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Establishment of primary-progressive multiple sclerosis (PPMS)/multiple system
atrophy (MSA) mice model

Yamaguchi, Hiroo
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Neuroinflammation, loss of oligodendrocytes, demyelination, and activation
of microglia have been reported in both multiple system atrophy (MSA) and multiple sclerosis (MS)
suggesting a common pathological mechanism. Using Tet-off system, we succeeded in developing unique
new MSA, cerebellar type (MSA-C) and primary-progressive multiple sclerosis (PPMS) mice models by
expressing mutant human a -synuclein in oligodendrocytes starting from 8 and 3 weeks of age,
respectively. Microarray analysis of MSA mouse brain showed an increase in the marker gene for
pro-inflammatory microglia and astroglia. scRNA-seq analysis revealed a novel microglial
subpopulation with increased inflammatory cytokines. This new MSA-C / PPMS mice model will be a
powerful tool for therapeutic development.



multiple sclerosis, MS

MS primary
progressive MS, PPMS primary oligodendrocyte
dystrophy PPMS

MS a - (a Syn)
o Syn Th2 B
1gG A53T o}
Syn  Tet-off 3
/ / /
T PPMS
PPMS multiple system atrophy, MSA
a Syn GClI
MSA MS
MSA MS
KMAER;Te MBPTE
1' e
. ,‘,%,g Tet-off
f i PaSyn 8

§ /3, VT_'W_:‘ A53T o Syn
Pas.yr};]‘g a\‘ de?f;\AI’T S "75: N {\rgmasel;‘l’é P A T
$‘ (] vos \ \‘t :'u {::};,‘,.é"‘\* );\) \" v
P s @y v MSA-C

M. - g MSA 1 PPMS
s Cx43;Tg . a ' e "
' . ) R AeSe a -Syn
.’ PPMS
H1&L £BERERTITIR HLFBESOY ¥ EftaSyn (1) PPMS MSA-C

SERE: MBP; [L$87 8288 PaSyn;Y Y E{LaSynDERE

Cx43; Cx43D % Arginasel; ArginasellB£I /R Y7 &R 7 _
TER; ArginaselfBi£X 2707 Y 73 Y v B{taSyn&iEEL TWS (2) PPMS MSA-C
WT; 48 Tg, MSATV X

Colony
Stimulating Factor 1 Receptor (CSF1R)
a Syn
MSA
() MSA
SCRNA-seq
(2 MSA CSF1R BLZ945
MSA a Syn
€)) MSA
Arginasel TLR2 TLR
MSA gene set MSA
Gene Set Enrichment Analysis (GSEA) MSA
MSA MSA

MSA



AR/ /)N

Gene Symbol Description
score
histocompatibility 2.
H2-AbT (i antigen A, beta 1 187
histocompatibility 2,
H2-Eb1 class I antigen Ebeta 164
cd74 CD74 antigen 15.8
y tissue inhibitor of
Timp1 metalloproteinase 1 143
chemokine (C-C motif)
celg igands 140
i8nD pocalin 2 13.0
histocompatibilty 2,
H2-Aa class !l antigen A, aipha 12+
Retnla resistinlike apha  12.5
Arg1 arginase 11.9
secretoglobin, family 3A,
Scgb3a1l et o 116

bR/ /N RS

GO:0002376~immune system process

GO:0045087-

G0:0019886~anti

~innete immune response
G0:0006954~inflammatory response
G0:0006955~immune response

f

processing and o
exogenous peptide antigen via MHC class Il

G0:0030593~neutrophil chemotexis

GO:0019882~antigen processing and presentation
G0:0050729~positive regulation of inflammatory response
GO:0009615~response to virus

G0:0002376~immune system process
GO:0006954~inflammatory response

G0:0045087

GO:0006955~immune response
GO:0070374~positive regulation of ERK1 and ERK2 cascade

GO:0019886-antigen processing and presentation of
exogenous peptide antigen via MHC class Il
G0:0030593~neutrophil chemotaxis

GO:004576 t

G0:0006935~chemotaxis

~innate immune response

G0:0006935~chemotaxis

G0:0002250~adaptive immune response

E2 =407 L48HR

£ MSAY 7 ROfKER/ /N TRBEH ML TL3EEFTopl0
£ MSAT 7 ROFEREBEF T enrich L TWL3 GO term

[X3 scRNA-seq =& 537077 DEA=F BB (MSAT 7 2 D /N4, Aith)

0

regulation of

myy l|||||||||°

glia (SAM)

1 Bord:

tSNE_1

4 Interferonresponse microglia
5 G2/M phase microglia

6 Monocytes

7 Neutrophils

Enriched KEGG pathway (SAM)

TNF signali h

-log10(p-value)
5

-kappa B signaling p Y EE—
mmu04145:Phagosome I
mmu04060:Cytokine-cytokine receptor interaction IEEE—

20:Toll-like p Y E—
2:Chemoki i h I
:PI3K-Akt signali hway E—
ignalingp y

27

MSA
CSF1R

23

a -Syn

a Syn

PPMS/MSA-C

CSF1R

(BAMS)
2 Disease-associated microglia (DAM)
3 Homeostaticmicroglia

MSA

-log10(pvalue)
% SCRNA-seq
3
0 Arginase 1 TLR2
50

NfKb TLR pathway
a Syn

MSA

(Synucleinopathy-
associated microglia (SAM)

BLZ945
Tg

(@ CSFIR
Ibal
Arginase 1
CSF1R

a -Syn

23 27

a Syn 23
a Syn
a Syn
Arginase 1

27
a Syn

/ /
MSA-C SCRNA-seq

a Syn

MSA

a Syn PPMS/MSA-C



13 0 1

14

2021

Eliminaion of CSF1R-positive microglia exacerbates a novel mouse model of multiple system atrophy
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Early dysregulation of connexins in astroglia and oligodendroglia in multiple system atrophy
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Gene expression profile of multiple system atrophy/primary progressive multiple sclerosis mice model
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Drug targets for multiple system atrophy and primary progressive multiple sclerosis by a novel model
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Expression of mutant a -synuclein in oligodendrocytes induces remarkable glial inflammation and demyelination in the spinal
cord and brainstem/cerebellar white matter: A novel model of multiple system atrophy-cerebellar type and primary progressive
multiple sclerosis
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A novel mice model of PPMS/MSA by oligodendroglial overexpression of mutant alpha-synuclein
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