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ease : SVD) &b, ZOJERK & LTHEKRD S EIMEDL S -
EDEELRGHRAT L LTHBINTVEH0D, 205
WBIIAHZ AL . BAERSRIER 25 & L72ii%T
&, TEAMERERE R EIMINEREOT T b o L b
RS AR EVIRRETH D, ZOBIRFIL 55~T1% & HiKL
RERTHHY. 2F ) SVD IEEMEIHAT 5 2Dz
HY2"EE5 L TwbE&ZE 2 b1bh. CARASIL (cerebral
autosomal recessive arteriopathy with subcortical infarcts
and leukoencephalopathy) (X, VbW % Binswanger % (238
DL EE TSI L LRHIMEEZ RS Z 2562, SVD
DBEIENTOREILH 2o TETINALEFTVEEZ SR
5.

CARASIL O EEEEF HirA1 DRE & 23 FiRkE

bbb CARASILS RR 2 EE» HHERL, &7/
L0 BT L BEAEE T T T e - F Ik ) NS
&t HirA1 ZRE L72Y. HtrAlL 1222250 I Ak v AZER
(V297M, A252T) & 2 oM F ¥+t v AZEH (R302X, R370X)
ZARED. HirAlid®Y) v 7057 —¥0 02 THSH
s, TROERKOTOF T —YiEEENE L2 EZ A,
2003 Ak v AERMR(V29TM, A252T) & 120DF v
ZZEFAR, (R302X) O 707 7 —BiHMHIIER B 21%~
50% ICHEIKTLTwA. —7, RIOX ZRMATII 07
T—EEEDOBET AL D LML >720 DD, RITOX £ 5
AT 5 5EH OB ARSI T, HtrAl mRNA O53
PEEIERTLTEY, F oty 2KEM mRNA 4 He R
(I #% exon-exon junction 7 & 50 ¥EFELL b EHAIC R GG
IR UBFAET SHE, mRNA Z0 b DD SN HHERE) 12
LD HrAl OB ECHH ST Dbk s
CARASIL i3 HtrAl @ 70 7 7 — IR T & 2 Wi+ >~
+ ¥ ZMRGEME mRNA RIS X 2 Hir Al OF%sETE2: )8R

RWeZEz o515,

HtrAl iz 757 —E& LTHAET %5135, TGF (Trans-
forming growth factor)-p family @ ¥ 7" W 1{z:E % ] 3 %
ZEPMOENTWAEY, TGE-B L IEHA b I AL v D—DT, 1)
#y R & U THIREOZ MR HE AN Y 7 F VR %
BT 5 (Fig. 1)?. TaEME LTidfisost - B, 1m
BERA, ) 2o SERO R LINE], Miast < Y v 7 X D BEgH
ERZRERDH Y, Zd superfamily T&H % BMP (Bone mor-
phogenetic protein) 1348 - BRETEEK % 9 %2253, bbbt
HtrAl Z 54k ® TGF-B family ® ¥ 7 F VRENDEE % L
R=F =7 v 12X LR AR OrAl i
TGF-B1, BMP-4, BMP-2 DWW 3D ¥ 7 U mEx il L
7278, HtrAl ZEAEIVWTNIEHITE h oz, EHIC
CARASIL FAEH OB TIE, TGFB ¥ 7 F VM mEIZL D
HEl & s Hilast< v v 7 2 (fibronectin & versican) 2%
B NEIIR B LC B TEBIFEBL L T729. DLEOR RSP S
CARASIL @ i #il /N B IR Ti&, HtrAl iz F2RICX D
TGFBL ¥ 27 F MAZEDIFIAEAMIS L, TGFBL ¥ 7 F v
FEDORLEIBI - TVEHEEZONL ZOMRKE
CARASIL M/ I ZMIas < ~ VU v 7 A 057k L B IRAS
ILEVEILTWDLEEZOLNDLHY, MENEREEZ &L
TWAWEEELEZ 5N 5 (Fig. 1, 2). 7272 HtrAl 287275
T—EE L TUEHEEL LTWDLD), F7:2HtrAl »° TGF-
BY T FNMmEDEDIEFETED X HITHIBIL TV B A2
WTIEEARHTH ) SHOBHRETH 5.

CARASIL O¥5f & UTRRAFEDIZ A I HELE DRI & %8
TELEEHERED @ . BMP OB EBL S ¥ 72 7 A TIRHED
ALHohsd L, BMP B - IWEREEH A ERT 52 L
2o, INLORJFANIZOVWTHRIZY BMP ¥ 7 F VDL
EPFEREEZ NS,

Marfan fEfR3f & TGF-B > 7L

I F CEBRRKBIIRZ & o KIEOBIRTEL L TGF-
BYZFNEDHEBIZOWTIIE L DIEFT Y ANDH 5.
EHICKRMEDHREAEZHTLET NI T ATIETTIC
TGFP ¥ 7 F N EHWNE LZEFH RSP ERINTETY

FRHAR A TR BE AR (T010-1495  FKHT _EAb P iR 222—1)
B KT AT M N R (T951-8585  Hi i i Hh Y X JBHT 3 1—757)

(ZA+H : 201045 7 21 H)



TR/ SR O 55T Rg & ip RO R

Betaglycan

TGFB Sol-Endoy iSol-Endo

alt—1—— YV

IPlasma membrane

ALKS ALKl, 2, 3,6

BMP Endoglm

50 : 853

BT HtrAL 2 X % 3 7 F Vi
Giifast 2 MR ?)

¥I$ﬂ HtrAl

|_
U b---

Z{ﬁiﬂ HtrAl

TGFBR2 SMAD2/3 SMAD1/5/8 BMPR2 2R HtrAl1 (2 X % ¥ 7 F VfiIA 4
—* —T
0 [ (1)
C—])
SMAD4

=

Gene
expresswn

Nucleus

@%

s

ene CARASIL /ML BT %
expressmn Mfgst~< vV v 7 2 R4
+ MU N B e 2

Fig. 1 TGF-B ¥ 7+ MziE & HirAl (OCHES & 0 %),

HTRALl Y v 7 a7 7 —EiHHET

TGE-BOHEM

TGR-BY 7 F VDGt

Mgt~ N v 2 2% 287 OFEETUE

I/ DB REAS 42 2

Fig. 2 CARASIL OJRiERT

%9, 7z & 21X Marfan JEERETlE, TGFB ¥ 7 F MzmEoH]
WM % b Fibrillinl (FFBN1) EETOZERIZE Y ZDY
7 FABEDSBFNAGE S, B, IR, GBI RIS A <
M) 2 ANERT LI EDBHMOENTWEY. D ) ZOJkEE
13 CARASIL L FHETH 5%, & 512 Marfan ERHETIE L
=T r¥EFT v RA)ZRDOIHED TGFB ¥ 7LD
BRALEICEHG L TWA I EHS, RARZHIMTALZET

TGF-B ¥ 7 )V OB FARAE % HIH L, DI R oMIEs < b
Vo 7 ALEETHTED LEZLNHY. B Marfan JE%
HBOEFVLI T AR ANIZBWT ATL #EHi3E (Losartan) %
ACE P33 (Perindopril) 2SKEIIREZEOHM/DN, BIREELOHE
BHHRNCAR TH 5 2 EARINTE DY, /b5 125
WTHEH TGFB ¥ 7 F VAR E LzimEs s n 5.

FEDH

CARASIL #2212 & Y, TGF-p ¥ 7' F MAEEASKINAE DB
BREEAL 20T C 2 < NME OBIREALIZ D BIE LTV 5B 2 &%
FZUDTHLMENT. 413 Binswanger IR £ 51 5
7 FHEZET EOIFEMED SVD T B TGF-B ¥ 7 F VA5
HBIUEL TR0 EBAET 5 LENH 5. F 72 HirAl R
TGF-B ¥ 7 F MEERME DB F L RS SVD D BRI fE kR
HWFELRDPITOVWTHEHRNH7-NDLETATHSL. 5%
D SVDIZBT 5 TGF-B ¥ 7 FIMER L & U725 Tk
WF7e, EBEFFEICHIA L2,

X ®

1) Markus HS. Unravelling the genetics of ischemic stroke.
PLoS Med 2010;7:¢1000225.

2) Arima K, Yanagawa S, Ito N, et al. Cerebral arterial pa-
thology of CADASIL and CARASIL (Maeda syndrome).
Neuropathology 2003;23:327-334.

3) Hara K, Shiga A, Fukutake T, etal. Association of
HTRA1 mutations and familial ischemic cerebral small-
vessel disease. N Engl ] Med 2009;360:1729-1739.



50 : 854 RS 50%11% (2010 : 11)
4) Oka C, Tsujimoto R, Kajikawa M, et al. HtrA1 serine pro- 2006;355:841-844.
tease inhibits signaling mediated by Tgfp family proteins. 8) Ahimastos AA, Aggarwal A, D'Orsa KM, et al. Effect of

Development 2004;131:1041-1053.

5) Ten Dijke P, Arthur HM. Extracellular control of
TGFbeta signaling in vascular development and disease.
Nat Rev Mol Cell Biol 2007;11:857-869.

6) Blobe GC, Schiemann WP, Lodish HF. Role of transform-
ing growth factor beta in human disease. N Engl ] Med

perindopril on large artery stiffness and aortic root di-
ameter in patients with Marfan syndrome: a randomized
controlled trial. JAMA 2007;298:1539-1547.

Habashi JP, Judge DP, Holm TM, et al. Losartan, an AT1
Antagonist, Prevents Aortic Aneurysm in a Mouse
Model of Marfan Syndrome. Science 2006;312:117-121.

2000;342:1350-1358.
7) Gelb BD. Marfan's syndrome and related disorders—

10) Brooke BS, Habashi JP, Judge JP, et al. Angiotensin II
blockade and aortic-root dilation in Marfan's syndrome. N

more tightly connected than we thought. N Engl ] Med Engl ] Med 2008;358:2787-2795.

Abstract
Molecular mechanism and therapeutic strategy for cerebral small vessel disease

Kenju Hara, M.D., Ph.D.
Department of Neurology, Akita Red Cross Hospital
Department of Neurology, Brain Research Institute, Niigata University

Hypertension is a well known risk factor for cerebral small vessel disease (SVD) characterized by MRI white
matter hyperintensities called “leukoaraiosis”. However, the molecular basis of SVD remains to be elucidated.
Both twin and family studies have shown that leukoaraiosis is the most heritable cerebrovascular phenotype with
a heritability estimated to be between 55% and 71 %, suggesting genetic factors for SVD. Cerebral autosomal re-
cessive arteriopathy with subcortical infarcts and leukoencephalopathy (CARASIL) is hereditary SVD lacking hy-
pertension. We have recently identified the causative gene, FHtrA1, for CARASIL by genome-wide linkage study
and a candidate gene approach. HtrA1l is a serine protease that represses signaling by TGF-B family members.
We found that mutated HtrA1 did not repress signaling by the TGF-B family members (BMP2, BMP4, and TGF-
B1), resulting in vascular fibrosis with synthesis of extracellular matrix proteins. Our results indicate that disinhi-
bition of TGF-B signaling underlies the molecular basis of CARASIL. Marfan's syndrome is an autosomal dominant
connective tissue disorder caused by disinhibition of TGF-f signaling associated with FBN1 mutations. In a small
cohort study, angiotensin II-receptor blockers (ARBs) therapy in patients with Marfan's syndrome significantly
slowed the rate of progressive aortic-root dilatation. This study provides a potential for developing a therapy tar-
geting TGF-B signaling for SVD.

(Clin Neurol 2010;50:852-854)
Key words: small vessel disease, CARASIL, HtrA1l, TGF- signal transduction, Marfan’'s syndrome




