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1 | INTRODUCTION

Summary

Aims: Neuromyelitis optica spectrum disorder (NMOSD) is an inflammatory autoim-
mune disease of the central nervous system. Increasing evidence indicates that
NMOSD is a Th2- and Th17-dominant disease. IL-25, IL-31, and IL-33 are three newly
found Th2-related cytokines, and their roles in the pathogenesis of NMOSD have not
been studied. This study aimed to measure the serum levels of IL-25, IL-31, and IL-33
in patients with NMOSD and evaluate their clinical implications.

Methods: Serum was collected from patients with NMOSD (n = 48) and healthy con-
trols (HC, n = 28). Serum level measurements of IL-25, [L-31, IL-33, IL-17A, and IL-6
were performed using enzyme-linked immunoassay (ELISA) method.

Results: The serum levels of IL-25, IL-31, and IL-33 were significantly higher in pa-
tients with NMOSD as compared to HC. The serum level of IL-31 was significantly
correlated with IL-17A (r = 0.382,P = 0.009) in patients with NMOSD; the latter is a
critical cytokine in the pathogenesis of NMOSD. The serum level of IL-33 was higher
in patients with characteristic brain lesions than patients without (307 pg/mL vs
166 pg/mL, P = 0.028). Furthermore, the serum level of IL-33 in the acute phase of the
disease was positively correlated with annualized relapse rate (r = 0.364, P = 0.04).
Conclusion: We found higher serum levels of IL-25, IL-31, and IL-33 in patient with
NMOSD as compared to healthy controls. The serum level of IL-33 during acute phase

was associated with more past attacks in patients with NMOSD.

KEYWORDS
interleukin -31, interleukin -33, interleukin-25, neuromyelitis optica spectrum disorders, Th2 axis

T and B cells and various cytokines have been related to the patho-
genesis of NMOSD.# Studies show that Th17- and Th2-associated cy-

Neuromyelitis optica spectrum disorder (NMOSD) is an inflammatory
autoimmune disease of the central nervous system (CNS). It is classi-
cally characterized by recurrent optic neuritis and transverse myelitis.*
It also includes anti-aquaporin-4 (AQP4)-1gG-seropositive patients
with first-attack transverse myelitis, optic neuritis, or some brainstem
and encephalitic presentations.?®

The first two authors contributed equally to this work.

tokines are upregulated in the cerebrospinal fluid or serum of patients
with NMOSD.# Therefore, based on current evidence, it is regarded
that NMOSD expresses Th17 and Th2 axes in the development of the
disease, whereas MS is primarily a Th1-dominant disease.” IL-17A and
IL-6 are two cytokines of the Th17 axis. It is widely accepted that IL-17A
and IL-6 play pivotal roles in the development of NMOSD lesions.>®

IL-25, IL-31 and IL-33 are newly discovered Th2-related

cytokines,7'10 They have been proven to be involved in the
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immunopathology of disorders, including asthma, fulminant hepatitis,
atopic dermatitis, Inflammatory Bowel Disease (IBD), and arthritis.81°
However, their roles in NMOSD have not been studied.

Therefore, in this study, we had the following aims: (i) to learn the
serum levels of IL-25, IL-31, and IL-33 in patients with NMOSD com-
pared to healthy controls (HC); (ii) to investigate the correlation between
the serum levels of IL-25, IL-31, and IL-33 and the serum levels of IL-17A
and IL-6 in patients with NMOSD; and (jii) to evaluate the clinical impli-
cations of serum IL-25, IL-31, and IL-33 levels in patients with NMOSD.

2 | METHODS

2.1 | Study population

The study was carried out at the Shanghai Renli Hospital, which is a
major teaching hospital of the Medical School of Shanghai Jiao Tong
University. We recruited consecutive patients admitted to our clini-
cal center from January 2015 to December 2016 with the diagno-
sis of NMOSD. In this study, the diagnoses of all the patients were
reviewed, and only the patients who fulfilled the diagnostic criteria
established by Wingerchuket al'! in 2015 were included. We also
chose healthy subjects who were matched well with the patients with
NMOSD according to the age and sex of the controls.

The study was approved by the Ethics Committee of Renli
Hospital. Informed consent was obtained from all the included pa-

tients and healthy controls.

2.2 | Clinical data collection

The clinical, laboratory, and radiology records of all the included pa-
tients were retrospectively reviewed. The clinical information col-
lected for the patients with NMOSD included age, sex, total disease
duration, current disease duration, Expanded Disability Status Scale
(EDSS) score, annualized relapse rate (ARR), serum status and titers of
anti-AQP4 antibody, presentation of optic neuritis (ON), myelitis, lon-
gitudinally extensive transverse myelitis (LETM), characteristic brain
lesions on MR images, and immunomodulatory drugs used at the time
of sampling. Total disease duration is defined as the period from the
time of the first attack to the time of sampling. Current disease dura-
tion refers to the period from the time of the current attack to the time
of sampling. The patient was regarded as being in the acute phase of
the attack if the current disease duration was less than 30 days. EDSS
score was checked at the time of sampling. ARR is calculated using the
time interval from the onset of the first attack to the time of sampling.
We define the relapse of NMOSD as a clinical exacerbation present-
ing with new or worsening symptoms accompanied with a change on
the neurological examination that correlated with a new or enhancing
MRI lesion. The interval should be at least 30 days since the previous
relapse.’? Anti-AQP4 and antimyelin-oligodendrocyte-glycoprotein
(MOG,) antibodies were tested in all patients using a cell-based assay.

We defined severe ON as a visual function score of 5 or 6 on the
EDSS. Characteristic brain lesions of NMOSD refer to the increased
signal on T2-weighted MRI sequences in the following patterns:
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Plesions involving the dorsal medulla (especially the area postrema),
@periependymal surfaces of the fourth ventricle in the brainstem/cere-
bellum, ®lesions involving the hypothalamus, thalamus, or periependy-
mal surfaces of the third ventricle, ®large, confluent, unilateral, or
bilateral subcortical or deep white matter lesions, ©|ong (1/2 of the
length of the corpus callosum or greater), diffuse, heterogeneous, or
edematous corpus callosum lesions, ®long corticospinal tract lesions,
unilateral or bilateral, contiguously involving the internal capsule and
cerebral peduncle, or ®extensive periependymal brain lesions, often
with gadolinium enhancement.?

In our center, high-dose methylprednisolone (MP) pulse therapy is
the first-line of therapy to treat acute disease attacks. If the patients
had the contradiction of the use of high-dose steroids, high-dose intra-
venous immunoglobulin (IVIG) would be another option. If the patient’s
condition does not sufficiently improve or if the neurological symptoms
worsen, a second course of high-dose MP pulse therapy or IVIG would
be applied. After the acute attack, the patient would be slowly weaned
off of the oral steroid, and long-term immunosuppressive treatment
would be initiated immediately. Azathioprine and mycophenolate

mofetil are the first-line selection of immunosuppressants in our center.

2.3 | Blood sampling and the measurement of
serum cytokines

Blood samples (3-5 mL) were drawn from the peripheral veins in a red-
topped serum-separating tube (BD Vacutainer®, Franklin Lakes, NJ,
USA) according to the routine puncture method, and then the serum
was collected using a centrifuge and stored at -80°C. Serum level
measurement of IL-25, IL-31, IL-33, IL-17A, and IL-6 was performed
using an enzyme-linked immunoassay (ELISA) according to the manu-
facturer’s instructions (R&D system, Minneapolis, MN, USA).

2.4 | Statistical analysis

Data analysis was performed using SPSS version 18.0 (SPSS Inc.,
Chicago, lll., USA). The Kolmogorov-Smirnov Z test was used to verify
the normality of the data. Categorical variables were summarized as
counts (percentage) and continuous variables as the means (stand-
ard error, SE) or medians (interquartile ranges, IQR), if not distributed
normally. Statistical comparisons between the groups of NMOSD
and healthy controls (HC) were performed using Student’s t test or
the Mann-Whitney U test for continuous variables, as well as the chi-
square and Fisher’s exact tests for categorical variables, as deemed ap-
propriate. Correlations between continuous variables were assessed
by Pearson’s correlation coefficient or Spearman’s correlation coeffi-

cient. A two-tailed probability value < 0.05 was considered significant.

3 | RESULTS

3.1 | Clinical data of patients with NMOSD

A total of 48 patients were enrolled. The mean age was 44.0 years; the
female to male ratio was 3:1. The median total disease duration was
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348 days (IQR, 94.8-1715 days). The median current disease duration
was 17.5 days (IQR, 9-32.8 days). The serum anti-AQP4 antibody was
positive in 27 (56.3%) patients, while anti-MOG antibody was positive
in 4 (8.3%) patients, and the remaining 17 (35.4%) patients were nega-
tive for both antibodies. Annualized relapse rate (ARR) was 0.7 (IQR,
0.1-2.0). Twenty-eight healthy subjects were recruited as controls.
The age and sex ratios were not significantly different between the
NMOSD group and HC group (Table 1).

Of all 48 patients with NMOSD, 31 patients had ON; 19 patients
had severe ON; 39 patients had myelitis; 30 patients had LETM; and
28 patients had characteristic brain lesions on cranial MR images.
Eleven patients presented with an initial NMOSD attack.

At the time of sampling, 13 patients were drug-naive, while 35
patients had already been treated with immunomodulatory drugs.
Twenty-three patients had used steroids only. Three patients had
used immunosuppressants only. One patient had used IVIG only. Five
patients had used both steroids and immunosuppressants. Three pa-
tients had used both steroids and IVIG.

TABLE 1 Clinical data of patients with neuromyelitis optica
spectrum disorders (NMOSD) and healthy controls (HC)

NMOSD (N=48) HC(N=28) Pvalue
Age (mean=SE) 440+ 1.9 444 +24 0.889
Sex (Female, %) 36 (75) 21 (75) 1.000
Anti-AQP4 antibody® 27 (56.3)
(%)
EDSSP (median, IQR) 3(2-6.75)
Current disease 17.5(9-32.8)

duration® (median,
IQR, day)

Total disease duration
(median, IQR, day)

348 (94.8-1715)

Annualized relapse rate 0.7 (0.1-2.0)
(%)

Clinical presentations (%)
ON® 31 (64.6)
Severe ON' 19 (39.6)
Myelitis 39 (81.2)
LETM® 30 (62.5)
Characteristic brain 28 (58.3)

lesions on MR
images"

2Anti-AQP4 antibody: anti-aquaporin-4 antibody.

PEDSS: Expanded Disability Status Scale.

“Current disease duration refers to the period from the time of current at-
tack to the time of sampling.

Total disease duration is defined as the period from the time of first attack
to the time of sampling.

€ON: optic neuritis.

fsevere ON: defined as the score of visual function of EDSS 5 or 6.
8LETM: longitudinally extensive transverse myelitis.

PCharacteristic brain lesions of NMOSD refers to the increased signal on
T2-weighted MRI sequence in the patterns as defined by Wingerchuk
etal'lin 2015.

3.2 | Serum levels of IL-25, IL-31, and IL-33 in
patients with NMOSD

The mean serum levels of IL-25 and IL-31 were significantly higher
in patients with NMOSD compared to HC (IL-25: 29.8 + 1.5 pg/
mL vs 21.2+1.3pg/mL, P<0.001; IL-31: 107 £ 5.4 pg/mL vs
74.2 £ 5.3 pg/mL, P < 0.001).

The median serum levels of IL-33 were also significantly higher
in patients with NMOSD compared to HC (142 (96.3-301) pg/mL vs
102.0 (76.8-150) pg/mL, P = 0.012).

The serum level of IL-25 was correlated with the serum level of IL-
31 and IL-33 (r = 0.429, P = 0.002; r = 0.389, P = 0.006, respectively),
while the serum levels of IL-31 and IL-33 were not correlated with
each other in patients with NMOSD.

3.3 | Correlation of serum levels of IL-25, IL-31, and
IL-33 with serum levels of IL-17A and IL-6 in patients
with NMOSD

IL-17A and IL-6 are widely studied in patients with NMOSD and are
regarded as two important cytokines in the pathogenesis of the dis-
ease. Therefore, the association between the serum levels of IL-25, IL-
31, and IL-33 and the serum levels of IL-17A and IL-6 was compared
in patients with NMQOSD. The results showed that the serum level of
IL-31 was significantly correlated with IL-17A (r = 0.382, P = 0.009) in
patients with NMOSD (Figure 1).

3.4 | Correlation of serum levels of IL-25, IL-31, and
IL-33 with clinical data in patients with NMOSD

There was no significant difference in the serum levels of IL-25, IL-31,
and IL-33 between patients with and without ON, patients with and
without severe ON, patients with and without myelitis, or patients
with and without LETM. However, the serum level of IL-33 was signif-
icantly higher in patients with characteristic brain lesions than patients
without these lesions (307 pg/mL vs 166 pg/mL, P = 0.028).
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FIGURE 1 The serum level of IL-31 was significantly correlated
with IL-17A (r = 0.382, P = 0.009) in patients with neuromyelitis
optica spectrum disorders (NMOSD)
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Thirty-two patients were in the acute phase (within 30 days from
the onset of current attack). There was no significant difference in the
serum level of IL-25, IL-31, and IL-33 between patients in the acute
phase (n = 16) and patients in the nonacute phase (n = 32).

To evaluate the effect of immunomodulatory drugs on the profile
of IL-25, IL-31, and IL-33, we compared the serum level of IL-25, IL-31,
and IL-33 in patients who had used immunomodulatory drugs (n = 35)
and patients who were drug-naive (n = 13). No significant difference
was found between the two groups.

The serum levels of IL-25, IL-31, and IL-33 had no association with
EDSS scores, total disease duration, or current disease duration. There
was also no significant correlation between the level of cytokines and
anti-AQP4 antibody titers.

As the cytokine levels in the acute phase can better represent the
inflammatory status of the patients, only patients in the acute phase
were included in the analysis of the correlation with ARR. Among the
32 patients in the acute phase, only the serum level of IL-33 was posi-
tively correlated with ARR (r = 0.364,P = 0.04; Figure 2).

4 | DISCUSSION

To our knowledge, the present study was the first one to detect the
serum levels of IL-25, IL-31, and IL-33 in patients with NMQOSD. Our
study demonstrated that the serum levels of IL-25, IL-31, and IL-33
were all increased in patients with NMOSD compared to HC. The
serum level of IL-31 was associated with IL-17A, which was regarded
as a critical cytokine in the pathogenesis of NMOSD. Patients with
typical brain lesions of NMOSD on the MR images had higher serum
levels of IL-33. Moreover, the serum level of IL-33 in the acute phase
of the disease was positively correlated with ARR, which indicated
that a higher serum level of IL-33 during the acute phase was related

to more past relapses in patients with NMOSD.
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FIGURE 2 The serum level of IL-33 in the acute phase was
positively correlated with annualized relapse rate (ARR) in patients
with neuromyelitis optica spectrum disorders (NMOSD) (r = 0.364,
P =0.04)
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The discovery of the anti-AQP4 antibody in 2004 has dramati-
cally changed our understanding of the pathophysiology of NMOSD.?

However, detailed mechanisms about how the autoantibodies are
produced and attack the nervous system remain unknown.* Cytokines
and chemokines have been proven to play important roles in the
pathogenesis of NMOSD by several recent immunological studies.’
In the current study, we found that the serum levels of three Th2-
related cytokines (IL-25, IL-31, and IL-33) were increased in patients
with NMOSD compared to HC.

IL-25 (also called IL-17E) is a member of the IL-17 family. IL-25 (IL-
17E) is the most distinct one in this family, with only a 16% similarity
to IL-17A (the most studied one).*® Diverse cells, including Th2 cells,
eosinophils, basophils, microglia, epithelial cells, endothelial cells, alve-
olar macrophages, and IgE-activated mast cells, can produce IL-25.%
IL-25 targets haematopoietic cells, such as Th2, Th9, or natural killer T
cells; the latter can produce Th2 axis-related cytokines, such as IL-4,
IL-5, IL-9, and IL-13, under the induction of IL-25.1% IL-4 is a key regu-
lator in humoral and adaptive immunity. It can promote the differentia-
tion of B cells into plasma cells.® IL-5 has the effect of the stimulation
of B-cell growth and can increase the secretion of immunoglobulins.*
IL-25 has protective roles against worm or bacterial infection; it might
also participate in intestinal inflammation. IL-25 has been proven to
be a pathogenic factor during allergic diseases (such as asthma and
atopic dermatitis) due to its induction of Th2 cytokines.”® We found
that the serum level of IL-25 was increased in patients with NMOSD.
Thus, we hypothesized that IL-25 might play a role in the pathogenesis
of NMOSD by promoting the production of autoantibodies, such as
the anti-AQP4 antibody.

IL-31 belongs to the family of IL-6 cytokines, which also includes
IL-6, IL-11, and 1L-27.%7 IL-31 is mainly produced by CD4 + T cells,
particularly activated Th2 cells.*® The IL-31 receptor complex has been
found to be expressed by various cells, including dorsal root ganglia,
activated monocytes, macrophages, basophils, eosinophils, and kera-
tinocytes.19 Recent studies reported that patients with inflammatory
bowel disease, asthma, allergic rhinitis, and atopic dermatitis had in-
creased 1L-31 serum levels.” Moreover, the serum levels IL-31 had
been correlated with disease activity in some of the above-mentioned
diseases.’ In the current study, we found an increased serum level of
IL-31 in patients with NMOSD. We also noted a positive correlation
between serum level of IL-31 and IL-17A, which is identified as a crit-
ical cytokine in the pathogenesis of NMOSD.>¢ However, there was
no correlation between serum level of IL-31 and disease severity or
activity. Further study is needed to reveal the role of IL-31 in the de-
velopment of NMOSD and its interaction with IL-17A.

Recently, IL-33 was found to be a new member of the IL-1 cytokine
family.%° Through heterotrimeric binding to T1/ST2 and IL-1RACP, IL-
33 can induce type-2 immune responses.?! High expression of IL-33
has been observed in the lung, gastrointestinal tract, skin, and brain.?°
Many immune cells are responsive to IL-33 and carry cell surface T1/
5T2.22 The most well-described effect of IL-33 is the initiation of innate
and adaptive type-2 immune responses, which is represented by the
production of IL-4, IL-5, and IL-13.2>2® Additionally, IL-33 can regulate
Th17- and Thl-coordinated inflammation, including neutrophil and
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antiviral T-cell responses. The effects of IL-33 in health and disease
are highly tissue-specific and are influenced by the microenviron-
ment.” Recent studies proved that the IL-33:ST2 axis was involved in
the immunopathology of diseases, including atopic dermatitis, asthma,
inflammatory bowel disease, and arthritis.2*2% As NMOSD is regarded
as a Th17- and Th2-dominant disease, we hypothesized that IL-33
might also be involved in the pathogenesis of the disease by promot-
ing Th17- and Th2-related immune responses. The results of our study
partially verified this hypothesis. In the current study, we revealed a
higher serum level of IL-33 in patients with NMOSD compared to HC;
a higher level of serum IL-33 may suggest the presence of typical brain
lesions of NMOSD; moreover, a higher serum level of IL-33 during
an acute phase was related to more past attacks, which may imply
a higher disease activity in patients with NMOSD. Therefore, further
study is warranted to disclose a detailed mechanism of IL-33 in the im-
munopathology of NMOSD. In addition, as predictors of the relapse of
NMOSD are currently lacking, IL-33 might be a promising candidate.

As far as we know, this is the first study to reveal the possible role
of the three newly discovered Th2-related cytokines in the pathogen-
esis of NMOSD. However, there are several limitations. One limitation
in this study is the relatively small number of patients included and the
lack of follow-up; therefore, large-scale studies should be conducted
with longer periods of follow-up. Second, we only detected the serum
level of the cytokines; it would be much better if we could detect the
serum and CSF levels simultaneously. Third, we did not compare the
serum levels of the cytokines of the same patient before and after
immunomodulatory treatment and during the different stages of the
disease, which could be different. Finally, underlying mechanisms of
the three cytokines in NMOSD pathogenesis should be further stud-
ied. Furthermore, it might not be appropriate that MOG-IgG positive
patients were included in the current study as accumulating evidence
suggests that anti-MOG-related disorders might be their own disease
entity.27'29 However, according to the 2015 diagnostic criteria of
NMOSD, MOG-IgG is not explicitly mentioned as an exclusion crite-
rion; therefore, we still included patients with MOG-IgG positive who
met the 2015 criteria in the current study.

5 | CONCLUSION

In conclusion, we found higher serum levels of IL-25, IL-31, and IL-33
in patients with NMOSD compared to HC. A higher level of serum
IL-33 may suggest the presence of typical brain lesions of NMOSD;
furthermore, a higher serum level of IL-33 during an acute phase may
imply a higher disease activity in patients with NMOSD. However, fur-
ther studies are required to investigate the underlying mechanisms of
the three cytokines and the immunopathology of NMOSD.
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