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Effects of transient cerebral ischemia on intracerebral amyloid beta metabolism
and cognitive decline
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Our study examined the possibility that cerebral ischemia may increase AR

-induced cognitive decline by increasing cerebrovascular senescence and AR clearance impairment,
and the possible ameliorative role of angiotensin (Ang) Il type 2 (AT2) receptor activation in this
worsening of cognitive function. We demonstrated that cerebral ischemia potentially worsens AB
-induced cognitive decline involving enhancement of oxidative stress and inflammation, impairment of
RAGE-mediated AR clearance system, and exaggeration of cerebral AB level and neuronal
degeneration. AT2 receptor activation in the cerebrovasculature could play a preventive role in this
worsening of cognitive function through inhibition of oxidative stress, inflammation, impaired
RAGE-mediated AR clearance system and neuronal degeneration.
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1. AFZEBAE 4 FI DY 5

(1) I, BEmtSoERICHE - CTRAVEBRENML, KEQREEMEE > TEBY .,
FEIE DT B R O D3I RN AN TN DN, FIER ORHERIENTETH D . AR
BOBRIZITER > TWRVORERTH D, BAIEDRK DL LT VY A ~—J7 & IE
PERREEN (5 60 D 3 WEAS MR E A2/ L ClE DB L T\ D Z ERHE I Tnd,
THYNA~—f (AD) 17 IvA KB (AR) BEHDIMHHME~DOERE L ¥ VEHDOITREIZL D
MRSHIL ORSEN IR & B2 I TWD, TF, M AB DIE 7 VT T 2 AREEEDEN A B D
B EE 2 ZE 2o TND I ENRBR S, MEDIRERE V) R X7 G RARRE &
X7 ’& 1 (LRP1). serum response factor (SRF). myocardin (MYOCD) X AB DINE Y VT T
ZIZBE L TWA Z ERHE S TWS (J Neurosei 32:16458-16465, 2012) (Nat Cell Biol
11:143-153,2009), MMENSD ABD T VT 7 2 ARREEBFET 5 & PN O T/ I <o/ )
WROD A BEZ IR L2 ABITMAEHEEOMRBICIE L, 730 A N7 X4 /3F— (cerebral
amyloid angiopathy, CAA) RCIMEMREZFET D EEZ N TWD, ITHE, BFRIE LA E D
WM I 99 OO RS IE - EJR M A AV AR DO AL RS B G LTV D Z E A STV D03,
ABORFH EMBEMBOEBMANEBEL TWHWDAEMELREBEINTWS (FASEB J
24:2385-2395,2010), MEHEIZ ABNILET D Z ENMEMILOE(LIZHE L, % OHEEEN
B H HVIIHEE T 22 Ll L0, N TEASIN AR DN ILEE PO perivascular space 7
S5O VT T AR THEHINES 720 BN AB OFEREN S HIZTUEE L, AD OJFEE IH
THAREMENREZ BN D,

(2) i, Langdon & Kocki & D7 b— 7 [ IHSHBNIRPAZEIN 12 L 2 — 18Pk A ifn. % i 75
L7277 v FEHAWIERFHZEW T, T-maze RERIC L 2B AHEENME T L, MEDB-KWy &
J LV —F L APP OBBENEMLEZEORERME ESICWMNT 2 EE2HE L EN
28:2310-2318, 2008) (J Alzheimers Dis 47:1047-1056, 2015), — 5 C. JEMFH DOKELSE fER
IRERBA MAE, JFREMHE R B3 AR DFEAE - EEAMEE L, AD OFREIZEED D Z L AVRIEE S LTV
% (J Alzheimers Dis 22:91-104, 2010), = 9 L7=Z & 226, AN I T—i8 M 0 I 1. A3
EEZGE HMLENSDABD I VT T U AT ELS 52D L2280 IMND AB DZEFED
HEAMZEENR Y RO T VY A~ —JFFIEDEIRIZEIN 5 O TIX 720 EAEERGL A L Tz,
IHNET, BRI AR OICHENCEDE L, AD BIEICEN L afRetEic >\ T, B FER
WCE DR LIS IRZE A ERVN, A2 BIXINE TORITERN S, IMEN AL EEHH%
W —BEOEME M ZFET 5ET L~ T ATBWTAB G OAELEME N O BHE &
T, N AB &G FTRIMEMAEZI VT, BAMENHL KT T WO fERE RH L
TEY (1) ABFAETTHEMMNAKLZ HZ LICK W BEERRABEDIR TAFEINS Z &N
RBENTWD, BIZ, MNO ABPMEREICLD 7 VT 7 ADKTICHENL W ER L
D ABPEAIZEET2 7 LA —EBCAPP R EORBINIME CHENLEZY  A— 7 7 UV—I¥
BERIFLEDTAHZ LICLoT, N ABDOEBEN S HIZILHET D L9 Vicious Cycle 28
FETHAREMENE 2 B D,

(3) V=2 T UF TR (RAS) WM EGAE 721 CTle < ATEEERICE S5 L, Ao
BEEICEEICEETAZENMLN TS, TNETICHX T, 7o V4T v (Ang) 11
23 1B (AT1) SRR 7 v &0 LT iR infila 2 biciE < B 5 L, Bk L 7 & o hniks
P A EE R 2 2 & 2% LT X7 (Ageing Res Rev 8:113-121, 2009 ; Cardiovasc Res
76:506-516,2007), F 7=, Ang IT 2 AT1 ZRIKS 7 %) U CRREMSEEZ 9T 52 L b
4 U7~ (Hypertension 59:1079-1088, 2012; Int J Hypertens 2012:169649, 2012; Hypertension
54:782-787,2009; Hypertension 50:1099-1105, 2007), — /. k& # X UOIELS DL L OB
FREIZ LD | Ang 1T AT2 2T AT ZFEOIERICHTIT 2 2 L 720 TRh<RAD2=—7
RIERMZHT HZ LN o TE 7 (Am J Hypertens 29:727-736,2016; PLoS One
7:e48387, 2012; Hypertension 51:1339-1344, 2008; Hypertension 48:141-148, 2006), AT2 %%
REITRRINCRBEN KT 5 2 L0, EFRBETIIRANB LA TWHD OO, NI
FFRZE7 © O MR E 7o &, SFRANREBICB W CRINFOEMNT 5 Z Mo T
WD Z e, AT2 SRR X D E Mm% O EREER N FE I TWS, &I, FAzH
DOIFZERE R I 0 84k, FAEREICRB VT AT2 ZRIKRS 7T L OIEHAL DA 3 72 VB & £
DT ENIRE X7 (J Am Soc Hypertens 9:250-256, 2015; Am J Hypertens 27:1036-1044, 2014;
Eur J Pharmacol 724:9-15,2014; Geriatr Gerontol Int 13:13-18,2013; J Cereb Blood Flow
Metab 32:248-255, 2012; Int J Hypertens 2012:169649, 2012;Hypertension 51:1339-1344, 2008;
Hypertension 48:141-148, 2006) .
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In vitro :

(1)

10 AR O ENEEF AR C5TBL/6] (WT) ~ w7 A DK X 0 A& -8 ffiie  (BVSMC) oI
Big,

(2) BHTI FvH—F (SA-B-gal) Yt : AB (AB1-40) DI T Ang 11 (2 X 5 BVSMC
EALDOEA % SA- B —gal Yetaiklo L 0 FHll L7z, MifaidsE Bl s A&z, 8 |
i E CoEE IR Z1T - 72,

(3) Dihydroethidium (DHE) Yufh : E{b A ~ L 2D BIEM:IE dihydroethidium 128 % A —
IR—=F %L T = A OFEAIZ 0 FG L7,

(4) vxRZr7umy b AifaESEEAEF (p53, p21, p—Rb), p-ERK, p-IxB, p-IKKa/p
ORBUTV T AKX T ay MEIZTHE L,

(5) Ny 7=27—PEHT vEA  NF«B OIEHEIINLNY 7 =5 —VBIEET v A2 L 0
fili L7z,

In vivo :

(1) @i 10~12 W OREMEEF A= C57BL/6] (WT) ~ w7 A R ONILAE S48 5 A e s S 12 AT
ZARRIBREEBL~ 7 A (SMAT2) 2 FW\ e,

(2) ABEEAPF—EMES m%m<mzﬁm>%7wva@¢% AB (AB1-40) D 5.1%
747D/J//T/7TH§W TS Uz, — P4 i 1 i 3 T s SE i IR B ZE 1l
(BCCAO) IC L DFFE L7z, AB—EMET /L~ ZADOVERILE AR 1-40 Z RPN H
5L\15&%%0%%%Ltoﬁw@@@%%%l5 SR OPAEE MR L, ME
Iz Al S w7,

(3)  FY AKKEEABR AR 1-40 M= 3 R4 ICF V) A KKIEERERIC T 2238 A RE
L

(4) L—¥—Fvy7T7—E: MK EOZEb 2 HIE LIz,

(5) Dihydroethidium (DHE) ¥:fh : MEEEE(L A b L A DI DHE IZ XKD A —_—FF
R7 =4 OEAIC LY FM LT,

(6) NADPH A& v & —EBIEMET v &A1  BB{EA N L AIZDOWT, 5 NADPH 4% 2 4 —E D
EEIINLVI Ry B AT vEAIZ LV EHME LT,

(7) Real-time RT-PCR : #%JEK . NADPH A% & — ﬁﬁsz/b\7ﬁb—vxﬁ%\
AB FT U AR—H—DFEHIL Real-time RT-PCRIZTH~7-,

(8) wx=RZrTuwvy bk MNABL-40 DL~ ?iX&/7D/F& T T,

(9) Hematoxylin—eosin (HE)J:th : MR ARG ORESE|Z HE ik i@%ﬁbto

4. WRTER R o Eg =

R i - nl'ln“i il

In vitro : i SRR

Jib4 11 - A R A A B C
IEPEEED AB1-40 & Ang 1T 23
FH TR B9\ R4 I A N2 9 R i oD
EERELEZZENEDL
NTe TDRA T =R LIZHONT
1% p—ERK-pl6-pRb > 7/ F/Li&
LA ML ADH K,
NF-«B/1kB 1% % D g 58 75 B 5-
LTWAI ENRTRBEINT
(Figure 1),

In vivo .
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Figure 3. Effect of BCCAO with/without AP1-40 on oxidative stress markers. (A) Superoxide anion
production in the hippocampus 8 days after injection determined by DHE staining. Representative photographs in
each group were from the same location in the DG area. Magnification X200. Scale bar = 250 um. n=6 for each
group in WT and smAT2, respectively. (B) NADPH oxidase activity in the hippocampus 4 days after injection

by assay. of NADPH oxidase subunits (C) and superoxide dismutase (SOD)
(D) in the hippocampus 3 weeks after injection were determined by real-time RT-PCR. n=9 for each group in WT:
=6 for each group in smAT2. *P<0.05, P<0.01vs. PBS, BCCAO (-), respectively.
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Figure 4. Effect of BCCAO with/without AB1-40 on inflammatory markers. nRNA ions of infl di

in the hippocampus 3 weeks after injection were determined by real-time RT-PCR in WT and smAT2 mice. *P<0.05, 'P<0.01
vs. PBS, BCCAO (-), respectively. n=9 for each group in WT: n=6 for each group in smAT2.
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3 weeks after injection was examined by Western blot analysis. Representative photographs arc shown from

different experiments. The bands of each group are shown from 3 different mice, respectively. The mean

cell densitometric measurements of the bands were normalized by B-actin, and the data were expressed as fold

eciively. (B) Expressions of change relative to the value of PBS, BCCAO (-) group. *P<0.05, TP<0.01 vs. PBS, BCCAO (), respectively
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