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The amyloid B peptide (AP) has been linked to both neuronal and vascular degeneration in
Alzheimer’s disease (AD). Amyloid deposition in cerebral vessels (cerebral amyloid angiopathy,
CAA) is also a major cause of hemorrhagic and ischemic stroke in the elderly with or without AD.
Recent studies have found that cerebral endothelial cells (CECs) exposed to A3 die with features
suggestive of apoptosis. However, the molecular mechanism through which A exerts its
apoptotic effect remains to be elucidated. Here, we investigated the molecular mechanisms
underlying AB-induced cell death in cerebral endothelial cells.

Using MTT assay, we show here that A3 decreased cell viability in a dose-dependent manner.
Selective p38 MAPK inhibitor, SB203580, and JNK inhibitor SP600125 blocked A-induced cell
cycle accumulation on the sub-G1 phase as determined by flowcytometry. This indicated that
activation of p38 MAPK and JNK might be critical in AB-induced cell death. Moreover,
A treatment significantly resulted in the activation of p38 mitogen-activated protein kinase
(MAPK), c-Jun N-terminal kinase (JNK) in apoptosing cells. An important role for apoptosis
signal-regulating kinase 1 (ASK1) in A3 apoptotic effect was also demonstrated by ASK1 kinase
activity assay using MBP as substrate. We showed the ASK1 kinase activity was transient
increased upon A treatment and then declined to basal level after 1 hour. The increased ASK1
activity was correlated with the decrease of Akt activity which play an inhibitory role in ASK1
regulation. In the other hand, p53 might lay downstream of ASK1 signaling pathway since cells
transfected with dominant-negative ASK1 (dn-ASK1) significantly diminished AB-induced p53
phosphorylation at Serl5 and AP-increased p53 protein level. We also found that the
upregulation of p53-target gene, Bax was suppressed by dn-ASKI1 in Ap-treated cells.
However, activation of ASK1 has been reported might occur upstream of p38MAPK signaling
pathway leading to cell apoptosis. Taken together, these findings suggest that A3 might induce

cell apoptosis through ASK1/p38MAPK/p53/Bax signaling cascade.
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G m’s? il /)E‘@m,\ % 18 enm *z (postmitotic cell) P 2 R & L Jf APFF 2 2 Bt
Sl A § G A i if#é» ¢ il gk B(Nijhawan e al., 2000)0 ¥ e k= e 2
TR RS ﬁ"?? g P e A g A RE R Y b % (Arends et al, 1991
Thompson €t al., 1995) * frim® @ HF p1l i § w2 7 8= L2 g5l LR 5 2 3= dhiw
LD B e el 7 2R5 L eh B (7% (Kerr et al., 1972; Taylor et al., 2003 ) ‘w7z &
S X ERARR w2 R e [Tl D e [ M e k% s DNA R
U7 7 g 4 3 fmee W g JTen A F 7 Phosphotidylserine b §8 % ‘e 3¢ % R % (Fadok et al.,
1992; Jacobson €t al., 1997; Nagata et al., 1997) o iz d* A fg e i* 2L &8 FE 7w p Rk -= pF > FiE

it caspase (cysteine aspartate-specific protease)m i&— % *7 Z|n%e p X FHTIR o fmfe k- B FTE T

RIP~dstimre g 2 b en Lo B2 5 & 7= BT Imara #x(Musci et al., 1997)
hrf Flagenimie ? o B L] e BE T e AT LS F LA RO A RT A
SRR A L R E T kg S e kS o - A e &g a5 = X 8 AT 51 AR ek JT (death

receptor-mediated pathway); ¥ — & B 2 d ’—UF AT 8- 4 eh 7 2 B S (mitochondria-mediated
pathway) °
B gt

Ed RMERwE P RF- TG EF LALINF X R3%> H 9 & 35 Faso Fas - 8¢
g X FHE R me T R o f Fas R WME H L (ligand)F & 12 0 € %
v ek i 0 5142 FADD % procaspase 8 <h® & » i¢ {7 procaspase 8 i p S B (S > B LT
M e caspase 8 0 £ iE— =14 caspase 3 2 Bid > £ {8 i = w5 < (Ashkenazi et al., 1998
Budihardjo et al., 1999) -
2. BB R

B AR ehEL T X & % caspase-dependent % caspase-independent =3 4 8 VERL fT
(1) Caspase-dependent 3t £, @ £ T ©

Cytochrome ¢ /& ~ &_% A&t a‘iiﬂf]{%ﬁ' P eb sz [ (intermembrane space) 0 & @ < @ ifddans (> 2
- o F iR T A P ?]?Fi’;fjl*ﬁ"‘i? ehidr £ g3 2R ""F*‘”m Ui AT R WS PR A o gt
cytochrome ¢ ¢ At % F ¢ » ¥ {5 /B 1Y caspase 9 i B4 F]+ (Huetal, 1999) - @ 223w
*¢ B e cytochome ¢ € £ dATP — A= & 3] Apaf-1 + » ¥ 4% 5 E & F crcaspase /& (L 45 &£ 4 & B
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& 4= ¢ .51 pro-caspase 9 7} = apoptosome (Newmeyer €t al., 2003; Tsujimoto et al., 2003) » @
apoptosome & i A 4 cficaspase 9 € 44 75 1 caspase3 2 7 2 (S f — &1 caspase2 > 60 8 2 10
(Acehan et al., 2002 ; Slee et al., 1999 Zou et al.,1999)° & im® ¥ = P> 540 "f -2z ) cytochrome
z_ ¢k > 4 ¢ 2241 Smac/DIABLO (second mitochondrial activator of caspase) % i caspase 7% it o
e dn P2 febt 3 &% 5 0 TAP (inhibitor of apoptosis proteins) ;ﬁ d BIR (baculovirus inhibitor repeat)
domain £ £ 3 iEteicaspase 3> 709 B & 0 TP HFrF| v P aE o — B wfe 22 Smac/DIABLO
FEo v g I gah e AVPT M A& B 7)) » £2 AP 9 BIR domain % & » @ £ caspase #t+ BIR domain »
F b ¥ PR TAP $r 4 caspase & 1 ehF i 0 A0 F U R - apoptosis (738 7 (Du et al., 2000; Verhagen
etal., 2000 ; Huang et al., 2001) -

(2) Caspase-independent 57t & @ yE g /T
apoptosome 7 it ificaspase 3 ¢ S5d F-v FfRITF @ @ (Fwre k- AR caspase 34 € U
d & (L Pip A R K 19 imvs DNA $77] & # %% | (Ha et al., 2003; Tibbetts et al., 2003) iz &_
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21751 caspase s B ML 15 & F & G 7 e eii4 Bh(Stefanis et al., 1997; Gray et al., 2001) ¢t ¢k 5 »
F AR dp RSB R 3 3 AIF (apoptosis-inducing factor) v 52 'w ¥ /¥ = i 42(Susin et al,
1999 Joza et al., 2001) = &4- & Rat-1 4 3 ' % L &7 staurosporine » 3 . AIF € d o ‘wPe = 5
e n Y o @ mre it = o AR e S R st caspase e & z-VAD-fimk o B2 #X caspase
S A ] o (e T E E prddere = ani®r > @ S AIF iofaa > B € Frd) e ¥ = eniF* (Braun
etal.,2001)c d p* ¥ 2L > & caspase iX F ARVE (L R T > H piE i AIF 4 ¥ i § R we g

T 3_ caspase-independent 7 f5 o

Apoptosis signal-regulating kinase 1 (ASK1) £2 apoptosis
ASK1 #_mitogen-activated protein (MAP) kinase kinase kinase 72% = f 2. — (Ichijo et al., 1997) -
T ¥ % v SEK1/INK 55 i@ £ g i7 (Ichijo et al., 1997 Hoeflich et al., 1999 Kanamoto et al., 2000
Tobiume et al., 2001) o f%¥ 3 ‘w?e gk % 35 5 /R 4 (5]4r : serum ¢ trophic factor 3 ‘# > TNF-a >
reactive oxygen species (ROS) » microtuble interfering agent > genotoxic stress # FasL)'y € i = ASK1
e it (Ichijo et al., 1997 Changetal, 1998 Gotoh etal., 1998) - &3 % fdwiz i & & RIFFE 1 h
ASK1 > B ¢ i8¢ P 4 % 5= » @ %4 dominant negative ASK1 > B ¢ p? &2 7 *# TNF-a > Fas % %
it B8 4 (oxidative stress) #7ig = ehim?e 5* = (Chang et al., 1998 ; Gotoh et al., 1998 Hoeflich et al.,
1999 Takeda et al., 2000 Morita et al., 2001) » T & 3 R & ASK™ MEF cell * +# ,"I'JF% |
endoplasmic reticulum (ER) stress #72% % ¢ INK /& it 2 fn% éh7 = > & & ASK”MEF cell B] % 2 p* -
B > - H H 3R w2 7= (Nishitoh et al., 2002) - & 51 » ASK1/INK/AP-1 #'m?% ch7= 37 € & 0
£d o BiTs FRAK T E w3 ASK] evEd » @ B 803 T3 o b4t 293 mre P
FH LG Akt 7 0 drd] HyO, 973 H ASKI eiE e m Frd] m e ens = o o P73 I 1293 fw P2 B
2 “,%i ,jf‘-m;]% BB o oA ASKL B 4 0 @ do % B4 IGF-1 # 17 PI3K-Akt pathway /& it i
T 5 Pl § fserine 83 - ASKI1 gEpL i > i@ Frd] ASKI dE k> # (7 wre 35T K(Kim et al,
2001) e Fpt o AP o K BFGP A we X5 ik (amyloid) 2_E € Frd] Akt (s i 7 ASKI
B e T iR - 3’9 FEmre = o g EAPET hERL - o
Bel-2 3@3: B i =
B ARES HUBALY > F 35 ehr < RO ATIEAMA K > ¥ 235 Bol2 7% o Bol2
TS | $%% 3 - 2]z i Bel-2 homology (BH) domain (4 & & BH 1-4) » Bel-2 7257 1% g ch
transmembrane tall #-Bel-2 Hl e pimiz posgE b o H P L @ dEk 288 b s (Krajewski et al., 1993)-Bcl-2
FIERFNEGHILBA S Z S0 F- AR Hiwe &= ch | (anti-apoptotic member) -
¢ 3+ Bcl-2, Belxi, Bel-w, Mcl-1 2 Bfl-1/Al - % = $g & & 5 $ R 7= 13 f (pro-apoptotic
member) > ¢ 35 Bax ~ Bak 2 Bok - % = #fR| 4 % & 3 BH3 domai 5~ F-v = E (pro-apoptotic
BH3-only protein) » # ¢ & 3£ Bad, Bid, Bim, Bik, Blk, Hrk 2 Noxa (Adams et al., 1998) - Bcl-2 #2% &h
XREF ok m B AT s 4 o W E e £ I IEchpE R 0 B F B R im 2 hd R blde
Bims ¢ $## 3 R 508 b @ dimre 2= 2 | eh Bel-2 (b]4e Bel-2 ~ Bely 2 Bax) % & @ sty
##-2z ) cytochrome ¢ ~ Smac ~ AIF %2 endonuclease G (endo G) » # ¥ /% i* T ¥5en = B s > @ HRw
*z 117+ = (Van et al., 2002) -
ik #> (amyloid) £ o i F B I
ﬁis,v:migﬁ LR —Fz }P‘;é@mﬁ'_\ﬁ T3 o 3F 7Pi’ﬁ%§‘?—" » PSR m —g x4 A g“zgf-gi it en
WAR A EBE M B Y Rl < BN A A% g 3 A & R F] o k4 (amyloid) <
AR ﬂ% TR E A DAY WOLF R L NI AP R B (Alzheimer's disease) b Pt
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Ao - fAgC] B EHE L B kR B (amyloid B, AB) 0 # 4 & E d Rk w0 5k - (amyloid precursor
protein » APP) 4 fZm = egpdzh & B (Glenner et al., 1984) X P m Gk ABEA &G B E ARG
ABiao? APBigp o APraol B F AR RDRE Y 0f ARl R E P EABREE E? Ul & &
i (Younkin et al., 1995) o .35+ F 4K £ 4p I 1P %73 B s 4 Mo ? AR+ Z o ff A & &L=t % 21
A M 4] APP e F1 A 4 R ¥ (Neve et al., 2000)c R % f& <7 APP € 1l B b b jupx %
(secretase) & it » Fld R AR+ 40 FU A ARy @ VT - HEGES LA BB S
AB4 ¥ »;,i‘ J o i@ 514 2 eni® it (Scheuner et al., 1996, Wisniewski et al., 1997) o & @& B

fi[?a ARgY X ATma & EG oA fERes %ﬁi&#ﬁg [3..‘:” HEF) 3 > AW acetylchohnesterase % perlecan
(Alvarezetal 1998)c % AP Al Ghmre b X Pt A AR T A Mg LU RBUESDART Uo7
X s o ¢ & 7 scavenger 2 RAGE < 48 - 7 48 £ 45 ! scavenger 2 RAGE < #81 & 7 &>

A 55‘.%}.%91’5'? » - f—_’fr'AB BLEVEREE lb.fﬂm % A F Bz enit* (Liuetal., 1997) o gt ¢ »
ABAEs VEREE AN SweaimB il > BRGNP ITF R ABLFE e A A
A S mre g AR (Drouet et al., 2000) -
AP B # K lmre ch =

P AR A Simre s A F A T AR o Pl F R &I e e N AT AR

SRR - F M F 2 EF oo e T ER Y 2 e mv{% ViR Y Vi
= fw ¥z 137+ = (Drouet €t al., 2000) o b4 fd= B3z % ol Lhmre P > AP € R Gwie p R
Ho & 3gmiv 5l wie A= hk-v > 4r Bax ~c-fos~c-jun~p53 ~Fas % (Estus et al., 1997, Parodis et al.,
1996) o .~ A f~dnre » AR € (5 d F 1t caspase 3 i# & e k= (Marin et al., 2000); @ &) v
Bl rginizengl G2 mre > AR B § 7% 14 Bax s S K ig = fm%e % = (Selznick et al., 2000) o d
FoAB vV Ed 7 B o R Ry Gweak- o
AP B2 %P A e (cerebral endothelial cells; CECs)

AP T SAR DNIRATPE R B IO R PR E RO S H FlF o @ R ITHRT T A F IR AR HT
& g P A e Fﬁfii’ﬁ a;- 14 (Thomas et al., 1996) » ® ¢ & 7 7 ¥ # p L fw? (CECs)
(Preston et al., 1998) o etk 5 A ABF ® > H ¥ AR 4L F A T RA AByas 5 AP P
Frokihen- B R4 R D A4 g e Bk B e % F iR A n%e (Yanker etal., 1990 ;
Harkany et al., 2000) - f2 £ AR i = < #gp L fwPe & Mimens 3 (8% B4 p 5% 58 53
Q)E%‘f‘ﬁ AR HTA A e A P EEF VA Fedl- § IV F A2 2 B e p AR R
3 B (Tomasetal., 1996 ; Suttonetal., 1997 ; Suoetal., 1997) ¢ @ Pz map FFE ¢ » X R
S om FPRR e 2 A p g B L et P o IR ABysas 2 APy € A B EES Bl A e
RAE-OCHRFILEEZED WAy it pd JRepgd 4 2 ET caspase 3°8 2 5 d 514 AP-1 k3 4c Bel-2
72%¢ Bim e+ £ £ m(Xuetal,2001; Yinetal., 2002) - & Bim ¢ i&- # #4 1 ﬂ‘iﬁﬁl%ﬁ Htm P W b
B e e g B A @ Smac =B P ARES AT #o ERRAgp Lme = (Yinetal,
2002) o # i ?;’Kﬁr‘riﬁ TR S e B PP A et o 3 R RFF A QA R e i d > ¥ b
B¥ A= - i e FplkE (blood-brain-barrier; BBB) k FEff £ 47 & » < %y (Gobbel et al., 1994). ie &_§
LR A e Pk s ARG P A2 P RS 150 § B CRHESH T Bk £ 4 REak AT
% { 4c B (Zhang et al., 2000) - et > AP T A i3 GHEER A mirinR = 0 @ o~ AR A
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it e AR Advimig & < fgp L lwre s 2 o HRmiins @] G B R IR o BT 3F
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< E AR iffigiilw.f‘:m’f’? 2xd Smac HR % P L wrz = (Xuetal, 2001; Yinetal., 2002) -
m oA A ) el P 4 IR ABT 0 Frd] Akt eiE 0 ¢ PI3K #r4 | wortmannin » € 3 %
BV L= > Ao Akt s A e P IR F 35 %S md d > v §_ARHH] Akt s

P2 s g RERAT g BRI F R i - R o Tt AP RER SRR S el
Akt 7 o @ ASKI g Phs 4e » X e @ MUEIGR A e = A ] o
B

I s % ) B p Aotk 24 E & DMEM 3§ 10% e9a2 i e %2 ¢ > 3 %8
B3 37°C 2 5% CO2 %Y » 58 - @2 LR L7 0w L R8TV {7 we
TEEBEREK 2 N kAP Pl ek o 30 MTT B3 Bl 3% o4, & > 8L
% Pl 2 Akt-p~ GAPDH -~ p38-p~JNK-p 2 Bax #-v % it o5 f &AMz 2 Fov jFpe s (2B 2 il
Z_ ASK1 gt - 6. dn-ASK1 # %9 5% 7. %3h= i #r F ikl ¢ 2 Lo E 4% £ (mean +
S.EM)# 7 > & 121 Analysis of Variance (ANOVA)fz & Dunnet’s test » $7 4 i & 2B 8% 5 ¥ L B o
p<0.054L 3% F #3t1 ahi & o
ey
TR PE LPeP A e 3 EF
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