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WZeaER D BIRE

AHRE, EEAY) VERLEEYOPTRIEVIRILF—ZAL. K—HRIREER
TEHRAKRI/ —ILENEVEE (PEP) OMBFERIZEY . BERREREEED
BREREZERILI-bDTHY .. UTOHREZRT-.

1) SEEMBERAEIVRAEZAVEZREFICE T, PEP KBROEZEREE. E
BRI 5 OERRNR S ICHERTHEEGAGEERIMIRET L. TOHRE basic
fibroblast growth factor (bFGF)& K| EREETH -z, S 512, REMBFHIER
FIZH T, PEP IEFEHR 5L bFGF ®HEF L U 1 RIERBHH o AFHEBORK S
FUMEDHAREZR L=,

2) PEPIE. ¥OART /O 77— %M (RAW264) (2B 1T D REEERER
# X F T b 5 vascular endothelial growth factor (VEGF)DEIBEEME ., Fi-
PEP ORBIEMEILE VBEIL VEGF B & U bFGF O EFEME 1=,

3) PEP X, BMIBERRBET VAN NRIEE L-RHEFMEDEEL L UaS
—FUEEENMHLIz, —A. £ FRIERRRHESFME (TIG 109) DIEFE(Z*t
L. bFGF [(FBEX{REL =D L PEP (XFELEAEEEEZRIFSEAh o1,

4) PEP [&. b MESHIRNEEE (HUVEC) DOEHE. fHAEED L VIRER
BEBRADICIBEL., £1- VEGF 8LV bFGF OHIFZRELT-., PEP DARER
BAEAIE. VEGF IRl & YBAE S,

5) PEP (Xt FREAILHAK% HaCaT MlADEEIZx LIBEMNRERLT=,

AT LY., PEP KAKEZRE(X. bFGF HHF| Ltk LRAZELED K EEHSARIEER
RB%ZRL1z, O PEP DRIGABREERIL. S ARICEERIZR-TOENEM
fa. v o027 7—CHELURKALCHMBEZRELL. @REECAERERFEENEE
TEHIENREEINT -, AR THONMRX. FHRGCIERABFEZE T 8 AMRESE
BABREL L TOPEP OREEMEZEZTRE LTS,



BLIE

=118
2|

HABRBESCAIEEIEOZLICHEWAE L 25RE, T2abbAEREERL, Wk
HEZIILO LT HRERICBNTHNO—&REZ 7T E>Tnd. ZOATEEIE
WONREGITHHPERFIT, SIS TR, AR EEEOREICE D
&, VR TORERPREE BT, BE, K 1{F 9400 T AMF(EL, 104
%I 3 {8 3500 W AICHET HZ LA TFHISATWS. 2 HARIZEBWNTHH
HTIE7R <, FEPRINTRETE 72 & ONTHEIRIA TARFEORENE, £ 1700 J7 A & HERI
SNTEY, V BEFEOWEMMPERREEL > Tn5.,

BERFICHER L, RENCOR D AENEMEICREIND &, FElESOHRE
IREE SN, BE, MBUE, MREEREO “BOME ARIET D, FEREE
FWZ o TAHNEORIE THIZMPEa L b — L EQIZE DO TEHETHD.
“BEIRFIOE (diabetic foot)” & 5 a2 MEIRIFM: A THE R IR & DFE D —
DTH Y, MRREEESCMAERENFRRE CE L DRERIEEREERE CH 5. FER
93 B2 FETEIEE,  RRIC R BRI T ARSI & 11 5 G013 £ <, EAERITIX
TROWRASLEL D, 9 Ll oT, 20X REIELEHSTD, R
BE2 6 DIRER LI L 70D

PEPRRVER G EE ORI, M= b— L2 AL L, ISmEICR L TH
BE77) v 2@ IR LFEML, BERSZERICRET LI ENEET
HD. B ERRIRELERIL, HOIWVITERBIIBREINTZEGEIL, F
ARk E L CHIEIER O 5 Ak - R e Ko g — REF| (22— 22 a—-0v),
WIS EZ NS5 77 957y (AT U®) WE, hvF /A4 har
U (At U g, TATRAZUL (TarRBF T 0% #HER
ENERENTWS. 9 L, ZHHEFNIFZFDZ RS RN, FERFNE
P2 RG5O SR, R 2 B SH AW o ORFIRE S MBS b



SEIRSED Z EIIREETH S, L7e - T, BIETRRIEFEO R VERE) 520 3R
R L, IERE N Z TR TE 22T - RFEORENBS EEN TN D.
BSRBORMEREEFET, MREEE Y, JAEH Fi, %), M
(PR, AR GRERRFFREEEH]) OB hD. £, MmikEE
N, ROFAIGFR A%, MAAREOEE, M NEMROBEIZ LY Kok
20, MMRICEY 7 0 7 U CEREBLATER S D . RIEMAH Cld~r v >
7=V EOFRMIER S LD RBYOME OBRE, RIEME I TIIRIEEA
fa7s BH-U, MlazilEEd 5. Mg X, SRESEMads X O Py i
faNBREASN DY A NI A oM FEIR 12 K 0 Mg hE ks X OW R
ik - MAETZR T, BRI TR &k Oflash~ Y > 7 2 DR E
5. ID ORHEIREIBEN —E A — " —F v S Lan 6T 5 (Fig. 1).
O HERINEE TIXZ ORIGTREME I EENEZ D Z RO TEY, KR,
AMEIRIE R AT R 72 AR 72 E 2 PEAT D~ 2 v 7 7 — Y Ol - IEH
LREDIK T, © F7-, AZEMRIEA: & O ¢ E B & 2 Rz LT
U 2 BRAME A R R 1 PN R MG O BB A T 23 ORIME BB IEIE IS 2 L T
5. T LR oT, 2o ORMEIRERE DK & 72 2 M la s Re s 2 ik
T5Z 1L, AEIREREIC SRR D EEZ LS.
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Fig. 1. Time course of wound healing ®



Phosphoenolpyruvate (PEP) (%, R0 TMMGHEL TH Y (Fig. 2), &
AN TRLEWVWZILX—2FT 5 U VLAY TH 5(AG=-14.8 kecal/mol).
PEP i%, adenosine triphosphate (ATP) 72 Efhiod = %/ ¥— U V(LAWY
EIXER 0, EA A2l ¥ 2 %7 (anion exchanger:AE) %/ LA
ZEWTE D, Dz —U U ELEMTHY, 1319 ZOREziiH L
T, MEgH LioMifa A iE b S5 SHIEIIEA” & L CGREFERE SIS K5I
o T&. LI -T, PEP I, 16RO EEIREIRRIE L 82 5 ERTIC
£V MO TR Y Mags L 72 RIS AL O FE 4 Ofa A iiEL L, BIETE
WA RET DIRRIEL 20 5 2 Z 0 iff S5,

(|3H2 OH

C—O—P— O-Na-H_O

COOH O

Elements : C;H,O,P - Na - H,0
Molecular mass : 208.04
pKa : 1.5, 3.5, and 6.38

Fig. 2. Chemical structure of PEP used in this study



BWFIEEITI T DUEROBFHT LV, BARABER P ~ 7 Z(C57 BL/Crj-db/db)
\Z FEBRA B T RABANE 2 AFRR U 7o BE IR ME R RIS & 7 L & W TeRFHz L v,
PEP I3AIGIREIREER 26425 Z LR L MR > TS, £/, in vitro
Mlars g R E AW ZRFIZEBWT, PEP I~V A7 ua”y—YRAlao
RAW264 725, AEIREIRRICIS W CEHEREM Th 2 E R L IEE ST 5
iV PN Rz A S5 K - (vascular endothelial growth factor : VEGF) D pEA % 7L
W5 2 L0, b MEHERIRP A (human umbilical vein endothelial cell
HUVEC) DOilfkREEECIRE R A RET 2 Z L2 MR LT D. ZhbDfE
%N LT, PEP ITHERIFIC X 0 MEREDMIN T U 7o S SR <o i 2 PN R Ml %
BIE L L, AUSTRmEZIRE L T\ LB b2, Z O ITIH 6 i
72 o TN,

Z 2T, AT, PEP OBERIFHMERBIERIARIKEE L COBKRIGHIZH
I REREREE LT, AIE - IBERIIC T D PEP O E#E R 5 RIS W TR
L, S OIS Z2MIaIEsE - M5 REE (R & WIRE LTI - ROWIEBIATR
LU CHEIRBE A & auC U 2 HE JE M Rk 27 40 i 388 5 K] 1 (basic fibroblast
growth factor : bFGF) #H|IDO S 7 =3I (7 475 %2 N®2F 1L —) ¢ PEP
DREABEIREEH Ok 2, BERP~ U A DREREET /L% Az in vivo
EBRAICB W T EICREMBEOBLE DR Lz, &512, PEP OAIGIGR
TEHERN R OB P AR A2 BEg & U, B REHRAEERM D o0 Ml e S A AR A 2 S U F - 5 280,
PEP = & VR S D IRE AU X IET VEGEF OB EIZ-SVTH& H L, in vitro
MfRrEE R A W= Bet 2z 7-.

LIRS, AR TR LA ZFER T 5.



FH2E FERF~ U AKRERAIGIZRIT S PEP &85 A
DisHEER)R

Bl P

INETOLFREORFHNC LY, BBHFERIE~ ¥ A(C57 BL/Crj-db/db)IZ
SEBRA B K AR AIME A AR U 72 BE R PE B R € 7 L & AW T it
PEP [ZAIGIHREIEERA 2495 Z LB LN > TS, £z, PEP ol
B EMEK L, PEP &4 7 7 AF_—AE PEP KIEHAI D% - B )
I BT Dt 21T > T& 2.

A%, PEP BRI EBIEGHRIE E U CHRICHT 2882, Eo k) Al
cBHERE L TWANEHONCT OMNEND S, Eio, BEFO LSRRG
B L PEP O%h %2 fi L, PEP OA AMEERGEE L2 TiER 570,

Z 2T, KETIE, BIoiIRERF~ v AREESEET VEHWT, PEP O&KE5
JEREDIE N K DRI ERN R A Lt L7z, S IS, TR Mg - mae
TERARTENE T 2 115 U CHRIE - BOURRIGTEIRIE & U CREIREE ] S T D A
HHE I RE TR F-(basic fibroblast growth factor : bFGE)$FH| D 5 7 =L
v (T4 T TARYZRT L— 1 0.01% bFGF /KA OAUGIRRIEHEDNE L DLt

AT T2,



2-1'1 #EHEOEWIC L D PEP OAHETGRIEEZIR

PEP 0¥ h5-% By L U TIEMENE S, KE~DRT&kE2 By & L CIE
BG4 X OVKISIRMEZ R 5 U T-BE 0 B SRS IR KIE 3 R 2 R AORE R P
~ U AR ERABAIT TV & O CANS RTE R & i LTz

MEEN G- T, PEP OB KA (40 mg/mL) 2 L, ~ 7 2|2 PEP
& LT 400 mgkg 85 L. #EAIR X OUKERO PEP OEEX, ZHET
DHEBFFEEDOEHT L VAP R b ZE R 3% & L.
WBAITIE, 7T AF_R—2%&HEHE L CHR L 3% PEP & A#EAl ( PEP
& LT90 mg), 3% PEP /K®iE (K, pH7.4 ) 200 L 241 H 1A
Beh L7z

ZORER, MEENEGF L OSCERIBAMIZ W T, PEPIZ X 2B 0 Al G
Fi/ NV RITEERD B e - 7= (Fig. 3-Aand 3-B). —77, PEP /KIS & AIEGEAL
(CMETR G5 L, BRI G & il U CR S AR A RSN N R A
- (Fig. 3-C).
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Fig. 3. Effects of PEP at various formulations on skin
wound healing in genetically diabetic mice

Ten-weeks-old C57BL/Crj-db/db mice were anesthetized and wounds were made on the backs. After the
wounding, each formation of PEP was administered once a day. @ ; PEP, [ ; control
Each point represents the mean = S.E. of 3-10 mice.*p<0.05, **p<0.01 compared with the saline control group.

2-1-2 PEP B LUt MRHEEFMIQMEIER 7 ORIEERICRIETRE

3% PEP MiFZ# 5 & BFEFHAR ICEIRIGH ST\ 5 bFGF ®AIO FF 7
I (T4 T TARPRT L — 1 0.01% bFGF KIEHR) & OAEGIERAEER)
RBELB L. ZToOfEE, 0.01% bFGF 38 X1 3% PEP OMWEHER 5 OM#ET,
A5G4 3 H B2 LAUGEREOM/ MER S A bz (Fig. 4). £z, ABRRIEK
BTG4 14 BICB W CAMEIBR O T & 72 DAL Lizdlzxf L,
3% PEP & 5-#¥35 L 10 0.01% bFGF % 5-F£ T3z 1% 10 B B & RN B 23 i

%L (Fig.5), AR A ZKZEN L7z (Table 1).
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Fig. 4. Effects of PEP and bFGF sprays on skin wound

healing in genetically diabetic mice

Ten-weeks-old C57BL/Crj-db/db mice were anesthetized and two 8mm diameter wounds were
made on the backs symmetrically. After the wounding, saline, 3% PEP solution or 0.01% human
recombinant basic fibroblast growth factor (b0FGF) solutions were sprayed topically once a day.

®; 3% PEP, A ; 0.01% bFGF solution, 0 ; Saline control.
Each point represents the mean £ S.E. of 4-10 mice. *p<0.05, **p<0.01 compared with the saline
control group.



Saline

3% PEP

0.01% bFGF

Fig. 5. Macroscopic views of wounds
treated with PEP or bFGF spray

Table 1. Days to require the wound healing

Days

Groups (mean + S.E.)

Saline 20.45%+09
3% PEP 17.63+0.7*
0.01% bFGF  17.63+0.4™

Each point represents the mean == S.E.
*p<0.05, compared with the saline control group.

10



B2H  REAARERORE

ATERC, HESRIIEREIES ~ 7 A DO BF KBRS LT PEP KIEHRMEREIC &
2 RIS THRERG NOR D HERR S AL, £ DAL, BRI ST % bFGE R D
R LIZFRBETH T,

AEITIE, AIGTEEIEREO & OB T PEP 2MEH L CRERIGRIIEEIC
o LT L TW L0 BETT 572, AlGIERE 5, 10, 15 H H OBJEIEGEALO
MO AEA ZERL L, KABANC R 2 TS 0 “REFEA, (B &E 5K
e “f ERAE” 36 L ORIGEAL A~ DR CRE MG & L TR R "I TR
? 3HEHEIZDOWT, PEP B LU bFGF OWEER G OB iRt L.

2-2-1 AUETRMOERRRICISIT 5 MRS L ORI 2 B8
AIGRIERRIC W T, KBPANCHZFLRETLIRIFRRPE S L & I,
ANG DOMmbED B R ORNGT 2% 5 15 FEAE 3 2 0 AIETE-AET LT
CEEDLNTWD. AHITHE, RIFEKE B EREZIEE & U CRIGHRIETRIC

BT 2ZEEBFT 2720, 5% 5, 10, 15 H H OAUE R HHRY A %,
hematoxylin and eosins (H&E)EYeta L, SERBAMEE FIo CHIZE LT-. 51,
B2 SRR FE R S A7 R & 2R AS ©, LR b S e R A 1R
Zxt g 2 REOEIG (REME) & L TERICHHE L.

2% 5 H BICRWT, ABEHKEERETIERE OZEN - b AUV EE D
RS TN D DIZXE L, 3% PEP #5813 K10 0.01% bFGF & 5-# TIZAET
R U T- AR M BlEt S e (Fig. 6). F£7-, AlE#% 5, 10, 15 A H DR
RRERE 2 JE L-AE R, A% 5 HEICKBWT 3% PEP & 58BN 0.01%
bFGF £ 58 TIE, AFAEAEE G L CHERZRRZERBOEMNA RS
7=. (Fig. T-A). 0.01% bFGF # 5T L7 AEEakEAL X 15 HE £ T
EE—ETH-7, 3% PEP HLHETIX 10 H B % B — 7 [ZAZFEHAE ORI M3
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R54 15 H BIIIAEICREFRMO =IRG8 bz (Fig. T-A).

B LERALOIEETH 2RI, A% 5 B BICEWT, AFAlKB IO
0.01% bFGF $ 5-#f & tbis LT 3% PEP &5 CTHEICHE <, 108 L 15 HA
IZBWTIE, PEP X bFGF #5458 L I RIE RS2 RELMEEZ R L (Fig. 7-B).
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TG
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[ I 1.0 mm

Fig. 6. Histological pictures of the wounds treated
with PEP or bFGF in genetically diabetic mice

The sections of wounds were treated with saline (A, D, G) or 3% PEP solution (B, E, H) or
0.01% bFGF solution (C, F, J) in ten-week-old C57BL/Crj-db/db mice. On the predetermined
days, mice were killed and the wounds were dissected out. The dissected wounds were fixed
and embedded in paraffin, and the 1.0 mm sections were stained with hematixyline & eosin.
Original magnifications were x 100.
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Fig. 7. Granulation tissue formation and reepithelization
in the wounds treated with PEP in genetically
diabetic mice

Ten-week-old C57BL/Crj-db/db mice were wounded. After the wounding, saline or 3% PEP or 0.01%
bFGF was topically sprayed once a day. Each of day after wounding, mice were euthanized and skin was
harvested. The harvested tissue was fixed with formalin and embedded in paraffin. Section were prepared
using a microtome, then deparaffinized, hydrated, and stained with hematoxylin & eosin. Determination
of granulation tissue and epidermis length were used planimater after microscopic examination. Showns
were harvested 5-15 days after wounding. @; 3% PEP, A ; 0.01% bFGF solution, O ; Saline. *p<0.05
compared with saline. Values represents the mean =S.E. of 4-6 mice.
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2-2-2 AIGIBRURRRIZIS T 2 MAETERRIT N 35 28

RE MRAEIZ & D BHGEAL TR/ ERAEM TN D IS 720, B~
ARXRBLMIGT DT OITH LWILE DR SN D Z ENRMHATH L. BHFE=E
TOMIEEERZHWVTERFICEWT, PEP ZI~vvA~7 a7y — VR
RAW264 75 O Ifi & N Bz M 5 K 1~ (vascular endothelial growth factor :
VEGF) DpEAZ IS 5 Z &2, & MEH RN (human umbilical vein
endothelial cell : HUVEC) OiliFERBIEESCIRE B A RIET 5 Z & 2 5000
LT&T.

% 2T, PEP 7% in vivo &M T THAIGH O METER 2 et 2 22 %, AlfE
5, 10, 15 A H Ok TR A &~ — 7 —Tdh 5 CD31 fifkz v 7o fufz et
Uigat L7z, ZofiR, Al 5 A HIBXLTN10 H HITHWT 3% PEP 5T
B TYD B2 < OME DR IEHRNICBIZ Sz (Fig. 8). BIEEMIIZHs T
HIMEHIE, ZE% 5 B HIZBWT PEP 58 Cikb %<, PEP LU bFGF
MHEC IV T, AR KR G/ & i U TR ERIEE O EH2 A 67 (Fig.
9).
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0.01% bFGF

Fig. 8. Immunohistological pictures using CD31
antibody of the wounds treated with PEP
and bFGF in genetically diabetic mice

Histological examination of saline (A,D,G ) or 3% PEP ( B,E,H ) or 0.01% bFGF (C,F,I)
treated wounds in ten-week-old C57BL/Crj-db/db mice. Wounds were formed on the backs
of mice as described. On the predetermined day, mice were killed and the wounds dissected
out. The dissected wounds were fixed, embedded in paraffin, and 1.0mm sections stained
immunohistologically with a mouse CD31 antibody using standard techniques. Original
magnifications were X 100.
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Fig. 9. Numbers of vessels in the wound
in genetically diabetic mice

Ten-week-old C57BL/Crj-db/db mice were wounded. After the wounding, saline or 3%
PEP or 0.01% bFGF was topically sprayed once a day. Wounds were formed on the backs
of mice as described in Materials and Methods. On the predetermined day, mice were
killed and the wounds were dissected out. The dissected wounds were fixed and embedded
in paraffin, and the 1.0mm sections were stained immunohistologically with a mouse
CD31 antibody using standard techniques. Section were prepared using a microtome. Then
vessel counts in granulation tissue. @; 3% PEP A ; 0.01% bFGF solution m ; Saline.
**n<0.001,*p<0.05 compared with saline. Values represents the mean =S.E. 5-6 of mice.
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HIH BE

BFEIRI~ U A B JEFRME 6 2 B 55152 B1T D EhHc W\, PEP I
BHETHREMNALN PR E LT, £7, BEEECEE Lz PEP 2SR
WL DIMEREIZ LV RBMIZBAT L T r BN ZE 2 6 5. £72, PEP
DOEFENIR &1L, ~ v A EENE S5 o&MENE LD50 @ 1500 mg/kg OEDK]
453D 1 DOfE 400 mgkg & L7223, SRIOMKRGTFTT, AFEEKEKE LR
i~ U AT RICAIENEIRT 5 £ TAETE L TV =DIZkt L PEP IBVER HRETIES
JCrp 2 PUi3 e 538 THEL L= (data not shown). ZDZ & XV, ERAGHER
W~ T A TEE OB MO~ 2 L0 bR 05 <, HEHOERER G L TA
HRRENSTZZ LB HFRTII RN EEZILNRD.

PEP & A #CE A O 5 TR RS B O v 7e 2o T RIRNE, B0 SEARI S L
TTTATFR=RAH W= Lichd EBpbhs. PEP EHKERIND O PEP
R Z AT o 72 & 2 5, 24 BfE#% T PEP O B — 7 [T RS LT (0.001%)
Tho7-Z &5 (datanot shown), 7T AFX—2HAIMNE PEP B3 &
T, RERETCE o Bbins. AGIHEBERIZB W THW I LD A5
=R TR 2 MM BR B I IR DR ROl E & [T 21EA 2R D, F
TR R P IS FEIEGEIA -3 G E TN D Z &, 1518 Z OAIFRR ik & 1~
Fr9 o 2 LNBR LS EEL 70 5 1718 SRIECEEAIE L THWEZ T T AFN—2R
TRHIEERETDERANS D Z LD, 19 ar bo— Uk L il LT
NP OIS T AREE B E 2 bV, IEOYIEE TOMFTT, PEP 0%
ENEZR & ORIFIEHIBLIN S PEP SUEREUIER LTI 7 A F =2 AR R
WEBZTETD, WAMARNRITGED Shrho iz, WERNITERIA & O b oAl
BB R L WFF & 20T, PEP O/EM &2 R4 T & HWUERIBIR S kL
TAEMTHL EBbND. 5%, KRERTEY O X570 LnF A T OKE
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5H %, PEP OEEHI2 6 O & @D 5 K O I HHIRY TR %2 Hi U 7-4K0E 4
W, SORIMFIEITOBLENDD EEDbNS.

—J7, R UL AL CTh, PEP KEKHOEFERL-CIL, BERAIGHEIE
IRZR LTz, ZOMBE LT, AERBAICESEEEZET 2 2 & L0 BUEEfko
(RIS BN SN ZE D REZFIHETE L7 EBEALND. MEDKEFND
3% PEP /KigE DL ENET, 4CT6HEZETHD I ENHERSNTEY, %
7o 7 B X B RO Bl NS 36 1T D S F R MR ER ) O I
K <ENIR” LHE SN EERHNTH Y, LEMR L08R
51 3% PEP KIERIFEN TS B2 DD, T, MERGIILEAEE
B LI GRS 5iE S LTHIRIICB A TH Y, 19 EFEHEIh
7= bFGF ®HID7 4 7T A N O b 2T L—FlE LTHEFEA SN TZ MDY,
PEP ORRRISHIZER L TIIKSEERE R G2 b RV EBbhs.

Z D 3% PEP KIFGEFREG O REZ, FEB, BETHHAIN TS 0.01%
bFGF RFIEFR G L i35 &, AMEmfEE N h R MTHY, Fio,

WEEERL, B ERAEE X OMEERICE O TIE PEP OB BMEN TV, IEEH
fied 18 5iti [K] - -B1(transforming growth factor-Bl : TGF-p1), 20 bFGF, 2129
VEGF 2420 72 & O HFEA - O /T 512 K 0 AR IIE TEAAMIE S H
ARSI AMERET D Z ENFEH SN TV S, SR DBEDOHRFIIB VT,
PEP % in vitrofifuiiZ& %2 T~ 7 1 7 7 — V%Al RAW264 fifaot M
RIS PN R AR 351 5 VEGE <° bFGF OREAZEHESE D 2 L 3 57012
> TW%. PEP I in vivolZBWThH, ZHOANEIERA 1 ORI &I L TR
BN R EZFET Db O LRI ND.

AMEIERR R ORI ClE, KIEFAL A FEIE T 2 72 O L 7= SRR A3,
E 5 RSO 2 i CRAMIEA EA T 5 TGF, LR AR 1-(epithelial growth
factor : EGF)E L O L A{Lilapk K 1-(keratinocyte growth factor : KGF)
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72 EOERIZ L AN S TR A IZEIBL TV, ©®  bFGF fAIOERIZ &
D, FEMTHDRFERUEESANGE BRI 72 0 T ERAEAEET 5 &
IR BE N DD, 20 AEOBHTH bFGF # 58T, F LR LOBRBEILR
BT b OD, HIN LW OZIRIIR 6o 7. —7F, PEP &
HRIZBWTIANS 156 B BICHEFEBEOA BRI B R o2 L, PEP
IZbFGF TRIE L 72 2R AR Z 39, L BARAIEER 223 O TiX
& i, PEP ZEEIRIGH T 2BRORFIZR 0G5 EE2 6 5.
BERRPER RS, AR RN 2 TR E A BARIC A A RRTH D
EDD, RIEHITO B C OSSR 3T 5 RIS D720, MEHTAE~D
BATRBIET 5 &bl Tn s, 2829 A[a 0 R CTIIBEEMPERE~ ¥ A
(C57BL/6N Crj-db/db) % 10 #imD~ 7 A& H\\ =R, Tkt 7 8o~
U AEAWTIRG L2 & 25, MG TH DRI R 20 10 o~
UATHRONDITEEDBERAGIRBRED R G ONRN-T. Z0Z &b
PEP |3, MAThEE 3 EEEAL U IR O SEATE R BT ik L TRt R &
AT ZENEIRFSND.

RETH LN G, PRV BRI IR LT, PEP OKEIREZER S
IFBEERREH STV 5 bFGF A & [F%E S L <IXFNLL EOhEA G T
% AREMED R STz,
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#3E Invitro MIEEEERIZKITS PEP O

18 F
AT E TOMFNTBN T, BIRAIPERIF~ ¥ 2 O G RBANZ S LT,

PEP /KISREZE R G-I, REBIOCMEOERZRESEL Z &
2 &Y AEIREIREN R 2 R T Z E R LN E Ao T,

AMEIEROERR (1L, Mgk, JOEW, M L O o 4 >
DEWERHY, v~/ n7 77—, #EFMds L OMmENEMaR &b
VEGF X° bFGF 72 & OABRaEFEIK A3 PEA: S 2 RIEM & 1R T, ANEERAL
~ORIE, KB X OME O £ 2 2 MBI E % (Fig. 10).
6)

L72h3> T, PEP [FAMGRIBREICIH VT, RESFR L UM 5
M ENORBEEZRIFLTWVAD TRV EBZ LS.

ARETIE, PEP PRIEHI L OHIBEEIZ E D X S IT/EH L 9 200
EHONTT D700, v 7 a7 7 — VR GRS d KON AE PN B
(2% % PEP OB E M L.
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(A)
Inflammatory Phase (Day 3)

Fibrin clot

%
J

Neutrophil

L -Macrophaga:\

TGF-1-
TGFur
_ Platelét - ¢ - EGF
pilig VEGF
PDGEBB_£
TGF-f11
PDGFAB

(B ) Reepithelialization and Neovascularization (Day 5)
Fibrin clot

t-PA

PA
= MMP-1,2-3,33

MMP-1,2.3
u-PA
MMP-1, 2, 3,13

(A) Inflammatory phase (Three days after injury)

Growth factors thought to be necessary for cell movement into the wound are shown. TGF- 3 1,
B2and B3, respectively. TGF « ;transforming growth factor @ ; FGF; Fibroblast growth factor,
VEGF; vascular endothelial growth factor AB and BB, IGF; insulin-like growth factor, KGF;

keratinocyte growth factor.

(B) Proliferation phase (Five days after an injury)

Blood vessels are seen sprouting into the fibrin clot as epidermal cell resurface the wound. Proteinase
thought to be necessary for cell movement are shown. The abbreviation u-PA stand for urokinase-type
plasminogen activator, MMP-1,2,3 and 13; matrix metalloproteinases 1,2,3 and 13 and t-PA ; tissue

plasminogen activator.
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Fo2fi ~<ru7r—URBLUORERMEIMIEICKHT 2 PEP O
BRAEZSFAIR T, MAEFEEN B W\ THILRY R EE 2 O filad—>TH v,
PISEHARR DKy L R B TH D . T ORENL, BIERE RIBEAL O T &
ffpst~ R U v 7 ZAOEKTHS. s EEIND &, /MR, ~7 v~
7=, M NERRAED & 530 & 5 & TR SRR 7001 R A Ol
WA % 32 CIEE > O AVE SN IS RRHE SRR 2335 A U B Al 5
F D%, BHESFMIRSEAT S a7 —F 2l & T2/~ b v o 2
IZ X0 RIEENMLOFTEDMTOIND & ERALD LH & 72 5 WM TR S
no.
REITHE, ETPOIE, FMEMTEL 7277 =V b0W IS5
BEFEIN 7S R T B OV TRET L 72, RIS, PIZER O Bk Th DM
HEZFRERR DB RECHIfE N = R L X —TdH 5 ATP EIZ DWW T PEP O %
Bt U7z, SRR OB A2+ 5 b O DORE L LT, MRMESEMInsg 5
K+ OFGF) AdbiFons. o bFGF 1%, fiFE CHlEsdgs LTHWE
FEIEIGIEREE T 4 7T A RORT L —0OThdH 0, AUEEALOA M
® FGF ZHIRITHEG LB SRECIAE T A EH 26 2 L s ST
B 3089, AGIHEARET S, AIEEORFIZE VT, PEP &hHICky~
U A R JERMEEAL O NI, IE I AEREFERNRBO . Lo T,
PEP |% bFGF %4 U CRAHESFMIIL 2 TEMEL L CTW D ATREMER B 2 i 72
D, FMEISFHIIA D O bFGF FEAR 2 7 — 7 U EIZHT 5 PEP O 2% [
AfL7z.  F, — ARG I E R A i 2 7 i, (KRR 3 IRAE
EEZLNTEY, 3430 FRAMEZ@EWERSIONZ, AGET V2K
ELTERESE (1% 02) HEEEMICRIT D PEP OFEIZOVWTL, ThE
AR T 24T - 72
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3-2-1 w7 u 7y — Ik 5 PEP OFE

EBRORMEGR S TIX, #hx Z2AIRAANEIE L Th Y, KR HEA 145
WL TWD. MR ORI CH L REM T~ I a7 7 —Uhbikx
IRHTER AW S hlEE SN S (Fig. 11) ©. L7z »- T, w7 a7 7 —
D6 OHEFHER A DB A S T CRRKE A AR 2VEPE (L S 4T D FTREME DS
EZHND. YHIRERONEROBFNCLY, PEP ICXb~27u 77—V
50D bFGF ORBUIR SNiehoT. £, ~ 7 ARFANGHAIZ I T
B OARKED TR S 2 & 2 6 i NI 6k U C oA 7 1 58 7 A AF
/1 %49 % vascular endothelial growth factor (VEGF) |2 EH L, w7 1
77— VI RIETEEE R L. TORE, PEP RINC XY KRS
I~ nu 77—k 5 VEGF ® mRNA EHAEZ S (Fig. 11).

VEGF

B-actin

Control 0.1 1 10

PEP (mM)

Fig. 11. VEGF mRNA expression by macrophage
in the presence of PEP

Cells (2x10° cells/mL) were placed in 6 well plates and incubated for 24 hr. Then they were
serum free starved for 24 hr and incubated with PEP ( 0.1-10 mM) for 24 hr in medium
supplemented with 1% FBS for 24 hr. VEGF mRNA were determined by RT-PCR.
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3-2-2 G OMIEII X 5 HE

KABAZ ST 5 72 OIS NIRRT A S 5. ASERRRRIE A2 0 32 70 A
FVX B ERRMEE I T 5. 2 ORMESEIL O AR KT 5 B A it L7z
Tk, PEP IINEETIE, @HEEESRMT, E#EHE (1% 02 HESRMT,
WD RMFIT I T b M IFERN R ITFE O ST, mikE (10 mM) T,
Ml ImE S (Fig. 12). £72, ABET A E LT T IR # R
BERUETICBT 2MFNIBNTY, BEETRSENM & FERIC PEP 12 X 54
TERARIC KT D ER XA D e o 72 (Fig. 12).

10.0
2 g0l
L2
3 6. j *
3]
= i
s 4.0}
)
£
> 2.0
0 .
103 102 101 1 10
PEP (mM)

Fig. 12. Effects of PEP on fibroblast proliferation
under normoxic (@) and hypoxic (O) conditions
Cells (5 x 10* cells/mL) were placed in 96 well plates and incubated for 24 hr and starved serum
free for 24hr.Then those were incubated normoxia or hypoxia (1% O,) with PEP (10-3-10 mM) in

the media supplemented with 10% FBS for 24 hr. Number of cells were determined by WST-1
assay. Values represent the mean ==S.E. of 3 experiments. *p<0.01, **p<0.001. Compareed with control.
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3-2-3 RBRAMEEEMAN D ATP Bloxtd 28

ATEIORE R LV, PEP 1L, #RHEFMIQOEFERBIZ B Z KT S oo T,
BHR T~/ X 912, PEP X, Mz Zil T, ATP Zitis UMig 2 il
ETHZENHIFTE S, MMEBEEICK LT ATP 05552 5T\ 5
7o), 3738 AL ATP ZIE L7z, ZOfE%, PEP X, SRMELH
Rkt L C, dHEE M MR RS R S T2V T H AR Mdo ATP

L RIF X o7 (Fig. 13).

B

(A) Normoxic (B) Hypoxic
200 200¢
=160 =160}
2 2
120 =120
8 80 2 8ot
< <
40 40f
0 0
Control 102 101 Control 102 101
PEP (mM) PEP (mM)

Fig. 13. Effects of PEP on ATP level of fibroblast cells
under normoxic (A) and hypoxic (B) conditions

Cells (5% 10* cells/mL) were placed in 96 well plates and incubated for 24 hr. Then those were
serum free starved for 24 hr and incubated normoxia or hypoxia (1% O,) with PEP (10-2-1mM) in
the media supplemented with 10% FBS for 24 hr. Intracellular ATP was determined by Luciferase
assay. Values represent the mean =S.E. of 4 experiments.
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3-2-4 EEMERRAMEIFMRRSEER T OEAICXT D
FRMEZEMIAR O BEFEIN - DR FE & LT, bFGF BB 1F 51 5. bFGF

1%, BRMEEERIAL OHER A EHE S DR 1 & L CRZFERIC e El 2 -7

Z® bFGF (2% % PEP OB 2 kit L7zas A, MIdiEIE & [FERIC bFGF

DREEIC LY KT S e 7= (Fig. 14).

10.0

8.0F

6.0 F

40F

bFGF (pg/mL)

20F

Control

10

PEP (mM)

Fig. 14. Effects of PEP on bFGF production

Cells (5 x 10° cells/mL) were placed in 6 well plates and incubated for 24 hr and starved serum
free for 24hr. Then, those were incubated with PEP (1-10mM) in the media supplemented with
1% FBS for 24hr. bFGF concentration in media were determined by human bFGF ELISA Kit.
Values represent the mean == S.E. of 4 expriments.
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3-2-5 RKERMEFMRO 2T — 7 VLI T HHE
MR S BIEBAL~FE L, 27— 7 v &y & Lichifast~ b U >
7 AETGT 5 2 LT, ANGERAL O TN Z 0 i L, HAk D PSS T
bild. REBRTIE, #BMEFMIZE 27— EEICKT S PEP O
BIZHONW TR E1T - 7.
ZOFER, PEPIZ X AMFEFMNR D 02T — 7 U EAICK L TEIT R

SiZen-o7- (Fig. 15).

Normoxic (B) Hypoxic
10.0 10.0

=

8.0

®
o

6.0F [ ]

»
o

Collagen (ug/ mL)
o
o
Collagen (ug/ mL)

n
o

0 Control 102 102 101 1 10 Control 103 102 101 1 10

PEP (mM) PEP (mM)

Fig. 15. Effects of PEP on Collagen production of
fibroblasts under normoxic (A) and hypoxic (B)
conditions

Cells (5 x 10° cells/mL) were placed in 6 well plates and incubated for 24 hr. Then those were
starved serum free for 24 hr and those were incubated normoxia or hypoxia (1% O,) with PEP
(10-2-10 mM) in the media supplemented with 5% FBS for 24 hr. Collagen concentrations ware
determined by soluble collagen assay kit. Values represent the mean ==S.E.of 4 experiments.

28



3-2-6 HE

AREITIX, B HRARHESE AL 3t~ 2 S8 DWW T, AlfasEsE, Miam
ATP, bFGF AR L a7 —7 U EAICOWTHHE L7225, Wik
T PEP 3B A MESR-T-. ZDOZ LI, invivo 12317 % PEP ©
PR AR A R DR R L3R o/ R 2R LT,

R & St AR B 121X, PEP @i 224272 Anion exchanger (AE) 237
T D LS T528, 39 PEPIL, SHEIEMIICKT U CER 2R S22
ST —F, = a7 7 —UnhOEER T VEGF OFBLAHER S - (Fig.
11). VEGF X, ~7 n 77y —URmENEMIn 5 EASH (Fig. 10), ¢
BMGERAL T, MAEFTEERZRT 720 Tide <, WFEBREZIEET 5 bFGF
R OO TR B Z R T ESbhTnad, 610 2D Z & X0, §i
i in vivo DR TH LN R RIRERETIL, REMICE ~ s>
7 =0 5H D VEGF BILO AL 515 T 2 IRHNTHRHESEAZ OB L =
STNLHDEEZ LD, MENEMIIZEWER L2589 5 VEGF 12X
D bFGF OFEANRFEIND LW MG LS L. W £, MEOMFHIE
WTh, PEP EABEBKICCy/n 7y —VERHRL, TO REEHVWS
L TCTRHESEMIR OB NMEE I NI N, v/ a7y —U b0
VEGF O 2% TW D aREMEREm Wb O L b s.

—MIZ, MRRESE - OENE, MRS DRT 7 U v (BEUWER) &
A=~ Vv (ACHUMER) o 2 BEICOESLD L EbhTns. £
OIERIE, MR L - T8 kT 5. 40 FI Tk, iz
% R PG AE I o6 U TIE L, WEFERURET 2 & v ) @b
HY, 40 BRHEEEID & AL L OHERERIC RO T A AR 23 R
SNTWD. 4D ZDZ b PEP I X 2 RFERRIEEER L, FEMIE
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SONRT 7Y DEEEZITTWH AR bHEREIND.

ARENCHB T HHME0 0, 2 W TR LI PEP IZ X 5 REFMHMEZRKIL,
ELREA I CHAE S IR oD FGF S A MRICHE & UAHESF s i (el 2 =3
642 7 ¢ 7 Z A N2 7 L— (bFGF) L1387, RIEMTIHERE~s7 a7
7 =Y 6D VEGF %41 Lz 2 IREYZRAERIC X0 #E SIS0 i 5 PN R
e % VEFIE L P AR O 2 B2 DT R 2 It L 72 rTRBPEAS RIS S 417z,
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3 MmENRMIEIZANT S PEP D

WE, AGREAD 3 RRRERGE D &, AR O IAE [ AFE LTz
1 3 PN B & 2 VN RTERA A 2> &8 L < A2 U7z i P BGE 28BS ERAZ PN LS
WEL, ~7n7 7=V ENLSU S VoA I IEE R 0% 1 b A
AN KV, AR S NMEPENTER S D, IREDTER S D
Z & TR IER S ATRE & 72 0 AL O RIS LB 2R R R R0 #E OIS A3 PR kA
IND ERAGIEIAEITT 2 (Fig. 16). © AIGIARERE TOMIEEHE T,
PR A A Ak 3 2 B SR & R, A N AR X B I T AR S B R
Bl R,

ATE £ TOMFHIFWT, PEP 1~ 7 v 77—V % LTS Ia o HE 5K
AARET D Z LAVURR SN, £ I TAEITIE, TSRO REAAETR
& 72 % M AE PN R O HEFECARE T AR K IE 3 & PEP D28 % Ml i s 5 [R -
A DA LU Rt L7z,

Fibroblast

Dermis
Blood vessel

Fat

Fig. 16. Numerous new capillaries endow the stroma with its

granular appearance ©
Macrophage, fibroblasts and blood vessels move into the wound space. The macrophages
provide a continuing source of growth factors necessary to stimulate fibroplasia and
angiogenesis. Fibroblasts produce the new extracellular matrix necessary to suport cell in
growth and blood vessels carry oxgen and nutrients necessary to sustain cell metabolism.
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3-3-1 &M OISR 5 BE

MAETER DOF B & LT, MmN OMEALZ R 5 PEP 08 %, #i
MEF ML D& & FERIC, W RTE M T R ORI RRER &M (1% 02) TIZT
fREt L7z,

ZORER, WE RS L R U CIREE R R B A E TSI Tl P R M
OFEE, BETh-o7-. WEMHFFIZEBNT, 1uM BLW 10 M PEP &N
XV EERIENERROEBEEN LS (Fig. 17). 512, PEP IR
NREE S HIIN 2 &, HFAEAm ] 0 228 23 2 S 4T

B
o

Number of cells (x 10%)

0 10-3 10-2 101 1 10

PEP (mM)
Fig. 17. Effects of PEP on vascular endothelial cell
proliferation under normoxic (@) and hypoxic
(O) conditions

Cells (5% 10% cells/mL) were placed in 96 well plates and incubated for 24 hr. Then
they were serum free starved for 24 hr. After 24hr, they were incubated normoxia
condition or hypoxia (1% O,) condition with PEP (10-3-10 mM) or without in media for

24 hr. Number of cells were determined by WST-1 assay. Values represent the mean
=+ S.E.of 5-6 experiments. *p<0.01, **p<0.001. Compared with control (0 mM).
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3-3-2 &R DOIRE T RIS 5 R
ARG ROEFE TIE, M N BHIIE S TR L, st S E 25 TH AL & duiia 23 167
A UlanifEdE L CTEENIEER S NS . 20X )1, BB IMmENEE I
D&, AEALICIE RSP REMEE S NS, BIfilcB VT, PEP (& PR Al
NADHTREZRHE L7z, & 2T, WREKIZK T2 PEP OB LY LT 572
B, MRANEEOS Th DT —7 v BT N R & @ SRR T
HEL, PRABRL-.
ZOFEF, Fig. 18 (TR X 912, PEP OUHNIMEEEKAEAII I NI O
ARETER D Bl S ATz,
Control

0.1 mMMPEP 1 mM PEP ___10mMPEP

Fig. 18. Effects of PEP at various concentrations on vascular
endothelial tube formation

Cells (1 x 10 cells/well) were seeded on a layer of previously polymerized Matrigel with
PEP (0.1-10 mM) and incubated. After 6 hr incubation, cell morphology were observed
through a phase contrast microscope ( % 40). (A): control, (B): 0.1 mM PEP, (C): 1 mM
PEP, (D): 10 mM PEP.
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3-3-3 MENEZHMEND ATP i1 5 5
ATENZ BV T, PEP I X 5 M NI O HEFEVEH 35 K OMIRE 2 R AE F 23

I

e iz, ZoMmEFEICKHT D PEP OEAA =X L %2R 5720, Miao

k={{{

TRV F IR & 725 S NN ATP &4 8 E R A0 T L ORI R &
&M (1% O2) T TREFLT.

Z OfER, WE ST ART, RERFERR S Tl E RGN ATP &%
6 D 1RREEIML T L7223, PEPIRINC XV ATP &35 2N A bz,

(A) Normoxic (B) Hypoxic

80 16
5607 [ 12}
E S
£40 308 "
i =
<20 < 0.4

0 control 10?2 10 0 control 102 10
PEP (mM) PEP (mM)

Fig. 19. Effects of PEP on ATP level of vascular
endothelial cells under normoxic (A) and
hypoxic (B) conditions

Cells (5 x 10* cells/mL) were placed in 96 well plates and incubated for 24 hr. Then they were

serum free starved for 24hr and incubated normoxia or hypoxia (1% O,) with PEP (102, 10 mM)

in media for 24 hr. Intracellular ATP was determined by Luciferase assay. Values represent the
=+ S.E. of 5-6 experiments.
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3-3-4 M P EHIIEAER T DEEAIC X 5

AMERSNL O R BRI, BRA 72 A N A OHEAEIR 723, 49 ANETRNRR
BRTOMEFEICEELRITLTWAD, 4 T, EICmENEME CEAS
i, BARMEFAEL LOIRERRIERMZET 560 L LT, MmE N
JERF- VEGF 2HI BTN 5 . 49

PEP | X 2 & #HA£IZ VEGF 2385 L TV 5 0 A HesB 3™ 5 72 0l g
» VEGF &% & L= 45, PEP 12 L Y VEGF @ EH 235589 51 7= (Fig. 20).

S biZ, PEP (X DIREAMIERIIT %5 VEGF OGS 2R+ 5720
VEGF Fffifks AT, RERRKAZ I L7z, 085, 10 mM PEP R0
2 X DWRETZAE, VEGE HFnFuRIC L 0 RERAFRYICIEE S vz (Fig. 21).
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(A) Normoxic

250 ¢
E 200 |
2150 }
L **
Q 100 } >
>

50 - I
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PEP (mM)

(B)
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E' 200
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>
0
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[ *
| T I l
control 102 101 1
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Fig. 20. Effects of PEP on vascular endothelial growth factor
normoxic (A) and hypoxic (B)

production under

conditions

Cells (5 x 10 cells/well) were plated in 6 well plates and allowed to adhere for 24 hr.
Then they were incubated with PEP (10-1-1 mM) for 24 hr endothelial growth medium
under normoxia or hypoxia (1% O,).Then, VEGF concentration in medium was
determined by human ELISA kit. Values represent the mean=S.E. of 3 experiments.
*p<0.001, *p<0.05 compared with control.
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Control 10 mM PEP

10mM PEP with100 ng/mL 10 mM PEP with 1 u g/mL
VEGF antibody VEGF antibody

[ ] ﬁf»‘!
p—— 200nmM
Fig. 21. Effects of VEGF antibody on PEP-induced tube

formation of vascular endotherial cells

Cells (1 x 10% cells/well) were seeded on a layer of previously polymerized Matrigel with each
medium and incubated. After 6 hr incubation, cell morphlogy were observed through a phase
contrast microscope ( X 40).
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3-3-5 HE

PEP (%, L& B O MINEIERECIRE T ARE A A9 2 Z L SR S
AT DRERIA~ U A D K FFRANGIZ 3T 2 & F AEER S MaETERIZB VT
fesd s iz, =512, PEP OREFRMIEMIL, VEGF HKIC LW HEshiz 2
L XY VEGF BEICHEET 5 Z LRI,

— I, MEFAEPDIRERK £ TOWRIE, W OO 2R THETT
%, 4 FPTPIOI, IE ORERMINNTH 5 A N ATEGEA (angioblast) <°
15 YRR S B0, e, b AT, KR Ao BN 10 A R A LA
HL, IRENELEND. PEP X, ZDOAREREDOYIEME T o 2 A& N
OFEfEE ARt L7z, Z oMiaEiEfeEORH & LT, PEP IC X2l ~0
ATP #i4a 2 487E L7223, R & N THERZLIZA N> T2, RIZ, PEP
IZ X VM~ ATP Mitle S & LThH, 0%, MO = %L —jfi &
LCHE SN LT 5 L, PEPIRIN% 24 R4 D ATP &I R o h
ST H B X OND.

—75, ARG T 5 VEGF FEAIC O\ T, PEP IXHEE 22 %) F 4 Js fif
L 100 pM #INT IV TIEH 3 L OMEEE R O M EF R R IZ BV TR B R 2R N
Bl a . VEGF I, MENEHIIE T U, e 2o RE o I E o i
fads L ORIEMALZe & CTHRIL - pbSnsd. KEEZEREIL, VEGF 5K+ T
& % hypoxia inducible factor (HIF) D72 E{b%#% T, VEGF %82 #HE 45 =
ERHBRTNS. 49 REREKMETICBW T, WERFESM: L ik L CREE
FERSMTICR TS VEGF B ENEK L. 512, PEP IRINC X 2 {KEE
KIEBREMET CTORIEADAONLZZ LD, KBREHESFMGICHEET S
VEGF #£5 K ¥ HIF (2 PEP Ml b OFTEMR L, %84 LR LTWS ]
RN R IND. ZNETOREICELDE, PEP OSMEN THLENLE
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M2 &% VEGF ORBLZIL, HIF & L O G /RIEB I TVWAS. 40 PEP 28
SREL, X5 {EM AR LAl b E 2 bivs. E7-, PEP I3, A
B b U < IZBRRORRIE R ~Z W 2 UREB S 4L, 72T /L CoA RoRLEE, 3%
P EERRIC ST 5. OB, NAD AWE Sh &, VEGF SEMmE% LC
V% poly (ADP ribose) ZHHF % = &, VEGF %8 % LA 2 &% HE 2
5h5 (Fig 22). 49

PEP
ADP
PK g
ATP
VEGF gene

I Pyruvate :
INAD+—»1Pon (ADP ribose)é

PDH v

1 VEGF mRNA
| %) NADH l
Acetyl CoA

I VEGF protein

Fig. 22. A possible mechanism of VEGF up-regulation
by PEP and pyruvate

PEP ; phosphoenolpyruvate, ADP ; adenosine diphosphate, ATP ; adenosine
triphosphate, NAD(H) ; nicotinamide adenosine dinucleotide, PK ; pyruvate

kinase, PDH ; pyruvate dehydrogenase, VEGF ; vascular endothelial growth factor,
MRNA ; messenger RNA.
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WIHIZ L TY, PEPIZ X% VEGF BETOFEMIIRIEARHTH 25, Al
BRIV T, AEREOIME 2 PEP OfEM SATAE LAESIER 2128 L T
DT e,

EBE, VEGF ZHERPI~ v A DREAGIC RT3 2 L, EFAESCHIEE
eSS R LR A et L, #RMICAIERE A (RET 5. 1V —J7, VEGF Hiik
BT 2L TABIERNERIE L7 & OMENDH Y, 9 BERF~ 7 2 OAIE
BRI VEGF WEEREEZ R L TND I ERVFEINTWD. SREIES
iz PEP OfEMIX, VEGF (2 X 2AHGREIREN IR L T D Z &b,
PEP I X 5B ARIEMIX, VEGF Z N L7t D THLZ ENRBEIns.
512, VEGF #5 LTAEREDBIE, kR R l@iEK 00 A R A D355k
i, MIMRESRACER 7 (PDGE) SC#fE AR sEA 7 (bFGF) O8N
3 MBI EHAT A LRI TS, D 2 MIEHEGER 11X, e
MR OIS E 2R L, BMEESAL DML 2 TE M LT 2 2 & CHREERMICREE
R = 7 — 7 AR LR A~ LRI ET 22T 5. Lo T, PEP @
MENEHIE ~ 27 07 7 —20v5 0 VEGF BEEAIERM 28 bETELD L,
SRARARETERAER G T &, MBRELREBMGZRT, S HITHIFHEMPR
B AR L, FERICAGIRREE L T b0 LT 5.

BN L2, 74 T T A RORAT =Dk Th % bFGF % €7 L0
YRR G LT RETIR, PSRRI Ao M8 8 AR ok L B 72 2 2R
ARSI oTeDIZx L, VEGF &2 #5- U7 IR g 84 & WEF P 4
e L, Il Mt Sz b WO ENRH 5. 50 Z0HE & LT, VEGF %, bFGF
LY, FIZERRTC HIF EOB#ENH Y, i, >F W KEBIREIZRIG
PERENZO TIERVNEEZ LN TS, £< ORRIREE L, SRR

JRIRC, M EE A RIA TR ERIEHL T, VEGF EHEMETLTnD . 5D
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I

ZOT=, KW T TOWERIG R EEFAL T, Bi-CIRRR e i &,
IERIRIE R E T TND. 52 LLEOFRRPIEROBREELEZ A5 DED L, ANGH
ML OIREEE SR T CEOIEEN LS4 2 VEGF 24 L7-/EA %9 % PEP 1%

AGTERDEBIE D SEICA I TH Y, BT EEIER 325 bFGF & 35872
D, TR E T 2 R OBE IR R BIETIE S LTI CE 20D EERD.
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FAE B

AWFZETIL, MR A 7 C & 5 =L —dil - e s LT, M flyE
EtE 249 % PEP ORERMIEEEIR AR & L COARMERHE 2 BAY &
LT, BEAFOREEIGIGIREE & OB 21T 72, S bIZ, PEP Ofl5R
et DRI 2 I 5202 T 2720, BGTRRIC EEZ R KR 2 R~/ 0
77—, SRS, AP BRI M E S PEP o B e mE L. LT
(2, AFETHLNIHAEZRIET 5.

1) EARAUBEIR ~ U A BE RBANT R 2 A EIEE R, PEP OJgRE
N G- E A G TIEBE 2V RITR O b roTz. —J7, 3% PEP
KESEE BT GBI, BERKTEHRASNL TS 7 477 2 KO
7L — (bFGF #A)) & IZEFRFORAMG IR NIRE R LTz, 51
PEAL R FHORFHC B W T T 0 7T A N2 7 L— (bFGF) & ki L CAl

5% 52 & ARSI L O ETE R DR HE D TR B LTz,

2) BHEIEREM T L OMEBERESRME (1% 02) T, b MEFHRIET#H
HEFFHIND (TIG 109) IZKIET PEP D84 it L7-#5 %, PEP (L5
AN O GG 3 U CIEE e B2 RIF S 2o 7. —F7, PEP X, &
JEMNCREE S D~ 27 v 77— I2kT 5 IE N EMIaEsER - VEGF @
FHLA LA L, HHEERISIMESS IR A 003 2 rTRetE A R ST,

3) IE% b MEH IR (HUVEC) (2 &IE 7 PEP OE 4 it L7
R, B AR e ECARE TR R E R SRS S iz, & I, PEP Ok
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BIEKRAEMAIL, VEGF HFfbiific LV BEESINZZ &6 VEGEF ORE
DRIE S LT,

VI EDORER LY, PEP KREHER G2 X 2GR IIEER RIL, HAER
R STV D BERBARE L FE S L IIEnU ETH Y, KrCAIGE
HOEFRIZ IS 1T 2 SAEM > b MR S B RS RS g S iz, £ 72, £
ERREF & LT~ 27 n 7 7 —URMEN IR 5 O VEGF 2 L7 filidiH
GH, IMEHT A DARE DS R S LTz

ABFFETHF BT R, AN GE IR 7 O BEAE G R 2 A U T2 BT o A
ZA9 2% PEP ZRpTEM4 % &, MAEFEEIC &V i EBIES 2 BRI MR
RS DRER AL 2 B2 BRI T & 2wl REtE 2R LT\ 5. A% O
SR T2 FH U 7o AR IR SE I b AR R B S %
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EEBRDOE

1, EEBE

1.1 =¥t
HRART ) —/LE L EUEEF Y A1 AR (PEP-Na-H,0) 1%, &

HEENDES SN O & HVZ. Fetal bovine serum ( FBS ) (%,
Hyclone #t

BB O &M L7~ Minimum essential medium (MEM ) % Sigma #:5
% v 7=. Endotherial Growth Medium-2 (EGM-2) %, Cabmrex ft#l%
M7z, WST1 assay kit (3 (Bk) FMALARIERT R AR L=, BD /A
Fa—F ™ <RS0 ™ < Yy 7 Z2a— 7 L— I, BD Bioscience
HELEfER Lz, 73u8y 7% 7 % for cell 1X =20 A% (BF) #8o
bOEMEH LTz, £ OO OB, SR &2 vz,

1.2 EhEER
REAR KB EBRIGS R O NIH HA RIA LD TITo 7=, ALY

Z 12 R ORI CER L, 8B LR UVKIIAME G CTE 28RE S L7z,
T FEBRIIT, BBARERF~ 7 A ( C5TBL/6N Crj-db/db 10 ¥ fnert)
RV, ETHARAF ¥ — L X« UNR—FASH LV IEA L7 SPF ( Specific
pathogen free) 7' L — KZ&{HH L7-.
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1.3 HEfRkE®E
b RS IEFRRHESE I CH 5 TIG109 1%, 10% FBS, 100 IU/ml penicillin,

100 IU/ml streptomycin & @ MEM CH&E 21T 7-.

v AR~ I v T 77— THSH RAW264 |X, RIKEN BioResource
Center (RCB0535) #:HmD & D& vz, K5#&121%, 10%FBS (37°C 30 min
M@ L= D) &=H\V, 100 IU/ml penicillin, 100 IU/ml streptomycin &
HD MEM CTH#&E %17 -7z,

b N IE RIS A N GHEE ( Human umbilical vein endothelial cell
HUVEC) 1%, #1734 ARSNGB L2, B&ikiciL, EGM-2 %
MANWTERZITo 7.

mPB, ENENOFERIZENTHWIZARED PEP #iRIZ, -30°C THif

*fF L7 IM PEP /K% (5N NaOH T pH 8 [ZFi#) 2% L, fEH L7z,

2, FEERFIE

2.1 HERF~ U Rk D PEP OiERARER R OB
B BE R~ 7 A (C57BL/6N Crj-db/db10 ¥ i I 4 ) o> 15 3 7 & %

pentobarbital ( 30 mg/kg ) FREE FIZTERE L, MIENZ TEREHNOLIZERE 13
mm OXKHERNZ 1 @EETElR Lz, KBAERZR L0, KEANCSHAEZ <
NENORGIHECTERE L, REEFMVORERS L OEEL / XL
EL, ROLZEEENS FTRUCImibEtb2FEH L, FHmL 7.

R (%) = LHIE BT T 5 KEBAREORR X B
RIBAWERL B IZR1T 2 RIBAIE OEL X Eee

X100
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2-1-1 JEERNER S

BB R IE ~ 7 2 (C5TBL/6N Crj-db/db10 i fif ik 1) 0 5 56 K7 & %
pentobarbital ( 30 mg/kg ) FREE TIZTHRE L, MIENC TRREBIBALICELE 13
mm OXKIEAIZ 1 EPER L7, KEAWEREH XV, KIEBAIC PEP &5 &
L LT, PEPOAEMAEAAE (40 mg/mL ) #781L, <7 XIZPEP &

LT 400 mg/kg 72 1 H 1 \IfERERS LTz,

2-1-2 HEAIKRE

EARPIBE IR~ 7 A (C57BL/6N Crj-db/db10 i i e 1) o 45 35 K2 i %
pentobarbital ( 30 mg/kg ) WREE FIZTERE L, MIENZ CTHRREFEFNLICEEL 13
mm OXKEAIE 1 EFTER Lz, REBAWERR B L0, KEARSEIZE—
2722 X9 T T AFR—REHHK & LIz 3S%PEP & H#KE%, 1 H 1[HK 3

g (PEP & LT#0.09g) &filL7-.

2-1-3 KEKEFER G

~ 7 ADGERR & % pentobarbital ( 30 mg/kg ) W FIZTERTE L, MAIEAIZ
TRREBEFBALIZELE 8 mm D RIBAIZ A AXFRC 2 EFTTER L7z, KIBAER
BHEY, REBAIKOZOEDIC, £RBWE L, (AHEEHEK, 3% PEP K
V&R, 0.01%bFGF K&K ; 7477 A RYRAFL—) & 1 H 1[5 200 pL
T, ¥l d K HCEERG Lz, B5HITIZONTE, £~ T AD
T EAZNENR R 2L NERFICEH Y 4 TTHREERB IR o7,

728, Wiz PEP KiE#kiE, SN NaOH (2 XV pH 7.4 [ZFH% L, NaCl |Z
L ViiR% FiRb LTobOE W
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2.2 JREEBERE
EALHIRER R~ 7 A ( CBTBL/6N Crj-db/db10 Mt % 1 Bl &
5-6 Pt fEH L7-.

FREEABRICER 8 mm OXBAIZEM L, REBWELZ 1 A 1 EEHERS
L7z, XEBAIWERAZ 5, 10, 15 H BIZZHEIESEo~ 7 2 L0 RIBAIB LW
ZOEMEREERE L, S~ Ur (10%) 2T 24 FHEE L. 04,
RNT T AT AER L, v 77 b2 LY RIEXRERIOER
IZZ->THYY L7z Z1Ek L, Hematoxylin & Eosin EYEAE1TVY,
ik & L7z,

PSRRIk RS, RAMBOFMIIE, O OREEZEMET, B0
L, 79 =*—%— ( PLANIX 10S %, IMAT CORPOLATION #:#4 ) (=T,
TRICTHEH L.

REREDOEF

FRHE (%)= X 100
RBFAFERmORLE

Mz >V TIE, Hematoxylin & Eosin B A D~ 7 ZBIE R &K%
MWT, MENEICRRICHEBLZR DS Mouse CD31 ( PECAM-1)
monoclonal antibody (NOVO CASTA™ #H# ) (& CHuER@EITo72. 72
B, RBEYAIZONTIE, 0.5% A% / —/LC 10 SpEEE L, 100 fEa R L7
1 RPUAE%E 4°CT 24 BRISOG S ¥ 2. £72, 2 REURICOWTIE, 1 FEfIX
Jin S, DAB RIEICTHOE I, Yuta LEARE HIZ, SBFRBMEE T T,
RIZFEAR N D M EUZ DWW TBIE L, 1R LT, 3EA T ML, #ial
LER ATV, BRM L 7=,
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2.3 MRHEHMAZIXI 5 PEP D&
1)~V RH¥E~7 v 77— (RAW264) /> 5 @ vascular endothelial growth
factor (VEGF) mRNA FEEIZxf3 58

6 well plate [Z RAW264 % 2X 104 cells/well %, M EET D=0
24 WG L7z, Z0t%, FIREO PEP (1021 mM ) #iN#%, @H %
f (37°C, 5% CO2) T TH:FE L 7=, TRIzol (TaKaRa ##) %#MA T, [
RIBRACEO T 1 b a—LIiZfEwyy, RNA [EIY - A2 T2, f oz
RNA (total RNA) % 260 nm (2317 2WAENHRD, X HIZ 1ug/mL O
RNA KRR Z T L=, 728, AWeaEly, & CHEWE, 4— 71—
7% L ' DEPC (RNase free water) CULEE L 7= D % V7=, VEGF mRNA
FBUZOWTIE, TaKaRa RNA PCR kit (AMV) Ver. 2.1(¥ 71 7 /31 A#L)
% AT, reveres transcriptase-polymerase chain reaction (RT-PCR)i%: %
fi-7-. % RNA @ cDNA ##1 PCR 7' 7 A ~— O EESIL, LLFO@EY
T, Bractin (%, PIEHEEL L CHIE L.
Mouse VEGF
Sense : 5 ACCCTGGCTTTACTGGTG?

Antisense : 5 GGTCTGCATTCACATGGS

Mouse B-actin
Sense : 5 AGCCATGTACGTAGCCATCC &

Antisense : B TTTGATGTCACGCACGATTTS

PCR 1%, H—~ %A 27 F— (TaKaRa t#) Z#HW\T, FNENLLFDE

HTiTo 7.
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Mouse VEGF
(35 cycle at 94°C for 1 min, 55°C for 1 min, 72 “C for 1 min)
Mouse B-actin

(18 cycle at 94°C for 1 min, 51°C for 1 min, 72 °C for 1 min)

PCR #, BUG#KZ 1.6%7 H e — A TEXUKE L7Z. WTFiLd cDNA &, F
D base pair (TN FE L TR SNZ. ok, 2TOH 7D
x, RT %1712 PCR 17\, genomic DNA 2AEA SN T2
& RS LTz,

2) BRHESFHENE DRI D RRET

96 well plate (2 TIG109 % 5X 104cell/well THE X, N 5T 57201
24 WG R L7k, MIEZ S E VR (MEM) T 24 RfEE&E LZ. £
D%, FIREO PEP (103-10 mM ) Z ik, @& (37C, 5% CO2)
KRS (1% O2) 12TH:FE L 24 KR4I WST-1 7838 (Wako #1:4) %
WML, 450 nm O EE2~A( /771 — kY —%— (Immuno mini
NJ-2300 ) (2 THIE L, AHifuz k7.

AEHAVVZ WST-1 assay OHIERIRL, MR OB KFERERICL D ET
SRV~ 2E T (Fig. 24), T OWIEE & ARIREL O HE N BT
IRARBEN B D726, 450 nm I T D E AR~ OBROLEARNET L Z &
T, AMREEAET DN TELHIMETHD.
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i 7K S& 1 5

Y l, NAD" 1-methoxy PMS WST-1
(& ITIE)
AL NADH 1-methoxy PMS WST-1 /b=

(35)
Fig.23. Reaction scheme of WST-1 assay

NAD(H) ; nicotinamide adenine dinucleotide, 1-methoxy PMS ; 1-methoxy-5-
methylphenazinium methylsulfate.

3) AN ATP DO HEIE

ATP 1%, ATP Assay Kit ( CALBIOCHEM® #L#) |(Z#E U 7= Luciferase
Assay & iz 2,

96 well plate TIG109 % 5X 104cell/well TR X, HMENAEET H72DIT 24
P& L7, IE2 & 20V EEEK (MEM) T 24 iR L. £ 0
%, FWEO PEP (10310 mM ) ¥k, @H &M (37C, 5% CO2)
EARERFR M (1% Og) ITTH#E L7212, EIE%FRZE L, phosphate buffered
saline (PBS) Ty, nucleotide releasing buffer % 100 u Liwell TN
#, ATP monitoring buffer ( Lusiferase ) % 10 u L/well TN L T

Luminometer [Z TR NXEZHE L7Z. HEHEBIIATO@ED THD.

Mgz+

Luciferin+ ATP+0, ———>——
Luciferase

Oxyluciferin + AMP +Pyrophosphate+CO,+ Light
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4) FRHETFEAMRRIETEK F fibroblast growth factor (bFGF) PEA IR 25 &
6 well plate (Z TIG109 % 5X 104 cells/well f& &, MNEEZETH7-DIC

24 REfIEGHE L7z, 20, FREO PEP (1-10 mM ) ZWNtE, &% 5
(B7C, 5% CO2) LAEMFESM (1% O2) IZTHE L2, HFARFINL,

3000 X g T 10 srfffi L BEL, EiEH o b FGF 2% ELISA kit ( R&D

systems 1) & HWCHIE L7-.

5) BMEFMIKRD 25— 7 AT DR
TIG109 % 2X 104 cell/cm2 T 6 well (Z# %, MiNAE%ET 5 £ T 24 Kif
B U721k, MIEZ & £RWVEERICT 24 FFHEEE L. KiRE DO PEP
(10310 mM ) Z5A L7z 5% MG & &R 4 ik, @RSt
(37°C, 5% CO2) LiKEEFEI#ESAT (37°C, 1% O2) T THFE L 24 K¢
BT IS A2EIR L7=. 3000Xg T 10 AfEL L, BiFa2EIRLZ. =
W L7eR®RRE VT, REToREtEa 7 —7 U RE % Sircol™ Soluble
Collagen Assay kit ( Biodye science 18 ) % i\ T 560 nm DOWIEEIZT

HELT-.

2.4 MENERKIZST 2 PEP OFE
1) &N OEEIC XT3 58

96 well plate (Z HUVEC % 5X 104 cell/mL THEX, MNAEET 57290
(2 24 WG L2k, MIEE2 & £/ EEEK (EBM) T 24 BRlE 2 L7z,
Z D%, FIRED PEP (10310 mM ) Z¥sINtg, @& (37°C, 5% COs)

EIRBEE S (B3TC, 1% O2) I TH:E L 24 BRI IC WST-1 ZiRi L, 450
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nm OWILEZ~A 7 a7 L— Y —4— (Immuno mini NJ-2300 #) (2T
HIE L, AMiadcs ki
2) &N AR DIRETERIZ R 3 5

BD " Fa—F™ < SV )y 7 2a— 7 L— (12 well
plate) %, 37CT 1 Efff], £ > F a2 X=X —HNT /L& 7%, 1X104
cells/well THEfRZRNT 5. 1 KEfRGHE%, SEEO PEP (0.1-10 mM)

EEA LEREREZINL, 6 Kk Lok, BB THgZ LT,

3) MM ATP OREIE

96 well plate |Z HUVEC % 5X 104 cells/well %, #lNEE T H7-01C
24 ARG R L7, MIEZ S £ VERIKT 24 IEREE LT, £ 0%, 45
WED PEP (10210 mM ) Z#WNtR, @HEZRM (B37C, 5% CO2) &Kk
FEM (1% O2) ITTHEE L7, RIEZFREL, phosphate buffered saline
(PBS) T4+, nucleotide releasing buffer % 100 u L/well TiRN#, ATP
monitoring buffer ( Lusiferase ) % 10 u L/well T#s/ll L T Luminometer

TR ZRIE LT,

4) VEGF OEAICKT 58

6 well plate |Z HUVEC % 5X 104 cells/well f& &, MaNEETH7-0I1C
24 HEMEEFE LTz, T Ok, FEEO PEP (1021 mM ) ZUSt, @wEsk
. (B7C, 5% CO2) LIREEFHESLM (1% O2) TR L2, RiEZEIYL
L, 3000Xg T 10 iz L, EiEH O VEGE &% % ELISA kit (R&D

systems f-#) & W CHIE L7z,
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5) VEGF Hfufifk % H O I IREFRAIEFH 2/t 5 2
BD "fF=a—F ™ < )7L ™ < )y 7 Xa—kr7L—h
(12well plate) %, 37°CT 1HfH], 1 v FaX—F—NFfbxw=%, 1
X 104 cells/well THIfMZ A L7=. 1 FFME#%, £I2E O 10 mM PEP %
AT HE#RIC Human VEGF Ffifi{k% 100 ng/mL, 1pg/mL (2 THA
WL, = UZL EOMBICTRML, 6 BrfikEsE Lztk, BAMEEIC TIRE &
BlZ2L7/=. b  VEGF TfHEIc >\ TIE, R&D Systems 8o & o %

Ayl

3 Rt

FEBRAE B, P fE AR UERR TS CoR U7 MEEHLER IS, GraphPad Prism ver.
3.00 (Graph Pad Software t-%) %\ Tir-o7-.

2RI OERIE, F BEIZ &0 BEROFESBIEORIE 217V, FEoH D
& &, Student’s ¢ MEEATVY, RESHDO L Z1X, Welch’s ¢ FEE1T -
7z

ZEMELEIE, HEDH 5 —I0m 8T (repeated measures ANOVA)
ZAT o 72%, Dunnett DHIEIC IV BREZITY, W BERED 5% Al
DEXIWZHAETHD EHE L.
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