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Abstract

MERBEYOIO77—2 (PVM) BNERR (CSF) TR -nEABRRICFETSERARE
R THD, AMATRHFALSEPVMOBEEZASH ETH 2%, SOD1GIBAZEEAALSET
IWXORAZRAV, HEETICHESPYMOER - BNELH XRTFPYMADERRBRIIT ALK BDALSHHE
BETNOXEERTL I,

SOD1G93AN VAT, PVYMRIFREETICHVEMT D CEANBREES iz, EBEML ZPVME
RRER (Lyvel+ PVM ) B ROKFER (MHCI+PVM ) ICHBLTHBLIZEC D, REROM
REAANDS 7 MFBEE i, CSFICO/OROVEBBAVRY—LAL (CLO) ZEATDE, PV
MZBRNICHETEDENHSNTVD, NTVADKERICCLOZ®RELI-ECS, RE3A
BERVTHRICEPVMO MG Z B TE 24, RE14BRICEPVMOEEN#EBEhiz, 22
T, YEREN S1BEZICCLOZBERS L L& CAPYMORENFHR T2 e NfFEREE i,
PVMOALSTEREETANDEEDEREZHSHICTH12%H, CLOZSOD1GI3AN T AN AFEH IZ#E
VVIRLIREL TPVMZHFHERICHEL . ALSTRREETZFMEL /2. PBSEIFCLOZ80H KR ( F
fERT ) A SBIC1E, FEEIREL. 6EE NREIARDOEROREBHEBFNEN. T-ERER
BASHELEERT, MENEEZRITWEFENATT7EAFHBONMEZT >z, TOHER. PVM
MREIEPBSEICLEXNTCLOBTHEICRA L. 6ENOCLOKZEYIBLRETICE VW TPYMO
NEMEZERATE L, REOBREZRTHRFNATTE., WEEBICHSVTPBSEHELEL
TCLOBTHEILEN 2 £, EFHBEPBSEICLLN, CLOET76EERICERL L, ¥LERE
BB - 1—OVBECLOBETEERILZN 21z, ChSDRERNS. FHEMNEPYMONEEN EEZ
1—-AOVOREEZRE. ALSIHREOETZESER CENTRRE N,

Amyotrophic lateral sclerosis (ALS) is a fatal motor neuron disease in which non-cell-autonomous
processes have been proposed as its cause. Non-neuronal cells that constitute the environment
around motor neurons are known to mediate the pathogenesis of ALS. Perivascular macrophages
(PVM) are immune cells that reside between the blood vessels of the central nervous system and
the brain parenchyma; PVM are components of the neurovascular unit and regulate the integrity of
the blood-spinal cord barrier (BSCB). However, it is not known whether regulation of BSCB
function by PVM is involved in the pathogenesis of ALS. Here, we used SOD1G93A mice to
investigate whether PVM is involved in the pathogenesis of ALS. Immunostaining revealed that the
number of PVM was increased during the disease progression of ALS in the spinal cord. We also
found that both anti-inflammatory Lyve1+ PVM and pro-inflammatory MHCII+ PVM subtypes were
increased in SOD1G93A mice, and that subtype heterogeneity was shifted toward MHCII+ PVM
compared to WT mice. Then we depleted PVM selectively and continuously in SOD1G93A mice by
repeated injection of clodronate liposomes into the cerebrospinal fluid and assessed motor neuron
number, neurological score, and survival. Results showed that PVM depletion prevented the loss
of motoneurons, slowed disease progression, and prolonged survival. Further histological analysis
showed that PVM depletion prevents BSCB collapse by ameliorating the reduction of extracellular
matrix proteins necessary for the maintenance of barrier function. These results indicate that PVM
are involved in the pathogenesis of ALS, as PVM degrades the extracellular matrix and reduces
BSCB function, which may affect motor neuron loss and disease progression. Targeting PVM
interventions may represent a novel ALS therapeutic strategy.
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1. AERREEOHE

mERAE~ - O77—Y (PVM) (EMERER (CSF) TS nMERBICELET 2BARERMETH S,
AIFR TIZALSEPVMDBEEAZBRE SN E T B8, SODIGISAZTEREAALSET I XA, JRAEEITICH
SPVMDEHR] - EE’J*&B&UPVM/\UD%%&E’J A& BALSTRREEEITNDHEERET L 7=,

SOD1G93AY U R Tld, PVMIZFREEITICHWVIENT 2 Z & MBRRI N, ML EZPYMERKER
(Lyvel+ PVM) & LK UKIER (MHCII+ PVM) IC9LCHELZEZ 3, REBEOHBERAANDY 7 NHER
I, CSFIC7OROVEEHAYRY —A (CLO) 2#3FATBE, PYMERIRMICHETESZ é:b“%l]l‘oﬂ’(\,\
5, YOVADKERICCLORES L-E 23, #E3RXBLV7THRICIIPVMOIE AR TE N, R51481%
ICIFPVMDEEIER SN, 22T, HORSHSTHEABRICCLOZBERS LS 6PVM0)7FE/%73‘%’(MT%><_
EARERI N,

PVMODALSIREEEITADESOEEABE SN TS/, CLOASODIGI3AY I ADARERICIEYRLIESL
TPVM%A R A8 L. ALSTRAEEEITA S L /=, PBSX/=IXCLO%80HER (FIERI) A SIEIC1E, teOixs
L. 6EIED%X 538 % DEFEDFIBMEBFZHMT. AIERSHREBIORTET, FROBEARTHEFENR
7RO M AT o= FDER. PYMAIREIZPBSEEICLERTCLOBTARICHA L. 6ENDCLOEYIR L
RS TICEVWTPVMOKEHGMARBAMEATE L, MEDEREAZRITHEEMNRITIE., FEELHICE VW TPBSEEE
L L CCLOBETHEILEN o 7=, EEHEIZPBSEEICLEAR, CLOBET7 6HERICER LA, £-BEEH -1 —
OVHECLOBTHEICEZ N 21z, INLDERMNS, FHMNAPVMOEENEE 2 —0O Y OREEE. ALSHK
REDETHEELE ST ENTREINS,

2. MABRREEDOHE (F:R)

Amyotrophic lateral sclerosis (ALS) is a fatal motor neuron disease in which non-cell-autonomous processes
have been proposed as its cause. Non-neuronal cells that constitute the environment around motor neurons
are known to mediate the pathogenesis of ALS. Perivascular macrophages (PVM) are immune cells that reside
between the blood vessels of the central nervous system and the brain parenchyma; PVM are components off
the neurovascular unit and regulate the integrity of the blood-spinal cord barrier (BSCB). However, it is not
known whether regulation of BSCB function by PVM is involved in the pathogenesis of ALS. Here, we used
SOD1G93A mice to investigate whether PVM is involved in the pathogenesis of ALS. Immunostaining revealed
that the number of PVM was increased during the disease progression of ALS in the spinal cord. We also found
that both anti-inflammatory Lyvel+ PVM and pro-inflammatory MHCII+ PVM subtypes were increased in
SOD1G93A mice, and that subtype heterogeneity was shifted toward MHCII+ PVM compared to WT mice. Then
we depleted PVM selectively and continuously in SOD1G93A mice by repeated injection of clodronate
liposomes into the cerebrospinal fluid and assessed motor neuron number, neurological score, and survival.
Results showed that PVM depletion prevented the loss of motoneurons, slowed disease progression, and
prolonged survival. Further histological analysis showed that PVM depletion prevents BSCB collapse by,
ameliorating the reduction of extracellular matrix proteins necessary for the maintenance of barrier function.
These results indicate that PVM are involved in the pathogenesis of ALS, as PVM degrades the extracellular
matrix and reduces BSCB function, which may affect motor neuron loss and disease progression. Targeting
PVM interventions may represent a novel ALS therapeutic strategy.
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