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BRI B R R T O R I LA R 5 IS X %
I T AR 12 B 3 A BT 5E

SRAFEEMESAIBFE—WE (EE IBIETER)
K& &2

o M L B O E R B AT BRI BT, MAEE T IC X A MBS EFEAORSNEE STy s, EHEIMmT
PG ENEE i L THENEEEE) S LR HMOoNTE Y, MAMEET By omESAREL, REORMMEG
EBRIIHT AEEESD b0 L LCHERGEIE SN L. AR T A IBRBRGEER L BEOHHEETTVERCT,
Vo B SR TE T (basic fibroblast growth factor, bFGF) % LFMICEERS L, TOHRERLHMLTE, 0%
B AESRTMEE, WEMRMME L VRS L. LHEEEFVICIIMERAISHEY A RIS, bFCFIRSHeHL L. &
s 4 BN TR TATA S A IR E R TR L, bEGF 100, g % 828 74 & UM ESE RO LI 78
AL BRLGIEEEAT—~v A 7 0A7 27— HWT, $F50, B, 38, LA, 48ClEL, Lol ir
DI TEME L2, F o0 L ) BRI (FEROHEE S EEROHER), 1o CIIECERRER EEAR
B oLuE s I SO AR AEE L, EEAKESEEBEOREFERMLLA. RHEARSEREL LT, IENMR
O<—% —Td 5 von Willebrand B0 Ml b a2 Ty, MEFEGEFML . BITCHILTE L DFGF S T
ST AR L P, 72 & NSRRI MBI B\ T BT R IR SR 7z, ISR A0 M IRA TR EI IR TR 3 B
(bFGREET 745+ 52%, FEREETA08+67%, p=0007) & 1AM OGFGFRETT715+£9.0%, XRHETI88+:54%, p=0012)
IBWT, 7, SEFEBLIEN T ER% OFGFETE7.4186%, BB CT357+52%, p=0.011) BV,
bFGFEEASIIBE 1T LA Z I E W LI EE R L. BHRERCINZOREASFMETD, PFGFRTHEERRH
% G EMINE (DFGF BT 39.7 + 2,318,/ 2005 —4REF, #IRBET22.7+ 118,/ 2004 —HEF, p=0.004) 7% & U ICHIE
. (bFGFEET 4.50 = 0.4318,/ 200 15— 158F, *JHBEEC2.33 £ 0.3318./ 20046 —HEF, p=0012) OWMERD 2z, LHEERE
CI IR T SRR AR O BN & ) AREEEIET L7245, bFGFETILEEIRE T LA #I2 BRIF RS RHE
207 (bFGREET53.5+2.1%, #BBET37.3+£25%, p=0.004). EEFETIIDFGRHESIIEELHORERILELH
T L7 OFGFEET435+£63%, HHBEET264£50%, p=0.045). LAFA#HES L7 bFGF (IR IZ 3317 2 B H
AR L, U EE RERO LI £ N &, FEELEEHEARE T USRI L CEIMRTIMIL, O
BEROWEIZEN TH - 72,

Key words basic fibroblast growth factor, collateral circulation, angiogenesis, myocardial blood
flow, myocardial infarction, left ventricular remodeling

¥ I O BB D TR R A 33\ AR B IR B IR T AT A0 K
L, FIREINR,S 4 7S A5 (coronary artery bypass grafting,
CABG) IZEEBIIZDITONB L IR >TETEY, LHR
sk, OMER:, FHFHSOMKIC L) RN E ST
MR EN, TAREERERERLTHERS 7 7 FOMHI
L BERAEREEAELRTHAYD, L L, EIRERD
THEMD B VIR ERE2FT AT, CABGIZL S
EZLAMTFEERIHE SR, FREFRTHL. —7, TIREK
B X AOH B L CREMBIMAT A e a2 45 2
LIRS Tw S, ZOMRMTOERBRIIENT, &
1355 99 2 AR B IR PR E O 4 COWHENERIE ST L
MR L VIRIB SN T E72AY, 4, FHEOMIIREREFIC L

ER114E 1 A 24 B2A, FR11E4 A5 HEHE

2 MG EMERE OB S5 EH &R Twb. Schaper 7/ L — 7k
10824, MR MM LT & 0 BB AR & 4 B MBS 5 I 1 A5 A
MAFO5EIC S A WA 2 7R L7, Kumar & 13 19834,
W T k OOEFIR IR 2 PR A DO B5E % E S B M
HERTFIFEETLIE MG LAY, 20k, LTI
VH B O e S MR Y 5 R F (fibroblast growth factor, FGF)
Bk~ 7 F NHEET A 2 & A Kardam 5%, Casscells 67,
WEDHELS Iz &N, BETIRIEAEEMET (vascular
endothelial growth factor, VEGF) & & % (Z.Cis IR o i E Gk
HT& L CBMmATRRICEEREHEZHoTwA EELLR
TWwWh,

FGF I3 1974 4E Gospodarowicz!" 12 & ) D T RAE H R E

Abbreviations ; bFGF, basic fibroblast growth factor; VEGF, vascular endothelial groeth factor; CABG, coronary

artery bypass grafting
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NI RV IR EFESE T D 2&H T, BAETHE
FGF7 7 3V —&LT7 3 /ERESICHRAEZE TS 100K
FARREEN TV A, 0 Th e MEEEHMEF MR EERT
(basic fibroblast growth factor, bFGF) 2 154{HD 7 3 / Ekd 5
hAHSTFELT,0000D—HEER Y _TF FC, FGFOTT b7 4
FELTR FOEFOEE4 ISR L A L Twb. bFGF
OEBEMERIZZ oM RTY, mMENBZME, mEFE
AR, ARESEMING, MR, wEMRE, FFMk, U7
Mias L ORRER, MENEEROMBOMEL{RET 5.
bFGF i FOMEFHEMAICB VT, MERKKO SR, 0E
MM oL, NEMBONME, FEERO4ODOEREDT
RTeREL, f;ﬁ?’%ﬁ%ﬁﬂﬁ‘é@iéﬁﬁﬁi@: Lo TEMME %
MBRE CRESE, WEIMATHARICKE CHET5™.

19924, Yanagisawa-Miwa 5 134 X 0 &M GHHEOER
EF T, bFGF ORIRBIIRMHL S & - TEAME MBIk
DAL, OHEEENHL, OERESEE L el
L7z, L2 L, B OGEIEZEII81T 5 bFGF ORI REHOREF
BB s LTy, 72, bFGF 0L M 513 /AR E IR A
HBELRRY, TRERHBESCTHEE I PLOTILCIDH SN
LUEEMEDSH 525, FORFEITHEL T,

FiFFETIE, bFGF DLFHME G & 5 2L ARSI T
BH LVIRFEO MR M T 572012, 1 EREIRKE
B L BRMNOBEEE T LE M COFGE % B0 IC
EERS L, BAGHIILRE L £ OREDORRIEL, £Z
TR, OCREARSZL D, B Il\ﬁ% BT MEHEL
MiKEE, SOCEERLERREIRIITHRECO VTR
gLz,

MBRUHE

1. =&Y
ERBWE L CRE 1L ~ 16kg OMERMR A X 1I58HE AW
7z EREY O RIZERRETIT X B REBIR I - 72,
EERBII SO EEE FVIZOEGE 2 LN RS- L 7
bFGF#E (658) &, HHAMKL LHNBITRS Lo B
(98F) & L7-.
I. EREFILOER
Bler 4 2> (546, #n) 20mg/kg FHIAMNIZHEY L&,
Ry PV E S —IbF By L (HULBEE KBY) 30mg/ke M
OCnRrosoz=marza7ael F (AT VE 7 >, “‘qa';r“()
0.1mg/kg % BHIRIN I HE 5 L, KB MNITHE 12 Harvard B
A LI 2% (Bodine Electoric, Chicago, USA) # iy, f‘tﬁﬁ(s(*
LB HEIR AT 72, UEHFELENEE=Y—L, 4iKk
BEREL VA F—FLEHALBRIELE=Y—L7. L2232
R D AR OB R I Lo, R A B L 72, F5em
DLEFEATHR /N TS OEEENL L, O X 0 GNIERE
BV~ A 7 0R7 27— AHO T —F VERALERE
FIZEE L7 kT, EREMRAT T 178 % 55— X fa s ok
ERTHEL, 8MOGHEEFVE/ER L. bFGF R U
BRAD LHNBIHE S L EBIIRA RE £ IFT - /2. T%me:
R2%IEME ) ¥ 4~ 1mg/kg (BER, HH) & EIRMIES-T
CCE Lo TTIL, MATEIREDYEE L7, BgE %ﬁ%@’*f#ﬁ
BLEM 2R T L, EERAF— 7 MIE T8 L TEHIC
BEL, &7 —7 VREIC R RENILDLDIcAN) v &
EAL.

Il. bFGF Ok & /5 H&

bFGF & L CKCB-1 (BHFR3E, WD) #MEH L7, KCB-1i
KIE Scios NovatbASEmE L7727 3 JER IS4 D & 5 B 53 FEH
F1TkDa DBETFHABRAL L FOFGF2*&F THEAITH Y
D, FEERZMAL CHEBRAL LTRESNIZLDTH B,

KCB-1100. g % 1.6ml O 24 HIAIE KIS L, ﬁiﬁiﬂfﬁ‘%@%
E#IZ, BmESEPLOE LCES HHEO LI
12.5,lg (0.2ml) %87 Ff, FET100.g %2 BATRS L7, L8R
D bFGF D% 513 26G D BN HIES S (FVE, BFR) % Hv
TLHMEE & ) Smm DR S 12T 7 (K2)., *EETIERE
K (02mD) % 84 7F, M ULHARITES L.

NH,-Ala-Ala-Gly-Ser-1le-Thr-Thr-Leu-Pro-Ala-Leu-Pro-Glu-Asp-

Gly-Gly-Ser-Gly-Ala-Phe-Pro-Pro-Gly-His-Phe-Lys-Asp-Pro-
Lys-Arg-Leu-Tyr-Gys-Lys-Asn-Gly-Gly-Phe-Phe-Leu-Arg-lle-
His-Pro-Asp-Gly-Arg-Val-Asp-Gly-Val-Arg-Glu-Lys-Ser-Asp- (56)
Pro-His-Ile-Lys-Leu-Gln-Leu-Gln-Ala-Glu-Glu-Arg-Gly-Val-
Val-Ser-Ile-Lys-Gly-Val-Cys-Ala-Asn-Arg-Tyr-Leu-Ala-Met-
Lys-Glu-Asp-Gly-Arg-Leu-Leu-Ala-Ser-Lys-Cys-Val-Thr-Asp-
Glu-Cys-Phe-Phe-Phe-Glu-Arg-Leu-Glu-Ser-Asn-Asn-Tyr-Asn- (112)
Thr-Tyr-Arg-Ser-Arg-Lys-Tyr-Thr-Ser-Trp-Tyr-Val-Ala-Leu-
Lys-Arg-Thr-Gly-Gln-Tyr-Lys-Leu-Gly-Ser-Lys-Thr-Gly-Pro-
Gly-Gln-Lys-Ala-Ile-Leu-Phe-Leu-Pro-Met-Ser-Ala-Lys-Ser-COOH (154)

Fig.1. Amino acid sequence of human bFGF. Human bFGF is
a single-chain polypeptide of 154 amino acids with a molecular
size of 17-kD.

Left atrial catheter

Fig. 2. Schema of the experimental design. Acute myocardial
infarction was made by ligation of the left anterior descending
coronary artery (LAD) distal to its first diagonal branch. bFGF
(100,:g) was injected at 8 sites of ischemic area of the left
ventricular wall between the LAD and left circumflex coronary
artery (LCX) (the sites of injection are shown by ). The left
atrial catheter was served for administration of colored
microspheres. After 4 weeks the heart was excised and a
central short-axis slice of 15mm thick was cut from the left
ventricle. The left ventricular portion of the central slice was
used for analyses of microsphere blood flow, and for the study
of ventricular morphorogy and myocardial histology. Ao,
aorta; PA, pulmonary artery; LA, left atrium; D1, first diagonal
branch; @@ , slice for analyses of microsphere blood flow
measurement; msm , slice for morphorogical and h1stologlca1
study.
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V. BTEEE SRIEHZE

1. RO ML B

ISERR N8 A2) [FANEE S &K b Al N 7= )
= 7 — (E-Z Trac, Los Angels, USA) #fw/:. o4~
OA7 27 — IO IS ER R L Vs hT
RYAFLY /TNy ¥ RS SREOBELS,m,
ELOSODHM/NEKTH S, ELBICEATSE, RIMEKER
BRI - CTEFIHTRL, BRI SR/ 0E
Bt E L. w42 UuRT T —IL, WEE - HRIERBNRES
DA D TR T A I &2 {, ERPOMLZ CHEMEET
HREIZERB$ A 2 AT TH 5. fERDBHE~ 17 DA
727 —EERBELCRE» 2R A N TR E Z WE
TELHAENED Y, 41X FHVATRIIREERORATME
BIECIEREE~A 70A 727 —EEr=098 & ) HH
BEARLEZY. w4 70A7 27 —OEAITERIIRFE LR
A, B, 3HE%, 1EME, 28R, 4ERRIIEEANYE
HF—FL LTV, 6BOFNFRELLADIA IBAT
27— &—EIfFE 600 FEEA L. 4 /TR 7 2T —iE
A& B R MR B 0 720 O $UEM T~ 70 % KR
Bk & 0 MEEBE R > 7 F BwT—8®E (7.5ml/4) T2
RIEREL L 72,

FHie 5 4MEBOBERL L, SRERGEETOBES 25
LREE COEEEE %S0T 5 LAV TR OERMICEE IR
RO L, EE 155mmOGHE RO LA (2. Iz
SRRIZ8ES L, & OIS OABEM L DAERIZ 295 L, AET16
DT Ay MZHEIL: (3). FEiEt Ay FSIICERT
THAEENS LIV, €7 A2 MR HSEs, 0/
HoEZ Ay M, 6EMEREREREL, 7 A1, 24
AERIRSER, €& A M7, SIIAEEbEREE S L.

24 7 0ARA7 27 —MHEIZEREOMEIES v b (BZ Trac,
Los Angels, USA) # iV TAT»7:. KL 7 AL FOLHEER
ZRE L2, Bk L2z 2NJKERIL S B v A T LA A
L, BLLTIA7ORT 27— DAz S L, <A
Y027 2T —HIIRINKEERT A CHEBMETENL, B
A M e (Qm) 2 L TFTosNTHEI L.

Qm=(CmXQn./Cr
=7 L, Qm :RAFLAMTEE (ml/min/g)
Cm : ffklgY7-bDvA4sux727 K
Cr : EREABCREIEIZNS| L 228kt ic
GENEvAruRT 2T -
Qr © BYARIMIES [ (ml/min)

TRTOL T X v b ORFFGEHNERZ G ECRE L7
%, BT AL MIOWT, EIREBIIRFEEAMHE 2B L L%
B L, SHICEMEREAT, XAV M, 2, 7, 80
IR DO E A RE M LALEREL L, £OMHEE I
LTHERICHREL, BEIMREAHOREL L. Bk
EOMFIEERE (27 A > M) &, FEERE (L2
M4, B) IZDWTITo 7.

2. JLEE

L BRI R MRS o O — RS CRIRBIIRES 2R, K5 3 H &,
1A%, 2EHE, GEEZCNEL:. HEEEREy 7 3
v 20mg/kg % WML S L - OREIIIT- 72, BEED
Wi a8 SSS-118F (7 7 ¥ BT, W) &AL, 3.5MHz D

e

il v, Ta—-REEFH T FICERL, LREN

FENMRPAER, AEMMELFE L. EERRKNEE
B, AEPGHERIAERICHE U QLSRR 4 Rt v L
ALY NS - AN

3. LB R OME
FEIREIRAERIC L 2 IBM-LREEOIRE L LT, EIRBIRE
RHT, FEAR24BERIAICIMEE PR T (ag/mb) ZIE L7
OGRS Y TIEE S 70— F ViR x 7 B BRI
gL,

4. FREZEMY 7 & UM B AR S MO R
FHGOIZBRIR O L, POIRATIL & ) BEEMERIZE, LT
BEO2DIZDE LA, /2, SLEMH LNV TRELEHER
(QEHEE), BUEELABEE (WZEES), LENEE, LU M
ZWEL, Jugdutt P 0FE (4 v, LToXTES E

RCA

LAD

Fig.3. The heart was cut into short-axis slices of 15 mm thick.
The left ventricular portion of the central slice was divided into
8 circumferential segments and each was further subdivided
into endocardial and epicardial portions. These 16 segments
was used for microsphere blood flow measurement. LAD, left
anterior descending coronary artery; LCX, left circumflex
coronary artery; RCA, right coronary artery.

LAD

Expansion index = x/y

Thinning ratio = a/b

Fig. 4. Diagram of a short-axis slice at midpapillary muscle
level indicating method of expressing infarct expansion and
ratio of thinning of infarcted to non-infarcted area. X,
endocardial length of infarction-containing segment; ¥,
endocardial length of segment without infarction; a, average
thickness of infarcted area; b, average thickness of non-
infarcted area; LV, left ventricle; RV, right ventricle; APM,
anterior papillary muscle; PPM, posterior papillary muscle;
LAD, left anterior descending coronary artery.
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#LE L ERIMABREE L.

BEEML B =RTRE LR, T RE O AR
B AR = (B P & — FLARA I BRE)  FLIRAR [ PEAE

KIHHLEEE 7 A MZGEIL, vA 202727 -/
TR QLA Y 7L A BD H L%, 10 %Oy
<) VIBICTHEE L. BRI 7 0 EBEED L, HE
gfpbwy Yy M) rO—AREETo, MERNEM
o< — % — T3 % von Willebrand [F T O feE kb gt %
FEF Y - EFF bt F L ¥ — EEAEMREIITITo 7.

RS FREUC BT A US55 % BEMER I TBIE L, 200
f QORBHER L » X, 20854 L > X) T—4R4F (0.442mm?) 4
720 DEMIME 2 & OIS HIEIIREL % &Hill L 72, Uchida & 90 %
LT, ER25,mEfMe BMOLE, EE25umilL
100 . m K & AHEYIR & L THET L 72,

V. MEI2HNRES

Mg, TNTXESEMTHER LA, WERO.LRREZ
& CSLZ O R BT LR s DRI I (RIS B B B BB E 121,
RIEHE D& 5 HEHTE (repeated-measures analysis of
variance) #HV, p<O005%FE L Lz, FEEOH-7-bD
22V TILE |2 Bonferroni 78 & T WEB DR TOLEE L
7z, WEEMO OR= o TE, ERERRE LEROEOBREL
'3 Mann-Whitney D U E % vy, p<0.05%2HEE L.

)54 &

MEEREOHE O ) b 3TIFIRBIRFE TR LEDNIZSET L,
2 2BLICIET L, 45EIG4EM AT L7z, bFGFAE6THIZ

A
NS

120+

Myocardial blood flow (% normal)

0

before 0 3 7 14 28
Days after coronary occlusion

SO 4GEBETE L. DBEOBRBOWMEIT 1AM LEFEL
125022V T T o 7.

I. B LxE

1. HZEME

1) PIRE

IR O LNIERIZ B 2 BT AL 81 7 ISR %
EHRICHEEE DFBRICHFBICET L, MEHET16.9+3.6%,
bFGFET208£57% & 2o 7. 2D, IWIBEIIERH,IIH
L 4BE%I228.7£1.6%TH-o72DIZx L, bFGFEL 18
% T358183%L%h, 4AMMBIE3LTLTIT%TH-o1:
3 AL B MR OB bFGF BT RIF 2 @R -
7o dt, RPATLE L & OREEFRY (LIS 2 W TIE 2 B [ TR
HICEEE RO LD -1 (F5A).

2) LA E

T ZE IR 0D LML L2 307 B B BT O L & L3 SR B R A B
EHRIIHEE OFEBICAEIETL, WEET32.0+14.4%,
bFGFEET362+73% Th otz #0#, »IEEI ARG E
T35.7+52% Tdhorhs, 2BMHBIT46.761%L%EN, 48
M#1Z13563 +5.7% TR L. ZiUIH LT, bFGFH#L
3592+ 102%T, LMMHEIZ6E7T4£86%2MmML, 48
BICIE & 5128312 141% FCEE LA, BEFLLEED
IRRRIY 2 IS IR e & bDFGFBECH EEE (0 =0.029) 238, 18
# (p=0.011) OE S COFGFENBATMME I BEL Y E
BIEETH -7z (M5B).

2. TSR I BEAT FERE AR

1) LR

2 SR AAVRE OO K ZEBE A 00 LN IR 1C B 4T B SR BT L (L

P=0.029

before 0 3 7 14 28
Days after coronary occlusion

Fig.5. Effects of bFGF treatment on regional myocardial blood flow in segment 5 after coronary occlusion. @, bFGF-treated group; @,
control group. Each value represents X = SEM. (A) Myocardial blood flow in endocardial portion. NS, no significant difference between
bFGF-treated and control groups by repeated-measure analyses of varience. (B) Myocardial blood flow in epicardial portion. P=0.030,
significant differrence between bFGF-treated and control groups by repeated-measure analyses of varience. ¥, P<0.05/4 or 0.0125 bFGF

versus control group after Bonferroni’s correction
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P=0.027

120+

Myocardial blood flow (% normal)

20+ -
C 1 ¥ 1 ] U ] | 1 L) T T
before 0 3 7 14 28 before 0 3 7 14 28
Days after coronary occlusion Days after coronary occlusion

Fig. 6. Effects of bFGF treatment on regional myocardial blood flow in segment 6 after coronary occlusion. @, bFGF-treated group; &,
control group. Each value represents X & SEM. (A) Myocardial blood flow in endocardial portion. P=0.027, significant differrence
between bFGF-treated and control groups by repeated-measure analyses of varience. %, P<0.05/4 or 0.0125 bFGF versus control group
after Bonferroni’s correction. (B) Myocardial blood flow in epicardial portion. NS, no significant difference between bFGF-treated and
control groups by repeated-measure analyses of varience.

NS

120+

Myocardial blood flow (% normal)

404 -

204 -
c 1 T T Ll 1 1 1 L] T ¥
before 0 3 7 14 28 before 0 3 7 14 28
Days after coronary occlusion Days after coronary occclusion

Fig.7. Effects of bFGF treatment on regional myocardial blood flow in segment 4 after coronary occlusion. @, bFGF-treated group; @,
control group. Each value represents ¥ == SEM. (A) Myocardial blood flow in endocardial portion. (B) Myocardial blood flow in
epicardial portion. NS, no significant difference between bFGF treated and control groups by repeated-measure analyses of varience.
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SRR IRTE ST L ARSI T L, MEIET538:
10.7%, bFGFEET553+87% CTdH o7z, WMBEETIIZNHKD
FIZETL, 3HKRIC40.8+67%, 1EMEIZ388154%E%
otz 2RI L TOFGREIIS ABIZ 7452 72% LR, 18
R#I271.5£9.0%, 4BMZIZII8L7TL89% T THMLL. &
G ILR B ORI B & bDFGFHTHEESE (o=
0027) %38, 3% (p=0.007), LEMH% @=0012) OEET
PEGFEED BT MR EIIXBE L D AEIZEHETH - 72 (H64).

2) LM

T B ANEE O £ 3 RAS O LIMEM 12 B 2 BT iR
AR C I IR IR R E 212 70.3 £ 8.0 %IIET L 7248,
FORFELENT R 4BEMKIL783L86% ThHo7z. I
Hizah U CbFGF BRI IRBI AR A5 2R % 53.2 £ 101 % ThH - 72
%, 3HI289.0£13.4% & %Y, &5|Z4MMHEIZ103.6 =+
187%ETHE L. LA L, RBELLAILTEORERHEILIC
DWTIE 2B TREMFE IS E B R R0 o 72 (K 6B).

3. YRR EE S SR A

1) EEM

OIS RERO LRI BT B BELHMERE, xt
BECIIEHREEER6LSETS8BIZETL, LARMBIC
65.2£4.8%, 4BMHTL743+64%THorlz. ThIZHL
ThFGF B EBIR A IR E £ 59.7 7.8 %\ T L/z1%, 1AM
#%I21390.0£92% T THINL, 4:BM%IL883L142%Th -
72, SHBELUMORBITMKEEOWINIDFGFE CHWHEI T H
27, RGO R OB ZISD T 2 BEM TRE
ERIHEEERD LD o7z (UTA).

2) HEM

RO B RFMOAFMII BT 2 B0 IR 133 B
BTHRBIRERER 7272 102% 2T Lz, 3EALE

A

300+ NS

2504

ESV (% normal)

ol

1 | 1 L] L] U
before 0 3 7 14 28

Days after coronary occlusion

EDV (% normal)
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1bh% € 4 EMH D 7902 1.3% Th o 72, Zhilit L ThFGF
BT RBRAEHRER 8031 98%THhH Y, 1HAMAIZ2.7+
17.3%, 418M#13103.7 £23.8% CHEIMERIICH 7. LAl
JR T L L B DRI ZE A o Wi 2 B CHREET I 12K
HELBOLD o (D7B).

I. O#gE

1. e R A

EEHANERISEHRERIERIImIE L d3mL, *
HEB186.4 = 18.1%, DFGFT£208.2+53.0% Tdh -7z, *HREE
TLEB#%E2002+95% & E{LE DT, 2BH #1485 &
11.4% F T L7225, 4BE7%179.0 + 15.5% & B OS5I
IZHof. TRk L, bFGFE 1ER%I2155.8+197% &
EFL, UBIZIEE ACEET4EMBICH 1493+£81%T
Btz EREERMAEROBNERIZ OV T 2B TR
FHEEMICEEE RO R Do 7 (H8A).

2. ERIRERNERE

FEEIREEEISTRBIRAE R BRI EET125.8
7.4%, bPGFEET128.2+£20.9% T - 7z, 2@ EH LA BER
1115+ 84 %, bFGFH111.8 £6.8% & e~ 7275, 4B TIZ
I RREEAT136.0 & 16.3 % L F U IMERIC & o 72, AEBIHRE
BB R AL 2 BER CREFM R B D L h o
7z (A 8B).

3. EEERd%

FEIRBIRAEZRAT O R RIS IR BT 622 £ 2.7%, bFGF
MT63.2122% Thos:. fEIHRITREL DIZIZFERIC
EFL, #HEEET422+29%, bFGFHET4431£50%Th -
Fo. AEBEETIIIEMKICITSE25% R, 2ABBI
483 +£1.9% LR LD, FAULoEEZESTHEER
48.0£26%IZB T o7, Zhiza L, bFGFEE 1BARZW

B
NS

200~
1504
1

1

oL ¥ | 1 1 1
before O 3 7 14 28

Days after coronary occlusion

Fig.8.  (A) Effects of bFGF treatment on left ventricular endosystolic volume after coronary occlusion. (B) Effects of bFGF treatment on
left ventricular endodiastolic volume before and after coronary occlusion. @, bFGF-treated group; &, control group. Each value
g represents X + SEM. NS, no significant difference between bFGF-treated and control groups by repeated-measure analyses of varience.
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53.5+£21%I2F THEL -5, UL ZIZEAMLMET, 48
%IZH54.0+£21%ThH oz, EEREFOFEFNEIZONV
TIR2EBHTAHEESE (p=0.017) 288, LAMBOREAT
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Fig. 9. Effects of bFGF treatment on left ventricular ejection
faction after coronary occlusion. @, bFGF-treated group; @,
control group. Each value represents X = SEM. P=0.027,
significant differrence between bFGF-treated and control
groups by repeated-measure analyses of varience. %,
P<0.05/4 or 0.0125 bFGF versus control group after
Bonferroni’s correction.

B

Control FGF

Fig. 10. " Effects of bFGF treatment on left ventricular morphology. (A) thinning ratio. (B) expansion index. Each value represents X £
SEM. Black column, the control group; Shaded column, the bFGF-treated group. ¥, P<0.05 versus control group by Mann-Whitney’s U
test. :
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Fig. 11. Effects of bFGF treatment on vascular density in the border zone of infarcted area, expressed as numbers in X200 field
(0.442 mm? per feild). (A) cappillaris (< 25, m). (B) arterioles (2 25, m). Each value represents X = SEM. Black column, the control
group; Shaded column, the bFGF-treated group. ¥, P<0.05 versus control group by Mann-Whitney’s U test.

Fig. 12. Photomicrograph of canine myocardial tissue from a
border zone of infarcted area. (A) hematoxylin-eosin stain.
(B) Masson’s trichome stain. (C) immunchistochemical stain
with anti-von Willebrand factor antibody. I, infarcted area; N,
noninfarcted area; Large arrow, arteriole; Small arrow,
cappillary. A scale bar at the bottom indicates 100 m.




344 7k

CEMLEROEMNEEDL (p=0004) (K114). EEHRHA
B BT 2 B IRBUS N BB T 2.33 £ 0.33 18/ — 1%, FGF#
T4.50+ 0438/ —HEFTH ), bFGFETHE (CHBIREOH
Ik Ro7: (p=0.012) (F11B) (X12).

% 3

KFRICL D, £ XERBRGRICL 2 8 0HEEET L
WKBWT, LHRES LbFGR B GHIC B 2 MEHFE
EEL, FEPCICEEERERO.LHMRELEMSE,
BEGLEEEBERRCOEBERLELELRLIML, &
HH LT SRE TS 2 EAVRE N,

R CltEREROBEHEEFAEES CEE LAIBEMITIC X
NRLERPBEHMTH A e LITLITRBREN S, $/-64
DEFEEIC BV TS MBIMTAEE L TS L H RS 2
INECLBEED BIFICRND I EAHESRTE Y, AR
MTRENATIIEMEERBOEELFREAFTHS. T
BImfTAER s nAaF L LT, EREETLHAEMLE @0~
100 xm) A FEHRB 2 AT 508K (1004m~ 1mm) ZBET
LIREF A (vasculogenesis) &, EROREBIME A & ME M
MiaokeE - M - FREERARZ B TEALEIFHESIS
M&#H & (angiogenesis) D DODHAIRIBE SN TS, RIS
L BEVIIH D, ERICIITHFOBFESREICERL, A&
MRS TR LELGRBS®,

BEMEORERREL LT, ERITKRBRHAEIZL-T
£ UHERMEBRZL M REM K MFRESTHDHD
i Eo, REEROBE I ERTIWENAFIEER
BN Lp L, BETHOERE  REEROVWTR
OB L NEHICTES W2 COMREEL %> B1ET
Y, LHEEETRETIEHEOHBYEBEETFICHBE I T
WBRZ LRI O0HS. HEMEEFORRLELET
250k LTLOHEmMMEAER SN TS Y, Chilian 590
MhERE VR, Unger 5 0B Im.0 45 12 A BIIR % HE 2
AUCEBREFNVTOMEFECBT2ENASMENEENS
FHEIN, HlNEEFONESELICORT, LHE
BrPlcmEHFEER2zE T > MBEBEET L LT, FGF,
VEGF, REERMBEET 3, EFERETF « OFEFRE
Eh, ThOooMEMEETFIIEMRETEOEEIMT
B L LIRS NP,

ZREMAEERTFORTLFGF 7 7 3 1) — 2505 AR S
BEHFETAIL»HESN, TofEEESNE LIS
Boted, ZHLPIA XBREREERICL 288 LHEEE
FWEVER L, bFGF O RERBRELITWEZOTHOELE
EEERICHANR, THEMRMUZICEER CTIIEEER IR
~NEEICODFGFOEEFHMNL, FELRALCEHDE HER
LTWBZ E##E L. & 512 Yanagisawa-Miwa & i3 4 X
EMLEEET T VIZBVCOFGE 2 EEEROTIRENRA I
#5 L, LEMBZICEERDRICE G 2 MER - EHmMEL N
VOIMEBOEME CHEET A X0/ EFHRE L. Zolm
THERTFRSICLBHEY {1 iR a OEIEEICT
THEIFLVEREE LTRELRRERIFALZD, ZRISHLT
Unger 5 @4 Banai 5213, S 0HEETIIRL, 7TAOS
FReZEss 2 LABEOFERIETVICBWT, MEHER
FHEC LB LHBIROEMEHRE L. 2LT, 80
HEETIIMEFRERRONREFHRT 2RI CHRMETES

2

EHTAZLH»5, bFGFOMEHR LR IC L 2EEY (1 X5
NAIROFES R LALD,

— A LHREY A A EETRBROERBOKESLE
ERTCORMICEIIREZIND., ERERESER LS
&, LHERIERBO.LCHEMICET OB AR
WEHBBE LD ICHERKICTEKRL, TREELEHES (wave
front phenomenon) & FHEN S, LARBERANZOFER L b RS
HHPBEL BEEEFFV &, CHMERNZCPRER & Y @EIm
THBETHLILREFRELEZLNTVS., FELHESI
12IZ6RFMTREET A0, BRMICHBOITERICL 28
T A4 XOFPIDESEFTELDIEEEHMLUNE ShTwaD,
—%, LHEEMAEEEIRICB T A MEHEIXI~58L
BiziEo b, 2EEFE—2 L EDNLE, BmMREICL .G
BT IRMTSERRNEE T O mRNAAEML, 68
MCHERERI BRI RIET 525, WEFENMEE 201,
BRT3HE»L EABREEXNTWAY, HAMLEHERTF
BESOBEIZLVBEICE LS EEZ 51D, Miyataka 5213
1 XEIRBIRIERE TNV T, bFGFRSIZ L A BMBEROLE
MFEHINE 12BMHB T TROL P o EHRELTVWE, FF
RTIIEERLHER-LCABER T OHMIKOMME R 201
3% THo7:. TRbLLMEFEMERICL o TETIKBIRE
FBROBMLOHLHBECEII2BRH MK EETELWEE
Abuhiz,

bFGF Iz X A2 EME O EFHMEESDRES, 7RI-V2
HHEBEOD|E X vV, Horrigan 5 P13 bFGF O EES
ENFEMOHEREBETATRELEHBL 5. £7-bFGF
PMEAFMBICNOELZEL, BRUMEROMEHKRE
FLLT, BROHCHLTRENIERETLIZ L ORES
hTw2?, BEEHOLHEROKRE ST LHEEERT
FEBLENS DS, R TIITMIER 24BMBEO bOR=
YTHETHETA L, WEBELODFGFELOMTHEELERR
Dol o TULHERREL W) BREATHEEYT I X2
X724, bFGFOWEIIMES 4 /% d 2o TIZERY
WRBEBE LR W EFE X 5N, Yanagisawa-Miwa b ™,
Uchida 5 '®, Horrigan % 3", Miyataka & 2@z & O FHEEE
FNERVEERT, BEABOKE SEERLEET/X
DFAEIR % RE L2, BEBESNICHEARENICRE
HBOKRESYEEBLEEY AL TERETIR, LHEE
BEBRTELABREHABOR, FROBLLEZEL TR
Wi, BERHIA LI LHHBESORELEIZLEY
LEZLNT,

FHFF T2 bFGE LR 502 & 5 MR £/EH 2 BA0H
mFEREMEHIZL > TEML:. T3, BRITLHOAROE
L% &% &, bDFGF#512 & o THEZESEE I O AHEH < ik
W% RS, LHEATIIEERENEIRD o L
PAIREEIASLAVER X b RIMEEICE8 L, EEMNER LA, &5
IR EEAYMER L D5 E D Lidftk L VRESATVEY,
Z D7 OFRFFE TIZOFGF % EER IO ICER 8¢ 2 B 5E
®BIRL 7275, SR IIFERCABRA M % EES€ 5101
RtHeEzbNl. —F, EEHHABEOEEEREHTHE,
R CERBIRERERS S DEMRE T © LR mETE
SIS Lm0 L it xR, bFGFRH S8 LR E#E I
OEMERED, 3H, THRTHRBREI VEEIIBETHo 1.
S5 CRBAGEN I, DFCRETHEESRERY T LIS




EEMERESF R R E R T2 & B M HT AR 345

COMENRZ & I EMMEERE RO THEY, bFGFixS
X A MEFEEREBELNTH o, —RICBEUFIEE
B A MBS 2EMELEEICUBBRST 2 Evbints
AP, KT GERBOERBELIC BT 2 HEMBGT
SMETEBEOTRART I LA TE L, Uchida 2,
Watanabe 5 b FZE@ MR MBHFAES LRI L, DFGF#&KS
BTRIFTholm b BELTWA, MEHEERIC L 2RMIMm
EROMMIAFEIBEL  CHRF L, BHRERO M M5
BLEZLNI.

S OHEERICHEERRUOEEERE FO L EEOTER
LU HRBITHEERLEEHBE (left ventricular
remodeling) & IEEH, LHEEROFRETFTHLP. k£E
BRIl OHEERERP L D EERICAE CLEOME - JE
by, LHREREREE»ODBERICHZoTELSHE
BEFOLEK - HEROZOOBFEL Y 5. 0 HLEEO
EEEHBEE, FEIC L) EEET L2283V T Frank-
Starling B/ 12 & VLA E % #ERF L LTI S ET R
BETH 2D, BREMICGMERPLESOBILNZHMEE,
ALK FEREWLHORALFIEZRIT. FLTER
PROETE & D ICIEEERE L OB ER R4 IVET
L, LARERLEBROERIEZEME 2. EEEREOHRE
B, WhWwAEIMMOHEL LITh2HETHE. LEHHE
HICEBE RITTETE LTI, OEET A X, LAEEICTH
LEBEROBFRESSIToNE®, gLk, mE
WAEERIC L o T EMELOHEEY 1 X0/ RIZHIRET
&\, DFGFIZIZMENREADHRESATEY, ZThitk
AMERETAHBEICHOE & 726 L-WiEEDZELOLN
BH, FOVERAREEIZERBEE Y. Eo CARFE TIL,
bFGF DM H A 1ER 2 & 2 %00 2 BATILI & O XM A%0 5
BETOBRFEIRECEEL, BT CHRRRCHVLbNL
E2HN5.

R TIELT 3~ TLEBEZERNICNEL, BATOE
MDA LREEZ R TI2MEERF LA, 5121
B CBWCTHEE LB kg2 o I EZE I A
WUESEEEF SR L 2. ESEHBHERIEBEETIIER
BiRFEIRS A, LEMEEET LED, 2BERICLISE
BIHEL,, BREVWI LI, JOEBHEROE(LIIEE
AITHIBE O REHOLHMREOLEIL EHIE L TV,
EERLFOER TR EZIHAMNEROBEMIZEL DT
BESZECEMLOHOIHENETHERN TH o 2. LB
iR B2 R o 38 AT 22 TR OO o0 BT & BV, DLEREBEID
NoOLRELABEAMOE2sELES ERIT. 29 LT,
BERAHE, FHLIns LFEKC, BEERFERONE
TIEEMBEHOILANFEL B EEZ BN, ORI,
bFGF O M £ EH I EERFREROLHRMEEEL, £
ZNBRPEROMEMZINFIL, EERHELRFL LS L
Erx o, SO OTREZMEEM Tt bFGF RO BEIEH 13
MEBC LEr > 20l L, EERKRBRTEIELZRD
hipod:, BEERIIEERRP AL ZEEROME,
BlLoREY, EEMARBSEERBIICEL 5 FEER
DERERWT S, T4bb, bFGF O LEHHNES 1L LR
BOHNEM oML MM, FoFEERERCHBERIC
ELALMHELEHEL, FOKE, BENOBHRE, EHE
L2222 ohi. ESHAERCEERED Lo

7%, TERBCEEIE, WRKPAESEBMZRICEUREM
R ERLTEBY, bFGF DR LRSS SR EROBRR
HEE AL CHEBEDOMEMELHRALOEILKIZ S BHIE
Vo TTRETEASHER S 7.

HRERE R % AV - P ERE R RRICH T 2 L ToOM
HEL LT, NEFELEERELTLER, THRbLEARE
VEIESS, WERWUEMEEE, MBS o2 LICRIZTER
PEIFLNE®, Fio, MlAEETO%RS5 EEIRAERED
EITICHEERIZT I LOMESRTVEY. KL LTH
EERTwAERBIRAES CREROWE SRS T, FEIR
% b I RERBIR OTAL R EN DO ZE B S B, Lopez
EBGANY =T VX UBEY A7 HAT7 =7 —IZbFGF %
EH &, ERFHEOAARNOEBHEEGEEHREL TS
H, BDEMAFRCOLPEBMA~OHECEL T, LRI LD
BEZTICEKET 2 5ICBMI®RL, £/, BETHETF /U
AWARY ¥ — %RV MEFERTFORETHBEOHFE LT
HNTWAEO RIFFETIEL Y 46 CIERER~DRIER
P, EENPOBDENLHESEL LTLHRRS ZERL
72, WIRAEBEEF O LHRESE, B OHEBL TR
Schumacher 5 12 & h BEFRIEER SN T 5. BfEHORBE LM
27z, & ORIRMB MR T ORGESSROBETHS.

W R TEIRBIR AT CABGIZ & 2 @ IMATHEATHEE 2 E
HE O BIRE L RBIRE BT LT, BOK TR RRAY S/l
BHATON TV A, DHEOBIRTIERZHRBROBINL L
37 6%,

B, L—¥—CTOME@LE AR L NTEELT O BLH
L — ¥ — 4T EER (transmyocardial laser revascularization) %%
WEENTWEND, FOBFIEL —F—10& 50 HlRES
MREMEEERTFOREL R LOEHFELFETLI LIS
BEEZLNDLIIIIho4Y, BOOHICERDICOLERE
Y4585 L, MEIMAREC & DO BN % iE ST nE
B R R I R B OB LWL L L CZOBRKRICH A
e b,

&

ol

A
P

1 2ERRERICLIZBNULCHEEETVERAVT,
bEGF .U NI Y L, £0%R2BALGCHIEE, A
HERE, AR, WIHERE & D RE L7

1. BT LI & 13 bFGF £ 55 C A 2238 51 S .0 N ),
7 5 VISR L AMERIC BV T BIF AN 2 b 7.
AN L PV GRS IR RS 3 B, 1AM, AR
DA TR SR A A BB LA RICS W ORI
DI .

2. LEERE TR CAEZ I ERROMEMIZL Y
EEBEHEHET L7z2%, bFGFE TIIEREIRE S 1AM
BT EERREL RO,

3. TIRBIRFEIR 2B OME F O R = » TEIZDFGF %
Btk aEA %L, HEN A XOMINIRIZRO P07z,

4, EZRETIE, bFGFH S IR LHOBEIEE(LET FEIZ
B L7, REMESEMETIE, bPFCFRCHEESERHEEL b
DCHREIIR %2 & I B MM R O E B 7.

5. OEIRIES L7 bFGF R IL G 1 81T 5 I 4 % {2
L, LEOLEERENSY, FEREETREABICHE,
LR OB ICHR TH o /2.



346 pid

ez BIIH, MEELHRMEZBRD ¥ LAIEFLSE IR
E2HYBLHTEY. T, ROz ERNEYE, HEEEEILL
NEFE B #EE (IR BB L E T
BBICEATEDRTIZTH N VAV SRAKEE -NEEH=ERE
fLcE BiLEB LETET.
X 73

1) Loop FD, Lytle BW, Cosgrove DM, Stewart RW,
Goormasruc M, Williams GW, Golding LAR, Gill CC, Taylor PC,
Sheldon WC, Proudfit WL. Influence of the internal-mammary
artery graft on 10-year survival and other cardiac events. N EngJ
Med 314: 1-6, 1986

2) GoyJJ, Eeckhout E, Burnard B, Vogt P, Stauffer JC, Hurni
M, Stumpe F, Ruchat P, Sadeghi H, Kappenberger L. Coronary
angioplasty versus left internal mammary artery grafting for
isolated proximal left anterior descending artery stenosis. Lancet
343: 1449-1453, 1994

3) Jones RH, Kesler K, Phillips III HR, Mark DB, Smith PK,
Nelson CL, Newman MF, Reves JG, Anderson RW, Califf RM.
Long-term survival benefits of coronary artery bypass grafting
and precutaneous transluminal angioplasty in patients with
coronary artery disease. ] Thorac Cardiovasc Surg 111: 1013-
1025, 1996

4) Liebow AA. Situations whitch lead to changes in vascular
patterns. In Am Physiol Soc, Handbook of Physiology,
Circulation, 1st ed, p1251-1276, Washinton, DC, 1963

5) Kamiya A, Togawa T. Adaptive regulation of wall shear
stress to flow change in the canine cartid artery. Am J Physiol
239: H14-H21, 1980

6) Rentrop KP, Cohen M, Blankle H, Phillips R. Changes in
collateral filling immediately following controlled coronary artery
occlusion by angioplasty balloon in man. J Am Coll Cardiol 5:
587-592, 1985

7) Pasyk S, Shaper W, Shaper J, Pasyk K, Miskiewicz G,
Steinseifer B. DNA synthesis in coronary collaterals after
coronary artery occlusion in conscious dog. Am J Physiol 242:
H1031-H1037, 1982

8) Kumar S, West S, Shahabuddin S, Arnold F, Haboubi N,
Reid H, Carr T. Angiogenesis factor from human myocardial
infarcts. Lancet 2:364-367, 1983

9) Kardami E, Fandrich RP. Basic fibroblast growth factor in
atria and ventricles of the vertebrate heart. J cell Biol 109: 1865,
1989

10) Casscells W, Spier E, Sasse J, Klagsburn M, Allen P, Lee
M, Calvo B, Chiba M, Haggroth L, Folkman J, Epstein S.
Isolation, characterization, and localization of heparin-binding
growth factors in the heart. J Clin Invest 85: 433-443, 1990

11) Gospodarowics D. Localization of a fibroblast growth
factor and its effect alone and with hydrocortisone on 3T3 cell
growth. Nature 249: 123-127, 1974

12) Baird A and Bohlen P. Fibroblast growth factors. In
MBSporn, AB Roberts (eds), Pepﬁde growth factors and their
receptors I, 1st ed, pl-369, Springer, Berlin, 1990

13) Yanagisawa-Miwa A, Uchida Y, Nakamura F, Tomaru T,
Kido H, Kamijo T, Sugimoto T, Kaji K, Utsuyama M, Kurashima
C, Ito H. Salvage of infarcted myocardium by angiogenic action
of basic fibroblast growth factor. Science 275: 1401-1403, 1992
14) Hale LH, Alker KJ, Kloner RA. Evaluation of nonradioactive,
colored microspheres for measurement of ragional myocardial
blood frow in dogs. Circulation 78: 428-434, 1988

15) Jugdutt BI, Michorowski BL. Role of infarct expansion in
rupture of the ventricular septum after acute myocardial
infarction: a two-dimensional echocardiographic study. Clin
Cardiol 10: 641-652, 1987

16) Uchida Y, Yanagisawa-Miwa A, Nakamura F, Yamada K,
Tomaru T, Kimura T, Morita T. Angiogenic therapy of acute
myocardial infarction by intrapericardial injection of basic
fibroblast growth factor and heparin sulfate: An experimental
study. Am Heart] 130: 1182-1188, 1995

17) Habib GB, Heibig J, Forman SA, Brown BG, Robert R,
Terrin ML, Bolli R, The TIMI investigators. Influence of
coronary collateral vessels on myocardial infarct size in humans:
Results of phaze I Thrombolysis in Myocardial Infarction (TIMI)
Trial. Circulation 83:739-746, 1995

18) Schaper W. Coronary collateral development: concepts and
hypotheses. In Schaper W, Schaper J (eds), Collateral
circulation. heart, brain, kidney, limbs, 1st ed, p41-64, Kluwer
academic publishers, Boston, Dordrecht, London, 1992

19) Chilian WM, Mass HJ, Williams SE, Layne SM, Smith EE,
Scheel KW. Microvascular occlusions promote coronary
collateral growth. Am J Physiol 258: H1103-H1111, 1990

20) Unger EF, Sheffield CD, Epstein SE. Creation of anastomoses
between an extracardiac artery and the collateral circulation.
Circulation 82: 1449-1466, 1990

21) Sharma HS, Schaper W. The role of growth factors during
developement of a collateral circulation in the procine heart. In
Schaper W, Schaper J (eds), Collateral circulation. heart, brain,
kidney, limbs, 1st ed, pl23-147, Kluwer academic publishers,
Boston, Dordrecht, London, 1992

22) ZEREEF, MHEEZE, EHHEIE. Basic FGF &t
HE—-AXLOHEEETTVIIBIT AR ~. IREFE 32: 1229,
1992

23) Unger EF, Banai S, Shou M, Lazarous DF, Michael TJ,
Scheinowitz M, Correa R, Klingbeil C, Epstein SE. Basic
fibroblast growth factor enhances myocardial collateral flow in
carine model. Am J Physiol 226: H1588-H1595, 1994

24) Banai S, Jaklitsch MT, Cassscells W, Shou M, Shrivastav S,
Correa R, Epstein SE, Unger EF. Effect of acidic fibroblast
groeth factor on normal and ischemic myocardium. Circ Res 69
76-85, 1991

25) Reimer KA, Jennings RB, Tatum AH. Pathobiology of
acute myocardial ischemia: metabolic, functional and
ultrastructural studies. Am J Cardiol 52: 72A-81A, 1983

26) MET=. MEHLEOMESE. B, HAIREICBITAIM
EEAERESE. 1 B, OIS NERERER - R
HRE— (WHEEE, MM HBR), $1E, 912H, BRIHE
BILARES, WE, 1997




IR IR R 12 & & M A ik 347

27) LiJ, Brown LF, Hibberd MG, Grossman JD, Morgan JP,
Simons M. VEGEF, flk-1, and flt-1 expression in a rat myocardial
infarction model of angiogenesis. Am J Physiol 270: H1803-
H1811, 1996

28) Miyataka M, Ishikawa K, Katori R. Basic fibroblast growth
factor increased regional myocardial blood flow and limited
infarct size of acutely infarcted myocardium in dogs. Angiology
49: 381-390, 1998

29) Tamm I, Kikuchi T, Zychlinsky A. Acidic and basic
fibroblast growth factors are survival factors with distinctive
activity in quiescent BALB/c 3T3 murine fibroblasts. Proc Natl
Acad Sci U S A 88: 3372-3376, 1991

30) Tilly JL, Billig H, Kowalski KI, Hsueh AJ. Epidermal
growth factor and basic fibroblast growth factor suppress the
spontaneous onset of apoptosis in cultured rat ovarian granulosa
cells and follicles by a tyrosine kinase-dependent mechanism.
Mol Endocrinol 6: 1942-1950, 1992

31) Horrigan MCG, Maclsaac Al, Nicolini FA, Vince DG, Lee P,
Ellis SG, Topol EJ. Reduction in myocardial infarction size by
basic fibroblast growth factor after tempopary coronary occlusion
in a canine model. Circulation 94: 1927-1933, 1996

32) Kostyk SK, Kourembanas S, Wheeler EL, Medeiros D,
McQuillan LP, D’Amore PA, Braunhut SJ. Basic fibroblast
growth factor increases nitric oxide synthase production in
bovine endothelial cells. Am J Physiol 269: H1583-H1589, 1995
33) Bishop SP, White FC, Bloor CM. Regional myocardial
blood flow during acute myocardial infarction in the conscious
dog. Circ Res 38:429-438, 1976

34) Watanabe E, Smith DM, Sun J, Smart FW, Delcarpio JB,
Roberts TB, Van Meter CH Jr, Claycomb WC. Effect of basic
fibroblast growth factor on angiogenesis in the infarcted porcine
heart. Basic Res Cardiol 93: 30-37, 1998

35) Pfeffer MA, Braunwald E. Ventricular remodeling after
myocardial infarction. Experimental observations and clinical
implications. Circulation 81:1161-1172, 1990

36) Folkman J, Klagsburn M. Angiogenic factors. Science 235

(4787): 442-447, 1987

37) Edelman ER, Nugent MA, Smith LT, Karnovsky MJ. Basic
fibroblast growth factor enhances the coupling of intimal
hyperplasia and proliferation of vasa vasorum in injured rat
arteries. J Clin Invest 89: 465-473, 1992

38) Lopez J], Edelman ER, Stamler A, Hibberd MG, Prasad P,
Caputo RP,Carrozza JP, Douglas PS, Sellke FW, Simons
M. Basic fibroblast growth factor in a porcine model of
chronic myocardial ischemia: a comparison of angiographic,
echocardiographic and coronary flow parameters. ] Pharmacol
Exp Ther 282: 385-390, 1997

39)  Giordano FJ, Ping P, McKirnan MD, Nozaki S, DeMaria
AN, Dillmann WH, Mathieu-Costello O, Hammond HK.
Intracoronary gene transfer of fibroblast growth factor-5
increases blood flow and contractile function in an ischemic
region of the heart. Nat Med 2: 534-539, 1996

40) Mack CA, Patel SR, Schwarz EA, Zanzonico P, Hahn RT,
Tlercil A, Devereux RB, Goldsmith SJ, Christian TF, Sanborn TA,
Kovesdi I, Hackett N, Isom OW, Crystal RG, Rosengart TK.
Biologic bypass with the use of adenovirus-mediated gene
transfer of the complementary deoxyribonucleic acid for vascular
endothelial growth factor 121 improves myocardial perfusion and
function in the ischemic porcine heart. J Thorac Cardiovasc Surg
115: 168-176, 1998

41) Schumacher B, Pecher P, von Specht BU, Stegmann Th.
Induction of neoangiogenesis in ischemic myocardium by human
growth factors. First clinical results of a new treatment of
coronary heart disease. Circulation 97: 645-650, 1998

42) Frazier OH, Cooly DA, Kadipasaoglu KA, Pehlivanoglu S,
Lindenmeir M, Barasch E, Conger JL, Wilansky S, Moore WH.
Myocardial revascularization with laser. Preliminary findings.
Circulation 92 [suppl II]: 58-65, 1995

43) Pelletier MP, Giaid A, Sivaraman S, Dorfman J, Li CM,
Philip A, Chiu RC. Angiogenesis and growth factor expression in
a model of transmyocardial revascularization. Ann Thorac Surg
66: 12-18, 1998



348 i3 %

Angiogenic Therapy of Acute Myocardial Infarction by Intramyocardial Injection of Basic Fibroblast Growth
Factor Hiroshi Nagamine, Department of Surgery (I), School of Medicine, Kanazawa University, Kanazawa 920-8640 —
J. Juzen Med Soc., 108, 336 — 348 (1999)

Key words basic fibroblast growth factor, collateral circulation, angiogenesis, myocardial blood flow, myocardial
infarction, left ventricular remodeling

Abstract

Angiogenic growth factors play an important role in the development of coronary collateral circulation. Therapeutic
angiogenesis using exogenous growth factors may be useful in patients with severe coronary artery disease in whom complete
revascularization is difficult. The present study was performed to examine the effect of one-time intramyocardial injection of
basic fibroblast growth factor (bFGF) on myocardial blood flow, vascular density, and ventricular morphology and function in
a canine model of acute myocardial infarction. In 15 anesthetized dogs, myocardial infarction was induced by ligation of the
left anterior descending coronary artery (LLAD) distal to its first diagonal branch. In 6 of the dogs, human recombinant bEGF
1004 g was injected at 8 sites of the ischemic area of the left ventricular wall between the LAD and left circumflex coronary
artery, while the 9 other dogs served as controls. Myocardial blood flow was determined using the colored microsphere
technique both before and immediately after coronary ligation and again 3,7,14, and 28 days after treatment. Myocardial
blood flow was expressed as a persentages of the normal flow. Cardiac function was evaluated by repeated echocardiographic
measurement. Morphometric analysis was performed in excised hearts by assessing the infarct expansion index and ratio of
thinning of infarcted to non-infarcted areas. Angiogenesis was assessed by immunohistochemical stain with anti-von
Willebrand factor antibodies. Treatment with bFGF increased endocardial collateral flow in the border zone and the disparity
between bFGF-treated and control dogs was significant on day 3 (74.5+5.2% and 40.8 = 6.7% in the bFGF and control
groups, respectively, p=0.007), with a significant difference on day 7 as well (71.5 = 9.0% and 38.8 = 5.4% in the bFGF and
control groups, respectively, p=0.012). Treatment with bFGF increased the epicardial collateral flow in the infarcted zone and
the disparity between bFGF-treated and control dogs was significant on day 7 (67.4 = 8.6% and 35.7 &= 5.2% in the bFGF and
control groups, respectively, p=0.011). Histopathologic examination of the hearts 4 weeks after ligation revealed that
treatment with bFGF significantly increased the number of capillaries (39.7 & 2.3 and 22.7 = 1.1 per 200 X field in the bFGF
and control groups, respectively, p=0.004) and arterioles (4.50 & 0.43 and 2.33 % 0.33 per 200 X field in the bFGF and
control groups, respectively, p=0.012) in the border zone. It improved the left ventricular ejection fraction on day 7 after
infarction (53.5 £2.1% and 37.3 £ 2.5% in the bFGF and control groups, respectively, p=0.004) and reduced the thinning
ratio (43.5 £ 6.3% and 26.4 = 5.0% in the bFGF and control groups, respectively, p=0.045). One-time intramyocardial
administration of bFGF enhanced collateral vascular development, significantly increased myocardial blood flow and
consequently improved global ventricular function. These results suggest that this method has potential as a new therapeutic
approach in the treatment of myocardial infarctions.




