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1. AROERLEN

IMEHT A VI BORISAAIEE Z X T 2D ICBBEORIGTH D, Tz A
FICO > bO—IV T 2T ENRAREBOBBICEYN TH S, HlZE. KBS
CRIERIET) U F IR E TR S NS AEFHRME OB M E S E I KB M ERD
FERICKESEKFELTVS (1) =8, mMEFHEEZNHTEZEICTKD, b
DIBJEZMH T 2D Z ENRRETH 5. £/2, BICMEHE - BEZFHETSZ
Eid, BIMERBICB I SMBOEE, £z, BERBOREICEDTHS.
BREZOXD RMEHFAREEEEL T, MEFELZFETIEAEDREET
ZRENCEAL, TORFTMEREFHEAEORB 2 HE T 5B FEE
NEEHZEHTVDS, LML, EEREBOERBIIPVWTLER EE2BLCTHE
EICKDFETEZEREBEENSREVD, LRBEDONMEOBIEEZRET S
TeHDARELUTIEL TWiz\, £z, HIERF OER Z M6 3 2 & H 4E
MHEEORAFEAEICBN TR, BRI EFEORREIESNTVARN, N
W BLICIEHT A Z ST 2 FEME, AT ICT TITER SN TV S IMEREIC
LU TIIIRERBATERNW D THEEEZEZ LGNS, LizN> T, mMEHE
W20 T < B RAAKR SEHEOHIEERICOWTHHE ML TN 4
BENHB.

MEFAEIT. BEFEOMENSHEMENELZBRLTHS. £7. BEOM
BOREBEARAREL . B NEMALDHIE - b E - B - EEERNEL 5.
5N, EEE O R OV K - 1 5 SEE e Ol E - EREAAE U Tl
HEIMEMNTERT D, TOXDB—ED NIk~ BZERAERFICKOHIE TN
TW3, IMENKEMEAT (vascular endothelial cell growth factor; VEGF)
VI PN B e D IEGE, i, BRERRICEE ST 5 R b EELIEMERFTH B
(2). ¥7z. angiopoietin 1 (Angl) (3) XU angiopoietin 2 (Ang2) (4) i
BN AR & B R - EEE M E O EERZHETSRTTHS.
Angl IS OMLOHEER Z&ED TE DR - BELICEAEST S, —
7. Ang2 ¥ Angl OABEMEFRFTH O, Angl OERZMHE L T, I
EHMEOFHFE - YETY D JICEAboTWA EEZLNTWVWS, £/=, VEGF
DIERFEB ZHHIT2NREDOERNFER ETNTHB D, £0 1 DIT endostatin



N3 (6), IHFE, ZOLIREAEORTFNRLAFERIN, TOEEEED in
vitro R in vivo THRINTWVWS HD D, EBORIEIZHT 2 AZFEHEMET
DMEHEICBNT, EORFREDIIBRMICEDI S BBFTEEIN
BZOMMTDNTIRIFEAEASNITESNTVRN,

HEE LI, YUACBVTELVWLEFAZ D BB REZFET 5E
BRETIINEZHERELE 6). ZOETFIHNTIRIMEHE, MEORR, 5IC0E
DOBHE DBIEZFEMICHTTE S, TNETIOETIVEIFERHL T, BERIE
IZBWTELEXNS histamine 1, VEGF OEFEAZFEL, MEFEITKE
SBELTWB I EZHLMNILRE (6), £/, prostaglandin E2 (PGE2)
VEGF EAZFHETHEMANHD, AETINVOMEHREICEHGLTNE LN
HoMZEINTWVS (7). ITNHOT ENS, MEHAICRES T 2EEMEOH
HERFOEEIT. KAED chemical mediators (& 0 il & TV 2 AIREED
=<, 2B O chemical mediators OEARERFRBR 2T 2 Z LK
D MEFEZEMCLOEETESREENH S, £ TAPIETIE, MEH
o BREA - BEICE ST AEREOEARNZHS ML, INSORTOE
S EZBRSMITEIEEE 1 OBRNE L.

Histamine 13 in vitro T VEGF OEAZFHETLERZRLE. TOEH
i3 He SHEZEN L cAMP EATIH#ICKS ZEZHLNIILTVS 8).
*/-. PGE2 I3HFEMMICPWT VEGF EAZFHETLZZLEBHEL TS
(9)., PGE2 13181 skt sEfiIc BWTIE EP2 Z&#EZNL T (10), %
7=, EIEEEEOMEMIcB W TIE EP3 284%M L T (11) VEGF
ERFETHIENREINTVS, ZOLDIT PGE2 iITMICK D RIS
EP S5EENLTWBAEEENDH 508, EIT cAMP O EFIZXD VEGEF O
FEAERFETEEEZEZLNTVS, LML INS5D chemical mediators (3E
TR A T EBER 2D, MEFEHEEEL THNWS I LIKIFZ<O
e B, =T, <H® chemical mediators &[FEkiC VEGF EAEZ
BT IEMERERT D LT, BRREROHRBICEMT S LEZA 512,
Z 2T, AWFETIZ, VEGF EAZFETIEYMOAY ) —Z 2 T RZHEILL.
VEGF EAZRETHLEMOBRRETI I L2B20AMLELT,

NS OMELSRRCBEIN S, AFEIZILTORITOWTHENT L.



(D) YT X DWRERIRFEETIVICBWT, EAEOMEFEFHERT. T/4b
B, VEGF. angiopoietin-1. angiopoietin-2 &7\ endostatin o &4
RS, MEHAE, mMBERE ROMEREDORBEEOMEE. ROE
I8 347 A SR R O 2 A D FE ELBE R

(2) In vitro T3 VEGF EAFEER 2R TEYDOBRR,

VL EOBZED 5, VEGE 72 & O & #H7 4 R ER T 0 #E 4 % 5538 4 2 3y A3 M
EWERERL L TADTHE ZL2HMICTHEEbIT, BIEBAEMESR
SRS E QMEH LSBT 2 RBICH LU THAMERDRNG 2 58T 3RT
ZRWEHLWKIKIEZRE T 5.



2. RERAE

2-1. IRRBREBERRIEDORE

129 REFARIT ™ Z KR HDC R18 129 ZY T A (KE 25-28 g, #, Hit
KERFERTHEMER KREEERIOMEE) 2RV 2B, BYERITE
LRk ER B ERZEERICL DERS N ERBYERD HFW0
BT B4EE) KEDWTITo .

Wi R 8E) ZIFI)VEiEETHIMEL 2%, %BREE, 1cm (7T mg) Y]
L. 160°C T 2 R vl Uiz, T—FIVEE R, 0 AEME T ICHE
LIz zBiEs (13G) ZHWTEEL 2,

2-2. AFEEDAELMEFLENEE

WL ABELTH S —ERME. YURAET—T)VMEE T, SHEREICX0
BB X W7, WARAOEBEICERE NAZFMRBZ, fRIEMtL, PBS T
wewris, EEZHE L. 51T, Vir-Tis homogenizer ZFiWT, 20 5=
® 0.5 mMNaOH FTHEIF A X L7, 10,000 xg, 4CTT 30 HflEL L,
moN FEE X 512 14,000 xg, 4C T 30 @ LLE. LEFONES
OELEBEAES/OES T vEAFy b (NEFOEYBT A MIJE, MM
#®) #AWTHEL, MEHEDREREE L.

2-3. VEGF R\ endostatin MjAE
-2 TELNFAFMRBOTES R — D EEPO VEGF kU endostatin
12 ELISA kit ZFHWTHIE Lz,

2-4. Ang1 R Ang2 MDEIE

2-2. TESNEHFERBOFESRX— MO LEFOD Angl KU Ang2 3.
Hi Angl (Santa Cruz Biotechnology) kUi Ang2 (Santa Cruz
Biotechnology) %W T, Western blot ¥EIZ & D fi#HT L7z,

2.5. ¢-Smooth muscle actin («-SMA) DOFREIZDET



®-SMA @ Western blotting RO ERMAIIH o-SMA Y7 AE/ /O
—FIVEiE (Sigma) Z2HWTITo 7=,

2-6. EMDxRE

Histamine (Sigma), dimaprit (Reseach Biochemicals International), #1
VEGF IgG KU control goat IgG (R&D System) 1iKE = N7z A AKX
R LTz, BB S NCBOEY ZEVAEEEK 0.1 ml 2, T—F )V B
T, MRBHEEALICTESN Uiz, WREICIZAEAEK 0.1 ml ZEERICHESL
i

2-7. NEFEROBE

WRZEBMEE 7 ARORFMEZERHEL., 1~2mm AIZI ALK, 26 mg
Z 0.2 ml @ 10% (v/v) CS Z&8 EMEM HTH3# L /-, Brefeldin A (50
uM) FIETF, YU XU a>EF >~ VEGF (10 ng/ml, PeproTech Inc.) %
1 medium FT—ERFMEELRE. BERTHR, AFHABZFIES T X
L. (14000 xg, 4C.30 7f) EEH D Angl KT Ang2 &% Western
blot IJETHEMT L7z, E/z. WIFEMMF O RNA 2L, RT-PCR £ T,
Angl. Ang2 KW' GAPDH mRNA &Zf#fTL7=.

2-8. MRRDFAB LITE

RIAR 7 O7 7 —Tkkkk RAW264 % 5X10° cells/ml 12725 & 512,
FBS % 10% (v/v) X MEM non-essential amino acid solution % 1%
(v/v) \Z/2B & DT A 7 RPMI-1640 1Z8#E L. 24-well cluster dish D&
well 12 0.4ml $OHL . 20 KEfEIEER. dish A% PBS T 3 [HEHEH
L. RFEMEEDHEY), 10% (v/v) FBS BXW 1% (v/v) MEM non-essential
amino acid solution Z&% medium ZFINIL T—ERFRMREE L /-, 5BER.
B 2RI LiEl (430 xg. 3 4fd. 4C) L THEEZLERD VEGF &%
ELISA EICKXDHEIEL 7z,

PGE2 (Sigma), PDE1 FHZEZ 8-methoxymethyl-IBMX (Biomol Research
Lab.), PDE2 [HZ# EHNA (Biomol Research Lab.), PDE3 [HZE%




quazinone (Biomol L Research Lab.), PDE4 FHZE# rolipram (Biomol
Research Lab.) &7 Ro20-1724 (Biomol Research Lab.), kU PDE5 [H
## zaprinast (Biomol Research Lab.) & DMSO Z#f#L . medium T
1,000 fEHR L THW, HBEICS FERIC DMSO Zi#HinL 7z medium %
MWz, DMSO DO&R#&IREEE 0.1% (v/v) TdH .



3. RER#ER

3-1. MEFHE - BREAOH EHKE
(1) MARFBEBEUREETIVICBIT2MEHE, kX VEGF & Angl A
DRk

N OAERE FICHR (1 cm) ZBHET 2 S IMEH 4 % M- 7= A ZFHETE A
C2M, ZORBIIMARZHEL T7 BRICRKIZZRD, 14 A B TlZovRd
L7z (Fig.1la), MEHEDERTH 5RFMBFONET/OE VBT, 4
BHER 7 HRETHEML, 14 BTIHMETFLZ (Fig. 1b) Z&Mn 5, IMEH4E -
AASINEIEELT7HEETIZAEL, TORIIMEDBRENELC TSR &
WRREI Nz, AFMBMOBES X — D VEGF 8% ELISA HiIckD,
Angl &% Western blot HRIZK DRI LZHER, WIns 7 AEEE—71C
L7z (Fig. 1c and d).

(2) HDC REX DU AIZHBT 2 mE#H4E

HDC R~ T A TIL, #ARBHEICELS VEGEF EAMEHEL THO, Mm%
HAERISBTF N EERELTWVWS (6). £I T, HDC REITAITHBNT,
Angl EABZLL THENE D NEH L7z, HDC REIT A TS, #ARD
BHEIZ X DRFEMRBTONES/OEERDY Angl BIZEREYICHEIL 7248,
BRERDOING OEIL, AT AR THERIZ/NEIWHEZR L (Fig. 2).
Angl ZIE ORRFICEET 2729, & ORIADIEEE E L THE MR - e
S RIS BT B o —smooth muscle actin (¢ -SMA) B%f#T L7,
AT 2 TR, WEHFHERBETRO o-SMA SRIIMAZBIEL TS5 ALK
H#ETAERICHEINLA, HDC RIEYTAICHIT2HEMSET D o-SMA &
B ARIT D ZITHRTHERICEMN o= (Fig. 3a). £7z. Angl EEEBDZE
b2, EEAMIRTdH 2 B LM - EEEHHREOEICLE2 0N E S
BHSMZT 27012, Angl EEEE o-SMA REEOHZEHLE. T0
fh. Angl/ «-SMA HIZBAERT D ZIZTH W TREFRICEML, HDC KR8
NUATRZDOLEIBFARY T ZITHERTAERITENZ EMHS NI 2

(Fig. 3b), L7225 T, Angl EOEINTIZ, EAMROBMEZE T T3k,

10
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Figure 1. Time-course of angiogenesis, and the levels of VEGF and Angl in the granulation tissue. A
cotton thread (1 cm, 7 mg) was implanted subcutaneously in the dorsum of each mouse. The mice were
killed 1, 3, 5, 7 and 14 d after the cotton thread implantation. (a) The vascular network formationaround the
cotton thread (left) and the subcutaneous tissue beneath the cotton thread (right). (b) Total hemoglobin
contents in the granulation tissue. (c) VEGF levels in the granulation tissue determined by ELISA. (d) Angl
levels in the granulation tissue determined by immunoblotting and analysed densitometrically.
Representative immunoblots from one mouse in each group are shown at the top of ¢. The mean Angl level
in the granulation tissue at day 1 is set to 1.0. Values are the means from five to six mice with s.e.mean
shown by vertical bars. Statistical significance: *P < 0.05, **P < 0.01 and ***P < 0.001 versus the values at
day 1.
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SN OFERBIBEGT 2L, TOHEN HDC R ZTRHIELTH
5 ZENTRR E N,

KPRIT, REREBICED «-SMA 2RETHHMZHRE LR, BFAeR
NDUATI, «-SMA ZFEBY 2 EKEM - 8 FE T2 8L 2R L 7=
FAEMENZ Ro/z0izxt L, HDC RIEBY A TId, FEEHIE - 1S F
IBATAIAR 2 A S B DR AR L TWiz (Fig. 3¢). 25 D#EEM 5., HDC

RIEYTATIE, Angl OEEMETLTHO, HEDEDRAIREZLTH

AN

B ENTRRENT,

a
g 400 6 2 3 4
238 i +/ ]
= ‘g 1 - HDC_/_+ *kk
9o c [Z]1 HDC
c 2 300 0~
O%& # 0% 4-
o g *k q>, g
£ 8 200 1 = o
8o ==
o2 o2 o]
D2 100 - z2
gz - ] i ## %
[
g H1HE- i
3 3 5 7 3 5 7
Days after Cotton Thread Implantation Days after Cotton Thread Implantation

Figure 2. Impairment of angiogenesis and the lower levels of Angl in the granulation

tissue of HDC”~ mice. A cotton thread (I cm, 7 mg) was implanted subcutaneously in the
dorsum of each mouse. The mice were killed 3, 5 and 7 d after the cotton thread
implantation. (a) Total hemoglobin contents in the granulation tissue. (b) Angl levels in
the granulation tissue determined by immunoblotting and analysed

densitometrically. Representative immunoblots from one mouse in each group are shown

at the top of b. The mean Ang! level in the granulation tissue at day 3 in HDC*+ mice is
set to 1.0. Values are the means from six mice with s.e.mean shown by vertical bars.
Statistical significance: *P < 0.05, **P < 0.01 and ***P < 0.001 versus the values at day

3, and #P < 0.05, ##P < 0.01 and ###P < 0.001 versus the values in HDC+/+ mice at
corresponding days.
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Figure 3. Defective maturation of vasculature and the lower levels of a-smooth muscle actin in the granulation tissue of

HDC- mice. A cotton thread (1 cm, 7 mg) was implanted subcutaneously in the dorsum of each mouse. The mice were
killed 3, 5 and 7 d after the cotton thread implantation. (a) a-smooth muscle actin (0.-SMA) levels in the granulation
tissue was determined by immunoblotting and analysed densitometrically. Representative immunoblots from one mouse

in each group are shown at the top of a. The mean o-SMA level in the granulation tissue at day 3 in HDCH* mice is set
to 1.0. (b) The density ratio of Angl to a-SMA was calculated. Values are the means from six mice with s.e.mean shown
by vertical bars. Statistical significance: *P < 0.05, **P < 0.01 and *#% P<(0.,001 versus the values at day 3, and #P <

0.05, ##P < 0.01 and ###P<0.001 versus the values in HDC*/* mice at corresponding days. (c) The granulation tissue
was dissected 7 d after the implantation, dehydrated and sliced 5 um thick. The tissue sections were immunostained with
FITC-conjugated monoclonal anti-o-SMA, and the o.-SMA-expressing cells in the granulation tissue were observed with a
confocal microscope. Cells expressing 0-SMA in the granulation tissue are indicated by white arrows. Representative
micrographs are shown from four samples. A scale bar represents 25 ym.

13



(3) Angl EAIZBITS histamine ORIE

HDC REITZIZBNWT Angl OELEDEFRASNIEZIENS,
histamine 7' Angl DEAIZEES L TWAR[EENEZEZ NS, T I T,
histamine &\ H2 847 T=Z ; dimaprit Z#RFRRIELBAITIESH L,
ANEJOECERNY Angl BZMBH L7z, T£O/R, histamine (0.1 KO 1
ug) KN dimaprit (0.1 R 1 pg) OBEGICED. AEKEFEICAZFEREF
DANEZDEZE (Fig. 4a) kW Angl & (Fig. 4b) 2HEKRT 5 Z L5
Mo Tz,

Y
o

) B S g )
o 2 150 - . 10
:IC-; g *kk b - 1 o *kk
c —
£2 % 23 °7
O —g 100 - / "6 § 6 - *kk i
.E E *% *kk 7)) g )
oo Tz 4 4
235 501 // >0 /
g5 ] 7 g 2
gt oj-, N o I A/
j=]
3 0 01 1 00101 1 (Mg 0 01 1 001 01 1 (pg)
Histamine Dimaprit Histamine Dimaprit

Figure 4. Effects of histamine and dimaprit on Angl production. A cotton thread (1 cm, 7 mg) was

implanted subcutaneously in the dorsum of each HDC- mouse. (a) and (b), histamine (0, 0.1 and | pg)
or dimaprit (0.01, 0.1 and 1 ug) dissolved in 100 ul of sterile saline was injected subcutaneously at the
site of the cotton thread implantation just after the implantation and then once a day for 4

consecutive days. One day after the last injection of histamine or dimaprit (5 d after the cotton thread
implantation), the mice were killed, and total hemoglobin contents (a) and Angl levels in the granulation
tissue (b) were determined. Angl levels were determined by immunoblotting and analysed
densitometrically. Representative immunoblots from one mouse in each group are shown at the top of b.
The mean Angl level in the granulation tissue in the control group is set to 1.0. Values are the means
from five mice with s.e.mean shown by vertical bars. Statistical significance: **P < 0.01 and ***P <
0.001 versus the values in the corresponding control group.
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(4) Angl EAICBIT S VEGF OS5

RiZ. Angl EX£ICBTS VEGF OBEZBASNTT 5720, VEGF @
iR EER L7z, #1 VEGF IgG Z#iABHER4HE, H5WIE 4, 5,
6 HEICRERFNICEN L., TNz 5 HEKU7 HEBE ORZFMABHPONES
OF 8Kk Angl BZ2FHTL7=. 1 VEGF [gG O 51Tk 0. WIFEMMEF
DANEZ/OECEBMETFL (Fig. 5a)., MEFHENMEII NG Z EAREREIN
7o £/2, ANEZOECEOETEIFIE—BHL T, AFMBEFD Angl LN
IHET LA (Fig. 5b). & 512, i VEGF IgG 13 histamine 12X % AZF#
HHOANEIOEBOEK (Fig. 5c). kU Angl BOEMZHHE L (Fig.
5d). histamine 12& % Angl QLKL VEGF EEXZNLEHDTH S
Z ENTRRE NI,

#ZT, VEGF I& D Angl OFEMNELZNEDH, invivo KW in
vitro THEHT L7z, #RZ28BEL T 24 FERRIC, TOEFIIITR)aA>E
+> b VEGF (30-300 ng) Z{EH L. =0 24 K OH#RE IO I & #E
(Fig. 6a), RUAEMSTOANES/ O & (Fig. 6b) 1&. VEGF OHEITK
FELTHEMLZ, Z0&E WEEMAMBTO Angl ML (Fig. 6c). L
7=h> T, VEGF 13 Angl OEAZBRIEZERAND S I EAVRR TN/,
Z® VEGF i2&% Angl OEABEAERIL, MEFHFEZBRIBELMRT
HBOMN, HBHWIE, Angl EAMRICEBERAL T Angl OEAZEARE
B0 EHSMIT B80T, invitro OEERTHENT Lz, MRBHER7
A B ERME L. TOREMZE VEGE FEFTHEELL, TOR
B VEGF (10 ng/ml) Z#HML T 24 BEEEZ ORZFMMT O Angl EH
BIIEZICEINT 5 Z EMBH SN/ 7= (Fig. 7a). VEGF ZiRINL T 2 K
B0 Angl mRNA L~bb#EML7Z (Fig. 7¢) ZT&EM 5, Angl DEAED
FHE L Z ENER TN/, 2O VEGF @ Angl EABAERIE VEGFRI
HBW\iE VEGFR2 DEBE5DREFEENLTVENZHENITT B0,
VEGF &&diz, TNTNOPRFEZHRML Iz, TORER, VEGF IZX5
Angl OFEAZEIERIZ VEGFR2 OFfiFikick o #fiEn (Fig. 7b).
VEGFR2 Z/ L TWA Z EWRERE N,

Ei, AR SRS N EMEEEMIRZ S B W T, VEGF © Angl &

15
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Figure 5. Inhibition by anti-VEGF IgG of histamine-induced Angl production. A cotton thread (1 cm, 7 mg)
was implanted subcutaneously in the dorsum of each mouse. (a) and (b), goat anti-VEGF IgG (1 pg) or control
goat IgG (1 pg) dissolved in 100 ul of sterile PBS was injected subcutaneously at the site of the cotton thread

implantation in HDC** mice just after the implantation and then once a day for 4 and 6 consecutive days. One
day after the final injection of anti-VEGF IgG (5 and 7 d after the implantation, respectively), the mice were
killed, and total hemoglobin contents (a) and Angl levels (b) in the granulation tissue were determined. Angl
levels were determined by immunoblotting and analysed densitometrically. Representative immunoblots from
three mice in each group are shown at the top of b. The mean Angl level in the granulation tissue in the control
group at day 5 is set to 1.0. Values are the means from six mice with s.e.mean shown by vertical bars.
Statistical significance: **P < 0.01 and ***P < 0.001 versus the values at day 5 in the group treated with
control goat IgG, and ##P < 0.01 and ###P < 0.001 versus the values in the control goat IgG-treated group at
corresponding days. (c) and (d), 24 h after the implantation of a cotton thread, histamine (1 pg), goat anti-
VEGF IgG (1 pg) or control goat IgG (1 pg) dissolved in 100 ul of sterile PBS was injected subcutaneously at

the site of implantation in HDC" -/~ mice. The mice were killed 48 h after the implantation, and total hemoglobin
contents (c) and Angl levels (d) in the granulation tissue were determined. Angl levels were determined by
immunoblotting and analysed densitometrically. Representative immunoblots from two mice in each group are
shown at the top of d. The mean Angl level in the granulation tissue in the control group is set to 1.0. Values
are the means from six mice with s.e.mean shown by vertical bars. Statistical significance: **P < 0.01 and
##%P < 0.001 versus the values in the control goat IgG-treated group, and ##P < 0.01 and ###P < 0.001 versus
the values in the group treated with histamine and control goat IgG.
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HEREVER 2R LTz, BHEEFMRICB W TS, VEGF (10 ng/ml) ¥ Angl
mMRNA L)V Z2EFEICEMEE-, 28, ZTOEE Ang2 @ mRNA 38N
¥79, VEGF 13 Angl OFEAZBRRMIEMEIES I LN ENL (Fig.
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Figure 6. Effects of recombinant VEGF on the levels of Angl in the cotton thread-induced granulation tissue of

HDC-- mice. A cotton thread (1 cm, 7 mg) was implanted subcutaneously in the dorsum of each mouse. Murine
recombinant VEGF (30, 100 and 300 ng) dissolved in 100 ul of sterile saline was injected subcutaneously 24 h
after the cotton thread implantation at the site of the implantation. The mice were killed 48 h after the
implantation. (a) The vascular network around the cotton thread (left) and the subcutaneous tissue beneath the
cotton thread (right). (b) Total hemoglobin contents in the granulation tissue. (c) Angl levels in the granulation
tissue were determined by immunoblotting and analysed densitometrically. Representative immunoblots from
one mouse in each group are shown at the top of c. The mean Angl level in the granulation tissue in the control
group in HDC-- mice is set to 1.0. Values are the means from six mice with s.e.mean shown by vertical bars.
Statistical significance:**P < 0.01 and ***P < 0.001 versus the values in the control group in HDC-/~ mice, and

#P < 0.05 and ###P < 0.001 versus the values in HDCH* mice.
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Figure 7. Induction of Angl production by recombinant VEGF. The minced granulation tissue (25 mg)
dissected from HDC-- mice 7 d after the implantation was incubated in 200 «1 of EMEM containing 10%

(v/v) calf serum at 37°C for 3 h. After three washes, the tissue was further incubated in the medium at

370C for 24 h (a and b) and 2 h (c) with or without recombinant VEGF (10 ng/ml) in the presence or
absence of brefeldin A (50 #M) and anti-mouse VEGF R1 (50 xg/ml) or anti-mouse VEGF R2 (2.5 xg/ml).
(a) and (b), Angl level in the minced granulation tissue was detected by immunoblotting and analysed
densitometrically. Representative immunoblots from two samples in each group are shown at the top in a
and b. The mean Ang1 level in the minced granulation tissue in the control group is set to 1.0. (c) Angl
mRNA levels in the minced granulation tissue were determined by RT-PCR and analyseddensitometrically.
Representative Angl mRNA bands from three samples in each group are shown at the top of c. (d)

Fibroblasts (5 x 100 cells) isolated from the minced granulation tissue were incubated in a 60-mm tissue

culture dish at 37°C for 2 h in 4 ml of DMEM containing 10% (v /v) FBS. The cells were then washed
three times and incubated at 370C for 2 h in 4 ml of DMEM supplemented with 10% (v/v) FBS in the
presence or absence of recombinant VEGF (10 ng/ml). Angl and Ang2 mRNA levels in the fibroblasts
were determined by RT-PCR and analysed densitometrically. Representative bands from one sample in
each group are shown at the top of d. The numbers above the bands indicate the density ratio of Angl and
Ang2 mRNA with GAPDH mRNA, respectively. Values are the means from four samples with s.e.mean
shown by vertical bars. Statistical significance: *P < 0.05, **P < 0.01 and ***P < 0.001 versus the values
in the corresponding control group, and ###P < 0.001 versus the values in the recombinant VEGF-treated

group.
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3-2. MERMBOFIEHEEE
(1) #HramE 0E#MEE Angl, Ang2 KU endostatin PEA ORERZEL
RBERERAEETT IV TIE, MREBHEL T7 HRICRFEERUNE
JOE EENEAERD, FEALE (Fig. 8), L7z->T, 7HBLUE
I AENEORBENECTNDEEEASGND, TI T, I OHFEME RS
BT AR O VEGF, Angl, Ang2 KU endostatin &2 f##T L 7z,
WEEMRETF D VEGF L)L 7 ARUERA L, ANEJOECEDORAD EH
I 7=k zxR L7z (Fig. 9a). —4. VEGF OERZNHIT 2
endostatin 13 14 B&Ic—@EIcHE ALz (Fig. 9b). Angl bi#RBHER 7
AficRAICRD, UBREAD Lz (Fig. 9¢) #%. Ang2 I3, endostatin &
KEIZ. 14 BRIC—@MkIc A L (Fig. 9d). L7=A> T.VEGF KT Angl &
I & A R NS D RRBINC EEAE N E 0. FrEME ORI Z DEEMN
BWET A&, IHIT. NS OERICHMHEIICERT S endostatin B
Ang? 3. FAEIME ORMENEEL 14 B BICEANSE 0D, FALE OB
RISIZBE L TWa Z ENRB I N, £k, 207 HBLUBEOHAEIME DR
. Ang2 KU\ endostatin OEAICIE, HAERTIZAKY HDC REYD
212313 E 513, histamine 13FAEIME OBMITIIREE L TWRWI EAUR
Bz (T—FKEE .

(2) Ang2 KU\ endostatin EEAIZXWT 2 VEGF OB5

VEGF A% Angl 3 T7<. Ang2 KU endostatin EEAICHHET H0
EIMBESMNCTBEDIC, FAEDEOBREHTHIMRZBMERTBENS
13 AE$T1H 1E VEGF Z#RBHEMLLECENLZ. TORR, 14
A% ORI ONE/DE > BERVRFERIIEML /2 (Fig. 10) Z&n
5. VEGF OsHc & 0 HAEME ORI SN, mEFEMeESNZL
£z 5N5%, ZOEE, VEGF OARICKEL T, AFMAMT D Angl ED
w7 (Fig. 11a) A%, Ang2 KU endostatin EIFFEITET L7z (Fig. 11b
and ¢). L7235 T, VEGF LAVASTI#EL . MEFHEAMEE SN T HIRE
TI3, FAEME ORMICEET 5 Ang2 kU endostatin DEEMNRIET 5
ZENRBENTZ.
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Figure 8. Time changes of granulation tissue weight and angiogenesis in the granulation tissue
after implantation of a cotton thread. A cotton thread (1 cm, 7 mg) was implanted
subcutaneously in the dorsum of each mouse. The mice were sacrificed 7, 14, 21 and 28 d after
the cotton thread implantation. (a) The vascular network formation around the cotton thread
(left) and the subcutaneous tissue beneath the cotton thread (right). (b) The granulation tissue
weight. (c) Hemoglobin contents in the granulation tissue. Values are the means from four mice
with SEM shown by vertical bars. ***P < 0.001 compared with values at day 7 after the
implantation.
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Figure 9. Time changes of VEGF, Angl, Ang2 and endostatin protein levels in the cotton thread-induced
granulation tissue. A cotton thread (1 cm, 7 mg) was implanted subcutaneously in the dorsum of each
mouse. The mice were sacrificed 7, 14, 21 and 28 d after the implantation. (a) VEGF protein levels in the
granulation tissue were determined by ELISA. (b) Endostatin protein levels in the granulation tissue were
determined by ELISA. (c and d) Angl and Ang2 protein levels in the granulation tissue were determined by
immunoblotting and analyzed densitometrically. Representative immunoblots from two mice in each group
are shown at the top of ¢ and d, respectively. The mean Angl and Ang2 protein levels in the granulation
tissue at day 7 after the implantation is set to 1.0, respectively. Values are the means from four mice with
SEM shown by vertical bars. **P <0.01; ***P < 0.001 compared with values at day 7 after the
implantation.
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Figure 10. Effects of murine recombinant VEGF on granulation tissue formation and angiogenesis in the

granulation tissue in HDC* I+ mice. A cotton thread (1 cm, 7 mg) was implanted subcutaneously in the dorsum of
each mouse. Murine recombinant VEGF (30, 100 and 300 ng) dissolved in 100 ul of sterile saline was injected
subcutaneously at the site of the implantation at 7 d after the implantation and then once a day for 6 consecutive
days. The mice were sacrificed 14 d after the implantation. (a) The vascular network formation around the
cotton thread (left) and the subcutaneous tissue beneath the cotton thread (right). (b) The granulation tissue
weight. (c) Hemoglobin contents in the granulation tissue. Values are the means from four mice with SEM
shown by vertical bars. **P < 0.01 and ***P < 0.001 compared with values in the control groups.
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Figure 11. Effects of murine recombinant VEGF on the levels of Angl, Ang2 and endostatin in the

granulation tissue in HDC*/+ mice. A cotton thread (I cm, 7 mg) was implanted subcutaneously in the
dorsum of each mouse. Murine recombinant VEGF (30, 100 and 300 ng) dissolved in 100 I of sterile
saline was injected subcutaneously at the site of the implantation at 7 d after the implantation and then once
a day for 6 consecutive days. The mice were sacrificed 14 d after the implantation. (a and b) Angl and

1 Ang2 protein levels in the granulation tissue were determined by immunoblotting and analyzed

‘ densitometrically. Representative immunoblots from two mice in each group are shown at the top of A and
B, respectively. The mean Angl and Ang2 protein levels in the granulation tissue in the control group is set
to 1.0, respectively. (c) Endostatin protein levels in the granulation tissue were determined by ELISA.
Values are the means from four mice with SEM shown by vertical bars. *P < 0.05, **P < 0.01 and ***P <
0.001 compared with values in the control groups.
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3-3. MEHEFZEENMOHRRE
(1) PGE2lc& % VEGF EAHE

MEFEZEIMS B IEYERET 2ERREWLT 570D, YTARY
07 v — Dk RAW264 #IlEZ FAWT PGE2 OIERAZMHT L. T TITHZHF
% PGE2 BIEFCEET S E, VEGF EENTILETS I LZ2BHENTL
TW3B7A, RAW264 icBWTH VEGF RELT BN E S MHE L7z, PGE2 (1
uM) FE T T RAW264 Mz T2 &, BERKLEHO VEGEF B33
A 5 A EICHA L (Fig. 12a). ¥7/=. PGE2 ® VEGF EARAIERIC
id, 0.1~10 uM IZBWV TREKEMENR SNz (Fig. 12b).
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Figure 12. Effects of PGE2 on VEGF production. RAW264 cells (2 x 10 cells) were incubated
for 20 h in 0.4 ml of medium. After 3 washes, cells were incubated for the periods indicated in
0.4 ml of medium in the presence or absence of PGE2 (1 uM) (a), or for 6 h in 0.4 ml of medium
in the presence of the indicated concentrations of PGE2 (b). VEGF in the conditioned medium
was then determined by ELISA. Values are the means = S.E.M. from 4 samples. In Fig. 12a,
S.E.M. are too small to depict; they are within each symbol. Statistical significance: ***p <
0.001 versus the corresponding control.
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(2) TAKPIATI7—EHERICLS VEGF ELAFE

PGE2 % histamine (Z&% VEGF EATUEICITMEA cAMP = OB
BELTWB I ENREINTNS, €I T, cAMP O fEEERTH 5 H AR
PI 255 —F (PDE) OHEZKN VEGF EAZFBET 50 E D NEITL I,
PDE1 FHZE# 8-methoxymethyl-IBMX. PDE2 [H#E# EHNA. PDE3 i
£ quazinone, PDE4 FHZE# rolipram Kk Ro20-1724, KU PDES [H
£33 zaprinast OFREMRE LR, PDE4 [HEZ rolipram kU Ro20-
1724 1258\ VEGF EEA{EEERNRYD 5/ (Fig. 13),
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Figure 13. Induction of VEGF production by PDE inhibitors. RAW264 cells (2 x 105 cells) were
incubated for 20 h in 0.4 ml of medium. After 3 washes, the cells were incubated for 6 h in 0.4 ml
of medium containing the indicated concentrations of the PDE1 inhibitor 8-methoxymethyl-IBMX,
the PDE2 inhibitor EHNA, the PDE3 inhibitor quazinone, the PDE4 inhibitors rolipram and Ro20-
1724, and the PDES5 inhibitor zaprinast. VEGF in the conditioned medium was then determined by
ELISA. Values are the means = S.E.M. from 3 samples. Statistical significance: *p < 0.05 and
**¥p < (0.001 versus the unstimulated control.
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4-1. MEFHE - RAOH HEEE

BHEREICBT 2 20E2AZFIEEIL, MEHETKEFELEKIGTHO, ME
FEZMEIT S 013, BEREH) U FOX D BIBERAEEZIHTS 1D
DA FERTH D, INET BEMITZAKUHDC RET DT AITHBT
2 MRS FE AT ANE Z MR U, ASFEREMS R TEEA SN/ histamine 13
VEGF OEAZTEL T, MEHRERINZBRIESIL2HELL 6). T
ZTHE, ZOREETINERANWT, IMEDRMICES TS Angl OFEAT
TR 2D W TRRIT L 72,

BREIAKETICBMELESGS. 3HBNS 7T HEET, 2URICHIFHME
DR, KO WA OMER ENTUEL 2. Z OIMEHT A RIS DRERFZ(L
& VEGF &KW Angl E0&LER—&L & (Fig.1). £TIZT. Angl O
PEABFZHONMNITEEDIC, BERIT AKX HDC REYTAZHNWT
histamine &\ VEGF OBEIZOWTHKE L. £9, HDC REYTU AT
i3, BAERT D ZITHARTHRICK 5 MEH £ KR VEGE EADRZEL TH
LM, 2T, Angl OEEBETFLTWASZEZRWELKE (Fig. 2), £
T.HDC KRBT ZIIBNWT Angl OEEMETTHEEICDOWTHITL .
HDC RIEXI A TIIBAER T 2R THRBEIC K DFEI NS HEDR
BNl N EMBE, Angl ZPELET BB - &R B0 B0
WHER E LT Angl OELEEMET LARREENH S, €I T, B -
MEERHHROT——ThHs o«-SMA EZ2fFTLI. TORE, HDC R
BY Y 22BN T, BAEFEMAMTO o-SMA BIMETFTLTWS Z & (Fig. 3a),
GIE RN B R L =B L TWna Z & (Fig. 3¢) AR S 17z,
LML, Angl & o-SMA EEOHZEFELEER. BARNI A THEHE
iz L7=A, HDC RETTATIZIZOBMA/NT W EAHBAL /2 (Fig.
3b). ZORERD S, Angl OEARMSMOHBERTFICIOFEINTED,
HDC REY T AT Z OFIERFOEAMKT LTS AREENE X 517z,
% Z T, histamine 2% Wid VEGF 2% Angl OELICEEZGEZTNWSHMN
ESMNEWT LTz, TO#EE, histamine 5 Wid He 2K Y I =X k
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dimaprit Z#RBEEALICIES L7256, MEHEIEMNT S & & bic, Angl
BEHWINT 5 EMBASNIT/RD (Fig. 4), histamine 2% Angl DELE I

BELTWB I EMRREN/, £/, #i VEGF IgG 3fRickvFERINS

Angl DELZIHEIL, X 5IT histamine IZX2D Angl DFELEHEKSHEIL
7z (Fig. 5)s U725 T, histamine & VEGF E4£ %N/ LT Angl OFE4LE

EIESES I EARBREINZ. 512, VEGF 13EH Angl OFEA%TiE
SETVAENEDINBSNCT 52D, AFMBOEERTHRITLE. 20
fE., VEGF 3% 2 KT Angl @ mRNA L R)LVZE#EImXEE (Fig. 7).
E#HIC Angl OEAZEINIE S I EAVRBINZ. £/, RIS

A U7z B SF IR IC B W TS, VEGF 13 Angl mRNA EZ NS 874,

Ang2 mRNA &ZEmEERanho7/zZ & (Fig. 7d) »5, VEGF 1 Angl %
BIRBICHEL TWB I ENBHS NS T2,

INSORERNS, MEFHEICEDS VEGF LIE DRI S Angl
DEELITHEREIL TWA I EMNHESNITR . Thabb, VEGF 12&EHE%
HEHTDHELEDIT, Angl OEAZTIESE, MEORRALFET S Z LR
BRENjz, £loo INSOEBEORFOEALIL histamine IZX Dl SN
TWasZ EMNS, histamine FEHFEDHZWIETITZANE2HANB Z &Ik DIl
EVEZHIHTZZENFRETHEEEZ LN,

4-2.  MERFEOHIEHEE

AWFETRWEMARBREERAE T TV T, WEEERCAZFEREET O
ANEJOECBIEMABHER 7 HE THRRIZZ >R WINBETL (Fig. 8).,
MEBHEEBTTELIETNTHDEEZEAENS. NEJOEBOEKFICH
v, WEFEMEMBFP DO VEGF B0 Angl 2K TFL. i, Ang2 kX
endostatin EAMEML 7= (Fig. 9). TOEIMNIFFITANES OE > BHEEEIC
BFT5HEHIE—3L, L2d endostatin & VEGF OERFEIZHIHEI L,
Ang2 13 Angl ERFTARIERZREDIENS, TINS5 DEHDEATLHEN
MEBHEICE G L TWAAREENEZ 55, MERMHEKRD Ang2 &
endostatin OEAIZIE, BARIT I X E HDC RESTDT A TENR S NH
Sl EMS (F—AREE) ., MEFHAEICIT histamine HMEERNZHER LT
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W00, MEBMHIIFEAEEEL TVWRNEEZEZS5NS., —H, IIE
BFEHIIC VEGF 2#% 5L, VEGF OETE2HIHL/=5HE,. WEFENRL L.
Ang2 KU endostatin OEENHEI SN, Ledi>T, MWEHFE - BRAK
NI EEHEIZWT NS VEGEF LJVICKDHElENTWS Z &R I N/,
LA L., Ang2 KU endostatin OELFERFIIRATHO, F8&. N5
ORFOELEBF ZMEAT S in vitro OERROMEINNETH 5.

4-3. EMICLZMEFEDFEE

IUAR Y OT 7 — Dk RAW264 Mifast PGE2 % LT VEGF ZE
T2 ENESEMIIED (Fig. 12), VEGF EAZFETLIEMOA ) —
=% ELT, £/, VEGF OEAZNHITHIEYORA IV —Z2T%REL
THRETE3EEZZ5N5, PGE2 ® histamine 13MI@N cAMP Z#ins
T, VEGF EAEZEIMEIES I ENHEINTNWS (11). LU, PGE2 iZ
ITATEOZSHEEND D, BxIAEBEEEZRL, 72, histamine ¥ Hz 2%
KENLUT VEGF EAEZEDZH, H BEEZNLTY VIVF-RIEZEH
%L, He2AKEN L TBEBIWETET 5. 0K T4 REBEIERMZ
ooz, 25 O chemical mediators 2 VEGF #FEAIE L THNWD Z
CZEWER O &N 5 BENZ W, TI T, cAMP 28, RKMICHWZ
NTW2EYE LT PDE FHEENH S ZEICERL. IS OEYA VEGE
FEEETET AN EDDEN LIZ. TO#E, PDE4 [ERM VEGF EAZ
MBET 2 Z LML MNTRD (Fig. 13), Th s ORYNIIREIEEA & L
THEATES ZEARBREN, 5%, N5 OEYNBYERETIVICH
WTHIE S EEEME |, BEREERET 20 E D NRITT S2HEND S,
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5. HRLESERDESE

1BMERAE T BT B ASERRIE DT RR I BT B M5 4 O 3538 K O 4 & DR
AAZIZ VEGF KU Angl B8535 Z &, 512 VEGF 1 Angl OpE4L
ZILET S ZEMNHALNTE . TNE T, VEGF 275 ) U1 ))VATHRE
TOHANIZENTNBEN, ZOHE, MEDORBANARELT, MEZBMEMN
TUET D I EAVREINTWVNS, AHZETIE. VEGF 13 Angl Z2FEL, Mm%
DB FEET BT EARBI N, LENS T, U1 IV A7 EIT &L DRI
\Z VEGF ZRE I 5581, NRED Angl OEAEITLERT VEGF
DELNBRNTIE S T2 e DITIE DRANARTZELTH > ZlREENE X 515,
ZOBRMNS, NERMED VEGF OEAZREDZEMWIIVEGE 2RHET35Y
TI)ITANAEZRWEGEELOHRATHS EEZ5N5, VEGF OELEZS
DEEYD 1 DEL T, AWZETIE PDE4 [HEEKZHSMNI L=, 5%, B
LRIV TORITICKD, TOENEZASNITEIENNETH 5.
F7-. MERMEITIE Ang2 KU endostatin AR5 LT3 Z EMREB X
N7z, Ang2 13 Angl IZH#HIL. endostatin 13 VEGF OER 2#HI$ 514
Rz, MEDARLZEN, mMENKMIRDOY RN %2FET 2, £
ZT. VEGF OPEAEHFERECHEFEE EBHIT. Ang2 KU endostatin, & %
WEZINL DEAZTLESBI2EMZEZHATZZ LK, BEFEOHAEME D
BEZFETLIENAETHHEEZS5ND., TNLDELIX, VEGF 12k
DB END ZEWRBENEZD, EOXDBFITK D EENTIET BN
B SN TR W, 4%, Angl ® Ang2 2R THEL>FILEHDA L) —=
DUREWMIIL, INSOEPEOELZHIET2EYZEZRFE TS Z &3, M
EREZEYTHET2 LTHYTEETHIEEZEAS5NS,
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