Acta Neurol Belg (2015) 115:609-614
DOI 10.1007/s13760-015-0491-3

CrossMark

@

ORIGINAL ARTICLE

Increased serum level of IL.-37 in patients with multiple sclerosis

and neuromyelitis optica

Mehrdad Farrokhi'? - Ali Rezaei® - Ali Amani-Beni"** - Masoud Etemadifar®? -

Ebrahim Kouchaki® - Abolfazl Zahedi®

Received: 3 February 2015/ Accepted: 18 May 2015/ Published online: 26 May 2015

© Belgian Neurological Society 2015

Abstract Multiple sclerosis (MS) is a common autoim-
mune disease of central nervous system in which neu-
rodegenerative and inflammatory mechanisms cause
alternate neurological impairments. Many inflammatory
and anti-inflammatory cytokines were suggested as con-
tributor in MS pathogenesis, and the balance between these
opposing cytokines can regulate MS severity. IL-37, an
anti-inflammatory cytokine, is the most recently identified
member of IL-1 family, which acts as a natural inhibitor of
innate immunity. However, the role of IL-37 in MS has not
investigated so far. Therefore, in this study, we aimed to
measure serum level of IL-37 in patients with relapsing
remitting multiple sclerosis (RRMS) and neuromyelitis
optica (NMO). In a case—control study, plasma was col-
lected from healthy controls (n = 49) and also patients
with RRMS (n = 122) and NMO (n = 31). Serum level
measurement of IL-37 was performed using enzyme-linked
immunoassay (ELISA) method. The serum levels of IL-37
were 247.46 £ 74.02 and 312.00 & 86.72 and 114.63 +

< Mehrdad Farrokhi
mehrdadfarokhi72 @yahoo.com

Department of Neurology, School of Medicine, Isfahan
University of Medical Sciences, Isfahan, Iran

Multiple Sclerosis and Neuroimmunology Research Center,
Isfahan, Iran

School of Medicine, Isfahan University of Medical Sciences,
Isfahan, Iran

Department of Neuroscience, Brown University, Providence,
RI 02912, USA

Department of Neurology, School of Medicine, Kashan
University of Medical Sciences, Kashan, Iran

School of Medicine, Kashan University of Medical Sciences,
Kashan, Iran

20.58 in RRMS and NMO patients and healthy controls,
respectively, showing statistically significant difference
between them (P = 0.00). Furthermore, we found a posi-
tive correlation between the serum levels of IL-37 and
EDSS of patients (r = +0.31 and P = 0.00). In summary,
the serum level of IL-37 was found to be significantly in-
creased in MS patients compared to healthy controls.
Furthermore, the mean serum level of IL-37 was correlated
with disease severity. This suggests that IL-37 may be part
of a feed-back loop to control underlying inflammation in
MS pathogenesis. However, further studies will be required
to indicate exact role of IL-37 in the MS pathomechanisms.

Keywords Multiple sclerosis - Neuromyelitis optica -
Interleukin-37 (IL-37) - ELISA - Inflammation

Introduction

Multiple sclerosis (MS) is a complex T cell-mediated au-
toimmune demyelinating disease of the central nervous
system that normally conduces to alternate neurological
impairments followed by disability progression in young
people and middle-aged adults [1]. Although the causes
underlying this disease remain obscure, it is well known
that there are both genetic and environmental contributions
[2]. An increasing body of evidence clearly indicates that
alterations of immune system activity including increased
Th1, Th2, and Th17 cell-derived cytokines, and decreased
regulatory T (Treg) cells play a critical role in the patho-
genesis of MS [3-5]. In addition to role of cytokines in
progression and regulation of experimental allergic en-
cephalitis (EAE), implication of them in the MS path-
omechanisms has been also demonstrated based on
examination of post-mortem MS tissue and transgenic mice
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[6, 7]. IL-37, an inhibitory member of IL-1 family of cy-
tokines, participates in a wide variety of immunological
mechanisms in response to the inflammation and autoim-
mune diseases [8]. IL-37 as the most recently identified
member of IL-1 family of cytokines was discovered in
silico in 2000 by several independent groups [9]. IL-1
family consists of 11 members including 3 receptors (IL-
1Ra, IL-36Ra, and IL-38) and 8 cytokines (IL-1a, IL-1,
IL-18, IL-33, IL-360, IL-36f, IL-36y, and IL-37) [10, 11].
It has become increasingly clear in the several past years
that production of IL-37 in peripheral blood monocytes can
be induced by pro-inflammatory cytokines such as TNF-a,
IFN-v, and IL-18 or anti-inflammatory cytokines such as
IL-10 and TGF-B [12, 13]. IL-37 is mostly produced by
NK, monocytes, stimulated B cells which are also impor-
tant in the etiopathogenesis of MS [14]. Although the role
of IL-37 in adaptive immunity is still unclear, it is well
known that can regulate innate immunity as also previous
studies tend to imply that IL-37 suppress inflammation
through negative feedback mechanisms. Secretion of IL-37
in different types of cells such as macrophages, monocytes,
and epithelial cells can suppress production of pro-in-
flammatory cytokines [14]. More recently, abundant stud-
ies have illuminated increased IL-37 expression in many
chronic inflammatory and autoimmune diseases such as
arthritis, in patients with Mycobacterium avium infections,
atherosclerotic coronary, and carotid artery plaques, in
psoriatic plaques, Crohn’s disease, systemic lupus erythe-
matosus, and Guillain-barfe syndrome [15-17]. However,
the role of IL-37 in MS has not investigated so far.

It has become increasingly clear in the past several years
that adaptive immune responses play a pivotal role in the
pathogenesis of MS, but it should also be mentioned that
adaptive immunity is not acting in isolation but rather in
conjunction with components of the innate immune system,
and innate immune responses can involve and affect the nature
of adaptive immune responses especially in multiple sclerosis
[18]. It is well known that IL-37 regulates innate immune
responses, thereby regulate adaptive immunity by modulating
the production of cytokines and affecting the function of DCs
which are main contributors of MS pathogenesis.

Therefore, in our present study, we sought to determine
serum level of IL-37 in patients with relapsing remitting
multiple sclerosis (RRMS) and neuromyelitis optica (NMO)
and also correlation between the mean serum concentration
of IL-37 with other clinical characteristics of patients.

Methods and materials
This case—control study was carried out in Isfahan, one of

the most populated province of Iran, and all participants of
study were also resident of this province. We recruited 122
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RRMS (40 men and 82 women) and 31 NMO (13 men and
18 women) patients from Iranian MS and Neuroim-
munology Researches Center who and then they were un-
derwent diagnosis according to the McDonald’s and
Wingerchuk criteria, respectively. We also chose 59 heal-
thy subjects from Iranian Blood Transfusion Organization
(IBTO) who was matched well with the patients regarding
to the age and sex. Degree of disability was assessed using
the Kurtzke Disability Score, and other medical history and
examination findings including spinal MRI, brain MRI,
duration of disease, and relapse number during last year
were collected. We excluded cases with other autoimmune
disorder, infection disease, and systemic blood abnor-
malities. The protocol of study was approved by Ethical
Committee on Human Research, Isfahan University of
Medical Sciences. Informed written consent was achieved
from patients.

Blood samples (3—5 ml) were collected from peripheral
veins according to the routine puncture method and then
plasma was recruited using centrifuge and stored at
—80 °C. Serum level measurement of IL-37 was performed
using enzyme-linked immunoassay (ELISA) according to
the manufacturer’s instructions (eBioscience, San Diego,
CA, USA).

Statistical analysis was performed using SPSS for
hardware (Ver. 19). The Kolmogrov-Smirnov Z test was
used to verify the normality of the data. The difference
between the groups was analyzed by Mann—Whitney U test
and Wilcoxon signed-rank test. The correlation between
variables was assessed using the Spearman rank correlation
test. Data were expressed as mean =+ standard deviation
(SD). All tests were two tailed, and P < 0.05 was con-
sidered as a significant threshold.

Results

The mean age of RRMS and NMO patients was
37.96 + 9.87 and 37.91 £ 9.26, respectively. The mean
age of healthy controls was 35.26 4+ 7.97 which did not
show significant difference with those of patients, and they
were well matched regarding to the age and sex as shown
in Table I (P = 0.14). Other clinical and paraclinical
characteristics of patients and healthy controls including
duration of disease, EDSS, relapse number, brain MRI, and
spinal MRI are summarized in Table 1. The mean con-
centration of IL-37 in the serum of patients with RRMS
and NMO was 247.46 £ 74.02 and 312.00 & 86.72, re-
spectively, which were significantly higher than healthy
controls (114.63 4+ 20.58, P = 0.00) (Fig. 1). Further-
more, the mean serum level of IL-37 was significantly
higher in NMO patients compared to RRMS patients
(P = 0.00). There was no significant difference between
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g;rzgirllicgll l?;;zirz?if RRMS Characteristics RRMS NMO Healthy control P value
and NMO patients Number of subjects 122 31 49 -
Gender M/F 40/82 18/13 13/19 0.55
Age (mean + SD) 3791 £ 9.26 37.96 £ 9.87 35.26 £ 7.97 0.14
Duration of disease (mean + SD) 473 + 4.40 6.22 £ 5.14 - 0.12
EDSS (mean + SD) 259 £ 1.43 272 £ 1.32 - 0.56
Relapse number (mean £ SD) 0.70 & 0.68 0.74 £+ 0.57 - 0.62
Brain MRI
Positive 120 (98.4 %) 12 (38.7 %) 0 (0.0 %) 0.00
Negative 2 (1.6 %) 19 (61.3 %) 49 (100 %)
Spinal MRI
Positive 92 (75.4 %) 31 (100 %) 0 (0 %) 0.03
Negative 30 (24.6 %) 0 (0 %) 49 (100 %)
CSF-OCB
Positive 88 (72.1 %) 3 (9.7 %) - 0.01
Negative 34 (27.9 %) 28 (90.3 %) -
NMO-Ig-G
Positive 8 (6.6 %) 11 (35.5 %) - 0.00
Negative 114 (93.4 %) 20 (64.5 %) -

IL-37 (mean £ SD)

24746 £ 74.02  312.00 £ 86.72 114.63 £ 20.58  0.00

Gender
W Male
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Fig. 1 Boxplot of IL-37 concentrations in serum of patients with
RRMS and NMO

men and women regarding to the mean serum level of IL-
37 (P = 0.67). We found a positive correlation between
serum level of IL-37 and EDSS of patients (r = +0.31,
P = 0.00) (Fig. 2). In addition, there was a significant
association between serum level of IL-37 and duration of
disease (r = +0.17, P = 0.03). However, we could not
show significant correlation between relapse number of
patients during last year and serum level of IL-37
(P = 0.24).

Discussion

MS is a common autoimmune disease of disease of CNS in
which neurodegenerative and inflammatory mechanisms
cause alternate neurological impairments. Many inflam-
matory and anti-inflammatory cytokines were suggested as
contributor in MS pathogenesis, and the balance between
these opposing cytokines can regulate MS severity [19].
IL-37, an anti-inflammatory cytokine, is the most recently
identified member of IL-1 family, which acts as a natural
inhibitor of innate immunity. However, the role of IL-37 in
MS has not investigated so far. In this study, we assessed
the serum level of IL-37 in patients with RRMS and NMO
compared to healthy controls. We found increased serum
level of IL-37 in the patients with RRMS and NMO
compared to healthy controls suggesting activation by pro-
inflammatory cytokines or other unknown factors in MS
patients. More importantly, there was also a positive cor-
relation between serum level of IL-37 and EDSS and du-
ration of disease. We could not find any association
between serum level of IL-37 and other factors such as age
and sex.

There is a lot of evidence that different responses of
adaptive immune, especially those of CD4+ and CD8+
subpopulations, have a key role in the MS pathogenesis
[20]. In addition, recent studies have shown that other types
of immune cells such as B cells are also important, in
particular in the pathogenesis of NMO. Nevertheless,
presence of autoreactive T cells and autoantibodies in
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healthy controls suggests that other mechanisms and im-
mune cells may also be involved in the pathogenesis of MS
and NMO [21]. Indeed, we can consider innate immunity
as one of the most important part of immune responses to
the autoimmune stimulations. Furthermore, innate immu-
nity responses influence adaptive responses, and they share
many molecules and transcription factors in their signaling
pathway.

Semi-mature dendritic cells (DCs) play a pivotal role in
maintaining tolerance in many types of self-antigen-en-
riched environments through mediating T cell toler-
genecity. It has been shown that IL-37 as an anti-
inflammatory cytokine also participates in peripheral tol-
erance through induction of DCs generations [22].

Recently, it has been revealed that DCs expressing IL-37
favor the development of regulatory T cells, although they
have decreased ability to activate naive T cells that are im-
portant for suppression of autoimmune reactions in MS [22].

It has been demonstrated that IL-37 can decrease ex-
pression of some pro-inflammatory cytokines in immune
cells, in particular PMNCs, and also TNF-a as a pro-in-
flammatory cytokine induces production of IL-37 in
PMNC:s [12]. Therefore, the increased serum level of 1L.-37
in our MS and NMO patients may be due to increased
serum level of pro-inflammatory cytokines in them.

Increased serum level of IL-37 in RRMS and NMO
patients is consistent with previous studies that reported
elevated level of this cytokine in patients with other au-
toimmune diseases such as Crohn’s disease, systemic lupus
erythematosus, and Guillain-barfe syndrome (GBS) [17,
23] suggesting role of IL-37 in suppressing excessive
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inflammation. However, we cannot completely exclude
possible role of this cytokine in pathomechanisms of MS.
In a study, in this regard, Li et al. [15] investigated plasma
and CSF levels of IL-37, IL-17A, IFN-y, and TNF-a in
patients with acute GBS and healthy controls using ELISA
method. They showed increases plasma IL-37, IL-17A,
IFN-v, and TNF-a and CSF IL-37 and IL-17A in GBS
patients in compared with healthy controls. Since increased
inflammatory cytokines and IL-37 were shown in this
study, we can conclude previous notion that IL-37 in-
creases in response to the inflammation. In addition to
autoimmune diseases, due to ability of IL-37 to reducing
inflammation by inhibiting production of inflammatory
cytokines and chemokines, its protective role was investi-
gated in other disorders such septic shock, concanavalin
A-induced hepatitis, and experimental model of ischemia/
reperfusion [14, 24, 25]. Furthermore, Li et al. [26]
evaluated both serum and expressions of IL-37, TNF-a, IL-
6, and IL-17 mRNA in peripheral blood mononuclear cells
of patients with grave’s disease using real-time reverse
transcription—polymerase chain reaction (RT-PCR) and
ELISA, respectively. They reported increased serum level
and expression of IL-37 in grave’s patients compared to the
healthy controls. In addition, they found positive correla-
tion between IL-37 with disease activity and other cy-
tokines. In a similar study, increased serum level of IL-37
was reported in rheumatoid arthritis patients compared to
healthy controls [27]. They also showed decreased serum
level of IL-37 in patients who were drug responsive after
treatment with disease modifying anti-rheumatoid arthritis
drugs.
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Conclusion

In summary, the serum level of IL-37 was found to be
significantly increased in MS patients compared to healthy
controls. Furthermore, serum level of IL-37 was correlated
with disease severity. This suggests that IL-37 may be part
of a feed-back loop to control underlying inflammation in
MS pathogenesis. However, further studies will be required
to indicate exact role of IL-37 in MS pathomechanisms.
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