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AR Ada 23004 24 AI7E, 48 A13E, 72 A ZEEQE v kR
A Aol TS A 1,23 woz AN, Al 4 T2 48 AE<

Aikast AR wow i &, Zhzbe] 4 TRAIE Ejo}
dfotAEdt A AfolAEroz Uire] A%S s, Ax
AT SAHS Y] MTT assay & Aldstgt. 7ol o wE
AfrotMZe Al FHE&= TGF- B VEGF, TNF-q¢ #H]&2 ELISA

assay = =489, w9d 9@ VEGF ¢ mRNA HHAHLES =439}

e A AlxgdEe] AN ALAast AE 7243 A=
4l ArobAlazel wiE) Ejol AfobAlEe] 7F v STRESIOM,

Fole A ohigih mAA GOl QoA Axis EAsA

9l Ao ES wmate] glob ARoldEe AW FHFl Fol@
Aol7h otk TGP-pel Z4NAE 49 AfobdEe] A5 fold
F7had nglont, dob AfolAEAN JUHoE B8 Fhd 2%

Btk VEGF ®EH=S A3 Ay Aika 48417, 72413
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et Zom aokd 4 ogow, o Jdd deiAde W

WL
=
_81_4
DY
DY
&2
K
%9
)

. Bfoke] AR AN of ApolHL 4]
glofe] o] ARl dEvE e & F Ak Hote A4S A
21914 (extrinsic) W WA (intrinsic) SHoZ thHdE 4= gl=t,
QA FHowmyE A ZF IS} Y8 i(trophic
factor)7} FX-8b, uwpiestar HAAEle]  YF=(aminiotic fluid) ©I

=ede] Atk A3t wjol v qba Fobo]l A= 2] Axta

P T G5 sk HoMHfrolAE AAA E Afel7b dn
efo} AlfrobMlE(fetal fibroblast)®] A= A frebAlxEe] H]3)
oz THo] gdsitta LA Utk A, Hols By Ax I&
%<+  hyaluronic acid, fibronectin¥} 7o A E L] 7]

A B (extracellular matrix components)e] ZEX-3lo] AAF YA
o

g Ao ostr] Hrk ZAHA A} A (regeneration)ol] 3]
A frEo] wkEo]l AY|H] LA HE FHoezm deH Jom Eh
hyaluronic acid®] 74 A<ld vl I o] A &, A

54 oM dob MfoMIEe olF& F/MAVIEH slelshe

Aow aed grk? AA, wdd AF FER o, fFu4

AV

Al zpol7k glow,  FHpel wo] EAsh= oz 4l



kg A3 Atel tiei e B zbol7t vk A F BaEo] gk
o] FoA  FH+ TGF-B (transforming growth factor—p),
VEGF(vascular endothelial growth factor), HIF-1(hypoxia induced
factor-1), MMP(matrix metalloproteinase) So| #3 2o B 7}
Ak, °°

ol2gt Efjote] A HAC oA HT FH T A= Ao
kg2 AAkashhypoxia) A AR Aot AEY ABE
Aol AbaE Al adoiw, B A AAAAME Y Tl
AAkast e detd, Z3dARF T Aokl R A2 A T
F 3-4Y9HH 10-14 Atelol doluAl HAk ol g ARFobAE
Tl Aitazo] d¥E Be Hurt gidlon, o]gd Aika AHE
A4 83 (neo-angiogenesis)oll o3k AAtAFE | Syl
of }H T feElHEe ARt Adist A T A= Akst
2 7l(oxygen free radicaD7} & Aol 3o &S Fth= Bavt
Zoh T AR ko] AbFolA el ®lolo] g e AFstHow
Binks Fste] dof =dko] o]FojA Bz AAkAst AEel Al "k

Yang &<  EHlobe] T APAESS 20mmHgdl ¥, o] &9

495 45mmHg-60mmHg=Z EHjol= A3 AA s AHd =EFF o
9SS Hustg i, Sheid 5% pO, histographS o] &3t B 10| A
A1l AS-+= 36.3 mmHg?l WA, Hlo} IRz 2 e Hf AAhFEs



8.3 mmHg% thar sbgich. !
FAAE-9el Aika AETE ASAS FA- v A=

EREREE
Qe Auw, AAAR A AHE Afoldzel ©F TGF-po)

-

TS s7IE Aew deAd Ak TGF-pE F3AfF A

ol oAz T4 AEVIEe e =45

rlr
18

ol
tjo
ol
ok
rlr

=2 AAdAtelH, Falanga 57 & Xy MfolAlE7F 72412 Fore
AL e S, TGF-B1 isoforme] #+H|7F 98] S7F8Fal, mRNA
e 8u) Frksklthal B asqlvh. o5& ol 3 AIAINE F3
At AEl7E A S==(transcription  leveDoll X TGF-B Fd 12
HAs S7HAA, A A9 AR oAl E(human dermal fibroblast)ell
°Jg TGF-Bo S FxIANHL siglth. FHAz Aqks AeHe
Aot £ wdd FA4e AAAZIHL 2] keratinocytes 9
motility S S7FAIZI AAA, A4k el o3 VEGFY J7h=
A4S F31 A7 Steinbrech', Yang" F-& 19984W ARo|x=
ArobAl £ mgell A ALka AEl7F VEGFS] 2eds S7HAvs
As Busiied, dadd Amol= A9 A disiM=
oA 72 &3] Azl virh gith Al A= Aitast Aol 9le)
e HAS F wrEo] Hubdgow Fylele Aow AR Qdu)
WA, Ejobe] A EAEY AAASE AEjo] wE W3te] i =

=o] 2t} Steinbrech 502 Hiote] HAFRAELAAN AHix FEHE



st A9 o} AfrolMlEelA TGF-B mRNA S7HE ##sd S
ARA T o 2] AfFotA Lo A= FrhekA EUsS Haskgic. v
Scheid 5 & %¢] Ejol(sheep fetus)E AF Aoz 3dlo] Aukg
AWNE BaustRTh AAA Ao A ¢ HIF-1(hypoxia—inducible factor
DY ~ VEFG, TGF-p ¢ ZdA=EE Agsgisd], o AgoA
Chang¥ Longaker %9 At tr=2A Ay ejo} AfolAx
REol AgeA AirdEHE FEsiels W TGF-p 7F S71eHA]
vk AgiHow  Aka o]FF9l(oxygen—-dependent) A2
ZFe3t AA} =4 EA(transcriptional regulator) 21 VEGF mRNA<]
B s7haTaL stelth. olef o] ®joko] FAAFolA THE Fash
AeS S AdRolHEZE Aaka AHel wE wkge] disiAe
ofe7k4] A@AH Fo|l vt ARE yElaL Adrh o]¢elk: Yang
Se Hotel A9 TGF-B isoformso] o 2o Hsle] A7 43}
AAGA 7]l ddo] FaEHT, A= EE] TGF-Bi. isoformEthe=
TGF-B3 isoform®] W&o Hte A& Hisigith T3k, ol
9118 TGF-Bi, & 71 4§ wbEo] fun, o] &9 Fdol TGF-
el FgAE 7ield WES A AT ek Bl kAR
glofe] Aabast AEiZE e Q)

A=A, 2gan, A AfrobMlEe Fe  JEFH Hlaste]  Ejol

AfrobAl el i FEZE T el oW Aelst Aol djaa



AFE Wb ek ES AAaE dE oA LSS AR w
Bl A frobAlEe] Wkl dlald Aol AFslelz uk gk
Wb AT wele] FAAR Ao AN AfolAL

S aRgtel ofd FFS vIAn], ofdl Holsl YEAE Stopu]

EGF, TNF-a®] %& Z4s] vlolelq k&



L 23 A7 2 AX A F

ol AfrotAlzs Al V1A 20 5 A5)e] Hjof v]H-olA
we MgE AferlE ARgElen, A AfeMlEs
AR1Z 3 (human  adult dermal skin)dlAl  zHSF] ARSI
AfrobM el w2 Waymouth o Wi mel A8ttt 225 petri
dish $J°ll =11 phosphate-buffered saline(PBS; Sigma Chemical Co., St.
Louis, Mo., USA)& & 7ml 7}gk % pasteur pipette &% &HE& &3 Th
UgitstiA AxEs EA70ch oF 10 ¥ F penicillin(300units/mb),
streptomycin(300ug/ml), actinomycin(25ug/mD)¥} duj&Ad3t 2171 10%
fetal bovine serum(Gibco BRL, Grand Island, NY, USA)o] x3te
Dulbecco’s modified Eagle’s medium(DMEM; Gibco BRL, Grand Isalnd,
NY, USA)S wlggdez ARgstel 100ml & 713F § 47

3500RPM o2 15 %3+ XA HAES AA = tr] 20 #3+

e B

PBS &o® Aol F 0.025% trypsin 2 ml & 7}k wjgg

10



Wulgte] RAd A¥E gds Eedd U A¥sS ma

Aoz 5 At Al Wi FA Z27A T ARSI o] wiFE

2

kel
il

|
hemocytometer & AZ3le] 2x10° /1S thE A Eujekro] Qa1 4 7)<
AeFog U oFEZ 2S5 3}l Dulbecco’s modified Eagle's
medium(DMEM) & & o g2 ARgste]l 95% th7], 5% CO, , 37°C oA
3 A7F wFstaint. o] % AAika AEiZE Z8gk A5 37°C, 95% N, 2%
0, 3% CO, & #Fste= &7] WA 24 AzF, 48 AZF 72 AIZF 59

Mpstel Az dElE R SHor Aisbt BRE A oA

2. AT

o obtel A5 A &2 "ol % A AfelE

AR 1 2443 Ft AAs FHE fFEste] widE ol 2 4
A robAll 32

AR 2 1 48N FF AL FHE fFESte] wigE Hol A4
A robAll 32

AR 3 T2A3ESE Artast FEHE skl wigkE Hol B A4
CRiIg £

AR 4 0 4821 At AH RS 4843 Et Al ArtastE

%E% F,Ho]. =1 /Ho] /\-1 o]./q]J

-
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3. MTT assayE o| &3 AX T =

2+ 7y Ao ME S EE MTT (3-4,5-Dimethylthiazol-2-y-
2,5-diphenyltetrazolium bromide) assay (SIGMA, M-5655, USA)Z
o]-&3to] FA3Itt. MTT assay & 9l vl MTT substrate &
dol  FW Aol 9= AlX mitochondria 9] mitochondria
dehydrogenase 7} WH23}o] insoluble colored formazen ©] 34T Al
i webd Aol e AlENFRe] SolHo®m GAlEE= ot
Spg/ml 2] MTT reagent & #|Zste] AA7|7F wfFst Ao wj=] b
MTT reagent & 1:4 B &2 Az, Ex= A= 37°C oA 4 A7+
EQF WA wkgo] Eud S-S AlASkAL pellete & PBS %
2 3 Az % DMSO(dimethyl sulfoxide)® &3l(lysis)A|# ELISA

reader & ©]&3}e] 570nm oA =H 3} T},

4. A 18 wdd JFA4%F
AdrobAl 25 FrjE wdde] s SAe7] @ Sircol
Collagen Assay kit(Ireland)E AFE-3}tE. o] WHHE wHA 747t
Ad o] vjA]E 100ul 2 F 3 Sircol dye reagent 1ml ¥} 0.5M acetic
acid 100pl & =gste] dye & unddo] AFEd 4 A 30 &3+
Z3tato] AAEelete] pellete & Fatlth o wl pellete & dye ¢t
ﬂ

=
{
N
o

Ue FHE, olF2A Lo pellete & B W2 AH
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HAS A 1ml 9 alkali reagent & £33t E83] pellete & =9I

% ELISA reader & ©]-&3}o] 570nm oA 5743}l T}.

Zkzke] AR xdel wEp widstd A frobAl el A
Y5 TGF-B2F VEGF, TNF-a& ELISA assay kit(Endogen,
USAZ S54L 3t 28 AL kit 285 e Wgol F3he
Attt Aol wet wikE AlfobAlE e wiA| el 100uls 2Hzt
I

% PBS-T® A|&3 3 biotinylated secondary @A} 1A7F &

TGF-B¢ VEGF A2 i7" o] 3+ plateo] Fol 1AZF A=

=
o2
rod

2

HE§-A1Z1 %, streptavidin-HRPAZ =] 9= TGF-Bp¢ VEGF, TNF-
a9l o2 FAE blocking bufferd] A= 343k & 100u? plateol
Yol 1AF AE incubation g % M| Witk 1 & WAAIES
o] g3sle] WAMESS dol F 15F Fo HANESS GA|A|A
spectrophotometerol A4 7 ¥WAHLTE FHslo] 2oy dHlu =3}

shlet,

6. RT-PCRE o]€3 A|18 mYZA, VEGFS mRNA HHAE =H
A A RNA = TRIzol reagent (GIBCO Lab. Calif., USA)E o]-&3}

acid guanidine method & AF&3ste] 8¢, THTE s

’

¢
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diethylphyrocarbonate(DEPC, SIGMA, USA)e| &3] Al#HY. RT-
PCR 34 & one step RT-PCR system(GIBCO Lab. USA)E o] &3} t}.
HES-2 2511 9] 2X reaction mixture, 1pul ¢ enzyme mixture
(SUPERSCRIPT 1II RT and recombinant Tag DNA polymerase in 20 mM
Tris—HCI, 100mM NaCl, 0.1mM EDTA, 1mM DTT, 50% glycerol(v/v),
stabilizer), 200nM of each primer 9 RNA sample 3 ul & &3%3}o]
AbgERlth. RT-PCR #AolA AT w2 GAPDH & ARESISIHh
&A= GAPDH: 5'-GAAGGTGAAGGTCGGAGTC-3', GAPDH : 5'-
GAAGATGGTGATGGGATTC-3'E AR&&F3 AL, ¢DNA A2 55T 1
cycle 30 min, 94C 1 cycle 2min 274 AJ&&}3i i, PCR #A-2 94T,
58T, 72T ZF 60sec, & 3bcycle Al3tFTt, A 1 & wPA sense
primer sequence < 5'-GATGATGCCAATGTGGTTCGTG-3'" =
AF8-8H91aL,  anti-sense ¥ 5'-CAGGCTCCGGTGTGACTCGT-3' &
AFE3F T cDNA &84S 50T 1 cycle 25-30 min, 94C 1lcycle 2min
Z7el A A8kl PCRS 94C, 64°C, 72C 7} 60sec 2404 % 35
cycle Alaldict, Adzxol e} wjgst AFEAMYEE &3A2 £,
RNeasy kit(Quiagen, Hilden, Germany)E ©]-&3ste] RNAE H2 3t}
ol#& A Eg]¥l RNAZE agarose geldl #7]%5(electrophoresis)dt %
nitrocellulose membrane® @ ©]A3}ATE.  ©] membranes FH|H

probe(32P a-dCTP= labeling)”} ¥3F% solution®l] vj3E & A2l s}o]

R4
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autoradiography® WdA=E ZUsi3ith. VEGFl Wi RT-PCRA
sense primer®=+ 5'- CTCTACCTCCACCATGCCAAG-3'E AF&3sl L,
anti-sense primer Z+ 5'- GGTACTCCTGGAAGATGTCCACC-3' =
g3

7. BASH A% 24

EE A A B £ 25 AAR A6, SAFR B4

rr

Student’s t-testE AF83} 3L, p-value 7F 0.059]8F+= * , 0.019]s}+=

e, 0.0001084e1 A5 wxx2 BAS] EAH Fo)9S A

e} ar

&

at

o
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1. Az, AES FEo] ohe 4 Mfolize] wal

Adult Normoxia Adult Hypoxia

24 hour

48 hour

48 hour
+ 48hour

IR A EAI R e whE Ak A Ak 2o M o] A A FobAl R
AR ARt JEE] 244 %F, 4847 M= 2 AFol7E KoA] @hond

T2AZA AFrobAl R 27 S7EE S e REEd ¢ Qo
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FEelA wdd el ek, vhAl AlAEARSE AdEelA wdA
, BAACR fod A ofYArHaH 3).
TGF-Be] 49 AiA AeHdA A s 23R & WHskE
Holx] FSkth(1d 4). VEGF o 45, Aika Adefol A 24 A3, 48 A3
72 AIZF BollA VEGE wH|sFo] BAIAH o= w9 fFosid S7HES &
T Ad}gar, AArRs AEE wele TUMHIYE AEHJTHHE 5).

TNF-a®| 35 A9z Fo3 W3lE Holx| UL 6).

0D
3.500
3.000 L T
2.500 Tr T
.

2.000 - ;

O Normoxia—Adult
1.500 | O Hy poxia—Adult
1.000 - —/= *: p-value < 0.05
0.500 | **: p-value < 0.01

***: p-value < 0.0001
0.000 ‘

Group 1 Group 2 Group 8 Group 4

(24hr) (48hr) (72hr) (48hr+48hr)

Iy 20 AAkA, Avta zAstelA o] ARl AirolAlE AE

il
o,
H
o
R
=l
=
3
=
[ob]
»
»
Q
N
o,

Q1 AFOAES] Ak, AL
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0.14
0.12
0.1
v.08 O Normoxia—adult
O Hypoxia—adult
0.06
0.04 * : p-value < 0.05
0.02 **: p-value < 0.01
0 ***: p-value < 0.0001
Group 1 (24hr) Group 2 (48hr) Group 3 (72hr) Group 4
(48hr+48hr)
T 3 AAbZ, Ak Sl MOl 49l A fobAEe] mY
ddel M. AAfoldEe wmed  FHFS s
A A 24 vlE BE oA oA Eokon
AR olol= gt
0.D
0.400 [
0.350
0.300
0.250
6.200 | O Normoxia—Adult
O Hypoxia—Adult
0.150
* .o <
0.100 | : p-value < 0.05
**: p-value < 0.01
0.050
***: p-value < 0.0001
0.000
Group 1 (24hr) Group 3 (72hr) Group 4 (48hr+48hr)
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e

& 2AANAY F9l AfobA e TGR-p
we

3} ool AolE HolH

QA ok Al £ 9]

st

O Normoxia—Adult
O Hy poxia—Adult

0.D
0.450
skookok
0.400 ootk
0.350 |- s ——
L skok ok
0.300 -
0.250
0.200
0.150
0.100
0.050 r
0.000
Group 1 Group 2 Group 3 Group 4
(24hr) (48hr) (72hr) (48hr+48hr)
a9 5. Arka, Aabast =24

*: p-value < 0.05
**: p-value < 0.01

***: p-value < 0.0001

el A el A1 frobAl el VEGF

BHjEe] v, A9 AL, VEGF BEH|ZHS BE oA A4
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0.D

0.400

0.350 [
T
0.300 r -
T | T O Normoxia—Adult
0.250 [ .
O Hy poxia—Adult
0.200
0.150 r
*: p-value < 0.05
0.100 - T
**: p-value < 0.01
0.050 r
*** p-value < 0.0001
0.000 !
Group 1 (24hr) Group 2 (48hr) Group 3 (72hr) Group 4

(48hr+48hr)

a9 6. AL, AAEAsE 2k A o] A Aot ES] TNF- a

[e)
o
Euleke] vl Aol AfolMl £ TNF-a 283 A4ks AFe ol

Au)
[P
o|\
N
%
@
o
-
oft

AR 2lef= gl
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2. AXEZ, Azt Fejol wE Bo} AfrolAlEe] W3t

Fetal Normoxia Fetal Hypoxia

24 hour

48 hour

72 hour

48 hour
+ 48hr

S 7. MR G AL A AR doh 4 fobAl:

W AR 24 A3E, 48 AZE AqkA AEfel whE Bjol Aol 9] %“*
U S7kekal, 72 AR Aika AdE B AR SE AEelM s AE 5

Dage B2 @ 5 A
Aake el Adasiel we ol AfoldE ME@gEL
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SEA]

gatHd 8). wdd A

2ko

o =

Hlalel] wHE o Ejop AdipobMlEe] A

’

Aakzs AeelA tha FAFel T, AR AHA g
Aadte FAE Blod, SAHSR fod Ade oy Atk 9).
Aakas 2Fe] 72 Azbell o} Aol e A, BAHCR o TGF-
Bel F7F AL BITHIH 10). ®lo} AfolAEe g, A
ANARE w, AA 24 AZE 48 AIZY, 72 AIZFFo] VEGE  W-H| o
TAXoR wg fFoetAl SUekAla, AAEARs ARES AS EuE]
Aadvi(2® 11). TNF-a® A5 Ao E {3 Wsts HolA

4.000

3.500

3.000

2.500

2.000

1.500

1.000 r

0.500

0.000

Group 1 Group 2
(24hr) (48hr)
a9 8. AL, AL =1
AR Ararer e
tlo} A froblE AE
AAka Aol wE
Holx skt

O Normoxia—Fetus
O Hypoxia—Fetus

*: p-value < 0.05
**: p-value < 0.01
*** p-value < 0.0001

|

Group 4
(48hr+48hr)
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Abstract
Effect of Hypoxia and Reoxygenation

on cultured human dermal fetal fibroblast

Hyug Jun Kwark

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Beyoung Yun Park)

The wound healing process in fetus is quite different from that of
adult. Regeneration plays an important role and scarless wound healing
1s possible in early gestational fetal wound healing. Recently, the
various effects of the hypoxia and reoxygenation in the wound healing
process have been investigated by many reseachers. Hypoxia state has
effects on wvarious aspects of wound healing. Its effects include
alterations in the deposition of collagen, protein synthesis and

expression of various cytokines, growth factors and fibroblast itself.

45



The hypoxic state is known to alter protein synthesis and gene
expression of TGF-B, VEGF. and tissue injury by oxygen—free radicals
formed during the reoxygenation process has been also investigated by
many researcher.

The authors hypothesize 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-
B(transforming growth factor-p), VEGF(vascular endothelial growth
factor), TNF-a (tumor necrosis factor-a) under the various hypoxic
and reoxygenation conditions. Through these processes, we tried to
determine the relationships between scarless fetal wound healing and
hypoxic condition.

Fetal fibroblasts aquired from human dermis in a 20 week-
gestational aged fetus were cultured according to the Waymouth
method. Adult fetal fibroblasts were obtained from an adult human
dermis. The control group was the cultured fetal and adult fibroblasts
under normoxic conditions. The experimental groups were allocated

into four different groups. MTT assay and the differences in TGF-8,
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VEGF, TNF-a under 24, 48, 72 hours were investigated. The results
were compared with the control group and statistically analyzed.

The number of fetal fibroblast were increased in conditions of
hypoxia state for 72 hours compared to the adult fetal fibroblast group.
The amount of collagen deposition was also increased in the fetal
fibroblast group. Compared to adult fibroblast group, there was a
statistically significant increase (p<0.01) in the rates of protein
synthesis in TGF-B and VEGF of fetal fibroblast.

Through this study, we found that under the hypoxic conditions, the
protein synthesis and gene expression of TGF-B, VEGF are enhanced
in the fetal fibroblast groups compared to the adult fibroblast groups.
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.

Key words : Hypoxia, Re-oxygenation, Fetal fibroblast, Collagen,

TGF-B, VEGF, TNF- a
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