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Supplementary Figure 1 Schematic representation of CyTOF measurement and
gating strategy from Panel A&B. A total of 211 whole blood samples were
collected from MS and NMOSD patients. Whole blood samples were CD45-barcoded
and pooled. Mixed samples were equally divided and stained with two panels (Panel
A and B, Supplementary Tables 2 and 3) of metal-conjugated antibodies and
acquired on the CyTOF instrument. Prior to pre-gating, the data were de-barcoded,
compensated and normalized. In Panel A, the gating strategy for selecting single
CD45+ cells, excluding CD3+CD19+ double positives. In Panel B, the gating strategy

for cell sorting of CD19+ B cells.
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Supplementary Figure 2 Contribution of immune cell sub-populations to DMT-
mediated differences in cell composition at different timepoints depicted by

principal components analysis (PCA)

(A-H) PCA for the 18 identified immune clusters in untreated and DMT-treated MS
(A, C, E & G) and NMOSD patients (B, D, F & H) at TO (A & B), T1 (C & D), T2 (E &
F) and T3 (G & H). Each point represents one sample’s scores on the first 2
dimensions (Dim1 and Dim2). Each vector (arrow) shows the loadings of each cell
cluster on the first 2 principal components. Grey scale indicates the contribution
value of variables to Dim1 and Dim2. The red dashed line on the graph indicates the
expected average contribution. The graph shows top variables (with a contribution

larger than average) contributing to Dim1.



A. acD20-MS

B cells NK cells Granulocyte
C15 Cc10 Cc16 C1 Cc2
10 25 1.0 100 05
0
_3 8 20 08 75 % @ ? sy 04
2 o 6 15 0.6 5 0.3
o
g8 4 104 0.4 02
&<
S 2 05 2 0.2 2 014
i; L]
0 0.0 T T T T 0.0 0 T T T T 0.0 T T T T
QR QA QN QA QA
DCs CD1449mCD16™ Monocytes Classical Monocytes CD4*T cells
C4 C14 Cc8 C9 C6
2.0 2.0 8 5 20
0
.8 15 15 6 4 15
2t 3
S X 1.0 e 1.0 4 10 .
3 E—_) o $ 2 o
&5 05 05 ¢ 2 1 5
& ° .
0.0 T T T T 0.0 T — T - T T 0 0 - 0 T T T T
QA QA QAR QAR QAR
aCD20-MS: TO (n=15), T1 (n=14), T2 (n=15), T3 (n=6)
B FTy-ms
B cells NK cells Granulocyte
C15 Cc10 Cc16 C1 Cc2
0.6 4 0.5 100
—_— L)
©
_3 3 0.4 75 ‘5 E% % é 3
0.4
L 0.3
s X 2 50 2
O O 2 0.2
[ 1 25 1
M 0.1
T 00— 0 0.0 L B e S 0
QAL QAR QAR QAL QAL
DCs CD149mCD16¢™ Monocytes Classical Monocytes CD4*T cells
C4 C14 Cc8 C9 C6
0.8 2.0 25 5 2.0
w
.8 06 oo 15 20 4 15
2 154 @ 3
s ¥ 04 1.0 1.0
s0 1.0 2
&5 02 0.5 0.5
£ X 0.5 . 1
0.0+— - - - 0.0— 0.0-— - - - 0 0.0
QAL QAL SIS PN SIS PN SISO PN
FTY-MS: TO (n=9), T1 (n=9), T2 (n=9), T3 (n=7)
C acD20-NMOSD
B cells NK cells Granulocyte
C15 C10 C16 C1 C2
0.8 15 2.0 100 0.5
»
. 806 15 75 B4 5 e 04
g o 1.0 ° E 0.3
s X o4 1.0 50 02
S0 -
& 502 ; 051 B ote 0.5 25 0.1 é
2 | o B o e |
OG T T T T OG T T T T OO G T T T T OC T T < T
QAL QAL SIS PN QAL SISO RPN
DCs CD149mCD16%m Monocytes Classical Monocytes CD4*T cells
C4 C14 Cc8 C9 C6
25 15 15 25 15
2 20 2.0
St 45 1.0 1.0 15 10
§_ g ) ° i
go 10 . 05 05 10 5
°\°¢, 0.5 E Q * 0.5
- 0.0 T T T T 0.0 T T T T 0.0 T T I T 0.0 0
QAL SIS PN SIS PN QAL QAR

aCD20-NMOSD: TO (n=4), T1 (n=4), T2 (n=11), T3 (n=6)



Supplementary Figure 3 Differential proportion of ten defined significant
clusters (shown in Fig. 1) between four time points in DMT-treated MS and
NMOSD patients.

(A) Box plots show non-significant differences of the ten defined clusters (mean + SD)
between TO (n=15), T1 (n=14), T2 (n=15), T3 (n=6) in aCD20-treated MS patients
(Kruskal-Wallis and Dunn’s multiple comparison test). Each dot represents the value
of each sample. Boxes extend from the 25th to 75th percentiles. Whisker plots show
the min (smallest) and max (largest) values. The line in the box denotes the median.
(B) Box plots show non-significant differences of the ten defined clusters (mean = SD)
between TO (n=9), T1 (n=9), T2 (n=9), T3 (n=7) in FTY-treated MS patients (Kruskal-
Wallis and Dunn’s multiple comparison test). Each dot represents the value of each
sample. Boxes extend from the 25th to 75th percentiles. Whisker plots show the min
(smallest) and max (largest) values. The line in the box denotes the median.

(C) Box plots show non-significant differences of the ten defined clusters (mean + SD)
between TO (n=4), T1 (n=4), T2 (n=11), T3 (n=6) in aCD20-treated NMOSD patients
(Kruskal-Wallis and Dunn’s multiple comparison test). Each dot represents the value
of each sample. Boxes extend from the 25th to 75th percentiles. Whisker plots show

the min (smallest) and max (largest) values. The line in the box denotes the median.
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Supplementary Figure 4 Differential proportion of ten defined significant
clusters (shown in Fig. 1) between different MS groups at different time points.

(A) Box plots of the ten differentially abundant clusters (mean = SD) between
Untreated-MS (n=7), aCD20-MS (n=14), FTY-MS (n=9), IFNB-MS (n=4) at T1. Each
dot represents the value of each sample. Boxes extend from the 25th to 75th
percentiles. Whisker plots show the min (smallest) and max (largest) values. The line
in the box denotes the median. Kruskal-Wallis and Dunn’s multiple comparison test.

(B) Box plots of the ten differentially abundant clusters (mean + SD) between
Untreated-MS (n=9), aCD20-MS (n=15), FTY-MS (n=9), IFNB-MS (n=3) at T2. Each
dot represents the value of each sample. Boxes extend from the 25th to 75th
percentiles. Whisker plots show the min (smallest) and max (largest) values. The line
in the box denotes the median. Kruskal-Wallis and Dunn’s multiple comparison test.

(C) Box plots of the ten differentially abundant clusters (mean = SD) between
Untreated-MS (n=7), aCD20-MS (n=6), FTY-MS (n=7) at T3. Each dot represents the
value of each sample. Boxes extend from the 25th to 75th percentiles. Whisker plots
show the min (smallest) and max (largest) values. The line in the box denotes the

median. Kruskal-Wallis and Dunn’s multiple comparison test.
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Supplementary Figure 5 Humoral response after SARS-CoV-2 mRNA vaccination

in patients with MS and NMOSD.

(A) Anti-S1 IgG titer in MS (Untreated-MS (n=7), aCD20-MS (n=14), FTY-MS (n=9),

IFNB-MS (n=3)) and NMOSD (Untreated-NMOSD (n=2), aCD20-NMOSD (n=4), MMF-

NMOSD (n=1)) groups at T1. Each dot represents the value of each sample. Boxes

extend from the 25th to 75th percentiles. Whisker plots show the min (smallest) and

max (largest) values. The line in the box denotes the median. Kruskal-Wallis and

Dunn’s multiple comparison test.

(B) Anti-S1 IgG titer in MS (Untreated-MS (n=9), aCD20-MS (n=15), FTY-MS (n=9),

IFNB-MS (n=3)) and NMOSD (Untreated-NMOSD (n=5), aCD20-NMOSD (n=11),

MMF-NMOSD (n=1)) groups at T2. Each dot represents the value of each sample.

Boxes extend from the 25th to 75th percentiles. Whisker plots show the min (smallest)

and max (largest) values. The line in the box denotes the median. Kruskal-Wallis and

Dunn’s multiple comparison test.

(C) Anti-S1 IgG titer in MS (Untreated-MS (n=7), aCD20-MS (n=6), FTY-MS (n=6)) and

NMOSD (Untreated-NMOSD (n=4), aCD20-NMOSD (n=4), MMF-NMOSD (n=1))

groups at T3. Each dot represents the value of each sample. Boxes extend from the

25th to 75th percentiles. Whisker plots show the min (smallest) and max (largest)

values. The line in the box denotes the median. Kruskal-Wallis and Dunn’s multiple

comparison test.
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Supplementary Figure 6 Association of B cell sub-population with anti-S1 1gG

antibody production at T1-T3 in MS and NMOSD groups

(A) UMAP plots colored by cluster ID for 1-18 clusters of CD19+ B cells determined

using the FlowSOM algorithm.

(B) Phenotypic heatmap depicting the median expression levels of selected markers

per B cell cluster.

(C) Mosaic plots depicting cluster proportion and cell count per cluster in each group

at TO.

(D) Proportion of the nine differentially abundant clusters (mean + SD) between

Untreated-MS (n=7), aCD20-MS (n=15), FTY-MS (n=9), IFNB-MS (n=3) at TO. Each

dot represents the value of each sample. Boxes extend from the 25th to 75th

percentiles. Whisker plots show the min (smallest) and max (largest) values. The line

in the box denotes the median. Kruskal-Wallis and Dunn’s multiple comparison test.

(E) Proportion of the nine clusters as in D (mean + SD) between Untreated-NMOSD

(n=2), aCD20-NMOSD (n=4), MMF-NMOSD (n=1) at TO. Each dot represents the

value of each sample. Boxes extend from the 25th to 75th percentiles. Whisker plots

show the min (smallest) and max (largest) values. The line in the box denotes the

median.

(F) Heatmap of the Spearman correlation coefficients between the proportion of B cell

clusters and antibody titers at T1-T3 in MS groups. Nonparametric Spearman

correlation test (r), two-sided.
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Supplementary Figure 7 Representative plots of gating strategy in Panel A, related to Figure 3 and 5. CD66b+ granulocytes

and CD3+ T cells were sorted from all CD45+ populations.
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Supplementary Figure 8 Gating strategy for MNK cell in Panel A, used in Figure 4.
The gating of MNK cells from CD3-CD66b- populations based on marker expression

of CD3, CD66b, CD19 and CD14.
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Whisker plots show the min (smallest) and max (largest) values. The line in the box denotes the median.
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Supplementary Figure 10 Median expression (with arcsinh transformation) of
markers of granulocyte sub-clusters found correlated with anti-S1 1gG antibody levels
in MS and NMOSD groups. Each dot represents the value of each single cell. Data
displayed as median with 95% confidence interval. The red bars represent the clusters
that show positive correlations with anti-S1 1gG antibody levels. The light blue bars

represent the clusters that show negative correlations with anti-S1 19G antibody levels.



Supplementary Table 1. Patients information

Group MS NMOSD
total no. 39 23
Female/Male 29/10 18/5

Age, meanSD (range, years)

48+11 (28-69)

48+15 (21-78)

Therapy (no.)

Untreated 9 5
aCD20 16 13
FTY 9
IFNB 5 -
AZA 2
MMF - 1
TCZ - 1
IVIG - 1
Timepoint (patient no./sample no.)
T0 34/34 77
T1 34/35* 717
T2 36/64** 20/24**
T3 20/24*** 13/16***
Disease duration, meantSD (range, years) 2049 (3-42) 11+7 (2-37)

Treatment duration before vaccination,
meanSD (range, months)

44150 (2-233)

68453 (17-155)

EDSS, meanSD (range)

at TO 3.1£1.8 (0-7) 3.4£1.9 (2-6)
at T1 3.3£1.4 (1.55) | 4.8+1.8 (3.5-6)
at T2 3.1£1.6 (0-6) 2.5£1.9 (0-6.5)
at T3 3+0.5 (2.5-3.5) 1.70.6 (1-2)

* 2 patients have 2 samples at different timepoints after primary but before secondary vaccination.

** 31 patients have 2 or 3 samples at different timepoints but within 6 months after secondary vaccination.
*** 5 patients have 2 or 3 samples at different timepoints but within 4 months after tertiary vaccination.
Abbreviations: MS= multiple sclerosis; NMOSD= neuromyelitis optica spectrum disorders; aCD20= anti-
CD20 monoclonal antibodies; FTY= fingolimod; IFNB= interferon 3; AZA= azathioprine; MMF=
mycophenolate mofetil; TCZ= tocilizumab; IVIG= Intravenous immunoglobulin.




Supplementary Table 2. The Panel A-antibody list

Target | Isotope tag clone company Dilution
Surface
CD45 8y HI30 Fluidigm 1:200
HLA-DR 41Pr L243 Biolegend 1:100
CD19 142Nd HIB19 Fluidigm 1:100
CD69 144Nd FN50 Fluidigm 1:100
CD4 145Nd RPA-T4 Fluidigm 1:100
CDe64 146Nd 10.1 Fluidigm 1:100
CD226 147Sm REA1040 Miltenyi 1:100
CD16 148Nd 3G8 Fluidigm 1:50
CD56 1498m NCAM16.2 Fluidigm 1:400
ICOS S1Eu C398.4A Fluidigm 1:50
CD66b 152Sm 80H3 Fluidigm 1:600
CD3 154Sm UCHT1 Fluidigm 1:200
CD11c 155Gd Bu15 Biolegend 1:200
CCR4 158Gd L291H4 Fluidigm 1:200
TIGIT 159Th MBSA43 Fluidigm 1:50
CD14 160Gd RM052 Fluidgm 1:100
CD8 162Dy RPA-T8 Fluidigm 1:50
CRTH2 163Dy BM16 Fluidigm 1:100
CD95 164Dy DX2 Fluidigm 1:50
LAG3 165Ho 11C3C65 Fluidigm 1:100
CD141 166 M80 Fluidigm 1:50
CCR7 167Er GO043H7 Fluidigm 1:100
CD206 168 15-2 Fluidigm 1:50
CD33 169Tm WM53 Fluidigm 1:100
FceR1a 70Er AER-37 (CRA1) eBioscience 1:100
CD161 71YDb HP-3G10 Biolegend 1:100
CXCR4 73Yh 12G5 Fluidigm 1:200
CD127 176YDb A019D5 DVS Sciences 1:100
CD47 209Bj CC2C6 Fluidigm 1:200
Intracellular
cPARP 143Nd F21-852 fluidigm 1:200
MIP1beta 150Nd D21-1351 Fluidigm 1:100
CD68 1S3Eu Y1/82A Biolegend 1:100
IL6 156Gd MQ2-13AS Fluidigm 1:50
CTLA4 167Dy 14D3 Fluidigm 1:50
OPN 72Yb polyclonal LSBio 1:50
IL1beta 74Yb CRM56 eBioscience 1:50
TNF 75y MAb11 DVS Sciences 1:50




Supplementary Table 3. The Panel B-antibody list

Target | Isotope tag clone company Dilution
Surface
CD45 8y HI30 Fluidigm 1:200
CD49d 141pr 9F10 Fluidigm 1:100
CD19 142Nd HIB19 Fluidigm 1:100
HLA-DR 143Nd L243 Fluidigm 1:200
CD38 144Nd HIT2 Fluidigm 1:100
CD138 145Nd DL-101 Fluidigm 1:200
IgD 146Nd IA6-2 Fluidigm 1:100
CD123 147Sm 6H6 Biolegend 1:100
IgA 148Nd polyclonal Fluidigm 1:200
CD25 14989m 2A3 Fluidigm 1:50
KLRG1 150Nd 14C2A07 Biolegend 1:100
IgGL B1EY MHL-38 Fluidigm 1:200
TCRgd 1528m 11F2 Fluidigm 1:100
CD62L 158EYy DREG-56 Fluidigm 1:100
CD3 1548Sm UCHT1 Fluidigm 1:200
CD11c 155Gd Bul5 Biolegend 1:100
CXCRS3 156Gd GO025H7 Fluidigm 1:200
CCR4 158Gd L291H4 Fluidigm 1:200
CD1c 159Th L161 Biolegend 1:100
IgGK 160Gd MHK-49 Fluidigm 1:100
CD8 162Dy RPA-T8 Fluidigm 1:50
CRTH2 163Dy BM16 Fluidigm 1:100
CD28 164Dy L293 BDBioscience 1:50
CD45R0O 165Ho UCHL1 Fluidigm 1:100
CD34 166 581 Fluidgm 1:100
CDh27 167Er 0323 Fluidigm 1:50
CD24 169Tm ML5 Fluidigm 1:50
CD20 171Yb 2H7 Fluidigm 1:100
IgM 172Yp MHM-88 Fluidigm 1:100
CXCR4 173Yb 12G5 Fluidigm 1:200
PD1 174Yp EH12.2H7 Fluidigm 1:50
CD11b 209B;j ICRF44 Fluidigm 1:200
Intracellular
CTLA4 161Dy 14D3 Fluidigm 1:50
Thbet 170Er 4B10 Biolegend 1:50
Ki67 168 B56 Fluidigm 1:50
TNF 5Ly MAb11 DVS Sciences 1:50
CHI3L1 176Yp EPR19078-157 abcam 1:100




Supplementary Table 4.
and MNK cell-Panel A

Selected markers used in the clustering of All cell, T cell, granulocyte

Target in All cells

Target in T cells

Target in granulocytes

Target in MNK cells

FceR1a CD3 FceR1a CD47
CCR4 CCR4 CD45 HLADR
CD11c CD4 CD95 CCR4
CD68 CCR7 CD66b CD11c
HLADR CD8 CD16 CD68
CDoe4 CRTH2 CD64 CD14
CD14 CTLA4 CCR4 CD33
CD33 CD226 CD69 CD4

CD3 ICOS CD161 CCR7
CD4 TIGIT CXCR4 CDe4
CD8 CD127 HLADR CD95

CD66b CD69 IL1beta CD206
CD161 LAG3 CD33 CD16
CD56 CD14 OPN
CD19 CD69

CD161
CD56
CD226
TIGIT
CD8
CRTH2
CD141
IL1beta
CD127
TNF

MIP1beta




Supplementary Table 5. Selected markers used in B cell subclustering-Panel B

Target Isotope tag clone company
CD20 7Yb 2H7 Fluidigm
IgM 72YDh MHM-88 Fluidigm
CXCR3 1%6Gd G025H7 Fluidigm
CCR4 158Gd L291H4 Fluidigm
CD45 8y HI30 Fluidigm
CD49d 141Pr 9F10 Fluidigm
HLADR 143Nd L243 Fluidigm
CD19 142Nd HIB19 Fluidigm
CD1c 159Tb L161 Biolegend
CD38 144Nd HIT2 Fluidigm
IgA 148Nd polyclonal Fluidigm
CD138 145Nd DL-101 Fluidigm
gD 146Nd IAB-2 Fluidigm
IlgGK 160Gd MHK-49 Fluidigm
lgGL 1STEuU MHL-38 Fluidigm
CD62L 153Ey DREG-56 Fluidigm
CD24 169Tm ML5 Fluidigm
KLRG1 150Nd 14C2A07 Biolegend
CXCR4 73Yb 12G5 Fluidigm
CHI3L1 176Yh EPR19078-157 abcam
CD25 1498m 2A3 Fluidigm
CD123 47Sm 6H6 Biolegend
CD45RO 165Ho UCHL1 Fluidigm
TCRgd 152Sm 11F2 Fluidigm
CD27 167Er 0323 Fluidigm
Ki67 168 B56 Fluidigm
CD11c 155Gd Bu15 Biolegend
Tbet 170Er 4B10 Biolegend




Supplementary Table 6. Treatment duration in MS and NMOSD patients

MS_aCD20 MS_FTY MS_IFNs NMOSD_aCD20 | NMOSD_MMF
(n=14, months) (n=8, months) (n=3, months) (n=4, months) (n=1, months)
31 11 233 17 75
15 29 70 34
11 45 34 155
2 128 60
30 123
47 34
29 10
40 71
25
4
9
35
17

22




