The Elucidation of Clinical Characteristics
and the Underlying Mechanism of

Specific Angiogenesis in Moyamoya Disease
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[ ] Craniotomy area

Comparison of the craniotomy area in each indirect bypass surgery.
The craniotomy in encephalo-duro-synangiosis (EDAS) and encephalo-myo-synangiosis (EMS) is
limited to a small area. On the other hand, encephalo-duro-myo-arterio-pericranial-synangiosis

(EDMAPS) allows for a large craniotomy covering frontal lobe adequately.
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Lenticulostriate channel R e

Thalamic channel

Choroidal channel

Classification and grading of moyamoya vessels.
These panels show representative findings of the leticulostriate channel, thalamic channel, and
choroidal channel on cerebral angiography. They were categorized into three grades according to

previous report (see the text).
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ab5511, Abcam, UK). a-smooth muscle actin (aSMA, 200 {5, ab32575., Abcam, UK) (Zxf
95 —RPUA % 24°CIZ T 40 43[8# H L, DAKO Envision+ Kit (DAKO Cytomation) % 60 43 [#]
WA L7-, D%, DAB substitute kit (DAKO Cytomation) % 3 3@ L~~~ hF TV >
Tt 217572, < HIKEIL inner arachnoid reticular layer 33 &2 O outer mesothelial layer @
2B TR SN D, ARFFETIZZ @ ) BRIE ISR W T 7 7 > b &% L7z, 449
FAZEBWT, 50x200pum DOFEFHA 7 > & A2 3 7 TR L, Z OFLFHN O BEIEM IS 2 T8
Th Yy LT, 3 DO T DEMEMEOFEAELZFEH L, ZnxZ2odicksid
LMERIEL (cell/field) &EFE LT, o, < bRICKBITL2aT7 =7 OBEZR TS
7o I, Sirius Red Yuta 2 3206 U7z, BgfENTY 7 N =7 (Imagel, 1.48v, National Institutes
ofHealth, USA) ZMW\ T, < bROEMIIK T 227 = OmEEOREEHE L, 4
T oY/ OFHIhIE All-in One Microscope (BZ9000, Keyence Co., Osaka, Japan) % HU T35
i L7=,

BRI DY A b VA A JRIEDRIE
T HICEREL L 72 IR L2k L. TR @ Enzyme-linked immunosorbent assay (ELISA) kit
(Quantikine, DFB50, DHGO00B, DB100B, DHDOOC, DBB00, R&D Systems Minneapolis.
MN, USA) & W TR A N A R EEZ HIE L 72, Basic fibroblast growth factor (bFGF),
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hepatocyte growth factor (HGF) ., transforming growth factor B-1 (TGF-p1), PDGF-AA. PDGF-
BB DIRE %, IO REITH > TRE LT,

aSMA [ EAB I BB % IR T D AT
LR LOMBICEN T, WREAT, HRBEEOFTRO 5 5 aSMA BHHIIICHEE 5
B RF % HeRH R ARAT L=,

ot & AT

AT P HERERZ TR LTz, o177 — X t-test, chi-square test THEHNT L 7=,
Fo. < bIROGEGREIZI T L EMIE, =27 —7 VERE IMERR T oA M A v
JREEDHHIZIE, Wilcoxon fE A FIV 2, o SMA IGPERIROEIC 52283 5 25 A T 52T

D=z, HEEFoHT & EhE LT,

3. BER

3-1 HRLVORITEIT HMMITEENE D G0 HCmEDEL
STA-MCA /34 /X233 L OVEDMAPS %50 L7= 61 A 92 k&8 L7, 5 b, 17 AN
AN (18K T) . 44 ADANTH o7z, FEFEEIL, /MR 9.6+3.8 k. F A 41.4+11.6 %,
B 24 N, &M 3T AN THh o1, NEBEEORIEERIT, TIA 13 A (76.5%) . BMHEZE 3 A
(17.6%) . BEJ@ 1 A (5.9%) TH 7=, A TIE TIA21 A (47.7%) . TFEZE 12 A (27.3%) .
SHENHIM 10 A (22.7%) TADPA LT AN 23%) Thole, "—RAT7A4 L OT—X[FFK1IZ
~ LT,

i)

itz D7 + v —7 » FHWRIZ/NE, A TENEI 54.9+19.7 38 LT 40.2£25.5  H
ThoTo, WEBEREGRL 10 HER (10.9%) TIA L7225, 5 2 B LANICERP L
2o TIA 1X 4 NZFRWZ2TOREFETHBREDIZHEL L, 3 ATIERAITHEENRED L,
VAELNIZIE R LTz, Z OO ABE 1 N TIE, #iic ot KIMEIRIZ NIE 50%LL o skss
JRAENHEBL L7720, itk | B TIA 20K L=, 207D, BIHER-% KIKEIR A
PRAR L OBEAIEIC T DA 22BN LT, ZUC kY TIA FHKk Lz, 74|
—7 v 7T, M ESCIHEN I T AE U o Tz,
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% 1. /NRB L O ABE 31T 2 BRI T — &

Children Adults

Number of patients 17 44
Number of hemispheres 29 63
Age (mean = SD) 9.6£3.8 41.4+11.6
Female sex 6 (35.3%) 31 (70.5%)
Onset type

Intracranial hemorrhage 0 10 (22.7%)

Cerebral infarction 3 (17.6%) 12 (27.3%)

TIA 13 (76.5%) 21 (47.7%)

Seizure 0 1(2.3%)

Headache 1 (5.9%) 0

TIA, transient ischemic attack

B AT PRI TR O - b SO D ALK

B 3 (ZHtriE DI DAL 7R3, BMIAT AT IS AR /R BN D TREIZ I\ TR 2

HEIZEIT L (FRF4 P<0.001, P=0.042),

X 3. #irAT# OWRHIDE(L

Preop. ‘

Pediatric patients

Postop.

Preop. |

Adult patients

Postop.

0%

Change in disease stage before and after surgery.

The bar graphs show the pre- and postoperative Suzuki’s angiographical stage in pediatric and adult

patients.

adult patients (P<0.001 and P=0.042, respectively).
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100%

*P<0.05, **P<0.01

Stage 2
Stage 3
Stage 4

Stage 5

B RNl

Stage 6

Postoperative Suzuki’s angiographical stage significantly advanced in both pediatric and



T, IATZ O S b RME DR EE AL Lc, £7T . bObRME OFEE OFARIC
BT DHEHEWN—E (intrarater agreement) 35 X OVHIEHE TH]—E¥  (interrater agreement) % x
PREE IO TRI L7z, £ ORER, « FREIHIEA N T 0.86, FIEE T TIX 091 & IEHIC
EW—EBR AR LT,

B 4A 13/NRICHE T DI O b RME DR ELE AR L TN D, /NRIZE N TIE
lenticulostriate channel 255 & 3832 L T Y | ITHT 60%LL D KAMH-EK T Grade 1 %7213 Grade
2 LHE SN T, MHIMAT AT X, lenticulostriate 35 & T choroidal channel (Z 33\ CH8 2
PHBEIZIKT L2 (22 P<0.001, P=0.034),

R NAZEB T DITHIE O H 06 RIS DR I1IB 4B 127 L7z, 5 A Tl choroidal channel
DOFENR S E L <. WENSHK 1/3 OKRIEERT Grade 2 & HE Sz, HIMATEENRE DO
I & #k5 Cld. lenticulostriate, thalamic, 33 & OF choroidal channel D4 THAH EIZIHIE L T
Wiz (Z4LE 4 P<0.001, P=0.012, P=0.004),

X 4. #TEIHE D HH RME DEL

[ Grade 0
A B 7 Gradel
HE  Grade2
- — - -
Lenticulostriate Channel ’ . ’ - } *%k T ’ . }**
Postop. | I Postop.
0% 50% 100% 0% 50% 100%
preop Mm Preop m
Thalamic Channel — *
Postop. ‘ | Postop. | ‘
0 50% 100% 0% 50% 100%
Preop [ precp. I
Choroidal Channel T } * } ok
Postop. N | Postop. [ |

0% 50% 100% 0% 50% 100%

Change in moyamoya vessels before and after surgery.

The bar graphs show the pre- and postoperative extent of lenticulostriate, thalamic, and choroidal
channels in pediatric patients (A) and adult patients (B). In pediatric patients, lenticulostriate and
choroidal channels significantly regressed after STA-MCA anastomosis and EDMAPS (P<0.001 and
P=0.034, respectively). In adult patients, all of lenticulostriate, thalamic, and choroidal channels
significantly regressed after surgery (P<0.001, P=0.012, and P<0.001, respectively). *P<0.05,
**P<0.01
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/IRTIE, 87.5%@ Grade-2 lenticulostriate channel, 4T Grade-2 thalamic channel, & L
T 75.0%® choroidal channel 237 (ZTHIR L7z, [FIERIZHA TIiXA T lenticulostriate 35 X Y
thalamic channel, 70.0%® choroidal channel 23 f£IZ{HE L7= (K 5),

RIFIER & LT, 29 kA MEDITHETI L O O E R B 2B 6 127,

A MATHEEN 2 U7 B i1 TR o R
ANVECIEL 29 fERA. 25 JAER (86.2%) 7% Grade A, 2 F:ER (6.9%) 7 Grade B, 2 Y-EK
(6.9%) 7% Grade C Th o7z, FEATIX, 63 F-EKH 44 F-ERK (69.8%) 23 Grade A, 14 f-EK
(22.2%) 73 Grade B, 5}k (7.9%) 7% Grade C ToH o7z,

X 5. Grade-2 <°H UM DIHIRR

Regression of Grade-2 abnormal collateral channels

Lenticulostriate Channel Thalamic Channel Choroidal Channel
Children 87.5% | Children 100% | Children 75.0% |
Adults 100% | Adults 100% | Adults 70.0% |

E Craniotomy area

Posterior communicating artery

Internal carotid artery

The relationship between the regression of moyamoya vessels and the area of craniotomy.

The illustration demonstrates the relationship between each abnormal collateral channel and the extent
of craniotomy for STA-MCA anastomosis and EDMAPS. Values demonstrate the percentage of
postoperative regression of Grade-2 abnormal collateral channels. In pediatric patients, 87.5% of the
Grade-2 lenticulostriate channels, all of the Grade-2 thalamic channels, and 75.0% of the Grade-2

choroidal channels regressed to Grade 0 or 1 after surgery. In adult patients, all of the Grade-2
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lenticulostriate and thalamic channels and 70.0% of the Grade-2 choroidal channels regressed to Grade
0 or 1. Note that a majority of choroidal channel outside the extent of craniotomy significantly

diminished after surgery in both pediatric and adult patients.

B 6. RFIEHFNTIIT 5 HEHBRFERIE L O HETR

Pre- and postoperative radiological findings and intraoperative findings in a 29-year-old male emerged
with intracerebral hemorrhage.

A) The preoperative right internal carotid angiography demonstrated marked stenosis of the carotid
fork, judged as Stage 4. The extent of lenticulostriate, thalamic, and choroidal channels was judged
as Grade 1, Grade 0, and Grade 1, respectively.

B) The preoperative left internal carotid angiography demonstrated marked stenosis of the carotid fork
associated with well-developed moyamoya vessels, judged as Stage 3. The extent of lenticulostriate,
thalamic, and choroidal channels was judged as Grade 1, Grade 0, and Grade 2 in the left hemisphere,
respectively. Note the markedly dilated and extended choroidal channel (arrows).

C) Plain CT scan on admission showed intracerebral hemorrhage in the left periventricular white
matter associated with intraventricular hemorrhage. Hemorrhagic source anatomically correlated
very well with the choroidal channel on the left side (arrow).

D) The intraoperative photo of STA-MCA anastomosis and EDMAPS on the right side. The arrow

shows frontal branch of STA that was anastomosed to central artery.
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E) The intraoperative photo shows that dural pedicle (arrow) is inserted into the subdural space to
create indirect bypass.

F) The intraoperative photo shows that the brain surface was covered with temporal muscle (arrow)
and pericranial flap (arrowhead) to create indirect bypass.

G) The postoperative right internal carotid angiography demonstrated that the extent of lenticulostriate
and thalamic channels did not change, but choroidal channels regressed from Grade 1 to Grade 0.

H) The postoperative left internal carotid angiogram demonstrated that disease stage advanced from
Stage 3 to Stage 5. The extent of lenticulostriate and thalamic channels did not change, but choroidal
channels markedly regressed from Grade 2 to Grade 0 (arrows).

I) The postoperative right and left external carotid angiography (the right and left panel, respectively)
revealed that surgical collaterals through direct and indirect bypass widely provide blood flow to the

operated hemisphere.

Choroidal channel M {Hi& & i 4T P52 1% O MR MAT #E O ¥ 52 & D REER

7RI OO MK I & Bt L2 331 ) T choroidal channel 238 Grade 2 & CH7E X417z 27 FERD 5 6 fkii
TR 3~6 » H TOMXIME#xE T Grade-2 choroidal channel ﬁi?)*%f L7-2EK1E 8 -8k C
Holz, R2IRLIZEY | EEMATEEN 20 U728 A TE O F#1E, choroidal channel
DR LA RIS L Tz,

= 2. MR OAIRIMITER D FZEE Grade-2 choroidal channel ;E1E D&%

Regression of choroidal channel

P value
Yes No
Development of surgical collaterals
Grade A 19 3 <0.001
Grade B 0
Grade C 0

Values are presented as the number of hemispheres.
Choroidal channel was judged as "regressed" when Grade-2 choroidal channel changed to
Grade 0 or 1 after surgery.
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FIEERZN & & R0 b SR D = D B f%

/INREBFE O 5 BIREN I TRIE L2 BFITFR O 2o 7o, BONEE TIE 37 FEERDNE
FIE, 10 FERDBHBENHIMABIE CTH -7z, BILFIEFERD 5B, 17 F2EKDS lenticulostriate
channel Grade 0, 18 J2EK7S Grade 1.2 *f2Ek7)® Grade2 Toh - 7=, F£ 7= 33 Y-ER thalamic channel
Grade 0, 3 }-EK7S Grade 1. 1 }-EK7S Grade2 Td > 7=, Choroidal channel (Z-DV Tl 23 -EK
2% Grade 0, 7 *BK2S Grade 1. 7 F2ER/S Grade 2 Th o7z, — . SEHEWNHIMISIEFERD 5
% lenticulostriate channel |% 5 *2EKC Grade 0, 4 Y-EK T Grade 4, 1 }-EKC Grade2 Th - 7=,
Thalamic channel |% 6 }-EK T Grade 0, 2 }-EK T Grade 1, 2 2K T Grade 2 T - 7=, Choroidal
channel |% 2 £k C Grade 0. 2 *f*EKC Grade 1. 6 2EKC Grade 2 ThH ~ 7=, MEIMIEIEF-EK &
SHEN M FSAE Y- Bk 2 Lbie 35 & WAL T choroidal channel DOFEEEIZH BN LIV

(P=0.027) 73, lenticulostriate 33 & TN thalamic channel D& EEIZ X H B AT 2o T (Z1F
A1 P=0.82, P=0.10) .

3-2 /NEBRERADLSLOWITBIT B HREREN - BRI
/NI FEIE 36 K OV HIFEIE AR & S0 & 0953 D BRIR Y« KU HR PRI RF

74 N 128 LERDOBEA B0 D 9 B 12 FERIZABZRFZ 3 CIZ KA T 2 St <
NTWT2bBRAA LT, fERE LT, 69 A 116 YERZxfg L Uiz, Bk 24 N, &t 45 A
T, PEFERNT 41.4£10.9 ik Th o 7o, FIEARRUT, TIA 36 L OMNFEZEDS 44 A, BHZENH I
W16 N, BEREGEIEN 9 AN Th oo, BEARNEITZEDOFEN G OBERUZEESE, 14 A 26
PER A/ NEHIRIERA DL B0 &M L. oMo 55 A 90 PERZ s AMIRIER A § <0
R0 &gl Lo, ANEHIRIERF IZB T o/NEo= ey — RiE, 261 TIA Th o7z, /h

IRINRIERE I TR N IIFSIERE & L U Al S A B 0o T2 (Z 4 34.046.2 7%, 43.3+11.1
k. t=-2.98, df=67, P<0.001), PERNCITAEZITRD o7z (P=0.24), FAZN I TORSE
I NERIERE CHEICE o 72 (57.1% vs. 14.5%, P=0.009), BFY RII#E 3 1T LT,

Bl 7A 1T Lo, BBV CIEmBERICARERZT o772 (P=032),
Lenticulostriate channel id\;u%ﬁ%\éﬁﬁﬁif“c}: RN E -T2 (P=0.044, X 7B), Thalamic
channel DFEFLITIIMBERH] CHERZET R - T (P=0 094, X 7C). Choroidal channel &
lenticulostriate channel & [T, /NEEAFIERE CH EIZFIZEL D E o 7= (P<0.001, X 7D),
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& 3. /INEBIRER L OBRAFIRERA L LORBE TR DBRT —F

Childhood onset group ~ Adult onset group P value

Number of patients
Number of hemispheres
Age (mean = SD)
Sex (male:female)
Onset type
Ischemia
Ischemic stroke
TIA
Intracranial hemorrhage

Asymptomatic

14
26

34.0+6.2

3:11

(e Re R L “ )

55
90
43.3+11.1
21:34

38
14
24

0.0002
0.240
0.0091

TIA, transient ischemic attack

B 7. /NEBS X ORABISERICR T 2RPRB L OH 0L R0ME DFREE

A Suzuki’s stage

100% IR

Childhood onset group  Adult onset group

C Thalamic channel
50% 4

0%

|
|
50%
l I Stage 6
0%

Childhood onset group ~ Adult onset group

Stage 2
Stage 3
Stage 4

Stage 5

Grade 0

Grade 1

[—
I Grade2

21

100%

50%

0%

D

100%

50%

0%

Lenticulostriate channel

*
|

Childhood onset group  Adult onset group

Choroidal channel

*%
. |

Childhood onset group  Adult onset group

Grade 0
P Grade 1
I Grade 2

Grade 0
e Grade 1
I Grade 2



Comparison of disease stage and development of collateral channels between childhood onset group
and adult onset group.
The bar graph demonstrates the Suzuki’s angiographical stage and the development of collateral
channels in the childhood onset group and the adult onset group. The degree of development of
collateral channels is categorized into 3 grades (see the text). *; P<0.05, **; P<0.01.
(A) There is no significant difference between the two groups (P=0.32, chi-square test).
(B) Lenticulostriate channel is more developed in the childhood onset group than in the adult onset
group (P=0.044, chi-square test).
(C) There is no significant difference in thalamic channel between the two groups (P=0.094).

(D) Choroidal channel is remarkably developed in the childhood onset group than in the adult onset
group (P<0.001).

B 8A (2R3 K 9T, R KRIMENIRIA A O T I IT MBI 221372 2> o 72 (P=0.099) , Vault
moyamoya DA RIT, /NERIERETL Y Ehvo7- (88.5% vs 27.8%. P<0.001, X 8B),
M2 M T FFRR AR 2 0 U 7= A B 4 T % oD 38 322

STA-MCA /3o /X2 % J OV EDMAPS Z/NEHIFFERE Tl 26 Bk 23 HERIT, pAWIFE
JERECIL 90 FoER 57 FERICENZENTFESE LTz, ZDH 5, /INEHIFIERE 21 2Bk, A
FEAERE 47 BRI U T 3~6 » HICIMIM BB 2 3206 U7, MEtcIs ) 5 MsEms T
2 U7 RN AT O3 22 FE 1 X B 8C 12 Lz, /N HAFSSERE Tl 18 EBR(85.7%) 7% Grade
A, 2 FEK(9.5%)7%% Grade B, 1 Y-ERK (4.8%) 73 GradeC TH o7z, — 7, BAMIRIERETIE,
19 F-Ek (40.4%) 75 Grade A. 18 J-EK (38.3%) 73 Grade B. 10 F-2k (25.0%) Grade C T
Stz, MEMATHREZ N LMEIMITEOREE ICIXEER CAEREN AL

(P=0.002) , fEVNT, RIFRMATREZ T L7 MIRIATIEOFE (Grade A B3 X OVB) O T
R Emmat Lz, & 4 12T X910, BEEMIT TIiL. Grade-2 choroidal channel, vault
moyamoya FAET 5 2 & B TRIK T & U THIH S22y, A EMAT Tl PRI 34
SN2 o Tz,

/NI IE S BHEE N A G- % 5§22

I, BHENH MBS DK 72T Lo, RS ITRT X 91T, HAEMAT TId/hEH
J&4iE. Grade-2 thalamic channel, Grade-2 choroidal channel 23 & 72 THIK - & L CHitH &
oo S BMRAT ORGSR, /INEIIFEAE (OR4.31[95% CI1.21-15.4], P=0.025) . Grade-2 choroidal
channel (OR 6.78 [95% CI 1.78-25.8]. P=0.005) 238HEMNHIO FHIKFTH D Z & BRI
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—o

X 8. /NEHIB X ORRABIFRERICRIT 2% KIMENRBZE. vault moyamoya, RIEZIMITH

JASY:
R 1% D I BT A
A PCA involvement B Vault moyamoya
L
1
100% 100%
Grade 0
- race I Positive
. Grade 1 N .
egative

B Grade 2 &
50% 50%
0 0

Childhood onset group  Adult onset group Childhood onset group  Adult onset group
Cc Postoperative development
of indirect bypass
%
|
100%
Grade 0
. Grade 1
I Grade 2

50%

Childhood onset group  Adult onset group

Comparison of degree of posterior cerebral artery involvement, prevalence of vault moyamoya, and
degree of postoperative development of indirect bypass.

The bar graphs demonstrate the degree of posterior cerebral artery (PCA) involvement, prevalence of
vault moyamoya, and the degree of postoperative development of indirect bypass in the childhood
onset group and the adult onset group. The degree of PCA involvement and postoperative
development of indirect bypass are categorized into 3 grades (see the text). **; P<0.01.

(A) There is no significant difference in degree of PCA involvement between the two groups (P=0.099,
chi-square test).

(B) The proportion of presence of vault moyamoya is much higher in the childhood onset group than

in the adult onset group (P<0.001).
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4. HBEMTEEZT LABLTERBEZED FRIEF

Development of indirect bypass

Univariate analysis

Multivariate analysis

Yes No OR 95% CI P value OR 95% CI P value

Number of hemispheres 57 11

Age 39.1£1.6 39.5£3.6 1.00 0.95-1.06 0.90

Female sex 45 (78.9) 6 (54.5) 3.13 0.81-12.0 0.097 2.80 0.62-12.7 0.18
Hemorrhagic onset 13 (22.8) 2(18.2) 1.47 0.28-7.60 1.00

Childhood onset group 20 (35.1) 1(9.1) 5.41 0.64-45.3 0.15 1.38 0.097-19.7 0.81
Suzuki's angiographical stage (>=4) 31 (54.3) 4(36.3) 0.48 0.13-1.82 0.33

Lenticulostriate channel (Grade 2) 7 (12.3) 0 NA NA NA

Thalamic channel (Grade 2) 9 (15.8) 0 NA NA NA

Choroidal channel (Grade 2) 26 (45.6) 1(9.1) 8.39 1.01-69.9 0.04 6.14 0.65-57.9 0.11
PCA involvement (Grade 1 and 2) 20 (35.1) 1(9.1) 5.41 0.64-45.3 0.15 2.93 0.31-27.9 0.35
Vault moyamoya 30 (52.6) 2(18.2) 5.00 0.99-25.2 0.05 2.86 0.37-22.0 0.31

Values are presented as the number of hemispheres (%).

OR. odds ratio; CI, confidence interval; PCA, posterior cerebral artery; NA, not applicable

# 5. HBEAHIMOTFRREF

Univariate analysis

Multivariate analysis

Intracranial hemorrhage Other onset type
OR 95% CI Pvalue OR 95%CI P value

Number of hemispheres 18 98

Age 40.8+11.6 41.2+11.1 1.00  0.95-1.04 0.89

Female sex 14 (77.8) 63 (64.3) 1.94  0.59-6.36 0.42

Childhood onset 10 (55.6) 16 (16.3) 6.41 2.19-18.7 <0.001 431 1.21-154  0.025
Suzuki's angiographical stage (>=4) 10 (55.6) 53 (54.1) 1.06  0.39-2.92 1.00

Lenticulostriate channel (Grade 2) 3 (16.7) 7(7.1) 2.60 0.60-11.2 0.19 0.99  0.15-6.66 0.99
Thalamic channel (Grade 2) 5(27.8) 6(6.1) 590 1.57-22.1 0.013 2.55 0.40-16.5 0.33
Choroidal channel (Grade 2) 13 (72.2) 19 (19.4) 10.8 3.43-34.0 <0.0001 6.78 1.78-25.8  0.005
PCA involvement (Grade 1 and 2) 7 (38.9) 20 (20.4) 248 0.85-7.22 0.13 0.63 0.13-2.98 0.56

Values are presented as the number of hemispheres (%).

OR. odds ratio; CI, confidence interval; PCA, posterior cerebral artery
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3-3 LROLVWBE < bEDOLSHEM AN

STA-MCA /XA /X2 fff 36 L TOVEDMAPS Z 5 L72 26 AO R0 b W EE LB LT, 9
B S AR 21 ABRABE ThH o7, /INRESE OVEERIT 7.6£5.4 1%, AR
B OB F L 46.042.6 i T, BME 10 A, &M 16 ATh o7, FIERIT TIA 28 13 A
fMFEZEDY 9 N, BAZENHIMY 4 A TH -7, PILIMPSPECT Tlid, £RFITH W TIMMTE
BB EOWMAE BOSHEPME T LTz, —J7, AAFZETIL STA-MCA AN A N2 %2072 6 AD
EhRAEA L ML TE 2 N B R 22 RS e FREE & L OB L7, EHIERDIT 67.848.1 1%, 2B NS
HThHhol, BEEREZR6 IR,

6. BELTREB I OBERERRE

MMD Controls P value
Number of patients 26 6
Number of hemispheres 31 6
Age 38.6£19.5 67.8£8.1 <0.01
Sex (male: female) 10:16 6:0 <0.01
Clinical diagnosis <0.01
TIA 13 (50.0) 0
Ischemic stroke 9 (34.6) 6 (100)
Hemorrhagic stroke 4 (15.4) 0
Suzuki’s stage NA
Stage 3 17 (54.8) NA
Stage 4 10 (32.3) NA
Stage 5 3(9.7) NA
Stage 6 1(3.2) NA
Steno-occlusive lesion NA
ICA stenosis NA 2 (33.3)
ICA occlusion NA 3 (50.0)
MCA occlusion NA 1(16.7)

MMD: moyamoya disease, TIA: transient ischemic attack, ICA: internal carotid artery,
MCA middle cerebral artery, NA: not applicable
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< b MR D Sy A - I PIT

X 9 |Z PDGFRa, PDGFRB., aSMA BLtaDREERIZ 7~ L7z, PDGFRo BHtERMAEIE, xi
BELLEZ L, DLW CHEIZE D o7 (5.443.1 vs. 2.3+2.1 cells/field, Z=-2.33, P=0.02,
B 10A), [FI4EIC, PDGFRB BMERII S o b —/L L HBE L, &6 OB CAEICE >
72 (10.1£4.6 vs. 4.8+2.8 cells/field, Z=-2.51, P=0.01. X 10B), & 52 oSMA G, [F
U XPHBEL Il L 0B O THRICZ D> o 72 (8.8+3.1 vs. 2.0+2.5 cells/field, Z=-3.22,
P<0.01. X 10C).

B 9. < bIRDOGLEARMFERIFTR

MMD

Controls

Photomicrographs of immunohistochemistry using primary antibodies against PDGFRa (/ef?).
PDGFR( (middle), or a-SMA (right) in MMD (upper) and the controls (lower). PDGFRa-,
PDGFR-, and a-SMA-positive cells were widely distributed in the inner layer of the arachnoid

membrane in MMD (arrows), but their number was much smaller in the controls (arrows). Scale bar

=50 pm.
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X 10. < bEORBELRMIZIIT 5 BYEMEE

A PDGFRa B PDGFRp C a-SMA

* *%
cells/field cells/field cells/field

10 15 15

: .ii ia

MMD Controls Controls Controls

Number of positive cells for immunohistochemistry.
Bar graphs showing the number (/field) of PDGFRa- (A), PDGFRB- (B), and a.-SMA-positive cells
(C) in the inner layer of arachnoid membrane. Their numbers were significantly larger in moyamoya

disease than in the controls. *: P<(0.05, **: P<0.01

HR0H BRI TN RS & R B O Y BRI B LRl U 7=, & DFE R,
PDGFRa G HERIARENZ (XML CH B 2L BV Do 72 (4.7£2.3 vs. 5.8+3.1 cells/field, Z=-
0.81,P=0.42) , [AI4%(Z PDGFRP BHMEAIEU & ML CTHERZIT A DL h - 72 (10.4+4.3
vs. 10.1+4.9 cells/field, Z=-0.18, P=0.86), X 5(Z aSMA BEMEMIAREIC b A B RZE TR -T2
(10.4+2.6 vs. 8.7+3.2 cells/field, Z=1.03, P=0.30),

B 11 |2 PDGFRa 38 L Y aSMA (2% 95 “HGERETTRZ R Lz, 00 0MEE T
Hﬁﬂu%ﬁﬂ@@%im%%%wMAA%ﬁT%Oko*ﬁ\ﬁ%ﬁfﬁHmmu%f
AL D 14.6£7.2%7% aSMA G TH VD . &0 b OB CTHRGHMRNA G EICE S AT
(P<0.01),

Siriusred Y% 4T\, < BIICBIT 527 —F U EELZHE Lz, H0b0WEEO < IR

BiF5a7— 5/%Vi&BﬂMMT%oto*ﬁ REPRRECIE 40.1x153%TH O, b
%%%ﬁﬁ?ﬁ, Iag = UEENGNoT (Z=2.8, P<0.01, K 12).

BB DO A N A REORE
MM REIL TR DY A N H A L YERE & RET D 7212 ELISA % Elifi L 72, bFGF 2 (3 A
L 0L O THEICE D o 72 (45.7£60.9 pg/mL vs. 5.3+3.7 pg/mL, Z=-3.90, P<0.01,

27



13A), [AERIZ, HGF JEE L LR LW THEICE 272 (602.3+407.9 pg/mL vs.
295.3+142.2 pg/mL, Z=-2.63, P<0.01, B 13B), & H (T, TGF-B1 L& kI HREE & g L 6 X0
PR CHEIZE Do 72 (160.4£108.3 pg/mL vs. 46.3£9.9 pg/mL, Z=-3.93, P=<0.01, X 13C).,
—J7C, PDGF-AB 35 XU BB (35X 6 0WfEds L O BEED (R CRIE R DL T O
Thol,

11. < bRITRIT D "HREAFTR

MMD Controls

DAPI

PDGFRa

a-SMA

Merge

Photomicrographs of Multi-color immunofluorescence using primary antibodies against
PDGFRa (red) and a-SMA (green) in the inner layer of arachnoid membrane of MMD (/eff) and the
controls (right). Their merged images show that the majority of PDGFRa-positive cells also express

a-SMA in MMD (arrows), but not in the controls. Scale bar = 100 um, MMD: moyamoya disease
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M 12. K BBRITBITD2T—F U EEDEES

Controls

L, WO ~§
AT g
LS e e

%Collagen-positive Area

*%

80%

60%

40%

20%

0

MMD Controls

Photomicrographs of Sirius red staining in the inner layer of arachnoid membrane of MMD (/eff) and
the controls (righf). Not that Sirius red-positive collagen is densely deposited in the inner layer of
arachnoid membrane in MMD, but not in the controls. Scale bar = 50 um. The bar graph shows
that the percentage of Sirius red-positive area of collagen was significantly larger in MMD than in the

controls. **: P<(0.01, MMD: moyamoya disease

X 13. AEHERTF OV A A VIRE

A B C
* * *

pg/mL 120 pg/mL 1200 pg/mL 300
100 1000 250
80 800 200
60 600 150
40 400 100
20 200 50 -
d [ : |

MMD Controls MMD Controls MMD Controls

Cytokine levels in cerebrospinal fluid.
Bar graphs demonstrating the CSF levels of bFGF (A), HGF (B), and TGF-1 (C) in MMD and the

controls. *: P<0.05
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aSMA G iR EIC 23 % K-

HRHHD L BIEIZHIT D aSMA GPEMIBEIC R ET 21 /13 L ORISR FH9 R
T HHEREE T OV A NI A VBEEZALNNCT D0, ERERSNT 21T o 1, HASEAR
FrofEF, wETTHE (4 ML) T aSMA BRIy K0 < (P=0.02), i - PR
WCEDHEEMZ TCHLAEERNFTH-o7= (P=0.04, 7)), TOM, & FIK B RER
DY A NA PRI aSMA BEPERIRRE & B 72 o 72,

# 7. oSMA BtEMEOCBEE T 5 F

Crude Multivariate Adjustment *

P value B R? P value
Age 0.36 0.20 0.05 0.36
Female sex 0.91 0.03 0.05 0.90
Suzuki's stage >3 0.02 1.40 0.10 0.04
Hemorrhagic onset 0.84 0.09 0.06 0.67
bFGF level 0.58 0.26 0.24 0.28
HGF level 0.62 0.36 0.38 0.17
TGF-B1 level 0.74 0.19 0.19 0.43

* The multivariate adjustment model was adjusted for age (continuous variable) and sex. bFGF: basic

fibroblast growth factor, HGF: hepatocyte growth factor, TGF-B1: transforming growth factor-1

4. EBE

4-1 BHRBHIKRICKIT HMMITEENED 6 MmE DE/L

AW TIL, STA-MCA /3 A 73238 L O EDMAPS 23 6 X° % R0 2 THIR S ¢15 5 0% B
EMCT D EaEME L, RiRkeE LT, RABIONEOmGIZE T, STA-MCA
A /XA F LT EDMAPS Efiitk 3-6 7~ H ORI b0 b CME NABISHIET 5 2 L2351 57
Elpolo, FRZ, bRULRMWICHIT DHHENI M & BHERBEREZ RO E DAL N E 25T
V% Grade-2 choroidal channel ®#J 7 7% Grade 0 F 72 1% Grade 1 {Z{HiR L TV 7=, Houkin ©
I, 1996 12 35 ADRRA B0 b 09 A 12k L STA-MCA 731 2R 2 8 1 Y encephalo-duro-
arterio-myo-synangiosis (EDAMS) % i L. 25%DEFH THOLCME NHIRT 5 Z & 21
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BT L7z, “Irukura 51322000 4212 13 A/ R0 8 09 [ 0D 24 2 ER I L T encephalo-
myo-synangiosis (EMS) % 3Zifi L, 94% D BH (23 TR 2B M T O K & & $ 12 basal
moyamoya vessel DTHIRN G H 72 2 & 25 L7, Pliang 513 113 AOHMIEIERA <0
OB 12X LT STA-MCA 731 7325 X T encephalo-duro-myo-synangiosis (EDMS) %
Fehit U, RkE w5 BRI L OMRIR Z2 0 D 70%IZ 36\ TR 2 ik - R GE L7z L s L
oo 7 ZHHOWEFTNTABMZRICHELHRMEDHRLIZZ EZB ST L TWD A,
R0 RMLAE A S FR) 72 R BEERIZ B LTIV Wy, ITEDOWIE NS H0 6 <01
BT OIRIRAEBFERRFEIZ LD X lenticulostriate, thalamic, 35 J OF choroidal channel @ 3

T A EOARMENRH B E o TUNVD, #2633 Miyakoshi 13X MR angiography

(MRA) ZMv, FROSFEICESE b0 bRME % 3 DI L, KA ity 2 %

fii L72 104 HERD 45% THRORME B HEST D2 L 2Wmir Lic, © UL, MRA Tidh
RHRME 2 0T LU b EMEIZFEHN T E RWGEE DR H 5 70D 4 BEIRMIMN I &R 2 W77
izt L7z, ZOfEHR L LT, STA-MCA /31 /3236 LT EDMAPS 23/ NEBIZ W) TR
lenticulostriate 35 & Uf choroidal channel %, A A TIE 3 -2 channel &2 T4 A EICIHIBES &
52 LamLTe, ZORRNE, STA-MCA /31 /X236 LT EDMASP 23BN Hi I oD 5K
ERVBFLERLRMEEABICHIBS DO FETHL Z RSN,

W EDAFFED choroidal channel DIEFEED LN & 06 IR I 1T 2 EHZEA I OFIE & F 4%

CERLTVWDH Z & 2R L TE L DT, ABFSEIZH VT H Grade-2 choroidal channel (3
MASAER] & Pelk U I R IERI TR W i L T, & 612, #HE MAT Rt ol @i 17
DIEFELENS, Hii#& D choroidal channel DIHIR & AERBEIELZ /R LTI2(F2), 2O LB, b
bW D IMMAT IR ER R R OUEIC LD TIA OMHIED TR R D 772
L bR RMEZHIBIED Z LIZE D 20 ORFECSE S BHENH I OFIE S TF5 L
135 2 EDREI N, bR RME MR ITIHIET D 2 & ORI A TH S 05,
+o3 2 IEIMATRE DFEN EE 2 EEIZ HOTND EBEX LN TED AREORERD 2
EXFFT OO TH D, BEEMITHEROLAL G, 06 0 ICRRA Th 5 M AT
AT LT AR T B O FEZE D ERIRAIICFF D ERE WITIER I REWVWE F R D,

AT < D22 D limitation FAET D, £, AMFZEOFEREZ LV EMEICHEET 5
(ZIZATA E MR MLETH D, 2 -DBIT, fiTHTE L Ot ORKI &R 5 2 SREFIZ 30 T &
TWRWI ERZET BN D, LIRS b O EE CIEIMILERE 2175 Z & BRI —ED
VAT 289 ZEDNERBHTH LD, ZHIZ KV IBRAAL T ABELCTWDLAREEDR S 5,
3 SHIT, AW TIIINGE 3~6 » A BICKIME i 2 it L TV D203, 2L R
7260 b RMAE DZALITHERE T E TV, &EIC, Db OHiax Tid STA-MCA /XA /3
23 L OVEDMAPS Z & TOBHITH L THEML TV D72, ofile DTt T

31



R, IS EMERT Do 0IlIiE, Sl kAT & RBROFEMAHE EN D,

4-2 /PNREFBIERAN DL OWITEIT 5 HSBRER - BRRAIRFE

AWFZEIE, A B L2/ NEoOMEm T Y — RO L TE ASIRGE) #E L

NRHAIFEIE ) BRI L . ANRIIBEIERR N & 06 IR D REIRAY - BURN R PR RS A B 5 7>
2T 22 H2BRE Lo, ZOREE, /NEHIZIERE TIZAR AMIZIERE & el U, PRI )3
K0 E W ERBMNE o7 (ENEN 34058 LT 433 5%), A B HRHDOI
JEAFWL 40 AR TH DO Z & BRET D L, ZOEITIRL THS 20, 492 Nz T, /NE
HIFSTERE CII AWIRERE & bl LEASE NI OFRIE Y 27 23K 4 (5 ThHDHZ &L
7o MEg 72 b0 b 0B T3t L, BINCHO72 0 AT IR RIA 0D 2 & PNEF TOIHE
WHILORIEIZ TG L TWD Z ENRTHRIND,

TR R 72 50T 8 ERE DO F R & S LT D, /N HISSERE CII s AWITIERE & Ll L
TIHRMIZZEZN 2N OO, R HCME D 9 5 lenticulostriate channel 5 &2 UF choroidal channel
WEVFEEL TV, ElRLZ@EY | TEOHREICENTHRHLLMmE, ##1C choroidal
channel 28 &0 OWIZIIT DFHENHIMOFEAE L BHACREB L TS Z EAHBIL TV 5,
FERRCARFZ BN T, /NEBIFSAE Td 5 Z & | Grade-2 choroidal channel 23MFET 5 Z & A
BHENHMAED TRIR 1L LT ShTnd (224 OR 431, 6.78, &K 5). T4,
JAM Trial Investigators 7% MILFEAE KA &0 6 0 Tl R M REAEH] & bk L T thalamic
channel 33 JX ¥ choroidal channel 3 B IZHE L TWDH Z &2 60 Lz (Z1ZF 1 P=0.043,
P<0.001), [AARIC, Ll L7230 Db OAFFEICF VTS choroidal channel 038 23 5H 5
NI OFEE L ARICBEE L TWD ZEMHHALTHWD (3-12M]), ZhbDmRE LY,
NFRHIFEIERL A &0 6 RO T THRIE L, 22 2BHBENHIMO U 27 BNEmnZ Lanb | #Hil
BRI S E LTAEETH D b D,

—HREIZ, BB RME OFRZEITHRIAOET E HEEICED L L S Tnd, LarL, /hNE
HFSIERE ClI NIARIERE &I =M 72—, lenticulostriate channel 33 X O choroidal
channel 28 XV FZEL Tz, ZOWFIIAHTH L0, /INENLRANICEET 2 £ TOMM
MR EDEACBER L TV D AIREMED B 5, EDMFZEIZIV T, /N TITR A & Felk UIE
HOMMTEEDRKENZ EBFALNE 2o TND, BE B ZAUIMD R D72 I FFE )
KEWEDTHD EHEHI SN D, “*¥Kennedy H1E 3 205 11 EO/NETIE, B & LT
1.8 fEMMIMIRENA R ENZ EZ BN LTz, & HIZ Ogawa HIX 5L FO/NR TR &
be U TR & 234 2 5 K& <, ZRLER A 1D LTS 22 2@t Lz, 9 Zh
O END NEHIFRIERA DL 0 Tk, /NEORE Mt &0 T E 2N 7-7 7=
DIZHRBRMEN L VBAEICRELZAREELH D, Z L TINLDIHE L HPH I
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BR—R L TR AIOBEENHMOKRE /2 RV LoTH0D LD EHER LT, —J7,
AAFSE T vault moyamoya (Z 6 [RIERD P B3 54072, 3 Vault moyamoya [ STA <> H i i
R 5 MCA ° ACA ~H AT S L HMIEIIATEE E LTHOLN TS, 2 Zhblid 5~
6L WO X VET LRI TSNS Z ERHLN TS, L, Wiz EN 2N
INRIATERERE & A IFIERED 2 BEMI CEDOIZBICHBERENL LN, /NEHD XV K
TR EOTEN ZOBEORK E L TR THL B2 5,

AWFFE, BB T BT 2 0 U7 & FAE S AIERE L 0 &/ NEHIIERE TRV &
BEREICHIET HZ L Z R LTI TOMTH S (P=0.0019), FEATHFFETIL, /NETIXIZ
(ERBNC IR MAT BN 2T L 72 BB EDGR O BTy BN TIX 67.9~77.6%IZH £ -
oo 48 ARWFFECIE, itk OMIENMATEEI AR 5 5-3 2 BRIR AV 8 L OV B RO IR 11 3R E
TET, ZOAD=ALIREARTTH D, L, DREIFIERA S0 0 BH 13,
EdR o> X5 W CMIENIA T ORI T 53 2 £ E R > T D ATREER B 5,

AHFFEIE, NRIAFEIERR A 0 O OEEIRI . B BFIN RS 2 I DS Lz, 2 O
RIT, bR b 0MBE ORI L AR O ThHL EEZ 2 OND, LnL, BTt
A RP/INENT & limitation & LTHEIF HLD, 4%, L0 KB 28R — M2 X5 R
MRBMVETHDH LB Z D,

4-3 HLRBLVREE < bIRDO LR FH TG

AAFZEEL, bR HOWBE D < BIRIZIS T 2R 22 BRI E R 2 Y T T
DIFFETH Y . HLRLORICB T 2 MEFHEOHFZHLNILELZLOTH D, < bIFIZE
W KUY E THERL S 71TV, #ME I arachnoid barrier cell layer & FEIEAL, 2~6 J& D%
ORIl THERR S LT D, 0 24 6 OIS tight junction Talfh = v, HHIAYIC
Y 5TV, 2 —J5 NJEIL inner arachnoid reticular cell layer & & FEIZAL, FHICHEIS
LTV TR S TWD, 3 WEOMIIX, BMiE, P74 7 A~ &
B~ R w7 AEROZEONISRI bary R T MRWEEZEA TN D, 2 Zih O
fallX. gap junction &7 AE Y — AL > THEHAEINTEY, TbiZX v NEoMAa &4+
JE& ORNE &8RS STV D, 3 ZHETOMGEND ., W EAMNE 2L TV 5 < b IR
ISR Ch DL EBZ XN TS, P

AWFFETIE, BB DO < bIENEIZI T 2 AW PR EZ TN 5 72012, ik
IEFHFELBRA Lo, ZO/E, 0600 & AREOMBET, < bENREOMIEDZ <
2% PDGFRa (ZBHETH 72, T ORERIE, BRAEFMIED < &I E 2R3 2 E 2k
HRTHDHLEWVI INETOREZXFFTLHHDOTH-7, L L. PDGFR « FHPERIEEL
[ZIXMBER CRERENH T, ZOZTENDH, bRBLHD L BIENE TIE, 500 A
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T3 = A L THREESERAE 23 e FREE 2 0 B85 Lo b L < UEARHESRMIRIZ 3517 5 PDGFR «
DOFRBN EF L TWDHAMREENREZ 2 55, S HIZHRH 00 Tld PDGFRo MM O X
EB 0% oSMA HFEEL L TV 2, RPREECIE aSMA ZIFE A ERBLL TV holz, Z0
ZEDDL, HRLOMTIELS LIENEIZRS O TIRHESE IR ML TR, 2o
N IXARHEZE R 2> O A ARHE R~ D (LRI S IG5 L CW D A[EEMEDR & 5

A SR TR PR HE SRR & L Can b A IEERMIRD—>Th 5, 40k L 7= ik
MR F~— D — L L TR OBESHANLNTNDDF aSMA OFRILTH D, * Ak
MEFF AN D & BB 2B D —D1% | B ORIERIES W iis 281% O O 815 LTl B .
W DR EN S, MROBEE TH S, S TGF-pl, PDGF, &N FZ#EbEKf (VEGF), &
PoESEIR 7 (TNF-a) , CCN2 (FEEMEMRIGTRIR 1) 25, Bkx 7oA N A 2 D3 A e 2R
EHETDH I LN STV D, 4560 2D T TGE-P1 I BRHEIEHINID A i R 2R
~fb & B E bR IIRK S Th D, —J7. bFGF, Interferon (IFN)-y, TGF-p3. Interleukin
(IL)-1. HGF DY A A ik, gt~ b2+ 25 2 L Rmbh T b,
268 AKMFZEIZR N T H R0 IR EE OIMF K D PDGF-AB 3 X UF BB [T\ 3741 & I E
JELLFCTdh o722 (data not shown) . bFGF., HGF. TGF-Bl1 O E I REE L LG EICH
Molz, BB 0RO BN T, bFGF. HGF. soluble adhesion molecules, CRABP-1.
TGF-Bl, VEGF D% A b A VREN EF L TND Z ERHEINTHDEN, SEOR R
FINDBIEFELRNEDTHD, © LLEDOZ Enb, H0000 CTIIIMERIR T OB E 72
bFGF, HGF. TGF-B1 D% A ~ A 53, < GIRIZI 1T 5 BMEEHINE 2> O ffp e 2R L~
Db EIEST H EEZ B, 2O BITMREED YA N A v EMlED YA N A D
NI R REMEFT DRI ND, 7

bbb O HEENAZE T L~ 7 A% AW -8 FER TiX, PDGFRa 2% EMS % O
TSERS & R R E R O & BB I BB Bl 2 Rl 2 LR Sz, 7'CD-31 [tk
O¥EB L OBRIT, W RHEENREAEEZE AN LT Flox ~VATIIARBICHEMLZLD0,
PDGFRa / v 7 7 7 b~ T ATIIIM L 7einote, 7' & HIZHIBRIEWNZ L1, Flox ¥~ 7 AT
(AREERS & RN R E R D =2 T — 5 e IS FE T2 C L RIMHET RO DK ti & R EIZ 845 L
TWiz, —J. PDGFRa / v 7 70 h~TATIL, a7 =7 OFENEIED T, KIMHE
BRE~DEZIZZ Lolz, ZNHOZ Lk, bob0Icis 1T 2 W82 T B 0k
BB AEICK T D27 =7 IREOBREREZR AL TWD, 27 —F T iE LD
7D~ b v AEEEEE L, WEMIROEHE, £1F, ey b, »7 2oz b
PO MAE BT E ZARES DT OIZMERF R 7253 FD—2 L END, AFFRITENT, < HIE
DT =G UEEIL, ML L LM TAHEICRE ST, TNLHDZ Enb, b
R R O IMFBERICEE 12 E £41D bFGF, HGF, TGF-1 D% A A 5, < HIED
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FRAE SR O TR I K ORI~ D b 2R L, < bIRICH T 52T —F v huk
WA ZRE L TW D ARSI R S 7z, BREEESICB W TIE, B L7ziiE 2 <
HIEE B L, B DM~ E MG 2, RIS TN % o & # AR
WT b, BEREE, MIEEAS. BSOS < BIEA N L TR ~IRA S S s, 4l
WD THBEMNZ RS> bR b0 < bR TOMMMESRMIIC LD 2T —F U EEAIR, bR
RO IS 1T 2 IRAE ) &S0 R H2 AT PR 1% O I T AR IS 3\ C LT AR I D38 AR IR &=
KFHETHEEZE2LND (K13),

B 13. HRHRIRICIIT D M HA DRI DKL

Early Stage q Advanced Stage

LS oo
Temporal c.t,:.i
muscle S
i P
Arachnoid S e
membrane

‘_"_"—’Q PE—
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'
|

CSF
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Fibroblast Myofibroblast
Cytokines Neovascularized
Vessels

Authors’ hypothesis for the mechanism of aggressive extracranial-to-intracranial angiogenesis after
indirect bypass in moyamoya disease. In moyamoya disease, the CSF levels of angiogenic cytokines
elevate and accelerate the proliferation of fibroblasts in the inner layer of arachnoid membrane and
their differentiation into myofibroblasts. The myofibroblast actively produce collagen in the inner
layer of arachnoid membrane, which provides a favorable environment for spontaneous extracranial-

to-intracranial angiogenesis in moyamoya disease.
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DILOID ZIVE TOMRE T, MifHEFIED PDGFRo %41 L7 > 7 F /L S Al e 24
JBBE D27 —7 U EEICB W TEERERHZRET I EDRINTEY  SRIOFERE X
920 THD, ™ X512 PDGFRa 4 L7z 7 VX ki 2R o HGF FEA % filK
35, HGF 27— 7 DikEE e L, MECHERORS ThD 74 7 ux s F %k
kT 5 Z & T, MEFEDOREL E L TOMX 2R, ™ 20X 512, it Miao
HAEICEB T 58X 1L PDGFRa 2/ L= 7 F i Lo CHIfI EnTnb, & 512, PDGFRa
D7 F IO TP TRENEM L7227 —57 <0 HGF |2 & FT B ICEE &S 2 872 LT
B, INORBRLLOMICBIT DREEY) G ORELZHNT 5 ECTEERBERLE 25T
% AREMENR D D,

HRGH RSB DRBEIE S 1L, WHINEIT LT EBFICB W TRV RET 5, 5757 K
52 TlE, aSMA BEMEAIIRE IR EIT LT B ICRB W THRICRBNE W 2 E BB 5
27257, ZauE, < BIEIZHBWTob Lo A EIIL )Y | BEES ) HERE N~ D MLAE T
EORAEZERIPE L TND EWVWIGERE XFFT LD TH D, 7272 L. & 7128V T, Suzuki’s
stage>3 O EBUFRELDN 0.10 EFEFITERVME L 72> TE Y. o SMA BrEMAREI x5 9%
MOFGMENATREMER B D Z SIZIFEBENRMLETH D, —J7, b0L00 TS fk
?® bFGF, HGF. TGF-B1 72 & D M E AR FIRED, L I L T EA L TWDH &9
WEOHAERBRORERBZGEONTZ, LL, KO RNGITINEDT A N4 ViR
X H b 00 < bIRIZE T D RMESEMIE OB L OV BICR B E 5 2 T o -

(F 7)o FERMIZ, 000 OMBMAT RN O M B E 2 WA TR TE 5314 4
~— N —DRBEATONERH D,

—F. RO HIETIL PDGFRP BEMIa s e Bt & i LA RICZ W2 &
B2 E 72> 7, PDGFRBIZMAE FAEICEERER LR T 2 EBMBNATWD, wEDH
2T, Ty MEMBIKET BT, PDGFRB 2SI 2 22 E b S &, AR TR
EHETDHIEIRENT WS, 7 &5 PDGFRP BHMRRHEZEMIIZ. & MEEREIZB W
T VEGF O MEHARN T2 EKT 52 &L COMEFTEEZFHET L EnHEINTND
BINOOHAENG, HRH 0 TIEHEE L7 PDGFRB 5k < %Hﬁﬁﬁﬂﬁ%ﬂu&%@ﬂujﬂ
MO R 2 ME T AEZIEET DK ER> TWDAREMENRH 5, S HITHRITEOWFE TIX
PDGFRB N HIFERHHNLD aSMA mRNA OB ZFHE S 5 TGFR-TGFR = FIKY 7 F /LD
i BBl 2 B7- L, Z OiffEiX PDGF U 5> Ric X % PDGFRP i&M b 4B L L
RNZ EPREINTND,? LTedi-> T, < bIEANIRKHESFHIIIZ 31T 5 PDGFRB OFEANIX
0 N DM BEIRIZF 1T D TGF-p DN E & 112 aSMA mRNA D% B % ) Ltﬁ
PERH DN, ZOERMERA LT IS LR IMAERLETH D,

ARIFFRNNTEOBRA NS D, TR TIL, bSO & IREE & O CHEROME
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Nl EDIRKEIRHEZ —BSEL ZLBRETH 72, BB TAHEICEmRNF < |
VR BIEDORI 2 5 & 72> TV D, —J7, KIRIEIE STA-MCA /XA 7S A0l %2 52 1 T B IREEA L
PEEHZENEIRRAES] THERL SNV T WD, ZDEL BETH Y . BEIEETH D, b
LD < IR D EMFRIZAEDR, b BRI R b O TH L MEMIZE Db
DTHLINEHNT D ZENHETH D & B2, HE DR M 2 £ 5 BIRE VIR ZE N Bk
RAEBE xR L U CERA Uiz, SR X 5 < S IROMREET R OZ(IZ >N TIEZ
NETHENRL, MEFEE~yF U T I LIEFAZORETH D,

¥
o. &

3

AWFGEIE, £ STA-MCA /A /XA 7k KOV EDMAPS 23 0% 00 12351 2 BHEZ N H 1
DFRE72D 9 2 b0 bRME 2 A BB S5 2 & 2WREICR L, 915k X OISR
EZNHIMORE L H J172 T HIR+ T 5 Grade-2 choroidal channel O EHEIL, AR LT
FEOFEE LA EICHB L TV e, STA-MCA /31 /S A 11k LT EDMAPS 1d, 080061
BT HR0b 0 2 1B 5 Xt KAEERO JLEE I AMERIE A T 2 a2 2 Lic kv,
FEMAPED A 7e b F MM A 2 B4 2 5 b AR iT D —>Th 5 Rtk R S h
2o £ LT, bRHIWITHRR T D MIEMATHEZ I LZMRIMATIRIEED, 6050
R ERE ORIFNEICHEFICEE THDH L 2R LT,

WA AT NEIIRAE R &0 6 09 BB OERRIY « BRI 72 /a2 R Lz, /b
IRHIRIERRA 06 W EE TlE NEHORFEHIH AR < ZOMIRTFEEDOE I DD b
RLCMEN LY FEEICHEL T MERE L CHEBENHMARAT D AREERENZ &
DD THLNEIRo T2, o, ZORERTIIREHEY SN LV REELTED, b /b
BOMMREBEEDOE S DD THELEEZONTZ, ZNLDOZ b, UNEFRIE] &
WO BERITIRMERH D . DOBERICEER LD TH D EE2DND,

RZIT, HRBOWEE O < S TIIx FREE & bl U CHRUHESERAR S BE5H, & L < ITHRHE
IFMINEIZI 1T 5 PDGFR o DFEHLA LA L, ZOL L B~k L Tns Z &%
HHRTHHTH L E LTz, RO OMERIKIZI 1T 5 bFGF, HGF, TGF-B1 72 & d
MAEF AR FRE LSS, ZORRERBESICHELS L TWDARELRH D, £, ZOBRIT
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