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High temperature requirement serine peptidase Al (HTRAL) B FEEOKFETHEESERIL, *
O7aT T —BIEHOKTIZ L o T, cerebral autosomal recessive arteriopathy with
subcortical infarcts and leukoencephalopathy Z5| X Z 9. Fex i, 70 AT CT3IE L7
B/ E IR BE D 5 B, Notch-3 O BMNAE iz 41 filzxt4e & LC, HTRAL O FELE 5 fE
WaIT-o1-E 25, 46 (9.8%) TEEHMO2W HTRAL @5+ D I Akt v AERZ2~T o HELK
TRHLZ. ZNETORET, TLAEX LRI ZEATE RN B AR HTRAL T
HoTh, ZONTaESEKRIIMNLEREZRIE LN ERNDhos TS, RIFRETIE, ~
T OEE R TR 24 BAHTRAL 23, [EH 7 LVHKOBAR HTRAL O 7 a7 7 —BiEHEE
FRET D Z 2oz L.

MR O R (330)

Homozygous mutations in the high temperature requirement serine peptidase Al (HTRA1) gene
cause cerebral autosomal recessive arteriopathy with subcortical infarcts and
leukoencephalopathy (CARASIL) by decrease of its protease activity. We analyzed HTRA1
ORF sequences in 41 patients with CARASIL-1ike syndrome <70 years of age carrying no notch3
mutations and found 4 patients (9.8%) carrying heterozygous novel mutations in the HTRA1
gene. Although two nonsense mutations in the HTRA1 gene, which result in null expression,
have been reported in CARASIL patients, no one carrying the heterozygous nonsense mutation
presented CARASIL-1ike syndrome. In this study, we elucidated inhibitory effect of novel
mutated HTRAls on protease activity of wild type HTRAIL.
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b/ NI B S 1, RS oD D IR0 =6 R o L TR RECIEERRE 2 R E T 5720,
IR EZBITWREORKTHY, ElEic T2 E D OFEFERFRDO—2IZR>TND.
ERIZEPET S (Pantoni L. Lancet Neurol. DIFREEZEYICERL, EiTE2 T2 L
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T, HEEARPETHD. LrL, MLED
EELZBZIOFREICOWTOmRITIT S
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REFITHY, BIZHRI ANFIEIEZHZDOH)
S TV /AR I3 58 2h 725+
HEENSIE AR T 7= 0I12E, D4y FihiE
DFEMER LN THIHNENDD.

BASTER B ORWIENIZEIE, VR MER B O
REfICEHCh D, BEEE BIE, M/ E
i DIRREFRI] S IRk OB 2 HIEE L L C,
EARYER /NI I O 72 03T b H R ARSI
B X% L D cerebral autosomal
recessive arteriopathy with
subcortical infarcts and
leukoencephalopathy (CARASIL) IZV:H
L CHFFE 24T > C&7-. CARASIL (I /T,
BEIRIF, 7 V32— VB8R & o T i/ L
DFERRAFILLEDT, 40 5% £ TICERAEERERS
FEERIEL, REEBREZAFT2Z L 28
&3 %. CARASIL A OMM/INMAE 1 XARMENE
WIEARIE, RS AR O s, I E NIFE DL
RaBI L, BEMOBEIC L D KMAEWRE
LT FEERXRET S (Arima K et al.
Neuropathology 2003) . ZiuH DOIfE &AM
FE OFREEAIE, R 7 IMFEPERN /I M
B TdH D Binswanger HANAHZEEFE OFFELAT
R EIm LU TERY, CARASIL D4y FIRAE % B
DT D Z & DR MR/ if A8 5 O fig B
WCHGETHZ & STV D,

HEE#E 5%, CARASIL AtV 7 us 7 —
¥ % == — R 4 % high temperature
requirement serine peptidase Al (HTRA1)
BIGFOEERICL > TRIETDHZ L&, (i
FUZHEBF TR AL, 5 L7z (HaraK et al.
N Engl J Med 2009). HF#EOIX, ZHET
|2 CARASIL 23 T HIRAL B FOF B X
ZEHL (p. Arg302X, p.Arg370X) &7 masr 77—
BRAAL VAN ETDHI A ALR
(p. Ala252Thr, p.Val297Met) % REREHA
TRHELTWD. BT, Frier Ak m
HTRAL Tl 7> & o AEAFM: mRNA 23 fi i 1
XV HTRAL OFRBENEF LI LT &,
I A UAERMATRAL Tl e T 7 —EiE
MR TT D2 EEZHLNILE. b0
5T, HTRAL O 7 v T 7 —PIEMEE FIo X
S TR/NLERNSI SR SND Z & ExR
LTwW5b.

FEEE L, /R IZ310 5 HTRAL &1
FEROBEZHRET 2720, 70 5K T
IR R EERE L 77 THEZ R L, K
bHEEORWEEBEM/NMLE R TH D
cerebral autosomal dominant
arteriopathy with subcortical

infarcts and leukoencephalopathy
(CADASIL) DJFK & 72 % Notch3 & fnDZE

NG E ST 41 SEFNZOUW T, HTRAL &=
T OB IR 21T 72 2 A, 4 #i
(9.8%) 7T T7—E¥ FAAL L HNOHH
HTRAL S 2ty AER A ~TF oK TR
L 7= ( p.Gly283Gluy, p. Pro285Leu,
p. Arg302G1n, p.Thr3191le). [RIZE5 33850
FERENIE T 72 s 300 133O, &EH
DOEREZ T4 5 Y 7 FTodh 5 PolyPhen2
(http://genetics. bwh. harvard. edu/pph/)
{2 &% in silico fNT CIRIEMEZH 325 & f
EINiz. LEDORERENS, ~TriEskT
RO ERIIFMNEREAET D EEZZ. =
NETORET, IZELAEX T BFEAT
X ZAZE BB HIRAL ThHh- T,
FDA~T B A RTINS R & FE L 7R
W2 ERbnoTWAD, ZTDOZ Exb, HTRAL
ERO~T O HEARORIEMTF 2 BT 5
WA, ERAIHTRAL O 7' 27 7 —BIEHE T
DS O 2 it T D BN b o Tz

HTRAL ERAT v 5RO IEMT & LT,
75 B HTRAL 7° dominant negative %% Ff
DM EZE 2. HIRAL OFaF 7 —F K
A AT 158373 FZEEB DT I J WRFE R THER
Eh, LD, L1, L2, L3 L&D 4 DDJL
—7F&ERT 5 (X 1). HIRAL 1% 3 » oD
stacking site (Tyrl169, Phel7l, Phe278)
WX - T3 ERER L%, HENIKEAT
DT I TIEMIE L2 L3 (301-314 7 2
J ERFREL) MSEEBEI D HTRAL @ LD (285-289
TR L) ITHEHT D, FORE, B
T A HIRAL D7 0T 7 —F N A A o OREEL
fbnFBZ 0, FaF 7 —PiEEELES L T
< (ClausenT, etal. Nat Rev Mol Cell Biol.
2011). BEMIO R EHAKRTRIET DL LR
(p. Ala252Thr, p.Val297Met) 1% L3 < LD 7>
O BEN T EALICALE T D OITxE L, Hifzic i
W LTe~T o EAREKRCTHIET HER
(p. GLy283G1u, p.Cys285Leu, p.Arg302Gln,
p. Thr319Ile) IZ L3 & LD, & DU MIZ D
IZATE L CWa72, HHEZARN dominant
negative ZIREFFHOZ LN TR I N, AWF
ZEClE, ZFM HTRA1 @ dominant negative
EIZHEHR LT, HIRAL ZBEAT o #ELHED
RIEEFZHOMNCT D22 HEME L

X 1
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2. WD B
725 B HTRAL D ~T T 24K THIE T 5 I/
1593 DI RERE T 2 B 5 NS 5.

3. ROk

HTRAl B EA~T n S ROMHER
RN L mE R %2 23 5
HTRA1 ZEBA~T o A REBF BT, X7
TUNLVOEBOFEEZ BT Lz, 3 7Tlg, =
T D—EDRRKRL, =7 VD RER,
AN GV = G e AN e YA
WIS ERHER L TR, aE— X —E
DOER, 4> b OffARYIe, =7V
A E TR RITHER TE TV oT. 2
DX BREROEE, ZIFHEBAEDIKT,
bl F7r—2av 7 MEREEZL, T
o AKTFAE mRNA Sy fEFSAE1C 0 mRNA O3
BEMNMET 5. ZoZa My, BETOX
SET LVDOFRBLE R L, BILA~T nZERT
HDHZLEIEH L. BEORMIME Y, PAX
gene Blood RNA Kit |2 T mRNA 25845,
L 72 mRNA 28550 & LC, High capacity
cDNA Reverse Transcription Kit ZHW\T
cDNA Z &k L7z, #3547z cDNA 24 A L
k=2 U RIETHNT L, BT HTRAL &2
8 HTRAT @ mRNA N ZFNZENREBL L TV 5

e ERMRR L.

75 BB HTRAL D7 15 7 — BTG DO REMT

Free style 293 fifl@|Zi# s & A Z1T\Y,
C RuglZ his tag & myc tag i 7= B4R
&R B HTRAL 2 38 B4 L7=. HTRAL (X436~
VNI THDHID, Bl EARICHIAEEE
W Z A L, his trap column % FV T HTRAL
L.

FICTI NS B EBAL VERaEE L
T HTRAL FBEH EIRA L, SENUIRT S =B
WCRAET L EIGEERE L. Tar 7 —8
EMEZ R < N TZ8 5 HTRAL p. Ser328Ala A&
Phav bm—n b UTEML, FRARHEAR
E LT, NEEAKRTRIES 54 B4 HTRAL
(p. Ala252Thr, p.Val297Met) % fHu /-,

22 FAI HTRAL iZ X % dominant negative 215
) £3)

FIRED 715 T, BpARI HTRAL & 25 B0 HTRAL
% IR W7o M BT 5 1K & -V C HTRAL 25
HORERIAIT > 7. AR L B AR % 38 5]
LicH ook, Ehar ha—1o
p. Ser328Ala & AR ZILKBL L 7= & N7
LHERLT, FuTr 7 —PEHOIKR TS S
NE I MERF LI,
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BT RS U7z HTRAL B RAT o #4K
BEDS B, p.Gly283Gly, p. Arg302G1ln ZH

T 5 HE O RN Z VTR 21T - 72 &
A, EHET LIVHEED nRNA (3 B dkD
mRNA & FIFREEICIEL L TV -,

25 RAYHTRAL D 7 1 5 7 — BTG DARAT

28 B HTRAL IZBF AR LT, P T T
—PIEENET LT (WT;  3.05%0.06
X 10% p.Ala252Thr ; 2.3920.03 X104

p. Arg274Gln ; 0.7820.04 X10%,
p.Val297Met ; 1.4020.06 X10%,
p. G1y283Glu ; 0.8220.07 X10%,
p. Pro285Leu ; 0.7120.04 X10%,
p. Arg302Gln ; 0.6420.04 X10%,
p. Thr319Ile ; 0.63%0.04 X10%,

p.Ser328Ala ; 0.55+0.04 x10

wkkp <0.001) . ZDHH, ~TFEEAKT
WIET HERTIE, BEay he— e FER
EOBHERIKRT 2RO, Z ORI, TR
BIHTRAL N a5 7 —BiEMEA2 L L TV 5
ZEERLTVNA.

75 AU HTRAL 12 X % dominant negative Zh5
DFEE

fetka o h—L o 328 28 L L Bp AT AR
ALEEAICE LT, ~T oA K CTRIET
5B HTRAL & AR ARA L&A TIE
, BB R T 2O 7= (p. 61y283G1u/WT: 10.0
+0.4, p <0.001, p.Pro285Leu/WT: 11.9+
0.5, p <0.001, p.Arg302GIn/WT: 15.2=+
0.4, p <0.001, p.Thr31911e/WT: 10.1+0.4
, p <0.001, p.Ser328Ala/WT: 21.2%0.6,
p. Ser328Ala/Ser328Ala: 4.5+0.2, HA7IX
X10° AU) . ZORERE, ~T aES IR TR
JE$ 525 BB HTRAL 2387 A4E7 HTRAL O 7 &2
7 —EBIEMEIZ% LT, dominant negative (2
ER+5Z &R LTNA.
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b/ NI IS D 53 TR REIZ W FE 2R TH
5. ZHETOHRET, HTRAL Bin 2 FIX
YA ARLYEERYED M/ NS TR TH 5
CARASIL 25| XL =3 Z &3> T 5.
I 52, KRB LY, dominant negative
R A FFOZFEAHTRAL 1%, ~T 04K T
o THMM/NMERZ 5 X 232 & 23
LINTR T, O L, HIRAL B2
LB U 72 N S R BB S BB E T
HILEBEWLTEBY, ZoMmRITEEE D
B0 OERTH D MM/NLEFROFRIER
F ORI TG T DL ZADBKRE .
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