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Figure S1. The anti-aquaporin 4 (AQP4)-IgG status does not define a subgroup that 

would be detectable in heatmap-based clustering analyses.

The same data sets as in Figure 1B and 2B were used to perform calculations based on 

phylogenetic clustering analyses using a heatmap, but all variables were named on the 

Y-axis. 

Patients with Neuromyelitis optica spectrum disorder (NMOSD; N=63; X-axis) were 

clustered in columns using correlation distance and average linkage based on up to 351 

symptoms and clinical markers (in rows, presented on the Y-axis). Unit variance scaling 

is applied to the symptoms and the clinical markers. On top of the rows, anti-AQP4 status 

is shown. 

As before, no difference based on anti-AQP4-IgG status were identifiable.  
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Figure S2. The anti-aquaporin 4 (AQP4)-IgG status does not define a subgroup that 

would be detectable in heatmap-based clustering analyses independent of 

clustering method.

The same data sets as in Figure 1B, 2B and S1 were used to perform calculations based 

on phylogenetic clustering analyses using a heatmap. 

Patients with Neuromyelitis optica spectrum disorder (NMOSD; N=63; X-axis) were 

clustered in columns using average linkage based on up to 351 symptoms and clinical 

markers (in rows, presented on the Y-axis), but five different distance settings (Euclidean, 

binary, correlation, Manhattan and maximum distance) were tested. Unit variance scaling 

is again applied to the symptoms and the clinical markers. On top of the rows, anti-AQP4 

status is shown. 

As before, no difference based on anti-AQP4-IgG status were identifiable.  
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Figure S3. The anti-aquaporin 4 (AQP4)-IgG status does not define a subgroup that 

would be detectable in heatmap-based clustering analyses independent of 

clustering method.

We used the same data as in Fig S2, but in addition to different distance settings, we 

now also tested different linkage settings and show the respective cladograms on top of a 

heatmap, generated with correlation distance and average linkage settings. We again 

used our full set of 351 symptoms and clinical markers (in rows, presented on the Y-axis) 

and clustered our patients with Neuromyelitis optica spectrum disorder (NMOSD; N=63; 

X-axis). 

Below each cladogram, anti-AQP4 status is shown. As before, no difference based on 

anti-AQP4-IgG status were identifiable.  
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Figure S4. The anti-aquaporin 4 (AQP4)-IgG status does not define a subgroup that 

would be detectable in heatmap-based clustering analyses using a reduced 

number of variables and independent of clustering method.

We used a reduced data set of 47 key variables, which was generated by removing the 

more extensive clinical score details that deeply investigated single symptom areas (such 

as eye, psyche, detailed characteristics of pain etc.). These remaining 47 variables 

contained the most important measurements about disease severity, relapse rate, 

disability, EDSS score etc.

As in Fig S3 we tested again different distance and different linkage settings, the 

respective cladograms are shown on top of a heatmap, generated with correlation 

distance and average linkage settings based on the 47 variables (in rows, presented on 

the Y-axis). 

Below each cladogram, anti-AQP4 status is shown. As before, no clear clustering based 

on anti-AQP4-IgG status were identifiable.  
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Figure S5. The anti-aquaporin 4 (AQP4)-IgG status does not define a subgroup that 

would be detectable in heatmap-based clustering analyses using a reduced 

number of variables and independent of clustering method.

We used a further reduced data set of 25 key variables as in Fig. S4 by removing 

variables dealing with the relapses of the patients. These remaining 25 variables 

therefore contained the most important measurements about disease severity, disability, 

EDSS score etc. at the first clinical visit, the baseline status of the patients.

As in Fig S4 we tested again different distance and different linkage settings, the 

respective cladograms are again shown on top of a heatmap, generated with correlation 

distance and average linkage settings based on the 25 variables (in rows, presented on 

the Y-axis). 

Below each cladogram, anti-AQP4 status is shown. As before, no clear clustering based 

on anti-AQP4-IgG status were identifiable.  
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Figure S6. The anti-aquaporin 4 (AQP4)-IgG status does not define a subgroup that 

would be detectable in heatmap-based clustering analyses using a minimal 

number of variables and independent of clustering method.

We used a further reduced data set of 18 key variables as in Fig. S5 by further removing 

variables dealing with additional other diagnosis of the patients. These remaining 18 

variables therefore contained only some measurements about disease severity, disability, 

EDSS score etc. at the first clinical visit only (the baseline status) of the patients and 

consist mainly of biographic information.

As in Fig S5 we tested again different distance and different linkage settings, the 

respective cladograms are again shown on top of a heatmap, generated with correlation 

distance and average linkage settings based on the 18 variables (in rows, presented on 

the Y-axis). 

Below each cladogram, anti-AQP4 status is shown. As before, no clear clustering based 

on anti-AQP4-IgG status were identifiable. However, a certain degree of subgroups 

correlating with anti-AQP4 status are formed now with certain settings. Such as in the 

lowest cladogram where anti-AQP4 negative patients form a subgroup on the right side 

of the heatmap, the positives on the left side.

However, this clustering is mainly based on biographic variables and the previous history 

of anti-MOG-IgG. 

Those patients with a higher education level, a better job situation such as full-time 

employment and with previously singular positive reports of anti-MOG-IgG are clustered 

on the right, the anti-AQP4 negative side. Therefore, these results seem to be an artificial 

finding due to a selection bias which got impact if the number of variables, especially 

disease relevant markers, is reduced too far.

The more severely ill patients (here N=12) with high EDSS subscores are clustered on 

the very left and have still mixed anti-AQP4 status.



Figure S7
a
g

e
 (

y
e
a
rs

)
s
c
o

re
s
c
o

re

Multiple Sclerosis 
Functional Composite 

(MSFC)

0

5

10

anti-AQP4-IgG+
anti-AQP4-IgG-

n.s. n.s.

Rituximab Azathioprine Mycophenolate 
mofetil

0

1

anti-AQP4-IgG+
anti-AQP4-IgG-

n.s. n.s. n.s.

Rituximab 
treated

Rituximab 
untreated

0

1

2

n.s.

A B

C D

E F



Figure S7. A positive anti-aquaporin 4 (AQP4)-IgG status is not associated with disease 

history, age at relapses, treatment plans, nor with pain or with visual function, functional, 

fatigue and psychometric score results. Rituximab treatment does not alter anti-AQP4-IgG 

titer.

Anti-aquaporin 4 (AQP4)-IgG status did not correlate with age of symptom onset, diagnosis, 

treatment trial start and stop ages nor did it correlate with the age at the first three relapses (A).

Anti-aquaporin 4 (AQP4)-IgG status also did not correlate with the usage of immunomodulatory 

therapy (B). 

There were no detectable differences related to the anti-aquaporin 4 (AQP4)-IgG status in scores

assesing pain and visual function (C), nor in the major functional score MSFC testing disability (D) 

or in general health and psychometric scores (E).

The Anti-aquaporin 4 (AQP4)-IgG titer (determined with the second and third visit) of the patients 

did also not change after patients have been treated with the B cell targeting drug rituximab 

during their initial, first major episode of disease activity (F). The second and third visit was 

approx. one and two years after the baseline visit and patients had mostly received a full 

treatment regime with rituximab for six months or longer. The majority of patients had a clear 

clinical benefit from the treatment, which also did not correlate with anti-aquaporin 4 (AQP4)-IgG 

status (not shown). 



Figure S8. Expression data for all AQP4 isoforms shows a broad expression of the main 

transcript outside the CNS.

There are eight known transcripts of AQP4 which represent different isoforms on the protein level. 

Here the expression strength of the all eight manuscripts is shown, the first one is highest 

expressed also in lung (higher as in the CNS on protein level due to longer half-life, not shown), 

the whole CNS including SC as well as in the thyroid, GI system and other organs. There are 

CNS specific transcripts 4-8 which have a different exon usage and should lead to different 

encoding, likely junk proteins (only transcripts 5 and 6 could be functional). Several antisense 

RNAs are expressed outside of the main gene (not shown). The final model of exon usage is 

shown in the insert on the lower right. Exon expression from GTEx Analysis Release V8 (dbGaP 

Accession phs000424.v8.p2) is shown based on expression data of AQP4: 

ENSG00000171885.13 from HGNC. (https://www.gtexportal.org/home/gene/AQP4; Accession: 

HGNC: 637).

Abbreviations: GTEx: Genotype-Tissue Expression; dbGaP: database of Genotypes and 

Phenotypes.

Abbreviation: NGS: next generation sequencing

Exon usage

C
o

lo
n

Te
stis

K
id

n
e

y

O
va

ry

H
e

a
rt –

le
ft

v
e

n
tricle

S
a

liva
ry

G
la

n
d

H
e

a
rt –

A
tria

l A
p

p
e

n
d

a
g

e

P
itu

ita
ry

M
u

scle
 –

S
ke

le
ta

l

S
to

m
a

ch

T
h

y
ro

id

B
ra

in
 –

A
n

t. C
in

g
u

la
te

co
rte

x

B
ra

in
 –

P
u

ta
m

e
n

B
ra

in
 –

C
o

rte
x

B
ra

in
 –

F
ro

n
ta

l C
o

rte
x

B
ra

in
 –

A
m

y
g

d
a

la

B
ra

in
 –

S
u

b
sta

n
tia

 n
ig

ra

B
ra

in
 –

C
a

u
d

a
te

B
ra

in
 –

N
u

cle
u

s a
ccu

m
b

e
n

s

B
ra

in
 –

H
ip

p
o

ca
m

p
u

s

B
ra

in
 –

H
y

p
o

th
a

la
m

u
s

B
ra

in
 –

S
p

in
a

l co
rd

(ce
rv

ica
l)

B
ra

in
 –

C
e

re
b

e
lla

r
H

e
m

isp
h

e
re

B
ra

in
 –

C
e

re
b

e
llu

m

Lu
n

g

Reads (NGS)

Final gene model

(junctions based on NGS reads)

exons

7 6  5 4   3   2          1

phylogenetic model

Figure S8



Table S1. A list of all 1232 variables assessed for this study with explanation is shown.

A maximum of 1232 variables was collected for each patient and each of their visits. However, 

only 351 of these variables could finally be used in our study. 

We used any variable which resulted in a numeric, non-descriptive value or those which could be 

turned into a numeric result and for which we had a reasonable number of tested subjects. One 

limitation was that, due to time and other reasons, sometimes only a fraction of the tests could be 

performed on each patient. More extensive tests could only be carried out for a few patients and 

could therefore not be included in our analysis.
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Table S2. Demographic data, disease characteristics and autoantibody status 

general characteristics education. job situation and disability substance use and abuse

number of 

patients (N)

mean sex; 

percentage 

female (%)

mean body 

height (cm)

mean body 

weight (kg)

handedness; 

percentage 

left-handed 

(%)

ethnicity; non-

caucasian (%)

mean maximal 

acquired 

education level 

(AU)

job situation; 

percentage 

employed (%)

official 

approved 

disability (%)

percentage 

smoking (%)

percentage of 

alcohol 

consumption 

(%)

anti-AQP4-IgG+ and anti-MOG-IgG+: double AQP4+MOG-IgG positive 1 100 162 65 0 100 0 0 0 100 0

anti-AQP4-IgG+ and anti-MOG-IgG-: single AQP4-IgG positive 14 93 167 74 21 0 3 36 68 57 67

anti-AQP4-IgG- and anti-MOG-IgG+: single MOG-IgG positive 17 59 174 76 0 0 3 82 26 77 77

anti-AQP4-IgG- and anti-MOG-IgG-: no autoantibody 10 78 169 76 13 0 3 50 14 60 70

anti-AQP4-IgG+ 34 91 166 70 12 0 3 47 53 48 62

anti-AQP4-IgG- 29 64 172 76 7 0 3 70 24 68 72

autoantibodies at first visit. baseline autoantibodies at first relapse autoantibodies at second relapse

percentage 

anti-AQP4-IgG 

positive (%)

percentage 

anti-MOG-IgG 

positive (%)

anti-AQP4-IgG 

titer (AU)

anti-MOG-IgG 

titer (AU)

anti-MOG-IgM 

titer (AU)

anti-MOG-IgA 

titer (AU)

anti-AQP4-IgG 

titer (AU)

anti-MOG-IgG 

titer (AU)

anti-AQP4-IgG 

titer (AU)

anti-MOG-IgG 

titer (AU)

anti-AQP4-IgG+ and anti-MOG-IgG+: double AQP4+MOG-IgG positive 100 100 2.264 n.a. 0 0 0 0 0 0

anti-AQP4-IgG+ and anti-MOG-IgG-: single AQP4-IgG positive 100 0 0.067 0 0 0 0.1 0 0.048 0

anti-AQP4-IgG- and anti-MOG-IgG+: single MOG-IgG positive 0 100 0 0.111 0.005 0 0 0.096 0 0.032

anti-AQP4-IgG- and anti-MOG-IgG-: no autoantibody 0 0 0 0 0 0.005 0 0 0 0

anti-AQP4-IgG+ 100 7 0.259 0 0 0 0.208 0 0.163 0

anti-AQP4-IgG- 0 63 0 0.066 0.003 0.002 0 0.069 0 0.016

autoimmune disorders metabolic diseases cancer other pre-existing conditions

diagnosis 

thyroiditis (N)

diagnosis 

systemic lupus 

erythematosus 

(SLE. N)

diagnosis 

myasthenia 

gravis (N)

diagnosis 

Sjögren 

syndrome (N)

diagnosis of 

other immune 

disorder (N)

diagnosis 

diabetes (N)

diaagnosis 

hypertension 

(N)

diagnosis of a 

malignome (N)

probable 

paraneoplastic 

disease as 

casuse of 

NMO (N)

diagnosis 

traumatic injury 

(N)

diagnosis of 

any other 

disorder (N)

anti-AQP4-IgG+ and anti-MOG-IgG+: double AQP4+MOG-IgG positive 0 0 0 0 0 0 0 0 0 0 1

anti-AQP4-IgG+ and anti-MOG-IgG-: single AQP4-IgG positive 2 2 2 1 1 1 4 0 0 1 6

anti-AQP4-IgG- and anti-MOG-IgG+: single MOG-IgG positive 1 0 0 0 0 0 4 0 0 2 8

anti-AQP4-IgG- and anti-MOG-IgG-: no autoantibody 0 0 0 0 1 1 3 2 0 2 6

anti-AQP4-IgG+ 4 5 2 2 3 1 7 0 0 1 16

anti-AQP4-IgG- 1 0 0 0 1 1 8 3 0 4 14

mean age of NMO onset mean age at therapy

mean age at 

symptom onset 

(years)

mean age at 

first diagnosis 

(years)

mean age at 

first visit date 

(years)

mean age at 

start of current 

therapy (years)

mean age at 

start of first 

therapy (years)

mean age at 

stop of current 

therapy (years)

anti-AQP4-IgG+ and anti-MOG-IgG+: double AQP4+MOG-IgG positive 34 35 41 40 39 40

anti-AQP4-IgG+ and anti-MOG-IgG-: single AQP4-IgG positive 45 48 56 51 46 48

anti-AQP4-IgG- and anti-MOG-IgG+: single MOG-IgG positive 38 43 45 41 42 43

anti-AQP4-IgG- and anti-MOG-IgG-: no autoantibody 51 53 57 48 53 56

anti-AQP4-IgG+ 42 43 49 45 44 46

anti-AQP4-IgG- 42 47 49 44 44 45

information of relapses relapse treatment and success

mean relapse 

count (N)

mean age at 

relapse 1 

(years)

mean age at 

relapse 2 

(years)

mean age at 

relapse 3 

(years)

percentage 

treated with 

rituximab (%)

percentage 

treated with 

Azathioprin 

(%)

percentage 

treated with 

Mycophenolat-

mofetil (%)

percentage of 

therapy 

success during 

relapse 1

percentage of 

therapy 

success during 

relapse 2

percentage of 

therapy 

success during 

relapse 3

anti-AQP4-IgG+ and anti-MOG-IgG+: double AQP4+MOG-IgG positive 3 34 36 40 0 0 0 100 100 100

anti-AQP4-IgG+ and anti-MOG-IgG-: single AQP4-IgG positive 2.57 46 52 53 50 7 7 57 43 50

anti-AQP4-IgG- and anti-MOG-IgG+: single MOG-IgG positive 2.88 40 39 35 47 6 6 59 41 24

anti-AQP4-IgG- and anti-MOG-IgG-: no autoantibody 2.70 51 46 38 30 20 10 90 60 20

anti-AQP4-IgG+ 2.71 42 44 43 56 15 3 53 38 38

anti-AQP4-IgG- 2.76 43 42 37 38 14 7 69 48 24

functional scores fatigue and depression scores

Multiple 

Sclerosis

Functional 

Composite 

(MSFC)

The Short 

Form (36) 

Health Survey 

(SF-36)

visual analog 

scale (VAS). 

general

visual analog 

scale (VAS) 

cognition

fatigue severity 

scale (FSS)

Fatigue Scale 

for Motor and 

Cognitive 

Functions 

(FSMC)

Beck 

Depression 

Inventory (BDI)

visual analog 

scale (VAS) 

fatigue

anti-AQP4-IgG+ and anti-MOG-IgG+: double AQP4+MOG-IgG positive 9 97 3 69 15 27 5 50

anti-AQP4-IgG+ and anti-MOG-IgG-: single AQP4-IgG positive 9 98 41 32 35 38 9 41

anti-AQP4-IgG- and anti-MOG-IgG+: single MOG-IgG positive 8 99 43 25 32 34 10 41

anti-AQP4-IgG- and anti-MOG-IgG-: no autoantibody 8 101 46 38 35 39 14 50

anti-AQP4-IgG+ 8 98 39 32 35 37 9 37

anti-AQP4-IgG- 8 99 46 32 35 37 12 47

pain scores visual function scores

McGill Pain 

Questionnaire 

(MPQ)

painDETECT 

questionnaire 

(PDQ)

Brief Pain 

Inventory (BPI)

visual analog 

scale (VAS) 

pain

National Eye 

Institute Visual 

Function 

Questionnaire 

(NEI-VFQ)

National Eye 

Institute Visual 

Function 

Questionnaire 

(NEI-VFQ) and 

Neuro-

Ophthalmic 

Supplement 

(NOS)

anti-AQP4-IgG+ and anti-MOG-IgG+: double AQP4+MOG-IgG positive 44 42 54 51 111 51

anti-AQP4-IgG+ and anti-MOG-IgG-: single AQP4-IgG positive 28 28 32 33 112 46

anti-AQP4-IgG- and anti-MOG-IgG+: single MOG-IgG positive 22 21 30 25 113 44

anti-AQP4-IgG- and anti-MOG-IgG-: no autoantibody 38 30 39 35 115 47

anti-AQP4-IgG+ 31 28 35 35 108 47

anti-AQP4-IgG- 29 26 36 32 114 45


