
 



 

Supplementary Figure 1. Violin plots of significantly altered cytokines and chemokines 
compared to multiple sclerosis (MS) patients. Individual values for aquaporin-4 antibody 
positive neuromyelitis optica spectrum disorder (NMOSD) patients, myelin oligodendrocyte 



glycoprotein-associated disease (MOGAD) patients and MS patients are shown as circles, 
medians are shown as thick horizontal line and quartiles as dashed line. The long horizontal 
dotted lines represent the cut-off values to discriminate NMOSD and MOGAD from MS 
patients with 90% specificity. Between group comparisons, comparing MOGAD or NMOSD 
with MS, were calculated using Mann Whitney U test with two-stage step-up (Benjamini, 
Krieger and Yekutieli) and a false discovery rate (FDR) of 1%. Significant differences 
(MOGAD and NMOSD versus MS) are shown in the graphs, *** indicates a p-value <0.001, 
** p-value <0.01, * p-value <0.05.  
APRIL: a proliferation-inducing ligand; BAFF: B cell activation factor; BLC: B lymphocyte 
chemoattractant; CD40L: CD40 ligand; ENA-78: epithelial neutrophil-activating peptide-78; 
FGF: fibroblast growth factor; G-CSF: granulocyte colony-stimulating factor; GM-CSF: 
granulocyte-macrophage colony-stimulating factor; GRO: growth-regulated oncogene; HGF: 
hepatocyte growth factor; IFN: interferon; IL: interleukin; IP: interferon-ɣ-induced protein; I-
TAC: interferon-inducible T cell α-chemoattractant; LIF: leukemia inhibitory factor; MCP: 
monocyte chemoattractant protein; M-CSF: macrophage colony-stimulating factor; MDC: 
macrophage-derived chemokine; MIF: macrophage migration inhibitory factor; MIG: 
monokine induced by interferon-ɣ; MIP: macrophage inflammatory protein; MMP: matrix 
metalloproteinase; MOGAD: myelin oligodendrocyte glycoprotein associated disease; MS: 
multiple sclerosis; NGF: nerve growth factor; NMDAR: N-methyl-D-aspartate receptor; 
NMOSD: neuromyelitis optica spectrum disorder; SCF: stem cell factor; SDF: stromal cell-
derived factor; TNF: tumor necrosis factor; TRAIL: TNF-related apoptosis-inducing ligand; 
TSLP: thymic stromal lymphopoietin; TWEAK: tumor necrosis factor-like weak inducer of 
apoptosis; VEGF: vascular endothelial growth factor 

.  

  



 
Supplementary Figure 2. Clinical differences within MOGAD and NMOSD patients. 
Volcano Plot of Mann-Whitney tests after two-stage step-up (Benjamini, Krieger and Yekutieli) 
and FDR of 1% correction for multiple comparisons showing levels of 65 cytokines, 
chemokines and related molecules in MOGAD (left) and NMOSD (right) patients A during 
remission or relapse. B comparing relapsing vs monophasic disease courses. C receiving acute 
treatment or not before sample was taken. D receiving long-term treatment or not. E comparing 
women with men. F comparing children aged younger 18 years with adults. G having a 
maximum of two relapses compared with those having at least three relapses. The red dotted 
line indicates the significance level of p<0.05. 

 

  



 
Supplementary Figure 3. Stability over time. Volcano plots of Wilcoxon matched-pairs 
signed rank test after Bonferroni-Dunn correction comparing serum levels of 65 cytokines, 
chemokines and related molecules between baseline and follow-up samples in A MOGAD and 
B NMOSD patients. The red dotted line indicates the significance level of p<0.05. 

 

  



Supplementary Table 1. Dysregulated cytokine/chemokine concentrations, which 
distinguished NMOSD and MOGAD from MS with 90% specificity.  

Cytokine/ 
chemokine 

90th 
percentile 
of MS 
patients 
(pg/ml) 

NMOSD MOGAD MS p-value 
(NMOSD 
vs MS) 

p-value 
(MOGAD 
vs MS) 

APRIL 2567.92 18/40(45%) 5/40 (13%) 5/54 (9%) <0.001  
BAFF 18.34 6/40 (15%) 6/40 (15%) 5/54 (9%)  <0.001 
CD30 671.02 21/40 (53%) 9/40 (23%) 5/54 (9%) <0.001  
CD40L 53.21 11/40 (28%) 17/40 (43%) 5/54 (9%) 0.002 <0.001 
ENA-78 411.74 17/40 (43%) 8/40 (20%) 5/54 (9%) <0.001  
Eotaxin-2 466.51 13/40 (33%) 10/40 (25%) 5/54 (9%) <0.001 0.007 
Eotaxin-3 10.86 6/40 (15%) 3/40 (8%) 5/54 (9%)  0.004 
FGF-2 4.54 4/40 (10%) 9/40 (23%) 1/54 (2%)  0.001 
Fractalkine 7.41 18/40 (45%) 16/40 (40%) 4/54 (7%) <0.001 <0.001 
GRO-α 10.88 16/40 (40%) 28/40 (70%) 5/54 (9%) <0.001 <0.001 
HGF 647.67 19/40 (48%) 20/40 (50%) 5/54 (9%) <0.001 <0.001 
IL-10 2.40 6/40 (15%) 12/40 (30%) 4/54 (7%)  0.006 
IL-16 455.41 1/40 (3%) 8/40 (20%) 5/54 (9%) <0.001  
IL-17A 123.56 4/40 (10%) 9/40 (23%) 5/54 (9%)  <0.001 
IL-18 28.04 20/40 (50%) 16/40 (40%) 5/54 (9%) <0.001 <0.001 
IL-1α 1.59 13/40 (33%) 11/40 (28%) 2/54 (4%) <0.001 <0.001 
IL-21 6.84 11/40 (28%) 9/40 (23%) 1/54 (2%) <0.001 <0.001 
IL-22 19.95 9/40 (23%) 6/40 (15%) 2/54 (4%) 0.006  
IL-23 16.19 3/40 (8%) 12/40 (30%) 2/54 (4%)  <0.001 
IL-27 139.41 2/40 (5%) 12/40 (30%) 5/54 (9%)  <0.001 
IL-2R 8697.27 14/40 (35%) 6/40 (15%) 5/54 (9%) <0.001  
IL-3 23.12 10/40 (25%) 3/40 (8%) 1/54 (2%) <0.001  
IL-31 12.33 3/40 (8%) 10/40 (25%) 3 (54 (6%)  0.010 
IL-5 9.09 5/40 (13%) 13/40 (33%) 5/54 (9%)  <0.001 
IL-6 6.92 8/40 (20%) 15/40 (38%) 5/54 (9%)  <0.001 
IL-7 8.39 6/40 (15%) 10/40 (25%) 4/54 (7%) <0.001 <0.001 
IL-8 6.51 21/40 (53%) 25/40 (63%) 5/54 (9%) <0.001 <0.001 
IL-9 10.67 3/40 (8%) 8/40 (20%) 1/54 (2%)  0.001 
IP-10 101.99 26/40 (65%) 19/40 (48%) 5/54 (9%) <0.001 <0.001 
LIF 42.83 3/40 (8%) 11/40 (28%) 5/54 (9%)  <0.001 
MCP-1 346.64 18/40 (45%) 26/40 (65%) 5/54 (9%) <0.001 <0.001 
MCP-2 18.37 14/40 (35%) 3/40 (8%) 5/54 (9%) <0.001  
M-CSF 63.38 7/40 (18%) 11/40 (28%) 0/54 (0%) 0.002 <0.001 
MDC 420.40 18/40 (45%) 14/40 (35%) 5/54 (9%) <0.001 <0.001 
MIG 15.56 14/40 (35%) 11/40 (28%) 5/54 (9%) <0.001 <0.001 
MIP-1α 76.10 4/40 (10%) 12/40 (30%) 5/54 (9%)  <0.001 
MIP-1β 20.14 19/40 (48%) 19/40 (48%) 5/54 (9%) <0.001 <0.001 
MIP-3α 291.42 11/40 (28%) 13/40 (33%) 5/54 (9%) <0.001 <0.001 
MMP-1 5898.92 0/40 (0%) 14/40 (35%) 5/54 (9%) 0.005 <0.001 
SCF 10.99 16/40 (40%) 17/40 (43%) 5/54 (9%) <0.001 <0.001 
SDF-1α 10814.51 26/40 (65%) 32/40 (80%) 5/54 (9%) <0.001 <0.001 
TNF-β 6.08 5/40 (13%) 14/40 (35%) 3 (54 (6%)  <0.001 
TNFR2 230.93 22/40 (55%) 2/40 (5%) 5/54 (9%) <0.001  



TRAIL 437.95 14/40 (35%) 3/40 (8%) 5/54 (9%) <0.001  
TWEAK 1731.21 24/40 (60%) 12/40 (30%) 5/54 (9%) <0.001 <0.001 
VEGF-A 859.19 12/40 (30%) 22/40 (55%) 5/54 (9%)  <0.001 
APRIL: a proliferation-inducing ligand; BAFF: B cell activation factor; BLC: B lymphocyte 
chemoattractant; CD40L: CD40 ligand; ENA-78: epithelial neutrophil-activating peptide-78; 
FGF: fibroblast growth factor; G-CSF: granulocyte colony-stimulating factor; GM-CSF: 
granulocyte-macrophage colony-stimulating factor; GRO: growth-regulated oncogene; HGF: 
hepatocyte growth factor; IFN: interferon; IL: interleukin; IP: interferon-ɣ-induced protein; 
I-TAC: interferon-inducible T cell α-chemoattractant; LIF: leukemia inhibitory factor; MCP: 
monocyte chemoattractant protein; M-CSF: macrophage colony-stimulating factor; MDC: 
macrophage-derived chemokine; MIF: macrophage migration inhibitory factor; MIG: 
monokine induced by interferon-ɣ; MIP: macrophage inflammatory protein; MMP: matrix 
metalloproteinase; MOGAD: myelin oligodendrocyte glycoprotein associated disease; MS: 
multiple sclerosis; NGF: nerve growth factor; NMDAR: N-methyl-D-aspartate receptor; 
NMOSD: neuromyelitis optica spectrum disorder; SCF: stem cell factor; SDF: stromal cell-
derived factor; TNF: tumor necrosis factor; TRAIL: TNF-related apoptosis-inducing ligand; 
TSLP: thymic stromal lymphopoietin; TWEAK: tumor necrosis factor-like weak inducer of 
apoptosis; VEGF: vascular endothelial growth factor 

  



Supplementary Table 2. Pearson’s correlation coefficients comparing levels of cytokines, 
chemokines and related molecules measured with bead-based assay 1 with other bead-based 
assays. 

Analyte Bead-based assay 
1 

Bead-based assay 
2 

Bead-based assay 
3 

Bead-based assay 
4 

BLC 1.000 n.a. n.a. 0.218 
G-CSF 1.000 0.312 n.a. n.a. 
IFN-γ 1.000 -0.012 0.455 n.a. 
IL-10 1.000 0.224 0.424 n.a. 
IL-12p70 * * * * 
IL-13 * * n.a. n.a. 
IL-16 1.000 n.a. n.a. 0.214 
IL-17A 1.000 0.100 0.104 * 
IL-18 1.000 n.a. -0.028 n.a. 
IL-1β 1.000 0.315 0.799 n.a. 
IL-12 1.000 0.217 n.a. n.a. 
IL-23 1.000 n.a. 0.261 n.a. 
IL-4 1.000 0.091 n.a. n.a. 
IL-8 1.000 n.a. 0.462 0.802 
IP-10 1.000 n.a. n.a. 0.077 
MCP-1 1.000 0.357 0.325 n.a. 
MDC 1.000 n.a. n.a. 0.684 
TNF-α 1.000 0.103 0.564 n.a. 
BLC: B lymphocyte chemoattractant; G-CSF: granulocyte colony-stimulating factor; IFN: 
interferon; IL: interleukin; IP: interferon-ɣ-induced protein; MCP: monocyte chemoattractant 
protein; MDC: macrophage-derived chemokine; n.a.: not analyzed; TNF-related apoptosis-
inducing ligand;* analyte not detectable 

 

  



Supplementary Table 3. Pearson’s correlation coefficients comparing bead-based assays 2, 3 
and 4. 

Reference Analyte Bead-based 
assay 1 

Bead-based 
assay 2 

Bead-based 
assay 3 

Bead-based 
assay 4 

Bead-based assay 2 G-CSF 0.312 1.000 n.a. n.a. 
Bead-based assay 2 IFN-γ -0.012 1.000 0.120 n.a. 
Bead-based assay 2 IL-10 0.224 1.000 0.264 n.a. 
Bead-based assay 2 IL-12p70 * 1.000 0.040 n.a. 
Bead-based assay 2 IL-13 * 1.000 n.a. n.a. 
Bead-based assay 2 IL-17A 0.100 1.000 -0.112 * 
Bead-based assay 2 IL-1β 0.315 1.000 0.285 n.a. 
Bead-based assay 2 IL-12 0.217 1.000 n.a. n.a. 
Bead-based assay 2 IL-4 0.091 1.000 n.a. n.a. 
Bead-based assay 2 MCP-1 0.357 1.000 0.569 n.a. 
Bead-based assay 2 TNF-α 0.103 1.000 0.205 n.a. 
Bead-based assay 3 IL-18 -0.028 n.a. 1.000 n.a. 
Bead-based assay 3 IL-23 0.261 n.a. 1.000 n.a. 
Bead-based assay 3 IL-8 0.462 n.a. 1.000 0.695 
Bead-based assay 4 BLC 0.218 n.a. n.a. 1.000 
Bead-based assay 4 IL-16 0.214 n.a. n.a. 1.000 
Bead-based assay 4 IP-10 0.077 n.a. n.a. 1.000 
Bead-based assay 4 MDC 0.684 n.a. n.a. 1.000 
BLC: B lymphocyte chemoattractant; G-CSF: granulocyte colony-stimulating factor; IFN: 
interferon; IL: interleukin; IP: interferon-ɣ-induced protein; MCP: monocyte chemoattractant 
protein; MDC: macrophage-derived chemokine; n.a.: not analyzed; TNF: tumor necrosis 
factor; * analyte not detectable 

 

Supplementary Table 4. Pearson’s correlation coefficients comparing SDF-1α levels. 

 Bead-based 
assay 1 

ELISA 6 ELISA 7 ELISA 8 

Bead-based assay 1 1.000 0.095 0.137 0.043 
ELISA 6 0.095 1.000 0.397 0.693 
ELISA 7 0.137 0.397 1.000 0.049 
ELISA 8 0.043 0.693 0.049 1.000 
SDF: stromal cell-derived factor 

 

 



Supplementary Table 5. Cytokine-chemokine profile in different diseases affecting the central nervous system, either measured in blood 
(serum or plasma) (pink) or CSF (blue). We listed only cytokines and chemokines that are significantly different compared to control groups, 
which are the following: A healthy controls without infections/meningitis, B MS and NMOSD controls, C MS, D other non-inflammatory 
neurological disorders or non-SLE control group, E meningoencephalic phase versus 2 months follow-up of these patients, F 
meningoencephalic phase versus early phase without CNS symptoms, G non-NPSLE patients. 

Immune 
effector 
cells 

Cytokines/ 
chemokines MOGAD NMOSD Anti-NMDAR 

encephalitis Viral encephalitis Bacterial meningitis NPSLE 

Th1 IL-12p70     A (1) A (1) B (2) 
 TNF-α C, D (3)  D (4, 5) E (6) D (4, 7) D (7), A (1) B (2) 
 MIG C C  E (6), F (8) D (4)   

 IP-10 C D (3) C B (8) D (4, 5) F (8) D (4), A 
(9) 

  

 IFN-γ C, D (3) C (3) D (4, 5) F (8), A (10) D (7) D (7), A (11) B (2) 
 I-TAC    F (8)   
Th2 IL-2   D (12)  D (7) B (2) 
 IL-4       
 IL-5 C   A (13)  B (2) 
 IL-13 C, D (3) C, D (3) D (4) D (4, 14) D (15) B (2) 

T reg IL-10 C C (3) C (3) D (4, 5) A (10) D (4, 7) A (16, 7) 
D (7, 
10), A 
(1, 11) 

G (17), B (2) 

Th17 IL-6 C C, D 
(3) C, D (3) C (18) D (4) A (13, 10) D (4, 14, 

7) D (7),  A (1) 
D (7, 
10), A 
(1, 11) 

D (19) G 
(17) 

 IL-8 C C, D 
(3) C C, D 

(3) C (18) A (13) D (4, 14) A (1) G (17) 
 IL-17A C    A (16) B (2) 
 IL-23 C  D (4) D (4) A (20)  
B cells SDF-1α C C D (4) D (4)   
 BLC   D (4, 5) F (8) D (4)   
 APRIL C (18) C C (18)    
 BAFF C   F (8) D (4)   



Broad 
spectrum/ 
Others 

IFN-α C  D (4) E (6),  F (8) D (4), A 
(9) 

  

 MCP-1 C C (3) C C (3)  A (13), E (6), F (8)  G (21, 17) 
 MIP-1β C D (3) C D (3) C (18)    

 IL-1α C C, D 
(3) C C, D 

(3) D (4) D (4)   

 GRO-α C C C (18) F (8)   
 Fractalkine C C    G (22) 
 IL-18 C C  D (14) A (20)  
 TNF-β C C     
 IL-21 C C  E (6)   
 MDC C C D (5)    
 IL-9 C D (3)     B (2) 
 FGF-2 C D (3) D (3)    A (23) B 

(2) 
 Eotaxin-3 C      
 Eotaxin-2 C C     
 Eotaxin      B (2) 
 IL-31 C      
 HGF C C  A (13)   
 SCF C C     
 VEGF-A C   A (13), F (8)   
 IL-7 C C  D (14)  B (2) 
 TWEAK C C     
 MIP-3α C C     
 M-CSF C C     
 G-CSF      G  (17) 
 GM-CSF    A (13)  B (2) 
 CD40L C C     
 MMP-1 C C     
 IL-27 C   E (6)   
 LIF C      

 MIP-1α C C, D 
(3) C, D (3) D (5)  D (15)  



 

 CD30  C     
 TNFR2  C     
 IL-16  C D (5)    
 IL-2R  C     
 MCP-2  C D (5)    
 TRAIL  C     
 ENA-78  C     
 IL-3  C     
 IL-22  C     
 IL-15      B (2) 
 IL-20       
 MIF       
 TSLP       
 MCP-3       
 NGF-β       
 IL-1β   D (4) D (4, 14) A (16) A (1) A (24) 
APRIL: a proliferation-inducing ligand; BAFF: B cell activation factor; BLC: B lymphocyte chemoattractant; CD40L: CD40 ligand; ENA-
78: epithelial neutrophil-activating peptide-78; FGF: fibroblast growth factor; G-CSF: granulocyte colony-stimulating factor; GM-CSF: 
granulocyte-macrophage colony-stimulating factor; GRO: growth-regulated oncogene; HGF: hepatocyte growth factor; IFN: interferon; IL: 
interleukin; IP: interferon-ɣ-induced protein; I-TAC: interferon-inducible T cell α-chemoattractant; LIF: leukemia inhibitory factor; MCP: 
monocyte chemoattractant protein; M-CSF: macrophage colony-stimulating factor; MDC: macrophage-derived chemokine; MIF: 
macrophage migration inhibitory factor; MIG: monokine induced by interferon-ɣ; MIP: macrophage inflammatory protein; MMP: matrix 
metalloproteinase; MOGAD: myelin oligodendrocyte glycoprotein associated disease; MS: multiple sclerosis; NGF: nerve growth factor; 
NMDAR: N-methyl-D-aspartate receptor; NMOSD: neuromyelitis optica spectrum disorder; NPSLE: neuropsychiatric syndromes of 
systemic lupus erythematosus; SCF: stem cell factor; SDF: stromal cell-derived factor; TBE: tick-borne encephalitis; TNF: tumor necrosis 
factor; TRAIL: TNF-related apoptosis-inducing ligand; TSLP: thymic stromal lymphopoietin; TWEAK: tumor necrosis factor-like weak 
inducer of apoptosis; VEGF: vascular endothelial growth factor 
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