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Change of Type I and Type I Collagen Biosynthesis by Growth Factors in
Cultured Cells Isolated from Rabbit Intervertebral Disc

Jin Woo Lee, M.D. and Nam Hyun Kim, M.D.

Department of Orthopaedic Surgery,
Yonsei University College of Medicine, Seoul, Korea

Growth factors influencing the function of chondrocytes are insulin-like growth factor I(IGF-I),
basic fibroblast growth factor(bFGF), transforming growth factor-81(TGF-£1), and epidermal growth
factor(EGF). To find out the role of four kinds of growth factors in the biosynthesis of type I and II
collagen represented as the phenotype of the disc cells, we cultured the disc cells isolated from rabbit
intervertebral discs primarily and then checked cell proliferation, the expression of type I and II
procollagen mRNA, and the immunohistochemical stains with type I and II collagen antibodies
during in vitro culture in the maintenance medium containing low serum concentration with adding
four kinds of growth factors. The results are as follows. FBS(10% Fetal bovine serum) group showed
the highest cell proliferation potential. EGF and TGF groups showed remarkable cell proliferation,
but there was no significant difference in IGF and FGF groups comparing to control group. A partial
clone that encodes the rabbit type II procollagen C-propeptide region(RbCol2A1) was successfully
isolated by reverse transcription-polymerase chain reaction using total RNA extracted from articular
chondrocytes of rabbits. The identity of the cDNA clone was confirmed by DNA sequencing of the
polymerase chain reaction products. A comparison of human «1(Il) cDNA sequence showed high
sequence homology(83.6%). Type I procollagen mRNA expressed highly in EGF group. FGF, IGF,
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and TGF groups showed no significant expression comparing to control group. FBS group showed
lower expression than control group. Type II procollagen expression was increased with passage of
time, so at Day 10 it was the highest in all groups. Control group showed the highest expression
among 6 experimental groups. The expression of type II procollagen in FGF and TGF groups was
slightly lower than that of control. EGF and IGF groups showed markedly decreased expression
comparing to control group. That in FBS group was the lowest, so it was three times lower than
control group. In immunohistochemical stains with type I collagen, there was no difference among
control, FBS, and EGF groups. FGF, IGF, and TGF groups showed increased positivity on stain
comparing to control group, but the positivity didn’t exceed 10%. For type II collagen, EGF and FGF
groups showed decreased positivity, but there was no significant difference in FBS, IGF, and TGF
groups comparing to control group. On the basis of this study, it may be concluded that TGF-81
showed the possibility of regeneration or delay the degeneration process of the intervertebral disc
through the contribution to the stimulatory effects of cell proliferation and the synthesis of type II
collagen. For the clinical use of this, more studies about the combination effects with FBS or other
kinds of growth factors and finding out the ideal concentration about TGF-81 will be needed.

Key Words : Disc cell, Degeneration of intervertebral disc, Type I collagen, Type II collagen,
Northern blot hybridization, Immunohistochemical stain
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kit (Boehringer-Mannheim) & AH&-3te] ujj<k
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KH,PO,, pH 7.3) < 20mZ 33 A3}z,
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" cDNA §71ME dRd algste zhzte
oligonucleotide® ¥/ttt Al 13 A9
AL Inoue @ Okazaki®7} B1dl ¢DNA 4
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ZINEF 3,370 |712RE 3,397 Er17HA|
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AR e (ECol2A18), 4,341 d7lz%H
4,468 d719] gkl Fste MES anti-
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GAA GCA GAC GGG CCC TAT GTC C

3) 2 sk
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ol ME total RNAE template® A3t
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23At. 7He F A G288 @7t 2En o
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units®] E. coli RNase H& #7}st ¥ 37¢ol
A 2087 WweAA templateE AHEEHAW
RNAE a8ttt F@uhgod AMREA e
primer$} ANTPE A A3tz DNAE F&AIZ
F AR FEHE £9¢ o2 A A}
23t Al 28 wdAd sigsteE R AR 7}
2] cDNAE "lg] #23 #-EAZ AL total
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7 TS HoR 5T

747y FAE A A 7=l (DNA 89 5d
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polymerase (Perkin Elmer, Foster City,
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10mM Tris-HCl, pH 9.0)& #H713l 3F%
97} 50u7F HAS L FHEL YRS A
3t A71e primere Al 18 wgde A%
RbCol1A2S % RbColl1A2ASe]11, A 28 ng
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FTHES JANESe 2EH3E Fre Y2 A
Tl 58 WA F 94l 302 Bt
¥4, 52¢elA 30% B¢ annealing, 72Ce
A 1870 FAAH S 303) wEST. HFL
2 72¢AdA 1083 §9RrEE Al F ukg
Z 5uE H3td 1% (w/v) agarose gel A7)
& Adstn, YA &AL QlAquick PCR
purification kit& A3t FEWH-gl A5
A @& primers} ANTPE AAGA FZd
DNAE Ea3tqch

Zvzve] FEH A4EE plasmid vectord
pT7-Blue(R) T vector (Novagen, Madison,
WI, USA)ol T4 DNA ligases AM8-3ld 4%
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Fig. 1. The agarose gel electrophoresis for confir-ming
the subclone. The plasmid vector digested with
restriction enzyme and cDNA inserts of type I
and II collagen(RbCol1A2 and RbCol2A1) were
electrophosed with 0.8% agarose gel. The 1.6
kbp insert for type I collagen and 1.0 kbp for type
II were observed both in plasmid and inserts, so
we could confirm the subcloning of cDNA
inserts of type I and IT collagen.(M: marker, P:
plasmid, I: insert)

NZAG, A€ DNAE 104E F71 ZA4
< AXA %3 AF deelole] YA ALE
stom, 37C W71l 1641744 wl okt
% F4A9AYHE colonyE AUt FANFH
colonyE 1.5mle] LBuiR|e] HF3te] 37TCAA
15717 Bt A euiget ¥ alkali lysis®HH* &
A8l plasmide] 2FFAE AlPstact 2
FEE F3ld doj DNA &4 1 WE FH3s}
o AFEA 5 unitseZ 37CNA 247 o]
A eldka 0.8% (w/v) agarose geldl H7)1dE3}
o subcloned FRIEFoM, JHA-FHES
A g9 AEL Pharmacia Biotech
(Uppsala, Sweden)2l T7 sequencing kitZ
A}&-3te] Sanger 79 WHoz ANNEE 4
3t et.

A 18 ndde A% 2789] a 1 chain®} 178
9] @ 2 chaine 2 FAEEH o 2 1 ¢DNA
Mol ¢8A dE @ 2 chain® E7] HEE o)
23l ARA-FFES dHgukgoz 108 I

278 1,581 471744 ¢ 1.6kb 79
cDNA probeE @43ttt Al 28 mdde 3
7Y29] el chaine 2 FA4=He] dedl?, o o
Tol AHEE E719] 2§ mRNA 9714 Qo] 3
o dF @7] Mgrte]l WA Yo, et
A F 5] < (species-specific) cDNA probe
9] 43} Nothern blot hybridization®] &&
4E& Eol7] st 7|Ed Base] Qe E7]9
A 28 w93 mRNAS g7IXga 71 fAF
g Equus caballus®] €71 ME3F 3,3708 <4
714 4,368 A717Re] A7IMEE ©] &3l
1.0 kb Z719] cDNAE FAsIt F4€ A
13 9 Al 28 cDNA probe® pT7-Blue(R) T
vectordl T4 DNA ligaseE Al&3led AFAA
on, A¥AIZ plasmid vector® E. colidl &
AR Z. HAAGE E. coliS 383 WS
¢ the plasmidE ¥2ldtd] AFELE Ae2lst
I 0.8% (w/v) agarose geloll A7) 4Z& 4A
8ty plasmidWol] ¥3= cDNAZF & 45 o]
Vs AT & ARG (Fig. 1.

Ch A& 3 A28 mMEE st mRNA 24
(Northern blot hybridization)

Total RNA®] 2]+ RNeasy Mini Kit
(Qiagen) & A183ld W% RIE ATZHE
2E8tatt. #2198 total RNAEYS 260mme}
280mmell M o] FH=E FAste FFIT #
28 total RNAE 7153 3 A A4 AL
FRen oy A AMgsl7] flsked -70Col
B33ttt 22]¥ total RNAS formalde-
hyde agarose gel A719%< Sambrook %
(1989) 9] el wet AlgstAct. 24+ A9
total RNA 6ugs #3ted ASHFTZ 647} =
E% 3k 10XFGRB 2.54, formaldehyde
44, formamide 12.54E H71&x 65CoA
587 MEgF doo 23|31 formaldehyde
gel loading €384 (50% glycerol, 0.1lmg/mi
bromophenol blue}<& 2.54% A7t well
A 7tatdth A719EL 1XxFGRBOIA 100
Volte] 4g HAdstellA 2413t FF AP
ot A719Fe] 49 nylon membrane
(Amersham)©l Nothern blot& A3t}
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Nylon membranes gel2 HE wojlA 6x
SSCZ nylon membraned] €9 U= gel Al
At oA ATl dE:AAY Azx"
membrane UV cross linker (Hoefer) 94
120,0004J2 RNAE membraned] A
% hybridizations Al st o).

RNA7} transfer® nylon membraneg 42
CE H#A% prehybridization £(5xSSC,
50% formamide, 5x Denhardt’s €9, 100ug
/ml, 0.1% SDS)ol 93 3087 prehy-
bridization AlZth Wzl E6jd A 18 2 A
28 wmYde] cDNA probest Wi EF3}E 9
3lod AMR-E B-actin®] probeol WA F9dA
A (*P)E BAEY A3 redi-Prime
labeling kit(Amersham) & ©]&3l9 random
primer labelingS A&}, #A¥ probeE
prehybridization &%l H7}3le] 20417 E<t
42°¢lA hybridization® 2A18kdt}h. Hybri-
dization°] ¢ F nylon membranes 2Xx
SSC, 0.1% SDS €902 1084 AF2dA 33
AA-E Arstm, 0.2xSSC, 0.1% SDS &<c
2 68TColA 1084 33 A& AA3A)
Nylon membraneg ®]d3jjo=z 44 BAS
casetted] Wol 1AI13F Bt WXAZ1F BAS-
2500 phosphimager (Fuji, Tokyo, Japan)&
ol-&3teq WS FHEAoH, olF X-ray
5ol -70CoANA 2477 =FA1FA AAsta

E719] FdeA Eeldd F0H HAEE 7Y
7t wie¥d ¥ chamber slide(Nunc, Naper-
ville, IL, USA)ol £33 thd oA 7&d
uie} Zo] 7T LR o] HidE HAlEHEA
iF 1, 59 2 10¥9 AYsled g HA|e}
At

A2 PBSE Mg ohg 27HE acetone £
o2 7-8% < dAda v PBSE AlHst
st} Blocking g2 Ael¥ 308 BXEHY
o7t PBSE AHE o Al 138 2 28 A
thgt &) (affinity purified goat anti-type 1
or I collagen antibody, Sourthern Biotech-
nology Associates, Birmingham, AL, USA)

2 37eeld 1A1Eet WS dAEth PBS
2 A& AAlg g ¥ 5o] peroxidase
(nonspecific peoxidase)® blockingg €3l
PBSell 3491 0.3% #tsteid (H,0) 2 3083
Ag)stct. Al PBSZ A3 % biotinylated
anti-goat IgG(Vector Laboratories, Burl-
ingame, CA, USA)ZE 1083t vHg-Al7)3 PBS
2 587 AAHF b peroxidase labelled
streptavidin® 2 10837t W27t oAl PBS
2 AAst3 chromogen(AEC, DAKO, Car-
pinteria, CA, USA)<& Foi3la 1583t ¥HgA|
21 t% PBSE Al#H3l1 Mayer's hema-
toxyline 2 thxgd4& 3glen, olF oAl A
H3l3 coverslip Hol dv|Foz AL
A3E Yete] 37ule] mul&(400x) Alekell A
Aol SAE HQ Aol i3t FAE HolE Al
o] WEEE Pl 7t 7 E2 v a A

E7)9] 243 collagenaseE ©]&3le] 3
d ARE BT AT 90%01d dokle Al
EE 4E F AU, °olF AMEE w7l ¥
I 24-48413F wfFst 0w M E7F wiFEr]
viete] B2 AE B F dded, 44
(polygonal) 1™ Z717} 2 AIZHMEF A £7}
FEE 1T, AlEe 77 23 3T B
%ol $1¥ nototchordal AEE #FE + AU
on, Hlwd Ax] gfon} A&AY 2Fe Aot
AR BEY + AT (Fig. 2).

F7 AEo Z24%L Fig 394 Ee ulg
o] $HA FATQD) AN 7P AAT AE
o F2& #2E 4 Uden, EGF FAZ (3D
ol I thgeR we FHE By, 1 ke
TGF-A, AT (67)# IGF-1 (5) 0] wh& F2]
& 2o gz 19 Bs A 4" 7R
T mEE AESA e EReH, bFGF 4T
Tl BAAHCE @ Aole #ET + AN
ot oldel Az & o 2T A AT

< FEHEHo] vl AA FHE FAMAE A
E FH9 ZHE HiSHEE o 7H)
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Fig. 2. Microscopic findings of in vitro cultured cells isolated from intervertebral disc of rabbit(x400). The small
polygonal-shaped chondrocyte-like cells(A) were mainly observed. the large amorphous notochordal cells(B)
and long fibroblast-like cells(C) were observed in small numbers.

A 28 7 O Control
[+] mFBS
Z 2t BEGF
@

S SFGF
15 | @IGF

1D 5D 10D
Fig. 3. The results of cell proliferation. After in vitro
culture of disc cells until confluency, the cells were
distributed into 6 well plate with same cell
concentration(1 x 10°/well) and cultured with each
condition. At Day 1, Day 5, and Day 10, the cell
counting was done with hemocytometer. FBS
showed the highest stimulatory effect on cell
proliferation(*p<0.05).(FBS: Fetal bovine sereum,
EGF: Epidermal growth factor, FGF: basic
fibroblast growth factor, IGF: Insulin like growth
factor-I, TGF: Transforming growth factor-3,)

*ANOVA with repeated measure.
Aol &g EAE Yol 4 e WAl A2
ot ol el F0d AZe] A% EGF

&} TGF-Bi0] o3 S &3 Ben, IGF-

I# bFGFe dz27# ¥wsle {93k 329
Bde BolR] eS¢ 4 Ut

2, A1 H M| 23 WRE cDNA2| EH4

?‘35‘ cDNAE 971ME-g 23slgen, A 1
3 nYAL on] EauHe Qe G7INEY S o
A Fletm, Al 23 wgAL oln] Huy
A= EZNY A 28 wgde] |riMgT 9y v
Wl R A 5% 20671<] A717F HA] BaE
A & NEEL G71MEe] Hazen, o] A=
+ d7IM¥E 20670+ Genbank (accession No.
AF050170) S&3dct. =g Aze] A
206719 Al 28 wYA mRNAS 9714 ge] ot
2 F9 47] MEEFH FARE X & Ry on,
0 A3 Al Al 28 193 mRNAS G714 ¥
I FAM S B, Algkel 3287H 97194
349291 ¥7](Genbank accession No. X16468)
o ABEHULL, 2 LX&2 83.6%ATHFig. 4).

3. AlZE Zotol mE A 1™ % M 28 nEd
mRNA2| g5}

\

21" total RNAE 1% formaldehyde
agarose gel A7|9%5& AAsta Z47te] Fujd

— 1874 —



Rabbit: 1 CCCCCGGCCCTGTCGGTCCCTCTGGCARAGACGGCGCCARTGGAATCCCAGGACCCATCG 60
[ N N N e N e N N N A A A N |
Human: 3287 CTCCTGGCCCCGTCGGTCCCTCTGGCAAAGATGGTGCTAATGGAATECCTGGCCCCATTG 3346

¢cDNA probe (RbCollA2,
RbCol2A1, B-actin) & ©]&3}

Rabbit: 61 GGCCCCCCGGTCCCCGCGGACGTTCAGGCGAAACTGGCCCTGCTGGTCCTCCTGGAAATC 120

FELE Br prerrrer veeer ceeerbrerer rrrreyeirerefelrerrerinn

o hybridi-zations 4A1g 2

Human: 3347 GGCCTCCTGGTCCCCGTGGACGATCAGGCGAAACCGGCCCTGCTGGTCCTCCTGGAAATC 3406

¥ Fig. 5% 22 2348 &

Rabbit: 121 CCGGACCCCCTGGACCTCCAGGACCCCCCGGCCCCGGCATCGACATGTGCGCCTTTGCTG 180

[ RN RN N R AR AR O AR AR RN

F At ©o|& Z7+e] Bactin

Human: 3407 CTGGACCCCCTGGTCCTCCAGGTCCCCCTGGCCCTGGCATCGACATGTCCGCCTTTGCTG 3466

Rabbit: 181 GCCTAGGCCAGAGAGAGAAGGGCCCC 206
PLoTErer rerrrdrerrerent
Human: 3467 GCTTAGGCCCGAGAGAGAAGGGCCCC 3492

Fig. 4. A newly cloned cDNA sequence of type II procollagen C-propeptide
region(RbCol2A1). The identity of the cDNA clone was confirmed by
DNA sequencing of the polymerase chain reaction products. A comparison
of human a 1(IT) ¢cDNA sequence showed high sequence
homology(83.6%). This newly cloned 206 DNA sequence was registered
in GenBank and we could get accession number AF050170.

Controd FBS EGF FGF
| 1 1 1 1 1

Coflagen i
edt R,
Collagen | gy
N e
c

Fig. 5. The results of Northern blot hybridization. The total RNA extracted from
each group was electrophoresed with 1% formaldehyde agarose gel. For
internal standardization, S-actin was also hybridized. The expression of
type I procoliagen mRNA was very weak and that of type II procollagen

mRNA was promoted with the passage of time.
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1D 5D 10D
Densitometric analysis of type I procollagen
mRNA expression. Standardization by S-actin was
done. EGF group showed the highest expression at
Day 10(*p<0.05). *ANOVA with repeated
measure.

=
=
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® 8 0

- e =

o gFslste] 7 &3] A
ol& ®lwdAt(Fig. 6,7). @
A gz A P S T
g &AW WA A 18 w
Aol mRNA F&8<& 1¢93 59
Ateldl ¥TE W) gloir)
1087l = F71ete Z2e8S B
Rem, A 28 YA HE
< Azt Aol wel A
L Z7l9Ee e 9ok 10%
e EA Foe) A A 19
TPAFE A Ao we
mRNAS] F&#d Wz} g
o, A 28 wYPAe] mRNA
£ Azl Al vt 1 8§
do| F7P} wnlEdnh. EGF
TFolpe A$ Al 18 adde
wlok 1ol 5hAtelel] ZHast
Acirt ek 109 A Z7181a
on, A 28 nYAe A% uj
& 547HA] zHA3rE 1094
o F7}seh bFGF Foi79
AL A 18 a9de A% A
o wat 2 F FoE Wl gllen, A
28 wYAe A% A Ao wet s F
7hiact. IGF-1 Foode 4l 18 agde
Azt ATl wa} zbol7) gldlen, Al 28 med
& At A wE Flshe e #EE F
AATh TGF-A, FATolM A 18 agAe A
7t A wiet Fap o 8ol Stk e, A2
Y wYdAL ARE ATl wel #As FristAch

A 18 mfAe A% Fig. 594 & + e
A o] 2E Tl mRNA9 Fdo| F3i3}
Al bandel FEIZ Ut F& glded, B-
actin® 2 EF33 Fig. 6914 B upel o]
Wt 10879 EGF FowollAd 1 £do] 713
A8 Frlsldor, $FHEH FAFAME Al
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Relative Density Ratio

1D §D 10D

Fig. 7. Densitometric analysis of type II procollagen
mRNA expression. Standardization by S-actin was
done. Control group(maintenance medium only)
showed the highest expression at Day 10(*p<0.05).
TGF and FGF groups showed slight decreased
expression, but markedly increased expression
comparing to other growth factor groups(*p<0.05).
*ANOVA with repeated measure.

e wet obrd Myl glg s 4 5 U
oAl 28 nede B¢ ZE FolA Alzte] A
ol mek mRNA ®d8e] Zrhstden), iz
TollM 7P Rt Frletgn 1 ggos
bFGF, TGF-f,, IGF-1, EGF € $H3d%y %
odze M2 7S #FE Uy

4 M 1@ W N 28 mHWol chst elotsie
=L

A 18 RUAY gAol FYE Hols HEE
)7 23, 244 dE B HolAY U
@ 2ol giglem, Al 23 ZALA g 24
A 277 AR 2y mopel AZelA
FIE HYL BAL & AN Fig. 8. DA
A 18 m9del Heole dAde Azt
o met gl Frhsigon Shee Avls

rr

Fig. 8. Microscopic findings of disc cells after immunohistochemical stains. Disc cells cultured under each condition
were stained with type I and II collagen antibodies. Type I collagen antibody was positive in the large
amorphous cells(A) and type II collagen antibody was positive in the small polygonal cells(B).
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1D 5D 100

Fig. 9. Quntative analysis of immunohistochemical stain to
type I collagen antibody. Type I collagen antibody
was diluted into 1:50 and used in stains. The results
was quantified by counting the positive cells in 3
high power field( x 400). (*p<0.05) *ANOVA with

repeated measure.
251
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1D 5D 10D

Fig. 10. Quntative analysis of immunohistochemical stain
to type II collagen antibody. Type II collagen
antibody was diluted into 1:50 and used in stains.
The results was quantified by counting the positive
cells in 3 high power field( x 400).(*p<0.05)
*ANOVA with repeated measure.

fom, IGF Tl Fd&ol FelstA =%
th(Fig. 9). A 238 wgAe AfME Azt
Ao wet Az F71E 1, IGFFATNA 7t
F EE YHES B FAZCE /A Aol E
B (Fig. 10). 7z TE=2 dvEd dx =
oA Al 18 mdde 594 Fretart
Zasn, Al 28 wddL A AR ot
Ax et BAEE Edov, 1 Fhed

A gttt $HIEA FATdAM A 18 zdA
& A1ZE Aol met zle]rt gldem, A 2% m
AL A3 A uet Frtete Fie 3R
4 At EGF R Al 18 mdde wlek
5ol FrtslA Tt AAastda, A 23 w4

e wiF 197 59 Afelddl Z7laitizt 102
Ao HohE ¥sl Atk FGF Fo oA
A 18 dLe A Ao wat 718k
, Al 28 wEe I gadste &
B9tk IGF FATdAE 4 138 93
12t Aol wet Fap 7Rkl en, Al 2%
wYgAL vk 19, 5Ydl= W) gl 109
Al F7FeAt. TGF-R FAToMe A 18
nYAe 597t FUtsitzt 108 A<le wal
7} gien, A 28 mwddLe Azt Ao oz}
Azt F7ehe S #EE 5 dATh

Mo ox ki r

» Mo

|

i

a

E719] BHAZ AEAM E23 total RNA
ol &3t AMA-FHEL WSS T3k Ao
E719] Al 28 procollagen C-propeptideE
£ F%3<2 ¢DNA clone (RbColZAl)
THoE FY F e, FHELAHN 0
P& AHEY drIMES @7840}04 A3t
Aot ole AB7HA F39 EiE 1, Genbank
o E=HUEs EZe Al 28 procollagens]
971 ML*93 vlwsled C-terminalZo g A
2 206708 E7IMES HEE £ Uk &
Argel A 28 weAEe] d71M|* A v 2
7 i E2 Aol AES & F AT =
3 A 2o] §AE cDNA probed o]8&lo] A+
ol AEe} FHAAF AENM &3 total RNA
2 Northern blot hybridization< AAI& 4
3 A& o] total RNANME o)$ Bol
vheete AE EAE 5 e, F —‘—Er°]34?l
cDNA probed & 2218 # Uz, Al 1¥
fA3te] YoMl A olY mapikg-e -‘&"é}
g & Uit
AN AZY £E, AEEstel Axe 7
Ao & F/E F e BRI o F
& wdz geA dew, o3t JAAe
AAHo 2 FEAY ZF sgro=z FAdet
Av e #4472 AxF 7ed Bt §4E
F Aok g4A 78 5 e AAJAE o] &3t
AEAE AE whgAzioEN Mxe] Bd
Axe] 7189 AFAPE 2-dles AT 883
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AP ek, o3t FoflAe] dFe #HHA
23 A3 A2 FAAEA A 43 A
Aol gt sl s FFAIZA®T, whata g
AAbol] o g F2; M o) kg% F7hake] HAd
ARl @ AYRF S olalsted Be =
€ Z Aes ¥4 4 gk

A ol AFdME FH AEo gEH
Q BEEA A 23 ngAdd 2HE ©wFo A
AAA A 3 vEg-E 47 fdte] e gE
A AEE o|F= A 18 2 A 28 agAe
A Wsle AFdstnxt gk a2y 33
# AEE AERUANAN S S FHAZ
A BEE AU Adieie) e FIFe
3} (dedifferentiation process)”} 711, A
ZA X ®3lE 715 g fAed Axe 7132
o] T3 &3t Aol BEHA JE e o
ngtense olg FEslmAl Y Fe A L
A AT HEHO FAFHD &S FAF
T Aol AlgsldTh, =3 F09 A Fe] wgk
dMe A TEE HATo 2N A X
el e 28T F gle 98 /A 8428 S
A et z4zkel At 2% A4S sletst
12 3Tk 7Y o)A d AL Aol gle
Ao F= AEE wjSIEA GRS T
gozx 1 EHE Y AT F Y& Ao
2 A7, duddg T3t dHo| gle W
2l A wf et AR F3 ML} A|Zhe] 7
A3t uwel AlgEoER wige 2AL
0.5%9 A7 454 =4& 93 BSAE,
free radical®l AAE 93 += selenium &
A7kt HA o] fAMA ] 2L BES AL
dom, FAuR] e 3t Az &
2lo] HAEAR APEEA = ¥ AE AT
F, ARE AN S AEd gk A9
el 78 Hrtg £ YUk

HA dzTe] A4 F2e FisE] U
;AT F ANy A 18 £ A 28 ugAe
mRNA BHE Azte] gt wal F7ig e
#FEE U3, 53] Al 28 agAe gE A
ARlzts} vimale] 1 B&Ho| foldtA ZrlEd]
S & F UAAh o)AHE 2L FHaskee
AR E BE F/He Axe il 22

dote Bat®¥)oaiel go] F71d A RAAE
B3Pl 39S € F UAgTh WMol By
313 A E AR AFE 2Yn). SHIEH
FoATe ¥ AE2TIH vmete Axe F4L
A3 Frheld o, w¥d mRNAEHL A
133 A 28 RFA 238 iyt A9
st o] Aee 2T fAR A9E AR
& 4 AR ole AFI WG A Fo] F2
o] WE AL AuUHoz ME 71A9 FHe
23] ZadH Heu Y, $HEy Fodz
AL= old sigEctn & 4 gk

EGFe 2371 22" AXgNe 24se
42 g=A Aok 2 gl EGFel g
F7tge wreo AZzANE g A EZ2 9
FFEGE AFRAEY 71%E 98 A A5
3 B, a8y o)A EGF7 4Fx3
AN e FE F2 Lo FAsld AFIHEY o
#3}(dedifferentiation) & &= 284S dcin
Bng R Agol3 Aoty & O'Keefe
9} Pledger® & F7t#e] 44zde #ddAZ3
< & 7FeAel ALE ARy, B a7
ANA AETjFE Bdld AvE Z3 Benya®?
ol BHm3gt upe} Zo] F21 M FEoME F2 o]
F2 AR, MR r1de FAde ¥oE
237t gle€ ¢ &+ ATk °l& Thompson
Yol AFE 27wl AlEujdde] o2 s}
A zpeld, & HME EX9 4ol (hetero-
geneity), MXe9 TP FEAd iy HNE
BelAgF Lsad o 93 23 9 A ¥9
718 g AE Z2-o] &A FelA 7194 2
Hetn AZEch weld A zujde] ol v
= Bg¥ # e PR d7E Y o
A3g vlmslelol Bt FEY EGFY &ds
2o 5 JS Aoz Azdn,

bFGFe F& Y 719 239 mitogeno
2 gEA i FAHJFZAdME F29 29
7b B3l 71sEY & Aor Eudgan® gle
H =39 27} glew, FH 2AdMe F
3 EEA #9 A (angiogenesis) & FE
3le, FZte] 2EHo] HIYPA WIE Yoy
ZZM B B gdoz wHdtT st 27
el EFE FAANe 9E€e Idn Nd
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B2 xI FGFe FREOE 4#F TS
Hr} & 28§ g, Aol Axy S AR
9] 714de] & S/ 3, ASAEY
AX dixe 2 &7 A= Hoka &4
o, mEh E dFoMEe £8 2 ol R
T FT AX disiM 34 2 ned &
ol oisted #AEsIF ot 2Ty vlmetd
ol7} flol 1 At e g ¢ F I

IGF-1& A% 3289 288 33, o
Z AL A338l3, insulin® AR ZHEE
gty gth BHAE 2F oA AZAEE IGF
o tha =8 & 7HX 3 o] Al FuetoA ME
o] RS FAAS L, AT F2 L X9
7149 & AFse ZAE Zedn I
92 - 384 Thompsons* el Hirel o&ha A
Qo] 7ty 2FA IGF- 12 2 2 A
Aol vlujsltla g, ol FEAe ¥ F
I e 29 Aol wiFelgtn AT
B Ao IS it Ao 243 AF
Zo e dE2TEY IR ed #9
g zlole gllen, A 13 wedZe] mRNA
F¥e dizaH Aolrt g, Al 23 meA
o] A% gzt 38 ZiHA UASE ¢
ARk W2 3E A e FALG 23
Hol ZEH 02 IGFe F30% AXdA Hoh
7k ge€ ¢ F Uk

TGF-A+€ A%% Ed¥Pe 83 A2
geix o, €& THY AUt 1 FEAE
7R3 gl #EHTD. TGF-fe AE F3}
A (cytotaxis), & %, pasminogen acti-
vator 39 A, AZA AE] AT
ZA%5 vW$- gUF 71e S 7R3 de o=
g A UTHEP AZH EAME F23 AL
7149 45 T/ s o] gl A
Bloll A ulgFE AAE B¢ T4 TR Al
9 7149 F4 didide =39 AA7} U
kol AFdMe 2 tEtde FHEA
23 EGFRAF Loz & AEFF
o] 2%lem™, Northern blot hybridization®
2 AvE adde 4P M e EGFo=
ge] A 28 292 mRNASY Edo| F7lxo]
RS #BEE F AU F AFTe FAH A 2

Mo o >

Y mdde P4 3t ENE BT ¥BY 5
Ak ol olul BIHe} QY U A Eol
U TOF-AS EBRSE 4G 2050z, @
AAZel A4l TCF-A7 AgHE A% 2ol
F289] A A48 4 SlE P E B

Zthn ¥ 4 9o
z £

oldel AxE TSt & W MEI4e| 59
dre ¥, EGF, TGF-A7t & 298
Uehis, mddel AgY Fhcde dzT,
FGF, TGF-A7} $& A%E Ho, F7kx 39
dlq Ewl TGF-47F 73 o3 o2 F13 A
ol A8 5 e AR Y4En, ol9
A o8-S AN E o JA] AR, +
HEAY e & FFoAd A wE, oA F
= et F o 7 FEHE A7 28T A
o2 Azdd.
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o] &g AT o] AFE AEE o9 F
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