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HEl limb bud Z+EE dIZHUY MEZZEREEH dZzMERe 30
transforming growth factor-g,(TGF-5,)2| H&E LoIE7| fisto{, Hamburger-
Hamilton stages 23/242| 7}&% HEZEE oMYz HigdstHEM, TGF-8,2 s&
U XAzt g AZMEe| Esto nixls IS ZAletct. I At TGF-B,= i
A 2442t B2k 1-2 ng/mle) SE2 XM2|SAUS W VIE EDNOE dZMEL 23
Exstdeod, E3I TGF-,9 HaziFolM ol 3Ldmo (35S)sulfates
lycosaminoglycan2z2o| felzto] #X3| E7ie8 2aHct S®, ufk 48A(ZHHo
GF-8,8 X2|st % E8E &X R vHH, uiYd 48412 ol¥of Ha|stHe dols
EX ZI7) HENX QFUC ofate] HDZRE TGF-B= AT W M=o 23 X
IcHAlol] Mze|o|Eel NS ETAIFH MESES FUSID, MEZ-ME ¥ AZ-MEZ2
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Aldl limb bude] 24 Z71GAANA 7 F
83 P N2 F4#H dFoltt(Ahrens
et al., 1977 Knudson and Toole, 1985:
Park et al., 1990). &, Hamburger-
Hamilton(HH) stage 16-209] FwldA4 7t
A AEEC] T4 F g map Axerd
(extracellular matrix, ECM) Al ¥-°] §43|
Z7F5lH A limb bud9l central core ¥4 =Z
LA o, 43 "Wxel NEr} BolA HE
$EAFE A AZYA U AETEEE o
ZAXER2e  #3l7b AZA¥EcH(Bee and
Jeffries, 1987: Park et al., 1990).

o2 AEe #y Esla oM e} Zo] AF
AEAMZ 79 7z AdsADA o <)
ZAAY, F ZFo|l2, AlEY cyclic AMPY
F593l 283 protein kinase C 3 Z&
Az o9& AFANREY E3t FH FL
AAHE Aoz dHAn dvh(Rodgers et

al., 1989: Kang et al.. 1991: Kim et
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Axe] ARl d&3S vRe A8 FUAA F
transforming growth factor B(TGF-f+=
2% 25 kDa2l homodimer24, ZHlg-d
Axe] F4 Ee SFA 2 ZAEAe gt
ECM TFAAEY #§4& 2Fdle Aoz 49
A o}, 7HEF A X TGF-pY 2Hge 9
&l fibronectinelvt, o2 &7/9 collagen.
proteoglycan 52 ECM A& 2 ¥e] AE
Fa dade] wE s HXIAA AR FAFH
23lg =43, ol ECM & g o &+
SAe wdx Frigel WA ddt(Ignotz
and Massague, 1986:. Roberts et al.,
1988: Leonard et al., 1991). o]s}zo]
TGF-g& ECM AR/4de zdUAAZAN =EF
limb bud 2] FHFY AAZAM F8I 7
22 & Aog F2Hr}

wekd B dFoME #AE7] Al limb
bude] =E3t Feid] A AEZZEE dEA
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X2 B3 Yrte 71FE qyety] g A+
°] 4oz TGF-B,& HH-stage 23/24 4F
A AR H, wFEHEAM AFY A x| B3}
o th3 JFS Lol RuA g4t B A7 A
7, TGF-fo Avl b7 Axel Axelra
AR S frdgon, dEAX #3327
9 AEZEHE FESIY B3IE £ o=z

FH AU

Mz W LY

ME

A 23 AEE AV 93 FEARE
LeghornZ¢ #3&& Fdsld A715%, o
TF) 3T°C, AUEE 60%9 Aoz BIA7
A& AH83ttH(Park et al., 1990). ¥ A
el A& AFF  cetylpyridinium
chloride. collagenase %2 SigmaAl(St.
Louis, USA)d|A., rabbit anti-TGF-8;3
anti-TGF-B,%= R & D SystemAHOxford,
UK)elA, 283 (358)NaySO42& Amersham
AH(Arlington, USA)elA st Al X8|
8 AFEL GIBCOAHGrand Island,
USA)E2%E, WwAdZE FalconAt(New
Jersey, USA)olx 73ttt

M= et

AME limb bud 2tE# A2 £ & wjd
€ HH-stage 23/249] Auwl& @3 3le] Park
5(1990)9 W F3tod AAsgT. 2eld
3 MAxe dgAL AETUE 2 x 107
cells/mle] H=2 F-12/10% FCS WS
78t Falcon 24-well plate & 35 mm
dishell plating3tla, W& 24 Az 744
o2 Zhol Frt.

Transforming growth factor-g,2| £2|

Av zHoeRE TGF-B,9 2Ie
Roberts 5(1988)9] e w&t acid/ethanol
F&& 9. F&9L Al Sephadex G-
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75, CM-cellulose. 18l FPLC Mono S
column chromatography(Pharmacia
Biotech)& ol &3t &, 3
TGF-fs= 4 mM HClo Fof 3&9& s
kM X 9 FEE A skt

AZME 2alrel HH

Adl EHAMEY E3E AP L Kim 5
(1991)1 A Bug ukel Zo] cartilage
noduled] Z¥¥d G Aoz Pt
&, WYAHAEE 19 2AH2=2 phosphate
buffered saline(PBS)Z 23] 44 & Kahle s
fixative solutione& 5 &3t nAAZ g,
ttA] PBS 2 23] A3 ¥ Alcian blue(pH
1L.LOE 3A B¢ d4349 sulfated
glycosaminoglycang 443ttt Zgd o
Ad g AFr] e 98 F 6 M
guanidine-HCl€& Azl3ld Alcian blueg #F
%% g, Titertek Multiskan ELISA
reader(Flow Lab)Z 600 nmod FF=E
&3 skt

Proteoglycan &Mzke| £X

Wik F Av) dZHEY proteoglycan &4
22 Goldberg® Toole(1984)9] HHid] 38}
o & o] HAABIAT. WY $A A E
(358)sulfate(l uCi/m)E 627 B¢ FAA|
1l F wiAE AASE, 1.4 ml9 0.15 N
NaOH= 78 & Al¥E 2o} 6 N HCI2 &
stAlA Y. ololM 0.2 M Tris-HCI, pH 7.8.
5 mM CaCly, 4 mg pronase® 7H} thg
55°CollAl 12413t E<t ¥Hg-AlA T, Carrier
7t vhg, 1%
cetylpyridinium chloride® 73tz 1417t &%
A&t polysaccharide® HAAZATH. wres
£ Millipore filter disc (37 25 mm. 0.45
um pore size)ol AFAAIA filter & T F
liquid scintillation counter(Packard,
Tricarb 1500)2 #Alsg 23|,

chondroitin sulfate®&
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Ay +E2 MEZEY AFAFE 23} 33
o TGF-6y0 23t &g LolBr] 98l
HH stage 23/24 limb bud® 7t&3 AXd
TGF-8,5 AMElgt ¥ W gstHA AFHE ¥
gtol v A& dFE ZARIAT WA TGF-B,
o Fole 129 € AW 2A& HFAs o3
38 ©& acid/ethanol &% 3 %,
Sephadex G-75(1.5x75 c¢cm)., CM-
cellulose(1x10 ¢cm), FPLC Mono S(1x5
cm) chromatography® £22 $339c},
e dAEE Z4e £3E mink lung
inhibition assay(Danielpour et al.. 1989)
€ 31, £5x9 A e golry] ¢
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Fig. 1. Purification of TGF-8, from chick embryo. A. The
active fractions from Sephadex G-75 (lane 1), CM-cellulose
{lane 2), and FPLC Mono S chromatography (lane 3) were
analyzed on a 12.5% SDS-polyacrylamide gel
electrophoresis. Markers were run in the adjoining lane and
molecular weights (kDa) were indicated by number. B.
Western blot of purified TGF-8,. The blot was reacted with
rabbit anti-TGF-B, antibody and the immune complex was
detected with horse radish peroxide-conjugated goat anti-
rabbit IgG.
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3 H719%3 A, Fig. 1A% #o) BExz
25 kDa¥ ©d W=z YyEgy. a2z
rabbit anti-TGF-$; anti-TGF-6,& Al&
g Western blote2 HF3 A3, anti-
TGF-B,ell9t ¥kg-3tE oz Heol 4823
G o] TGF-Fy ol FA=HAT (Fig. 1B).

A AZHLAEE wjg3tAA &5 R
TGF-B,2 WFzs] 24417t Bt =2 23]
ge] Xt 49 Fk wigs] HEA 23l
% proteoglycan % X 4TS Lo}
Hgttd Cartilage nodule® FAAEo] He
glycosaminoglycan®l A3t Alcian blue
QM He FZfo BIZlE 23 die Fig.
29} Zgten 1 ng/ml ojAe] =2 TGF-
B2 A A% proteoglycane T4 Fo] o
Z7o H&] oF 28] o FUIg whE, 0.25
ng/ml °|3tll M= dHzTEH AR, ot
4 TGF-By0 3 AT ¥3le &2 &
= gEHRdES ¢ F U3, olFe] AIFAE
3ol & TGF-6,9) 9FEML 2 ng/mle)
FTER Adte] AAEA

TGF-8, HelT9 AEge sty Hzz &

Absorbance at 600 nm
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Fig. 2. Dose-dependent effect of TGF-8; on
chondrogenesis. Chondroblasts (2 x 107 cells/ml) were
treated with various concentrations of TGF-B5 at the initial
time of culture for 24 hrs. Each absorbance of Alcian blue
extracts at 4 days of culture was measured using a Titertek
Multiscan ELISA reader at 600 nm.
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Fig. 3. Photomicrographs of mesenchymal cells cultured in the presence and absence of TGF-8; at 96 hrs. A. Control cells. B.
Cells treated with 2 ng/ml of TGF-8,. The cells were stained with Alcian blue and photomicrography was taken at x 25.
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Fig. 4. Effect of TGF-B5 on the incorporation rate of [355]
sulfate into the proteoglycans. At the indicated time, [35S]
sulfate (1 uCi/ml) was added and incubated for 6 hr. The
cells were then washed three times with PBS and their
radioactivities were counted. Values are means of three
independent experiments. Control cells, ©; TGF-g, treated
cells, ®.

25 e, W 2°A diRTolAM = cartilage
nodulec] Aol &AHA o}, A FelM
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Fig. 5. Time dependent effect of TGF-85 on the
accumulation of proteoglycans. Cells were treated with TGF-
B at the initial time of culture for 24 hrs (¢), for 48 hrs (@),
or treated with TGF-5; after 48 hrs of culture (A). Values are
means of three independent experiments. Control cells, A.

o} o] dETETG MFdA noduled] +3

32 FAA S/ FEle]l dEHAG. #H,
TGF-B, A2 F wFA7] H=z FHF

proteoglycan ¥4 % WaE Fig. 494
Zo] ujek 3AAEE sulfated proteoglycan®
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g Fol F73] Fukshrl AlRete] 4 A
=] va) o 2-3uj= Fristeich. o| &bt
A 253 ATulFA TGF-,5 Helstd vl
ok 2-3dA 9] cartilage nodule°] Z7teteE A
©2 Bol, TGF-f= AZAE E5n33
ECMe] 238 AAEA &8 Aoz Azdct

TGF-By7} AEAXE ¥3 A F olx A7
of YL v =R Lolrr| ¢ wiFAZ|HRE
vlefzol TGF-o& sl 447 wigd F
23l A= & 2AY Y. Fig. 594 Be bt
Zo] Hjck 24417k 48417 B¢ A M E
AQl FAR B3 1 FEIE 2Q w9 wjed
48712 o] F ATl e TGF-B0l 23 #3}
X837 JeuA Edvt. Leonard F
(1991) o) wew HH-22/23 staged Al® <
ZAE wjFzr]o 5217 BF TGF-& At
Aol £33 &7 33} gldAE, vt 14
A Heg 641 B A3 s 1.5-24)
9] 2AFHA7} Y&L 2ty o= HH-
stage 22/23 limb bud 7F&3F A EujckA
TGF-B2 ZH&A1717F vk 24713 o] FU & 9
u|skx| g, B A& A8 23/24 stage limb
bud 52 AEe FS wjgRr] 2447 F<t
g Hedlr g £353 &340 vehte A2

2 Ho} A9 #ALg Al7]o] AEE3} FaF
FEg vA e 2ot

FH, TGF-Byoll o3 I Az 34
2y 432 (3Hlthymidine 4% A&
vlws] B F¥ zFY TGF-B, e Alel
o A9 ztelst glti(data not shown). ©]
A3e Kulyk (19899 Exol FAMsict, ot
2t A E71E B2 o] ded] AX
o} Fajo) &3t Ao] ofet obF ¥ A%
He AEE NFE 9usiy, 2ASA AW
limb bud® A4 HF4 AXZFEH A=
Axzo Bl $MRog AxZHd os o
Frx ooz &Fo] dold thFo AZHE
29 ¥37t dojvtelgtn FPE

ol oA K upe} o] TGF-B= AS9A
237 Azel B 27l AEer]Ae §
Agozn, HNESEHE F¥stn Az

o
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AT aelzm MEes)Aze 2EHes SUA
Hozx ABAEze PiE ALY Ao
2o 2DE ABAE EaTd Z TGF—ﬂz
o 1 4848 B3 ATRZ NsdSHE
A LR zArRe Foz FRH ool T T
oldh,

ZEAL
¥ A7E m8R /2Te 497 s Bt
Ak A E o 1 @l A9 el S
H90e.
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Promoting Effects of Transforming Growth Factor-g,
on Chondrogenic Differentiation in vitro
Jae Chang Jung, Jong Kyung Sonn®, Tae Kyu Park and Shin-Sung Kang (Department of Biology,
College of Natural Sciences and *Department of Biology Education, Teacher’s College, Kyungpook
National University, Taegu 702-701, Korea

To investigate the effect of transforming growth factor f, (TGF-5) on the chondrogenesis of chick
limb bud mesenchymal cells, chondroblasts (2 x 107 cells/ml) of Hamburger-Hamilton stage 23/24
were micromass cultured in the presence of various concentrations of TGF-8, and chondrogenesis in
vitro was assayed. Above 1 ng/ml of TGF-8, treated cultures, the level of Alcian blue bound to
proteoglycan increased over the two-fold higher than that of control cultures. Also treatment TGF-g, to
the culture increased the formation of cartilage nodule and incoporation of [35S}sulfate into
glycosaminoglycans. When TGF-8, was added to cultures incubated for 24 to 48 hrs, its enhancing
effect on chondrogenesis was similar to that seen in cultures treated for the whole 4 days. On the other
hand, the synthesis of proteoglycan was not promoted in the cultures treated with TGF-B, after 48 hrs.

These data indicate that TGF-8, promotes the chondrogenesis by inducing synthesis of extracellular

matrix at the early embryonic stage.



