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Effect of Hypoxia and Reoxygenation on Cultured
Human Dermal Fetal Fibroblast
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The wound healing process in fetus is quite different
from that of adult. Regeneration plays an important role
and scarless wound healing is possible in early
gestational fetal period. Recently, the various effects of
the hypoxia and reoxygenation in the wound healing pro-
cess have been investigated by many reseachers. The
hypoxic state is known to alter protein synthesis and
gene expression of TGF-5, VEGF. The authors hypothe-
size there may be differences between fetal and adult
fibroblast and this difference may play a possible role in
the mechanism of scarless fetal wound healing. In this
study, we investigated the growth of fibroblast, the
amount of collagen deposition, the amount of protein
synthesis and gene expression in TGF-S(transforming
growth factor-83), VEGF(vascular endothelial growth fac-
tor) under the various hypoxic and reoxygenation con-
ditions. Through these processes, we tried to determine
the relationships between scarless fetal wound healing
and hypoxic condition.

In control group, fetal and adult fibroblasts were cul-
tured under normoxic condition. The experimental
groups were allocated into four different groups. The
differences in TGF-5, VEGF under 24, 48, 72 hours
were statistically investigated. Compared to adult fibro-
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blast group, there was a statistically significant increase
(p<0.01) in the rates of protein synthesis in TGF-# and
VEGF of fetal fibroblast.

In this study, these results may reflect the possibility
that fetal fibroblast are more susceptible to change in
oxygen and has a superior rate of angiogenesis through
increased VEGF expression. The possible superiority of
angiogenesis in fetal fibroblast may play an important
role in scarless wound healing.
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= A3} 2] 7)(oxygen free radical)7} HA3=] 5o 910
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Qe Ae FAENY Add AErE AEAF 3
of rlXlE FFE AHEY, AUAR AL FeHe A
oprl o] o3 TGF-£ 9 §AHE STl Aoz &
A AT TGF-p FAAF 24 FolM Afotze
T AErdY g4E 2 98E e 2 A
A9l ol w, Falanga 5° & A3 AfolAErt 243 5
QFe] AAkAAdE] ¥, TGE- A1 isoform®] #8|7} 9u) Z7}
89, mRNA &35 88 =789 ttn Rustgo) o
S o3 AFAHE FA AL: AHrt A SF
(transcription level)oll A TGF- 8 -f 7 Ae] #HS F71A|
7, Q1A A3 A o}H ¥ (human dermal fibroblast)ol] ]
g TGF-g 9] #4¢& A7t stk FRAZ 24
A dHe ARt Ee ndd 48 A &
23 keratinocytes®] motilityS Z7}2)1 71tk Al A, A4k
2 AElol 9% VEGFY Z7h= da44e 3470,
Steinbrech,’ Yang =0 19983 A o) HGolHE )
Foll A AMabka Adeirt VEGFY] B #s F7iA7ds 2
S BRustged, a4 A=ols Ao AR

Aikaast AFejel A foh 2 AAFE T3 wrEo
o2 ZrhEte AR oA Uk

gHd, gjofe] ARFEAEY Aiast Fejd & ¥E
o thalM= =eko] 9tk Steinbrech 7 Hlole] {2
AZAA Aikh FHE FLT A5 dHol AfreliEd
Al TGF-8 mRNA F7+5 & & UAAT oj&9f A
FotdEAME FtekA GRSE EHadAo §HE
Scheid "¢ o] Ejol(sheep fetus)E A¥ oz &
o AvtE ZA7s Bustoh Askh AdEjddlAe] VEFG,
TGF-8 & #dF =S AFsA=w, o d3elA Chang
% Longaker 59 Z#ote 27 A3 o} A fokAl
T 259 AfA HALNEHE S # TGE-4
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dependent) fx#te] Zedt A 24 E A (transcriptio-
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T 7] well A 24471, 48417, 72A17F F<F wj st A
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Ch. MTT assayE 0|88 MZE &4k £F

2zt AT AE 495 E MIT(3-4,5-Dimethylthia-
zol-2-y-2,5-diphenyltetrazolium bromide) assay(SIGMA,
M-5655, USA)E o|&3le] Z48th 5pg/mle] MIT
reagentE A|xst] A7) vl Al Zol) WAk MTT
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reagents 1:4¥] &2 HYsty, £=

B 3|2 37Tl A 4
AZE B W ARl W) Jé‘b}‘zi
SO(d
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}2a e A Asn
imethyl sulfoxide)
3le] 570 nmol A

pelleteS PBSE 23} A3 %
2 &38| (lysis)A]#H ELISA reader®
2939

2} AI1Y TR

Afolrz Ry Evjd ndde & 437 93]
Sircol Collagen Assay kit(Ireland) & A28t} o] ¥
& UA 7o) Ao wjAE 100 114 H3} Sircol dye
reagent 1 ml3} 0.5M acetic acid 100 15 &%l dyest

wPFo] AT 4 YA 308D Tt dAEB s
pellete 3ttt o]u pellete2 dyes} wdo] Agts
of e FHZ, o]FA LolZl pellete2 E W A|H 7
AL AHAA 1 le} alkali reagent®Z £33t FH3]
pellete2 =¢1 3 ELISA readerg o]&3}e] 570 nmol| A
ZA A

of. #d|8 TGF-, VEGFS &3

Ztzkol Aol 210 whet wjkstd A frobA XA
EH|5= TGF-B ¢} VEGF, TNF-¢& ELISA assay kit
(Endogen, USA)Z =42 sttt 438 A4S kite] £
=of ol W&ol &3t Attt gz o) v
okl MfofAdEo viAd 100 18 Z+2+ TGF- 8 9 VEGF
Az A28 Hold= plated]] Wol 1417 Ax w3 &
PBS-TZ A3 ¢ &, biotinylated secondary ¥+ 9} l/\]Z}
59 ¥k3-A17] &, streptavidin- HRPA & o] gl TGF-
B9} VEGF, TNF-¢ 2] t}2 &3 & blocking buffere] 3
e A% 3 100 4 4 plated] Yol 127t A% incuba-
tond % A48} Wk T 5 BAACEE o] he] 2y
WS 4ol F, 158 Fof MARkE-& HAA|A spectro-
photometerol| A 7 AT E ZHse] 2y vlm
A #Z3s} A
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Ht. RT-PCR2 0|&%& M18 Y3, VEGF2
mRNA HEEE £Z

A A RNA= TRIzol reagent(GIBCO Lab. Calif., USA)
& |43l acid guanidine method& Ag-3le] &85,
Z5+2 A3 diethylphyrocarbonate(DEPC, SIGMA,
USA)ell &3]A1 At} RT-PCR#AAHL one step RT-PCR
system(GIBCO Lab. USA)E o|&38t4t} ¥9H3-& 25,19
2Xreaction mixture, 1419 enzyme mixture(SUPER-
SCRIPT I RT and recombinant Tag DNA polymerase in
20mM Tris-HCl, 100mM NaCl, 0.1 mM EDTA, 1mM
DTT, 50% glycerol(v/v), stabilizer), 200 nM of each primer
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9} RNA sample 3 x1-& E§3lo A}-831 ) RT-PCR 3
oA B w22 GAPDHE ARg3tvh AFntae=
GAPDH: 5-GAAGGTGAAGGTCGGAGTC-3, GAPDH:
5 -GAAGATGGTGATGGGATTC-3' & A&3}9a, cDNA
AL 55T 1 cycle 30 min, 94°C 1 cycle 2 min Z 710l A]
Al388l o, PCR AL 947, 58T, 72T 7+ 60sec, & 35
cycle A3}t Al 18 Y29 sense primer sequence
L& 5-GATGATGCCAATGTGGTTCGTG-3' & AH&-3taL,
anti-sense= 5'-CAGGCTCCGGTGTGACTCGT-3' S A&
3l vl (DNAFAL 50T 1 cycle 25-30min, 94T Icycle
2min ZAdA AP, PCRE AT, 64T, 72T &
60 sec 27 A F 35cycle Al3)EFA T
AgzxAd wet wjdd HREAEE &Y F,
RNeasy kit(Quiagen, Hilden, Germany)& ©]§-3} RNA
2 2gsgch o3 28 RNAZ
% & (electrophoresis) 8t & nitrocellulose membrane® 2
o] A3} t}. o] membraneS W probe(32P o-dCTPE
labeling)7} E8-¥ solutiondl] Bjek3t & AFsle] auto-
radiography 2 #3AA=Z <18tk VEGFY| W3t RT-
PCRA] sense primerZ+ 5- CTCTACCTCCACCATGCC
AAG-3E AME-319 3, anti-sense primerZ+ 5-GGTAC
TCCTGGAAGATGTCCACC-3' & AF&-3l9th

agarose gelol] 7]

AL BAHEH A3t 2N

EE 43 d¥e o £ £2F HAZ ZAEH, 54
el o= Student's t-tests AFR3lH 1L, p-value7}t
0.050]3}= *, 0.010])3}+= **, 0.00010]3}¢] AL-& *2 ¥
Aste] BAH Fe4L EASHT

. & =

A dde 3A 37HAZ Yo, At Adast A
o] W& A AfotAE, ol AfotdEe] WsE 7

APTER FESHL, Ao A HfokdEst
Bjol Hfobd e HstE vlw 45

Jh Kok, RARASE AERCH MHE MO MFOLMIEES]
=kols

Arkd e ek Aatas Ao wE A AfobAE
o AE GHEE wldAE A Z% 28 2| ohel A4t
28k 27 7277t oA 7 E AAS Yo (Fig 1,
Left), MTT assay2 M IZFALE % 3 2 Ax 2AH
o2 F93 WslE HolA e FUdtHp>005). A5 A
&2

279 dzgo v 4 gt Ee] VEGF
A Efol A 24413, 484)7F, 72413 T
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Fig. 1. (Left) Histological photographs of adult fibroblast according to the cultured period under hypoxia and reoxygenation. At
72 hours under hypoxia, increased adult fibroblasts were seen; (Right) Histological photographs of fetal fibroblast according to the
cultured period under hypoxia and reoxygenation. At 24, 48 hours under hypoxia, increased fetal fibroblasts were seen.

0.D
0.450
0.400 |
0.350 |-
0.300 |
0.250 | [] Normoxia-Adult
Il Hypoxia-Adult
0.200 |
0150 | i, p<0.0001
0100 |
0.050 |- . ] o
Fig. 2. Comparison of VEGF synthesis in
0.000 ; .
Group 1 Group 2 Group 3 Group 4 adult fibroblast under hypoxia and reoxy-
(24hr) (4shr) (72hr) (48hr+48hr) genation state. In adult fibroblast, the
amount of VEGF synthesis were increased
statistically significantly in all groups.
FAG L, 2, 37 ZFAA s FsA FUHEE € F Al T8 Aol VEGF £H]Zo]

3} 4
AR (p<0.0001), 48A]7F FF A4FAs A7) F t)hA] 48 o 73l 7 #- A = A oHp < 0.0001)(Fig. 2).
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o.D
0.500

0.450 Il Normoxia-Fetus

0.400 Hypoxla-Fetus

0.350
*: p<0.05
0.300

0.250
0.200
0.150
0.100
0.050 Fig. 3. Comparison of VEGF synthesis in
fetal fibroblast under hypoxia and reoxygena-
Group 1 (24hr) Group 3 (72hr) Group 4 (48hr+48hr) tion state. In fetal fibroblast, the amount of
VEGF synthesis were increased statistically
significantly in all groups except group 1.

0.000

0.D
Il Hypoxia-Adult
3.500 Hypoxia-Fetus
*: p<0.05

3000 wie: p<(.0001
2.500
2.000
1.500
1.000
0.500
0.000 , Fig. 4. Compasion of number of adult and

Group 1 Group 2 Group 3 Group 4 fetal fibroblast under hypoxia and reoxygena-

tion state.

Lh Mats THAbASE MERO) DHE EHOF MROIMIZS) Hjgko] Za3hgleH(p <0.05)(Fig. 3).

H5}
Bl FARZ] A Ak e ob Al gkastel] b glob AR Ch XAk AEf L ZHARASIOL HE MOl A EfO M7
oM AEBAAEE AL et ASH met $U1 OtMiZQ| H|w
e AHS B, Adast A0 AEY F7} g4 MTT assayS %3l AZ SAEE vustE 2,
ate %S B YA DFig. 1, Right), MTT assay2 A £ A2k A 24X 33 7247k 291 A frobA ] ]
AEE £33 B 47 fog HgE RHolxe gdthp AEez gol dfoldEy AX AT f-93H

o3 0.14
:

>0.05). Bjo} 4 %OMEA AS, RS 219 Oz o F7HAeS #EY & AU (p<0.05 p<0.0001,
o Als] AidAa AdejollA 72417 FE wi g ddT Fig. 4).

ol A #93 TGF-p ¢ 27} 27 HYHp<0.05). 3} A1y ndF FAHE st B 23, ALdast 4
A g}, VEGF #H| Aikast 274 244178, 484138, 724 Bl 48A17F, 72717l A Wl FAIZ] ol A frobA X 2, 3
H Fo FofdtAl SR (p<0.05), 48413t A48} oA ARl AfolAE 2, 33 visl, st e
A1 F ThA] 48A1TF A4S Al oA fol sl & st ake] 271 (p<0.05), AArAZ A7 ALdE
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Group 1 (24hr) Group 2 {(48hr) Group 3 (72hr)

Group 4 (48hr+48hr)

[] Hypoxia-aduit
Il Hypoxia-fetus

*; p<0.05

Fig. 5. Compasion of collagen synthesis of
adult and fetal fibroblast under hypoxia and
reoxygenation state.
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Group 1 (24hr)

[ Hypoxia-Adult
[l Hypoxia-Fetus
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** p <0.01

Fig. 6. Compasion of TGF- 8 synthesis of
adult and fetal fibroblast under hypoxia and
reoxygenation state.
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0.05, Fig. 5).
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Wge] 2712 BRE 3 9% (p<0.0001), 48417 A
23t 271 F oA 48A17F T A4tk A7l 4Tl A
VEGF &H]&o] 330 vl Zrasbx]eh 4l A oAl
o HisiMe fFostAl S0 AAS FASIATHp<0.05)
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OfA| ol A o]

AR F7HE S #EE & U (Fig. 8, 9), den-
sitometry & 0] &3t 432 AdAgME 22 A7
2 o8 4 99tk VEGFS] mRNA 28 @& RT-PCR

2 AHE AFME AP 2 densitometry 4]0 A, E)
o} Aol Eo] AL, Aol M o]-xﬂg_,] 359} vl
A VEGF u&iz} S BEY 5 YYTHFg
8, 9). &, A4 A 48/\]{1, 2N Z A& FE35A]
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Fig. 7. Compasion of VEGF synthesis of
adult and fetal fibroblast under hypoxia and
reoxygenation state.

Fig. 8. Comparison of gene expression of
collagen synthesis in adult and fetal fibro-
blast(Left); Comparison of gene expression of
VEGF synthesis in adult and fetus.

Fig. 9. Densitometric analysis of Collagen &
VEGF expression.
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el 93 fr=E= TGF-o] Bjol AfrotAEolA &3
Fo] pagtozn, ngdd FAF F4v fEHo] W
Egle AR 7148 RAolg= 7HEFHE gy o}
Aot Zol A TGF-89 7] 4 Aot L
8 welaA 2. oRE F A Ae2 4
B 4 e, AHAAE TGF-4 isoformo] w& x}o]E
wsl WA 28 A2 54l Aok Yang 579
29 TGF-8129 79+ pro-fibrotic functiong 7}A| 1
of ke o] BISHH, o= B4 4 BN 9%
98 A% w¥Y3, proteoglycan ¥ HFAH E
& P42 dorE Aoz FUNALt T,
TGF- 812 MMP(matrix metalloprotenase)E 7+4A]7]1,
MMP¢] endogenous inhibitorE Z4Al7lE ALZ ¢
A Aokl we, wEds AgAFIME TGE-83 iso-
formo] ZFfAQl Hlgo] FrHgHaL sk wekd, 2
A7A F7td TGF-p 2HlF 3R Z@Fe disiA
TGF- 3 isoformo] 2tz duh} x}A|5t= 7ol thaljA] ¢
A7 A&sdol & o2 AT EAZ 3719
97 ga o] TGE-4o) 71ddvn 423 2 4 9
o} TGF- o] 9314 294 FHFe SlaAg, B
AR 35 DAL AL AL BAAE e
VEGF9| 2]8|A wkE 9] remodeling®] &
$7b ohd BaAA] o)FolAER, o
e A5 AR @0k BRSOl T Al
ol¢jol = FHol= VEGFe| #gt d5rh s Hal
=] 3 gt} Steinbrech S°& ujokd 017+ BEAE, =, 7t
A XA E(epidermal keratinocyte), F13]43-f-oFA) 3 (der-
mal fibroblast), 3] w]AEH VAT A 2447 AL
4237494 VEGF mRNA] ¥glo] Z7}(upregualtion)d
o Bystgn’ wah, AgdEn YAFPS FAarol A4
3 550 glolA 71 229 A4 AEHHA HYYL
2Y 4 dgo) RuHT A oW A 2,
VEGFe] 7% Hlo}h AfebiEe] 7ol 42 AfohiE
s} mmatel A2 @70 H VEGF 5] gko] 24471, 48
AlZE, A7 25 o oAl S7hst A (p-value
<0.0001), ol& AFo=Z Aibi wﬂoﬂ JA He H
ofoll A Higo] WS A, VEGF 2d F7iol w& &8
T4 74 Eote] FH fle A ]v°ﬂ T3 vA
2 A8Y F UAge RoFE glolgt AlrdY. £, Yang
sl 9Jald, VEGFE 714 243 dadyd 249 8
vz, i s 4o A9 VEGF, PDGF, FGE-29} &2
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Aot Aita BA A M VEGF EHlgEs s
o2 vws £ Z3, glot ARoMEANN 2 F7HE0
8% A frobal ol His) %— AXoZ FostA Frtstde
A, 8 A frobAl el A 4 ]-‘1‘ o} ’“%0}"115‘_94 ks
o] tig whgo] THES RoFe FAHEA 99E
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