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Ga R By . A AN 8 oA B TME

& 4c

*AA BB’E

AA ..siRNAs
BB ... Control group
CC ... Silver

(57) Abstract: The present invention relates to a pharmaceutical composition including a Peroxiredoxin II (Prx II) inhibitor, to a
method for inhibiting angiogenesis, and to a screening method for inhibiting angiogenesis by using Prx II. According to the
present invention, the expression of the Prx II gene or the Prx II protein can be inhibited by increasing oxidative inactivation of a
VEGF-induced receptor tyrosine kinase (RTK) and reducing VEGF signaling, and using same to screen a novel anti-angiogenesis
agent. Accordingly, the composition and method of the present invention can be used for the prevention or treatment of various
diseases, ailments, and conditions related to angiogenesis.
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Bowge HEAAEA [Pk 1D AAE Zoshe oA
& AAME, @ Prx 11 B ol&3 ABUY A

Su owe 32 gy WRTAZONO) L AT U8 AL V) %
olFlA flem 9T, G, AW HA T 2 oy A 2@
Wep E=44 Eddd. dE 5o, AW 2¥(lipid droplet), AWol

A9 AdiAE "2 A AEAE Z¥se oldEAd WA
%‘i}(plaque)/] 34 =2 Fde g E4E oplstd dATS
Q oz

1t (Mackman N., Triggers, targets and treatments for thrombosis.
Nature, 2008 Feb 21;451(7181): 914-918; Glass, C. K. and Witztum, J. L.
Atherosclerosis. the road ahead. Ce//. 2001 Feb 23:;104(4): 503-516).
o vobrl, EEE AASIY HAag g3 wAE S T4

7FEl Bl (balloon catheter)®] A4 o]&2 &4 WF e IH F9oA
} 2]

WMz o]l i 22 (denudation) S ERFgHCEH, oo uwla}, olF E A9
o] 4] ol w2t =2 L g H 3ol 2 kst o o 9
A3 (angioplastic) F97F AP Zolat Hal:= FAL Ea mgAdn
ek o Jjule] 38 &44E 9 g As5dA e Fad
Aol o}, g3 (vasculature)oll BoAdts Alagd dAEatAo] ¢lo]A],

PDGF/PDGFR-B %! VEGF/VEGFR-2(KDR/Flk-1 & 7= ) ARE 2tz
VSMCs 3! VECs 9 2], gt olF 2 AEE xdse a3 A4
Al2d g olth(0lsson, A. K., Dimberg, A., Kreuger, J., Claesson-Welsh,
L. VEGF receptor signalling - in control of vascular function. Nat Rev
Mol Cell Biol., 2006 May 7(5): 359-371; Heldin, C. H. and Westermark,

B. Mechanism of action and in vivo role of platelet-derived growth
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factor. FPhysiol Rev., 1999 Oct 79(4): 1283-316). VEGFR % PDGFR &
7 e Alxe HYIEEY M, H3E =dd 2 B 7y
Eode ztevs HdA #8844 gol2A YA (RTK) FHajde)e] e
ol (subclass)oll &gt} OELS Be UE2EY Ady olWlES
Tttt S4d T FdolAM PDGF/VEGE Alad™ge 4% 7+ =
WAz o] A g7 VMCs of AW F24 (neointimal hyperplasia)$
AAst7] sl daHo=z s,

FH 2o, ZHAEE(0"7) EL IAksl 42 (H00) e
T ROS)O FEA-wNE Az AdGHAAN ol AGARA
Egkslo] ol &eiAar Jdrk(Rhee, S. G., Cell signaling. 0., a
necessary evil for cell signaling. Scrence, 2006 Jun 30; 312(5782):

ﬂ

|

i
o

1882-3; Finkel, T. Oxidant signals and oxidative stress. Curr Opin
Cell Biol., 2003 Apr 15(2): 247-254). SUEAE, PDGF = &
FLATAZOSMONA ROS 9] AEd EALE fFxRsle 3 WA
g 2ol ok (Sundaresan, M., Yu, Z. X., Ferrans, V. J., lIrani, K. and
Finkel, T. Requirement for generation of H202 for platelet-derived
growth factor signal transduction. Scrence, 1995 Oct 13 270(5234):
296-299) . 2l et E ol &38ke ROS <
hO, o] EFES Qee HATh.  olF, F8A-vIAE ROS A4 © o)
GesEY  Aadd ojwimsle  Qd@id o we
Wi Eo]Z oo (Lander, H. M. An essential role for free radicals and
derived species 1n signal transduction. FASEB J., 1997 Feb 11(2): 118-
24), B A5olA gy golR=A EAIERA(PTP) 9 Abetd B4 st
Fed Aladd 71wl ofdel EAlste 71FY Ao® FZ 530 tH(Rhee,

S. G., Bae, Y. S., Lee, S. R., and Kwon, J. Hydrogen peroxide: a key
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messenger that modulates protein phosphorylation through cysteine
oxidation. Sc/ STKE., 2000 Oct 10 2000(53): PE1). 3k, ROS o 7]|%

A FA ¥ obyeh, VEGF/VEGFR-2 Al1d® AR 5{%5—10%
AT Roy, S., Khanna, S., and Sen, C. K. Redox regulation of the VEGF
signaling path and tissue vascularization: Hydrogen peroxide, the

common link between physical exercise and cutaneous wound healing.
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Free Radic Biol Med., 2008 Jan 15 44(2): 180-192; Abid, M. R., Spokes,
K. C., Shih, S. C., and Aird, W. C. NADPH oxidase activity selectively
modulates vascular endothelial growth factor signaling pathways. J
Brol Chem., 2007 Nov 30 282(48): 35373-85.; Colavitti, R., Pani, G.,
Bedogni, B., Anzevino, R., Borrello, S., Waltenberger, J., Galeotti, T.
Reactive oxygen species as downstream mediators of angiogenic
signaling by vascular endothelial growth factor receptor-2/KDR. J Bio/
Chem., 2002 Feb 1 277(5): 3101-8).  NADPH 4}3}& A7} % RTK(VEGFR 2
PDGFR) A1Z2¥€% ZZoA ROS-%A &AE  Al¢ts At (Ushio-Fukai, M.
VEGF signaling through NADPH oxidase-derived ROS. Antioxid Redox
Signal., 2007 Jun 9(6): 731-9; Bae, Y. S., Sung, J. Y., Kim, 0. S.,
Kim, Y. J., Hur, K. C., Kazlauskas, A., Rhee, S. G. Platelet-derived
growth factor—induced H(2)0(2) production requires the activation of
phosphatidylinositol 3-kinase. J Biol/ Chem., 2000 Apr 7 275(14):
10527-31).  SpA %k, VEGF Al2@gelA W4 ROS A At ROS 9 2%
712 Hmode) el thaiM = ojul gt AF = o] FojA U] g},

a7 HAitstE Fdas/Prx 4HgEYd ax I EHEe=
ER5F9Y 2-cys HEAHSA(2-cysPrx) 2289 W EL RS E %
dALR FUAZIE N2 FeHo 253y gioln. AdE Eo,

ledsi 9 Hedmsa #¥9arz FAY AA-FE(electron-
conveying) A8 Fa NADPH ZHE fFeigh AAE ol &kl H0 &
B2 A (Rhee, S. G., Kang, S. W., Jeong, W., Chang, T. S.,
Yang, K. S., Woo, H. A. Intracellular messenger function of hydrogen
peroxide and its regulation by peroxiredoxins. Curr Opin Cell Biol.,
2005 Apr 17(2): 183-9). oAl /M9 E/F 2-cysPrx ofolad FolA,
T MY MEZA olo]adel Prx I % Prx II o] FEA-wA=
MaRGyAe Eetxlo] Qc}(Rhee, S. G., Kang, S. W., Jeong, W.,
Chang, T. S., Yang, K. S., Woo, H. A. Intracellular messenger function
of hydrogen peroxide and its regulation by peroxiredoxins. Curr Opin
Cell Biol., 2005 Apr 17(2): 183-9). 53], & WHAEL Prx I 7}
PDGE Al Znd®goll A HOp-vizhe Shuld gfo] 241 <labgle] $A3 29l w4
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AR Ae #H2ol B3 (Choi, . Lee, I. K., Kim, G. W., Kim
B. U., Han, Y. H., Yu, D. Y., Park, H. S., Kim, K. Y., Lee, J. S.,
Choi, C., Bae, Y. S., Lee, B. I., Rhee, S. G., Kang, S. W. Regulation
of PDGF signalling and vascular remodelling by peroxiredoxin II.
Nature, 2005 May 19 435(7040): 347-53). %, Prx [I-Z2Y¥ wuljo}
Aot £ 3 VSMCs ol A1, PDGF-BB o thah whgo & H,0, o AEu @o]
/I 51 PDGFR-B ) Tyr 857 % Tyr 579/581 YA|o|A 27} <Q14bshs)
deidow Frhegict. o|E A, T2IIA C-yl1 o Ao
S7LE oI PDGR-BB & #FF T4 ¢ e olFe] FAEAD. 9
PP o} &3 5-Agds F7]7F Prx 11 o 23 PDGFR-B 214kste] enA]
2HY ofel A 71Fog ALEYTh(Kang, S. W., Rhee, S. G.,
Chang, T. S., Jeong, W., Choi, M. H. 2-Cys peroxiredoxin function in

infracellular signal transduction: therapeutic implications. Zrends
Mol Med., 2005 Dec 11(12): 571-8).

2ogAA Ao 2Rt wR W Esigde) RzEL
Qlgol EAH 9 AgE TR R SR A uEge 2
AATA B wAAe] FxE el B #go] &5k /% Popd 57

FEAE BHE wEsua deo A

iy
L2 5kl oA, & HAee AE W 2-cys HEAHSA(2-
=

cysPrx), oA HEAYEA [[(Prx [1)9Y HdL AA(eks)shA VEGF
Aladd e ZAAFAoRZN dAAAL dAE 4+ Qo o]E o]&sly
Clesl Al Al-a dst Ay = AHE Ay e gutd £ dogs
A& whagoan B g Sl A HAT
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st A dANH S AF

7017-7021(1994)) .
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7HA] =

NK(natural

t}of st A gska o

Jelg fAs7) e S Foa

A2l A (epidermal growth factor,
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Eiges)

r

2 Prx II(peroxiredoxin II)
Prx Il(peroxiredoxin II) ©@elz& o] A A=
S A AL A E R ig=
A} 9]
A A A E

alxq zxé%_
1)
dt,

LI

[1(peroxiredoxin chul 2] o]

wEstial o] AT
2-cys HEAHFA(2-
o A (2k3})she] VEGE
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gt} (Chae,

1 ) ot R

et al.,

A= Aol M

H. Z. Proc. Nat. Acad.
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2l ZF(platelet—derived growth factor,
EGF)E T 3sl=
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i)

HAEAGA R, AEA FESH WAy domd w= fEdge) ZAgs
.

& 2ol mEW, 2 ayo] Prx II = VECs(vascular endothelial
cells)oﬂ/ﬂ VEGF (vascular  endothelial growth factor) Al249¥g<
FAH o Z(positively) ZAgt},

w o] vehAg Fdde] maw, B owwe prx [ = AE ],
Huh wpeAeiAle 3% WM E(vascular endothelial cells, VECs) W
G344~ F(reactive oxygen species, ROS)% AAsE 4L 7RG,
Prx 1T & ME Y 84 AAF(EF), H0y)S AATOZ N, VEGFR(vascular
endothelial growth factor receptor)9] Ats}a A3 E A48 4 ).
mebA | Prx 118 Z4d38te VEGF A12¥d e 248 4 o).

w e nigAg Fdde] maw, B owgol prx [ 1%
wEl A T Prx 11 @¥d A= VEGF(vascular endothelial growth
factor) A1EHE ZAAZT B m@AAo A go] “Prx II vz
AA (inhibition of the Prx II protein)"¥ Prx I wlza o] dlg ol x|
e 284 9AE 25 Xdste 9uls 7HAY, wddsiAE Prx 11
duwlzlo] S A= Aolt},

2 o] &

Bep AAlstAE, Prx 11 f349 @d A £& Prx 1[I @939
A= 2Adstd VEGRR, whgASHAlE VEGFR-2, ZF  VEGFR-2 <14t3}o)
HAaE frEstel VEGE Aa¥HS gaAzo, £ ae] upgagl
Fddo] mEd, Prx 11§42 2@ oA EE Prx [ @¥do] oz
whel & ek VEGFR-2 ol A 951 WA, 1059 H 4], 1175 HA, 2 1214 W #)
etol 241

7159 QAE 7 A"}, ol= VEGFR-2 9] A ZirE
Zefak7] wfEo Prx 11 &A= w =
o}

a
S VEGF A1 T1d® e gang 5 dth(EE: £ 5),

4
w 2wl FEdd mEW, Prx [ fdx9] @d A
L= Prx 11 @8] AAE Fato] AA=EE Al 29”2 VEGF-A, VEGF-C
= VEGE-E o ofsf wizfsl= Alzd®goelst, Hoh whehzlstAl= VEGF-A o
ofsll wiE = AlT1g ol
oo wrad, B ool Prx [ A wE A EE Prx
11 gld A= AE O VEGF Aladgel oA we ZAE fusld
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Fe2~Ed Aladd BxEe 2y e g4 ZaA7in, o] & gk
VEGF Alzgd®el AA = ZiAs MEo =24 9 31824 (chemostatic)
olg S TAAAH FANPL AAA7

29, B dyo] VEGF Al2d# Y
WA 4 b @A (endothelial nitric oxide
synthase, eNOS) X+ MAPK(mitogen-activated protein kinase)? A3} &
AASEAY, = VEGF-H5E cGMP 9o AJAFS 7+ A A)71c),

w wgel Bo uigAd Fdde meEd, Bowde prx (]
dzke] @E oA s Prx 11w oA VEGF-HEE 5EA
Bto] &4l 71U Al (receptor tyrosine kinase, RIK)S] Atgbxd Bgasie
T/ By uigkAE A=, 44 e RIK = VEGFR-2 9] RTK o o}

oAb A, d&3 VEGRR-2 9 Atgz BgAdsE ROS-wlAE
W73 Azl 718 BE) olFoxiny.  mYh AAMsAlE, VEGFR-2 9]
chepgbgl-zdoll A=l #7)7) BodtteE AS F9elr] 98 Al
Wolte AdEgAor  HAse dFEAY  DEon=E ARt
at71e] AAldelA B F %o, Prx 11 Yob&® VECs ollA VEGFR-2 ¢
AlZ=HIQD Zb71e] Abslr dA o] v Be Fog 2k

e upep go] B o] Prx [ FAAY @y AA A wE Prx
11 wkalg o] of A 4] &= VEGFR-2
) A g} o] &3l VEGFR-
AMIIEHEE AATeRM, g ey g4e #idy. By
A A=, B dEY Prx [T faxe 2y
A A= e-NOS 9 ERK o VEGF-Rxd E4dssE A
VEGE o oef} #F¥ls ALY F24, o)F 3 |

l\) 0
1o,
e
'
12
2
rir
<
ey}
o
Sl
G
\V]
1
0

AnHos guade oA

wowmel 2Bl o8 dbg £t Aad £ 9t 49, 2% ws
e FAadd B g9 29 Tdec s, 2
wigel 2ol od) W w: ARY 5 db ABe F, U4
Bohg, vlgrol wrerE, A9 o4 AR, AAEH W, FAF, F44
GeE. A, 29w B3, ok B4 A8 Zda uelAel
RAgE B4, Azol=, 44 AYPH, Frolels DAY, FwIY,
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2odwe) oAt z24Be A¥d ToAZe AAH Wy, T
WA, BAel dd, AF, 4, 39 gu, 24, Fol Az, R Az
HY EE 8 S FeAT ge asdl od terslAl Aw" 4+ o,
s elE, B dwe ofAlsH x4zel FoRe 4 slEew

0.001-100 mg/kg( A% )o]

el okAstE x2AHEL FE] o] &35l )4 Eolol A
gl AAE R AUE golstAl AAE £ e v uwhel,
st oz s8=EE @A Z/EE RIAE ojfsta] AASTFoZH
Y &% FHE AxAY T 8% 87 Yol WaAA Azx"g 5
Atk olul AYE 2 we 4 AT g9, dEa YA w=
okl Fejol Ay AxA AbAl, BdAl, #9€A, HA wE= 2HdA

e FE gom, B

RUBNA
2L

o
ar A s Az, Prx 11 fFdake] 2 AAAE Prx 11 Rzt

ojqdoz  Agste  dEldzr  LaRZuQElel=  TE  SiRNA

A

2
k3, Prx I mRNA 9] AEANZ S A (translocation),
s (maturation) T U8 RE AAAQ AESH 7150 izt A

14 Add & ok, ez Sl Pole 6 uiA 100 F7l0lL,

A7) tE Al WAEE AT FZA7]7] Yt sy o]A Y 97,
G =¥ FZ4(backbone)?] A|olA WHEEH = dh(De Mesmacker et al

al.,
Curr Opin  Struct Biol., 5(3):343-55(1995)). ;A FHE
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IAEZFERQOolE IANEFAHE WY IATUOE, Wi 47,
AR, @ FHZolEY, SHEAZY F3F A Fow wygy 45
Aok T, HEAA Fake sty olde] x#d @ RolojEl(sugar
moiety)& X 4+ g FE Al A BiYPE GrE e
itk WMEHE fvlde solxzady, 6-mldotulyd, 5-me I Elu]Hl(E 3]
S-FIEAIEAD), 5-3lo]l=FZAHPAIEAI(HMC), Sazd HC, MEH QA

HMC, 2-ofv|ioldld, 2-Ele9a}a, 2-E|QEW, 5-BHzwoald 5

slolEgAME e, g-obdTobd,  7-dolATold, N6 (6-

ofpj A )otd, 2.6-tolu|wFA Fo] 9l S 2 2o
FEIA L HAS A7) ElAls Sake) B4 9 Al FEAAALS AT E
Ghub ol 4bel HoloJE(moiety) TE AFAlolE(conjugate)dt 3 0 =
A43td & Ao FU2HE RolojE], ZElxHE RolojE], YAk,
JeoHE, HeFdzuHE, AW AlE, dAd, Zgolwl, Zgdgd
=& AME, olthdlgl oM EX,  =ujd  Rolojy], SEeih ol
Aol -7t 2 Hd-SA Z| 2| & RolojE] o] x&4 Ho|ojg] Fo
UARE, oo AgdHAE e A8 EolojElE X Eete

iy

datsl EA oRNA oo A A5EL Z4A12 & Ao

= AR 7
23 = o A A U2 FAsAY A A W o] A QFE] Al 2~
S| EUSEel = FAHES T ¢ U Al ol Al QPE] A~
Sy awEgElolnE FAste 3 diE RNA SEELE 1 B ol&d:
slol ok A oA otEl Al RNA 7} A EEE Sl )k JlA o=
ANAF-HWCS) e 71o] vhof whako] Ql= HE]E ALE-3to] FE]Al~ RNA 7}
ArE =2 st Zlolth olgl <tEJ4lzs RNA &= AME o] WY FA
ol EAEEE st FElolm A ERE HYGHA GEF ste Ao
up k2] &}k,

HoagolA o]lgd £ AE ez ZEluwEu ElelE e
U2kl MARE A 1 Mde wEeleeels AEds Fxste] gl
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A el wet gA ARE 5 dch(Weiss, B. (ed.): Antisense
Oligodeoxynucleotides and Antisense RNA : Novel Pharmacological and
Therapeutic Agents, CRC Press, Boca Raton, FL, 1997; Weiss, B., et al.
Antisense RNA gene therapy for studying and modulating biological
processes. Cell. Mol. Life Sci., 55:334-358(1999).

B AN &ol "siRNA” & RNA Wl e fAdx Addde
WA 4 Qs At #AE oulgth (xR W0 00/44895, WO 01/36646, WO
99/32619, WO 01/29058, WO 99/07409 3! WO 00/44914).  siRNA & %3

%444 Hg AT F Qs WFel aEAY F3x Uge
H} H
O [e]

ORAN EE HAANE WHoeR AFTHT.  SiRNA = AE, wy),
3’:‘}?4 5L 718l Aged AR oYy,  FHZd siRNA B
kol gkl E4F AE ATo] e,

¥ 2ol siRNA BA7E ol gs= A9, Al heh(Prx 11 mRNA

Aol d-e3le  (corresponding) A d)x} <telAA 7}FL(Prx IT mRNA
MAol FrAQ Ad)o] AR HhFe Xt o]FHE o]F= FRE
7HA 4 o = 27]-ArE A (self-complementary) A2 9 ‘{}Eﬁﬂfi
s e R

Fz2 7}4E 4 o)
SiRNA = RNA 712 &g o]F& olFAt& RNA Fito] s 4
ol F= Aol AR Fi v AwjA (NSt B717F AR A0 e
A2 (Ao Abzoll digste A7 1) ol Qs 4g olFA ¢
FEol xgg F ?Jlﬂr. HA dole 10 WA 100 471, uhgA st
HdAstA= 20 WA 70 F7loltt,
siRNA ‘3—,_}1:/} TZE Prx I fdAe wdg& RNAL &3l o sk

& Az(cohesive) Tk

olagk ¢ Qe Aol HE(bjunt) Y = T
etk da 9w FrRE 33Uy EF AR 5 -g9d EE 7R EF

B owlmofA] siRNA H 2=, A 7]-AH Al (self-complementary) Al

%t vheb Alolel @ e fEdertel= AA(AAY, °F 5-15 nt)ol
AE FeaE b 4 glon, o] AE wEHEOIE AMde Wi
olal] HAE SiRNA Bx}:= BExhg EAdstel] 9sle] dojn F+2E FAEHA
], AAHOTE AH-Qu-22I L2 At ol o] El-

12
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lo
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rir
ok
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22 FApEk AAFEEo|,

g o]8d & AdE Prx Il gilAe] Eojdoz AF
24e  AdAste dAE EYgZrY £ 2ExEad gy,
netAEAE megEzd o)), Prx 11 ©¥Zo] digt Fal=
FUAANA FFHoR AAFHE SHE, dF S0, §F L (Kohler and

Milstein, Furopean Journal of Immunology, 6:511-519(1976)), AZ=3+ DNA
W (vs B3 Al 4,816,56 Z) = Tolxr]  dH  glolmg
W (Clackson et al, Nature, 352:624-628(1991) 2 Marks et al, J. Mol.
Biol., 222:58, 1-597(1991))°l ola} Azxd 4 ok, A A=z g
UubEd NAHe Harlow, E. and Lane, D., Ulsing Aantibodies: A
Laboratory Manual, Cold Spring Harbor Press, New York, 1999; Zola, H.,
Honoclonal Antibodies: A Manual of Techniques, CRC Press, Inc., Boca
Raton, Florida, 1984; 9 Coligan , CURRENT PROTOCOLS IN IHMUNOLOGY,

Wiley/Greene, NY, 1991 o AAaHAl 71AEo] ow, Ay Rigse 2
BAM Az A Ad". dE Eo, 9dEZ gAE it
stol B2l =}

Axe Az: BAEE HMEFE A48 PxTe
)

FHAA o] FolHH, o HAHo| o e FAAAA T LA
slov] golshAl dAlgd = v, EFYERY FAE Prx 11 v
FUE AT FENA TS, o] FERREH ddAHE FHI Ug,
79 A (affinity) 71€E ol &dte FdHozRE s &3]
e F U

Prx [I o] Holxdoz AgFste Prx 11 o AL AAT + A&
Hefolzs G FAH B4 HY, dE £ dHopx vyxZo]
wAaeZ 948 4 Auk(Smith GP, "Filamentous fusion phage: novel

expression vectors that display cloned antigens on the virion surface".
Scrence 228 (4705):1315-1317(1985); Smith GP, Petrenko VA, '"Phage
display". Chem. Rev. 97(2):391-410(1997)).

13
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w Y tE JHd mEd, B 29 (3) Prx [ 9wd x=
5 Prx 11 & d3dstes FEULEo|E AdE xdas A2 APdEde
Aelets @Al R (b) 7] Prx 11 @A &4 = prx [ o 23S
A eE TAE EFsE @AY JAA xzgd wyow A
ANdEEol Prx 11 o 4 T 23S AdAA7H A A=z
FaHEr
10 w ddge] F@Aag dAA ~zEyd el 9dolM, Prx I
g @S dAEts B0 AAAE Prx 11 ©wde @4S
AAsAY e Prx I @¥igoe] Agtsle 2d& 2389 dto] A
T e o) A, Prx

Yol Egslo] 2lE Pra 1 gelo) Ax AHEY = U
15 B el 22 gYe GaE ges AT S e, 59
FdAll BAY ogR 2F 24

=
= e ey el lojA, Al

B2 T Prx [ gz e

#HE7H53% F A (detectable label)s #HolEd84dE 4 9}, d& Ho,

20 7] AEZFSI B A (detectable  label)E, 383 mA(4AY,
Hrole®l), @4 FA(AdAY, szl w3 Atola, oz

EvtefobA],  HEA oA, FAFElolA], B-ZHEA|TMA # B-
FEAATo A, WHAbs mAA AW, 4, 1, pP*Pog §P), &%
A (oA AN, Fepd, ZF g AQl, FITC(fluoresein Isothiocyanate),
2Rl 6G(rhodamine 6G), ZUY! B(rhodamine B), TAMRA(6-carboxy-
tetramethyl-rhodamine), Cy-3, Cy-5, Texas Red, Alexa Fluor, DAPI(4,6-
diamidino-2-phenylindole), HEX, TET, Dabsyl % FAM], 33 7,

8} stk (chemi luminescent) 3%, FRET(fluorescence resonance energy

[\
1
{

i

transfer) ¥4 & % ZX (AW, & L 2)o|t}.
30 d&7bss BA7 dolgdE Prx I @Wad T AEESHS
ol &stz A, Prx 11 ©uldn AFEH Atole] AF LA oRE

14
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BAZFEH Yes Alds HEstd #2484 Ao dg £,
BAZA g LATEOATL o] & HE HPoE, HRRFZEAEY

2Ol E(BCIP), YE=R BF  HEZZHRFWBT), YIZIE-AS-Bl-

3 27 o] E (naphthol-AS-Bl-phosphate) 2 ECF(enhanced

chemifluorescence) 9} & WAutg 7]d& o]fslo] A1dL A

#AEM 32 do sEAGolATL ol&HE AfdE

ofu - ol | FhulE totujedizd, D-FA]H & AL A (F] 22-N-
o

i

deotagrly UE#HOIE), HiaFd wd dyH=, Foy, JZaus
Hl = AJe(10-oFME-3,7-t] &Fo] =Z A H 5 AR ) HYR(p-phenylenediamine-
HCl and pyrocatechol), TMB(tetramethylbenzidine), ABTS(2,2 ‘-Azine-

di{3~ethylbenzthiazoline sulfonatel), o-¥d @ cjo}ll (OPD) et
UL E/dto] 2o} Ze 7148 o] g8l Alade Azt

HadHow, AFgEAY Prx 1 @Az Ag odR=
W@ 2gE (interactants)?] #lo]E® glo] A +x vy,  d& Eo,
o]l A2 2 91X Q. U] E (microphysiometer)E o] &8t Al@E o] PpPrx I
o] AgstE A oqFEs BHE £ A ntol AR 3 A Q v E &=

LAPS(light-addressable potentiometric sensor)E o]&3slo] Aol 19
d7d S AdslelE £58 SAHSE B4 Tt e £xo wEE
AlHEAT Prx [1 @2 Alole] Asto] tisk 2 A AH(indicator) = o] &%
42 AT (McConnel 1 et al., Science 257:1906-1912(1992)).

AMEEZY Prx [ ©idze] Ag T8 Az oA Auag
A (BIAME o] &35t B8 4= 9lch(Sjolander & Urbaniczky, Anal. Chem.
63:2338-2345(1991), and Szabo et al., Curr. Opin. Struct. Biol. 5:699-

705(1995)) . BIA &= HAIZtog Eold A35z8S BMeeE 7R A,
28 E(interactants)?] do]EE  glo] AAF 4 Udoi(aAW.
BlAcore™) . $H Eg=2E FH(SPR)AIA Y WHEleE EAE Alol 9]

AAZE ghgol gk A Al A (indicator)® o] &9 4 Q)

Tk, & wHe) Aded e, FostolEgs 4 e -
stoldef &4 ol wel Aalg 4 IrHU.S. Pat. No. 5,283,317;
Zervos et al., Cell 72, 223-232, 1993: Madura et al., J. Biol. Chem.
268, 12046-12054, 1993; Bartel et al., Biolechniques 14, 920-924,

15
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1993; Iwabuchi et al., Oncogene 8, 1693-1696, 1993; = WO 94/10300).
o] A%, Prx Il ©@MAL wolE (bait) YMAZ o] L3
o] =, Prx 11 @A Agts)

T & o

3 destAlE, ol
A WHe F 7lA DN AAEZEE o) &3t) oqad, st
A2EHEAA, Prx  11-39  ZepZdeee=s Fx9 A}
lb(elldel,  GAL-4)e] DNA A% Edjd-z:d  FeyEdQEel o
FRAT. B2 A2EYEAM, 24 didte] dmlE( “Zao]” mi=
AT )E FEEhE DN HEE 7] 349 AAQA 243 mede

|
Blol=ol AT, ®EY, Hlo]E 9 Zgo]r}
2 . AARQIARS] DNA-ZE R 2
. ol YXE HAACAY, LacH9
H 7

AN Eus 1He A5 F dow, on
Al dde) gdo) Prx 11 BT 2% & A2 Ushil Aol
2eHo Iuad 94AE BAR o149 & A2 el oy
2owmel we] meEw, $40 Prx 11 wlde] EAstu she
AYEAS AZANG, B wge) 23y PEe AFTA A
g0 “AYELT 2 Prx I wHde] BHo] 4L WAL A ojrE
AAEE) S1ste] 2zelgold ol gEE HA BAL dugch 4]
NEE SeEd, Aels 9 A9 FEES Edshl, o #4%:
A opdrh. B owdel sdeld wel od 2AnE Ars wd
SetE wE SYgEEY ERR(4AY, D FEF £ AL E: 23
slpEelth, ARt g4 B A9 5989 dolEduniy 9g 5
alth. ofel . 3

A IgtE glolHelelE Maybridge Chemical Co.(UK), Comgenex(USA),
Brandon Associates(USA), Microsource(USA) ™ Sigma-Aldrich(USA)ell A
dAHer  F9 vkedty,  AdA dEEY golHEEE P
Laboratories(USA) % MycoSearch(USA)o Al Ad&d oz 9 7b538ktt.
AMEe BgAld FA"E ok 23 gholugg] Wy os dS <

poy, dE o, AETH golrey, I AmdAE H#y 4

of
ol
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HA

= A ZheolH g (spatially addressable parallel solid phase or
solution phase libraries), HY#AEBEFHo] 2FH = FA golrala] =,
I-RE 1-sekE” glelxEEl Wy, ada A4 A=zviE gy
AEE olRste A grolmgy Wyel & 9L £ k. T A
grolRefe] o] A WS, DeWitt et al., Proc. Natl. Acad. Sci. U.S.A.
90, 6909, 1993; Erb et al. Proc. Natl. Acad. Sci. U.S.A. 91, 11422,
19947 Zuckermann et al., J. Med. Chem. 37, 2678, 1994: Cho et al.,
Science 261, 1303, 1993; Carell et al., Angew. Chem. Int. Ed. FEngl. 33,
2009, 1994; Carell et al., Angew. Chem. Int. FEd. FEngi. 33, 2061;
Gallop et al., J. Med. Chem. 37, 1233, 1994 Sof 7qAIEo] ¢}

o]of, ’\]@%@O] Ae]d Prx [l WAl 48 Z4%}. =3
A3, Prx 11 w@wlzAe] gAo] 7FA-ZH(down-regulation)s 7

a0
SAEE, BV AdEdEe dHAaA dAAE 849 5 Ao,

rr

el AAE 4 Ao ol & £°}, RT-PCR(Sambrook &, Molecular
Cloning. A Laboratory Manual, 3rd ed. Cold Spring Harbor Press(2001)),
A EZY (Peter B. Kaufma et al., Molecular and Cellular Methods in
Biology and Medicine, 102-108, CRC press), cDNA wlol=z&Eolgo]E&
ol &t A3} W2 (Sambrook 5, Molecular Cloning. A Laboratory Manual,
3rd ed. Cold Spring Harbor Press(2001)) X < A% (/n situ) EA3F
H9H-S-(Sambrook %5, Molecular Cloning. A Laboratory Manual, 3rd . Cold
Spring Harbor Press(2001))& o]43}o *‘*lﬂ T ATt

RT-PCR ZREFo| wet AAsE Fedde 4, AgERS
A A F RNA & B3t v, ’%?’/]5’— dT =ejo
ol gstol Al 1 4 cDNA & Xﬂif’“:]'. oo, A 1 4} cDNA &
o] 83}, Prx Il H4dA-E
AA g a9 v, PCR %% AHEE A7|GEstil, WA
TAako] Prx 11 f-449] wadek A q

Prx 11 ©hilzol <fo] wiste iAo A48 thgfst o
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ELISA(enzyme-1inked
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immunosorbent assay), Z4*-ELISA,
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g9y 2o 24385 HoFE F. VECs oA cGMP e o] =X 3t
Tolth(n = 4, "P<0.02).

E 2 & VEGF & A=49 VECs oA Prx [ Y}&9 & el
FAlHebAl siRNA(HHZT) 2 Prx I siRNA & VECs o] 24 A7+ Eot
Edagdgagt 5, AR BREEY A FdA 0.5% $EHoldAZ S

e EGM A ClA 24 AF Ft FriHoz  wjgEiin. A.
VECs oA VEGF-fr=% ROS A &A¢ Axoltt.  dlEzze olvA7}
Bz}, HiolE= dAwuld AolA #BFEEHE 30-50 M AEZEE

doizl FdHQl DF 4] H+ + FFghe FFoAolth(n = 3, CONT
siRNA -VEGF 3 H|usted N.S. = B. Prx [ Yt} <3t
HAEC ©] VEGF-+149 Elo] 24 Q1SS wojFi= Aol
= 3 & Prx II Ytho] VEGF o dig MIAAE FHAFY Wy
Aoz 1-104%1—1:} A 3 B. VEGF-9]&4 VEC F21(A) 2 a4
°o]FB)E BAFE g Zo|th(n = 3, TP < 0.002, P < 0.005). C.
VEGF-fr5=4¢ VECs o /& ¥A4& vH2=ET Axoltin = 4, "P < 0.001).
HEAQ EZ 50 HAZtk(n = 3).
T 4 & Prx II 7} VEGFR-2 S84 Elo]2Al 7|uAle AtsH
doiE AL JEhdg. AL VEGE o o) f-=3% VEGER-
o] Hol24l fA-5o]A <litgl. g Zo] Qe HolHE TAE-
Solx We of F&shs VEGRR-2 WEe] FdiHd ZEE Yehde
t EFEHAE oujdchn = 4, "P < 0.005, 7P < 0.002, P < 0.0001).
B. VEGF-#2l@d VECs olAl VEGFR-2 TRK ZAeE eHlzEs Ao,
VEGFR-2 % GST-PLCy 1 o gt ¢/ v/ E=Z 7| ojMol& Sas ATo|r},

o
X
§2

lo

Holele RIK 249 FZw4(fold induction)d B £ T TAAR
vebd Aoltk(n = 3, P < 0.005, "7 < 0.001). C. <zt Prx II
oA (P) 2@ ZA-AA (activity-dead) EQWON(CS)E LHaetE Prx 1177
VECs Al VEGFR-2 &4d3E 543 Adold. HEA] =%l
Book(n = 3).  D. HO~Ald VECs ©llA] VEGFR-2 = MAPK <l4Fs}

HdEE dEhis é#om azel = HeolE= pY 1175 W= o
Fgeke VEGFR-2 Wi=e] FdiAdel =g yehlls Hy + ZFUHANE

olul &k (n = 3, *P< 0.001).
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& 5 = VEGFR ¥ (A), VEGF ZH(B) & PIPase &4 (C)ol dldt Prx
IT Yoo asE vepdet.  ojslo] Mol A elA] siRNA(C) 2 Prx
IT siRNA(P)Z VECs ©f 24 A2t &<+ Ed=FAMEAT. A A RNA &
FET T AAE fFAAA gig Eold ZglolsjE o] &3le] RI-PCR &
AASEIT. B VECs 7F 24 AR B9 EA-AWH F 80 pM *I-VEGF <}
A4 " AZE Bt wkgEIY. A EE PBS(phosphate-buffered saline)&
AdH 7 y-Ageold  Jh&E (Wallac, MicroBeta® TriLux
1450)el A WAbs & FAHsHG C. AzxA Z2EZ uwa Zg-
(GluypTyr) Felol=z I8 H 96-U Z|o]Eo]Al PTPase &4 (Universal
tvrosin phophatase assay kit, Takara Bio., MK-411)S =A3s}9t}.
v=1.390x "™ (x = PIP B4, v = Do) WAL ol§3to] PTPase B L
Asrstde.  dlolEl= PlPase @Adol thet B + EEWAtolth(n = 3).

& 6 2 VEGFR-2 & 4t3t3 B&A3i7 Al2H QA 7|9 Atste)] o]k

2

o
o

AdEs RoFE ZAoln, Ao WA AZERIY EFeRiof-
AFAoldd Zelolv|=9 £21.8 vebdick. B, Prx 11-A A9 VECs ol A
DIT gk d 3 F-9 VEGF-2 oA wkgA AlzEde ZAE HAFE
Azreltt.  HolH= @3 W= o FSae VEGR-2 W=e] i<l

TEE YEE v + FFHAE gu|gti(n = 3, P < 0.005).

5 9F9 = A WD 2 Prx 1T
Coehes g 2AES VEGR %ol mel wAzon Aa g
2R(1, 3, 4,5, 6,7, 10, 12 2 14 Aol A4 I 4g dnHor
Bgalgen], g olnjAgel Bk, B. 4% A o ARE
o Bzoltk.  dlolHE 24 Aol diFEelx WA

p

49 MR MeE HEGOR HE £ Faghe

ME e Zolk(n = 4 & 6, KO VEGF+ 3} v]wa}o]
TP <0.05, "P<0.01). C. "olEE zZ} Aol tiE oA wo] 1}
ANFe] Udus ZAHsle] HiEF + FBEFe EFOA(S.EME e

rlr
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Aelth(n = 4 = 6, KO VEGF+ 3} Wlwste] P < 0.05, "2 < 0.01). D.
WT 2 Prx 1177 vl wlglzdo] o]2lHojxn mEAL HZso
HEARD ouAE HAFE, E. Zt o9 H3tzz W ol xoz
e Al FEHM  HEI2W %g ==yl AJ%(Drabkin's
5 reagent)ol o3 FHAs P + jéil%kg] XFLA(S.EME Yehd

R 88 bex 118 AV B9 W WRAAS 2AE Feol o
AYE AAFE HAFE o #y Asolh. w9 29) Fol ARP 59

AP ¥F ZAFYANEE FAS T 3 FF F45ojn FgHolgE
10 AZstil #FEAY AL WD 2 Prx 1177 w2 g8tz oA
STHEA FY EAJ] omAE RoFEY B. %9 FAE
FAstel Py Hdge TFLAGSEME YE Aoltkn = 6,
KO w3 wlwstel £ < 0.001). C. T4 H3& A48t Hd =+
Bt RELAGENE Yepd Hojtk(n = 6, KO &3 Hlaste] P <

15 0.02). D. 2zt oM HEdD FSH YeHHNA PECAM-1(CD31) =
HOAPD S HAHF F5-dAL BoFE Axoltt.  thEAHY omA|7}

D oM Aojxl o]u|AefA] (D31 o FAH F99

BUHEEE St B £ Hd TFLAS.EME R Aoltk(n

20
[ Al4]
olsl, AAldE Fatol B WAYE O FAE dystax s,
o]F AAdE o2x B AyS Bl TAHORT MYty g Ao FA]
= el axo wEl £ awo WYyt o]E AAlde] & AlgHA
25 Gede e B dyo] &3tE vl EokdA A9 A2E JMR A A

A A] o
AgaAs 2 Ay
30 AR
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F 22X -eNOS(pS1177), eNOS, pTpY-p38, p38, pTpY-ERK, X A¥-
VEGFR-2(pY951 % pY1175)o] Wizt &A= Cell  Signalling
Technology =5-E AsF} S-XAXEOIZAI(4G10) 2 EAN-
VEGFR-2(pY1214 % pY1059)ell oist = Upstate EHE FYstolct.
@~-PDGFR- B (M-20), KDR/Flk-1, c-Src = ERK2 o] thst &)= Santa Cruz
Biotechnology &Y¥¥ #9359}, VEGF-A(Q1ZF  VEGFie5)E R&D
Systems(#293-VE) 2 28 T35t} 3.2 X -PDGFR- B (pY857)ll  th &t
@Al AbFrontier (Seoul, Korea)ZXE FA3}%c}). - N El (Ab-2) =
Calbiochem 58] TU35th, F-FEH 2 ZE s A %S Signa-
Aldrich 2H¥ Pt EXZ¥-PLCy1(pY783) 2 PLCy1 &
AHsHAE 27 (Sue Goo Rhee) WAPH O ZHE AlFwterth, e
488 R | ~-568 o #AFA)HH o]x3 A= Molecular Probes ZE-E)

ralstaict.

A7 Prx IT ©fl thgk siRNA ¥ 5'-CGCUUGUCUGAGGAUUACGUU-3" (Prx
11-1) % 5'-GACGCUUGUCUGAGGAUUAUU-3' (Prx 11-2)4th. 71A1®d wpe} 7o),
Prx 11-1 siRNA 7} B AFolM F2 o] &HATt.  HHE Prx I o ol u
7Hel siRNA A1 & (5'~-GCAACGCGCACAUCGGAAAUU-3",  5~GAUCACAGUCAACGACCUAUU-
3", 5'-AGAAUUACGGCGUGUUGAAUU-3' 2 5'-ACGCUGAGGACUUCCGAAAUU-3") ©]
TH=ol HE AT T4 AA Agel] oj&HAY. Az Prx 1 o I
SIRNA  A¥&  5'-ACUCAACUGCCAAGUGAUUUU-3'(Prx  [-1) % 5'-
mmmmwmwmwwwywm [-2)%c. HEzd FAIHEGA siRNA B

Egt BE SiRNA €2 Dharmacon S & %8 FYat9tt.
A Sl

A7k EH%“ 2 5g EH% EC(HAEC)=  Lonza(Walkersville,
USA) 3 €] AT, EC & AAAAAEC] RFE UIAAE 7] xu)A-
2(EBM-2, mmwﬂﬂ w%ﬂﬁﬂ. o, EC & Eg4
Hel(trypsinization) & Aliujeksta sHA|R] 7 74A9 AEESS o Fo
o] &atalt}. AZr 5o 2 RE e SMC(HASMC) &=
Lonza(Walkersville, USA)Z%-H Fdst%ct. HASMC & AU xtEo]

Had HEIME 7] 2uA(SmBM, Lonza)ol A sAIA] 7 742 wlekA 7).

22
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EE AE wge 37CAA 5% 0, & et 554 F7) 3hoA
A B o

o) B/EZ MX 7]% oAl
5 52 ojMlol(proliferation assay)E &, HASMCs ¥+ HAECs
Edadd BEdAE XEsE 969 ZHolEo] 4,000 AlE/De ¥E
80 w4 EFSAT.  EWAxAN T 24 A7 A, HASMC & HAEC &
d4-Z2¥Y] (serum-starved) HiA|lA 24 A7+ ZoF mjeke = zZbz 25
ng/ml ¢ PDGF-BB % VEGF-A 7} ®3¥ SmBM 7]xwlx] 2 EBM-2
10 7l Aol 24 AZE Fok wlekEdda. AE FA9 AR b Az
ZEEZFWST-1 AIE 52 ojao] 7]E; Roche Diagnostics, USA)el| wa}k
WST-1 #A Foll Z2upd AYAEo] B ZH(600 nM WST-1 AleF; 450
mm oAe] FFx)ow vtebiith, o]F oJAolE 24-¥ EWHAA wjet
AW (Costar: 8 m F& A7])olA AAET). Hdelo] Uwe Aze
15 Bl pg/ph)® Y& 1 AP & F7] FolA  AxsAT.
HASMC(4x<10") =& HAEC(6x10HE EWAAM EJAE IFsts 9
H7tskoloh. 24 AIZv &, EWd~#HMAE HASMCs i HAECs ©
shxdt ot EA-ZAAEAY. 25 ng/ml 2] PDGF-BB ¥ VEGF-A &0
2z AAAE ek szl A AlzE o] ol o] YrtE At
20 A do]  0.5% FEfo}d A (FBS: HyClone)S st Zzhe]
1z A R YR, AWE 37T, 5% 0 3ol A 8 Al Hot H-x8F o).
kg &, Hl-olF AXE e 9 oA A A dE o o=
o] F g MEE 0.6% dvEAA 2L 0.5% ol ealog FMEIAY. A A9
Ztztol HeERE FHe F, olFdE MEY FE ¥

f

Hu

s

Ot

— —

HFdAd 2 929 E2F
748 Ak Al A2 FU(aspiration)dto] A AT HEE
20 nM 3l #2=(pH 7.0), 1% Eg}o]E X-100, 150 mM NaCl, 10% ZztolME
30 1 mM EDTA, 2 wmM EGTA, 1 mM DTT, 5 mM NazVO,, 5 mM NaF, 1 mM AEBSF,
OFZZEW(5 pug/ml) B FHAE(5 ug/ml)E EFEE FZ= AN A

23
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AT, M2 e 29 wud 4 BAXE AkBio-Rad)
ol g3te] Akt WHAAAL A, £5 FS5N(120 ug GNA)S
G A-G M Z 2 (L-4B(Amersham Biosciences) H]=E u|z] 7]125}7)

& F 2 gl FFlk-1 FAek s B A7, 20 we] G G
28 A7 & 4TAA 3 AR Bg FrHHoR  wke A
MASGAE 1 ml 9o 2 gFA2z A ¥ AFsdt.  dAAERYg
A, AE &HES 5% el (Laemmli) A FE $F A3 Zgste] 5 &
T AT, 7 AR, 15 pgd Heto] 100 SDS FElopA Polmlol=

H

BSDS-PAGEIS] A7l AFaT.  deld @wAg Eels-Zeholdl
AFAg ool BERH W/YEHon JolEzdEes oz
AT MEolH Age Adsts] e, %L 5% LA (nonfat milk)7}

A71El 0.5% Tween-20 & s}

AEAAl 1 AlZE B wES Al FeEd EEXEL 5% 2AH £
BSA 7} H7bd TBST oAl ztzhel dak @Alek 4TolA sy Fo
vheAZYE. TBST 2 AR &, E2EL 32 dud HAEA b0 =-
AgpAleld=d o F-vhg2 | U (1gG; 1:5000 84) =+

E7) 1gG(1:3000 3 A1)} 45 & F<t Aol vh3A AT, Amersham ECL™
#E  AZ=R(GE  healthcare)& o83t  Holgh owd W=EEg
HAEFo] 37CAA 67 mM Tris(pH 6.7), 2% SDS 2

= GG 60 & TS AolAE Fal
[e3]

N

o

o3 2. B)-
R

oy
i
ol
32
o
_9_1
o
)

o/ H{EZ 71U4A o] A o]

et 9 Prx I1 siRNA &2 EdA# A H HACs =5 E F&549
gAlES Az, HeEd wet o],z B ENE F

d&  Astel @l @-flk-1(sc-504) AR HWAHHAAZ
aE A (Lee JH er al. Biochem. J. 382, 631-639(2004); 2 Choi MH et
al. Regulation of PDGF signalling and vascular remodelling by
peroxiredoxin 1. MNature, 435, 347-353(2005))°] 7]&H Ao|A &7H
HEAA, AAEE olgste ¢ HEZ F)vA olAdlolE AHAE.
HALAEE 5 pCi o P*ATP 2 0.5 pg GST-PLCy 1 & EF3tE 30 wl

24
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7)UgA &5 N(20 mM HEPES(pH 7.5), 20 mM MgCl,, 20 mM pB-
Zefol M2 X 2FHo]lE 9 200 pM NagV0y) 3 30CoA 10 & EoF vke A AL},
: HES FAAAY.  AEE A T 7% SDS-

=]

[e)

b O:] o=
PAGE o A7]9%3Act. AL 0THFE & AERAA HASARA

225 ng/ml) HE EE HAEY T, ATEE A = 9=
WMl 7] 282 (EBM, Lonza)® MAH&ti 5 uM 5,6-F22ug-2' 7'~
tolgrrolstol= g Foedl  tholopalH o] E(CH-H,DCFDA) (Melecualr
Probe) ¢t 37TCollA 5 & %o wre A A}, o] AEXE s dr 9=

EBM o2 AMHet & 34 HulZ(Axiovert 200 Basic standard, Zeiss,
Germany) 0.2 FA| A5},

g Al2HQ 8§24

< @714 ST WelA AAES B &-1
AlekQl Cy3/Cyo-Eello]n| = (GE healthcare)® FEA|8le] VEGFR-2 A+3}sh
S E +L1bias}°ﬂu} 200 09 Cy3-Zelolml=(200 pM)F HE-gAIZ1
T, MEE S8 SN [20 mM HEPES buffer(pH 7.0), 150 mM NaCl, 10%
2ol E, 1% Egto]lE X-100, 2 mM EGTA, 1 mM EDTA, 5 mM NasVO,, 5 mM
NaF, 1 oM AEBSF % A/L(5 pg/ml)]1C 2 LA AT,  T3F9 L35S 100
md Cy3-Zelolv|=E  Egsle d=dold 10 B FUd  doA

A e, AEo] 1 aM DIT & 10 & %OJ FEol A AEste] w3
ARG, y3-2A" RAES WY F-11k-1(sc-504) 9} st <
4CoAM WA T oA G HEE ﬂﬂ%}%iv}. AbstE A 2HIQ]
S7E A 7]7] A8, WG dE falEo 5 oM DIT & Agste] 10 &
T4 ARAA WA sYE VEGFR-2 & 100 uM Cyb5-
Zdefolvl =8 AgeolA 30 & F FrrHoR ZAET. olF ZAH
AAAHEES 2x ME W] 59 F SDS-PAGE oA Eelatdd. #AH

T >
VEGFR-2 9] &% olm A& Typoon" 9410 ©]u)A(GE Healthcare)®

2 M3stal ImageQuant™ 0.8 AR A 5190}
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z

g vhHd T, A5 9% ASAL =IAA RANE dr|de=w

SHAAT.  9R ABud g9 59 A B AUEHE 1 o AE
(3

adoem  FAF W (common carotid artery)S wab Al @o] AR
i WM E A A (endothelial denudation)ES =3,
S F T FEE 10Y Ao FH45HEL 3.7% TELHslol=E x3et=
AS olg3t AAY #F-1A(transcardiac perfusion-
fixation) o A7t uetge Aw=3s1Ac}. ZAZwo =7}
”01 2HE oA e dA&5"E 22 "@H(sections; 100 m A 2 3 m

tr
)2 Atk 7 Lol =E R AU- oo R Fasher).

FEASEZ A4

oldol Hi® uwiel o] BA ATEYS(NIH Image 1.62;
http://rsb.info.nih.gov/nih-image/download.htm!)E g5t H&E
FAE A®HolA d A e BLEH, HE, Fu o2 AA "9
F9)8& SAHsI I (Arterioscler.  Thromb. Vasc. Biol. 21; 201-
207(2001); BMC Cardiovascular Disorders 2002, 2:16(2002)). 7FeksHA
Arrd, Fd #¥d, et Z(internal elastic lamina, 1EL)
]%E—'l?(external elastic lamina, EEL)o] 93] S0l =Rg=9
A= IEL o o8l gt ele= FHEREH Fd FHE
xzstol AAs o F9 BE EEL o o3 IASEE FHREEH
IEL o oaf A== FHE agsto] ALkl A4 A, #

ol A A JRel HHEY ks o] &3k

)

In
o W

BENoNA siRNA EE= 38 Bdo] F4H Ew

Aol F4 & del, Az ZREF wel siPORTNeoFX"
Ak (Ambion) S o} &3kl E@z#ME EFE(200 nM Prx 11 siRNA EE
& siRNA) S Al 23T, #x EM4 FFHEE o] &8t 200 ml Opti-
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MEM o2 JIM-&4d4"1 FAE A A8t HA FA4 FHHE=R Z
EWdAIE TFES FHAFTANE gt 2Py 15 & ¢ ¥gsk &

VEGFR—Z(Santa Cruz, 1:200 34A), a-H&EZ NE(Calbiochen,
1:300 3]41) 9 PECAM-1(Santa Cruz, 1:200 3]41)<] 5%1 A& zAbsH7] 9E,

HEOAM  HP-AFANAE FAZE o] &5}l g ol 9HE
WAl skA T HE d3-37449 ANaE 898 ﬁﬁﬂ Vectashield w}##®l
A2 ab "t (Vectro Laboratories). LSM510 3xH  #olA
FALAT D (Zeiss) & o] §3te] HAEF ojn|xE A<

et vkel Zol, Aed AW FTHA-&4 F 10 & Ao sew
AU m FA)CE AxsP). HAESS 0.1% Efo]E X-100 <
FohaltE PBS oA 10 B EQF w 15, Azzte Tz EIo)
wet o AFE AX AE A& 71E, ZF 2 #41(Roche Diagnostics
Corp.) & o]g3ke] TUNEL WHe2 37°ColA 60 ¥ Fot AAstch, A|xo)
g DAPI & 7}h2E g Ask3iT).

olo
N>
Mmoo
Bu)

o}

o/ H[EZ FH ofAo]

50,000  7Re]  HAECs/€9&  #7bstzl  Ael,  AAAda-FAad
nlfE2] A (Matrigel) "HE=ZA(BD Bioscience, cat # 354230)& 12-4
ZelolEo] A Zulol¥ (150 w0/ L)k 50,000 HAECs/ A& #H7}at7]
ol 37CA 30 & & WA HT AIE£E 25 ng/ml VEGF-A =
EEshAY =5 @A s 0.50 2 wiAet g4 eujzlo)selt).
it 18 AIZE Aol oAl sHe] dej ARl HellA Azl ZA & HAAstgle

%
k-
W FHEE Y38 (enclosing) B2 AzEstslgict,

OHT

ot

>l'J

ol gloj 2l ¥2ERA]l o] A0

27
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BE

7l {‘I
au
)
iy
flo

714 w7 A AL AleFS ofHlo] Az
Aol 7tA A ABAC. TAkak Bio.ZHE¥ FY3g Universal tyrosine
phosphatase assay kit(cat. MK-411)E o]&3l PIP A& —‘?’—*46}031:},
efsiAE, 4 el e X o
gastednh. Al we S9de dgoz,

saelg PIP 714-148 Dol @7l

Fath e wdste] PIVEGF 2YE BASTHUn J Physiol
Gastrointest Liver Physiol 282: (1088-G1096(2002)). ksl A
AEEE, 5x10° e AEE 9%6-9 ZaolEd BFEF T R 5
MRt AEE 18 A B FA-AAANAG. A FF A5 my
HEPES-buf fered-DMEM 2 0.1% BSA)O. = MAHT & AXE 80 pM 'PI-
VEGF ¢} A3 Zdojx 5 B Zol 37C2 weAAY. Ax=E Ag
gzl om W Mg T 0.1 N NaOH o] 583 A% ). MicroBeta®
Trilux 1450 & o]l&sto] WAlEE FAH3AC.

do oo

o[(‘

b2 s W Ao Az

g-Fag Prx 11" FEF 2 ol Prx I 3hl Aj7olA
s H(thoracic aortas)s  AFst] AW AL AASAG.
pfolawm 238y JI9E ol&d dEWE 2-3 m WoeF R Ay
At (cross-section)ditt.  tEW ZZFS 24-4 Al A 300 xS
A vtEZA(BD Bioscience cat# 354234)0] YA F . HIAE
22T 2h9-E(epithelial sprout)7t BT w742 JAAEC] HESE EBM-
2 HiZl A 37°C, 95% &71/5% CO, wiF7lolA 7 4 FF YAl AC.
ol F, mEZAAA zgtde WIME AITHFEE AASA FEEH
e 2245 FoAZAA AAStn rlex dEW S A E(MEO S
) oF 53 o} A EE Dispase(BD Bioscience cat# 354235)% A=A st &

0%

28
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0.1 Aelel-zmg s A Zdo|8stdn). =]
Azes WA 3 & z2dEA Wdgtor Eolxm WIAE  ups

CD31/PECAM ol tjgt A& o] &3t BA s},

a7 ojM o

71E9 ¢e® Wy (Nissanov, et a/., Automatic vessel
segmentation and quantification of the rat aortic ring assay of
angiogenesis. Lab Invest. 73: 734-739(1995))& <k7F WM& 3te] 2 mn 2
T d HE 250 weo] AFAx-zgAiA¥ ntE]A(BD Bioscience cat#
354230) #loll A=A ZIa 200 9] 2% FBS % VEGF-A155(25 ng/ml; R&D
System)o] K.%¥ EBM-2 A L= 26 FBS wro] HZ¥ EBM-2 HiXE
ool ), gel-F~ AEYAE Aul W (time-lapse contrast
microscopy)&  ©]-8-d}o uAlgd @ A A (microvessel  outgrowth)&
A1zksbalQltk. Nissanov 59 ol w2}, AE3d Tz 39 Inage-Pro
Plus vesion 6.2(Media Cybernetics)2 o]&3le] zt tisw 8o 7 HE

gshs AR + 2 Ao Polt HASAT.

Aks ERE wlezo] AW g FUsAT 30 & Fo, ue2E
PBS &= 5 & &< #FAIN F, &4FHA 22 95 Ao 9 &A%
ded EFEFEYH AeHe AAsGAG AAE HesHg sijFsta
TR QESI QA dAvA (& x20) BREAC qee
A, dHAEEFH FEH Adwx EFE 55TAA sERY ¢
ZEolntol=g F=33 12,000 rpm oA 10 B B9 dAEEsA

FEHE TEIY 620 nm olH FTIFEE AU Y o kA~ EF thold
Wk gk 740 nm oA FAHSIY A WoA e owta BF tho]d
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iRt BF2 gGa" F47h M Z-A A B (deendothelialized)
FHolm ot BEFR Az g RV WAME-APAH Bt
Ag o7l Asl, -4 A F 7 A Aol gA vl 5E=S
=t FE owpet Zo], ¢ HEdAN IZAFHo|E-942H 2.5%
FFEEdHsol=r #F uAHS AAEY duses TR
duste e&sta AE-u"d d4ol #HsA ngA7 T ARG
B ol et °lF, FdsE 2.5% FTREHELUEI=R 24 A F
FAHOE  wAsy PR OB #HAF T, 19 OAF HEEA ozl
g Al71aL dRAe] oehe Eadlon At AL AAH Az
T 2ud N (colloidal silver paste)& ol &3t FALAAGHU A 2 B
nh&-E 59l =/ MEoR 2B H-TY g =, REESS
TR o7 #aetad
A B4

BE A HER oMol Ha A ¥ kR on HoHE Aant
Plot 8.0 AXEs)olo]A Students t HIAER BAsct.  oujxlgd

NIH Imgae 1.62 2 &AM, FAA FAH (Aol AHF ALY,

Ad4
Prx IT & A2 VEGF Al1d®o] Bt dxztolr),

AL VEGF o whgste]l 7]Ee gdozniy HhWIME
(VEO) &l F23 olFstAl == #4& ¥ds=2(0lsson A. et al.,
Nature Reviews Molecular and Cell Biologv, 7: 359-371(2006)),
HEAES A diEW VECs oA VEGF Ald® el 2-cysPrx o 2@
AHeb g (redox) ZZ BAS 7HRct. ZulEA%E, Prx I ¥ Prx II
dede] o] VSMC olAe] el v)wste] VECs oA B soth(E 1h).
PoWRARS Vs o o EO Asd Rus
Y= e F58 + A olgigt 7HsAdS HZES]

5.6-8mEHd-2" 7' -golslo| = 2-F2 2 L5 ¥4l Tho]obaf gl o] E
(DCF) 2t Bl s E-7A (oxidant-sensitive) &% tho]Z o] &3to] Prx
I- % Prx II-#A % VECs ol 4] ROS #|®S& ZAFSFAT.  Prx 11 9 AAE

3
i

(o]

30
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& VECs ol 4] 713 ROS @] #A & F7H<k 5 vDE zelstgdon,

VEGF A2l o 2 wjel ROS e 5ﬂ§ Zstd o (E 1B). o] o}

Hedog, Prx [ 9 AZE 712 RS #HE ¥ olya} VEGF-&E¥ ROS
°of, B volr} VEGF o digh whgolja whulde] glo]2Al <atstol &

obFYl FFE vwAA FdHE 2). oleigt ZA#}= Prx II 7}

TdstAE 28 ATE, VECs oA 71E RS #HWE oA 3}

k9l Eaeks S vebdic,

thEo®, VEGF Alzd® 2 VEC 7% Aol Prx 11 9 9gg

I

rr
4N
ko
ot

¥
ATatAct.  PDGF Alrd®oll A Prx 11 o 7153 dlzx oz prx 11 9
AAE xadt AES Hwato] VEGE o thet ur2oA] ghulA o) Hﬂi]
labstel HAH #AE zASAHE IC 9 D). oF, terEY
Aods ol (effector) 2 AE  H&F(cellular phenotypes)<

ZAEsEAE. ZAME VEGE 48 A-2(VEGFR-2) 9] th-&~Edd] Qe A4
HAHE FolA, WIAME A3EA s A A (endothelial nitric oxide
synthase, eNOS) 9 MAPK(mitogen-activated protein kinase, ERK)<]
dAg7 gz Ax vlasle] Prx II-AIAE VECs oA & A3
st (= IE). #dad eNOS ZA4get A, VEGF-FEH oGP
Agakol Prx 11-2AE VECs ol A FH3tAl Hasidvh(= 1IF).  Prx I 9
olgk VEGF Alzd¥gel stg-2ds A8ty e, VEC 7%l uig o/
HIEZ ojAdlolE A Aseltt. Prx 1I-AlA" VECs = WHzF AX
Hlalsto] VEGE off e whgolla]l 524 2 s34 olFe HEg ga

WERATHE 34 9 & 3B).  wHA, Prx I1 &= VMCs oA ¢l &e] INF-a 2
A2ld VECs oA ©efgt Fake] Qloja ang cehlr] ggonz
30), ole ME Alad#HolA Prx 11 o dAgo] AlE He-5o]H (cell
type-specific)olgbs AL ou|gic}. o] yolrt, Prx II-AIA"
AENA VEGF o digk wkgo=s VECs o HFE dHAo] uig dA A
J’z}ﬂl’%(l{ 3D). AAHe R, HA=s AJEL Prx 11 7} VEGF

§ S ZAEToZH VEC 7% & FHdE A3 2AAGSE AL

=
Q)

ﬁ

S~

jﬂoﬁ‘i

oE. i
o g

Prx IT & AFst3 B4l 8 ¥ VEGFR-2 E}o]2A 7|UAE B35 3},
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Fed TATEO|EA BRS VEGRR-2 (~220 kDa)ol g
Aol wud  wee] W, 8 st Wt Pusaes

woAFEdt.  oldd wel, fX-5old ITAXFAE o] §slo] VEGFR-2 <
Aubste zAbsklth. VEGFR-2 9 ] /9] el Elolzal 7] Aol
]

5 AZRIAEIE Prx 1T RS Y-tpeAZlel ol AxHoez FaH
skl ARt, VEGFR-2 9 ¥ wWalx dth(E 4A). yl e
Efo] 241 7] FolAl, Y951 2 Y1175 9] <lAk §} oA zFol7} HwAEIY =1,
ol Prx 1177 vl 22Re Eald 59 VECs o4 298 5 dAcH=
4B).  ole} WExAH o R VEGFR-2 QUAtstE 55?%6}—5— VEGF--=¢ Elo] 24l

10 abgks Prx I-Al A" VECs ol wslslx] ggb=dl(E 2B), o) VEGFR-2
Mg el zdo] Prx [I-5olHolgbs g tA] b FHsia 9

B g 2k52 Prx [1-Z4d 9 (regulatable) Wel4 ROS 7} VECs o) 4
VEGFR Q14rehE ofg Al zdsts Ao W 712s d7shalnt. =

Aol A o] &¥ VEGF;; 7t VECs ol A} VEGFR-1 B! VEGFR-2 R 5o Agd 4
15 3L(Ferrara, N., Gerber, H. P., LeCouter, J. The biology of VEGF and
its receptors. Nat Med.. 2003 Jun 9(6): 669-76), VEGFR-1 o] VEGF ¢
T 83l (decoy receptor)® 4# A 9t (Fong, G. H., Zhang, L.,
Bryce, D. M.. Peng, J. Increased hemangioblast commitment, not
vascular disorganization, is the primary defect in flt-1 knock-out
20 mice. Development, 1999 Jul 126(13): 3015-25; Park, J. E., Chen, H. H.,
Winer. J., Houck, K. A., Ferrara, N. Placenta growth factor.
Potentiation of vascular endothelial growth factor bioactivity, in
vitro and 7/ vivo, and high affinity binding to Flt-1 but not to Flk-
1/KDR. J Biol Chem., 1994 Oct 14, 269(41): 25646-54)% AL aldlod,
25 & HHAEL Prx [1-AAHY VECs oA VEGFR-1 2 VEGFR-2 2] ROS-ulj7i€
R 7}-%*3% ZAYSFRF Y. VEGFR-1 2 VEGFR-2 9 ¥de dixze
Prx TI-A1AE VECs oA AAHog FUdsPonzg (& 54), ol VEGFR-
1 o] Prx II o R 3tollA] VEGFR-2 &Adste] stf-zdo] 7]jojd

it Ae ovigt, g, VEGFR-2  Ap7ielatelyh dAHoez
30 AAEA7] WEel, B EFYAEL VEGFR-2 RTK £ PP Z4o] Prx [I-
AAE VECs oM AfgHem JiFge A oFE A, s3AE
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Add VEGFR-2 ©id A g oA 7]d<Q GSI-PLCy 1 of W@ ¢/
HEZ F)val & ojAloldlA] RexE= mpel o], VEGFR-2 ¢ VEGF-
FEE RK 242 dx2d AT vluste Prx [[-AAE VECs oA A2
A SHA Al HTHE 40). ol hxH oz elA PTPase B4-E Prx
[T Zde] Y-thgoll os] odakytzl ti(x 50).  VECs oﬂ Agd
Fo] . VEGFR-2 9] VEGF Z3%s%= P
dEe] Y-t ofF dIdex GPH(E 5B). A, et
3 <

[e]
A3 EE VEGFR-2 RTK Aol Wil ROS o AAA glAlolgt:= A

1251_

|
<
—
—

2-cysPrx & T3t HFAlel= 7AEOCH vtEAsAE, H0)2
gdAAd 4 dE AEdEY G40 3 Fehro)th(Peskin, A. V., Low, F.
M., Paton, L. N., Maghzal, G. J., Hampton, M. B., Winterbourn, C. C.
The high reactivity of peroxiredoxin 2 with H(2)0(2) is not reflected
in its reaction with other oxidants and thiol reagents. .J Biol Chen. .
2007 Apr 20, 282(16): 11885-92; Cordray, P., Doyle, K., Edes, K., Moos,
P. J., Fitzpatrick, F. A. Oxidation of 2-Cys-peroxiredoxins by
arachidonic  acid peroxide metabolites of lipoxygenases  and
cvclooxygenase-2. J Biol Chem., 2007 Nov 9, 282(45): 32623-9).  I3F,
2-cysPrx & AtgA 2Ed 2 oA AFEHE ExlEA 7lEeidE AR
el Adok(Lim, J. C. et al. Irreversible oxidation of the active-
site cysteine of peroxiredoxin to cysteine sulfonic acid for enhanced
molecular chaperone activity. J Biol Chem., 2008 Oct 24, 283(43):
28373-80; Jang, H. H. et al. Two enzymes 1in one; two yeast
peroxiredoxins display oxidative stress-dependent switching from a
peroxidase to a molecular chaperone function. Ce//. 2004 May 28,
117(5): 625-35).  ol9} #AHEI =& &ty e, & @HAES F
Hel H2ds dAsklr. A wlA APog, VECs & A4 A
HoOp ol =2 A1 7. H0: 9 5% F7He VEGF A=ell 93 f=% VEGFR-2
A7kl akst 2 RIK S48 Aardon gAsd=u(E 4D), olE H0, 7}

ko33

i

Prx 1I-ZZ7d(regulatable) ROS ¢ &A1 FA(acting molecule)d
LS v}, T A Adoz A7 Prx 11 9 A+ (add-back)
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dEE A8 Prx 1177 VECs & dlE=Zvlolel~2 7AA AT, ob4d Prx
[T =  VEGF o  digk  wkgolA]  VEGFR-2 QA2 i3

rescue) Al Z vk ZA-A A (activity-dead) EAWol® Prx [1(EA
o Az=EI]l 77 Al Rz XgE Edwol)E VEGF o g
BEg-ol A VEGFR-2 AMStE 3 EA17]2] £3H(E 4B). ojeigt A=
Prx 11 9 9SAIGA] &40 Fasitts AL Auigg.  A%3 24358
Trstel ®W, Prx 11 ol 93k A=W H0, o #AA7F VEGFR-2 ¢ Als}A
=24 stel digt BE v|Fog F=Ho)

O N

Prx 11 = &2 AF0] 98k VEGFR-2 9 A|AE|Ql Als}E ul=t},

gl MR T g AgE diREEY A Az
{78 Arstg Z e olE =FHsl7] st Al2HAI™I] EolH<l
getiigael deeln=g ol§3ste] Prx 11 Yuh& A5 VEGFR-2 ¢
A THE 6A). 2T AES Prx 11 7}
A AlzHEAdE =4 FF A (green
fluorophore; Cy3)-ZgrAlo]dd Zeoln=g WA 7|31 VEGFR-2 Z
Madgdstel  Abstd AlzHIE @947 F 0 HA P33 A (red
fluorophore; Cyb)-AsrAlolAd " eolm =3 wWaslo] zZ+z+e A e2kslolc),
2 A, Prx 11 9ge® A zolrdiE Alxgolo] Ast® VEGRR-2 9
ANzEQle] At EsE 3 ow) st FUMES FAFE 4 AJdUHE 6B).
ol Prx II duhgd 9ls) ] -2 9 Azl
W75 Al &S RoAFE Ao,

Prx 1177 VECs = VEGF S-EdloA 725 oA 588 713
o] % A

Prx 11 o 9] VEGF Alaggo] Z2dHg:=
VEC o A AS d2 v/ 2 o #y BdS 55lo AT
W (thoracic

S, HEE FAET Prx 1177 ole2a2RE Rud Fuin
aorta)el  HWE VEGF & Xgste Fd  EolEd  SEol
Hlefsto g A VEC o a4 5EH S AT, dolzl o]v x| EFH
HHOkQM w2 7FA H(branch point) 2 d3&

A=t Az Prx 1177 VEC & tixT obAE VEC

T (vessel density)E
1l & g @14 T8 ol
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%emm14¢a04< I0). B AY ARG Betel, o yEmdlA
AL AL A hp 2N AAE G5 B9 e A4 AR
T A A D

kg 9 Prx 177 mhgag ol2ste] nEAR dPstE @A
Ag Aot 539 VEGF 7} FUHAUA G ok I v w s}
177 she2zof Al mEY AR F@iAlo] Ao dojux ges zHolst
T UddTH (= 7D-7E). THHoR ) Prx 11 Oﬂ glﬂ VEGF Q'—E’—@. VEC ¢}

Prx 11 #Az9 AA= dz2 W F#AYE Az & H3E
AT
g
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? S A AE wAA (D31 o il
AAG 51335'}935}. Prx 1177 o}$-2olA &AE melanoma &
ot ofAE whe-20] bgolg] e wjusted (D31" VEC 7} @3
DATH(E= 8D-8E). o] Prx II 9 AAHE dFIAANEE ¢z
VEGF 7} #ulEjojx o]F == e tvfA] da] VEGF o dial] s
HlteE RS gsts Aol

fu b 28
ox Hdr M2 o AN o
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At gieWeRRE fddE MEE 37CAA 5% 0, & Eda=
FEAA F7] stoll A ki, EC(HAEC) 2 SMC(HASMC)E o] &3}=
A, 2 NI AE 7 2R -2(EBM-2) 2 7] 28R (SmBM) ol A i okskT),
WAA 7 A w g AEo] AdEA(dAY, 3824, Agols T
dAAFEE2)S ﬂalﬁ}oq ket olF, zF AEoA Prx Il @A
2 L Prx 11 9 AL A50, oluf A4&3 AFEHo] Prx 11 9
gd T 2ds g4 1 H A JAAE FaE,

mﬂ—at

Prx 1T widel 24 Wt o/ #HdA 4357 da, dzd

i

AE g AgEde] AgElo] wid® AMIM FAHALF HHg
AR A AEE s b= gls WY AHE 7|2 A (EBM, Lonza)®
AFsta 5 pM 5,6-F2Edd-2' 7' -golZF 2 R t}olslo| =R T2 9 4]
vholob Al Hl o] E(CM-H.DCFDA) (Melecualr  Probe)®t 37ColA 5 & Eof
REG A T ofF, AZE H= d= (e BN o2 AHS T g
@A) 7 (Axiovert 200 Basic standard, Zeiss, Germany)Q. 2 ZA] A sic),
ANdedel ofs Prx I gwdel o] 72y AgoE izl Hls)
ANdedol Agd AEeld i ol ZF78ke, Prx 11wz
2ol S7HE ASedw 39 wdo]l gawo.  Prx 11 wMEe @4

g 7

Asls ¢ HEZAAM ZAHsE A, 2 AIEE 20 ml 9 20 mM HEPES-NaOH
2b%8 A (1 mM EDTA, 1 mM DTT, 1 mM AEBSF, W2E}E 1 pg/ml, F€ 5
pg/ml, OFZFEIT 5 yg/ml, pH 7.0)olA FAFAZITE 7]
HAFEAL 15,000xg oA 4ToA 30 B F¢F AR o], A=ag
Estal, 1.5 ml %9 Ad4EE] HBolA vls B(20 mM HEPES-NaOH,
pH 7.0 % 1 mM EDTA)E of|v]-F &5 DEAE-A| 3} 2 0. ~(200 w @7 A 4)e}
23tgg. A7 aﬂﬁ% Iml 9 ¥ B= 23] AHslar, 100 WA 500 mM

NaCl o} &8 B3 B & ol&3dle], dAFulR §&6l0] SAEIS 4
Prx II of tjght @'iﬂ% o] &3t WAEZEWHS o]&sld, Prx 11 &
SElclae FE5H Prx 11 10 pug& 2.5 pM yTr\l(g_‘joﬂ/\i s

Bl 541), 400 nM yTrxR(ERNA Fdd Elowgsa fddis), 20
uM NADPH, 1 mM EDTA % 50 uf HEPES-NaOH €+&5-89M(50 mM; pH 6.0-8.0)<
Zgtek g, 100 pM H0, & H7hsio, olo], 30Tl 3 ¥ Hot
Agilent UV8453 3% F = Al(Hewlett Packard, USA)OlA] 340 nm ¢ §F=E

(@

36
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A e
Prxll 428 gdE=gvt. PR Zetoln] HES EolA
BLAST(http://blast.ncbi.nlm.nih.gov/Blast.cgi) 2 &
54 At
518 (http://www.basic.northwestern.edu/biotools/oligocalc.html)<.
AR, PR FEFL 1 ul® ¢DNACIO ng), 10 mM Tris HCI1(pH 9.0),
40 mM KCI, 250 pM dNTPs, 1U 9 7ag Z=8jH&A]l, 1.5 mM MgCl, @ 10
pmole ] Z ZefolmlE ¥l 20 wo] whg fdolA ARtk PCR
Wb 22 95TolA 5 & B¢ 27 #Aged F 95TolA 30 = =9
HAdsks @Al 58-65TelA 30 = FF ofd @ Ee @A 9 72Tl 30 %
SO st dAlE Egste 25-30 AtolEE Sr@EaL 72TColA 7 B
T F7F A, PR %2 PIC-220 DNA <17l tlolob= PCR 7] A (M)
Research Inc., Waltham, MA, USA)oll A A Algct, FE AHEL 2% SeaKem
LE  op7t22 2 A(FMC Bioproducts, Philadelphia, PA, USA)olA]
A7195T F EtBr oz AlZhgsit, Ad=Zel 9 Prx 11 ¢
dedol Fkd Afole vzl HE Aldgdo] Ael® AEolA Prx
1T ¢ PR FF AbEo] F7bst, Prx 11 9 @do] o 7$oles Prx

B

i

O

gk, Prx I 9 2@e @z oA A3y 96, AAY
Azl Al w28 FY98te] AASly dzF 9 AgEd-Agd
MEZE 20 nM A 2=(pH 7.0), 1% E&}olE X-100, 150 mM NaCl, 10%
=dto]l Al E, 1 mM EDTA, 2 mM EGTA, 1 mM DTT, 5 mM NasVO;, 5 mM NaF, 1 mM
AEBSF, o} ZE[WI(5 pg/ml) % FHHG wg/m)S Esle FF
kool A zhzh BajAl 7). ME 2 A5 did g By cs
Al eF(Bio-Rad) & o] &3] A=), 2 ANEANAM, 15 pugg HAdtd 10%

37
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SDS ZFelota Holupol= A (SDPS-PAGE)o Ar1dEsict. 2d o
B &-Fefo]l Hs A o] -§-5}o AR RE 5

UolERAERQ 2~ Bog2 27 H|§ol7 AgE zdtslr] 9s,
%g 5% €A f(nonfat milk)7F H7FE 0.5% Tween-20 2 X gal=
TBS(Tris-buffered saline; TBST)9} 2olA 1 AlzF HQF wkgA|zIT)
FEd EXEE 5% EAH T BSA 7F AH7ME TBST oAl zhzhe] Az

on

LU =
A} 4TAA R Fob wkeAlzitk. TBST 2 A#H3 & Exso
s ddd HEAGo|z-AF AN F F-vfea WAZTEY (46,
1:5000 3]4) = Do d-E7 1g6(1:3000 8A)3}F 45 H Fob Ao A

10 WHSAIZIYE, Amersham ECL™ A% A|2~¥l(GE healthcare)S o] &3}o] Prx 11
il WlE g dESd. o], AEH A5 TFIE 95t
37CAA 67 mM Tris(pH 6.7), 2% SDS = 100 oM 2-"ZEJEte

=
Fgste A0 60 £ Tk HelWe FI ~EYE F REA Al

tlo o

{U

[
i

Zﬂf—i:r_ﬁolaiq‘ A]@%é}ﬂ] Q]EH Prx 11 %H_l']?ég] oko %7}% 73%0‘]%
] A E]% *ﬂJuOﬂH Prx 11 M=o 477} =7}5t0]

oo ¥ oWy BT REL A Jleaiddtul, G99

Skl AAg AR Aol Al QolA olelgr FAHA e @A ugaw

0 A elY olu, ool ¥ W@ W A@sE ol ohd He
guisich.  mebd, B ool 2@ W Ard F7YH 9

F7HEOl ofstel AoEnia & Aoln,
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(79 ¥9]
[+ 1]
Prx  Il(peroxiredoxin II) FZdx9 & AdAA T== Prx
IT(peroxiredoxin 11) walzoe AAAE HFaAARrozm ¥Idsl=

ARGl A G FAGH 24T

[(d+3 2]
A 1 gl dojM, A7) Prx 11 A wd A EE= prx
il A= VEGF(vascular endothelial growth factor) Al2¥8S

HaAE Ae BEROR s 24%.

]
—_

p—
o
-
ok
A
[ S

2
Lo
o

}ol)

o

o}Al, 437] VEGFT VEGF-A, VEGF-C i VEGF-EQl A&

32

|
o
lo
i
ols

}

ox

rr

jm]
= .

& 4]
A2 el dolM, 47l VEGF Alad® e avw WIAE Absda

¢4 4 (endothelial nitric oxide synthase, eNOS) H:i= MAPK(mitogen-

—
o
4
o

activated protein kinase; ERK, extracellular signal-regulated
kinase)e] 2&43E AASAY, == VEGF-FE9  cGMPY A

FaAE A 5A0R St 24E

A1 ol JdoyAM, A7) Prx I A9 2dd oA == Prx [

Gl A= VEGF-fr=d 83 golaal 71uAl(receptor tyrosine

kinase, RTK)2] 2tstd EGAIE /A7) AL EAOR e FAE.
(7% 6]

Al 5 kel 9lojA, A7) RTKE VEGFR-29] RTKS! A& EAOo=Z 3t:=
248

39
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A1 gl glold, A7 2AEe o, Fwwd BuE, oigo
B, et oy AR, agEn s0F, $AF, 344 BeE Ay,
49w B, olblgd FuFs Zea delde mAEaR 24

94 vagRT. vlw ol AR, ANTAEE, dnd, 9% Er
DR A Am wE oge A% 24EA AL SRR o

10 FAE,

Prx Il(peroxiredoxin II) &A=}]

=
IT(peroxiredoxin I1) ©wWao] AAANE faidBoz xasl= & FAA0
15 Al

[%73 9]
A8 el UM, A7) Prx 11 A 2d A wE= Prx 11

= A= VEGF(vascular endothelial growth factor) A28 &
20 PAEANZIE AL EFoR = .
(%73 10]
A9 Foll 9lojA | A7) VEGFE VEGF-A, VEGF-C & VEGF-EQl #AE
EQ O 3= Wy

1

(473 11]
A9 Fell dolA, A7) VEGF Alnd®i el Zahe WA Atstdas
4 @ (endothelial nitric oxide synthase, eNOS) EE= MAPK(mitogen-
activated protein kinase; ERK, extracellular signal-regulated
30 kinase)®l EAIE  AASAY, T VEGF-FE=E  cGMPl  AAEES

BaAgE AL BP0 H= B,
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- Claims 15 and 16 pertain to a method for treatment of the human by surgery or therapy, or to a diagnostic method incase cell exist in the

human body, and thus pertain to subject matter on which the International Searching Authority is not required to carry out an international
search under the provisions of PCT Article 17(2)a)i) and PCT Rule 39.1(iv).

2. E:j Claims Nos.:

ccause they relate to parts of the international application that do not comply with the prescribed requirements o such an
extent that no meaningful international search can be carried out, specifically:

i

E:} Claims T‘ios :

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

(%)

Box No. il Observations where upity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. S As all required additional search fees were timely paid by the applicant, this mternational search report covers all searchable
claims.

1o

As all searchable claims could be searched without effort jus ¢ additional fees, this Authority did not invite payment of
additional fees.

3. E:j As only some of the required additional search fees were tirnely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

o1

4. E:j No required additional search fees were timely paid by the applicant. Cousequently, this luternational search report
resiricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest E::} The additional search fees were accompanied by the applicant’s protest and, where applicable, ¢
payment of a protest fee.
The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation,

No protest accompanied the payment of additional search fees.
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