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BEE BEEICHTIMBETIXAI/F - 7 FN—%4— (tissue plasminogen activator; -PA) %51, F
BEWRZI LY, ERUEBEALMN I -PABIROGFARICEESTZ2ERTHS. Held, HOLEH %I
L, PREXES LI tPAICHAT I ONEFREZDOEEET-> TV 3. AEENSF& L TOENKIBERTF
(vascular endothelial growth factor; VEGF) ;3B U, M&EKEEF (blood-brain barrier; BBB) #E(CRE T %1%
METo. REAMBRICIPAZERET S L, HOEHIEL S, RERETNVEAVERTICSVWT, BE
L7 t-PA#5H VEGF &3 ¥, 2 NI REBER~Y M) v 7R - 220707 F—+ -9 £7&M41t, BBB1E
REA%*HHEL, Hn&aMEks & &#RLE & 510, VEGF-VEGF 28K Y 7 F L OGS, B mEH

EHFEITEEEBASPIC LT
(E&PR##% 2019;59:699-706)
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LI

[ e SR O INRHIG T T d 2 AR TRIRSE [k 7 5 2
I/ - 77 F\—4%— (tissue plasminogen activator; t-PA) |
OFEFDEL, HROTA T4 12BVWTTL—FADE
WCTHLH. UL, BE,D 45 KM T Tl v ) MG
RERE M D720, HRORE R 2 5 BHEBT &ML R E
ObLFT5%IFE LD, HRERIRBREMZIERES 2 X9 %
PO OMETH L. Tz, WETIRIME
HHN L 2 FETRIREOFNE L REN TV DAY, FEMEITRE
Ll BRSO N, MENEREZT) L X2, Lo t-PA
Be52479 2D b, BARNIZIE CPAREDE—RINTH
L. WEEAMIICBWTEPA (TVTF 79 —+8) 2L
ToERR RO AT 5, FIED S 4.5 Bl 28 2 TR
EATo728pE, LA 669510 A7 258K %2 B 2 L HSH
BHLTwWaA Y, B3FLY, ImEHED t-PA #5508 i ek
MAHET 2D TRV, FIE 4.5 FEH DIN O t-PA 45-
THIEBEEMP MO A ) A7 BEL D 2 EARENTWY
%P b bR O A6 % IS 2GR OIS +-PA
DEBR A TENATZ, G RERERIR IE R S & 2 e %
HL, THhErEESELDDEEZLND. A, t-PALC
B3 2 MAEFER oA & LC, MEHEEE0MmE) €

TV v T (M &R S0, MM, FEREMR, 7 A
M A b B LRSS MY v 2 ADZE R0 72, A
B L OBEREN LT 5 2 &) ICBIG-§ A B PI R 15l R
¥ (vascular endothelial growth factor; VEGF) 3 7" VR @
FHEE2S, GHETRERF %/ 2 72 ¢-PA $%5-C & ik I 2 #4)
L, WRETHRZUHRSELILZRLEY. BT, 20
TGN OB & AR IC O W TR 5.

t-PA BUAIC & (1 5 M EREDLEM

1995 4%, FEAE 3 I [ DL o0 AR 28 5\ 2ok L C t-PA #iHE
BHRTHD Z e shsz. Lo, SESKHE V)
RO T TR HERF I O 72 O WIE B 2SR &, BEEICSH
T BIEFNIIER IS L TWIz. T D7O5E 6 R LI
DFEBNZ F TIZ#)S % Pk L 72 ECASS-I/II, ATLANTIS & \»
) Zo0@ study ATbN Y. LaL, Wb ZoHMiE
AT A Z EIETE Rp o7z, ZOD study I THSL 2 &
ZofzZ LU, GHETREREH 2 B 2 7 ¢ PA B5E, iA
JESHBEIZHEINT A2 ThHD. 2F D, ZoMMEIHEE
WS DT EHTEIUL-PA OEFETRERH 2 L& S+
SO REREGI R Z I L, Pz deE S & 5 ReED’
Hb. T, IR SIL72 wake up stroke, I 7% B FEREL]

*Corresponding author: Fri& KM 7EHT R AR AR R 50 MR B2 B (IR (T 951-8585  #idks il i L XL IT 3 1-757)
VB RS I ST B PR R B PR R 2 B (R R

] 7975 B e P 8 v S e R AR

VIEEINEY) F—Yavtryy—RENFHERINEY 57— 3

Y B R R A B R 5 R SRR e P B 45

(Received July 15, 2019; Accepted August 15, 2019; Published online in J-STAGE on October 26, 2019)

doi: 10.5692/clinicalneurol.cn-001346



59 : 700

AHO R ZEREFNZ AT L T, MRI-guide (2 & V), JLFo@ s
BTEREZTTH->Td, FLAIRMEDOEEZHHS 2Tl
WA TIE, BERNTHL LHEESN, tPAXHRG T
LT, BEETHREUESNDL Z LAURE N (WAKE-UP
study)”. COHEEEE 2, FEERZ AT L, BHE MRI
PR A (% O R 25 1L 2% FLAIR [ {% CHBE C w4
ZAXFEE 4.5 FER LN O W REMEASE V. 20 K9 A fE B i
FEIMBAFREZIT) 2 &%, ZELTLRWV & 201943
HIZHA R4 ohtgETanz®. 727201, 2o MRI-guide
1245 tPATRG-OHETH, kT, HIETHRIUEE S
— 5T, tPATGHE, JERGHE L AT, G0+ v X
11046 (P =0.03), 3 » A0+ v X1 3.38 (P =0.07)
THY, MMEFIAEICHZ WY, 2% 1), MRI-guide
THoTd, LTLLLEENREIN TV bIFTiRARW
OB TH 2. F72, MBEWHEDEH SN TWDH,
4 K54 YHPKRIBICZEE S 7z 2015 4E O K E R & O
International Stroke Conference |28\ T, IMEWIHFRIZLE
) HIMEPEOEL L Vo) Bl o, MEREOE LA FEE
Shcwz, D EoBEAS, mEREL HIE L -07esNE
HEhTwag,

MERE % BAY & L 7= neurovascular protection D& 2.5

PEIE L 72 t-PA$2 513, A% ' (blood-brain barrier; BBB)
A S L. B IR O AT <, SR AR
a7 A hat A b &vio 7z BBB T AMIEIC S i
MMk E 2 & 3. /2, tPA BAELMS < MY v
7 AR MENEIEEE O E A Z S5~ M) v 7 X -
A %1717 4 —+¥ (matrix metalloproteinase; MMP) % i 1%
b4, BBBHAEICHS T2 L E2 5N TWE " ZofE
BiAE, Mo G248 <. B K OEBRE 2 S b S
M &I, EROMRMBEOATT - HiEFFoARE HIYE L7z
R 720 TIRRAAH ) ¥, fic iz, im
BN, ML, 7 A NO A NekE B L LTE
% (neurovascular unit), =45 OIFREFA L R ILA S PrE
T 5 [FRFRME 4 (neurovascular protection) ] ~0/%5 %
AL Y7 RHPRETHE .

MEFRFEZEOREIEA TV EWVIER

EBRIYIN R LT 7V % FIC, -PA LZBEH Uit s it %
FEHT AL HIg LA FEEE N T 5. B
WEBTHENEDTR SN-FER O T, KRR T S L
72HDE LTI/ A2 Y v, Y UNAYF v, NXY-059, T
JATHKLF Y, GCSFodhot. I /9421, SN
AZF 7% ElE MMP OEIIRIE b B EERClR S Tw
7275, 13E A ETRTOIEFTRIEAR ST, Phase Il
TIRIEE-> T2V (RHBE "), M— ERSHsS T
WA LY ZRPEHHEED, tPABGZ X A FEERZO T
BRI TR 2 UE ST L PIEIAWETH S Y. t-PA I
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4 2 MEHREEORIEL, ZO10EIFEHA DD D>
72, EOMINTHR 0L OIIRE ZEAL ST, KEBR
WIZIRA LIS % HEE S8, 20k, 525 & WEm %
FHHRETVTORFAMNIIEALTH -2V, ZRTIE, B
O ELRZTRIZHHL TV EIEEWEE, BIFERTH
MTH - THERISHAMEE LV E LT, BOREimEs
L TOMHAPT I IN TR hozl L b BTSN,

tPA LT 5 NEREE LRI T2 EF

t-PA ICBFH 3 2 IR 2 G 2 -0 OB FEERTIE, &
b ORBEZEIZHDL L IR X AMERET LV E Y, &5
IZtPAZHGT ALY TOMENLT LV, KLlZTy
b EERR A KRR BIIR 28 7V 2 W 2 E 2 170 72 99,
COEFMET Y MIEIC e ¥y RRALERLBR
Mt %, 57— 7256 hKBEEIRICEA LBHES S5
JFTHRRILE 7V C, & MIBIT 2 ENEZE t-PA FE O FB
BRALEFNTH L. TOEFNVEFHPHETH Y, B
EDELDOEHREMNMERNEERET IV TH B, ME IR
EFHIELMETCRLELRET IV TH L. ZOHEELT
1. (AR REREEIN O t-PA 5 CRESEEOSHE/AN L, BRAET 14
TS L, 2. BRI HERE 2B 2 T o +-PA 5Tl
BBB 2%ii#E L, MIMGIHEDSHML, HiEFHROMEST L2
&, 30 tPAIC K D IR E B S5 &) BUCRIR O RE
FEDTHREITHO THBM L TWAZ EAHbIT b, FrhH
WTW5 Ty MKERETFVIZE X IZINS 05207
L, t-PA 245 L2k AR IR, t-PA %5 % iM% 1 6
M7\ L 4 B CFT 5 t-PA 1h #, t-PA 4h #O LT, t-PA
Th B CIIH AR 2 FWICHN S8, BiETHRrUE S5
7%, t-PA4h BECIIAREICHME2HML (Fig. 1), 33N
BN % (10% Aii— 60%)".

t-PA FEER OB M OME & LT, BRI RE ) PRzl s
#ER ZNIF] X< BBB ORFEATEEM S, BBB i
BRSHTELT, WPy 8y pEEETH D MMP 78
EZHNTWD, T, 1 BE7A MO A MIBWT
t-PADXMMP O 7% 4 7O—>TH 5 MMP-9 % {E M b3
BZEW 2 MMPOD /v 7 7 h= A%V HE T,
BBB Wie A K5 = & ¥, 3. t-PA EIER I % A 0F
L, JETS L7250 12 3\ T, MMP-9 [tk r Bk A I A% 12 4
L, REBERREATH LA TIVI T =7 V3B L
TWEZERETONS Y. Krld, BWERT TV TORE
T, t-PA 4h B Cld MMP-9 {51475, ARABEMA:, t-PA 1h B X
DHEEIZEA L, ORISR, TR %3 28~ )y
IATHEIATINAT =L 2L Tnb I ERRLY,
EHICBBBAEEL, A kTdDEEZ LNz L&D,
RETFTNVIE, b MBS t-PAFEZR OB IOA B & FE1L.
LTS ions 2 En s, t-PAREROKIIMIZN T 5
MEREREOBRNCHE L 2TV EE 2 SN,
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Fig. 1 Rat thromboembolic model that reproduces hemorrhagic transformation and shows increased mortality rate

after delayed 4 h treatment of tissue plasminogen activator (t-PA). (revised figure from reference #4).

Representative figures of 2,3,5-triphenyltetrazolium chloride (TTC)-stained brain sections of rats from the permanent

occlusion group (left), t-PA treatment at 1 h or 4 h after ischemia, t-PA 1 h group (middle) or t-PA 4 h group (right),

at 24 h after ischemia. TTC staining indicates deep gray staining of normal brain tissue and white non-staining of the

ischemic lesion. Hemorrhagic transformation is observed in t-PA 4 h group.

VEGF 5%

Frld, Iv MREREFVE AV, MERHELZERT 2
B 5F & LT, VEGFIZIEH LM% 7> Caz?.
MMP-9 % &AL 24551 & LTS 2%, Z0%0IC
VEGF #%& £ 15 . VEGF | I/IMK k5 B 1 (platelet-
derived growth factor; PDGF) DA —/3—7 7 31 —ZJB L,
73 /120190 BEDORTF FOREZBEREHETH
% (23kDa D 71=v P REZREAEZIEH L 45kDa & 7%
DOWIEHEELTH )Y, £ OBETHBNE, KB
YA AT, PERNVEY, FEIA L, WIHEAT RS2
DI SN LD, & IEMRFEFER T 1 (hypoxia inducible
factor 1; HIF-1) 13 % DFH 2 i+ 5 BE 2K TH 5 V.
VEGF lZW3EH DY 7% 4 THHFAEL, & Tid VEGF,,
VEGF,;5, VEGFy 2517 b D TH A0S (BFE7 3 /W%
F£¥), %D TH VEGF, 13Eb £, HEbm b &

VEGF 13 D% 4K Cdh 5 VEGF 527518 1 &I (VEGFR1),
2% (VEGFR2) k& L CMEHEZHHST ™. 20
+ VEGFR2 (Z#f34} 0> VEGF Hili & Mg~ L, I
BER TSR DIROMN LY VP VEERKTH L. 2D
VEGF-VEGFR ¥ 7 F VIS A= - HEFFIC 3 TRl 8
BTV S SIRMMERECLEDL ZERE, Ky
T F N HET L PURRSER G TALEaWE, iivA, K
AA TR EDFETD AR E RS VRIS R T 2 iE#IE L LT
BRRTIL K HW BT A, BARMIZIZ VEGF s (&
PERESBE 0T 2 NNy X7 2 IS BEE M ISR T 5

F=E X7 ™) HiVEGF165 7 7% ~ — (i B2 M
S 2Ty =7 ), VEGFE-Trap (NN BEZPEAE &
Wk TEBERG D ACEIEAH 2T 70 vtk 7 k%),
VEGFR 71 ¥ » &+ —YHEHR CEMEL ICH T2 2=
F=7W V7= PEFEEN, BROHEATY
% (Table1).

MIBIMLIZ BT d, VEGF I3Axm%, whfsiiiz &2
L, ISR o B0 - ek, IR T, I T
B, B X ORI R 2 5 22 EBRICEE T VICB
\J % VEGF »#%5-13, BBB OHife % i <42 |2 VEGF
DL FAE > BBB #ifE 2 A9 5 2 L ARG ShTw
72% . L2 L7%A%S VEGF #° t-PA B O o & 6f 12
BT 50 RNHTH-72Z s, FTrld, t-PAFKGHOM
HIMABEZ b VEGF 23R 59 % L i3 % 7 C, ML L7z Y.
Ty NMERT TV F T2 I 24 B 0 SR L
OMETIE, BEMLH I VEGF 2353 L, BBB #Hi ¥ %
MBI & Z o JEH (Fig. 2), 7 A T4 4 b ® end-foot,
JE R IV BAE LTV 72, t-PA 23455 L 2 VW ok AR AR, t-PA
1h #, t-PA 4h #£0 VEGF %3lm % T 5720, 2l
WRT 572 A% 7y N EPLVEGF Pk z v TiT-
724 2%, sham FAAEECTIZIE & A EHILE N H - 72 VEGF
B3, RABIAETIIME S, & 512 t-PA 4h #ETIZF BB
L. /KAREILE t-PA 1Th # & L_THEIHEML 72 (P < 0.05
BLUP<0.05). VEGF (ZiE MM, Mg, 74~
O A MIFEBLAFRS S5 Nh7z—75, VEGF A% Listb L
721) YBLVEGF &I Mg & 7 A F a4 A b end-
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Table 1 The characteristics of anti-vascular endothelial growth factor (anti-VEGF) drugs.
Drug Bevacizumab®* Ranibizumab®”*”*” Pegaptanib®*” Aflibercept™*?

Structure and binding ~ Recombinant monoclonal

Recombinant monoclonal A pegylated oligonucleotide

A soluble decoy receptor

affinities full-length antibody to antibody fragment Fab to  that selectively binds incorporating domains of
human VEGF human VEGF VEGF 4 both VEGFR1 and VEGFR2
fused to the Fc region of
human IgG1
Molecular size 149 kDa 48 kDa 28-base ribonucleic acid 115 kDa
oligonucleotide with two
branched 20 kDa polyethylene
glycol moieties
Half-life 20 days 2.5 days (intravitreal) 1.5 days 5-6 days

Fig. 2 Vascular endothelial growth factor (VEGF) expressions in a

rat thromboembolic model.
Triple staining of VEGF (red), rat endothelial cell antigen-1 (RECA-1,
a marker of endothelial cells; green), and 4',6'-diamidino-2-phenylindole
(DAPI, nuclear staining; blue) were performed. Confocal microscopy
studies revealed that VEGF colocalized with endothelial cells and cells
surrounding endothelial cells.

foot IZBWTHEHPHEO SN (Fig. 3). 2F 0, HEWTRE
I %88 2 72 t-PA #%1J:1%, BBB 2815 VEGF-VEGFR ¥ 7
TV &AL T MMP9 O L2 5 2RI L, ZoOfE, I
BRI Y0 S U BBB ORkE % 51 & 42 2 F AR
X,

TEE T HERE I &k 2T O t-PA $%5-12 X % BBB #ift O i
& LT, VEGF-VEGFR ¥ 7 F VO ER TH 5 &% 2
t-PA 4h B2 B\ C t-PA L [AKEIZHLT v b VEGF 1Ptk D
EEIRI% S % M L 72 Y. L VEGF Rk o F S 3% E Ok
T, 30 ug & 100 ug DL G 21772 2 A, HIHETIE,
YA 7y TOVEGF B A IHITE Zd o7z
& TIda >y bu— VHEE S (P < 0.01), 30 pg Ht VEGF

HRAIPLERE (P <0.05) LN THBEICERZMHI L2 £
ZC, MVEGF UK, 100pug#G 247528 &L, N7
ADBiIED 780, v TV O ERL, 588, HREREMIX
E#L L C (Animal Research: Reporting In Vivo Experiments
A RIA IhE-72), $LVEGF HHIPUE & t-PA #5001
WEERTo72 L 2 A, L VEGF Hifk (RB-222) %45 L 7-#
Tl, VEGF BB REMMILY, Y= A¥ > 7ay fTa
Y b= RS LR THE BRI S e (P <0.01).
%72, MMP-9 OiftE L E 7 A4 7 IV 25— 4 > D53 3]
AN (P<0.05). 512, RB-222#512X > T, t-PA 4h
Tl 2 FEIIHD L, HThidaEsEi (2h
2N, P<0.01). VEGF ZZ& MG HEILIE S SU1498 O fEE
BH L HMEE FRICEKT S (P<0.01). ZoOfFEIE,
t-PA O BIMAIHETEO—2 L LT, K ZITARSLNS &
I o722,

Pk X b, VEGEVEGFR ¥ 7+ )V O #Id, t-PA FEikIZfE
9 B ISR L TR % 7 WG NG & 7 2 W REME SRR S 1
7o F AR DE SR O I F IR 9 2 A e &
H0, EHIME Th 5 7-03EHK]2SBBB %@ d 5 %L
BWEWHFIELH D,

SHORE

MRI-guide (2 & V), FEGI % #IRT 2 2 & CHIERZIAIH DN
MZETL, tPADAEMEAVREN Y, 20194E3 AIZH A KT
A UHWET SNz S 512, 2019 4E 5 A 2 E BT HE W {5
|2 TG T o C b R T HE 2 T3 % 520 72 IR ZEAE (] C©
1, BIER 4.5~9 R, F 7213 FEMRZIAH @ wake up stroke
(HEFR 20> & FEIE N RO V7R £ T ORI 25 9 R LN O 35
4) Tb, t-PAKSGIIMEIE Rankin A7 — VAT 7H0 F72
F1ICHEBICYE S S 2 LAYR &7z (EXTEND 3ER) ©.
[FE T, BIRT 7 N5 A Td A I51E Rankin A7 — )L @ A
a7 53R ONAF REEZ B % 4347 Tld, 90 H R 15 1E Rankin
A —=VAATTLHEULOWUEL AELREETALNLE
Motzb DD, ZORERD G2 EI OEBERERD 2 ¥ AT
T, 90 HRFOHRE B 72 % (M&1E Rankin 2 77 — )V 0~1)



VEGF—A therapeutic target after t-PA—

DAPI

(pVEGFR2) in the neurovascular units.

59 : 703

DAPI
DAPI |

Fig. 3 Delayed tissue plasminogen activator (t-PA) treatment caused phosphorylation of vascular endothelial growth factor receptor-2

Triple staining with pVEGFR2 (red), rat endothelial cell antigen-1 (RECA-1, green), or nerve/glial antigen 2 (NG2, a marker of pericytes,
green), or glial fibrillary acidic protein (GFAP, a marker of astrocytes, green), and 4',6'-diamidino-2-phenylindole (DAPI) (blue). pVEGFR2
(Tyr 951) is expressed outside the endothelial cells (upper panels) and inside the pericytes (arrow; middle panels) and astrocytic foot processes

(arrowhead; lower panels).

1%, FSIE 4.5~9 EEH] F T wake up stroke (28T, t-PA #
36%, 77t ERE29% THor FEEF v A 1.86)%. O
T, REOBEBOWRED S, HZEIZH 5 -PA 513
H72FCTlE, BESN LW EPHHAE > T, Ll
E DT b AEBEVERN M t-PA $5-8E TH B ST
Y, MEREL B L 2221380 CHRIERI =W
W25,

AN EDRIREOMY Z HIg L2 NS Y AL —T 3
T —FTlE, BEHEWRER RNV 7T 2%
L, WRRETLZPPEETH L. BIMERTF T T E
W AGBEMNO L) REEE OO L ERINTE 20,
HLWEZFELT, MO X T 2—% =k FhEEH
BIE - MEBEDO AT =7 —PREL, T EGVHE
LCWaiisE WA 025 5%, ZoE I udEk
B THIRE 2 IH L, 20db Li5F 2 MmisER
MBI S TS 22 XD 23K AN 2278 % o Bl
BMewz b, FaDs, HHFENST L LCH%EL7Z VEGF b
S TIEBBBHFED X 71 T— % —Tdhb—J, BT
IMAEEZ GE0INE ) 7Y 715 L Tnwhs 2 & b
S E o TS WY (Fig. 4). MAEFEE, EIMEOAE
ME AT L 2L, FRICERT S22 ke b oz

VEGF signaling

|

MMP-9 activation

|

Degradation of
BBB components

: Angiogenesis
PO - L
Va Remodeling ﬂ /
BBB disruption
=)

VEGF
Inhibition

Acute Subacute Chronic phase

Fig. 4 The timing of vascular endothelial growth factor (VEGF) inhibi-

tion therapy after stroke (revised figure from reference #35).
We should bear in mind that VEGF has biphasic roles in ischemic
stroke. In the acute phase, VEGF mediates blood-brain barrier
(BBB) disruption and hemorrhagic transformation. In contrast, in
the subacute to chronic phase, VEGF plays important roles in angio-
genesis and neurogenesis, and contributes to a favorable outcome.
Hence, we suggest that VEGF inhibition should only be performed
during the acute phase of stroke.
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L DEMEFVTHRENTVS (BHBWP). K
AEHT S 2 L IEWEETH B DS, invitro DT — % T, M %ﬁ
A LR, ARSI A LR L T AR b R S
TWa P9 EmgEoKGE LT, VEGF 255 SN 575
BBB #if O F B @ 72 % VEGF % fix i 1L {4 & o i & CHpiil
TRED, Wﬁ%@ﬁ%%ﬁ%’owfﬁﬁﬁ%%f%é
72, PULVEGF #EiE, ZOREERCLRIMISEHNZ LD K
ERE mﬂ%kn.twﬁﬁﬁﬁﬁ&@ﬁﬁﬁﬁ
ﬁ%%&ﬁ%@ﬁT%E%f%% 7z Bk - s oM
HTho7nt, A w*EﬁT@@J#iDL@ﬁ@%%
TNV Ths. BMEHEOMEL DY, FTFTIEEHBREE L 2
No0d5), EEHETTFVTORFLLETHL. X512
X, WA BT LT, BRT—FDEETH L. T
EREIESEEETHEHY, B HIXVEGE ¥ 7 FIVEEIC
£ % t-PABREHO MAE REREICHE T 2 BN, ESOREF
RS L, KREIZX Y F ¥ — 123 ShimoJani LLC % & f‘LU)J:
TR oM L, WRICHZ Big L 723kms 2 o
W5,

REOBFIL, 5 59 [ H ARG MRS TRl L 7.
BE TIRE SIS 2 W2 & F LB R ST R R
SrEPTIEE IR B A B, FriE K AR SE & — A e
Pz, MR HNBEBIRICESR L BT E T

COL: #H&E% SUIEN : WieH: - B - 7 AT 7 AFREAEIT
gesy, IHPBHFIREY F, TEEREHHITZ7E3R I [,

HBA SRR, AR AR ML, BRI ~E COLR
%u%éﬁﬁ,ﬁ%,m%uwin%ﬁbi%A

FHEYG D THER W - B o NIRRT SRR 2R
— =Mk, RH A, KIE ShimoJani LLC O 24l C
bHb.
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Abstract

VEGF—A therapeutic target against hemorrhagic transformation after t-PA treatment—

Masato Kanazawa, M.D., Ph.D.", Tetsuya Takahashi, M.D., Ph.D.”,
Kunio Kawamura, M.D., Ph.D.” and Takayoshi Shimohata, M.D., Ph.D.”

YDepartment of Neurology, Brain Research Institute, Niigata University
“Department of Neurology, National Hospital Organization Nishiniigata Chuo Hospital
¥Department of Rehabilitation, Midori Hospital
“Department of Neurology, Gifu University Graduate School of Medicine

Tissue plasminogen activator (t-PA) treatment is beneficial for patients with ischemic stroke within 4.5 h of stroke
onset, because the risk of intracerebral hemorrhagic transformation (HT) increases with delayed t-PA treatment. The
benefits of t-PA thrombolysis are heavily dependent on time to treatment. Development of vasoprotective drugs that
attenuate HT after delayed t-PA treatment might improve the prognosis of stroke patients and extend the therapeutic
time window of t-PA and endovascular thrombolysis. An angiogenic factor, vascular endothelial growth factor (VEGF),
might be associated with the blood-brain barrier (BBB) disruption after focal cerebral ischemia. By using a rat
thromboembolic model, delayed t-PA treatment at 4 h after ischemia promoted expression of VEGF in BBB, matrix
metalloproteinase-9 (MMP-9) activation, degradation of BBB components, and HT. We demonstrated that HT was
inhibited by intravenous administration of an anti-VEGF neutralizing antibody/VEGF receptor antagonist. In addition, for
clinical application, reverse translation studies, a path from bedside to bench, are necessary.

(Rinsho Shinkeigaku (Clin Neurol) 2019;59:699-706)
Key words: cerebral ischemia, t-PA, hemorrhagic transformation, vascular protection, vascular endothelial growth factor




