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Exploration for the detailed mechanism of subarachnoid hemorrhage-induced white
matter injury.
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The detailed mechanism of white matter (WM) injury after subarachnoid
hemorrhage (SAH) remains unclear. We hypothesized that blood-brain barrier (BBB) disruption occurs
in WM after SAH and it leads to consequent injury. SAH was induced by endovascular perforation in
male mice. In SAH mice, BBB leakage along the WM was observed at 24 h after SAH. In microvessels,
tight junction detachment and swollen asrtocyte endfeet were demonstrated by electron microscopy.
Matirx metalloproteinase (MMP)-9 activity and lipocalin (LCN)-2 expression were increased in the WM
at the acute stage of SAH. At 8 days after SAH, decreased myelin inte%rity and an increased density
of damaged axon were observed in SAH mice. MMP-9 or LCN-2 deletion effectively suppressed this
SAH-induced WM injury. In conclusion, SAH causes BBB disruption and consequent injury in the WM, and

MMP-9 and LCN-2 play an important role for those pathologies. These factors could be a novel
therapeutic target for SAH-induced WM injury.



XL C—19,. F—19—1.
SRR AR S F D7 =
V@Jmiﬂu Rl L, N zE R (K
Hif ks X7 £ T Hifi: subarachnoid
hemorrhage: SAH) DVEHE DO HEHAR [ T0CE
LTWBEND D, KRR BIT 5
RFEBTH D SAHITB O T, BRI
HDTEWICH DT, JRRK & 72 - 7 i RN
BN JJRIEE O 75 H i 7 B F e LUSM I IR G PR A1
HR IR L W 2 5, SAH 1% 0 5L
M85 & A, HERE T2 I B R BIR D &
HZEITHONTH DA, FERERFZEOEIC
BWTH, MK T & ik U RN E S
DI, R OMBIXENL TV D, Ei
P ZE %wrﬁ\ﬁﬁthkﬂmﬁ@%
50%% (58 5 FAEICxE 3 D 5 ERT 23 R
HEEOHTEBY, HimMEmpzefl %b\’CTBE
Bi5E ﬁTé%&ﬁmﬂE%ﬁ)o@%f‘ﬁT
A%%%T%ékw5; WX FEE I

TFABOFEFRE o TV D, Lmbﬁb%x
SAH %1% U o H M 2= f T oo BT
HI R B T k9 B TR IL E BRI ik
A EEATW o T,

2. MO BEW

2 N TEATFRICB VT, v U A MENE
FLIEIZ X B SAH =5 /L Z IV, SAH 1% 4] (3§
SE 24 BE$2) (ICHRD CEME TAEEEN
BOLINDLZ EERE LT (Egashira Y, et
al. Stroke 45: 2014) .

ARETNOFEE LT, & SAHDJFERE L
RHITWEEZLND A, BI O TR
EIZHEEEDRELZBD DL EANFET N
Do

AL TIZZOETFLERHN, AEEED
A ERAEE ORI 2 e | fESRER R I
TRE 2R VBIEVE DB T T o RO
ERHTZEEZEME L,

3. WDk

1) SAH £ 2 VR 15 25 2 i i b BE PR A e 708

B @@@ﬁ vvxsmw%rw%mw
SAH &AMz 5 AN M A O %
HBAMBIIC TBIZRT 5, R E s A
U T IR 4 B P AR A 0D B B 12 > U T EEAT &2
179,

2) SAH tatkE BB E ., Mk ik B P ashE 12 BY
B3 2R ORE: B2 s Iz 380 T ik ik
BAMkfE # KT EHR BN TND
matrix metalloproteinase (MMP)-9, B L
lipocalin (LCN)-2 @ SAH a2t o AHIZ
BIFDIEME, BEIZOWTHRETT 5,

3) SAH 1% 2k VR VR I & 18 M 3 0> (3 T Aot
HERLYE & ORI ORET: SAH #2138 i
JIE 3 18 M 11 D (3 AR AR AE LR I 5- 2 D B
B A YA CTRET L, £ MIP-9 B IO
LCN-2 / » 7 77 b~ RZHW, BHEHE
B S ERR I O AT RENE &2 a5,

4. HFFERLE
1) SAH A OMAEIZB W T, EFBK

Z—19,

CK—19 (Jtm@)

BT TN I 5B R 3 0D RREHE AN T R ) L e 2R
SH. EYE TIX AR D BT & —
B L CliE MBAPA ke OFERR & e B T VT
O MEINRH SRR ST,

Sham SAH

B %ﬁﬁ%f@&m%@agﬁdmﬁﬁ
EGRE DFERA, SAH # (BEA) 2B\ T,
TA MY A FAst) D> K7 v b OJEIR,
RSN (0), A RV v 7 a2 (T))
DOPE R EDOFT R ERD D,

2) SAH 2 O A IZB W T, U e
EOWAEIZRS B G T2 LML TW
% MMP-9 DiEMALI L OVLCN-2 O3, F 7
RondZ ERmERINE, 7=, WP-9 B
FOLON-2 (X7 A b A b, AU ITF K
oY1 MRIESHAE CRELL TR0, BEICX
DIEM L ENTEZT A hatrA h, AU ITF
Fetad bRz o o288, IEHEd
HILETCHEREZ SDICERIE D A(HE
PENIRIE X Tz,

A Sham SAH
MMP-9
MMP-2
B 10
=9
2 w©
=9
ISl
ae O
a 2
=5
=g
0

Sham SAH
A BRSBTS WP-9 IEE (B
FUWAET T T 4 —), B MMP-9 {EMHDE
HfE, SAH BECTHER WP-9 iEME0 EFN A
YN

SSMSE%TH\MMﬁmeVWXTﬁSM
FEIZIBUNT sham BF & bl L BEIC %
%&F@ﬁ?kﬁﬁ%ﬁ®%M# wgn

o —H.MP-9 J v I T U RTTAIEBN



Tk, fEMEEORK TITARICHE S Tn
7o £ LON-2 /w7 T U =7 AZEW
THREEOERISEONTZ, 2 DO RIT,
SAH #2MER 0 A R 5 I i ik B FH Al
FEMD Z D% O A B RRARAE DO PLIEIZ D 720
D 3D MMP-9 =2 LON-2 & U 7= ML ik v BE A
AE e dET 2R -2 mfl 252 L THE
MRS E ORI T X 2 "l Re & R
LTW5,

A

R

LFB

B 4 c
- . 20 *x #
30} S
£ £E 15
(!
Z 20} <=0
5] o
2 g
o =
= 10 (IT 232 0s
0 0
Cont WT MMP-9 Cont WT MMP-9
SAH SAH

A: SAH8 ARRIZBIT BT VY=L T 7 AT
N— (IFB) Yt THIT Y VEEE LW
SMI-32 % ta C D & flh 58 o FE A, B:
wild-type (WD)~ 7 2 TlZI = U UL 3h
Bl ¢ HEMRLARICZ AL
Do —H MP-9 /v 7T T R=/-)~TAT
IGO0 AEEENGEICHE ST
Do

5. TR ILE
(WFZERFRAE . WFFEr A M ONEEERFE#
ES )

GdEaEamsc) (B4 1)

(D Sawada S, Ono Y, Egashira Y, Takagi T,
Tsuruma K, Shimazawa M, Iwama T, Hara
H: In models of intracerebral
hemorrhage, rivaroxaban is superior to
warfarin to limit blood brain barrier
disruption and hematoma expansion.
Curr Neurovasc Res, in press &@id» ¥

@ Egashiray, Hua Y, Keep RF, Iwama T, Xi
G: Lipocalin 2 and blood-brain barrier
disruption in white matter after
experimental subarachnoid hemorrhage
Acta Neurochir Suppl 121: 131-134,
2016 H # H»D doi:
10. 1007/978-3-319-18497-5_23

® Egashira Y, Zhao H, Hua Y, Keep RF, Xi
G: White matter injury after
subarachnoid hemorrhage: Role of
blood-brain barrier disruption and
matrix metalloproteinase—9. Stroke 46:
2909-2915, 2015 #& H & V  doi:
10. 1161/STROKEAHA. 115. 010351.

@ Egashira Y, Xi G, Chaudhary N, Hua Y,
Pandey AS: Acute brain injury after
subarachnoid hemorrhage. World
Neurosurg 84: 22-25, 2015 it H v
doi: 10.1016/j. wneu. 2015. 05. 004

(FRFEE] GET1H)
O BHEE, N, LT, ZILE

fo, Il K, AFREE, IWNEKR, 8
fl—%, USRS, =M =, i %

o~y AR5 U N—a i
N ORGEEM. % 59 [\ A ARMKIEERR
WERFMES., bbIAKR—V{ESE
B« R H), 2016.11.11

®@ Hara H, Egashira Y(Invited Speech):
Neuroprotective effects of the
conditioned medium of murine and human
adipose—derived stem cells on
experimental stroke models. 9th Pan
Pacific Symposium on Stem Cells and
Cancer Research. Windsor
Hotel (Taiwan * Taichung), 2016.5. 14

® JLBE® I, Ya Hua, Richard F. Keep,
Guohua Xi, &M F: 7 EBFHM#%
DO HEMREEICE T D matrix
metalloproteinase-9 MOBEY5.. & 45 0] H
AT ONB T FHES. oA o
LR S oI XAE UL OfE FLIRTHEE
Ak (dbvE - FLIR ), 2016. 4. 14

@ Egashira Y, Hua Y, Keep RF, Iwama T, Xi
G: Matrix metalloproteinase—9 deletion
attenuates blood-brain barrier
disruption and consequent injury in
white matter after subarachnoid
hemorrhage. AHA Scientific Sessions
2015. Orange County Convention
Center (USA Florida ¢« Orlando),
2015.11.9

® JLBE# I, Ya Hua, Richard F. Keep
Guohua Xi, &M F: 7 EEFH Mm%
O BHEMEEEICE TS matrix
metalloproteinase-9 ®EY5.. 5 27 0] H
AR TR, BILEESES
(& i - & ilifi), 2015.10. 31

® {LEEEIT, Hua Y, Keep RF, Xi G, ‘Al
Fowy AMENEILET VA2 WL
H BT H Mm% o BEEEF TR T D MG
A AR P R B TARI IR 2. B
A4 N UFLIE ESIEAEM UL ORE FLIE
808 b= Cleifiag - ALIE ) FLIR,
2015. 10. 14-16

@ (LEE#HIT, Ya H, Keep RF, Xi G, s=fH
Fowy AMENEILET VA2 Wiz <
BT % o BB FREE T D MET
% 40 M A AR AR FSRs. UV —A R
AYXYNVETIVIRE ANV JRE NIT
J UV REB—N JRE7V—rT7U—7F
URE W - IR H), 2015.3.27

() GFofh)



(PESEIA PEHE)
OEIREL (G0 1)

LAY N
FEE
HERIF
FHAE -
HaG
HFEFEA R -
EPS DR

OBtk (0 1)

SRR
FEEAFE
HERIF
FHAE -
HaG
IEFAH
E N DRI

(Z Dfth)

R B_N— U

ety B R 57 = - M Ak A R

http://www. med. gifu-u. ac. jp/neurosurger
y/

6. BFZUHEAE

(1) WFgeaks

LA  #8/ (EGASHIRA, Yusuke)

I B« RFPPLlE 7R 5eF - B
FoE# 35 50547677

(2) BFFE ST i3
( )

W E S

(3) M FEH
( )

W E S

(4) WHIEMH 713
( )



