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Increase of Apoptosis Signal-Regulating Kinase 1 and Inhibitory Effect of Askl Targeted
Small Interfering RNA on Infarction after Ischemia/Reperfusion in Mice

Hyun-Woo Kim, BS, Kyoung-Joo Cho, MS, Hyun-Jeong Kim, MS,
Yang-Je Cho, MD, Byung-In Lee, MD and Gyung Whan Kim, MD, PhD
Stroke and Neurocritical Care Section, Department of Neurology, Yonsei University College of Medicine, Seoul, Korea

Background: Oxidative signal transduction has been crucial for the ischemic neuronal cell death. Apoptosis signal—regulating kinase 1
(Ask1), mitogen—activated protein MAP kinase kinase kinase 5, activated by oxidative stress which induces apoptotic signal pathway.
We investigated the expression of Ask1 after ischemia/reperfusion. And siRNA targeting Ask1 could efficiently attenuate the cerebral in-
farction volume. Methods: Adult male ICR mice were subjected to middle cerebral artery occlusion (MCAQ) for 60 minutes followed by
reperfusion. The expression and mRNA of Ask1 were evaluated by Western blot, RT—PCR and immunohistochemistry at various time
points after reperfusion. Ask1 and cell death were also investigated by Western blot analysis, immunohistochemistry and TUNEL assay
to evaluate the effect of Ask1 on cerebral infarction by treatment with siRNA targeting Ask1. Results: The expression of Ask1 was in-
creased as early as 1 hour after ischemia/reperfusion and continued to 24 hours in ischemic brain compared to nonischemic brain.
Double immunofluorescent staining demonstrated that Ask1 expression was colocalized in DNA damaged cells after ischemia/reper-
fusion. After treatment of Ask1—siRNA, down—regulation was confirmed by that the level of mMRNA and protein of Ask1 was decreased
and subsequently led to reduce cerebral infarction volume. Conclusion: Our results suggest the increased Askl1 expression induce
apoptotic DNA damage after ischemia/reperfusion. And also we demonstrated that Ask1—siRNA attenuates upregulation of Askl,
which was followed by the reduction of infarction volume in ischemic brain after ischemia/reperfusion. Ask1—siRNA could represent a

molecular target for prevention of ischemic stroke.
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ke AT ROS) & HEFTS 2383 oY 34174
Al Agko A HeBA o7 o3k 9ES ahy 4 E3] 3k
3} 50]2(0, 1) o] MIEAMapoptosis) AT HLAAE
ol i e e gt Fas s ke Ao
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nEA A o 7oA (Mitogen—activated protein
kinase: MAPK) 4153 (cascade) > &9 ROSE} #12)
A 50 8 AEHAY AARIARSL L vheka gt
=oll oal] D/dstelm, AlaEtstel A%, AFE Foll #ofst
Aoz d#HA ek MAPK cascade™ A 7}«] whl
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KK), MAP kinase kinase MAPKK), 18]32 MAP kinase
(MAPK) & 39th* 2249 ©A1?l MAPKKKS} 57F
A9l MAPKK, 781 #sk9] w9l MAPKE <2414
o Wiy dA3lEn, MAPKKS MAPK: 274 <4
S5 AEE Foll Gt Jow & duEA Sl
U® MAPK cascade?] AlHdole} & 4= 9l MAPKKK
59 &3} 71 oA WEkslA| otk Al57HA Raf, ME-
KKs, TAK1, MTK1, MLK, 12|31 Apoptosis signal—re-
gulating kinase 1(Askl)el o]|Z717F4] Ao 719 MAP-
KKKEo] #as9lom® 247 M2 b A=) Hhgst

o] N2 UE 7|de el 2A3tEe Jlo® dA vk

the 3d Fo AFZAPE M MAPK pathway 7} ¥eigt
The 5L o8] 9Iglon! MAPK signaling®] 4
9 Al 2 deA QA ek

Askl-> MAPKKK®] spubz ofe] Aol 3191l
Ask= 170 kDE] W o7 o]8] Wy - M| Etske} A|3EaL
Aol 9le] FFAQ Roz AR o= Asklo] o
2 SR AEAA AXEIANE FEdte AoE HuHg)
P Askl & AEHA AbstolA &A3kEo] MAPK cas-
cades?! SEK1-JNK (c—Jun NH2-terminal kinase) 4!
T 29 MAPKK3/MAPKK6-p38 A4 25 Fa Al
TIAE FEaH Askl S HEE B AN
Az 2245 S8l Askls 2gtehe B2 A5
oxidative stress,"*" TNF— @ (tumor necrosis factor—
@), lipopolysaccharide”® TRAF24Y TRAF6$} 2
& activators 714 AsklS @A3letd, olzs @43}
9] 24& oY HREAM FF5H 02 Askl—Trx(thiore-
doxin) systemol 9J&f o]Fo]ZIt}0 o] glo|%= Asklo]
angiotensin II type 1 receptorel] 2&)|x] &4t Ay
Daxx%E %3l Fas signalingel] #oisith= Zlo] By o]
Itk o9} 7ko] Ask1/SEK1/INK cascade?} o)+ &3
N AEIARE FEHAE, ofd L Uiy 53, 53] A3
A =4 38 93] F5%+= MAPK cascade?] A3
SAAY Ask19] SA7IA QR R, AlZAROIY &
o

]

=

AEAE Glofel Sake A A Bl

oy 387 AAE Askle] E/dste] disiA= Zhang &
o] FE Adly #d mdox ] Askl B RS
‘1‘3’}0]]—/}:24,25

AT e A A gl HE BloA] Al
APl FJEhs Askl9] W RS FAFSRAL, oFgE
AR ARA)S FALSIGITE Begh Askl 32] small
interfered RNA(siRNA) & o]&ste] ty] 3d A5
EHoZA Askld G844 Yopd A}l 3t
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Assessment and Accreditation of Laboratory Animal
Care (AAALAC) 9] 5l& ¥ AAtgta o#oist 2
FFe=993]9] ARE Frakdith 74 ICR »H-A(Ins-
titute of Cancer Research(USA), 371€%, 35~40 g
(Orient, Gyeonggi—do, South Korea) & U4Jd& E3x}
£ o] &3l $AHOoRE T E S A (middle cerebral
artery occlusion: MCAQ) $ro. 24 d3d =4 e 3
g 7dS ALt ¢hd vpAAE AMEY] 2% iso-
flurane®} 7 A4} A4 E71A(70%/30%) = v
25 wEAIZ AL, Al heating pad 9 lampE 37+
05CE A8tk 5475 Alet] dAdshs &
A7 % AAYE 2 FoA ¥ 11.0 mm Zo]2] 5-0
a8 UdE B3 H(Ethicon, Edinburg, UK) & 9173%
s 3l WA sHmo® st Fids dRE Ak
stlom, 1AIRE o] YUEE& AASt dR/E 3 E5AA
o ey SoEEee] I Ad W 95 35S 3l
3] 98l Laser Doppler Flowmeter (Transonic Sys-
tems, Inc., Ithaca, NY, USA) & o|&3t] 75 Z743}
Stt(n=5).

Ask1 EX siRNA HIZt L Eo{uiH

Askl9] ¥S 83 mRNAE AIEY] S8 si-
RNAE #2a+3 et (Ambion, TX, USA, sense, GCUCG-
UAAUUUAUACACUGtt; antisense, CAGUGUAUAA-
AUUACGAGCtt; conc, 5 #M). siRNA+= SiPORT Neo-
FX(Ambion, TX, USA) ¢} osmotic pump(Alzet, USA)
& ARgste] 3l A 100 pLE Al F51aklth(me-
diolateral=1.0 mm; anteroposterior=0.2 mm; dorso-

ventral=3.1 mm).

Ask1 HZ siRNA x{2] 2! Semiquantitative reverse trans-
cription polymerase chain reaction(RT-PCR)S O|2st &t
o= =3

Ask19] ¥dS 83 mRNA AAIE 98 5 M2
SsiRNAE middle cerebral artery occlusion(MCAO) S
AlEsl7] A 3del AH HAWE FYATH2 1L, me-
diolateral=1.0 mm; anteroposterior=0.2 mm; dorso-
ventral=3.1 mm). AT siRNAE FU(n=9) 3} tf

Z72 vehicle (579, n=9)& FYaH3ith T8k siRNA



A ¥ Askl®] mRNA ZAEE S435p7] 918 RT-
PCR& F8sqlth

¥ ZZAo| A A RNAE guanidine isothiocyanate, phe-
nol, chloroform && o]&3dte] F&st & cDNAE 34
&1l o]5 FH o7 PCRS 53k th Asklol thdt pri-
mer+ NCBI(National Center for Biotechnology Infor-
mation) ] nucleotide database®l*] #|& %= cDNA se-
quences §-83to] A5t primer, 5 -TGC TCA
CAG CGA TGC CAA AG-3’; reverse, 5’ —GAA GCT
ACT GCA GGA GGG TA-3’). Semiquantitative PCR
£ 30 cycles(94C for 30 sec, 60C for 1 min, 72C for
1 min) E 33}o] 1% agarose gelell A719%E3s}1 ethi-
dium bromide® 9A3}o] Askl+ 949 bp, GAPDHE=
285 bpolA bandE &SI GAEAEZE 73 (TINA)

= o]&3fo] Uk Agk &, GAPDHS} vlasto] Askl
o] ARl Al

g 24
Fe
in situ IS 20|12 ZHE 2l XMaF

e Fof WAt HAFEE FolR gle flEl Absh
hydroethidine (HEt) A&HE AFE3AtE. HEt (Molecu-
lar Probes) & dimethylsulfoxide (ODMSO) ¢l 100 mg/mL
2 gaA7]aL o] §& PBSE 1:100 Hl&R 3XAR
t} ICR wF9-AE isoflurane 2. & "} A1 3 200 pL
HEtS Feta 1AIRE A3 Fof 3APAZT A

& &dll 10 U/mL satado] H7be Aelada9} 3.7%
IEds|tR "’]"IT T 45 AEsIrh 16417 FRF 4T
oA 317 AIZ1 & vibratomeS ARESF 30 pme F
Az AA-g Witk {324 Aol #ulE A Edlol=
o 2231 ¥%&n 7 (Olympus, Tokyo, Japan) & Ex=
495 nm, Em=595 nmellA #8131t 3 ¢ 4lel= Ho-
echst 33258 (Molecular Probes) & A3t} & 1]
WE Sl 3 9] 9 24 g2 9l A4S T
atolom, dakshe 4] 273 (MetaMorpho Imaging,
version 5.0; Molecular devices, Downington, PA, USA)

BAF A,

Xﬂ uﬂ

Western blot detection of Aski
Z2A2 50 mM HEPES(pH 7.4), 150 mM NaCl, 12
mM b—glycerophosphate, 3 mM dithiolthreitol(DTT),

2 mM sodium orthovanadate, 1 mM EGTA, 1 mM NaF,

1 mM phenylmethylsulfonyl fluoride, 1% Triton X—
100 ¥ Z+2ZF 5 mg/mL2] leupeptin, pepstatin A9} apro-
tinin (Sigma, St Louis, MO, USA) o] Hd7}g 2p7}e- @43}
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FgelA] FATAIAE #AT
1 208 Fok 93 weld 5 A
FEL BARAL. FAP W)

%245 15,000%g
ol 23 chiz s
| | 2x
sample ¥=N (125 mM Tris—HCl, 2% SDS, 10% gly-
cerin, 1 mM DTT, 28] 0.002% bromophenol blue,
pH 6.9)& H7letal 521t Zck @ zdL 6% SDS—
polyacrylamide gel®l|lX 71953t &8t polyviny-
lidene fluoride (PVDF, Millipore, MA, USA) @oj o]=
Al A Bk 727l XA (rainbow marker)
9] o] Aol W AhAl Az S48t @A
o] o]FH T2 0.1% Tween 20°] ¥8rd TBS(50 mM
Tris—HCI, 140 mM NaCl, pH 7.3)Z F+ W A3} 0
H, o] & H|5olNkEE AAS] 918 5% skim milk7}
¥l TBSE Al&olA 1A1ZF <k blocking aFlth o
2} FAZE Ask1 (1 : 1,000, Cell Signaling technologies,
Beverly, MA, USA) ol tist &4 A& ARgste] A
o)A 1417 B HSAIAT 1 % 2HS 0.1% Tween

200] sh¥ TBSZ 1084 3¥ A&tk Horseradish
peroxidase (1 : 1,000 in TBS plus 5% skim milk) 7} A3+
H o]a} A= JhE-A1Z] U, chemiluminescence’s de-
tection system® ECL plus kit(Amersham Internatio-
nal, Buckinghamshire, England) &2 WA 7T},

2

01}J‘

S
=
510 3T
EU]—WL }\ge
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Zio

o] A7te 0.9% *E?J*—]‘?é‘—?ﬂr 3.7% IS =R BF
ANA 22 FEITHn=3, each). HE &3t 164]
7F Bt 3148 A713, AR w7kA] 30% sucrosedl]
Al Hx2 & Eefolofo] AeofA] ™ F cryostat
section# ]%—6]1 20 pm A2 I3 (coronal) EHS vt

St W xA3k8A A2 avidin—biotin WS e}
91‘3}.27 Xé%ie A2of| A 1A)7F B2t blocking 4171 th, o
2} A2 rabbit anti—Askl SFEEA &4 (1 : 100, Cell
Signaling technologies) & Wk & PBSZ A|#sta, Cy
3.18—conjugate (1 : 200, Jackson ImmunoResearch La-
boratories, West Grove, PA, USA) 22} A& A3}
oA 1417 Bt RESAJZ T

Ask12} DNA fragmentation O|SZIAH
Ask12] WHAAZA s Mo ALy JAHIEH O 7 A A&}
Qa1 FAS AAE & 50 pL terminal deoxynucleotidyl

transferase—mediated uridine 5’ —triphosphate biotin
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nick—end labeling (TUNEL)
xynucleotidyl transferase and fluorescein—dUTP; Ro-
che Diagnostics GmbH, Penzberg, Germany) °.=2 37T
9] eAeA 143 F2F HEG-AIZITE Vectashield (Vector
Laboratories, Burlingame, CA, USA)E EA|E A&
392 LSM 510 confocal laser scanning 7|73 (Carl
Zeiss) 0.7 #z F-A3IIr} Fluoresceins excitation
(Ex) =495 nm, emission(Em)=515 nmej4], Cy3.18<&
Ex=550 nm¥ Em=565 nmelx #2331, LSM510
confocal laser scanning @v|73 (Carl Zeiss, Thornwood,
NY, USA)& AH&sto] w-siqith

Hk-2- &3l (terminal deo-

HEM 37| £H

5 (Vehicle) 9973 siRNA FoJ 02 o] H]
WaFTE FAUEHAE § 2447 v AE SAA
A HE AE55 A&3 H= brain matrixE ©]g-3}
o 455 FH 1 mm AR 22} I3 dusksiict, 7t
Z}9] 2% 2,3,5—triphenyltetrazolium chloride
(TTC) ol &7} 37Tl 15%3F wjeksto] ¢ ala}e] om
Bk 2 E o]g38ke] 1200 dpiz 703tk

b= Rel
Ane

SAHEH 2

HloJE 52 mean+SDE ¥ o8] At &
A vy v EFEHA ) Kruskal-Wallis testS AHE-
stgom, 7 Ak k) Apol= t—testE 3l AAIFC

™ (StatView; SAS Institute Inc, Cary, NC, USA), P<0.05

= P.001E 7o R SAIA froide Assialth
2 o

mean*SD, n=5).

Willst= Tpikst 20122 gl

A =4 tiH §E F= F ROS7F Askl
= 7= As gRlstr] S8l FAkEE Fol<F in
situ oxidised hydroethidine (HEt, red) & A&ske] &<l
slon, & tlxgMo R Hoechst(blue) S A&t
(Fig. 1A). HEt9] #2442 F3=E d=Fsato] 18
Z7 78 A4 FA4e Rlskitk(Fig. 1B) (optical
density (O.D.): Normal control, 2,150.8£2,145.1; I/R
1h, 372,037.2+135,413.8; mean+SD, n=5, #P<0.001).
A =4 Oy 58 F2 T 1AL 22404 Akst
HEt7} @A) 57k wbd (Fig. 1, UR 1h), tiZ29] 44
ZA o8] Akgl HEt= A9] 7k esheh(Fig. 1, Nor-

mal control).

SIE RE = AlZiol [HE Askl 2 A4

5 9 AAF o] F A oA, Askle] AlZtel] whE
3 W3S EeIsH7] $8ke Western blot analysisE
A3alith Western blot analysisE %8 YRt Askl
9] W& 155 kDa wAbgellA =l om (Fig. 2A), Al
T 1A 24203714 ARIA o' S7HAE Bl
t+(Nor., Normal control; O.D.: Nor., 100£0; 1 h, 168.9
1£75.3;2h, 206.9+42.8; 4 h, 274.0+94.8; 24 h 388.8
+114.2 mean*SD, n=5, *P<0.05) (Fig. 2B).

SiRNA X[l 25t Ask1 WSIAR| L MZ AL, LM ZtA

SiRNAE A E0]7¢l mRNAE ®allsh= 7152 7}
AE 2 Asklol gt siRNAS A3k Fof o7 244]
7+ & siRNA 2] vehicle A2 (Fig. 3) o4 Wes-
tern blot analysis$} RT—PCR, A ZA3}s+d S =3
Askl19] W&zt AETARES v Wk}

ANA5 2427 3 RT-PCR (Fig. 3A—a) ¥} Western
blot analysis (Fig. 3A—b) oA Askl9] w&lo] 74
315 gRelgk = QI2lth(Fig. 3A). siRNA Xgldelld= Askl

Normal
control

I/R 1h

*%

500,000

400,000

FIGURE 1. In situ detection of su-
peroxide anion. A: Perinuclear-oxi-
dized hydroethidine signals (red) as
a production of O, " were detected
as early as 1 hour after ischemia/re-
T perfusion. B: Pannel shows quanti-
Normal  I/R1h fied values of hydroethidine signals.
control **P<0.001. Scale bars=20 um.

300,000

200,000

Relative optical density

100,000

0
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Nor. 1 2 4 24 (h)

Askl - i — G
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T
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o 200+
=
8
L 100
0 T T T T T
Nor. 1h 2h 4h 24h

B Time

FIGURE 2. Western blot analysis for Ask1. A: Expression of Askl
was increased 1 hour and sustained up to 24 hours after ischemia/
reperfusion. B: The expressions of Askl were presented by quan-
titative graphs. *P<0.05. Nor.: normal control.

9] mRNA%©] vehicle &l vla dA3] FAas o
m(0.D.: veh, 100£0; siRNA, 11.1+15.2; mean=SD,
n=5, #P<0.001) (Fig. 3A—a), Western blot analysis®ll
ME siRNA Aol &3l Ask1e] A wedo] 7HAakgl
& 2H1EAtHO.D.: veh, 100+0; siRNA, 35.7+19.5;
meantSD, n=5, #xP<0.001) (Fig. 3A—b). T3t siRNA
2] o Al3st Askl (red) 3 TUNEL (green) ©153%
G| = Askl &I TUNEL HHgo] Y A EoA
dojd #int o2}, siRNA Aglel 9Jall Askl @z} TU-
NEL Hhg-o] B% 7hashs 8915191 ch(Fig. 3B). Askl9]
BEolAL AR Hdel g ¥ £ HEsheA &
dsb7] flste], TTC GAs FaliA 7 1] Wwie A
B3t A3} siRNA A 2]70] vehicles *2]3t +H.
g A7 AghEs ElE M‘ii“%(\/ehlcle
96.7+42.5 mm” siRNA, 25.3+17.2 mm® mean+SD,
n=>5, #P<0.05) (Fig. 4).

|
2

AT mRe2elA A3 =4t §E o] % Askl
9] Wglo] L3 METIAL dojdE BT (Fig. 2,
ek Askl e @3S 2d3sH= mRNAE silencingst
small interference RNA (siRNA) & ©]4-3}o Askl?]

A% gAlstgon AEIALE AR 93N Tk

e e ej

I/R 24h I/R24h
SiRNA veh siRNA
- _ - h
o = e - -
*%*
> >
2 100 5 100
c c
9] 9]
kel 80 kel 80
g g
-§- 60 -§- 60 T
o 40 o 40
2 2
g 20 [ 8 20
& 0 ’—L & 0
T T T
A veh SiRNA veh SiRNA
Askl TUNEL Merge
- . -
<
<
N E—
o
>
: . !
‘

FIGURE 3. Effects of Askl targeted siRNA. Semiquantitative RT-
PCR for Ask1 mRNA (Aa) and western blot assay for Askl protein
(Ab) was performed 24 hours after ischemia/reperfusion in siRNA-
treated or vehicle-treated mice. The gene and protein expressions
of Askl were presented by quantitative graphs. **P<0.001 (A,
lower panel). B: In siRNA-treated mice, Askl expression was low
and no TUNEL positive cells were detected 24 hours after ische-
mia/reperfusion; however, an over lap between Askl and TUNEL
staining was detected 24 hours after ischemia/reperfusion in ve-
hicle treated-mice. Scale bars=10 um.

AFAH(Fig. 3, 4).

ol Aol dad =4t e sl Lolif=

AIEIAL B el Askle] b o 9 SAs7E Hofdhe
w5 99l oM (Fig. 2, 3), ©] & Ay Askl (—/-)
embryonic fibroblastollA] AMIEALe] oA 1 ok o)
A AsklS FEFEA7IH HyOoL} TNF— @ of HH-5-319] Al
%0 A+A3 9 in vitroold AsklS
Z4 allele® 225 Al Eo M AEuA} F718ch= 4
P 0l RE HpEAka] 2447 Yol Askl 2do] Huj
7 Z7F= invivo AdAR s At

T3k HE Ao S mdloA def st Askl] &
Aol Z7HtRs RauttP ol g B dAoM= Askl
o] vy ko] 5d & Agto] Al whet Frlek=
AE B3tH(Fig. 2). & AT A Askl TARES

ZIAE
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160 *
—
140
T 120 w
E 100
Q
£ 0
. FIGURE 4. The comparison of in-
3 farct volume between vehicle- or si-
£ 40 RNA-treated mice. A: Scanned rep-
204 ’J_‘ resentative images of an entire TTC
stained in ischemic injured brain
0 sections. The infarcted areas remain
Vehicle SRNA Vehicle SRNA unstained (white). B: The graph re-
A R24h B /R 24 h presents quantified infarct volume
in two groups. *P<0.05.
S7PF Askl9] 298E fwsta, @43k Asklo] is- oA FAES &g 4= ISith(Fig. 3B). siRNA Hzd|
chemic neuronal cell deathoﬂ ST AUE drh= Zle 93 Askle] HE A A, siRNA AZtellA] Askle]
AAEL Itk (Fig. 3B). B3k Askl9] #HAS aletelr] § w49l 19 whE DNA fragmentation®] &A% 310

3l Askl ¥2Z siRNAE A=k 24, apoptotic cell death
7b oA FAaEtglom o= & 79 THdE ARk
st} (Fig. 3).

o8] tfy] 38 A ROS7F F718ke] AL IAME
R ARLS 2 g4 glom M sEE ROSE
Asklo]l 43 diy 5E o]F A stE = Aol o
SoE Y @A) 74 w7l ROSel 98 Askl<] &43714
2 resting state°ll4] Askl<- homo—oligomerE ©]F11
o379 ¥ thioredoxin(Trx) 7} €0+ 284 A

2 EA7E ROSel &8l Trx7F Atek= ¥ Askl oligo-
merolA Bojx Yo ZM Askl oligomer?] T34 W3k
£ d9o7A, Thr845 residue? autophosphorylations &
& @3t AR sut Askl 9] @ g 9 o
o] zAof| A= AL & vt gtk E2F family &
3luel E2F12 %43} apoptosis 7+ fail—
safe homeostasis®] 9&S s}, < E2F190 23] Askl
9] transcription®] Z7}EH, o] E2F19] MAPK path-
way s ZAsEAY S71e Asklo] ©A] E2F19 activity
£ Z7}A]7]+= positive feedback?] 98He & Fojghk= o
TAFE0] BuFHQTEP o] Ask19) wE tel W
3}7} o12] apoptosis pathway 3+e] wi7§} ek & 7}
$3& A AoE, & AollA B3t cerebral is-
chemia 2%9] Askl ¥& Z7P7H(Fig. 2) 7] 4#xl
Ask1/SEK/INK pathway 2] &A% ohz} t}h2 apopto-
sis pathway, 3] E2F1 signaling®] #o]& 75l o
A F5 A7 K E]ojof & Aol

2 AT d3e Askl HE AIF o]F FE $ 2443
A A|EH 07 ZF71ekel o (Fig. 2), Askl® TUNEL

oFHFFA AN F Bl Y 2447k Fof 2 AL

cell cycle
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 (Fig. 3) A2 WHA77} A4 (Fig. 4) ARA
aE Bt olejeh A7 A= felA Audt Asklo]
ARl AE 2| o8t A|lZaAlel] Meld oz st
T Rusd g s

AEAOR B AFeM s A F4 iy FelA
ROSe| 9% Aks}2 A~Eg A7 MAPKKK®! Askl v
S frEstgion, ojel wet AxyuAbrt o

o

Aol 27

FS Slskgleh m3 Askl @A Fo] Fotsta, 1
o]l *ﬂju‘M dofstor, Asklel mRNAE A8t
= SiRNAE Foshd Askle] @&o] AA|em, AE1
Ab gl R0 S Bl o i g e
A g ROSSE Ask19] 2@l gl digt #3i4<l

kA 2 &ﬂoﬂ et A AGAA ] wAYZ i3]
e & A77F ot Aol A H
ROS¢] 94?& WA ZA 9] Asklol thst A7}
= O o]FolXintd % HAAS v o] 34*173 |
g2 olsfsty A mak=t Aol &8 TSt

o] & Zlo|t}.
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