using a specific synthesis kit
(Takara, Clontech). The cDNA synthesis was
carried out in two steps; first, the addition of
random hexamer and oligo-dt primers along
with reverse transcriptase (Prime Script RT)
and secondly, incubation at 37°C for 15 minutes
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followed by 5 seconds at 85 °C. Finally, the
synthesized cDNA was used for real-time PCR.

qPCR assay

The quantitative expression of target genes
was performed by qRT-PCR. The sequence
of designed primers is shown in Table 1.
Rotor-gene 6000 (Qiagen, Hildn, Germany)
was used to examine the expression of genes.
GAPDH was used as internal reference gene.
The volume of reaction solution for /L-36a«,
IL-37, and IL-38 and reference gene was 20
uL, consisting of 10 pL of SYBR premix Ex
taqll (Takara), 0.2 puL of forward primers
(10 pM), 0.2 pLof reverse primers (10 pM),
and 2 pL of diluted cDNA. The volume of the
resulting solution was eventually increased
to 20 puL with addition of nuclease-free water.
The PCR temperature protocol in the apparatus
was set as follows: Initial denaturation at
95°C for 10 min, 40 cycles of amplification,
including 5 s of denaturation at 95 "C, 20 s at
annealing temperature of the primers (60 °C),
and 20 s at the extension temperature of the
fragments (72° C). The melting of products
was performed at 70-95 °C. Finally, the
relative expression of genes was calculated
by the 244t method and then the expression
pattern was analyzed by statistical analysis.

Tablel. Primer sequences of target and internal control genes in this study and product size

Gene Primer sequence Product size (bp)
F: 5'- GAAGGACCGTATGTCTCCAGTC -3°
IL-360 R: 5’- CACACATCAGGCAGAGATTGAG -3’ 125
F: 5'- GCAATTGTAATGAGCCTGTTGGG -3°
IL-37 R: 5'- AGCGAGGAAGGCGTTCAATG -3’ 146
F: 5- ACAGCTGGAGGATGTGAACATTG -3’
IL-38 R: 5- TGCTCTGGAAGAAGGTGAAGC -3’ 77
F: 5'- GTGAAGGTCGGAGTCAAC -3’
GAPDH R: 5- GTTGAGGTCAATGAAGGG -3° 116
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Assessment of disability level

Diagnosis of MS was made with reference to
the McDonald criteria (19) and then confirmed
by neurophysiological tests, clinical diagnoses,
and magnetic resonance imaging. Degree of
disability was determined by Kurtzke Expanded
Disability Status Scale (EDSS), which is a
method for quantifying disability in MS patients
(20). EDSS is based on a neurological test
carried out by an expert and quantifies disability
in eight functional systems by determining
the score of the functional system in each of
them. According to this scale, three stages of
disability are mild (EDSS = 0-4.0), moderate
(EDSS =4.5-5.5), and severe (EDSS = 6.0-9.5).

Statistical analysis

Data analysis was performed by SPSS
(SPSS v.22 Inc., Chicago, IL, USA). T-test and
ANOVA were used to determine the significance
of gene expression levels. The results
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were expressed as mean (= SD). P < 0.05
was considered significance level. Finally,
the graphs were plotted by using the
Graph PadPrism7 software (GraphPad
Software Inc., San Diego, CA, USA).

Results

In current study, blood samples of 45 MS
patients and 45 healthy controls aged between
18 and 45 years of age were studied. Clinical
characteristics of the participants are summarized
in Table 2. The relative expression of the /L-36a,
IL-37, and IL-38 genes is illustrated in Figure 1.
The relative expression of /L-360 was higher in
blood samples of patients with MS than in those
of controls (P = 0.005). Relative expression of
IL-37 in blood samples of patients with MS was
significantly greater compared to controls [95%
confidence interval (95%CI), P = 0.02]. Also,
IL-38 expression significantly decreased in MS
patients compared to controls (P=0.006) (Chart 1).

Table2. Demographic and clinical characteristics of patients and controls involved in this study

Index MS (45) Control (45)

Mean+SDE age 32.68+ 1.1 34.24 £2.81
Male (%) 11 (24.45) 13 (28.89)
Female (%) 34 (75.56) 32 (71.11)

Disease duration (years) 6.31+1.28 -
EDSS 5.05+2.12 -
Disease subtype RRMS -
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Chart 1. Comparison of the relative expression of the three interleukin genes in relapse-remitting multiple
sclerosis patients and healthy controls. A) Relative expression of IL-36a, B) IL-37 and C) IL-38

The relationship between the expression of the
IL-36a, IL-37, and IL-38 genes and age (32 and
over 32 years of age), gender, EDSS, and duration
of disease (year) was studied separately (Chart
2-4). In the study of the relationship between the
expression of the IL-36a, IL-37, and IL-38 genes
and age (32 and over 32 years of age based on
average age in MS samples), it was found that
gene expression in participants under 32 and over
32 years of age was not significantly different
for all three genes; in other words, there was
no statistically significant association between
gene expression and age of the participants for
all three ILs (Chart 2-4 A). To determine the
relationship between gene expression and EDSS,
the patients were divided into two groups [mild
to moderate disability (EDSS = 0-5.5) and
severe disability (EDSS = 6-10)]. The results
showed that /L-36a gene expression increased
in the patients with severe disability (EDSS =
6-10) but there was no statistically significant
difference in gene expression of two group
(95% CI, P=0.1) (Chart 2B). To determine the
relationship between duration of disease and
the expression levels of the studied genes, the

patients were divided into 4 groups (1-20 years).
The results of the study showed that IL-360 gene
expression varied in different durations, but
there was no statistically significant difference
in expression of the gene among different
durations of the disease (P > 0.05) (Chart 2C).
In examining the relationship between /L-37
gene expression and disability, it was found that
expression of the gene was associated with mild
disability (EDSS = 0-5.5) (95% CI, P= 0.02)
(Chart 3B). In examining the relationship
between IL-37 gene expression and the duration
of the disease, it was found that the expression
of the gene increased significantly with increase
in the duration of the disease (P = 0.03) (Chart
3C). In the study of relationship between /L-38
gene expression and EDSS, it was found that the
relative expression of the gene was significantly
lower in severe EDSS (P = 0.02) (Chart 4B).
Regarding the relationship between /L-38
expression and the duration of the disease, as the
duration of the disease increased, the expression
of the gene decreased significantly, with
minimum gene expression level in the disease

duration of 15-20 years (P=0.0001) (Chart 4C).
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Discussion

MS is an autoimmune inflammatory disease
of the central nervous system; however, the
exact cause of the disease is unknown (21).
The disease occurs in two stages, inflammatory
and neurodegenerative. The inflammation
process in MS is known to entail inflammatory
cytokines. On the other hand, the association
of IL-1 family cytokines and MS disease has
been demonstrated (14). Therefore, in the
present study, the relationship of the /L-36a,
IL-37, and IL-38 expression with MS was
investigated. According to the findings of
the present study, there was a significant
difference in /L-360 expression between
patients with MS and controls. Previous studies
have shown that /L-36a expression increases
in rheumatoid arthritis and psoriatic arthritis.

However, regarding IL-36R, it has been
determined that this cytokine does not
significantly affect joint inflammation in animal
model (22). Studies have shown that agonistic
cytokines are involved in the development of
intrinsic and adaptive immunogenicity, while
antagonists restrict uncontrolled immune and
inflammatory responses. Therefore, /L-36a
is likely to be involved in the development
of intrinsic immunogenicity and induce the
production of pro-inflammatory cytokines (22,
23). However, the biology of IL-36 cytokine,
particularly its potential different functions,
or the expression patterns of various types
of IL-36 have been poorly understood. The
activation and expression of IL-36 appear
to be regulated separately, but its relative
expression in different organs and tissues has
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regarding the expression of this IL-36 has yet
been offered and data on this topic are limited.
The results showed that the relative expression
of IL-37 was significantly higher in blood
samples of patients with MS than in those of
healthy controls. Comparison of the results
of our study and other studies showed that
our observations are in agreement with other
studies. Imaeda et al. (2013) reported in detail
that /L-37 was 1dentified in inflamed mucosal
tissue of patients with inflammatory bowel
disease (IBD), but it was not seen in controls
(24). Yanqun Li et al. (2014) reported that /L-37
expression levels were significantly higher in
patients with Graves’ disease (GD) than in the
healthy people. Yanqun Li et al. demonstrated
that /L-37 expression was directly correlated
with GD activity. The results of that study
indicated that inflammatory responses in GD
might stimulate the production of /L-37 in
peripheral blood mononuclear cells (PBMCs),
especially as the serum levels of /L-37 and
expression of /L-37 in PBMCs are directly
correlated with the levels of pro-inflammatory
cytokines TNF-a, IL-6, and /L-17 in GD patients
(25). It should be noted that investigations by
Nold et al. (2010) have confirmed this, in which
pro-inflammatory cytokines TNF-a, /L-1b, IL-18,
and /L-12 induced expression of /L-37 in vitro in
PBMC:s (5). However, Ye et al. (2014) examined
another aspect of this mechanism, and reported
that /L-37 could suppress PBMCs in patients
with systemic lupus erythematosus (SLE). A
feedback mechanism is activated in patients with
SLE by up-regulation of /L-37 to prevent the
production of pro-inflammatory cytokines and
the incidence of widespread and uncontrolled
immune responses resulting from inflammatory
activities in autoimmune diseases. Ye et al. also
showed that expression of /L-37 was directly
correlated with SLE activity (26). The study
of Yanmei Li et al. (2014) showed that /L-37
expression significantly increased in patients with
ulcerative colitis (UC), a chronic inflammatory
disorder, compared to the healthy people (27).
In vivo studies have also shown that /L-37
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expression is increased by inflammatory activity
and pro-inflammatory cytokines in autoimmune
diseases such as rheumatoid arthritis and SLE,
especially their active phase (26). Research
findings have shown that /L-37 can reduce the
symptoms of dextran sulfate sodium (DSS)-
induced colitis and the inflammatory processes
in psoriasis by inhibiting the expression of
inflammatory cytokines in the disease (28,
29), and can cause inflammatory liver injuries
through producing eftects on hepatocytes and
non-parenchymal cells (30). In other words,
IL-37 prevents the spread of symptoms and the
development of the diseases mentioned above
by inhibiting the uncontrolled production of
inflammatory cytokines. It has recently been
proven that /L-37 is a natural inhibitor of
intrinsic immunogenicity and inflammatory
responses. However, studies have suggested
that the expression of /L-37 increases in
inflammatory tissues, which inhibits additional
inflammatory responses (31). /L-37 has been
shown to be induced by several toll-like
receptor (TLR) ligands and pro-inflammatory
cytokines such as /L-Ib, TNF-a, and IFN-c
(31-33). In the present study, increased
expression of /L-37 in MS patients can confirm
the high rate of inflammation in the disease.
According to available evidence, despite the
inhibitory effects of /L-37 on inflammation,
its role in specific immune responses, such
as the functions of dendritic cells, has not yet
been fully elucidated. In other words, intrinsic
immunogenicity in inflammatory conditions
increases the production of cytokines (including
IL-37) and chemokines, and, on the other hand,
changes the activity and function of dendritic
cells (34). Extensive evidence suggests that
IL-37 inhibits inflammatory responses that are
generally related to the activity of autoimmune
diseases (31, 35). The results clearly showed
that high expression of /L-37 was associated
with severe degrees of disability due to MS. It
is clear that MS is a neurological disease and this
autoimmune disease is commonly associated
with severe and periodic damage to myelin
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sheaths and demyelination, local inflammation,
and axonal degeneration. During the early stages
of relapsing remitting MS (RRMS), myelin can
be regenerated. However, with the progression
of the disease, remyelination does not suffice and
leads to the destruction of axons, nerve damage,
and exacerbation of the symptoms (36). Therefore,
it can be concluded that with the exacerbation
and development of MS, the disability in
MS patients increases, thus increasing the
expression of /L-37 to deal with uncontrolled
inflammatory responses and suppress them.

The results of the present study on the
expression of /L-38 revealed that IL-38
expression was significantly reduced in patients
with MS compared to healthy participants. The
effects of /L-38 may be similar to those of
IL-36-Ra, because it binds to the IL-36 receptor,
and particularly inhibits the Th17 response (37).
Van et al. (2012) showed that /L-38 bound to
IL-36 Ra. /L-38 and IL-36Ra reduce IL-17
and IL-22 production (38). Yuan et al. (2015)
showed that /L-38 was involved in regulating
inflammation and immune response. It was also
found that Th17 plays an important role in many
autoimmune diseases, including MS, and has
an independent regulatory mechanism for the
differentiation and development of the disease,
so that mature Th17 cells secrete cytokines
such as IL-22 and IL-17, but IL-38 inhibits the
production of these cytokines (39). Yuan et al.
(2016) in a study on /L-38, found that /L-38
expression significantly reduced the serum levels
of TNFa, IFyy, IL-6, IL-17, and IL-22. These
results indicate that /L-38 expression in mice
produces protective effects against liver damage
by inhibiting inflammatory cytokines (40). Mora
et al. (2016) used /L-38 to restrict the response
of inflammatory macrophages. They found that
the decrease in /L-38 in apoptotic cells increased
IL-6 and IL-8, as well as activation of AP1 in
early macrophages. Consequently, by regulating
the IL-38-dependent immune mechanism,
IL-38 may help eliminate inflammation,
autoimmune responses, and cancer (41).
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Conclusion

According to the present study, /L-36a
expression in MS patients increased. Regarding
IL-37, interlukin is generally a natural inhibitor
of intrinsic immunogenicity and inflammatory
responses. However, studies have shown that
antagonistic cytokines such as /L-37 limit
the uncontrolled immune and inflammatory
responses. Hence, it is expected that in MS, the
expression of this IL will increase in response to
uncontrolled immune responses resulting from
autoimmune responses. The results of our study
and other studies have clearly confirmed this. It
has also been shown that /L-38 plays an important
role in the pathogenesis of inflammatory
diseases and has a protective effect in some
autoimmune diseases. In this condition, with
the development of MS disease, it seems that
the immune system undergoes certain changes,
so that with the decrease of /L-38 expression,
the production of pro-inflammatory cytokines
increases, and therefore decreased expression
of IL-38 gene in patients with MS, compared
to healthy people, can lead to an increase in the
concentration of this group of inflammatory
cytokines in the blood. However, further studies
are needed to offer an accurate functional role
for IL-38 in the stages of neuritis due to MS.

Acknowledgments
We thank all those cooperating with us in

the conduction of this project, particularly the
participants. This paper is an excerpt from the
MSc thesis of the first author. This study was
ethically approved by the Ethics Committee of
Islamic Azad University, Shahrekord Branch,
Shahrekord, Iran (Code: 1333050395915).

Conflict of Interest
We certify that there is no conflict of
interest with any financial organization.

References
1.Boraschi D, Lucchesi D, Hainzl S, Leitner M, Maier E,
Mangelberger D, et al. /L-37: a new anti-inflammatory

193



http://dx.doi.org/10.18502/jabs.v13i3.13218
https://dor.isc.ac/dor/20.1001.1.22285105.2023.13.3.3.8
http://journal.fums.ac.ir/article-1-2926-en.html

[ Downloaded from journal .fums.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22285105.2023.13.3.3.8 ]

[ DOI: 10.18502/jabs v13i3.13218 ]

Journal of Advanced
Biomedical Sciences

cytokine of the /L-/ family. Eur Cytokine Netw.
2011;22(3):127-47.
2.Akdis M, Aab A, Altunbulakli C, Azkur K, Costa
RA, Crameri R, et al. Interleukins (from /L-1 to IL-38),
interferons, transforming growth factor beta, and
TNF-alpha: Receptors, functions, and roles in diseases.
J Allergy Clin Immunol. 2016;138(4):984-1010.
3.Dinarello C, Arend W, Sims J, Smith D, Blumberg
H, O’Neill L, et al. /L-1 family nomenclature. Nat
Immunol. 2010;11(11):973.
4.Dunn E, Sims JE, Nicklin MJH, O’Neill LAJ.
Annotating genes with potential roles in the immune
system: six new members of the /L-/ family. Trends
Immunol. 2001;22(10):533-6.
5.Nold MF, Nold-Petry CA, Zepp JA, Palmer BE, Bufler
P, Dinarello CA. IL-37 is a fundamental inhibitor of
innate immunity. Nat Immunol. 2010;11(11):1014-22.
6.Towne JE, Renshaw BR, Douangpanya J, Lipsky
BP, Shen M, Gabel CA, et al. Interleukin-36 (IL-36)
ligands require processing for full agonist (/L-36a,
IL-36p, and IL-36v) or antagonist (IL-36Ra) activity. J
Biol Chem. 2011;286(49):42594-602.
7.Suarez-Farinas M, Ungar B, da Rosa JC, Ewald
DA, Rozenblit M, Gonzalez J, et al. RNA sequencing
atopic dermatitis transcriptome profiling provides
insights into novel disease mechanisms with potential
therapeutic implications. J Allergy Clin Immunol.
2015;135(5):1218-27.
8.Yuan Z-C, Xu W-D, Liu X-Y, Liu X-Y, Huang A-F,
Su L-C. Biology of IL-36 signaling and its role in
systemic inflammatory diseases. Front Immunol.
2019;10:2532.
9.Bufler P, Azam T, Gamboni-Robertson F, Reznikov
LL, Kumar S, Dinarello CA, et al. A complex of the /L-1
homologue /L-1F7b and IL-18-binding protein reduces
IL-18 activity. PNAS. 2002;99(21):13723-8.
10.Palomo J, Dietrich D, Martin P, Palmer G, Gabay
C. The interleukin (IL)-1 cytokine family—Balance
between agonists and antagonists in inflammatory
diseases. Cytokine. 2015;76(1):25-37.
11.Shaik Y, Sabatino G, Maccauro G, Varvara G,
Murmura G, Saggini A, et al. IL-36 receptor antagonist
with special emphasis on /L-38. Int J] Immunopathol
Pharmacol. 2013;26(1):27-36.
12.Akdis M, Aab A, Altunbulakli C, Azkur K, Costa
RA, Crameri R, et al. Interleukins (from /L-1 to IL-38),
interferons, transforming growth factor 3, and TNF-a:
Receptors, functions, and roles in diseases. J Allergy
Clin Immunol. 2016;138(4):984-1010.
13.Barksby H, Lea S, Preshaw P, Taylor J. The
expanding family of interleukin-1 cytokines and their
role in destructive inflammatory disorders. Clin Exp
Immunol. 2007;149(2):217-25.
14.Isik N, Arman A, Canturk IA, Gurkan AC, Candan

Fasa University of
Medical Sciences

Reiisi S, et al.

F, Aktan S, et al. Multiple sclerosis: association with
the interleukin-1 gene family polymorphisms in the
Turkish population. Int J Neurosci. 2013;123(10):711-8.
15.Gregory SG, Schmidt S, Seth P, Oksenberg JR, Hart
J, Prokop A, et al. Interleukin 7 receptor alpha chain
(IL7R) shows allelic and functional association with
multiple sclerosis. Nat Genet. 2007;39(9):1083.
16.Hofman FM, Von Hanwehr RI, Dinarello CA,
Mizel SB, Hinton D, Merrill JE. Immunoregulatory
molecules and IL 2 receptors identified in multiple
sclerosis brain. J Immun. 1986;136(9):3239-45.

17.Gallo P, Pagni S, Piccinno MG, Giometto B,
Argentiero V, Chiusole M, et al. On the role of
interleukin-2 (IL-2) in multiple sclerosis (MS). IL-2-
mediated endothelial cell activation. Ital J Neurol Sci.
1992;13(9 Suppl 14):65-8.

18.Gold R, Luhder F. Interleukin-17alpha extended
features of a key player in multiple sclerosis. Am J
Clin Pathol. 2008;172(1):8-10.

19.Sadaka Y, Verhey LH, Shroff MM, Branson HM,
Armold DL, Narayanan S, et al. 2010 McDonald criteria
for diagnosing pediatric multiple sclerosis. Ann Neurol.
2012;72(2):211-23.

20.Kurtzke JF. Rating neurologic impairment in
multiple sclerosis: an expanded disability status scale
(EDSS). Neurology. 1983;33(11):1444-.

21.Goldenberg MM. Multiple sclerosis review.
Pharmacol Ther. 2012;37(3):175.

22.Boutet MA, Bart G, Penhoat M, Amiaud J, Brulin
B, Charrier C, et al. Distinct expression of interleukin
(IL)-36a, b and c, there antagonist IL-36Ra and /L-38
in psoriasis, rheumatoid arthritis and Crohn’s disease.
Clin Exp Immunol. 2016;184(2):159-73.

23.Gresnigt MS, van de Veerdonk FL, editors. Biology
of IL-36 cytokines and their role in disease. Semin
Immunol; 2013: Elsevier.

24.Andoh A, Nishida A. Pro-and anti-inflammatory
roles of interleukin (IL)-33, IL-36, and /L-38
in inflammatory bowel disease. J Gastroenterol.
2023;58(2):69-78.

25.Li Y, Wang Z, Yu T, Chen B, Zhang J, Huang K,
et al. Increased expression of /L-37 in patients with
Graves’ disease and its contribution to suppression of
proinflammatory cytokines production in peripheral
blood mononuclear cells. PloS one. 2014;9(9):¢107183.

26.Ye L, JiL,Wen Z, Zhou Y, Hu D, Li Y, et al. IL-37
inhibits the production of inflammatory cytokines in
peripheral blood mononuclear cells of patients with
systemic lupus erythematosus: its correlation with
disease activity. J Transl Med. 2014;12(1):69.

27.Li Y, Wang Y, Liu Y, Wang Y, Zuo X, Li Y, et al.
The possible role of the novel cytokines il-35 and /L-37
in inflammatory bowel disease. Mediators Inflamm.
2014;2014.

194



http://dx.doi.org/10.18502/jabs.v13i3.13218
https://dor.isc.ac/dor/20.1001.1.22285105.2023.13.3.3.8
http://journal.fums.ac.ir/article-1-2926-en.html

Journal of Advanced
Biomedical Sciences

[ Downloaded from journal .fums.ac.ir on 2025-07-12 ]

[ DOR: 20.1001.1.22285105.2023.13.3.3.8 ]

[ DOI: 10.18502/jabs v13i3.13218 ]

28 McNamee EN, Masterson JC, Jedlicka P,
McManus M, Grenz A, Collins CB, et al. Interleukin
37 expression protects mice from colitis. PNAS.
2011;108(40):16711-6.

29.Teng X, Hu Z, Wei X, Wang Z, Guan T, Liu N, et al.
1L-37 ameliorates the inflammatory process in psoriasis
by suppressing proinflammatory cytokine production.
J Immun. 2014;192(4):1815-23.

30.Sakai N, Van Sweringen HL, Belizaire RM, Quillin
RC, Schuster R, Blanchard J, et al. Interleukin-37
reduces liver inflammatory injury via effects
on hepatocytes and non-parenchymal cells. J
Gastroenterol Hepatol. 2012;27(10):1609-16.

31.Pan G, Risser P, Mao W, Baldwin DT, Zhong AW,
Filvaroff E, et al. /L-/H, an interleukin 1-related
protein that binds /L-18 receptor//L-1Rrp. Cytokine.
2001;13(1):1-7.

32.Akdis M, Aab A, Altunbulakli C, Azkur K, Costa
RA, Crameri R, et al. Interleukins (from /L-1 to IL-38),
interferons, transforming growth factor b, and TNF-a:
Receptors, functions, and roles in diseases. J Allergy
Clin Immunol. 2016;138(4):984-1010.

33.Bufler P, Gamboni-Robertson F, Tania A, Soo-Hyun
K, Dinarello CA. Interleukin-1 homologues /L-/F7b
and /L-18 contain functional mRNA instability
elements within the coding region responsive to
lipopolysaccharide. Biochem J. 2004;381(2):503-10.

34.Granucci F, Zanoni I, Feau S, Ricciardi-Castagnoli
P. Dendritic cell regulation of immune responses:

Fasa University of
Medical Sciences

Expression of /L-36a, IL-37 and IL-38 in MS

a new role for interleukin 2 at the intersection
of innate and adaptive immunity. The EMBO 1.
2003;22(11):2546-51.

35.Bulau A-M, Fink M, Maucksch C, Kappler R, Mayr
D, Wagner K, et al. In vivo expression of interleukin-37
reduces local and systemic inflammation in
concanavalin A-induced hepatitis. Sci World J.
2011;11:2480-90.

36.EI-Etr M, Ghoumari A, Sitruk-Ware R, Schumacher
M. Hormonal influences in multiple sclerosis:
new therapeutic benefits for steroids. Maturitas.
2011;68(1):47-51.

37.Garlanda C, Dinarello CA, Mantovani A. The
interleukin-1 family: back to the future. Immunity.
2013;39(6):1003-18.

38.van de Veerdonk FL, Stoeckman AK, Wu G,
Boeckermann AN, Azam T, Netea MG, et al. IL-38
binds to the IL-36 receptor and has biological effects
on immune cells similar to IL-36 receptor antagonist.
PNAS. 2012;109(8):3001-5.

39.Yuan X, Peng X, LiY, Li M. Role of /L-38 and its
related cytokines in inflammation. Mediators Inflamm.
2015;2015.

40.Yuan X, Li Y, Pan X, Peng X, Song G, Jiang W, et al.
1L-38 alleviates concanavalin A-induced liver injury in
mice. Int Immunopharmacol. 2016;40:452-7.

41.Mora J, Schlemmer A, Wittig I, Richter F, Putyrski
M, Frank A-C, et al. Interleukin-38 is released from
apoptotic cells to limit inflammatory macrophage
responses. ] Mol Cell Biol. 2016;8(5):426-38.

195



http://dx.doi.org/10.18502/jabs.v13i3.13218
https://dor.isc.ac/dor/20.1001.1.22285105.2023.13.3.3.8
http://journal.fums.ac.ir/article-1-2926-en.html
http://www.tcpdf.org

