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THRE L&D wv. RFETIE, BERBEFVSy b2ERAL, HEGHERAEBICB T METEICH
#3 % ER T Td % vascular endothelial growth factor (VEGF), vascular endothelial growth factor receptor 1
(Flt-1), vascular endothelial growth factor receptor 2 (Flk-1), basic fibroblast growth factor (bFGF), insulin
like growth factor -1 (IGF-1), transforming growth factor -beta (TGF-p), nerve growth factor (NGF) ®
mMRNA D5 B8 % 351917 real time RT - PCRE: % i\ THAT L, BERRIC 51T 5 GG R E O B % it
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BT AHEMDL R v, Fall, EBIIZIHTOR
T BUE I E 77 )V T vascular endothelial growth factor
(VEGF) #RBii#E5 342 Ik h MEFHENTD S
N7 T HMEND SV, it AEBIIREALA
X B T IB##H 12 VEGF % hepatocyte growth factor (HGF)
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Wi TR L7 EBI DR ED S 52, Lo UHER RIS
TlX, VEGFR HGF DR 5 %17 THHEUTDH
BB D B Y,
ZZCHERBICBIT 28I EEEEDOHELHHT S
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T & BRI T F AW FRICHET L 72,

M#E ETE

10 A5 HE @ Spraque -Dawley 5 v b (SDF v b ¢
Charles - Rivertt, #ut) (ofHaRE) EHERBET VT v
b (GKJ v b : Charles-Rivertt) (FERE) %M
L7, EBEERT 25772 ) BInERKESYERER
EDEBFT 257 (EBFES0138).

K848 7V OFER I, Menetrey b D$REY 125 -
2. T abbBEEARKRE (XY FAAVESY—VO0.5
ml/kg) T2, 7 v METRROSUBEES 23 LTk
TR AN HIR D 75 %, DR S L T50% 0]
Bl FMHAAATHER L) 2T, EFEES L. WR
B, BERRREEL DI, A—VRNTHEHE L. BERBEC
&, BERM T v FEFAOEE (Charles -River #t#) %5
Z7z. 0, 24, 48, 72, 96, 120, 168 (1:ER[), 336 (2
WH) BHECEEOT Yy P (N=6) TRV bNLE
¥ — (0.5 ml/kg) ZMERENES LEBR L. BRE
WARE B & ORI oD T 2 3058 L 72,
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GAPDH Forword : 5 -TGCACCACCAACTGCTTAG -3
Reverse . 5 - GGATGCAGGGATGATGTTC -3’

VEGF Forword : 5 - GGTCTCAATTCGGCAAT -3
Reverse : 5" -TACCTCCACCATGCCAAGTG-¥

Flt Forword : 5 - CGAGTAGCCATGCACCGAAT -3’
Reverse : 5 -CGGCTGTCCATGAAAGTGAA -3
Flk Forword : 5 -TTGCAAACTGGTGTGAGTGATTC -3’

Reverse : 5 - AACCGAGCGGGAGAGTATGTC -3
b-FGF  Forword : 5 - GGATCCCAAGCGGCTCTACT -3’
Reverse : 5" - CACTCCCTTGATGGACACAACTC -3’
IGF-1 Forword : 5 - AGATGTACTGTGCTCCGCTGAA -3
Reverse : 5 -TCTGTAGGTCTTGTTTCCTGCACTT -3’
TGF-beta Forword : 5 -TGCCCCTGCTGTACCTTCATAC -3
Reverse : 5 -TTCTGATCACCACTGGCATATGT -3’
NGF Forword : 5" - AGCGCTTTCAATCCTCAAGG -3
Reverse : 5" - CGTTATTCAGAGCGATGTCAGAA -3’

—NT24RHREELAHE, —200COMAKRERAI
RNA i & TRE L7z, #H# RNA later WICRFE LT
Wt Iz LT, MEEED 10858 D Easy Prep
RNA (TAKARABIO#t) i2&EL, dEJ 24—
(HMX -2000 : TOYOBO#:, %) #fEH L, 104
RESXFA XL, FEFXFFAX LY VTNV EBRT
SHEER, HBFED2FEO 7 u IRV AZ RN
LESIZ20MREL, €0%, ZIRTI0HHEHE L.
KIZ 4T 15000 rpm T 15 5B 050 8E L 7=, LBOK
JE% #5100 lRP L, FEEELEEDOA Y Tu/N) —
VEMZ, 4T 15000 rpm T 15 5008 2 E 5 L 7.
LiEEBTTC, RNABRBRICHBEE L EBDO 5% -
7 J—NV&EMZ, 4C 15000 rpm T 15 55 Bl&E 00 HE L 7.
FE#BETT, BB L2 RNA%Z 104 ZE CTHREZ L 7.
BN RNADMEZ, A 260/A 280 CHETRDZ.
ZOWENLTI~21 OB A7z Y TV DA ZE
SR D total RNAASERIUTE 29 7 e L TR L7,
Taq Man Reverse Transcription Regents (Applied
Biosystems4t, HI) #fFH L, total KNA % ¢cDNAIZ
WEEE L7z, 200 ng O RNA % T 100 pl ©EE P T
HERE L7-. YIWTEE#% X, Randam Hexamer % 5.0 plfff
AL, #EmEn&MiE, 25C104, 48T 304, 95C5
4k L72. Glyceraldehyde -3 - phosphate dehydroge-
nase (GAPDH) W7y bu— L7,
MEFECPPDIRERFBLOFOZERKEL
T, MEHFAEEF X, VEGF & Z D% % fkvascular
endothelial growth factor receptor 1 (FIt-1), vascular
endothelial growth factor receptor 2 (Flk -1), IM% EH
OMEHEBEOEEREF L LT, basic fibroblast growth
factor (bFGF), insulin like growth factor-1 (IGF-1),

transforming growth factor -beta (TGF-p) % #&F L 7-.
EOIMBEFHAE L HITHET 2REHAEDIREE 2 51
BEHERETF & L TDnerve growth factor (NGF) %5
L7.

& % O EHRT D mRNA DZBE % real time RT -
PCR % Fiv Tl LIRENL 72,

VEGF, Flt-1, Flk-1, bFGF, IGF-1, TGF -beta,
NGFIcRT 2HOT A v— 2 BIRLFEHALZ. 7
5 4<—I, Gen Bank 55 v M O#EETFEEIRL,
Primar express (Applied Biosystems#l) #f#EMH L, Al
FlegwE L7 (FD.

cDNAH > 7))V 25 uliZ SYBR Green PCR Master Mix
(Applied Biosystems$t) 12.5 ul & & 4 @ growth factor
BLOFOZEMERDT T4 <—0.5 umol Z VT, ABI
PRISM 7700 Sequence Detector (Applied Biosystems
# . BF) (2 Treal time RT-PCREICL D ¥ T IVA
ORNADEEBMNE*EKLZ. EEMNEDO KM,
95C 15%F, 60T 154054 7 v & L7,

F/o, EBE1IBIEMBL, [E—¥% > 7NV % real time
RT-PCRIC T3 EMIEL 72.

real time RT -PCRAS@ Y27 TV 5%, real time
RT-PCREW % 7 Aa— A7 Vik#) LHER Lz (K1),

real time RT-PCRZEIWCTH LT — 51X, HE
DIy FNFMEOKREKD GAPDHORIEE % AL L
T, H2OBERAFBLIZOZERDOMEL DL TV
FFENFEEBCHWICED UME L BERE L
7297 BRBIE LTI, &t BB O FAHTRT O GAPDH
DOPEMEE Cg, & L, BWNETAIRERTFOMEME
Cta, & 5%, ACty=Cta, — Cg, &% 5. RIZZMHO
GAPDH D% Cg, L L, MERAF DL Cta, & T5 &
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1. GAPDH 2. VEGF 3. Fit 4. Flk 5. bFGF 6. IGF-1 7. TGF-beta 8. NGF

F2 WHES Y N ERERBEES v bOKE, MAEHE

pudiickia PEIR ST
SD rat GKrat

week 10 week (n = 6) 10 week (n = 6)
gender male male
body weigth (g)
0hr 362.0 = 13.51 3204 = 10.50 *
24 hr 351.0 = 20.33 307.8 = 7.50 *
48 hr 337.8 £ 2348 296.8 = 7.95 *
72 hr 344.2 + 16.65 333.6 £ 13.45
96 hr 379.0 = 11.94 3184 = 17.57 *
120 hr 405.0 = 28.06 309.2 £ 11.37 *
168 hr 3723 2.13 310.7 = 8.92 *
336 hr 435.7 = 13.28 3193 = 9.35 *
blood glucose (mg/db)
Ohr 123.0 = 17.15 188.0 + 37.73 *
24 hr 123.6 = 23.73 163.6 £ 21.63
48 hr 113.8 = 9.96 211.0 = 20.09 *
72 hr 1412+ 7.73 258.8 = 25.35 *
96 hr 129.0 = 21.07 255.4 = 16.64 kS
120 hr 103.2 + 16.45 258.8 = 34.67 *
168 hr 1155+ 7.26 236.3 = 13.57 *
336 hr 109.5 + 16.89 205.6 = 12.74 *

* . p<0.05

[F#kIZ ACt, = Cta, — Cg, & %2 5. AACt = ACt, — ACt, &
DESNAEIZT LT, 27 ORI T 5 E
kb,

WEtLE, tREFH VTR L, p<0.05%2F X
EZHH L7

B R
1. REIZOWT D HERFRFEOFREME, dHEEOK

BB LTKETHY, Mig2REOHELRESE
TIEEE (p<005 #RDH2 (F2).

2. MAEEIZ DWW FERBROMBEE I, WRED
MpEfE & B L CRETH Y, HE24FHOMELERE
LTICHEE (p<0.05) %R0 (K2).

3. BIEOWIRAGEIES @ BRI Tl AL E £ 120 Ky
Tb, FHANIBIEEL TB Y ko REIIHEZLL,
S S ICH AT A AR 7 OB RIEEILE & H BT
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X5 xbfRRE, HEPREEE Flit mRNA OFEH&

itk 2EEMIC BT, HREOMEIRHETH ) FEE

TROD.

L7z, 5 UCxt B G RE L T2 5 120 B #2142
FATEIXPASEL, 1;@;’31*103@%0)41(%%)&!#{?%0,
ZOHOZBTHHMEZROTHEE L (K2, 3).

4. VEGF ® mRNAZH & | BERMEIC BT 5 96 R
fill, 120 BFRIEIZ2.30 = 0.33, 1.72+0.23THH, xtE
BIIBITA£40.71+£020, 072 +0.20 L Lk L BET
HoEEE (p<005 FRED7/. F7o, KBMEE,
FEREC 72 M AIME 1.23 = 0.34, HER% 8 T 96 K&
2.30 £ 033 TH o 7z, itk 96, 120 KERE 2 72 8/
DIEICIE, AEELRRDL»Po7: (K4).

5. Flt ® mRNA S & © fHEE O 72 KEHfE130.27 =
044 THY, FEHED459+ 081 L LK LKETHYE
B2 (p<0.05) 2D T2, ERFEETIE, 728
) CHRAKAHE & 7 o 7225, 1ZOH#Fﬁi’C“ﬁJiJ:ﬂL7’:.
Witk T2REREE 2 BRVCREB OMEICIE, FEELZROL
oz (K5).
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6 xtFERE, HEREH Flk mRNA DR E
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RO DL, Mtk 96, 120K F'EHJowT R SR B O fil
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M7 HEEH, WRARbFGF mRNA O R
it 72, 96H¥FFEJ BT, R OEIEEETH Y
HEAE B

1.62+044TH Y, HEHEDS5.28+0.72 & g LIKME
ThYAEEX (p<0.05) FROF. 51, FRHKR
O 96 5 [E1fit, 120 WEfE4E (X 3.58 + 0.66, 2.64 = 0.83 TH
D, AEEEEDO0.50 = 0.48, 0.66 = 0.33 & LKL EETH
DEE®E (p<0.05) %:D. #4224, 96, 120H:H
fEEBRVWTHEMOMEICE, FEEZ2FEORPo72 (K
6).

7. bFGF ® mRNA S E © BERAEEE O 72 B ME, 96
M8 1% 2.46 = 0.24, 2.0 0.20TH Y, BEHEHOD
0.81 +0.24, 093+ 027 LKL B TH h FE=E
(p<0.05) ZFD7. Wit 72, 96/ RIE % Brus T HER
DfEIZI, AEEZROL o7 (H7).

8. IGF-1® mRNAFIE | FERBH O 72 By H I
266+ 06THY, WREDI1.62=0.62% LB LEMHET
HOAEEE (p<0.05) 2D, F-PERBEED 168
FERIME 0.47 = 0.34 1%, MPE#D1.35+0.67 L VIKM@ET
HYHEEEERO. Mitk, 72, 168 EH % kv TR
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E8 xPEREF, HEPRWEEIGF-1 mRNA DFEHIE
WHR2ZEMIZBNC, BRAHOERIEETHIAE
ErROL. MRISHHEIIBVT, SREOCMHEILSE

ETHYVHEELZRDS.
TGF-beta
16
14
21 T j{ /k
2 T
s 1 % T
308 _#/(1\ p . ‘;’ 4 ‘\ o AR
g T T —e— BRI
g 06 —F
£ W* T
0.4 ¥
1
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X9 xfEEEE, MER/HE TGF-beta mRNA DRBEE
Mm% 72, 96, 120FFEICB VT, BEFRFHHOMEIIEME
ThYEEEZAD 5.

MOMEIZIX, BEEZBOLP,o7 (F3).

9. TGF -beta ® mRNAZIRE | FEIRAE B O 72 KE RH,
96 FFRIfE, 120 RIfEIX 1.15 = 0.21, 0.93 = 0.20,
1.15£ 021 TH Y, sHBEFDOLK 4 Offi 0.44 = 0.30,
0.53 £0.23, 039+ 027 L LKL ERETHH AEE
(p<0.05) %D, With72, 96, 120 HFHEEEBRWT
HEOMIZIE, FEELRORPo7 (9).

10. NGF O mRNARIE | BERHE o 72 e fH, 96
BERIMEIX 1.96 £ 0.62, 1.70 £ 0.48 TH H, WHRED
1.01=0.64, 093068 E LB LEMETH ) HHEE
(p<0.05) %D/, #4872, 96 MME % BV THER
DEIZIX, AEZEZRD L2 o7 (K10).

z =

HEREEL2 AT 5 BHZO0FMHOBRIZE, B{UEHD
TLERA A VEPUEFEEE Y, EEC A%
#4213, Giddings? SI2E W #E SR, BETIZE
HOFETH A, RIFFICBNT, SHBEETIE, #fm

T 'I T T =
0 1 i 1
0 24 48 72 96 120 168 336
3f (hr) * : P<0.05

E10 xPEREE, BEPRME NGF mRNA DFBL&
W72, BERIZBNT, ERFEHOMBIIRMETSH
DNEEEEZRD 5.

HEAED FR 2D R 0AY, BERFEEOMEE L, #ik
120 Zz&EEE LTLEALTBY, v MBI A
BMFEHEOLE Y UL TV 5.

NEES v FOKEIR, 108855 12880 280
TH60 gDEEWEMAH Y, FBEBOFHERKES v T
i, ¥30 gOBREMMEEDS Y. Lo LAFRICE
W, BERBE T, WMBEOKEHEMEZRD Lo 7z,
WM ED LRI X 0 BAERAIITE L, ERREET
HWEFSEIML 2o/ bDLHEERINS,

BlOWHBBERELEET 5123, EFHIZBVWTOHBEN
BYEZEZoNE, LIL, Sy bOBEE, REEET
EHREOREFEVEATH V BAMTHEL 2 KENRF
L, EBICH L THERETZ S5 I mRNA OB R
FUD rnp by, BlEET Y FEHESMBI L L
D, EXORNERBREZHET 5 ICIIAET T2
EEZ, b0 ICHHkERIRL 72,

—RICERERAEARIEE 1, WA, MR, MEHESICE S
TIBE S NBHEIEE L FISTId v, [ d Bz ss
ENBRTIIRL, BEWZEREICHEEL, BEMAGD
BEI OIS,

BEHEEAREORHOER T, BEERIZIE, MK
MR ORBB L CHMBRE & I2FPEROMBRICHT T 5
Bz, 707 7—JICX W EFRMBIZER SR
b. TOH%, BHEBRL L) BHESFMLomEE, mEy
£, FSEREPE LS. ito TAIGIERAE O BERIC
ERIEEF A A A Y OFUEAH SR W 1910 - s
THEBEEDO 20D ZFBRERT 53 5 S5
. dE, M4, MEMRE WREAEOBHEICE T
LBEERTFOERHIIOVWTOREERIRESNT
BN gL, R ERTF OBE % 5
L7-Eid v,

PR ERZ OBIRIIE, BIELAZDEYHBWC &3
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RREP L EBITALIETHY, TOHROFERO—
DIZMEHEDEENEZ bMWD, I CABERED
MEFAIZOCTIHPT LI L0, SHBROERBERLED
BEHORFE 2 BT 5 LT, F70EEENICTD
LETREZEDTELWIUIAEIHE Z 2 TAMIEEITo
7z,

B EEERICB I A MEHEICHTIEERTFE L
TiX, VEGF & ZD%%KFlt, FIkPSEEL&E % 172
LTwa ™% VEGFI, MEEHEOMIEYSEE, 5
WS NME N E MR ERIER L, m&E MR R
I XY, IEEAEr T ESELEHZET
%%, VEGF DZ 54K TdH 5 Flt 13 F 10 IR % 188
THIEIEDY Y, Flkix, Vo S BRAIRET 2
LD,

bFGF &, #idrh Ofkx 2lan Sawsh, LMl
fa MR SEAIA VR LR 4 R EB LT 528, 4§
(I B LTI mAE PR MR 0 iE AL, BB & O
£, SERRICREEREET S 2D,

IGF-1, MRETEASH, HAELLMEDREELM

OB B L CME BRI LE 2 —ORERTF T
3)7‘9 28,29)‘

TGF -beta i¥, EENOMBHDIZEALETOMI
THEA, SWsh, SHRLREREZAELTWAR, MET
VRIS PR M & I A, R R AL LT o
RO D B\ IZIMHENC S L0, i R B oM
WIE DFEHARHEZ S LT 5 %%,

NGF &, i JE B oM A & 45 S 5 ke
FERFO1DOTHY, EOFAELRET 2EHEAL,
B EAARLERE CEFENS ICHET 2 MBROFA
TS AR H D EEZL NS,

EHATIE, MEHEZFORERT & HHEF O
NG YAZEVREENTE Y, @%, IHETFEN
B LTV A0 MEHERELEVb DEEZ BN
TH O, MsAHEEEZ T8, REEF L MHEFO
NG Y ADEN, MEBAERLERFAEM & 2 ) HEE
EEHICIEFENELDDDEEZLNRTWEY,

SEOEBRSEFICZL 2L, VEGFETIE, *EEEL L
WU THEROREE TS, U296, 120 ERERS, BET
HOEEEZHD. ORI, BRFETIE, B8
BRI, NEBHIVLZBOVEGF2LEET AT
EERRELTVS,

Flt Tid, WHEFICBVCTIE VEGFED LA XKL

FR T2 TREMBETR LTS, Lh LR
TUE, Witk T2HHO PO ERERDHE V. ZOfR
(&, BERFEETIE, VEGFELRICHT A2 FItOFRHED
BEOFEEIRIBING.

Flk TiE, xF BB T 5 24 B E & 72 R i< 1
AT LD, ZOMOBETIIMED LR 2O E V. L
UERARE T, W 24WHEO LA Bd RV &
Wz, W72 TRESMEISEL 120FM2REA L
Td, FIkfEIBEZHRFLTVS. BEMFILD
mRNADFEBEDOBRRIL, PERKHETD, VEGF ORE
B2 mRNADOFEBEOGHEL —-HLTHBH, FlkD
mMRNADFEBIIIEFIZITONTWAE I L Z2RL TV,

b BERABERETIE, VEGFEZBEN12TH 2
FItIZHH R T 2RO, ShOFE»51E, ZHK
ORBEBZHEBL TnAIIT ET, K4 OZHMRBEES
HIZOWTIEBSHTIERVDT, FBEETEPBRIEEY
DFMICONTE, S4HORETRETDH 5.

bFGF Tid, PERREETIE, MIRHEHEL CHEE
BRERRIC BT 72 & 96 #7412 bFGF % £ #
CUEET B I EARE SN,

IGF-11%, fERBH COMBZT2MOMIZ, EFHE
DELVEEEZ > TEETH L. AFEHE, DI,
IGF-1DF R EABFTIFETH 525, Ll LT
WU DRFTCREE SN EENDH L Z L ARSI
7o F7, MEERICEES 3 5IGF-15%, HEEL
IGF-1T&® 5%, RFELIGF-1Td 273, KR
WRERISIZELA TRV, SEOMREES LT
Sh5.

TGF -beta Tid, VEGF ® mRNA DHEEM DFIAS F
A3 BT T2 B A © 120 R £ TS, XEEBEO TGF-
beta ® mRNA DM MFEHRIE, BTFLTWBIZL»
PboT, BEBETE, KTT5Itidhdror.

NGFTid, #BE T, ME2BEIY LR L,
VEGF ORIEOMEIE L 12, #1208 TREMEE
ot MERFETIX, VEGFORB OB E & 124
$%72, 96HEHICB W THIBE & B L EEE 27

ik, $ERMBAEETIE, HBEEHERPTOMmE MM
Ra, FERzMike, e, MERMSES L TmEI
TAHMBHEIIEWT, IEFTEHEOKRERT O
mRNA DFH &1, #if% 72 R CRCRIML Tz,
T 7., HEHMEBOBEREICE, MEFEBEORE
BHF%, $RICLELTHILFRINS

WK F O TGF -beta &, ¥ EHHMEFEMB I TGE -
beta ZEf 3¢ % & VEGF DEAMMATB Z 5 2 & 3#
#% X Twab. 72, TGF-betald, bFGF OiEM %
HELTWAZ EOWMET 3 b b, AFRICHBIT HHE
RIFFEIZBWT S, TGF -beta DEEHE ORI E & 12,
VEGF & bFGF ® mRNA Z B E 082 FE I A LT
B, VEGF & bFGF ® mRNA D% BB % RIZLT
VAR Z TR L TWA,. FMORERFORIGD
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FEHIC IR T 5 2 & A5, TGF -beta i3l B R E-F
CHELTOLEELZRIZLTVAARELELH 5.

CHZEixE, BEGHEKEoODENETIE, MEAN
BAIEH» Y T2 <, &M EDRS L Ol
FEHEEARORFICKERTF@HEEICEAZ RIZL T
LHEEMDREL TS,

AHfFE T, K4 ORREFIIBITHMPHEFIIOW
TORFAFEHBL TRV L, VEGF TIRZHERDE
BREMEZIN-OTHORERFIZBWTH ZHMKR
DFEBRFEOTRMEIEDH HA, VEGF z b FEREHE
FOZHEROKIFB L UHBOBIRELEBL TWiawvo
TH5HOBGETREL LTBIFON5.

AKWFZEH & BEFRIHEETIE, FrAEMEIH 2 RERF
@ mRNA OBEIFEHBIZD h b 53, BIBHERESRET
TIERWZ EASHHL 72,

BlEEEIE, ZhehnlEl T aRERFOEED
BESNTVWATREMADH LD TIE RV, FloEhE
NOBERFOZHEROBREVHFRLET 5 TRENH LD
TEZWwd, &5, MEUNOM S »DRFHEEE
KCKELBES LTV AIRENH LD TidRvh i)
ZENFOHEE LTHERETES.

=

BB OB BT A MEHE DL RE
HF O mRNA DFB & % e L2 AKE» S, UTo
ZEDHLPE RS

1) #RHS v b TIE, BERTF VEGF, bFGF,
IGF-1, TGF-beta, NGF D5 b 8% B X OURBEFEH
BETHIEIRBEEND,

2) WERH T v b Tid, VEGFOZHERD1DOTH 5
Ft ORBEEPFLETH I EDPREINS.

3) BERBEETIE, MEHECHETREEF O
RBEDNHDHIIHrboT, BIFEEREEZRDDH L
» 5, VEGF OZAERUNDOBEER T OZEFADOREND
HFHET RSz D 5.

4) BERFFT v bTI, WMEBEHT2RM LY, FEEIIL
EHAEICHEEY 2 ERT O mRNAOZEREMN %20
7z, IMEEHEICRD BB ERKTF VEGF, bFGF, IGF-1,
TGF -beta, NGF i, HEIZ/EH LT3R H %
ZEMRE I

B OBEERRZIHEY, MERZBYI L
BHERKEERAEFHE Bl —#8%ICEER
AHBEEITET.

ARG D —ER I35 18 [B] B ABAIVE 2 S EE BT R
£ (20034E10 B, dLAMT) CBWTHEELL.

DJMS

X ®

1) Takeshita S, et al : Therapeutic Angiogenesis, a signal
intraarterial bolus of vascular endotherial growth factor
augments revascularization in a rabbit hind limb model.
J. Clin Invest, 93 : 662 -679, 1994.

2) Baumgartner I, et al . Constitutetive expression of
phVEGF after intramuscular gene tranfer promotes col-
lateral vessel development in patients with critical rimb
ischemia. Circulation, 97 . 1114-1123, 1998.

3) Cohen RA. : Dysfunction of vascular endothelium in dia-
betes mellitus. Circulation, 87 (suppl V) : V67 -76,
1993.

4) Reed BR, Clark RA. : Cutaneous tissue repair - practical
implications of current knowledge. II. J. Am. Acd.
Dermatol, 13 : 919 -941, 1985.

5) J. Menetrey, C. kasemkijwattana, C. S. Day, et al :
Growth factors improve muscle healing in vivio. J. Bone
and Joint, 82-B : 131-137, 2000.

6) Melissa H. Wong, Jennifer R. Sasm, Thaddeus S.
Stappenbeck, et al : Genetic mosaic analysis based on
Cre recombinase and navigated laser capture microdis-
section. PANS, 97 : 12601 - 12606, 2000.

7) Ryuichi Wada, Cynthia J. Tifft, Richard L. Proia :
Microglial activation precedes acute neurodegeneration
in Sandhoff disease and is suppressed by bone marrow
transplantation. PANS, 97 : 10954 - 10959, 2000.

8) Jennifer C. Condon, Pancharatnam Jeyasuria, Julie M.
Faust, et al : A decline in the level of progesterone
receptor coactivaors in the pregnant uterus at term may
antagonize progesterone receptor function and con-
tribute to the initation of parturition. PANS, 100 : 9518 -
9523, 2003.

9) Giddings AEB, Mangnall D, Rowlands BJ, et al . Plasma
insulin and surgery I, early change due to operation in
the insulin response to glucose. Ann. Surg, 186 : 681 -
686, 1997.

10) WHUSIESE, MEAMER, /SOREERA, SHEH, #HEH
F* ERBRMLEBEDORE L ZOTFHICHET 5%,
R RE BRI REEVERRE, 41 34-39, 1977.

11) Chomczynski P, Sacchi N. : Single - step Method of RNA
isolation by acid Guandidinium thiocyante - phenol -
chloroform extraction. Anal. Biochem, 162 : 156 -159,
1987.

12) Rappolee DA, Wang A, Mark D, et al : Novel method for

studying mRNA phenotypes in single or small numbers



31(2)

13)

14)

15)

16

iy

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

(2004)

PERW 7 v b HRGHETEATEIC BT 5 B ERF mRNA OB E 53 125

of cells. J Cell Biochem, 39 : 1-11, 1989.

Baggiolini M. : Chemokines and leukocyte traffic.
Nature, 392 © 565 -568, 1998.

Lustet AD. . Chemokines - Chemotactic cytokines that
mediate inflammatin. New Eng ] Med, 338 : 457 -470,
1998.

Koch EA, Polverini PJ.:
Macrophage - Derived Mediator of Angiogenesis. Sience,
258 1 1798 -1801, 1992.

Fajardo LF, Kwan HH, et al : Dual Role of Tumor
Necrosis Factor - a in Angionesis. Am. J. Pathol, 140 :
539 -544, 1992.

Noda Y. : Spatial and temporal expression of vascular

Interleukin- 8 as a

endothelial growth factor, angiopietin -1, and angiopoi-
etin -2 proteins during wound healing in rat skin . the
relationship between vascular growth and regression. &
FRAT LRI R FHERE, 110 1 59-71, 2001.

Takeshita H, Kishimoto S, et al . Protein expression of
fibroblast growth factor receptor -1 in keratinocytes dur-
ing wound healing in rat skin. J Invest Dermatol, 109 :
108 -112, 1997.

ARG CEERSEAREIIB T 3 BEAERER OB
2B 5 KR, TR BREEFMER, 48 1 37-
51, 2000.

NFRIET R AT 5 MR EE T ORI R.
HRERIR, 92 667-686, 1999.

Nicosia RF. . What is the role of vascular endothelial
growth factor - related molecules in tumor angiogesis ?
Am. ]. Patho., 153 : 11-16, 1998.

Shibuya M. . Role of VEGF -Flt receptor system in nor-
mal and tumor angiogenesis. Cancer Res., 67 . 281 -
315, 1995.

Ferrara N, Davis - Smyth T. : The biology of vascular
endothelial growth factor. Endocr. Rev., 18 : 4-25,
1997.

Fong GH, Rossant j, Gertsentein M, es al : Role of the
Flt -1 receptor tyrosine kinase in regulating the assenbly
of vascular endothelium. Nature, 376 . 66-70, 1995.
Shalaby F, Rossant J, Yamaguchi TP, et al : Failure of
blood island formation and vasculogenesis in Flk-1 -
deficient mice. Nature, 376 : 62-66, 1995.

DesRosiers EA, Yahia L, Rivard CH. : Proliferative and
matrix synthesis response of canine anterior cruciate lig-

ament fibroblasts submitted to combined growth factors.

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

J Orthop Res, 14 © 200 -208, 1996.

Schmidt CC, Georgescu HI, Kwoh CK, et al : Effect of
growth factors on the proliferation of fibroblasts form the
medial collateral and anterior cruciate ligaments. J
Orthop Res, 13 : 184 -190, 1995.

Hayashi K, et al . Differentiated phenotype of smooth
muscle cells depends on signaling pathways through
insulin - like growth factor and phosphatidylinositol 3 -
kinase. J Biol Chem, 273 : 28860 - 28867, 1998.

Florini JR, Ewton DZ, Coolican SA. . Growth hormone
and the insulin -like growth factor system in myogene-
sis. Endocr. Rev., 17 . 481 -517, 1996.

Pertovaara L, Kaipainen A et al . Vascular endothelial
growth factqr is induced in response to transforming
growth factor - § in fibroblastic and epithelial cells. J Biol
Chem., 269 : 6271-6274, 1994.

Passaniti A, Taylor RM, Pili R, et al : A simple, quantita-
tive method for assessing angiogenesis and antiangio-
genetic agents using reconstituted basement mem-
brance, heparin, and fibroblast growth factor. Lab
Invest., 76 . 519 -528, 1992.

Myoken Y, Kan M, Sato GH, et al . Bifuncutional effects
of transforming growth factor - § on endothelial cell
growth correlate with phenotypes of TGF - § binding
sites. Exp Cell Res, 191 © 299 -304, 1990.

Sankar S, Mahooti - Brooks N, Bensen L, et al : modula-
tion of transforming growth factor - § receptor levels on
microvasdular endothelial cells during iz vitro angiogen-
esis. J Clin Invest., 97 : 1436 - 1446, 1996.

Mukouyama Y, Anderson DJ, et al | Sensory nerve
determine the pattern of arterial differentiation and blood
vessel branching in the skin. Cell., 109 : 693 - 705, 2002.
O’Reilly MS, Boehm T, et al . Endostatin : An endoge-
nous inhibitor of angiogenesis and tumor growth. Cell,
88 : 277-285, 1997.

Nunes I, Gleizes PE, Metz CN, et al . Latent transformig
growth factor - 8 binding protein domains involved in
activated transglutaminase - dependent cross -linking of
latent transforming growth factor - 3. J Cell Biol, 136 :

1151 -1163, 1997.

Plouet J, Gospodarowicz D. . Transforming growth fac-
tor beta - 1 positively modulates the bioactivity of fibrob-
last growth factro on corneal endothelial cell. J Cell
Physiol, 141 : 392 -399, 1989.



126 &

DJMS

Role of Growth Factors in Angiogenesis of Muscle Healing with Diabetic Rat

Naoki Imanura

Dokkyo University School of Medicine Department of Orthopedics

Injury to muscles and skin is very common. We have experi-
enced that it is difficult to cure muscle injury and gangrene
with Diabetes Mellitus on clinical. It is reported that vascular
endothelial growth factor (VEGF), vascular endothelial
growth factor receptor 1 (Flt-1), vascular endothelial growth
factor receptor 2 (Flk-1), basic fibroblast growth factor
(bFGF), insulin like growth factor -1 (IGF-1), transforming
growth factor -bate (TGF - 8), nerve growth factor (NGF)
are potent stimulators of angiogenesis iz vivo. We therefore
analyzed dynamic state of these growth factor in tissue of rats

with lacerations of the gastrocenmius muscle by real time RT -

PCR method. Our findings showed that quantities of mRNA of
VEGF, bFGF, TGF -beta, IGF - 1, NGF in muscle regeneration
of diabetic rats are more than control muscle. Quantity of
mRNA of Flt in deabetic muscle compared abnormally with
control muscle. Our results suggest that these growth factors
and Flt appeared abnormally in diabetic muscle healing and
may have a considerable effect on the treatment of diabetic

muscle.

Key Words . Diabetes Mellitus, muscle injury, angiogene-

sis, growth factor



