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and milder phenotypes. In elderly individuals, it is more dif-
ficult to suspect the mutation in HTRAI gene because these
individuals frequently lose hair and have spondylotic deformi-
ties. Therefore, investigation of HTRAI gene is of interest in
these populations.

Does heterozygosity for HTRAI mutation cause develop-
ment of CSVD? Heterozygote individuals with p.Arg302end
did not exhibit early adult-onset dementia or gait disturbance.
Their HTRA1 activity is speculated as being half that of normal
individuals, suggesting that 50% activity of HTRA1 is enough
to prevent the progression of CARASIL. There have been no
reports of patients with early-onset leukoencephalopathy, alo-
pecia, and lumbago with heterozygote mutations in. HTRAI
gene. In 7 of 10 families with HTRAI mutations indicated in
the neurological information of the parents, there is a history
of cerebral infarction in 22 of the parents. Four individuals
with p.Pro285Leu, p.Gly295Arg, p.Glu42fs, or p.Ala321Thr
heterozygotes exhibited white matter lesions.'®** However,
CSVD is frequently observed in the elderly. Therefore, further
evaluation of individuals with HTRAI mutations is needed to
elucidate this issue.

Therapeutic Strategy for CARASIL
Increasing the activity of HTRA1 or decreasing the TGF-§
activity is a therapeutic strategy for CARASIL. For patients
with p.Arg370end mutation, the drugs that read through the
premature termination codon might be effective in increas-
ing the active HTRA1.% The product of p.Arg370end retains
normal protease activity, and it has been revealed that the
C-terminal PDZ domain is dispensable in HTRA1.% Thus, the
inhibitor of nonsense-mediated mRNA decay should increase
the amounts of active HTRA1.%4? The denatured citrate
synthase, which increases activity of HTRA1 by promoting
HTRA!1 multimerization, could also be useful.?’

Inhibition of accelerated TGF-f signaling is another thera-
peutic strategy for CARASIL, and it is also used to prevent the
progression of aortic aneurysm in Marfan syndrome. Marfan
syndrome is caused by the mutation in fibrillin-1 gene, result-
ing in the increase in TGF-f signaling.*? Interestingly, in the
aortic artery, degeneration of smooth muscle cells and frag-
mentation of elastic membrane are observed. These histologi-
cal findings partially resemble those of CARASIL. In Marfan
syndrome, angiotensin II type 1 receptor antagonist, which
inhibits TGF-f signaling, prevents the dilatation of aorta in
mice models and in human patients.** Moreover, several
lines of drugs for blocking TGF-f3 signaling in other diseases
might be therapeutic candidates for CARASIL.#

Perspectives
The cerebral small vessel is not a single structure and has
marked diversity, not only in size but also in histology, func-
tion, and regulation of the nervous system.' Moreover, the
pericyte and astrocyte are also diverse, depending on the locus
in the brain. These marked diversities of the small arteries have
been given little attention, making it difficult to understand the
molecular mechanism and pathogenesis of these structures.
Although most of the pathological studies have focused on the
arteries having internal elastic membrane and smooth muscle

cells, the most important and unique structure in small vessels
is the capillary, which loses the internal elastic membrane and
smooth muscle cells. Instead of these structures, the capillary
is surrounded by the pericyte and astrocyte. The investigation
of whether the dysfunction of capillary, pericyte, or astrocyte
contributes to the hyperintensity on MRI and the mental or
motor deterioration in humans might be of interest. To address
this issue, the elucidation of the molecular mechanisms for
CARASIL will provide new insights on significance of cere-
bral small arteries in humans and will allow new opportunities
for therapeutic strategies, not only for CARASIL but also for
nonhereditary CSVD.
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The molecular pathogenesis of CADASIL and CARASIL

BaRE 2 59 % % BB

HEEE MEFEF I

} Binswanger BEHEZE, i/E#, LB, NOTCH3, HTRAL

Lo

Binswanger T8 i B i iR A > 38
HERO—2CH 5. Binswanger BJEHFEE
VIR & b3 A REENEERA LR,
HEOMETFHEHLEGL L RYRTE{LE R 3.
IHSDOMEHRIFT RIS EEE RET A48
VR, BEOF-XRAPETLCER
(earthen pipe state) \CHEIRT A, ZHC L hin
FREWES & CMAEHEAMET L, OERE
PEEShL EEZ 55" L L, Bnswan-
ger MR OSFIREIZIE LA DI o TH
5%, HRIRBED T .

£ HTF 9% Tdh b Binswanger BIBHEO S F
HRLZBET 22013, ST R8l%
ET 38 —BETFRROMINFERTH 2.
cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy
(CADASIL) & cerebral autosomal recessive arte-
riopathy with subcortical infarcts and leukoen-
cephalopathy{CARASIL) i3 B —B{ETREK &
HRMEFTH D, K - WERE SIS,
Binswanger BIJBFE L P T35, F04D, &
noOEME Binswanger BIRTEICIE, 8
DFERT BT T AW YD 5.

AHTH, CADASIL & CARASIL )#J &
R IOV CES T 5.

CADASIL OFEHR

CADASIL 3 BEMCHELHEOR Y, §
BB REERORMERHCTH S, KU
2R, ERKELECE@EOELAFHL,
MEWEGEEAEE OIS v SR
B3 5% FROBEIENT NEHEHE
JBOBHEATEN DI 2 ERICIET 22 B
FERBERIC L ABE TR, BUNE ORI LR
PEEL TEBES T 52 $ERAY % granular
osmiophilic material (GOM) %%, M8 15508
BBICBEEMROREEERCESETERD
B E LTERYT 5. GOM o itkkg
&, NOTCHS3 #ilad} B 2 £ > (the extracellular
domain of NOTCH: NECD) ¢ 2 5T\ 5,
GOM BB OO MME R S ERT 2
7o, BAERRHERT T, BFEMET
GOM ZRw 2, G TNECD &K%
BHONEBUCE B

'Yumi Sekine, ‘Hiroaki Nozaki, 'Masatoyo Nishizawa, *Osamu Onedera: 'Department of Neurclogy, Clinical Neu-

roscience Branch, Brain Research Institute, Niigata University i /CEMANIZERT BEFRHGE 2B fhagmafles
S *Department of Molecular Neuroscience, Resource Branch for Brain Disease Research T E&#£Y v —X
WRRM TSR B IRRHT S8

(047-1852/14/¥60/H/JCOPY

Nippon Rinsho Vol 72, Suppl 5, 2014

U 7Y PR

AMaB BZF B O

VIV —Ain kYR

m
k]
n
a
-

{ NOTCH3 SEBEHR

1 NOTCH3 ¥ 53 )L EBREINECD DI K44 h—3 REEE (L85 I b i)

NOTCH3 X, V> F&&Es LTwwnikiErg, NOTCH3 53R = ¢ NOTCHS st
FA4 ¥ (NECD) & NOTCH3SIIR F x4 3 (NICD) 12, JRbE#ATC AT v o BA A T L
Twrd, NECDMICH 2 EGRIEY ¢ — POZE, YAy FEGREB O De}ta-—Serrate—'ng
(DSL) 254+ 2 &, NECD PHISEEE R, ADAMITIZ & YT E T, NECD & NICD ey
BEF D, T52, NECDUEY 7> FIURMRMIIDSL & & Ion > ¥4 bS5 S5, &
PR, NECDIEY v Y~ ANTHBEN, DSLILEAN S5, NICD I3, Sl Ee y %y
V- ERLYHEGRED, BB, ROBETSHOMMZTS. BRI NICD &,

TS -V AOMEI L), QBEE CHRSATIERT 5 LELIHNTHS

CADASIL O TRHE

CADASIL D RB#M{ZT 13 NOTCHS T 5,
NOTCHSH—EM AR OSHHR T 2,
NOTCHS (/L8 o IS P55 2 B R Al 1o
SR, PEGRBROME L BRI bH 20
NOTCH3 B NAEMA S, ERMAEEFH (ep
dermal growth factor: EGP)J ¥ — h 2 & ¢
NECD, BEBNAL ¥, ankyrinV ¥— | %
EUMBA N AL »h5 %3 NOTCH3 2¢:0)
Btk vovr L LCBRShi% Yoty 3
Y YRR, NECD 281 NKWA &, BE

MR A LY LHRA ¥R A4 VR EE CRIFR A
ANTU2ERERELT, BRECRET .
A PRI L 7 Delta—Serrate—
Lag2 #*BGF Y ¥— b ioi&d 4L, NECD A
UHY FEFHIICE A b9 Ay K4 b
—VARZRGIILICEYBIEEITSR, R4
U7 F7 ¥ ADAMITIZ & DI S 1B,
HBR R 2L 23, Bty ks by —Hicr b
DHMEh, BREBEHL, BETSRLEN
B —H, FPIVAIVFFL b= A%
EF = NECD R, ) H Y FibRilER oY vy
—ATHEENS (1)

|
i
i



HoAfndk 72% HPES5 (2014

CADASIL 8% TRWH &/ NOTCHI R
¥, NECD® EGF Y ¥ — }% 3 7% exon
2-24 IHEL, 5% P LiXI ARV AERT
D, 205 b exon 3-4REROFRBIT
50, BROTDUBINED exon IFLT 5.
IRGHOEMICLY, ZECGFUE— MRS
260D AT A YIREOEIWD E RN
LB DERICREE, VAT A VEREM
HS-SHA AL L TEGE ) ¥~ 1
RIS 5 o EAME SR, T
Ih, UHYFEREGFOBEVELL, ¥
FIARER % 4 © 5T EE 4SS 4% EGF Y
¥ b OER, UHCIFREAIO exon 3-4 DFE
B, Y/PARERELRVEVIRE?
LY, WEEFOTACE NOTCHS ¥ 7
WEEOATHWTHZ LML

GOM IzoW T, NECD @} 5 v Az Y K
AP —VAPBEBEINRLIIEIVERENS
LA ARG, BRI X ERIEEIERLE
NECD @Y # v FRREBICLA IV AZY
M A b Y RCEEE R R UTER T A0
HiZ, ZRE NECD i tissue inhibitor of metal-
loproteinases 3 (TIMP3) % vitronectin (VIN) &
BEWREIBRT HEEE DB, FHLLNECD
BRA L OBEEERTOHE BEWE
WRE D, T o OERSENECD OBENSH
W & 4o C TIMPS OGRS 5 2 L AR
KhCwad ZoE, AFya7as77—E
T RESEL, HRAREORUMBESH,
GOMZ Db DNRFMERT L W gain of
toxic function IRBIAMRB X T 3", EEX
- ER RN & A, RO
L TR % Fode ottt v, B
OBmMAEIERI ShT, BERENEESh
AEEZHNEY

'3 CARASIL ORI

CARASIL & % ¥ S MG IR D B/
HTHD, InE TR, BEFRE TN
BENLER BPOHRENDS. FKAER
OSDH|MENL VA, REA, I—2HRAAM,

PAIADSBIEIRTVEY FEEM
&, BRI M E DR O BRI LAEZE{L A
v, AP I IEL, 5K e
smooth muscle actin PiAF THefh ¥ Wb myointi-
mal cells ASLAT LITHBIT 5. PUSHERUIE I
PHBAE TR, BETE, FEGTREE
OEEERL, SR S~ Mok
A ML, TEMBLE ST GOM
7o FROUHEALNE . EFHERK
ST, BAREOTRGHMROMIRIIZY Y
YV AROSBFBEO/MIRD LN BN,
ERARDNBHEII DV BREA R ShT
v, MEEOBHEFRREICREE 2B
CARASIL B TH 5. ThoH OBk ) b,
B OB I AR 2 RIS B /I
TOHHBOIELTHS,

CARASIL Q% FiRiE

CARASIL O TR BT 3 high temperature re-
quirement serine peptidase A1(HTRAL)ThHh 3%
HTRAL LY »Fur7—¥Thb, Hriil
BAEERYA P4 voayra—Mclb
5 TWh, HIRALORRKE, MNiEHEHO

CHRA RERTEO LR, LROHEBC L ER

LTwa EwHiiEEDd 25 BARECH3E
AT I W T RIGH X hCTwizv, HTRAL
BER/NBEERME LC3BEEBRL OV A,
Zo3EEICLYERYVEBShE L, TuTF
7t N AL OWMBEEARE D, EEFL
Td 5 His220, Asp250, Serd28 A%EETIiEF|
znazkickh, Sur7—¥e L THERb
\a;-élﬁ.

CARASILEF T, ZNEFCIIIAELYA
Z5 R 648 (p.Ala252Thr, p.Arg274Gln, p.Pro285
Leu, p.Gly295Arg, 9.Val297Met, p.Leus64Pro),
F vy AER 2 (p.Arg302end, p.Arg370
end), LiggkREX I AL Y ABROEENT
v P (c.126delG+p.Ala321 Thr) AR
STWEY ZD3H, IAEVAERITS
c7uFT—E N2 ViICHBLTBY, To
Fr—EEGRPETT2LEEENS FrE

Nippon Rinsho Vol 72, Suppl 5, 2014

FABRTHE, F kv AEREHFE mRNAS
R L Y, HTRAL 7 V0% OB R,
ST HEBBEND, Fi, WEAFESE
PITE, TEERRCIE7 VLY pink
OB YR TELAD, ROy
Ly AERBEE oRNAG B EHIC LD
HIRAL S ¥ /37 ORERIRP L, Ficx
TULVEHED I ALY AERES 57—V
WRETFT 2 EMEENS, EBIC, Ala2s2
Thr, Arg274Gln, Val297Met & ¥tz o7 aF
T EEERET T2 8 MEINTVEY, F/n
p.Arg370end BE O E EHHEFNILE BT,
F 2k AERARGE mRNA S RAEHRIC L 5
SRy v BOFDHPERE ER T B2,
CHhLDERSP S, CARASILIEHTRAl @71
FP—CHERERTA I LICLORET S L
FEZBRA.

CARASIL DIDERWEMRIZI, transforming
growth factor A1(TGFAL) OMAMBEEI WS+
SLEEEINT NS, FHENITGFRLE,
MR EAET H 2AEIEHE LTy 7
WEREETHIEICE), METERmAELEE
BHAAOSMLEFEL, MEAEEoEs: %R
#4 5, HTRAL b/MRER © TG L IRtk %
DL T, TCFRLOSWEZ BRI 8829

e jc m‘ "

CARASIL G}, HTRAL &7 u 57 —-FitEHt
ETH28E SW3N3TGREL OB
L, TGF8 ¥ 7 3 ORI R 2 &
#2ZBNAH, ERIC CARASIL B O HREs:
T, BB ORBIC TGREL P ER L TH
B, ZOEEIBIESONRF IS R,

72 BRSO L2 A W TGFRLC

S KO EAVFERENBMBAT Py s RS

INRIBERLCBY, ZOBTTGFBL V7
FAFFAHELTWBEZLEFRT Zhb0i
Ftd, TGFBL ¥ F N OFRHiELEA CARASIL
DMERERRCHEG T2 & 2 RET 2,
CARASILIZBWTY, MEDIHFILED S
e, BHEORMAF IV SHT, HERE
PREEhBEEL bR S,

Fh Y

Binswanger IS RO R ERE I, 27
TLEFE CRENT WS, B4, R
AERMROHESRIC XY, PSS OmEER
FFURLCHLPR R TETOS. 414,
B AN AR MR A 95 O R B ASREBE S
BB RNLEROAE BT, Binswanger
RO BRI EI PRI B & &M
B9 5.

N QR B S

1) OkedaR, etal: Pathology of the cerebral artery in the aged: Observation by serial sections and mor-
phometry of the cerebral arteries. Neuropathology 24: 21-20, 2004. "

2) Arima K, et al: Cerebral arterial pathology of CADASIL and CARASI.(Maeda syndrome). Neuropa-

thology 23: 327-334, 2003.

3) Dziewulsha D, Lewandowska E: Pericytes as a new target for pathological processes in CADASIL,

Neuropathology 32: 515-521, 2012.

4) Chabriat H, et al: CADASEL. Lancet Neurol 8: 643653, 2009.
5) Mizuno T: Pathomechanisms and treatment of CADASIL. Brain Nerve 65: 811-823, 2013.
6) Watanabe~Hosomi A, et al: Transendocytosis is impaired in CADASIL-mutant NOTCHS. Exp Neu-

rol 233: 303-311, 2012

7) Karlstrom H, et al: A CADASIL-mutated Notch 3 receptor exhibits impaired infracellular trafficking
and maturation but normal ligand—induced signaling, Proc Natl Acad Sci USA 99: 1711917124,

2002.

8) Monet~Lepretre M, et al: Abnormal recruitment of extracellular matrix proteins by excess
Notch3® : a new pathomechanism in CADASIL. Brain 136: 18301845, 2013.

9) Joutel A: Pathegenesis of CADASIL: transgenic and knock—out mice to probe function and dysfunc-
tion of the mutated gene, Netch3, in the cerebrovasculature. Bioessays 33: 73-80, 2010.




Veudar

@g’ﬂ FRAE G A RS SR O R B & S NE

CAtadicine

CADASIL, CARASIL OJsERT

Toshiyuki Teduka O '?ijgémlz * Masatoye Nishizawa ©) ilﬁi%jﬂ_{% *
Hiroaki Nozaki fﬁ%m‘;ﬁ ‘Zf‘ﬁlya T Osamu Onodera © /J\ 55;#}: :Eq! &

s BRI Z R R AR R P EO P T PR 2 0 85

TR ARER IR EIRE IR EY
TR FRATERTIF U VU — R IRRERP IS TR R IR S 5 5

wE

MR TEE DB VERTHIEIY TR, AAE, LISt Y, BRI R IR I (1
gggﬁbggﬁr&xs@@mgﬁgwgga—;%f‘_y;‘ * MLCTwAh. 201348 12 Az, MR ORANERE B0

MEHEOBRBEHPELY, MESFDMAEL T ORRE 44007 AWELTB Y, 20504 F TIZE1E
PEHET, TWYNAT—REHRTIBEES VL 3,500 H A THIINY B L s, FOEH s
b, RERESELELEELPOL. LOL, BH, B 7 THE I ATl o 77, AP RETE 1 B

BIEFEAORZFHMERL, HEHOBEBEUENERO
FERBREFIEESNAIEEZRIC, REMICIO
BFREPHESPIE->TETVS. FRTE, MEM

FED—HNTH LA, TOWEMEIZL > THEDE
B, PG HJT“ e ﬁ}l FETd %A Honolulu~Asia Ag-

BAEDOYS, ROMETREL SRS ERE ing Study iz ki, BRRERELETHRHDT
295 Binswanger BOEF L& 4 BB R NS L, TN —@l Lo b 057 18.6%, W
%5 CADASIL/CARASIL D FHRERFICESE K INESESE Db DAT33.8%, £ L CHEORED
TT, T3 14.2% L FLOHNTHBY, BAFEREICHT S M

WEHEDHENEWI L 2R LAY F/ M
BRBH | BIRNTHE L 5 KA BWE QTN T N
UNA TR O FMEFI %2 LOWMELH LY.
L OBEE, MEMERANE OIS, AN
DL CHERERVEZ SO TWAIEERLTNS
AR OB LW L5546, MR, ?’Eﬁ

OB/ L5 OCADASIL
o, BRCHHIR, KBROLIR & Vo 7 ERBIROWEC Hk T
OME T B S, ABIIR R BRI & v o 2/ DR
\ ) ERT BB TERALEND S, T OB,

Vol.is No.1 20143 [EEERSE
Presented by Medical*Online



RO KAE L /NME THHECREBIRE (R LT
BY, WENEEENLGTRELERLEEZLN
7:0THbH ZOZEF, H-BETFOREIIL-
TR ZMEROPTY, WEOHBIFRINFILHS
B EAME D DREF AT S L) BE
Lo THIBIORESNTWA, i, EBICHETIE
BENEBREATIRL>TBY, KINEHCHIED
RENTES L OEBITPRER I 2 H D
T E v, FRIUMLERIE 05 TFRIEOZ
THTHY, BEAYRL TR V2O FEIE
HROLNBLOD, THRERMRERTENIED
Ao Ty, HONIERE & 5855 E, 4%
WHTH 5.

BN HUE IR L, TEORKIREIRA 5, MoOgmE)
Bk, HMEIR, EBMHME £ L CTMIRE TR &L mE
PEHEBELTHRBERELHMETH 2. MBYIRTE
fbix, ML WMEIERRNTF & 3h, 77 FHE,
FERE, REBUMEZRE, Buhbims EoORERRAE
EHIEREIYT. AR KBHRERE SRS 7
FHE%E R B4 AR AL Binswanger % & FERR X 41, B
SREESRIN T 2 B & L EIE OB L EREE %
BRI T A, ARETIE, WEWE
FMEOEMEI Lo THERMEFER I N L MEEOERIE
EHERASEE Y, MR RE LA L A70120
BWREPBRENDELEZLNTHS™.

B/ AERE D 9 5, 812 Binswanger O 5T Hifk
oW, FEME® Binswanger i & bW H &,
cerebral autosomal dominant arteriopathy with sub-
cortical infarcts and leukoencephalopathy (CADA-
SIL) & cerebral autosomal recessive arteriopathy
with subcortical infarcts and leukoencephalopathy
(CARASIL) D 3 T HREBE OB £ A TW 3.
Binswanger 7% & Fj££12, CADASIL & CARASIL it
B/ S BT, EEE O A TR OB
2845 EH 5, Binswanger 35 & B0 HRED A
FETAHUREENDH 2. REETIEL, CADASIL & CAR-

[MEEEZE vol.15 No.12014-3

ASILICEEZHTT, ZhE TOHAD review %
fTn7zv,

CADASIL [©DWT

1. BKRGe mERE

CADASIL &, NOTCH3 BIzTOREI L W
EBARBEEREERORB/NIERTH S, BEEMER/N L
EWCTHRLPFEOB NIRRT, 23y b7 FR%E
ECHI0FAYE04~15 AOBEDNRTFERET B,
HEIBICHE, 30 UL B, 50 MU EE SRR R
ELARMBREEL BEL, 0REIIETAREE R
D, B PEHesE KEITFHIIRTRECT
A9 MRI {8 Tl leukoaraiosis & FHENBILM
LRBAFEREESHE T 7 THELRD L. FER
BIXIBEREE Bk e LC, M MBEEEcF
TIRAS B FOAYEIY T, WD EITT 5 & RERHK,
KRB % SR 5. FUERZE IR DS
W5 10~15FEWM»roMBTELINTEY, 52
FHEZHERECERLTHIET LY
EERICIE, BERRIEENIR o M B IR O P i M ie o
EWERD, LERCEMLT LY. £/ Wz
G—Fy, FIZV, T4 THRITF VR EDMN
T Yy ADWHEICE > THRET B, AR %
FENTHAH. BFEMSTE, MEFHHMRISE
B L CNOTCHI OMiles ¥ 2 14 v % & { granular
osmiophilic materials (GOM) ®iLEFEBHA LN LT &
PR TH 5. GOM T % 1pm BEOW FHIE
PECERIRD OB E LTRSS, B
TIRBEEMBOBED O, BEL TV LRI
AL TWE®, ZHoDETA»b, CADASIL B#
O MUE TSI/ LA OS85 R I 2 B M A5 e B
BER IS R o TnB EEZ LIS,

2. NOTCH3 Ok & X8
NOTCHS3 i Notch family {CB$ 5 2321 7 2 / B
b b-HEEAMEDTH Y, FI/NMUEDIME

Presented by Medical*Online



SRR DL AN AL T b NOTCHS o B

ok, 2w 2y b AR GRS L
T SIS C E 7z S o AR (L

T BUE A SR S R O IEYEIIIR I AT A L
B JEZIR O AN U TP il o ST S & /s
BALDE Y IATEA L, '”0)%7%: AL
VIR UG 7 R 2 R AN Lo s o
O Z &k NOTCHS A5 i f:hﬂz(/)uu Rguigil
Ba s 2k 9% LTwh
NOTCH3 l& & 7 v (a9 4 i, f@g;ﬁg"
(R 1. NOTCH3 &, NS5 epidermal
growth factor repeats (EGFRs) & & &gk v
CNECD), Bt

&R
; e
LX)
Z (NOTCH3 extracellular domain =i
FAA . o DO I AP G
(NOTCIHS3 intracellular domain @ NICD) % $g->. %
94 280kDa OWilRARA T LCHiEE S e d L
WS4, NECD &R A B3 2 C Wi 2tk

ankyrin repeats = &

ER
pre-pro-TGF-§ 1 LAP domam mature domam
pro-TGF-81 W
HTRAL \b
HTRAT (& —3 ‘Cé}ﬁzénr TGE-B 1
TGN W Furin
] ‘ [
. =

LAP-TGF- 131 complex

mature TGF- £ 1

LAY NECD V~J & EGFRs l'r’nﬁ{? dh ok, ANF O

WW#ébux&m7m%7wﬁAnmm7&yk7
Ly —ElZL - TUMr 34, NICDAWh ash s,

A A 2 SEEAE L 70 NICD & NOTCH3 S SR ¥4 1A
~EE LT, M%W%Rmﬂ'-w»MML‘mm
Wofn 7o WA W5 5. EAE NECD A
Notch 7EBMNLZ % DT c;tal <o UH  FREGRHTL
WIZBl&AE N TS, Tz &lcky, 3562
AT AR RO U EE 3 LB
YR b Y AEH DR BT A

PN TR N AV S

3. CADASIL O FimiE

CADASIL oGR8 L7 NOTCHS B8R
TNECD MO EGFRs ¥ 1~ Vg A7 v ¥ 2~2
AR LT DL B 95% L1 3 Ak v AR

ESC BN

K1 TGF-81 ORFEESLTCZThEIEI$T 2 HTRAI
EOBRE NERERICT, YIFMRTFRPPYBE NI LT
pre-pro-TGF-81 5 5 pro-TGFR1 &% 3. #DOH%, +I XD Y
Foy =7 (TGN) TZEEEHRE L, Fuinitdsd 70ty Y7k
Fs IOEE CREHAENFEREMERVELIIEBEDLY,
immature % 14 %8 (LAP-TGF-81 complex) & & % #', THBS1, MMP
P LAP 2417 % 2 & Tmature & TGF-81 PiHEI 1 3.
EHORR FRIT, HTRAT D€ Y > 7057 7 — F3#EEIC £ V) pro-
TGF-B1 WO EaN5, DRI LEY &, MEEEEER D HES
(ERAD)} T, 2EFXFLTRF T/ —LRENTLTHARENS,

(378t 29 & 1) —EREEE)

Vol.15 No.1 2014-3

MEEY

Presented by Medical*Online



Thby, s r3&44 %hal/(w
AERDITIE, AT T4 AHA B %v7v A
7 MR SRV OWRE é&bﬂ% E- YN
IZiE, MWEROD AL RITEGFRAD Y A7 4 ~
PRIEDMBR A DAL T 2 DTHY. v AT A
VRRBBICEBE LU WERIIOWTIE, FOMKESI
DWCRIRO A B B, CADASIL BE Tk, Th
b@ﬁw io*h&RW@Sbﬁﬁ#W%L

ARV

NECD & U\h*%ni*( ’é’afL# CADASIL = ¥ ?‘i’iﬂ‘] i
GOM JERE, MASSEH Ana e & B Mmoo 21, #ilk
B Uy 7 AOERICES L Twh GOM
NECD O &R OIS & » THEEEDP B A S
ZEW NI VALY YL bV APMESNALT
W R EY, S o Z2NECD
NOTCHS S&BLAMNL C d> B MU -1 A <o Ji Kz A i
O ERT L LEZ 5N A, WEFHHME S Y
B o EMNIZDWCE, NOTCHS & 7 s, 2
NS OHRLOMRHTLETH HUTHEMED S 505, KR
BB RAS NOTCHS ¥ 7 F WZE ~-M£%Jif3% e
LT, —EORBEHESR TRV B
NOTCHS ¥ 7 L # .x:f T CIE CADASIL Wﬁiﬁ"@)
HHEHREE OB LA TP RELEDTED
NOTCH3 ¥ 7+ v LJJ‘/M) B A 4 LT B R
%%é 20134427 9 Y AD TV —"7%, CADASIL

BE OB & AR NOTCHS 2 RIS L 257
Vv AR T, BRI NOTCHS @ NECD 239K
B HICER L TH 9, NECD @B tissue
inhibitor of metalloproteinases 3(TIMP3) & vitronec-
tin (VIN) DS 6 S L 2R L™ /2, 8o -
B L ZNECD2ITIMPS & B &K 2 Bl L,

TIMP3 2 NOTCH3 & VIN OGS 2 BT 5
TEerWHeMIL. 512 CADASIL BELEF
ey AORMAE TIE, TIMP3EEA LA L Tn A

ZEEHLSMILL Zhoo#Es s, CADASIL
THRETNECD ORBEEIEI Y, FHIZL-T,
TIMP3EWOHRERE AL LT, ECM &0 RE

MMEEES vol.15No.1 20143

Y N—F A MPMBEINAL L WA EFEREL

o TOBKER 2 L E LTI A 72D D8 GOM
ThH, MRrELT [ CZECM B AF RS ¥ A0
----- BB EET RO LHEEL TS

CARASIL [©DWT
1. ERER{R & MERE

CARASIL 3 high temperature requirement ser-
ine peptidase Al (HTRAI) BEFOREIZL 2 EY
RS MEREIEROBMNEE Th 5. KICHE BN
AR SN, FREEFARNE SN R

BRPEE S MIEGNIIR S Tw 5D, g T

URRS AL L I UGE P kg Eor SRR § 4
FPIDSARIELIIMZ A A P p =L i S h
T lhh, BHITEROBEMEEL TS
BB, BEKEARORE L L, e A SR
ﬁ’f‘? RETEEREIRIZIN £ . R & A B S ViR

BUHRRESFITO NS, BB ROERETFCH
HEMEEED v, MIRITE, 20~40 I, &k

(g o R ARY RS S il i Fity e CLEJWMI"%‘):} N
B, PEEEERE LT, BRENRZETHAI LD Y,
B MR R IR D Bl 4. /}\5 1% U T,
4 BB MR AR s A LB, R/EL BB
{rﬁ 20 fCTHIEET 5 2 &% s, BT

W& BHEERT %j’%&'ﬁ@:+ BLBIAH BT ik
BEHFLETH L. B MRL @?)L 13 CADASIL 2 B

LTk, WHRERMz T LT ‘/i» s EE )
BRI E TN BRI KIREVRHINE L 2505 7 F 3
el b, TN, {3 R Zf?:i’(/l Hf % #20

@M#ﬁﬁﬁﬂfw&.ﬁﬂMKgméﬁwﬁim
DIEH R H 1L CADASIL & 87 ) REICHEHRWTH
5.

B RBEIR L MBI IS B v
Binswanger # % CADASIL & FIBEIC i 8 il i 4
OB L MFO T WHREASA LN, T, BT
DN, WV ORI B R MRE, SO IEE

Presented by Medical*Online



LR TEY, AR SR 7 TR ARG =
NTWAHY, CADASIL TAHALH GOM R T 3 1 f
BT 2 b8 F = Cohb it s AROWLAHLRO L,

7ES | ll’

PIBLTUE e ~smooth muscle actin FafEo ik &

# 25N H L myointimal cell 23 L T, i
I EL OB TIONAT lwﬂ%ﬂdeﬂude:ifv
Vs L NN S AUT VS BT & T L
To L E 2 ZALe o i, CARASIL T3
B P MUIAT I 22 BT T A 2 L &R LT
AH%, CADASIL LI LT, MAFEEDLALA L Y IEn
PRI A A Thr ™

2. HTRA1 O##e
HTRAL 1 TTRA family (289 % 480 7 3 / fiE7
%&étU>7D%7~E@wMT%% HTRAT i
MR IR R L CIEBLL T D,
FERERT S LA ST B

E _ EADAM/TACE

‘ e ;,‘;j; » lu:“ ;\\‘\
oM ;= mBRNA

T AR« A SR D B & R SRR

BIZHEM L Tk v fz &0 el 32

e Cuwwys, HTRAL i stacking site & SN 5
169, 171, 2783 H O 7 2 JBIZ L » THmE %k
LTBY, B E oA i)y
77— N AL YOS OEES T O T T —
DIETEALIZ T 5% HTRAL X transforming
growth factor-21 (TGF-81) ik % iho, s &
F 72 7GRS Uy 2 ARTIoOY)
Wiz droTnd.

HTRAL W TGF-81 O WiHENC B3 4. TGF-
91 VLAHLARIE 55 2 & o il KO LTI o 40k R
MEVESGGASIES 294 b A A o Th Y, MAFORE
P e 45 0 T ’i‘ﬂﬂ’\”’ﬁ’ﬁ WIERES T & % pre-
pro-TGF-B1 & L TH S ALK T pro-TGE-
Bl &l T "‘"V!«\i’%)}k 9“@ ( X 2). 2517, trans-
Golgi network € furin 2 & 2 U2 2 0FC, N KW
v & CORIMI AT A, CRETN 0 Z BRI

S ERVTRI S

YA
R

§4 YEILE—t

A (Noteh3)

2 NOTCH3 ¥ 77 LicEh 5 UHifEER
NOTCH3 i, B ETNECD + NECDAF O 1 v —- 4R T 5. NECDI & 5

EGF#UE—- hOESE, UHY FERBRD OSL #%4

L, &5 ADAM/TACE

DEYE T NECD/NICD o8BS h 3. ¥5 &, NECD IR U A > FRAMBAIC DSL

E—#ICEIERAEN, STV~ AT
Eoily L a—~-tHILLDNBES

PESNTTOEEEEA S NICD W, BET
1, BAABTL, BECHED 3.

(ZHR 17 & o) —BREZE)

Vol15 No.1 20143 [[IEEBE S

Presented by Medical*Online



O TGF-1 &4Y, TRICEWEREL LI
KBRS L CANEE OB SR 2 2R L, n"’:ﬁlH’@‘ﬂ
AWM NAT. ZoOEAERE, MlgsTirT s 7Y
Yy 17470k F U ICHGL w%umufm
SR TGE-R1 25 L CIBE fF‘ IRL & 2 (NN s&“‘g
NLEZZEWLEoT, E6hbi VP EET R

T ORI BT, HTRALG fI\.i’éM?W*J T pro-TGF-
BLEGMTAZI LI LT, TGNABREINLE
WA EEL WhIZTCR-81 Y7 F o7 L—%
ELTHTw: 5,

3. CARASIL O Fimie

IR FTIZ, CARASIL BHIIBWT, I XLV R
% B 6 M 7H R (p.Ala252Thr, p.Arg274Gln, p.Pro-
285Leu. p.Gly295Arg, p.Val297Met, p.Leu364Pro).
F U v AR BORESER R (p. Arg302end, p.Arg370end)
VMEINTWLIHE I 2 v 2RI TRTE
Jor7ar7T—¥RFAL VB LTED, ZRA

HTRAl @7 a5 7 —BEHEET LTwab. F72,
F ol s AR Vb AARLETE mRNA 4 IR
Eo TmRNARDPF LML, HEELT
HTRAL &EIT®EOWMAETERT. O &h b, CAR-
ASIL i HTRAL @ 705 7 — VLIS X » T
FETHEEZOLND

CARASIL Tl&, HTRAL ® 715 7 — Bk
& LT, PRE e AR A o 4 M, Mk
B by 2 AOEH, WEERORELE S, I
SRR OES 2/~ MY v 7 A0 ED
WLEBLEE: LT, TCF-81 ¥ 7L oREHH
ERNRTWwA™, HTRAL O T a7 7 —EBiEN%R <
&ét,ﬂﬁﬂl&ﬁ%»@f&—#ﬁﬂ#&<&
W, T FSEBEMITTET A, FEEIC, CARA-
SIL BH OB/ T, B TCR-21 A% L
CBD, ELIZTCF-81 ¥ 73 il k- TN
Y LA~ ) v 2 A TdH B EDA-fibronectin
%> yersican DWIMEEDH L, T Lh6, CARASIL
T TGF-81 & 7 F Vo R 2 i R E AR RO

[MEEEZE Vvol15No.12014-3

—EEH o TWBEELBND, £75. TCF-p1 ¥
TR VMBSO A ST A 2 L s
ENTEY, CARASIL TiE I Ofl R 12 B 2 7k
UAZ 8L » T A O A 2 5 nf ik
Yedidr 5. PIGER OB O VT, RGN
HERTWAR WAL HTRAL AN & K %
elastin DEFEE AT A 74 7 ) V5 EE &
THIEMRESNTEBNY, 74 7 5 O
A L7z elastogenesis O BE A Z » T B[R
HeAid %

BhbIC

CADASIL & CARASIL OB E{E T2 E S h,
/RO BB 2AETHWA, Th
FCOWTEN S, b T84 2o ‘é>
AR P I R ) B A oD T MRS B
WY, TITRI » TWAHT LV To :ﬁe'?»ri’#;ﬁ
HIHLP LR TETWD, TRLDWRBKICED,
CADASIL TIENOTCHS & & #1#l 9 5% 4, 5-di-
anilinophthalimide R A ¥y Q0 ARy » 77y av
CARASIL Tt TGF-31 ¥ 7 -}~ V&S A AT %
FRFIYR 2 EANE M L LTBRMICEN S L9 12
;ot.éﬁu‘m&uwmﬁ&#m

MERDLEED

{2, Binswanger ME X Lo &35 MEERAED
key molecule 2Y4& L 841, S PEMT T’Tm,ﬂ SE DT
Lo @i s 2 & 28

O References

1) The Lancet Neurology © G§ dementia summit © a
chance for united action. Laneet Neurol 13 1, 2014

2) White L : Brain lesions at autopsy in older Japa-
nese-American men as related to cognitive impair-
ment and dementia in the final vears of life  a sum-
mary report from the Honolulu-Asia aging study. J
Alzheimers Dis 18 1 713-725, 2009

3) Provenzano FA, Muraskin J, Tosto G, et al : White
matter hyperintensities and cerebral amyloidosis :
necessary and sufficient for clinical expression of

Presented by Medical*Online



A

5)

6)

&)

9)

10)

1

12)

14)

15)

16)

Alzheimer disease? JAMA Neurol 70 ¢ 455-461, 2013

) Law MR, Morris JK, Wald NJ : Use of blood pres-

sure lowering drugs in the prevention of cardiovas-
cular disease @ meta—analysis of 147 randomised tri-
als in the context of expectations from prospective
epidemiological studies. B3J 338 © 16635, 2009
Shinohara Y, Katayama Y, Uchiyvama S, et al : Cil-
ostazol for prevention of secondary stroke (CSPS
2) © an aspirin~controlled, double~blind, randomised
non-inferiority trial. Lancet Neurol 9 © 959-968, 2010
Pantoni L @ Cerebral small vessel disease  from
pathogenesis and clinical characteristics to thera-
peutic challenges. Lancet Neurol 9 @ 689-701, 2010

) Caplan LR, Gomes JA @ Binswanger discase~—an up-

date. J Neunrol Sci 299 : 9-10, 2010

Chabriat H, Joutel A, Dichgans M, et al : Cadasil.
Lancet Neurol 8 © 643-653, 2009

Peters N, Herzog J, Opherk C, Dichgans M © A two-
year clinical follow-up study in 80 CADASIL sub-
jects © progression patterns and implications for
clinical trials. Stroke 35 © 1603-1608, 2004

Chabriat H, Vahedi K, Iba~Zizen MT, et al * Clinical
spectrum of CADASIL @ a study of 7 families, Cere-
bral autosomal dominant arteriopathy with subcorti-
cal infarcts and leukoencephalopathy. Lancet 346 :
934~939, 1995

Joutel A : Pathogenesis of CADASIL @ transgenic
and knock-out mice to probe function and dysfunc-
tion of the mutated gene, Notch3, in the cerebrovas-
culature. Bioessavs 33 © 73-80, 2011

Arima K, Yanagawa S, Ito N, Tkeda S © Cerebral ar-
terial pathology of CADASIL and CARASIL (Maeda
syndrome) . Neuropathology 23 © 327-334, 2003
Dziewulska D, Lewandowska E @ Pericytes as a new
target for pathological processes in CADASIL. New-
ropathology 32 1 515-521, 2012

Nichols JT, Miyamoto A, Olsen SL, et al : DSL li-
gand endocytosis physically dissociates Notchl het-
erodimers before activating proteolysis can occur. J
Cell Biol 176 : 445-458, 2007

Monet-Leprétre M, Haddad I, Baron-Menguy C, et
al © Abnormal recruitiment of extracellular matrix
proteins by excess Notchd ECD © a new pathomech-
anism in CADASIL. Brain 136 @ 1830~1845, 2013
Watanabe-losomi A, Watanabe Y, Tanaka M, et
al © Transendocytosis is impaired in CADASIL-mu-
tant NOTCH3. Exp Neurol 233 1 303-311, 2012

TR © IR AERE 2R D R S PR & RS

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

Mizuno T @ [Pathomechanisms and treatment of
CADASIL]. Brain Nerve 65 @ 811-823, 2013
Fukutake T, Hirayama K @ Familial young-adult-
onset arteriosclerotic leukoencephalopathy with alo-
pecia and lumbago without arterial hypertension.
Eur Neurol 35 © 69-79, 1995

Hara K, Shiga A, Fukutake T, et al © Association of
HTRAL mutations and [amilial ischemic cercbral
small-vessel disease. N Engl J Med 360 . 1729-1739,
2009

Mendioroz M, Ferndndez-Cadenas 1, Del Rio-Es-
pinola A, et al : A missense ITRA1 mutation ex-
pands CARASIL syndrome to the Caucasian popula-
tion, Newrology 75 @ 2033-2035, 2010

Chen Y, He Z, Meng S, et al © A novel mutation of
the high-temperature requirement A serine pepti-
dase 1 (HTRAL) gene in a Chinese family with ce-
rebral autosomal recessive arteriopathy with sub-
cortical infarcts and leukoencephalopathy
(CARASIL) . J Int Med Res 41 © 1445-1455, 2013
Wang X1, Li CF, Guo W, Cao BZ : A novel muta-
tion in the HTRAL gene identified in Chinese CAR-
ASIL pedigree. CNS Neurosci Ther 18 @ 867-869,
2012

Qide T, Nakayama H, Yanagawa S Extensive loss
of arterial medial smooth muscle cells and mural
extracellular matrix in cerebral autosomal recessive
arteriopathy with subcortical infarcts and leukoen-
cephalopathy (CARASIL). Neuropathology 28 © 132-
142, 2008

Yanagawa S, Ito N, Arima K, Ikeda S ¢ Cerebral au-
tosomal recessive arteriopathy with subcortical in-
farcts and leukoencephalopathy. Newrology 58 @ 817-
820, 2002

Clausen T, Kaiser M, Huber R, Ehrmann M : HTRA
proteases : regulated proteolysis in protein quality
control. Nat Rev Mol Cell Biol 12 : 152-162, 2011
Truebestein L, Tennstaedt A, Monig T, et al @ Sub-
strate~induced remodeling of the active site regu-
lates human HTRAIL activity. Net Struct Mol Biol
18 : 386-388, 2011

ten Dijke P, Arthur HM @ Extracellular control of
TGFheta signalling in vascular development and
disease. Nat Rev Mol Cell Biol 8 : 857-869, 2007
Nishimoto Y, Shibata M, Nihonmatsu M, et al * A
novel mutation in the HTRAI gene causes CARA-
SIL without alopecia. Neurology 76 © 1353-1355, 2011

Vol.15 No.1 20143  [[IEEEE:

Presented by Medical*Online



29) Shiga A, Nozaki H. Yokoseki A, et al : Cerebral sion of HTRA1 leads to ultrastructural changes in

small~vessel disease protein HTRAL controls the the elastic laver of Bruch's membrane via cleavage
amount of TGF-£1 via cleavage of proTGF-7 1. of extracellular matrix components. PLoS One 6.
Hum Mol Genet 20 ¢ 1800-1810, 2011 €22959, 2011

30) Vierkotten S, Muether PS, Fauser S Overexpres-

MESEESE voli5No.1 2014-3

Presented by Medical*Online



Takuya Konno, MID*
Masayoshi Tada, MD,
PhD*
Mari Tada, MD, PhD*
Akihide Koyama, Mmed
Hiroaki Nozaki, MD, PhD
Yasuo Harigaya, MD, PhD
Jin Nishimiya, MD, PhID
Akiko Martsunaga, MD,
PhD
Nobuaki Yoshikura, MD
Kenji Ishihara, MD
Musashi Arakawa, MD
Aiko Isami
Kenichi Okazaki, MD,
PhD
Hideaki Yokoo, MD, PhD
Kyoko Itoh, MD, PhD
Makoto Yoneda, MD, PhD
Mitsuru Kawamura, MD,
PhD
Takashi Inuzuka, MD, PhD
Hitoshi Takahashi, MD,
PhD
Masatoyo Nishizawa,
MD, PhD
Osamu Onodera, MD,
PhD
Akiyoshi Kakita, MD, PhD
Takeshi Tkeuchi, MD, PhD

Correspondence to
Dr. Tkeuchi:
ikeuchi@bri.niigata-u.ac.jp

Editorial, page 102

Supplemental data at
www.neurology.org

OPEN

Héploinsufﬁciency of CSF-1R and
clinicopathologic characterization in

patients with HDLS

£

ABSTRACT

Objective: To clarify the genetic, clinicopathologic, and neuroimaging characteristics of patients
with hereditary diffuse leukoencephalopathy with spheroids (HDLS) with the colony stimulating
factor 1 receptor (CSF-1R) mutation.

Methods: We performed molecular genetic analysis of CSF-1R in patients with HDLS. Detailed
clinical and neuroimaging findings were retrospectively investigated. Five patients were exam-
ined neuropathologically.

Results: We found 6 different CSF-1R mutations in 7 index patients from unrelated Japanese
families. The CSF-1R mutations included 3 novel mutations and 1 known missense mutation at
evolutionarily conserved amino acids, and 1 novel splice-site mutation. We identified a novel
frameshift mutation. Reverse transcription PCR analysis revealed that the frameshift mutation
causes nonsense-mediated mRNA decay by generating a premature stop codon, suggesting
that haploinsufficiency of CSF-1R is sufficient to cause HDLS. Western blot analysis revealed
that the expression level of CSF-1R in the brain from the patients was lower than from control
subjects. The characteristic MRI findings were the involvement of the white matter and thinning
of the corpus callosum with signal alteration, and sequential analysis revealed that the white
matter lesions and cerebral atrophy relentlessly progressed with disease duration. Spotty cal-
cifications in the white matter were frequently observed by CT. Neuropathologic analysis
revealed that microglia in the brains of the patients demonstrated distinct morphology and
distribution.

Conclusions: These findings suggest that patients with HDLS, irrespective of mutation type in
CSF-1R, show characteristic clinical and neuroimaging features, and that perturbation of CSF-1R
signaling by haploinsufficiency may play a role in microglial dysfunction leading to the pathogenesis
of HDLS. Neurology® 2014;82:139-148

GLOSSARY

ASV = aberrant splice variant; CSF-1R = colony stimulating factor 1 receptor; CTF = C-terminal fragment; FLAIR = fluid-
attenuated inversion recovery; GLUT-5 = glucose transporter-5; HDLS = hereditary diffuse leukoencephalopathy with
spheroids; POLD = pigmented orthochromatic leukodystrophy; RT = reverse transcription; SNP = single nucleotide
polymorphism; WML = white matter lesion.

Hereditary diffuse leukoencephalopathy with spheroids (HDLS) is a progressive dementing dis-
order that predominantly affects the cerebral white matter.” Patients with HDLS are clinically
characterized by a gradual onset of cognitive and behavioral dysfunction, followed by motor
impairments such as gait disturbance and bradykinesia.'~ Recently, a gene encoding the colony
stimulating factor 1 receptor (CSF-1R) has been identified as a causative gene in patients with
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