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Background: Vascular endothelial growth factor (VEGF) induces proliferation of endothelial cells and in vivo
angiogenesis. The regulation of the secretion of VEGF from human skin fibroblasts has not been well investigated,
although paracrine interactions between fibroblasts and endothelial cells have been suggested to play a key role in
granulation tissue formation. Objective: To explore the significance of human skin fibroblasts as a source of VEGF in
granulation tissue formation. Methods: VEGF secreted from cultured human skin fibroblasts was measured by ELISA.
VEGF mRNA expression was examined by real-time polymerase chain reaction analysis. Results: Transforming growth
factor-B1, platelet-derived growth factor-BB and interleukin-1o. strongly up-regulated VEGF secretion from human skin
fibroblasts. Epidermal growth factor, transforming growth factor-o, basic fibroblast growth factor, tumor necrosis
factor-o. and interferon-y had no significant effects on VEGF secretion. Transforming growth factor-B1, platelet-derived
growth factor-BB and interleukin-1o acted synergistically each other. The levels of secreted VEGF after the stimulation
of these cytokines were high enough to exert its biological activities. Interferon-y enhanced interleukin-la-induced VEGF
production but diminished the effect of transforming growth factor-1. The results of ELISA were confirmed at the mRNA
level by real-time polymerase chain reaction analysis, except for the synergistic effect of interferon-y with interleukin-1o.
Conclusions: Fibroblasts could be an important source of VEGF during wound healing. Paracrine interactions between

fibroblasts and endothelial cells via VEGF may play a key role in the formation of granulation tissue.

1 #&

Vascular endothelial growth factor (VEGF) XML
MU HRSRI B &, 2 D8R %2 Ji3 5 Ml e s R+ <
Hbo FEYA < —HiEE RO 17 4045kDa D& T,
NI DR D 5 2 O R AIRIH A L st
5849 %o mRNA O alternative splicing (2 & % 5FED T
AV T7r—uaBHOLN, REWETD22, $4bb
VEGF189 & VEGF206 IHfa R4 & L72IREET, /&
WhH®D 32TH A VEGF121, VEGF145, VEGF165 1347
BICTHAET 50 SO 3MDFWELT AV 7 + — K IZEHM

il

Na D¥EHE %2 RIFL L in vivo IZB W CEFEZ RS 512

v NEBIZBWTIXT 55 24 M VEGE %, 4
WIT BT EFMBENTWAEY, MEHEI DTV LA
BHEOHIIB T, AEEED T 5F /%4 M VEGE
HEBEL. BB CIIAIZ BB T _XEELTE 2T
7F %4 MZb VEGF 0%BAaH o654, $7- VEGF
SERMITBE O M OB R S BB L TW 55, IEH
D=7 A TIHABTIC VEGE B3RO 5N DKL, Al
BHBRASEIEE L 72~ A TIZ VEGF ZBHUIME T L TwW56),
NS DGR S VEGE 28I RIS EE s 2 Rz L

Comprehensive studies on the expression
and working mechanisms of angiogenic
cytokines in human skin

Yoshinao Soma

Department of Dermatology, St. Marianna
University School of Medicine

TWhEEZLNTWVD, ZOXIBIEFOL &, KiEr 75
A4 MZE S VEGE BEUIIEFITFEL CRRLNTEH D,
epidermal growth factor (EGF), transforming growth factor-
Bl (TGF-B1), interleukin-1p (IL-1B), interleukin 4 (IL4),
interferony (IFN-y), tumor necrosis factor-o. (TNF-o0), %
R, BIRILKELR EOMRILHL KERFIREZR &8
VEGF #HZFHET L2 EHONTN5L0 -0, 2Dk
W2y BB ORIEIREIIB T 9F ) 14 b VEGFE
DFEELRMH/IFEEZONTE 7,

AR OWICBWTIE, RIF 2RO B
TH Y. FWIFREIZISEMEMNE, FrAEmE, S 2
Lo TWhb, ZOIMEHAIZ VEGE REER&E % 17z
LTWbEEZONT V5. KEHEEOEEIITIF 2
BEA D RO TR DU TH 555 EEEIIE
rS5F A MR T, S ORFEREICTITF /94 M
KD VEGEAMEH L TWAWI L XS TH B, —I7,
WEEALRRIC B 2 AT AT, BHESEHI & I 3 PN 52 A
o paracrine interaction 25K & ek EHZ2 R/ L Tnwb 2
EWFEADOIEEFEREH W EBRTRIBEINTVRLATW -
B Z® paracrine 28D X 9 T2 A LTV 5DNL5
2o TR\

MRIFCARECTO & DA B 5 VEGE A
®id, FIF A POENREHARTIEFIKEN Y, Ly
L HESHIE SRR R S S AT AR TH D |
il % DML 553w S b VEGF IR TH-TH, £&fF
LTI TELRVRIGET 2D H 5, KL ITMH
HESEHAE 2> & Wb S b VEGE A5, S & mAE Rz
N0 paracrine interaction (23513 B i EEESF-Tdh B & DR



AT, TOWREMEEZMGEL L) &F X & MEFH
HESFHAMNE A 5D VEGE ld I N FEF TIZIFE A ERXS
nTwiwv, F4 34 O growth factor %A b4
. HlD 5 WIS b TR /E 28, #
O VEGF BEZ RNz, ZORKE. BBEEORFIIC
BLTd, MM S EA W SN D VEGE S EE
THHEEZEZLNLDOT, UTICHET %,
2 £ B

2.1 fREEEEYT bHT >

TFAFICERI L 722 8 R & 0 e @ 0 12 B R e
Ml ZR2E L. M4 25 6 ofiin 2 FBrICHE L7z, 5
FMIZIE 10% D7 P JREIMTE 2 1 2 72 Eagle minimum
essential medium (MEM) % L7z, #faF#ffiz e
F TGF-B1, IL-lo,, IFN-y (& R&D Systems Inc.
(Minneapolis, MN) X DA L7, #EaTM#Ez e b
platelet-derived growth factor-BB (PDGF-BB), EGF,
basic fibroblast growth factor (bFGF), TGF-o i Pepro
Tech EC Ltd. (London, UK) 25, #Eizf#iEz e b
TNF-o 1& Genzyme/Techne (Boston, MA) X hEEA L7,

2.2 Enzyme-linked immunosorbent assay (ELISA)
URTL—PFTAYINVIY MIADLETHERELL
Bz R A SRR 2 M s MEM 553 C 48 eI R5 28 L.
HURIREEE L7-ob, Bz WEIL, e bh A
2N Z 72 B MEM B5# 05 ml 212 720 37C T 48
MR %, B L2 RI L., SURKRE L 72, Mleiud
Coulter Counter (Beckman Coulter, Japan) Talll L 726
Reag B VEGF #2013 IBL 41 (Gunma, Japan) X 0
WA L72 ELISA ¥ v b (&EE 7.8 pg/ml) & HWTiT- 72

2. 3 RNA ¥ H & real-time polymerase chain
reaction (real-time PCR)
T26H¥ETSAATIYINVI Y MIADTTHEREL

7o bR RS AHESE A & S MEM 55 31T 48 REfRE 22

L. flfiREE Lzob, BHZ2RSIL, feod 4 v a

A &M Z 72 EIE MEM 853 %2 Z 72, 37°C T 8 K¢

Wi, MR L. SV Total RNA Isolation System

(Promega Co., Madison, WI) ZM\W T, 4 RNA % i

L 7zo1st Strand ¢cDNA Synthesis KIT for RT-PCR (Roche

Diagnostics Co., Indianapolis, IN) % HwCalidiz 6 % 17

W, 1 mg D4 RNA X 1) cDNA 240 L7z BIRRG

LightCycler-Primer Set Human VEGF & LightCycler

FastStart DNA Master SYBR Green I (Roche) % JfJ\»C

17572, LightCycler Software Ver. 3512 CF— % &l

L. Excel (Microsoft, Redmond, WA) % H\v: TN L 720

2.4 IRETEEAR
Student's t-test % W CHREFHIRNT 247 5 720

3 B R

3.1 B20HY1 bH14 Db MEERHESTMIZO

VEGF Db R (3§ 82&

b bR RRHESE B A 5 O VEGE 0 23 fi 4 @
Y4 M H A Y DEEE Fig. 112”7, TGF-pl, PDGF-BB
& IL-lo (58 7712 VEGF 43 % ¥4 % € 72 25, EGF,
TGF-a, bFGF, TNF-o. & IFN-y I3 A E B3R 2R E o
720 TGF-pl. PDGF-BB. IL-la ® VEGF Z-Hihnfi i
ZhEN 1545, 5% 105 Th -7z,

3.2 YA MH1LDEAEDLEIZL D VEGF DiltDZEAL

FHiFERIZ BT, EGF, TGF-o, bFGF, TNF-a (& ¥k
THMDOH A b A A v EHAEDLETH, B S
®D VEGF 77 & ZAL S & B b o 72A%, IFN-y 3o 4
M AV ERAGDED LD LM ERT &V BRI
5N7:. £ T, IFN-y # PDGF-BB, IL-la, TGF-p1 &l
AEDELBEDONEIZOVTHE L72. Fig. 21387 X
IV, IFN-yI TR R E2 R S 2w, IL-lo D
VEGF 7 gl 3 & B8 <2, TGF-Bl OVEH %9855 &
72 PDGF-BBOAEHICIZEE L kb o e 72,

250

200

150

100

VEGF (pg/10° cells)

50

0

SR L ALK SN
SLO VIO & O &
SIS AR S S

Fig. 1 Effects of individual cytokines on the secretion of
VEGF from human skin fibroblasts. Confluent cultures of hu-
man skin fibroblasts were serum-starved for 48 hours. Then
cells were treated with 10 ng/ml of TGF-1, PDGF-BB, IL-10,
EGF, TGF-o, bFGF, TNF-a, or 500 U/ml of IFN-y for 48
hours. VEGF concentrations in the conditioned media were
determined by ELISA. Data are expressed as mean =& SD of
triplicate determinations. *P<0.05; ***P<0.001
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Fig.2  Effects of the combinations of cytokines on VEGF
secretion. Confluent cultures of human skin fibroblasts were
serum-starved for 48 hours. Then cells were treated with 10
ng/ml of TGF-B1, PDGF-BB, IL-1c, and/or 500 U/ml of IFN-y
for 48 hours. VEGF concentrations in the conditioned media
were determined by ELISA. Data are expressed as mean =+
SD of duplicate determinations. NS: not significant; *P<0.05;
**P<0.01
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Fig. 3  Synergistic effects of PDGF-BB with TGF-B1 or IL-1c..
Confluent cultures of human skin fibroblasts were serum-
starved for 48 hours. Then cells were treated with 10 ng/ml
of TGF-B1 or IL-1a with or without the indicated concentra-
tions of PDGF-BB for 48 hours. VEGF concentrations in the
conditioned media were determined by ELISA. Data are ex-
pressed as mean =& SD of duplicate determinations.
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Fig.5 Real-time PCR analysis of VEGF expression in cells treated with cytokines. Confluent cultures of hu-
man skin fibroblasts were serum-starved for 48 hours. Then cells were treated with 10 ng/ml of TGF-f1, PDGF-
BB, IL-1a and/or 500 U/ml of IFN-y for 48 hours. Total RNA was extracted from the cells, reverse transcribed
into cDNA, which was then subjected to the real-time PCR analysis as described in Materials and Methods.
Expression levels for VEGF were normalized to the amount of GAPDH mRNA and indicated relative to its ex-
pression level in untreated cells. As a reference, cells treated with TGF-f1 and PDGF-BB were taken. Data
are expressed as mean = SD of triplicate determinations. NS: not significant; *P<0.05; **P<0.01; ***P<0.001
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Fig. 4  Effects of IFN-y on VEGF secretion induced by IL-1o. and TGF-81. Confluent cultures
of human skin fibroblasts were serum-starved for 48 hours. Then cells were treated with 10 ng/
ml of IL-1a (A) or TGF-B1 (B) with or without the indicated concentrations of IFN-y for 48 hours.
VEGF concentrations in the conditioned media were determined by ELISA. Data are expressed
as mean = SD of duplicate determinations.
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