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Abstract
Objective

The aims of this study were to determine whether the expression levels of serological cytokines could
distinguish 1) neuromyelitis optical spectrum disorders (NMOSD) from healthy controls (HCs); and 2)
NMOSD patients with and without the aquaporin-4 (AQP-4) antibody biomarker from each other; and 3)
NMOSD patients without antibody to AQP-4 from multiple sclerosis (MS).

Methods

The expression levels of 200 proteins in serum from 41 NMOSD (32 with antibodies to AQP-4, 9 without
antibodies to AQP-4), 12 MS patients, and 34 HCs were measured using glass-based antibody arrays. In
parallel, the correlation between protein expression in NMOSD/MS patients and clinical traits was
analyzed with Weighted Gene Co-expression Network Analysis (WGCNA).

Results

Thirty-nine serological proteins were differentially expressed in NMOSD patients compared to HCs. 29
differentially-expression proteins (DEPs) were speci�c to NMOSD whereas 10 of these were observed in
NMOSD and MS samples. In addition, there were 15 DEPs between AQP-4-IgG seronegative and AQP-4-
IgG seropositive NMOSD patients, and 9 DEPs between NMOSD and MS patients who did not have AQP-
4-IgG.

Conclusions

Our �ndings highlight that serological Interleukin-17B (IL-17B) may be key biomarker of NMOSD and MS.
While epidermal growth factor (EGF) may be correlated with the breakdown of the blood-brain barrier in
NMOSD patients, granulocyte chemotactic protein-2 (GCP-2) and monocyte differentiation antigen CD14
(CD14) may play different roles in the pathogenesis of AQP-4-IgG seronegative and seropositive NMOSD
and MS. Novel biomarkers identi�ed in our study could potentially be used in the diagnosis and treatment
of NMOSD.

Trial registration

Public title: Multi-Center Clinical Study of GFAP Astrocytopathy

Registration number: ChiCTR2000041291

Date of registration: 2020-12-23 (Retrospective registration)

URL of trail registry record: http://www.chictr.org.cn/showproj.aspx?proj=65306

Introduction
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Neuromyelitis optical (NMO) is a rare and severe in�ammatory demyelinating disorder of the central
nervous system (CNS), which mainly affects the optic nerves and spinal cord [1]. The discovery of a
speci�c serum biomarker, an autoantibody against aquaporin-4 (AQP-4-IgG), has helped distinguish NMO
from multiple sclerosis (MS) and expand the NMO diagnosis to include neuromyelitis optical spectrum
disorder (NMOSD)[2, 3]. AQP-4 is the most abundant water channel in the mammalian CNS. It is highly
expressed in the membrane of astrocytic end feet at the interfaces between blood/cerebrospinal fluid and
brain parenchyma [4]. Binding of AQP-4–IgG to astrocytic AQP-4 initiates neuroinflammation [5].

About 20%–40% of patients with clinical signs of NMOSD do not have AQP-4-IgG in their serum and the
underlying pathogenesis in these patients is unclear [6]. In addition to AQP-4-IgG, growing evidence
suggests that complements, cytokines, and chemokines also contribute to the complex pathogenesis of
NMOSD [7-9]. Cytokines play an important role in innate immunity, apoptosis, angiogenesis, cell growth,
and differentiation, while chemokines are associated with the recruitment of leukocytes and other
in�ammatory cell types. However, only limited numbers of cytokines have been tested and the results
have been inconsistent [10]. Since most studies have used samples from AQP-4-IgG seropositive (AQP-
4+) patients, little data have been collected from AQP-4-IgG seronegative (AQP-4-) patients.

The identi�cation of additional NMOSD biomarkers for accurate diagnosis has been limited by disease
rarity and detection techniques. While imaging techniques and cerebrospinal �uid (CSF) can provide
valuable information about CNS diseases, the collection of blood samples for diagnosis is less invasive,
more convenient, and economical. Therefore, in this study we aimed to screen 200 different proteins to
discover candidate serological biomarkers of NMOSD using antibody arrays.

Methods
Study participants

A total of 34 healthy controls (HC), 41 NMOSD patients (32 AQP-4+ patients, 6 AQP-4- patients, 3 patients
with undetectable AQP-4-IgG), and 12 MS patients who ful�lled the diagnostic criteria [11] [12] were
enrolled in the study. AQP-4-IgG was detected by cell-based assays as previously described [13]. A dilution
of 1:10 was the cutoff for positive and negative cases. Clinical and demographic data are summarized in
Table 1 and Supplementary Table 1.

Serum preparation

All serum samples were processed following standard procedures and were frozen at -80 °C until use.
Written informed consent was provided by all participants. All clinical serum samples used in the study
were approved by the committees for ethical review of research involving human subjects at the Second
A�liated Hospital of Guangzhou Medical University (Guangzhou, China).

Cytokines determination
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The concentrations of 200 circulating cytokines in serum were measured using the Human Cytokine Array
Q4000 (QAH-CAA-4000, RayBiotech, Georgia, USA), which is a high density, quantitative antibody array. A
list of these proteins is provided in Supplemental Information, Supplementary Table 2. Serum samples
were processed with the antibody arrays according to the manufacturer’s protocol. Brie�y, after 60 min of
incubation with blocking buffer, 100 µL of 2-fold diluted serum samples were added to the array. After
overnight incubation at 4 °C and extensive washing, the biotin-labeled detection antibody was added for 1
hour (h) at room temperature and then removed via washing. Alexa Fluor 555-conjugated streptavidin
was then added and incubated for 1 h at room temperature. The signals were scanned and extracted
using an InnoScan 300 scanner (Innopsys, Carbonne, France).

Data processing and �gure generation

All the protein values were transformed with log2 transformation to facilitate data analysis, including
principal component analysis (PCA), volcano plot, correlation heatmap, support vector machine (SVM)
model, regularized discriminant analysis (RDA) model, and gradient boosting machine (GBM)
construction. All data processing and statistical tests were performed in open source R (R Foundation for
Statistical Computing, Vienna, Austria) and RStudio (RStudio, Massachusetts, USA). Figures were
generated directly in RStudio and then arranged for publishing using Photoshop CS5 (Adobe, California,
USA). Differentially-expressed proteins (DEPs) were de�ned as those with p-adjusted (p-adj) or p < 0.05
and absolute log2 fold change (FC) > 0.263. DEPs were represented in a volcano plot using the ggplot
function in R studio.

Relationship between protein expression and clinical traits

The relationships between modules or protein expression levels in NMOSD/MS patients and clinical traits
were analyzed with Weighted Gene Co-expression Network Analysis (WGCNA) with the R/Bioconductor
package “WGCNA.” Modules with external traits were correlated and represented as a grid with the
corresponding correlation and p-value. Relationships among modules were summarized by circos plots
using the "circlize" package in R and heatmap plots of the corresponding module network using the
function "labeled Heatmap" in the "WGCNA" package.

Differential co-expression analysis

To assess changes in co-expression, we calculated the Spearman correlation between each protein
module speci�c to the NMOSD or MS condition and then subtracted these correlations from healthy
controls, creating co-expression and differential co-expression networks using the "WGCNA" package in R.
Modules of highly correlated proteins were clustered and summarized.

Supervised diagnosis model building

Proteins that were NMOSD-speci�c and correlated with clinical traits helped construct a classi�cation
model. A supervised SVM model was conducted to classify NMOSD patients with healthy controls using
the R package “caret.” The SVM model was built using a scheme of 3-fold cross-validation with a 5-time
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repeat. The model performance was evaluated using area under the curve (AUC) analysis and a
confusion matrix on model prediction.

Results
Clinical presentation and cytokine detection

The demographic and clinical characteristics of 41 NMOSD patients, 12 MS patients, and 34 HC are
described in Table 1. Magnetic resonance imaging (MRI) and optical features of NMOSD are described in
Supplementary Table 1.

Table 1. Clinical presentation of NMOSD patients, MS patients, and HC

 HC NMOSD MS

Age (Mean ± SEM) 41.88 ± 2.385 41.20 ± 2.429 32.83 ± 4.071

Number 34 41 12

Sex, female:male 17:17 36:5 4:8

EDSS n/a 2.83 1.83

AQP-4+ % n/a 78.0 % 0 %

EDSS: expanded disability status scale

The relative levels of 200 unique proteins were measured using antibody arrays, and the resulting data
were subjected to two parallel analyses: differential expression analysis and co-expression network
analysis (Figure1a). The co-expression network analysis aimed to integrate both molecular and clinical
data.

The statistical signi�cance and fold change of the protein levels between NMOSD patients and HCs are
displayed in a volcano plot (Figure1b). Expression levels of 39 cytokines of 200 proteins measured
differed between NMOSD patients and HCs (Figure1b, red points). A PCA depicting 39 DEPs is shown in
Figure1c. Hierarchical clustering of the 39 DEPs demonstrate that there are clear differences between
NMOSD patients and HCs (Figure1d).

To help determine whether the DEPs are speci�c to NMOSD or demyelinating disease in general, we
collected serum from an additional 12 patients with MS. Among the cytokines examined, the expression
levels of 12 cytokines differed between MS patients and HCs (Figure2a). The PCA of all the 12 DEPs are
shown in Figure 2B. Hierarchical clustering of these 12 proteins illustrate a difference between MS and
HCs (Figure2c).

Functional pro�ling of the NMOSD-speci�c predictors.
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Interestingly, 29 DEPs were NMOSD-speci�c (Figure3a, green box) and 2 proteins were MS-speci�c
(Figure3a). After �ltering multicollinear variances, the AUCs of 20 NMOSD-speci�c proteins were > 0.65
(Figure3b). To estimate the discrimination accuracy of the NMOSD-speci�c proteins, three supervised
models (RDA, SVM, GBM) for 5 proteins were conducted to classify NMOSD patients from HCs. The GBM
and SVM models distinguished NMOSD patients from HCs with 100% accuracy, 100% sensitivity, and
100% speci�city. The RDA model classi�ed NMOSD patients and HCs with 86.67% accuracy, 88.24%
sensitivity, and 85.37% speci�city (Figure3c). The protein concentrations of growth-regulated alpha
protein (GRO), EGF, and TNF superfamily member 14 (LIGHT) in NMOSD patients and HCs are shown in
Figure 3d.

There were 10 DEPs in both NMOSD and MS conditions compared to HCs, which include IL-17B, brain-
derived neurotrophic factor (BDNF), IL-18 BPa, Angiopoietin-1 (ANG-1), Eotaxin-2, thymus and activation-
regulated chemokine (TARC), GCP-2, CD40L, CD14, and Opsin-5 (OPN) (Figure 3a, blue box, inset). These
proteins had an up/up or down/down trend, respectively, which indicates that a more general mechanism
of the in�ammatory demyelinating disease likely exists.

Differentially co-expressed modules between NMOSD and MS

Changes in protein levels provide a binary view of NMOSD (i.e., levels signi�cantly change or not).
However, disease is a gradual process as a patient’s optic nerve, spinal cord, or motor disability become
increasingly impaired or affected. Therefore, the differential co-expression was analyzed to identify
functional modules that may be signi�cantly associated with the measured clinical traits.

A total of 9 differentially co-expressed protein modules were identi�ed, with each module assigned a
speci�c color in Figure 4a. Seven (7) distinct clusters of module proteins with highly similar or different
correlation pro�les between NMOSD and MS conditions are indicated as “a-g” in Figure 4a. The brown
and magenta modules were signi�cantly and highly correlated with each other in patients with MS
compared to patients with NMOSD. The functions of the proteins in the brown module are related to the
MAPK signaling pathway. Notably, the expression levels of these proteins are signi�cantly different in the
serum of MS and NMOSD patients, thus re�ecting different disease pathologies.

Next, the correlations between co-expressed protein modules and clinical traits were determined. The blue
module was moderately and positively associated with Erythrocyte Sedimentation Rate (ESR) (r=0.47,
p=4e-07). The blue (r=0.43, p=0.002 and r=0.4, p-0.003) and pink (r=0.41, p=0.003 and r=0.44, p=0.001)
modules were moderately and positively associated with cholesterol (CHOL) and low-density lipoprotein
(LDL). The turquoise module was moderately and negatively associated with total protein (TP) (r=-0.51,
p=1e-04), globulin (GLB) (r=-0.4, p=0.003), and adenosine deaminase (ADA) (r=-0.46, p=7e-04).

The correlations between 30 proteins (i.e., 29 NMOSD-speci�c proteins and IL-6R) and clinical traits were
explored. Both a circos plot and a heatmap showed protein-trait associations (Figure 4b - c). Vascular
endothelial growth factor C (VEGF-C) (r=0.52, p=0.003), myeloid progenitor inhibitory factor 1 (MPIF-1)
(r=0.54, p=0.002), and neuronal cell adhesion molecule (NrCAM) (r=0.53, p=0.003) were positively
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associated with AQP-4-IgG titer. EGF was positively associated with ESR (r= 0.57, p=0.001). Mast/stem
cell growth factor receptor kit (SCF R) and IL-6R were positively associated with serum amylase (AMS) (r=
0.58, p=8e-04 and r=0.54, p=0.002, respectively).

Serum cytokine pro�le analysis based on presence of AQP-4-IgG

Next, we sought to determine whether the presence of AQP-4-IgG in serum had distinct cytokine
characteristics within the NMOSD cohort. When the serum proteins were analyzed based on the presence
or absence of AQP-4-IgG, 15 proteins (p < 0.05 and absolute log2 FC > 0.263) differed between AQP-4+
and AQP-4- NMOSD patients (Figure 5a, red points). The PCA of all 15 DEPs are shown in Figure 5b.
Clustering of the 15 different proteins illustrated clear differences between AQP-4+ and AQP-4- NMOSD
patients (Figure 5c). Meanwhile, only 2 cytokines (IL-29, MPIF-1) differed between HCs and NMOSD
patients (data not shown). Importantly, 9 cytokines (p < 0.05 and absolute log2 FC> 0.263) differed
between AQP-4-IgG seronegative NMOSD and MS patients (Figure 5d). The PCA of the 9 DEPs are shown
in Figure 5e. Hierarchical clustering of the 9 DEPs illustrate clear differences between the two groups
(Figure 5f). Interestingly, the expression of GCP-2 and CD14 not only differed between AQP-4+ and AQP-4-
NMOSD patients, but also differed between AQP-4- NMOSD and MS patients (Figure 5g).

Discussion
The identi�cation of diagnostic biomarkers for NMOSD is hampered by disease rarity. Although imaging
techniques and interrogation of CSF may provide more direct information on CNS disease, the collection
of blood samples is less invasive, time intensive, and costly. Here, we analyzed the levels of 200 serum
cytokines and chemokines, validating previously identi�ed bio-markers and study identifying 29 new
NMOSD-speci�c proteins compared to HCs. Moreover, we show that 10 of these DEPs are shared between
NMOSD and MS patients. Fifteen cytokines were differentially expressed between AQP-4-IgG+ and AQP-4-
NMOSD patients. Nine DEPs between AQP-4- NMOSD and AQP-4- MS patients were also identi�ed.

The breakdown of the blood–brain barrier (BBB) is a key pathogenic step in the initiation and progression
of NMOSD. As the BBB breaks down, AQP-4-IgG synthesized in the peripheral lymphoid cells can cross
the BBB to bind to astrocytic AQP4 receptors, which leads to complement dependent cytotoxicity (CDC)
and antibody-dependent cell-mediated cytotoxicity (ADCC). Although infusion of serum with positive
AQP4 antibody to experimental autoimmune encephalomyelitis (EAE) rats with broken blood-brain barrier
caused NMO-like lesions, when it was infused into healthy rats, no NMO lesions were seen[14].
Autoantibodies against human brain microvascular endothelial cells (BMECs) other than anti-AQP4
antibodies may disrupt the BBB through upregulation of VEGF in BMECs[15]. There may be other
serological components correlated with BBB disruption in NMOSD.

The interleukin (IL)-17 superfamily, a relatively new family of cytokines, consists of six ligands (IL-17A to
IL-17F). IL-17A is one of the T helper (Th) 17 cells and Th17-associated interleukins that are the key
effectors of autoimmune in�ammatory demyelination diseases, including MS and NMOSD[16]. A
previous study indicated that IL-17A augments reactive oxygen species production that leads to the
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breakdown of the BBB [17]. Unlike IL-17A and IL-17F, which are mainly produced by Th17 cells, IL-17B is
widely expressed in various tissues and cell types [18, 19]. Interestingly, IL-17B is highly abundant in
neutrophils. Several experimental �ndings strongly support the role of IL-17B in the pathogenesis of
in�ammatory arthritis and systemic lupus erythematosus because IL-17B is signi�cantly elevated in
these patients compared to healthy controls[20]. However, studies of IL-17B/IL-17RB signaling on
demyelination diseases are scant, especially for NMOSD. In our study, we found that IL-17B and CXCL1
were signi�cantly increased in the serum of NMOSD patients compared with healthy controls, suggesting
that IL-17B may be involved in the pathogenesis progression of NMOSD. Importantly, IL-17B mRNA is
expressed at very high levels in the spinal cord and IL-17B protein primarily localizes to neuronal cell
bodies and axons[21, 22]. Further research is needed to obtain a complete understanding of the biological
function of IL-17B in NMOSD.

The EGF signaling pathway plays important roles in proliferation, differentiation, and migration of a
variety of cell types, especially in epithelial cells. Previous studies have reported that the secretion of EGF
in peripheral blood mononuclear cells (PBMCs) of patients with relapsing remitting multiple sclerosis (RR-
MS) is highly dysregulated compared with HCs[23]. However, other studies demonstrated that the
expression levels of EGF and its receptor (EGFR) are reduced in MS spinal cord and lesions[24].
Treatment with anti-EGF antibodies ameliorate EAE via induction of neurogenesis and
oligodendrogenesis[25]. Exogenous EGF treatment reduces demyelination lesions in an EAE mouse
model and results in neuroprotection in both neonatal and adult mouse models of brain injury by
stimulating proliferation and maturation of oligodendrocyte precursor cells (OPCs)[26, 27]. Moreover, EGF
protein expression could improve BBB integrity against ischemic injury by upregulating the expression of
tight junction proteins[28].

Though the role of EGF in the pathogenesis of MS has been explored in previous studies, little is known
about its function in NMOSD. Our results show that serological EGF levels in NMOSD patients were
signi�cantly higher than in HCs. Whether the increased level of EGF in NMOSD patients’ serum can alter
the expression of TJ proteins and contribute to the breakdown of BBB remain unknown. In addition,
women are preferentially affected with NMOSD with a female:male ratio of nearly 10:1. There is a sexual
dimorphism of EGF concentrations in both kidney and urine, with higher EGF levels in females[29].
Whether the increased serum EGF in NMOSD is associated with the pathogenesis of NMOSD needs to be
further examined.

Misdiagnosing NMOSD as MS occurs   frequently (40%) [30], even though the diseases have different
prognoses and treatments. For example, the prognosis for NMOSD patients is usually worse and some
MS therapies, such as interferon-b, natalizumab, or �ngolimod, may be ineffective or harmful to NMOSD
patients [31]. Moreover, experts frequently disagree on the diagnosis and treatment of AQP-4-IgG negative
NMOSD and MS patients. Our data indicate that GCP-2 may be in�uencing the immunopathogenesis of
AQP-4+ and AQP-4- NMOSD patients as well as MS patients.
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GCP-2/CXCL6 is an important member of the ELR + CXC chemokine family and assists in recruiting cells,
such as neutrophils, hyaline leukocytes, macrophages, and lymphocytes to sites of in�ammation. In this
study, the serological levels of GCP-2 correlated with the AQP-4-IgG titer in NMOSD patients but not in MS
patients. More speci�cally, the GCP-2 expression was decreased in AQP-4-IgG seronegative NMOSD
patients but increased in AQP-4-IgG seropositive NMOSD and MS patients. We observed the same trend
in this study. For the �rst time, we demonstrate that the serum level of 9 proteins differed between AQP-4-
IgG seronegative NMOSD and MS patients (Figure 5F). These data could help to diagnose patients
properly since distinguishing AQP-4 Ab-seronegative NMOSD and optical spinal predominant MS from
each other remains a clinical challenge. Finally, a previous study showed that GCP-2 levels were
signi�cantly higher in AQP-4-IgG seropositive patients compared to the myelin oligodendrocyte
glycoprotein antibody (MOG-IgG) seropositive group [32].

Further studies using larger independent cohorts are needed to assess proteomic differences between
acute and relapsed NMOSD patients, and to determine the correlations between disease severity and
treatment response. Such data will help to validate our results and develop diagnostic algorithms for
NMOSD. This is especially true for the heterogeneous group of AQP-4-IgG seronegative NMOSD patients.
It is important to note that prior immunosuppressive or immunomodulatory treatment taken by the
patients in our study may have in�uenced the results.

Conclusion
Our study identi�ed that IL-17B may be key cytokine marker of NMOSD and MS patients in serum, while
EGF may be correlated with the breakdown of the BBB in NMOSD patients. GCP-2 and CD14 may help
distinguish the immunopathogenesis of AQP-4-IgG seronegative and seropositive NMOSD as well as MS.
Serological levels of GCP-2 of AQP-4-IgG seronegative NMOSD patients differed from AQP-4-IgG
seropositive NMOSD and MS patients, which may be an in�uencing factor in demyelination disease. Our
�ndings shed further light on the potential roles of speci�c in�ammatory mediators and growth factors in
the immunopathogenesis. These proteins may aid in diagnosing and treating demyelinating disorders.
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Figure 1

Antibody array analysis reveals differentially-expressed protein pro�les of NMOSD patients compared
with healthy controls. a. Overview of experimental and analysis work�ow. The serological concentrations
of 200 proteins were determined with an antibody microarray. Protein expression and co-expression
network analyses for each group (NMOSD, MS, HC) were performed. b. Volcano plot showing the
distribution of 200 protein expression levels between NMOSD patients and HCs (p-adj < 0.05 and
absolute log2 FC > 0.263). adj.P.val = adjusted p-value. c. PCA analysis of the 39 DEPs. The �rst two
primary components (PC1, PC2) are plotted. d. Clustering heatmap of the 39 DEPs between NMOSD
patients (pink) and HCs (cyan).
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Figure 2

Antibody array reveals differentially-expressed protein pro�les of MS patients compared with healthy
controls. a. Volcano plot showing the distribution of 200 protein expression levels between MS patients
and HCs (p-adj < 0.05 and absolute log2 FC > 0.263). adj.P.val = adjusted p-value. b. PCA analysis
conducted on the 12 DEPs. The �rst two primary components (PC1, PC2) are plotted. c. Clustering
heatmap of the 12 DEPs between MS patients (pink)and HCs (cyan).
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Figure 3

The plasma proteome contains disease-speci�c information. To assess the speci�city of the proteins
identi�ed in the expression level analysis, NMOSD samples were compared to MS samples. a. Plot of the
log10-transformed adjusted p-value (p-adj) of NMOSD and MS data show preserved directionality,
resulting in the classi�cation of four distinct groups: “General demyelination” (p-adj.NMOSD < 0.05 and p-
adj.MS < 0.05, same direction of changes in both diseases, green box); “NMOSD speci�c” (p-adj.NMOSD
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< 0.05, p-adj.MS>0.05; red box); “MS speci�c” (p-adj.MS < 0.05, p-adj.NMOSD > 0.05); “Non-signi�cant” (p-
adj.NMOSD and p-adj.MS > 0.05). A Venn diagram showing the overlap of DEPs in NMOSD and MS
(inset, blue box). b. Histogram showing the AUCs of 20 NMOSD-speci�c proteins after �ltering
multicollinear variances. c. Establishment of SVM, RDA and GBM classi�cation models for NMOSD using
5 DEPs. Left panel: receiver operating characteristic (ROC) curve of the training set using the three
models. Right panel: confusion matrix used to calculate the percentage of classi�cations that agreed
with the clinical diagnoses. d. Jitter plots of serum levels (pg/ml) of indicated proteins in the respective
study groups. Each dot represents an individual sample, and the horizontal lines represent group means.
*** p < 0.001.
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Figure 4

Differentially co-expressed modules between NMOSD and MS. a. Comparative correlation heatmap. The
upper diagonal of the main matrix shows correlations between pairs of proteins among the NMOSD
samples (red color = positive correlations, blue = negative correlations). The lower diagonal of the
heatmap shows correlations between the same protein pairs in the MS samples. Modules are identi�ed
on the right side of the heatmap by a color bar. b. Protein module-trait associations. Each row
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corresponds to a module (color) and each column to a clinical trait. 200 proteins were divided into 9
modules. Each cell contains the correlation index and p-value. Level of correlation is color-coded
according to the color legend. Red = positive correlation, blue = negative correlation. c. Protein-trait
associations. Each row corresponds to a protein and each column to a clinical trait. Each cell contains
the correlation index and p-value. Level of correlation is color-coded according to the color legend. Red =
positive correlation, blue = negative correlation. d. Circos plot showing protein-trait associations. Left side
of circos plot represents traits and right side represents 30 speci�c proteins.
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Figure 5

Serum cytokine pro�le analysis based on presence of AQP-4 autoantibody. a. Volcano plot showing the
distribution of 200 proteins between AQP4-seronegative NMOSD patients and AQP4-seropositive NMOSD
patients (p < 0.05 and absolute log2 FC > 0.263). b. PCA analysis conducted on the 15 DEPs. The �rst two
primary components (PC1, PC2) are plotted. c. Clustering heatmap of the 15 DEPs between AQP4-
seronegative (cyan) and AQP4-seropositive (pink) NMOSD patients. d. Volcano plot showing the
distribution of 200 proteins between AQP4-seronegative NMOSD and MS patients (p < 0.05 and absolute
log2 FC > 0.263). e. PCA analysis conducted on the 9 DEPs. The �rst two primary components (PC1, PC2)
are plotted. f. Clustering heatmap of the 9 DEPs between AQP4-seronegative NMOSD patients (pink) and
MS patients (cyan). g. Plots of serum levels (pg/ml) of indicated molecules in the respective study
groups. Each dot represents an individual sample, and the horizontal lines represent group means. *
p<0.05, ** p<0.01 and *** p<0.001.

Figure 6
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Hypothesis of the underlying mechanisms of NMOSD. Serological APQ4-IgG crosses the disrupted BBB
and targets AQP4 channels on the end feet of astrocytes, followed by complement activation and
in�ammatory activation. In�ammatory recruitment and activation lead to microglia activation and
oligodendrocyte loss and demyelination; these responses may correlate with increased serological levels
of IL-17B, GCP-2, and CD14.
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