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Background: Various cytokines are involved in the pathogenesis of neuromyelitis optica spectrum disorders (NMOSD), but whether
serum interleukin-32 (IL-32) level is related to disease activity in cases with NMOSD remains poorly understood. Thus, we
investigated the underlying role of IL-32 in NMOSD cases.

Methods: Our observation recruited 32 cases with acute NMOSD, 36 NMOSD cases in remission, and 60 healthy individuals in this
study. Serum concentrations of IL-32 were detected using ELISA. The associations among IL-32 levels and clinical characteristics
were assessed by Spearman correlation coefficient and logistic regression analysis.

Results: IL-32 concentrations were strongly increased in cases with acute NMOSD [(52.06 + 16.56) pg/mL] and NMOSD in remission
[(25.78 + 8.31) pg/mL] compared with healthy controls [(10.83 + 6.94) pg/mL] (all p <0.001). ROC analysis suggested that the AUC for
IL-32 and the combined diagnosis of acute NMOSD was 0.811 (P = 0.026, 95% CI 0.673-0.949), with a sensitivity of 0.800 and
a specificity of 0.806. The level of IL-32 was positively correlated with EDSS scores in patients with acute NMOSD (r = 0.620, p <
0.001). EDSS score was independently associated with increased serum levels of LI-32 (B = 1.529, p < 0.001).

Conclusion: Higher level of IL-32 is related to disease severity in NMOSD. Therefore, serum 1L-32 may be a novel biomarker for
acute NMOSD.

Keywords: IL-32, neuromyelitis optica spectrum disorders, biomarker

Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is a chronic inflammatory disorder of CNS characterized by optic neuritis
(ON) and longitudinally extensive transverse myelitis (LETM)." It has been reported that 80% NMOSD cases are positive for
aquaporin-4 (AQP4) immunoglobulin G antibodies, which leads to astrocyte damage, inflammatory cell infiltration, and myelin
loss.> In 2015, the Wingerchuk group reported the first diagnostic criteria for NMOSD.? Thus, increasing number of patients with
NMOSD are being diagnosed according to the latest diagnostic criteria. Nevertheless, the complex pathogenesis of NMOSD has
not been fully uncovered. The main pathology of NMOSD involves in AQP4-1gG and lymphocyte function. AQP4-Ig penetrates
the blood-brain barrier (BBB) and reacts with AQP4 in astrocyte, followed by recruiting and activating complement to trigger
complement-dependent-cytotoxicity. Moreover, the AQP4-specific T-cells and B cell immuno-regulatory dysfunction may
destroy the BBB and recruit sustained levels of pathogenic effectors in NMOSD.* Many studies have revealed that various
inflammatory factors (IL-17A, IL-6, IL-22, or IL-35) and chemokines (CXCL8 or CXCL10) participate in the autoimmune
response and CN'S injury.*> However, few researches have reported the association among IL-32 and clinical characteristics of
cases with NMOSD.
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IL-32 plays an important role in the pathogenesis of immune-associated chronic inflammatory disorder.® It stimulates the
production of various pro-inflammatory factors, including IL-1p and IL-6. IL-32 overexpression has been investigated in many
autoimmune disorders, including arthritis,” asthma,® and myasthenia gravis.’ IL-32 induces the maturation and activation of
dendritic cells (DCs), thereby mediating Thl and Th17 cell-associated immune response by secreting IL-12 and IL-6 through
the NF-kB pathway.'” Meanwhile, some researchers reported increased plasma levels of IL-32 in patients with NMOSD. "
Nevertheless, the correlations among IL-32 levels and clinical variables in NMOSD cases have not been investigated.

We assessed IL-32 levels in cases with acute and remitted NMOSD. We also investigated whether IL-32 level is
related to disease severity in cases and whether it is a sensitive biomarker for NMOSD.

Materials and Methods

Subjects

This was a cross-section study conducted at Xiangyang Central Hospital, Affiliated Hospital of Hubei University
of Arts and Science. In total, 68 patients, 32 with acute NMOSD and 36 with remitted NMOSD, were consecu-
tively enrolled from July 2020 to Mar 2023. The inclusion criteria were adopted according to previous report.’
Patients included in the acute NMOSD group were drug-naive before sampling, including steroids. Patients with
other autoimmune diseases were excluded from this study. Additionally, 60 healthy subjects who had no chronic or
acute diseases were recruited as the control group in our study. The included subjects voluntarily agreed to their
participation and signed the written informed consent. The present study was approved by the ethics committee of
the Xiangyang Central Hospital, Affiliated Hospital of Hubei University of Arts and Science (N0.2020-080).

High-Throughput Screening Analysis

In order to preliminary explore the potential biomarkers for NMOSD, we collected 8 serum samples, including four
healthy individuals and four patients with NMOSD, to screen the differentially expressed genes. Then, the differentially
expressed genes were subsequently identified by RNA-sequencing and high-throughput screening analysis (Baikede
Biotechnology Co. Ltd., Wuhan, China).

Collection of Clinical Data

The clinical characteristics of patients with NMOSD were obtained via the electronic recording system. Sex, age,
current disease duration, serum autoimmune antibodies (anti-DNA, anti-Sm, anti-SSA, anti-SSB, and rheumatoid
factor), expanded disability status scale (EDSS) score, and cerebrospinal fluid (CSF) protein levels were collected.
Moreover, the involvement of the optic nerve, brain, cervical spinal cord, thoracic spinal cord, and lumbar spinal
cord was assessed by MRI. The interval from the time of the current attack to the time of sampling was deemed
current disorder duration (CDD). CDD < 30 days was regarded as the acute phase, and CDD > 30 days was
considered the remission phase. EDSS scores were assessed at the time of sampling. Patients with acute NMOSD
who received immunomodulatory drugs before sampling were excluded due to the effects of these drugs on

outcomes.

Measurement of IL-32 Levels

Blood samples were obtained from peripheral veins and left of patients from six to eight in the morning after an
overnight fast. After coagulation, the samples were centrifuged at 1200 g for 5 min. Then, serum samples were collected
and stored at —70 °C. Serum concentrations of IL-32 in all samples were detected using ELISA at the same time point.
Serum levels of IL-32 were measured by an ELISA kit (R&D Systems; USA) with intra-assay Coefficients of Variability
(CV)<10% and Inter-assay CV <8%. The results in all samples were high above LLOQ. IL-32 level was quantified by
a microplate reader (BioTek Instruments, Inc., Winooski, USA).
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Statistics Analysis

Data were analyzed using SPSS version 22.0 (SPSS Inc., USA). The normality of data was assessed using the
Kolmogorov—Smirnov Z test. Count data are shown as a percentage (%). The chi-square test or Fisher’s test was used
to compare differences between the two groups. Continued variables with a normal distribution are shown as mean + SD.
Such data were analyzed using Student’s ¢ test. Data with non-normal distribution are shown as median and interquartile
range (IQR). Such data were analyzed using the Mann—Whitney U-test. Receiver operating characteristic (ROC) curve
was used to assess the diagnostic significance of IL-32 for NMOSD. Associations of IL-32 level with CSF protein level
and EDSS score were assessed using Spearman’s rank correlation coefficient. Univariate and multiple linear regression
analyses were used to assess the correlation of IL-32 levels with clinical characteristics of patients with NMOSD.
p < 0.05 was regarded statistically significant.

Results

Baseline Characteristics of Subjects

In total, 68 patients with NMOSD were recruited, including 32 drug-naive cases in the acute phase and 36 cases in the
remission phase. The average age in the acute phase cases [(50.59 £ 9.26) years] was higher than that in the remission cases
[(40.78 £ 8.90) years] (p = 0.031). Current disease duration was 9 (IQR = 9) days in the acute cases and 37 (IQR = 29) days in
the remission cases (p = 0.006). CSF protein level [(401.06+66.62) mg/L] and EDSS score (6, IQR = 3) in the acute group
were significantly higher compared with the remission group [(303.97+£72.52) mg/L; 2, IQR = 2] (all p < 0.01). Moreover,
gender, anti-AQP4 level, serum levels of autoimmune antibodies, and the involvement of optic nerve, brain, cervical spinal
cord, thoracic spinal cord, and lumbar spinal cord were not significantly different between the two groups (all p > 0.05). In
addition, we recruited 60 healthy individuals as controls (31 males and 29 females) whose mean age was [(44.95+£10.41)
years] (Table 1).

Table | Baseline Characteristics of Individuals with NMOSD and Healthy Controls

Characteristics Acute Remission Total Healthy p'-value pz-value
NMOSD NMOSD NMOSD Controls
(n=32) (n=36) (n=68) (n=60)
Average age (year) 50.59+9.26 40.78+8.90 45.40+10.27 44.95+10.41 0.031 0.940
Male (%) 18 (56.25) 22 (61.11) 40 (58.82) 31 (51.67) 0.351 0.705
Anti-AQP4 (positive, n, %) 24 (75.00) 20 (55.56) 36 (52.94) 0.109
CSF protein (mg/L) 401.06+66.62 303.97+72.52 349.66+69.54 0.000
Current disease duration (median, IQR; day) 9 (9) 37 (29) 23 (33) 0.006
Serum autoimmune anti- 2 (6.25) 3 (8.33) 5 (7.35) 0.503
bodies (positive, %)
Anti-DNA (positive, %) I (3.13) 1 (2.78)
Anti-Sm (positive, %) 0 (0) 1 (2.78)
Anti-SSA (positive, %) I (3.13) 1 (2.78)
Anti-SSB (positive, %) 0 (0) 0 (0)
Rheumatoid factor (positive, %) 0 (0) 0 (0)
Optic nerve involvement (n, %) 14 (43.75) 9 (25.00) 23 (33.82) 0.086
Brain involvement (n, %) 25 (78.13) 25 (69.44) 50 (73.53) 0316
Cervical spinal cord involvement (n, %) 24 (75.00) 29 (80.56) 53 (77.94) 0.438
Thoracic spinal cord involvement (n, %) 13 (40.63) 18 (50.00) 31 (45.59) 0.557
Lumbar spinal cord involvement (n, %) 2 (6.25) 0 (0) 2 (2.94) 0916
EDSS score (median, IQR) 6 (3) 2 (2) 30 0.008
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Measurement of IL-32 Concentrations in Cases with NMOSD and Healthy Individuals
Our study collected 4 serum samples from patients and 4 samples from healthy controls to perform high-throughput
sequencing and identify potential diagnostic biomarkers for acute NMOSD. The volcano plot and heat map suggested
that IL-32 was significantly and differentially expressed between the two groups (Figure 1A-B). The results in Figure 1C
indicated that antigen processing and presentation and cytokine-cytokine receptor interaction were mostly associated with
NMOSD. In addition, the data in Figure 1D demonstrated that the biologic process (immune response) was closely
correlated with NMOSD (Figure 1D).

Moreover, we compared the serum IL-32 levels between 68 patients with NMOSD and 60 healthy controls. The
serum concentrations of IL-32 were significantly higher in patients with acute NMOSD [(52.06 £ 16.56) pg/mL] and
remitted NMOSD [(25.78 + 8.31) pg/mL] compared with healthy controls [(10.83 £ 6.94) pg/mL] (all p <0.001,
Figure 2). Additionally, the difference in IL-32 levels between patients with acute and remitted NMOSD was also
significant (p <0.001).

Next, we explored the diagnostic efficacy of serum IL-32 for NMOSD using ROC curve analysis. AUC was 0.811
(P =0.026, 95% CI 0.673—0.949), with a sensitivity of 0.800 and a specificity of 0.806 (Figure 3).

Association Between the Serum Levels of IL-32, CSF Protein Levels, and EDSS Scores
Among Patients with NMOSD

There was a significant correlation between serum IL-32 levels and CSF protein levels among all patients with NMOSD
(r=10.524, p <0.001) and patients with remitted NMOSD (r = 0.580, p < 0.001), but there was no significant correlation
among patients with acute NMOSD (r = 0.093, p = 0.612). Concerning serum IL-32 levels and EDSS score, there was
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Figure | IL-32 expression levels were significantly upregulated in patients with NMOSD. (A and B) Differential RNA expression in patients with NMOSD, compared with
healthy controls. (C and D) KEGG and GO enrichment analysis.
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Figure 3 ROC curve analysis of serum IL-32 levels in patients with NMOSD.

a significant correlation among all patients with NMOSD (r = 0.653, p < 0.001) and patients with acute NMOSD (r =
0.620, p < 0.001). However, there was no significant difference among patients with remitted NMOSD (r = 0.039, p =
0.822, Figure 4).

Correlations Between Serum Levels of IL-32 and Clinical Characteristics Among
Patients with Acute NMOSD

The logistic regression analysis was performed to assess the association between IL-32 and clinical data among patients
with acute NMOSD. In univariate linear regression analysis, anti-AQP4 antibody level, CSF protein level, involvement
of cervical spinal cord and lumbar spinal cord, and EDSS score were associated with increased serum levels of IL-32. In
multivariate linear regression analysis, however, only anti-AQP4 antibody and EDSS score were independently corre-
lated with serum levels of IL-32 after adjusting for the other confounders (Table 2).
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Figure 4 Spearman’s rank correlation coefficient showing the association between serum IL-32 levels with CSF protein levels and EDSS scores.

Discussion
It is well known that the roles of IL-32 in the development of NMOSD have not previously been observed so far. We

found that IL-32 concentrations are strongly higher in cases with acute and remitted NMOSD compared with healthy

Table 2 Association of IL-32 Levels with Clinical
Characteristics of Patients with NMOSD

Characteristics B £ SE p value

Univariate analysis
Age 0514 £0514 0.405
Sex 0.617 £ 0.573 0.388
Anti-AQP4 antibody 1.252 £ 0.605 0.027
CSF protein 1.438 + 0.367 0.007
Current disease duration 0.064 + 0.045 0.139
Serum autoimmune antibodies 0.152 + 0.105 0317
Optic nerve involvement 0.034 + 0.472 0.8I15
Brain involvement 0.344 + 0.219 0.148
Cervical spinal cord involvement 1.094 + 0.382 0.016
Thoracic spinal cord involvement | 0.351 + 0.300 0.157
Lumbar spinal cord involvement 1.166 + 0.299 0.010
EDSS score 1.758 £+ 0.722 <0.001

Multivariate analysis
Anti-AQP4 antibody 1.025 + 0.428 0.043
EDSS score 1.529 £ 0.647 <0.001
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individuals, suggesting that IL-32 is correlated with disease status. Moreover, IL-32 concentrations are positively related
to EDSS score and CSF protein levels in patients with NMOSD, suggesting that [L-32 is correlated with disease severity.
Additionally, IL-32 showed a significant diagnostic value for acute NMOSD with a sensitivity of 0.800 and a specificity
of 0.806.

IL-32 is closely associated with innate and adaptive immune responses and participates in some inflammatory
diseases via different mechanism.®'*"'* Previous observations revealed that the CSF levels of IL-6 are strongly higher
in cases with NMOSD compared with cases with multiple sclerosis, suggesting their different pathogenesis.'> Moreover,
IL-6 can induce the secretion of AQP4-Ab from plasmablasts in NMOSD.'® Thus, higher levels of IL-32 can induce IL-6
overproduction and induce AQP4-Ab levels. Therefore, IL-32 may be a biomarker for NMOSD. A previous study
reported that the anti-IL-6 receptor monoclonal antibody tocilizumab is highly effective for cases with refractory
NMOSD."” However, the effects of IL-32, an upstream molecule of IL-6, on NMOSD have not been fully elucidated.

IL-32 concentration was detected in NMOSD cases and in healthy controls to explore whether IL-32 is involved in
the development of NMOSD. We revealed that the 1L-32 concentrations are strongly higher in cases with acute and
remitted NMOSD than in healthy individuals. These findings are consistent with a previous study which indicates that
increased IL-32 levels were found in cases with neuromyelitis optica.'' Moreover, our results suggested that IL-32 levels
were positively related to CSF protein levels and EDSS scores, indicating that IL-32 is associated with higher physical
disability scores in NMOSD. Some researchers revealed that IL-32 is associated with IL-17A in NMOSD and correlated
with EDSS score, suggesting that IL-32 may be involved in B cell-mediated autoimmune disorders, such as NMOSD
[11]. In encephalomyelitis cases, IL-17A is found to be significantly increased in blood and CSF, particularly during
relapses.'® Moreover, IL-17A is upregulated in NMOSD and associated with disease severity.'*° In addition, IL-32 and
IL-17A exert similar biological functions dependent on TNF-receptor 1 different action mechanisms.>' Thus, these
findings support our conclusion that IL-32 is related to higher physical disability scores in NMOSD. IL-32 involves in the
pathogenesis of NMOSD by upregulating the levels of IL-6 and IL-7A in NMOSD. IL-32 has found to induce the
maturation and activation of dendritic cells (DCs) which could trigger Th1 and Th17 cell-mediated immune responses by
secreting IL-12 and IL-6 via the NF-kB signaling pathway and further promote NMOSD progression.'' Although
extensive studies have observed the roles of IL-32 in the pathogenesis of NMOSD, there are some limitations to this
study. First, the sample size was relatively small, and larger multi-center studies are needed. Second, follow-up data
before and after treatment were not collected and analyzed in this study. Third, because the sample is not so big and
consequently, there exists bias, thence more statistical analyses should be performed to validate our conclusion. Finally,
the levels of IL-32 in CSF have not been measured.

Conclusion

In summary, we reported that the IL-32 levels were significantly higher in NMOSD cases than in healthy individuals, and
IL-32 levels were positively related to CSF protein levels and EDSS scores among all patients with NMOSD, suggesting
that IL-32 is related to higher physical disability scores in NMOSD. Thus, our study may suggest that IL-32 may be
a new target for treating NMOSD. More studies should be conducted to uncover the precise mechanism involved in
NMOSD.
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