B, The representative pictures of BMMs from WT and IQGAP1™
mice at day 7 of primary cultured in the presence of 5% serum and
20 ng/ml of M-CSF (growing condition). The elongation ratio
(ratio between longest and shortest cell axis) was measured. The
result is expressed by mean * SEM of =70 cells from each
population over three separate experiments (p<<0.01).

Found at: doi:10.1371/journal.pone.0013440.s003 (0.05 MB
PDF)

Figure 84 WT and IQGAP1”" BM-derived macrophages
(BMMs) were placed on upper Boyden chambers, and 100 ng/
ml SDF-1la or 50 ng/ml VEGF was placed in lower chambers for
6 hours. The number of migrated cells was counted in high power

References

1. Silvestre JS, Mallat Z, Tedgui A, Levy BI (2008) Post-ischemic neovasculariza-
tion and inflammation. Cardiovasc Res 78: 242-249.

2. Sunderkotter C, Steinbrink K, Goebeler M, Bhardwaj R, Sorg C (1994)
Macrophages and angiogenesis. J Leukoc Biol 55: 410-422.

3. Ochoa O, Sun D, Reyes-Reyna SM, Waite LL, Michalek JE, et al. (2007)
Delayed angiogenesis and VEGF production in CCR2~/~— mice during
impaired skeletal muscle regeneration. Am J Physiol Regul Integr Comp Physiol
293: R651-661.

4. Shireman PK (2007) The chemokine system in arteriogenesis and hind limb
ischemia. J Vasc Surg 45(Suppl A): A48-56.

5. Arnold L, Henry A, Poron F, Baba-Amer Y, van Rooijen N, et al. (2007)
Inflammatory monocytes recruited after skeletal muscle injury switch into
antiinflammatory macrophages to support myogenesis. ] Exp Med 204:
1057-1069.

6. Shireman PK, Contreras-Shannon V, Ochoa O, Karia BP, Michalek JE, et al.
(2007) MCP-1 deficiency causes altered inflammation with impaired skeletal
muscle regeneration. J Leukoc Biol 81: 775-785.

7. Brechot N, Gomez E, Bignon M, Khallou-Laschet J, Dussiot M, et al. (2008)
Modulation of macrophage activation state protects tissue from necrosis during
critical limb ischemia in thrombospondin-1-deficient mice. PLoS One 3: ¢3950.

8. Shibuya M, Claesson-Welsh L (2006) Signal transduction by VEGF receptors in
regulation of angiogenesis and lymphangiogenesis. Exp Cell Res 312: 549-560.

9. Grunewald M, Avraham I, Dor Y, Bachar-Lustig E, Itin A, et al. {(2006) VEGF-
induced adult neovascularization: recruitment, retention, and role of accessory
cells. Cell 124: 175-189.

. Heeschen C, Lehmann R, Honold J, Assmus B, Aicher A, et al. (2004)
Profoundly reduced neovascularization capacity of bone marrow mononuclear
cells derived from patients with chronic ischemic heart disease. Circulation 109:
1615-1622.

. Tojo T, Ushio-Fukai M, Yamaoka-Tojo M, Ikeda S, Patrushev NA, et al. (2005)
Role of gp9lphox (Nox2)-containing NAD(P)H oxidase in angiogenesis in
response to hindlimb ischemia. Circulation 111: 2347-2355.

. Bensenor LB, Kan HM, Wang N, Wallrabe H, Davidson LA, et al. (2007)
IQGAP1 regulates cell motility by linking growth factor signaling to actin
assembly. J Cell Sci 120: 658-669.

. Brown MD, Sacks DB (2006) IQGAP1 in cellular signaling: bridging the GAP.
Trends Cell Biol 16: 242-249.

. Le Clainche C, Schlaepfer D, Ferrari A, Klingauf M, Grohmanova K, et al.
(2007) IQGAP! stimulates actin assembly through the N-WASP-Arp2/3
pathway. J Biol Chem 282: 426-435.

. Briggs MW, Sacks DB (2003) IQGAP proteins are integral components of
cytoskeletal regulation. EMBO Rep 4: 571-574.

. Mateer SC, Wang N, Bloom GS (2003) IQGAPs: integrators of the cytoskeleton,
cell adhesion machinery, and signaling networks. Cell Motil Cytoskeleton 55:
147-155.

. Brandt DT, Marion S, Griffiths G, Watanabe T, Kaibuchi K, et al. (2007) Dial
and IQGAP!I interact in cell migration and phagocytic cup formation. J Cell
Biol 178: 193-200.

. Yamaoka-Tojo M, Ushio-Fukai M, Hilenski L, Dikalov SI, Chen YE, et al.
(2004) IQGAPI, a novel vascular endothelial growth factor receptor binding
protein, is involved in reactive oxygen species-dependent endothelial migration
and proliferation. Circ Res 95: 276-283.

. Meyer RD, Sacks DB, Rahimi N (2008) IQGAPI-dependent signaling pathway

regulates endothelial cell proliferation and angiogenesis. PLoS One 3: ¢3848.

Ikeda S, Yamaoka-Tojo M, Hilenski L, Patrushev NA, Anwar GM, et al. (2005)

IQGAPI regulates reactive oxygen species-dependent endothelial cell migration

through interacting with Nox2. Arterioscler Thromb Vasc Biol 25: 2295-2300.

Yamaoka-Tojo M, Tojo T, Kim HW, Hilenski L, Patrushev NA, et al. (2006)

IQGAPI mediates VE-cadherin-based cell-cell contacts and VEGF signaling at

adherence junctions linked to angiogenesis. Arterioscler Thromb Vasc Biol 26:

1991-1997.

20.

21.

’:@&Z PLoS ONE | www.plosone.org

IQGAP1 and Neovascularization

field (X20 objective). Data were obtained at least 3 independent
cultures in each group from duplicated samples. N.S. represents
non-significant.

Found at: doi:10.1371/journal.pone.0013440.s004 (0.10 MB
PDF)

Author Contributions

Conceived and designed the experiments: NU TF MUF. Performed the
experiments: NU MR JO RM RC. Analyzed the data: NU. Contributed
reagents/materials/analysis tools: RM WFB. Wrote the paper: NU TF
MUF.

22. White CD, Brown MD, Sacks DB (2009) IQGAPs in cancer: a family of scaffold
proteins underlying tumorigenesis. FEBS Lett 583: 1817--1824.

Li S, Wang Q, Chakladar A, Bronson RT, Bernards A (2000) Gastric
hyperplasia in mice lacking the putative Cdc42 effector IQGAP1. Mol Cell Biol
20: 697-701.

Couffinhal T, Silver M, Zheng LP, Kearney M, Witzenbichler B, et al. (1998)
Mouse model of angiogenesis. Am J Pathol 152: 1667-1679.

. Urao N, Inomata H, Razvi M, Kim HW, Wary K, et al. (2008) Role of nox2-
based NADPH oxidase in bone marrow and progenitor cell function involved in
neovascularization induced by hindlimb ischemia. Circ Res 103: 212-220.
Shireman PK, Quinones MP (2005) Differential necrosis despite similar
perfusion in mouse strains after ischemia. J Surg Res 129: 242-250.

Segal BH, Kuhns DB, Ding L, Gallin JI, Holland SM (2002) Thioglycollate
peritonitis in mice lacking C5, 5-lipoxygenase, or p47(phox): complement,
leukotrienes, and reactive oxidants in acute inflammation. J Leukoc Biol 71:
410-416.

Brennan AM, Suh SW, Won §j, Narasimhan P, Kauppinen TM, et al. (2009)
NADPH oxidase is the primary source of superoxide induced by NMDA
receptor activation. Nat Neurosci 12: 857-863.

Stout RD, Jiang C, Matta B, Tietzel I, Watkins SK, et al. (2005) Macrophages
sequentially change their functional phenotype in response to changes in
microenvironmental influences. J Immunol 175: 342-349.

Munugalavadla V, Borneo J, Ingram DA, Kapur R (2005) p85alpha subunit of
class IA PI-3 kinase is crucial for macrophage growth and migration. Blood 106:
103-109.

Ushio-Fukai M, Alexander RW, Akers M, Griendling KK (1998) p38 Mitogen-
activated protein kinase is a critical component of the redox-sensitive signaling
pathways activated by angiotensin II. Role in vascular smooth muscle cell
hypertrophy. J Biol Chem 273: 15022-15029.

Limbourg A, Korff T, Napp LC, Schaper W, Drexler H, et al. (2009) Evaluation
of postnatal arteriogenesis and angiogenesis in a mouse model of hind-limb
ischemia. Nat Protoc 4: 1737-1746.

Heil M, Schaper W (2004) Influence of mechanical, cellular, and molecular
factors on collateral artery growth (arteriogenesis). Circ Res 95: 449-458.

Heil M, Eitenmuller I, Schmitz-Rixen T, Schaper W (2006) Arteriogenesis
versus angiogenesis: similarities and differences. J Cell Mol Med 10: 45-55.
Usatyuk PV, Gorshkova IA, He D, Zhao Y, Kalari SK, et al. (2009)
Phospholipase D-mediated activation of IQGAP1 through Racl regulates
hyperoxia-induced p47phox translocation and reactive oxygen species genera-
tion in lung endothelial cells. ] Biol Chem 284: 15339-15352.

Niethammer P, Grabher C, Look AT, Mitchison TJ (2009) A tissue-scale
gradient of hydrogen peroxide mediates rapid wound detection in zebrafish.
Nature 459: 996--999.

Noritake J, Watanabe T, Sato K, Wang S, Kaibuchi K (2005) IQGAP1: a key
regulator of adhesion and migration. J Cell Sci 118: 2085-2092.

Bogatkevich GS, Ludwicka-Bradley A, Singleton CB, Bethard JR, Silver RM
(2008) Proteomic analysis of CTGF-activated lung fibroblasts: identification of
IQGAPI as a key player in lung fibroblast migration. Am J Physiol Lung Cell
Mol Physiol 295: L603-611.

Takahashi K, Suzuki K (2006) Regulation of protein phosphatase 2A-mediated
recruitment of IQGAPI to betal integrin by EGF through activation of Ca2+/
calmodulin-dependent protein kinase II. J Cell Physiol 208: 213-219.

Fan J, Frey RS, Rahman A, Malik AB (2002) Role of neutrophil NADPH
oxidase in the mechanism of tumor necrosis factor-alpha -induced NF-kappa B
activation and intercellular adhesion molecule-1 expression in endothelial cells.
J Biol Chem 277: 3404-3411.

Nakhaei-Nejad M, Zhang QX, Murray AG (2009) Endothelial IQGAP1
regulates efficient lymphocyte transendothelial migration. Eur J Immunol 40:
204-213.

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.
34,

35.

36.

37.

38.

39.

40.

41.

October 2010 | Volume 5 | Issue 10 | e13440



DREDEHRNAR FE Y I 2 [(DRE2OB SR FXHZXA]

DAREDBEFRNELTODY

—BRU I TEENE LIRIE

Adenylyl cyclase as a target of heart failure therapy

FZIVEEYOS—F

e— fll&3h

P Yoshihiro isHIKAWA
nI‘AZ‘..

ST A AFREF TR BHERRM HES

OBMOLTSAEICE T2 SEREE, BEOHS K51 -ICHERIN TV IIEENAREL L > T3,
ULALBAICREIER®S <, MUEKRNEEETSH S RAS RASFICERTHEVEFI L. ZhizES
BRME L DHEEMSIDRICL B & 2 AP AE W, F 2 TRBEREI L, DEEENMFIE b2 40 SEREY
SnE L. FOUEDORIEEMN, CRBE PFIEY 7S5 —tOBEEZETCH 5. DBET7FIVEL 75—
FTHLRICEREL, SERFOTRICHET . BETEESYCTRER, S5, RBEROBHEZTIOE
R T AR I TELGREERETR T EN Do TWE, E5ILREL D> THEBENTE LRI ML
REO—-BICORAEEOEEERI$B 2 bbh > TV 3. B TIHERAESEY 7 41 THEIEEND
LIRS B2 TVWAY, DREEBECSVTHEHOTEENY S S 2H LA A,

Ke
%wo‘r{d :

DARE, PFIIVBYIS—E, cAMP, DEERY TS

BIEEONEMINE T BWEND EHAE T
5. INETOERTH - HEDTLETD S,
HiEE AO-EYFENEH~OL 7 FBH 0L
Bzig, HHELZERBEHEL G TR, #iE
NEEES 774 72BHELES 7 FBH B, #
FEOREFAIBMBORLAANL T I3 TH LS
75, FNLIHZ S PKC R EDY 789 4 THRIZMIC
CLEHEORENROOVTVE, DVERIED

FNature Reviewg i 2 6N L 312, 77 =0
f2s 79— L ERAEES Parkinson BDIBE, X
SICIIBRE L L TOMBEEATY Y AIRT
BZDhTYH, TTR—HBERLENTNS
LARE~DIERE, TOERE2FLIKELDLTH
7oy,

o SRS D

DEERIZODBIEN I L > THRES NS, M
AZWETIC & 5 LR ORAKETF 5L
BThHDILRERIICASNTL S, REWE
EELEIC L 5T, MY T AKREP S WS

N/ NVT LY vy, LEMRELCEET
BRAFA-NT I UVEBRHRIEET S, BAT
I-NT I VERRIGEER LD, HETEH
Wik G(Gs)EREEZERAT 2. BHELINnL
Gs BERHEIR, AU ERAEBRTHET TV
e 7o —EREElT S, BEMEESTT
=N 75—, ATP #HE & LT cAMP %
EETS, cAMP BHMiER A v FX vy ey
Ty —& LT, cAMP &kt Y VB LBEETH B
TuF4 v —¥ APKA) ZEELT S, L

f:@ﬂ%ﬁ@%%%%m@#bééi?i&,a
BEEERY VBT A ko, DEOME

BEREZ FE L T < (= 1)V,

@ BHLRRENF AT I

D2 LEIEOIET L /IR & —Hy s
TEOKG, BMICETLELREAEEES
TRBIENLTEDREEL BB, KRR
PUBAEE EIFB % b BB L U
v, DFEN AT I-AT I VEREEFEMEL

ERDHdH Vol 232 No. 5 2010.1.30 | 577



L, 7FoVEY 7 5 —EDERLEET, L
MEBEMA cAMP IBE D LR L PKA OEMKLEF] =
oL, DMNfENERET S, Likdio TEDHR
BELTOEELTL2DBER, 0/ ukiAD
EIEREREL TLRBEOMRENESNBZIET T
HbH, —BICE RIS v REDATa~-LT I
VEENC X BRBELV LORE, HB 005
HHAEAN cAMP BEZ LRI E27-DDRA 7
YIAT7—¥(PDE)BRERENERL 2L, BE
Iy I veREENBZ LN, Y4 7Y vy
Xy VvAF FoEEETH 2 PDE #BEET S
k=T, cAMP DESRE A I 0% IE
L, RERACHIEN AMPEBEZED L) LT
LDTHE, H2VRTFPFoAEY I S—~EDE
BEHMATHEZIaLENLL T~ b TR
cAMP BEEDTIHEL T cAMP BER ERT 3. ©
FTHhICE L LR cAMP % B3 2 LA
Bfy&% 5,

U EDLAEEBEEL, ZhbdHTA—-Y Ny 7
ABAFaA—NT IV TFLOEELEVCIE
FICETOLEEETH L, RBWEZOR AT
A-NTIVERERLTIFEBY I I-X, &
BICHAT7 AV IZATF I —HIETRTDOERICHE
Hez06, 0ikiuiF/i3 vice & PDE HE
B, Ty s 7 —YHIBEG T TOES
DOTBMBERDOY S F LR BB TEI LIRS,
DI 31T 3 BRSO 513 LB BT s
T 5D THLRE LTERSED, TRTOE
BORBMEY JFLE2EELLTLEIONL
VOPIERIO@EELEESTLEY,

o EEOREENF I LTSV
BHELAL2OERIZZELRE L ZBEORY
PABRHEEERDE, R TELT
EFTLE - RRERERE, L EFmE L
TRLDPINEEDSA v P Ep B, EEITHEN
PARREERL ST A OME &S BER S,
RAS Z&VIEA AT a—NT I v EREHE
E OFh BEMENLoLLE{ARENS.
&A%, RAS REEHEDEADLERBE T
HDDIHARTRIEMEIIL LT LOBE TR
7z, BELAETIHETLTL $o 7088

578 | BROHHH Vol 232 No. 5 2010. 1. 30

FRAECHEIFEOTHBIEEELISLE, B
BRI LT L AE, LSRR
CRIETTBIE@BIOAR Y, 22 THE
EIZIZOLOTEREPSOEBALLE. bARK
KALRY T - LVORNBESFIZHIE T
1.25mg(7P—FAbE)THBH, 7TAVAHTHE
3.125mg(Coreg® ) TH 5. LI HHETIZEHA
BB LAS50b»5. LiIES (RTE TLAE
BEADLEHBEOBEABARTITORTHIZZ
ELEZBE, OHIREBELMETHIOHH
2T B, Zhbstich, SEMECIIEEER
HOMEYND 2, BEBFFIIMBEXICOLHRE T
B8, [REXWHECREMTED BEC B EE
ErIUDZCREENLETH S, BHELTL
BEOSH PEBMELREZ L TWE I ELEE
A%k, BHEZEOHISHEDLDTEY. 2Dkd
BELFLEMREOEHFEEL (L, Ind
BHEMELEATIENPTLE>TWVE,

& BEEEICD R

S LEBEICE L ODFREBBILBAT
a—=NLT I UEREEBES LSRN EbAT
WBEDIE, BEDENESXOLTRELSTH
2 9Fh, BAFI—LTIVEREEYSFIL
DEFNC E > TOARED 2y Fu—ADHAEETH
3, LD3IBEEEL L TOEBEEIC IZRIEM
D%, ol BRBELANLTERL, ok
THDOS TP AGFEEHCTRE I Sk
5. BRME, GEAE, TTFLEY Y I5-¥,
PDE, PKA D2 ZNDBRy L) 9 548, 47
A TR+ HDRTTFNBY T T—F
& PDE kffohn s, PKA R G EAE TIREEN
HEBD-O, FEELY LBEREVE RS, 7
FoBy 77— L PDE WIXBZEY 7547
DEREEL, 754 THRENZESHEIHERE
TENE, BEFEEYBEY TEIEROXEBR 2 H
ST IENTES,

PDE 2Ryt $3%6f, ¥y 7547 LTH
9 D3 ME PDE TH % 9. MH PDE 08, 1o
Eem/MRICHBL, 4A0BEFrohd 2 &
HoEBABIUB 2L, HEEL L T,
TTICINY ) i ETHRMBIEHEIN TR



HFI-NT I
(BREW)
AN L l

WA@J

fuﬂﬁﬂiﬁﬁ

TFZNEY 75—

BT REAE
(L ZAH L BRE)

4

, w.xm

CAMP

ATP

&

1 OEMREIC & B BRI £ cAMP
ZERE L BB AEE LN cAMP BRAE % 88 L T PKA

Téﬁi"f’{béf-tt% Lk,

R HIBIL T, s8Iy 724

TIODEE L b KISNBALBICEEICRE L, BRI L 5

& RIS kAR L B2 FT B 2 LMo T B,
DSR2 T DARIIESE 2 51 2B

RIEFHEIRTD
L, LREDBEEEC. 5

By 754 7OBREEEEFBRENCREABIROET LAR
BRI oRKEEEI SR T &40, LHEMRFEO T

Hich B,

LT EDEBRCIECERINATY S, BHELT
S~DIGA L i, PDE 2L TN X
v, LERHRRE O cAMP IRE R {ET S ¥, 6%%
REAROMBEIHEFCEZ T TH B, BE
B 6 & M%&W@%zmtbéf5§%7wﬁ
Do TwRY, HEuFHITsLOrb Lk
»d

TF=ABL o7 —¥2BNET 3461, O

[BE 7 Fo VB 79— THARH, 7TV
PO —EIZET B L 9OBEOY Y4 T

Bhh, TNETNICHENLERSE L ELEDN
HEREET 2. DEICRSEDOY 754 THRER
T35 HTh 5 EE 6 B LER L Xidn,
DEICE D DUECHBTI LML TY
5. 6 HIIBEEEENE LY TEL, BEHOR
BREARTHY, RELELICEHITE, 58
&ﬁﬂ%wﬁiﬁﬁ%%%,%ﬁ%t%ﬁﬁ&&

, e EbiEmLTwl, zoo6ili%
ﬁﬁﬂ,sﬂ%&kﬂ7%;w%y77-€tt
«(b,%g

- BEIT F LB & S— B O
DAREBEEDRENFEULTH I I L 2ER
2% 5, LDIFEFBEOENLTRERSBDTT
ZNVEBY 7 —¥THBY, bV ETTZNE
S5 —PERRMEDETECI LMo NT
Ve, B s ToBI o1 8, D
o DS N0 s BTH 5, ML LERE
REL, Belki{kBERFEL, FETRL
Bhich - &%, fhoEBIC b D LEED
WO 6ND, ELEHICIE, oY TI4 T LR
IS Gs BRYEIC k> Tl E N 3D, GiERE
WKEo>THIEh2bDiE 5 BEEDTHETH
%, LidioT s B EMREclEaEn, B
BTN 2EELLD, TDI LIS HE
BB ERIE L, DB EBAEREOE - FlEH
BRI EBEERLOEEIONS.

& BEFF LBy 25— EORE
5y 7y 4 TOREBEWE T VOERE,
CODDIAR TN —THoBEIN TR, »

EZDHHH Vol. 232 No. 5 2010.1.30 | 579



THLOEERTL2ERIZVI L EbhosTY
2. LEOTF LB S 5 —CEEEEOET
VR 0% BETHD, LEEOETIRRER
RETIEASHRZY, TR 5EYTI4 7550
WICEREL, BEUEARECBEEELTT L
WHABEB»SBBEAR LD TH, 2oL
BEBREBREL IV, FROBEI VO
oIl OERET 2R AW EI NS, L
DRI REBEMTIEREOIFa LT IV
NI ERIGEZELTED, 5EY 754 75
RREEBRFBICOARIET Y754 7hb L
S b o & LB R R, FEA ML R
W3 B LHREEATHL, BEEFHEFILESE
WTLIBRIERZ 22, LHIEIDETHED
&HTH L, BEHLNDLLEHMIEIED P 7w,
DEHLAEEBIERVY BEAFa LTS
VERICL o THDIERIBE T, LFAeDFH
EMSHIToNn D, s BEREBICLD, FER
FLRACHTAREEBEL L CoLiBRIRIT
25, FEREHNOBITRAEONL BT EREKRT

@, A a—9EHEVEIE

BRICORy FEMHPBATN, BREENERLE.
2000 FHN SEFBPNRRIIFITEDDTREL,
JAVE2—FERMEASNGL. JvEa—-9Y=a

FHENFE, &<IIE—-REBREALCEEATE,

Ty OARKHTNK . GERNTEREZNRBOER

BEOBRFEEYDR I U—=V SDBELTSH |
5. DOTEEXEHDSA TS U—~{LEYOERE
NEEDFTRESMNERICE > TREL, KB
SMEBRTELTLIST. 1990 ERDS COEESNE

L—3 av(CLDBETECS, SOEDBRIBEE
HECLT, ZOBBICES FILAYREDE S (0@
BTBDERTELTN T vF 4 VITEFILRIFH
—BNTHD. EELCOFETE. WREEDIED
HOGREEIRESNTVB CEPFHRE D, B |

BEESTEE < LAUABROREEEFLNIVTR |
WIDTEITED, LWbD HOMO B & T LUMO |
Foyu THEOHBETL, LANTEORBSY |

RFREDRDSBEND, TEIELOR Y MR |
IVEaA—YBMERFEaDEDTLICED, BIER |

WZDLDEFEHRIESLDDHD.
L

580 | E¥®MakpH Vol 232 No. 5 2010. 1. 30

37, XoIEBMNE T L, sEREBEFLIEE
MAERENE T2 L TH3, BEARLREDR
FL R 2EAER T TR, Mtk -
BIBEELA ML AT 2IEFEOBEINIC B
TrEEIZOND,
DALBEOE  VERE T, BIECREREN
BEBHEESITECL B ONEEFRIEL T2
TEEREZZE, SEY TS TOEYICE B
FHIBIC > T30 Lk,

& 5EIY 75 1 TOBRY{EBIEDRS
TFEINVEEY 75— OEENBETHE 2L
R I NS—F (BRET T L) IIERE
ERIN T EYBEEDLETHL 7+ L
A2Y EEFE L THEI LAY, Eas5 8y
TEA4 TORBRNMBTH S, Dy 754 7
gL T, DIEEY 754 7003 2ERGI» &
bOHTEVY PFoVEBY 7 7 - ERERFIC
RTBEER S DL ¥ 2L —avhdizon:
&, LEERWNIC 7 FLEEY 7 5 — €2 ERN
KRB LTRB I L, BBLT2DBREICE Y
TERTHLEERAONDE, Iz 741
Zay) vEEEEEER L TSR ER 2R~
R, DEEZTTREDY 75 4 TADEIR
MRS BEAEBENHEHO IR T3, Ih
&b, WY 7Y 4 TEERNICHRYT 2e
MOERENT LS, EBIL, 749 F429D
e XiTh s BREMEEL AL ~BFEOBT
FHTiEl, BFHENLRBITC LTy 754
FEREOBE NI OB R Ebbhmo
TERY, INGOFEERETL LWL, &l
HRXSICEEBTA I LI LEDNS,
DEEY 754 TEERNCBBTcEIOR
o, BIRMAMEIbIEEEIZONSG, 2 P a—
YRIFFELERVWE I LIED, BFEOIA 7T
) —0 85 FREBEOLAYH 5 5 BLIBIRAEES
DEHREXNS, JOEMCRTTIZEEILE
WCEBEFRINTE LNV AV AEGEREE
BEBRLAEEIN TS EELGHEEERL -
EETIE, 5 BUMEIE I & 2 LI IE S oK
TlaAastignis, AFa—-A7ivBEERICL S
HRFEOBEERBAMBASN TR B0W  F/,



PURBT A LHEEEFLCIE S BEEED
BECL > TEEROEE R LA L OEBEHERS
FUOLHHBEOET BASN TS,

w5 BDOIC

DT EOFEERDO BRI B FE - CREW
WES LI b 26T, ANEORAFERD D
EDTHBIEEELY L, TAXUAIENT
bWLFELIZDRG KB IBRSEEEZ HDOTY
5. DFREORRETACOBRRBEMECBE
THZEVHOTHLBETRAVTHA ), ZFE
EFROAREBEEEPINE TIKHEEINTETSE
h, FLWHERED EARS & AKIOLTREOR
BEEHOHEBOEATETHS, TTFoIILEL Y
T—YHEEEVBED LI BLAEBEELL20
DIIRHETH Y, LAEDISREERLERT
BRO—BIERB I EEFESTRER L,

1

2
3

)

4)

5
6

7
8

9

10

11

12

)

s

)
)

)

=

)

=

&k

Pierre, S. et al. : Nat. Rev. Drug Discov., 8 - 321~
335, 2009.

Ishikawa, Y. et al. : Circ. Res., 80 1 297-304, 1997.
Sun, B. et al. : Cell. Signal., 19 : 1765-1771, 2007.
Ishikawa, Y. et al. ! J. Cardiovasc. Pharmacol., 41 :
S1-S4. 2003.

Okurnura, S. et al. ¢ Circ. Res., 93  364-371, 2003.
Okumura, S. et al. ! Proc. Nail. Acad. Sci. USA,
100 : 9986-9990, 2003.

Yan, L. et al. © Cell, 130 : 247-258, 2007.

Toya, Y. et al. * J. Mol. Cell. Cardiol., 30 * 97-108,
1997.

Eguchi, H. et al. © Lett. Drug Des. Discov., 4 : 434~
441, 2007.

Iwatsubo, K. et al. i/ Biol. Chem., 279 : 40938~
40945, 2004.

Onda, T. et al. : J. Biol. Chem., 276 : 47785-47793,
2001.

Iwatsubo, K. et al.  Expert Opin. Ther. Targets, 7 :
441-451, 2003.

EZ0O3%HH Vol 232 No. 5 2010, 1.30 | 581



E R 2 1 5 FE
EESEREMEEN SR ESEE R ERESE
EREENTERILLESWME  EEMEAEDEKIG BHEERE
S AL—L 3 FILIERBERES

2 B £

el

HEF: FR22FE2H8238 (k) 13309 ~17B054%
ST BEEA NAMRIREME EEHERRLSE

T MEZEAN ERERL 2 —



BEEICET I OAREREEDORESR
WRAEE  BETIKRE &) HL

HEEE

UREETRTCOUBRORSETHY . HAEROIRERODLOTHD, LIFL
RO M FUEERSHIBMEAIC TTE L - REMRESOMEI THY ., v=uT o FAT
CUFRBERIER—FT L) CRERRERE (N—FERE) 3TOREKEEL LTE
AENTa, RN ZEKRFIEAZE T > TORKOBIER T — &M D UHEEE T
THY., EEBEIZIIRERGT E2D, SOIIFREENHLH Y. HRELRED
EEDEZ O ERE CIIRKELREETHS,

NR—ZF RUF ) URBFEROBXIIMNT T =B 7 T —EEBERAEE/ L. MR
FNcAMPREY»EZO T EELRAE 5L ThY, R—2EHEOCERHNFITIT 7T =1
B 7 5 —EiEEOIMENIMA S, R—Z BRI X S A IS O AE L., R
BEFIIHR_R—FT7 FL TV UEEERBEST A0, N—FHEEICL > TREXDONHE
MEZDBLETHDH, N—=F7 N Y UEFREIZ DOV T HA T LR, 77 =/
B 7S5 —FIi9o0Y T Z A TR TEY, MR L LEh3 YT 41 7 (BA) I
OEIC BRI REET S, o TUIER 7T T LBy 75— P 2RI BRET S Z 08
M, MR ESIH 2 - XTI — 2 R L REOLAREEENTE AIETTH S,

INETOHEL DBRCTFRIEDHYSCEEBREBREEND ., UREY 74/ T2 RBIEE
B} TIT. EEREOOCEEETIIAVD, LA Vs RREABRT TR L AL
REEAETT I L Dbr ok, SHISOFEEULOERF a2 —F TFMIITR
LR, LR T 5 T RRICHIE T & LA MO ERRE SN, TRt
HERO Y A VAR O—EEETe,

AFIIFER T 0 27 FTHY . DRSS 75 A4 TOBRRZ2HMHF L, SEE I
LELLTEZDLAREERL LTHEETAIZEEZBHNET S,

FEBLIWER

HxORE L OERY 74 4 THREAICEE L L TOMMEEL, OREY TS AT
EFRIEEMICBVTRET L, RBREFROA V7 oT L/ — VR EE T oD RE I
PhelZ, AR TR NV, LERY 774 TRRBEEUATIEHEETH Y,
F7-PDEMERICHT ARBMEIIREThH o2 &0, REEROAEKTOERSIL,
BT F VY 7 S—PEBETHD Z LR AN, EHIENYTaZ I A
EFNVIRNT, ARESODEY, BEFEOEERTHE A Moo —L (N—F A
LHERE L, MBEOEALIRBNT, A Moo — /LI 0HEEEZFBITET S0
bedr LT, RIBRERIC L D OBEKTiRA bR hotz, £72 3 BEOIT 25 I VA
WEoT, vy bo—/ABETRHOFIERE & BICUBEOHERE TR AL, A b
7oo—LVEBIUORMREME CILOMBEDETIIA LN ho-23, LIEKIZIFRIBERH
DHTH LN, FAEHCZBWTIZ Ly FIAT A MBI 2 EEROHERINLTE
V. E LR LA TOMBESL TS, DREEROBMEL BB LTz, fil
ZIIBITABRERENIIFRETHY, HRET7TFoNBEY 7 7—PICR T 2EHERITA L2
Motr, SLIEHRERETLVICBWTELEF /L AER, FEICHAERODR 2Kt
Lid Z ABERETFEO LENRONS, TOREIZA P Tuo— L tRERTH- T,

B .

DR 78 713, BEFRBIZL > THOBENMET Ly, ZORERTHEE
DLFREBRRZ S TOBEREDREZTTEEL LN, REEOHRET, ERFMNPREL L
TEWMERTHEREINT, FOI O LB VA VAFE LTEFIZDE - THR
ENTRY, TEELERINTVWA0, BELEBERCHANITETHY ., EMFERE
ERBOBMELEZ NS, MBEREBESRY 7 44 7ORRMFIENIL, A7 7 IIREK
ENALIICKRERAFEOENTHD, TTFoNAEY 7 7—Fd9o0Y 7 F A4 S 2EFO-



B, FNEFNOFTEALTHRIEORSRE 2V BRICHERSE CEABRE TN, EET
ITIEREEZ WS L L THAY 7 4 4 TOREABERBEA T A, DIEAY 7 % 7|
FloOBRT, SHEICMTEEEROLL2WEE LTET TR, B O0EFEOHEMRIZ
ESHENarEa— LA FAEER2ED T, MtROBEFEOREKF 2D L
NEZLN, PAECERFEHELTOERL,



TH215E
BEE7FBHFARENARREERERESE
BRI SRMRIEENE

T/ ATV URERERES
2 B £

|-

Bif: FRh22%F 28248 (k) 9OB3049~18K204%
BT BEEAN NAMEIREEGE EEMELRS

T MEZEAN ERBEL VS —



FRBEMEEA LY D BB BB~ NG
MRARE - MEMILKRE A &34

HEBH :

T b= AOMESEESLE LT, AEESEEOHIERENEAL TND,
THMERITEBILEMOLTHD EEZ BN TWED, 80 ER LY B OHBEMEKRIE
MORRLERDBEATEY, ERLICHT-RIANED SN TS, HxIMEDEFD
WEICANENTE, HEENLHEFETHIFHEMITELZRET I LITLY,
ERL MM E TRT 2 FEFERE L, AFEZRVWAZ &L, BEFE. £0b
WMRI%¢®aLtE@mﬁ CHERATHDEEZONDERILEDE2F.0, BETR
2TV, MREMBZHICKT 2 s BT EEA & LTHEEL, %?ﬁ"ﬁﬂ%ﬂ%ﬁﬁﬁﬁf&
LTHEELTW ZEAREHTH A,

FEBIUER

F—REBEITERINE CBEEMEP LY bu=7 AMBORRICAVW bR TE -
FETHY, ZOFEDICAIZEY ., FREEDICEEELZ TRIT D Z E0AREL 2o T,
:@@ﬁ%%&ﬁ%%wf\E%MﬂmAwwmﬁ%&%ﬁotoé%k%ﬁ%ﬁ%:ﬁ
B8 %&&ﬁﬁi&%%l?é&%;\%%@kA%A&%ﬁM FORMEERET
A ki . Bx OHEMTEZREL oz, TNET 3 ERORITHEBOBERY
%\ﬁkmﬁ%%M?étTT@< WtE2ERET L. BEFOERMERLEY - BtE(LT D
FEEBRETHIZENHER, Z0Z LIIBEFEOERBILEWIIK U TR LERET 2TV,
TR EEBLEYME L THRARCEDR L LEENRT S,

Bx ORIE LIZBMEEBEEHOO LD, MBAEREETA2LD0M8HS (ET123
6), BAIIZDILEYORMBAF E L TOEBERZBRET5 &3k, BMERHSEZ AW
HiHBIZ L 2FEER. RMBEEBEEC L2 RAEHERNT 5 & &ic, BRI AM
RIICBITH>EEDRERFLE,

EL1236iFv73x%A MIEET2HMEE2ET D2 &ERBHLERICHL L2
ST HBIEENDS 37 EICW 2 ETUBEWVIRERICB W THMBIHEZ R Z L bhoT,
FE] 236 ERPREL L TCORERBERAERF>Z Elbr-, EREAERIRY
ITUDE LT, e 20 AKRICR U CREBIBE 2 ME4 5 Z L2387 L7, UEBEHR
EDNAWESIERL, BDAMBOMIEEZZET DA M= LRRHBENTND

FFEE1 236 BEAABBIZEMNL, BMETHETHIZ LIZL-T, IBAIERE
ERBEINDZ ENbhot, ZOZ EiZ. EI 236 BEPEESESIN, BAE
BARFERCFEEINZZ L5271, REOEREY, v~V ARBICRAESE-EREARIC
BWTKRE L, EI1236%28KBEL, BRI KABAERYTHZLIZL-T, EI
236 AEMBAERAICEEL, o bu—E EI2364HKREEE. E123
6 EHEE+HEFEED 3 BEBWTERDIROUE2ITo b 25, BMEFEHICE
WTBREREEOREIBIOBHEIRO b,

UrOHEABFSE ] 236 B MREEHE L TEIETAINERIETH-HIZ, 77 F
LEBRBIVOEHET VICEBWTEESDRERI L, 77 v FPAERIIBONTIKRA R
BRERTEITV., FULEMO MR & 7 TN BEREFEMICER T I 2R L, 261
TIBLO T2 R DBIEDEEEDKR LT/, THICXIVERR 77 b ADBE LT
METICBOWTLBRERFENIIMR Y ZFARERETR Z ENbhoTz, ZTHLOREHE
EETIZ, fIBORSEBE TS VBT, w7 AR{LEDERHIRNICEFRE LT
B, KABEEREEBICERSERE IS, v~V RAEBIZELAYNEREL. MR 27
FAOEEE L TCEETEDHIEETHALE, ZNO0FRELS, ET1 2 3 61 XHHIZX
S THETRELZHMVAFTHD MROEBERIE U THRET A Z E23bnolz,



B

AHRT 0 V=7 FOBEBITH DA EBIMERO VR EZFIOREIZERL T, E1236
W77 FAERBIOBMERICL > TMREZA L LTERT Z e REES N, T
DLk, EEFHREE TIBADR) 2L oFBBRERLEYY. ERFHNREEE
T 5 LRI, MRICBITOEZBIBE R T I LEZMEM LI LIT2D, 77 FPAER
St BENENSTETHIZLNDI-TEY, TNETRBARDRFEEREY EE
HEDZ E2BRT 5, MBAARADORICBIT 2ERIL, ThETRASNZ LITEL
MRE®ZEE LTORADRL LT, INAANEGROBEIZ O RERES T LT LT H
BEMERH D, I, FROEABRICL > TESEOEDER L BERZENIZLRE B
ERIETAREERH D,



CAMP U7 FNEERIC LT e T VREAFIE A =X LD
Regulation of hyaluronic acid production via cAMP signal

AL, BT
Yoshihiro Ishikawa and Utako Yokoyama

Synopsis)

Hyaluronic acid is a kind of mucopolysaccharide and exists abundantly as
extracellular matrix in skin, article, lens and other organs. Skin folding as
seen with aging is shown to be related to a decrease in the content of
hyaluronic acid in skin. Supplemental uptake of hyaluronic acid and
addition to cosmetic ointment as well as direct skin injection of hyaluronic
acid itself have been commonly employed. Further, in the treatment of
article inflammation or lens injury, hyaluronic acid has been used widely in
medicine. It has been known that stimulation of G protein-coupled
receptors is necessary to produce hyaluronic acid, leading to increased cell
migration or proliferation. However, the exact molecular mechanism of this
signal transduction in cells has remained undetermined. @We have
investigated the molecular mechanisms of hyaluronic acid production
through cAMP signal in our laboratory. We have demonstrated that the
activation of cAMP signal is essential and resulting increase in hyaluronic
acid synthase enzyme expression follows. Because cAMP is produced by
adenylyl cyclase, a membrane-bound enzyme that is activated by Gs protein,
leading to the conversion of ATP to cAMP, it is necessary to investigate the
molecular mechanisms of adenylyl cyclase activation that leads to increased
hyaluronic acid production. Adenylyl cyclase enzyme has many isoforms,
from type I to IX, which show distinct tissue distribution and biochemical
properties.  Because the hyaluronic acid production has been best
demonstrated in vascular smooth muscle cells in our laboratory, we
examined adenylyl cyclase isoforms that are responsible for hyaluronic acid
production. We also examined the effect of stimulating these adenylyl
cyclase isoforms in an isoform-specific manner using forskolin derivatives
that have increased specificity to these isoforms. We also examined the
effect of overexpressing adenylyl cyclase isoforms in these cells to explore
changes in intracellular cell signaling as well as changes in hyaluronic acid
production. Accordingly, we found that specific isoforms of adenylyl cyclase
are more responsible for hyaluronic acid production and thus cell migration
thereafter, and that these isoforms play an important role in not only
hyaluronic acid production, but regulating vascular function such as
vasodilatation or endothelial thickening. Our results have indicated that it
is important to understand the role of each adenylyl cyclase to regulate
hyaluronic acid production. Pharmacological stimulation of a specific



isoform of adenylyl cyclase may enable us to enhance the production of
hyaluronic acid specifically. Development of such specific stimulator of
adenylyl cyclase may be used in the treatment of conditions where decrease
in hyaluronic content is involved. Indeed, our results have suggested that
such strategy is pharmacologically feasible.
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BT CERITLAZEO—FETHY, KEZIIUSH & LT FEL
B AHENGREL LTEEILEET D, MBICEIRED A0V T
TEeT7 e U BEFEEORTABEL T, BETIHEEFDERE LT
DOEEC, {LHEROTMpE LTOFER, I6ITIIERATE L TOT 0 VB
BEARTTHON TS, ZRLAMILBEEIRCARE LREEIZRBITDEERR L,
B ERICHBINTWS, e 70V BOEALAIC G EHEEROKRLE Y
FIENBEESTDZ SIEILATL Vo TS, ZOEMR A T =X LIFRH
Thot, G BRIEERORNLELVIIZ L TET AR VEEADTE L &
HiZ, MPEESCEENTLET 2 Z LR REINTE N, Zh b OHlasE
PREROICHIET B Z ERFREAR DD, H A WITFEOMIRN Y 7 OFIENE
WYL TITHONTWODDNEIFRATH- T,

HxOWEETIL. G BEARERRALEAATLD cAMP & 7 FLDSFAH
S AL ERFEIIDIE > THRLTEZN, REORRIZINETE T Lo VEEO
BEAFIENZIE cAMP L 7T L OFEHLALETH Y | IR KESEMR
WBWTeT7T/n VEBREABRZEO—2>THD Has2 DEEL NV TOTLENE
BERREEZRIZLTWA I ENbrolz (1) . &6IT cAMP V7T LV OEREESR
LT fEREBZLN TV 0T A% F—F¥ A BISMI, Epac EFEIEND G ERE
FERTFAMBREEOREICEELRREZRZLTEY, 774 —€ A &
Epac IZASBESENEETAIENDI>TE(2, 3), 2D &iE, BT B
BEA LB DOHIE A = X AN R HATREM 2 RIBT 5,

ABFETII. G EALXBARLE LD TToVEEY 7 T —BOFEER
BIEE T cAMP “ 7 AR E 7o UEREA Z MIZHIET 5 02 RET L.
mMEFIEGHMAmE SO CTHIRASREOEAPHRENICHETIBEY 7247
EEOTRNERBI 2o, SOICHBEDT TNV 7 7 —EY T HATD
HIEFIDS, RO LREDBEBORME L2V 5 2T W THRET LT,

2. EBR
HAS #BLOE&

=%V RNA B7—VENTT v MM GHE L7z, ¢ DNA O&IB X
RT-PCR iZiBEDERICEE&E S - HiE% AV, PCRIBIBIZAWE T I A
v —DEERINIIT v FOLOERAV, BEFAV 7 NLOEFETTIZEMKL
7. EEKIZ RTPCR IGIZEB W T, ZNEFhDT 7 L— MId2R< L b 3
BOEE#fTV., BREZRTLZ, TNTNOEBETFOERICHZ-> TX
GAPDH # =y ho—& L THV-, GAPDH OEEIZH - - T, diRD
¥ v b T& 5 TaqgMan Rodent GAPDH control reagent kit (Applied
Biosystems, Foster City, CA) % B\ 7=,
e

Wister 7 v MOMELEFHBZNRERELTERALEZ, 7y MEER 21



BB LUE, MBI 0 R E, 800ul @ collagenase/dispase
enzyme mixture Z#MML, 37 EIZT 15 HEOEILEB I 2o, MlaRE
WAL, 553K % 4collagenase mixture I1IZE X TE 512 37 Bt T
12 5B Z 2o, MR ERT growth media mixture (234, 3 5mm
® Poly-LrLysin M#& AWVTE&R 2T o1, HEREIFFT 6% CO2 DXRMHETH Y,
37 B THEFT L To, MIRRIZ T 2 h 4-6 B0k EEE 2 £/ L . alpha-smooth
muscle actin DFEHEA 9 9% IR OND Z L 2R L TEA LT,

7 AnCBORER

E7Ae B RR T IR SN BEEER L, FRENOHE S
NEE 7T La vV BREEEAR T T v/ ATV, BEABIEL LTEET
% = & T{T - 1= (LPIA Ace, Fujirebio Inc, Tokyo), & 7/ v EDE &L
duplicate THIEHZE O 71 b = — /-3 THTV, Hitachi 7070 analysis
system (Hitachi, Tokyo)%Z A\ T8 0 Onm IZBIF B RAEESIT LB Z 227,
siRNA £&

TEHSIRNAZTF =Ny 75— 2, 5, BLU 6 BOEREEFINLE
THAERBIRLCB IR, 2 ho—Ai2id QIAGEN o THER S b0
PRV, BUEEFOHIET AT o ha— A ST, siRNA (300 pmol),
Lipofectamin RNAIMAX (Invitrogen, San Diego, CA)% A 72,

TT ) U4 NAER

Sy h2BTF LB T—¥EEcCDNA 2o ¥ MRS F—IZHBHIAA
T, AY 784 T%2%RTDTT ) UVANAEER L, ERRICE T TR
AdenoX adenovirus construction kit (Clontech, Tokyo, Japan)% i\ 7=, 6 &Y
TFoNBEY 7 F—EERBRTDBTT ) IANVAZBWTE, 4 bATrY
ANATaE—F—% R, ERIZE 725 Tid homologous recombination
method % AV 7z,

c AMP EAREORE

fME 24 A7 L— MIBWTHE L, 24 RO MEERNZGEOH LITc
AMP EA % EE LT, EEICY > TEHEANZ 02 mMIBMX #8ML 2 0%
R preincubation & I 72~ 721412, FREZMx TE 612 10 57 incubate
L7-, BARSIZEREAZRE L. 400 wl @ ice-cold trichloroacetic acid (7.5%)
EERIIMZ TR T EERE, 7 4id 10 ul acetyc anhydride, 20 pl
triethylamine (Sigma)Z Mz 7 v F L&, TN bDOF 7% 50ul
0 L. 12,000cpm '25I-cAMP (Perkin Elmer, Waltham, MA) 50ul 7 % % 1fl
% anti-cAMP #ifE (diluted 1:3000, Millipore, Billerica, MA) & 4 ED G4 T
—Bt incubation 38 272 o 7=, 50 ul ¥ FH 7 ¥ X HLAE (magnetic bead coated,
QIAGEN, Tokyo) #Mx TERBHRM(LTEDL LA 5 1 K incubate L 72,
Bound from free D4y BIZ 3\ T i Millipore 7 4 Vv F — 42 AW TR 7227,
B LB EEEE A BIE U, BRI T2 8L cAMP EAED
EEXRBI Mo, cAMPEABIZIEHRE CHIEL,

PKA 7&H#

PRA M7 v 4 % & AVTHEIE L7(StressGen Biotechnologies,

Ann Arbor, MD), HIEEOFEMIIEEERE O 7 0 b a— o7,
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PGE-EP4 > 7 iz kB e 7 u L BEADHIHE

BAZIETA0 U BOELRENEZ, ZHE TR L TE LS REHMER
ERWVWTHAN, TRETOMEERML, BIRE LR L OERENZME T
ERMRICBIT A e T n VBELAENNSEN ENRbho TS, TBXH
TV VFBIZ L 5T, T VEEEANTLET D Z LITHEROERNS
HRBINTWAED, JFeLTEDEIRY T HA TICLAEENK HEND
NEEES L7Z, PGEL, PGE2, 8L WEP4 7= hTh 5 ONO-AE1-329 %»
AWTHIE L 2 A, BAEEKFEEICE T A0 UEEEANSEMLE, R&H:
X A8 BRI D EEBICB W THIW L7, PGE1 AKIc L A e 7o a VEBEDFE
A3 EP4 7o ZI=A FThH D ONO-AE3-208 I L~ THEENTZ, —HT
EP1 B LU EP3 239 MBI ZER L THLIHEIIR ATV Ao, Zh
LOREENS EPAIZ L AHIEN e T v BOEAREXR T2 & AHR X
iz,

cAMP EA% N LIt 7L v BELADHRE

FROBENS, e 7L VEREAICBWT EPA DHIEAEETHAZ &N
RSN, &2 T, EP4 ORIRBZ2FEAEITH S ONO-AE1-329 % T,
MEFRGHEZREL, FEEREMECEBREEEEZRTAZ LICLD,
ONO-AE1-329 {2 LA T v VEEEADREZHRT AL LEXL), BE
AR EPAT7 S =X M XA T Ao U EEREADKRSE LT, IE LB
A% EEEMET € EP4 O@BIRNAT Z=Z FThHs ONO-AE1-329 % 48 B
WESTHRML, 7o BOEERERRLE, EEERPIZEHTA ET L
o VEBERREEEEAVCVTERLE, WTHhLEREEREMNIZE 7 Lo VEREAEN
BMLTWAZ ERbhol=, LI EREKENREPA T A=A MNMILBET
o UEBREA R L, LEREFERRIZEP4 T I =2 hThH5 ONO-AE1-329
EFROWT, hEWEHMELEREL, Az l72o7, 4, 24, 20, 4 B
WCBITA e TV BROELA KB L L Z A, BEKESICE 7L VERE
ENREBINT A EBbhotz, EHICEPATI=A Mz LA T /o BELE
X, PKA OBIRWBEZIC L > Tl &= £xb, EP4 FEA c AMP O
A ERXE, PRAVIFTLERIELT A I LICL T T n VEEEAR E
BANB A= RANHERINT,

b7 EBREADSGFA N =K A

LT VEBBOBEAIZE ST, TRETIZ 3 BEOE T o VEREAR
ROFEEPEH LGN TWD, 2T, EP4 2N LIV 7 FARICBNT, Eod
TEATHREE L THWBEONERE Lz, BENIY->Tik, AL =X A
ELTHo b EAMREERGS LNV TCoORBENBES NS, £33
RT-PCR ZH VT, mRNADEEZB I 2 -7, HAS1,HAS2, HAS3 ® =20
Y7 E A PR TS5 A v —E2 BT RT'PCR LA, FNFNOEER
BI72o7z, EP4 &R HIEEITHS ONO-AE1-329 # 1 0 "M DEEIZE



W, MEFEFZHFE L% RNA 2t L, @#R2 754 ~v—%FANT
FEYBI/QR-o7-L 245, HAS1 B L TVHAS3 128 LT, HAS 2 #HDEE
o7 MABEINTE(["2), ESIZZDORERYHERTH -0, BREKEN
HAS2mRNA HEIREOELTHELEL-, ONO-AE1-329, TGFb. PDGF-BB
DEFNEFN%E, 10-6M, 10ng/ml, 10ng/ml ORE THIE L. HAS2 DRHE%
RT'PCR IZBWTEE L, WTINLEREFNIZBRRLEMI S8,
ONO-AE1-329 I L B2 I B N H LB N TH D EBbholz,

UEDRERNS, e 70 VEREERBOS T A=A LE LT, EP4 i
N LT PRA OFEMAENEBI Y 2zt b HAS2 OEIR i B2 R B 2
D, BRI DEEEGMRIIBIT A T VEBSWIMEE I NS A =R
LANREEINT,

TEFCBIT BT T oNVBY I 5— B T2 A4 TORE

EP4 His G ERE BT EEROEL(LE~T, Gs EREOEEL., B
LFUBERL T T =Ny 7 7—EOEMILER T cAMP EA 25| EREIT,
IO FRICERET S PKA B2 HAS 2 DEZERERF L L TEI< Z &23bh
S5Te ULMAICMEFREHICIIZHOT TN 75— T 24 THREE
LTW3, BEIIEEDT TNV 75 —EBY T H A RO RIZE
ERRE A BT R A - Cln, FZ CEERMNZ RT-PCR 2 HWT, FO7
TNV T —EY T E A TR ME BRI E BIRT 5 hERET LI

RT-PCR DFEEMNS ., FiBGHEICIZT1I BLEIO 8 BERLS T XTOY T &4
TORERBRHEEIN, ZOFTRECIZZEBLUY 6 HOBHRBBEBN &2
bhol, TZT2BLU6HOENETNOEEEZKREFTT 57202, siRNA D
FEEAAVT, FRNFROTToNVEBEL 77—V T4 TOREERELB D
oty WTFNOYTEATORBIZEWTYEH PGE1 247 L7z c AMP FEARE
FHEERXMETE R L, ZOZENOEY 724 7%, Witk PGEL #lE O
TRICEETD D Z ENHERSN-, 22 TCIN60H T2 I2EBETE
VEBREAEZHKR LIEE A 6BV T YA TORERIIBN T TV SEEEA
BEMET 208, 28 AW L 5 BORBIFIZITZDO L D REAETRA ALY
ZENPDMMroT,

XBRTTF I 9ANAELBNT 2BIBEN6 RS T X 4 7TOIBKEREZ LB
Il A 2BV T A TOBRBBRIIBNTIRE T vn VEBBEAIT ER L
ol 6 BY T2 A4 TOBARBRICL > T 7vn UEBEEANTEEICHEM
THZENDbhoTz, UEDORKERNS, OEFEHBRICERTIZHOTT
ZNVBEY ) T—EY T AL TP THL, 6BV T YA TR EP4FKICLHET
NoUBEAICEERREEZR- LTS ENBEIN,

EHIZ2BBIO6 RUSBRIR LRI EL AWEZERNOIX, 77 /AN
AL BTTFoNEEY 7 T —EBARBELFSOUEN, TTF=VEEY 7 T—
PRRWFIEEIC L > THEONRAZ Elbholz, ZOZ X, 77 /040
2HEESH Z L, EBEHRFELZRANDIEICLY, e 7o VEBELS
HlfE T & B ATREME A R B,
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E7Am CBITHEARE L U TR RERAZFEOZEPNHMBN TV B A,
FORBAEILImoho TV, Baiddia &b B REFHEEICLS
E7 o CEEEAICIT EPA A EE & 237U, EP4A I L A7 7 = VER
VI T EOEEEBL e T e VEBEEARBEOGREME AT LT, BT
nUBBOEENERTAZ EERLT,

INFEFTOERTELNEHERCTCEELEZEZAONDZ LT, 26 OREMN
MEANY TFTNRE~TREININ, BETHIERY 7714 IRFESNE
ZETHD, ZEBUVNTIIEPA REELRBREIZRI-L, ZOTHRICHHT
TN TV T A TIZEL TR 6 BV T2 A4 TREERRE LI
o TWA, EHITKREIRZ LI T A U BELARBREY #4477 ThHY . 31
DY T HZATOFRTEH 2R OZ) EP4 FIZ & » TEHREFEENEHE I, v 7
NovBEARTIEIEARZ ENbhotz, THHDOERMNL, e 740 B
BEEDGFAIN=RALE LT, BEZSILLEREDY 744 T2 E LIV
FTMBEZRDPHRN THEE IR TWA RSN LD Sz,
HBERNICIEZEOBENEEL., FOBEY 724 7123 BB EET LI L
BEENTWDE, VI TARZEOBRICBWTIL., BRhoY 744 7B
FICIERA L, AU LI RBRE2ELGE L. TUENOYTH A TR o72
BREEAHE-STWAEENH D, PGERIEIC LA e 7T U BEEAIZE L Tldk
EOTREMENEZ OGNS, EP4, 752 LBL /7 I57—F 6 B, BLUe 7
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