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BMP-7%& o] &3 7t ES7|AXZHY dF9 A4 Z
MAP-kinase F2& B3 A3z AdGe 7H

=7t Z=7] A E(mesenchymal stem cell, MSC)E AIFAE
(chondrocytes), & A ¥(osteocytes), AHA¥E(adipocytes) = 54
¥ (myocytes)s o2 33 5 AT MEZA, in vitrodlA 5 Wl
AdzAsle o (cartilage), &(bone), T (muscle), ¢t (tendon) =
A4 (fat tissue) e 22 F3HE FEF F o 2 AFoAE =
FolAl FET AFFES FUHYE E7IMEA AlFAUAA xR
BMP-7& A 2jste] ASA Lz £3E

gt MG 7ol oste] AFAERES] FE3UF FrEHE AE dof
Buz st9on E35 MAP-kinased W3S 1 o
s Fotstaxl ATk Al T E7IAEe] AR wiF 2 f
&, RT-PCR& o]&3te Ao 7|dx AFAxe #23
118 P4 2 aggrecan FAA H3S 43}
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\

.

o

M
4%

2

W g Mo Mo R
oS (G D)

CD105, CD44, CD29ell A= & 57% oldolA dde] H
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=7t E7]M E(mesenchymal  stem  cell, MSC)&= AFAE
(chondrocytes), =4 ¥(osteocytes), AHA| ¥ (adipocytes) % 54

¥ (myocytes)s o2 F3st & AT MEZRA, in vitrodlX 5A
oz Aslol] o F(cartilage), = (bone), < (muscle), 1t (tendon) =
Az (fat tissue) s o2 B3E FET = Ak o] T =

X AAAAE BAE7] W] JA EF7] A E(adult stem cell)
i stk AA 27IAEE Bl EVIAEEA T S7]AEY
Hjol Z71 A3l Hl&) &Held =AL 9T 7 AAN FFo] oy

B AT7F o] FolA A & AHolth. E7]AEE o] &3t
| 55k X & (cell therapy)’= AIX2] 7|50} 22 9]
= B2 A F&sA ol8d F U= A 7]t
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Pt olAlE B4 3/ 240w Rad + JE BNAEE o8
stol AW AT 5 A Aol dor, A e, d=dol
W, H3Ed, MBS, A, Fud, B89 S AR FNAEE
o] gstnA s AL BAeA AAHT Yk = AT Holo
2¥EH ALE Peld ATEe] Bu goma wolziy 7]
AEE 97 gu% 432 AssE Lo dem Yk



Bone morphogenic protein(BMP)-2 transforming growth factor—p
(TGF-B)2] superfamily@ 4], 1988 o]% & X% 153572 BMP7}
DAERNSH, BMPO 7|52 42 Ee oA F 79 peptide
chain®] 770¢] disulphide bondZ dimerE #A3tx Qo o]=d
dimerizationo] = =0 A< 4TS st FAoE B AT o
213 S 3 AEo] Qe A A AR ThsAdel AlAH
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BMP-2¢] tajrs vlwz we o3y}
224 § BMP-79l dsidE ol we dAysh Hol A @ 3
EHO]T%'S{)

F <ol BMP-29F BMP-9o| ]3] Abse]l 5319 71225 E A
FAE2 BeE FEI, AFAEY Sold fFrx #dE A
AFRIZFRD Sox-99] &I} dA ko] YHEMWSS Histdrh ol g
HiE BMP @ doe] Axg 4T F Aok b A AA
AAEA ] TS FAAZG]

ey, 7hE Hol 2 xE Aol oA, oy FH2 BMPZFol
ME BMP-2, 4, 5 6, 79 =3l oA ol& A A,
BMP-7< A2 st AEoA AzAze dixad mAAl A28
Ao Aol A AA FrMEAeH, HolE Aol xAFEY
A1y whde] dde HAastEon dAnh” wd, AFRe] A
FrobAlEe] FdS AAFoEN o2 & EAVE E F A= A/
AZo A o)A & wuE FAT £ &S Bk

Z7AEE FA 5 BIAELE HEH A HFSE FEEA
W AF7A E7IHAEZE oW ARE B 474 ME=z st
A1 71 disiA e Ao EEAA Estth vl E7)AEe] 2



27h WE AW AR WA 2Ho} JHS wEe] AL 3
T 92 o, F/AEY WAL ARets] AFAE <

A AEE 7+ 2@ AZHY AlSAD(signal transduction)S ©] 3l 5

p38 protein kinaseE A StAIZIvta AR H AT o] g kmase-: /‘ﬂ
X F3lo #oAsE= 4l W% % mitogen-activated protein
(MAP) kinase® <& A T3 BMPY AlxY Alsdge AH
Ao = Smad @A &35 T IUE dEddH F 54 FH
Ae] AAbE 2A-SHA H™, Smad @A S T3 A5 AL BMPY
7HE dExAd AsdedAd=zeg & o Atk 1 9ol BMP=
Wnt/Ca”, JAK-STAT Az dgddzel dxo] gt Aoz RuHgl
o L el A 1997 Aol ok, Al vt A ERK7F €4 3}
H A ZoA Smad 19 A3= 038 A, o] Smad 19
gpzel F9S dAsdta Ik oby I A He g A

A 9ko1} BMP-Smad 41574 29 ERK-MAPK A& a2s A=
HE AR27F ofue, 9o BMP Ab=o] o8 A& dito] AU

nskal itk FHtoll Abgre] T3y EVIAMECA A7 5
Astoll 4w Fate] oAzt AWAMER FIAHES w, &
MAP-kinase®l] 9]3] =4 wom 53] Erk-kinased] 2|3 2%
AR} ZolbAlxe 3kt & A S Btk HE3g, MAP-kinase?
st ALAER E3tete RAoNAM Alx T E3E 2GS

ox
1o

1o J%ﬂ
[l ok
ndor BN o

A FES AsHAgEde =9dd we FfHates dg 422
E3 Eolxel AARIAES 2= Floln F7+y /M ET AZA
2 Basle RAAAE o7 AsAG A2 Afed AZAE
gke] EolA fA wE B xdo] o]Fold Aoz oAETh A
A AFAE] Ebel] FojatE HARRIAEE Sox wuldo] oy
A3 k! SoxiE ol W HAF Azel FAI vl AHI W



dAE Hol= HARRIAZ A, Sox-5, Sox-6, Sox-92] 9&o] FQa3st A
o7 BuHAh” AZAEe E3to m A= Sox @A I A
T= dAA 2-3d"4 B35, 19990 = Sox-99] EdWol= F7HA
7| A EZHE AZAEY] 73 AdIAEY FHAA HAES FAst
Atk B L3 in vivool A Wk ofyel, AE Wl Foll AFAE
o thEACl FAAel A2d whdHo wH S %ES =d Sox
Aol AFAe Aoz et B3] Sox-9 FHAAE by o
A xpe EAWol 7l @MAYSH, campomelic dysplasiatl  skeletal

malformation syndrome¥} #2 ZWo] FLEHOoZA AAQIAS] o
Zo] FH 7] AFEFAL T Sox-9 BMP-2¢l o8] A=
Apelztz uhel g o}, BMP-29le] BMP-49 BMP-9¢] o] &A%

Aoz AT webA, B AT AHE3 BMP-79]
o Ty EF7IMEES AZAER 73 & Aolw, Sox Ao
9]

S|

= oA F=3 A F3H =71 A EA
]tﬂﬂﬂﬂoﬂfﬂ Azgtd BMP-75 o] &3te] doAx=e] £3E
Lo, o] HA F oug NG 71Hdel ot A=MER] #
37 FEEE AE Lolrux 3o 53 MAP Kinase? 2d



a1 =
HEEEH FEI 27 2Ao2RYH A aFdES AT A
AHFE Hit 4241(21-65A4))0), ZutE AT A A wiSS

Dulbeccos modified eagles medium-low glucose(DMEM-LG),
Dulbeccos modified eagles medium-high glucose(DMEM-HG), $-El
3 % (Fetal bovine serum), Antibiotic —antimycotic, trypsin-EDTA,
insulin, phosphate buffered saline(PBS) &< Gibco BRL (Gibco
BRL, Grand Island, NY, USA)AFS] A]eFS AFE3} 3L, ascorbic
acid, western blot analysis ## A]eF 52 SIGMA (SIGMA, St.
Louis, MO, USA)AFE] Alek& AF8-38Fith. MEK inhibitordl U0126
promegaite] Al ARRSEATE AT FE L AHRESol AR H
+ RNAeasy kit, Omniscript kit, Tag DNA polymeraset
QIAGEN(QIAGEN, Valencia, CA, USA)AFe] AleFS A83tom,
Percoll £ 93 ECL western blotting detection kit< Amersham
Pharmacia(Amersham Pharmacia, Piscataway, NJ, USA)Ale] A&
AF&-3Ll T ERK, p-ERK, JNK, p-JNK, p38, p—p38%59 aaA&5&
Santa cruz (Santa cruz, Santa cruz, CA, USA)ALS] ALS AL&3FA
ok A2 24]e AREE CD105, CD44, CD29, CD34, CD45, CD14,

anti-mouse monoclonal A5  Ancell (Ancell corporation,
Bayport, MN, USA)ALe] A& AF-&3S T



2. 7

7}, AAZF BMP-79 &4

A 0S-2 MEFZHE RT-PCRHS o] &3]
BMP-7 cDNAE A zZ3stal AlZ%¥ cDNAZE pBluescript SK-vectorol
2249 stttk Alxzd d3d§ A3} BMP-7 clones CHO AMXF
o transfection AlZ1 ¥ wjFstAh 48A1FA = v Fgk $o G-418
S AP st MAEE selectionst Attt &2 ¥E M AEE suspension B %
4 serum free medias ©°]&3ste] WY &  SHODEX OHpak
SB-803 column chromatography& ©]&3te] &2 AAsd. &+d
¥ BMP-79 AAdH &S fsted BMP-7 epitope F&
(STGSKQRSQNRSKTC)E  o]&3ted E7le] WHAAZl F  whole
serum ¥ E] = polyclonal A& A|ZstF . A Z%E polyclonal A
& o] &3lo] western blotting S F33te] BMP-79] 2dS Ao
2 gttt Alx¥ BMP-7¢ AESHA &A4d& Felstr] sk
M S22 alkaline phosphatase activity assay, cyclic AMP

accumulation assay, PTH receptor binding assays = 3 3}%t}.

U A S V1A 44 W

_4

3000 unit®] heparine] ®Xl FAZIE o]&ato] I Hd FoAAt
o] FEESFH 2-8mle] =F94E AUk o7l DMEM-LGE #7}
gk 1,400 rpmell A 5:&7F 94 skl 4 AE AAS 20, 50,
65, 80% <] Percoll €43} 4o 3000 rpmolA 2057+ 94 &3t
o A% o wE} EFFATE 50-65%2] Percoll &40l U&= F-9
o] MEES 335 10% $-HloF A} 1% antibiotic-antimycotic
Sdo] H7Fe DMEM-LG=Z Hbsto] 37T, 5% CO, i 7]o A o
2} WS A7 F 75 em® culture flaskel 90% o]+ M E7F XA =



A7 AEELS PBSE AFHsta 25X trypsin-EDTA 1 ml&
3 > AEXES "oldo] PBSE H#3 th2) 14,000 rpmol A 5
o AIxE HHA7]1a, PBSE 23 ¢ Al#Hg & AdAAGY. #
A EZ= 5x10° cells/mle] 3= 2 PBSOl AF-&38ta z+zhe] &4;

mesenchymal stem cell specific marker(CD105), the hyarluronic acid

receptor (CD44), Bl integrin(CD29), the early hematopoietic
progenitor cell marker(CD34), the monocyte/macrophage
marker(CD14), the leukocyte common antigen(CD45)E #7}8to] 45
B Ao drgA 7t 272 anti-mouse monoclonal &
S AZGx10” cells/mDell vabe] 4587F 2ol A wkgAZTh wkE
Az MEES PBSE 23] AAHE & HAHAIA flow buffer(1%
paraformaldehyde, 0.1% soium azide, and 0.5% bovine serum
albumin in PBS)Z IAA|Zl %, FACScan (Becton Dickinson
Instrument, San Jose, CA, USA) AolA Cell-Quest software
program©. & #2359t}

2}, In vitro 78 S7IAXEY dF AXZ9 E3 f &

TR =71AZAA 72 MERS F3he e 2& 54 A
A 32k v ekslith. AF A EE alginate beadE o] €3], 50, 100,
150, 200, 250ug/ml BMP-7, 50ug/ml ascorbic acid, 6.35ug/ml
insulin—transferrin-seleiumTS), 2% FBS7} X3t¥ DMEMo| A 25



b 3ak ol Fst it

vk AES] 71dR AESAXY FAA(R2E ndE, Al

¥ YA, aggrecan)dd EA

< total RNAE F3319] oligod(T);2-152 ©]-&3F] cDNA
< ZF FAARe] AA LA PCRe AAISHTh A=A
A2d WP i tpdQl aggrecano 2 Q151 T

¥ 1. & ¥AFHAA2 sequence

PRIMER SEQUENCES SIZE (bp)
5 —CTGCAGCAGTTGATICTGAT-
aggrecan 540
5 —GAATCTAGCAGTGAGACG TC—F
Type | 5 —GAGTGGGGTTATGGAGGGA T3 S
collagen 5 —TCCCACC TCTCTCCTCTRAA 3!
5 —TTGGTCCTTGCATTACTCCC—3'
Type 1l 368
collagen 5 —CAGGACCAAN GEGACAGAAA—F

GAPDH ¥ -GAAGATGETGATGGGATTTC—3 295
5 —EAGE TEAMCCTOGEAG TC—3'

i, A5 A2E A (ERK, p38, JNK)¢] 28 @ 34 =4

ERK, p38, JNK¢] %a-e western blot 1 3tst ExAyorw =4
St Aol AA iz RIPA lysis buffer[1%6 NP-40, 20mM
Tris(pH 7.4), 150mM NaCl, 5mM EDTA, 1ImM NaVO4 10g/ml

3

protease inhibitor(aprotinin and leupeptin)]® @3 % 20pg A%
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=S AFE3Ee] 12% polyacrylamide gel electrophoresisE 2 A 8}
o}, dade AF8d9x PVDF  membrane(Amersham
Pharmacia, Piscataway, NJ, USA)S. & o] &5 A7l & 5% FAW ¢
2 1A]7Hs <k blocking 3 %, dxF &dA|ep o]} f%ile Abel| 2 F-=
A2 g, ECL detection kitE ©]-83}4 QJ?‘{}E} Az A<l
p—-ERK, p—p38, p—-JNK, ERK, p38, JNK2 3A4]&- 1:35000]} 1L,
o]z}& A2l  hose radish peroxide conjugated—-anti-mouse IgG
antibody, anti-rabbit IgG antibody: 1:5000% 3] 4d3le] A}-&3FS) T}
Western blottings £3te] o9& ZA#E TINA program (raytest
Isotopenmessgeraete GmbH, Straubenhardt, Germany)< ©]-&3}¢]
zkzte] ZFxnl g ALkska T
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L B Td S71AX9 dAuF

Aol ST EVIAEE A v AV EEE oF 7dAHE A
flask®] wpgtel] 27] A &Zslm, AEo] RS AGRAZS} FAF
17 T =71 A

!
3 A%S Fes HRAYY B9, FAL 24 A,
xo] ¥AAZ &4 CDI105, CD44, CD29ol A= FH A 57% o]/l

-

AodAel H9lar, 54 EAAE Al CD34, CD45, CD14el A =
4, A

AR

Hat 4.4%7F GAo] ol ZFAAHFEH Percoll gradient method=
FE3 NE7F S0 E7AEL S FstAti (2 d 1).
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Fluarescenee Tnkrnsity

39 LA IR MFT 49 FHE B WG NG F 15D F}
Fo Aot @ AAXI0. 4 TG FAEE A4 6
RE o TUAE AU flaske] whefel 7] AAsM, AL BFe A
AL GAE A%S Gz BAAAL. B) 4 BrEYE F

1

=
T EVIAES] FARE 24 A 39 SVIAES AR g8

Al

A

0
49l

CD105, CD29, CD44ol A+ FH A& 57% o]iolA dMo] HA1, 4 F
2 487 CD34, CD14, CD45oll A= Hr 4.4%7F 2o H o
B Percoll gradient method®2 F&3 AX7} THE S7IAXL S

o,

jaleA
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2. BMP-7& 0] 43 In vitro 709 71429 92
AXZY Bix

2apeg dotusl 919

9
o S E7IAIEE EsAA T Bk BMP-79

A7) gAstel EA FAA
7}
A vebget

Aggrecan

Type |l Collagen

GAPDH

O 2. A F71Y VAT ME U2 HEo BMP-7S A@ldk dFA
¥R B3e Ay M2 UE FEo BMP-7% o] &3t AdFAELRS] &
3l5S LolH ot} lane 12 50 ng/ml, lane 2¥ 100 ng/ml, lane 3 150

ng/ml, lane 4% 200 ng/ml, lane 5% 250 ng/ml= BMP-7% 1497+ A2 &
of AFAEZ £3A 7 F RT-PCRS 53 FA Hdxe 2ds #A#s)
Stk 200 ng/mle A3 T(lane 4)9A A28 WAl 3ol 71 =
e
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3. TGF family cytokine2 ©°]&3d A2 F74E =74
¥ AFNERY B3 uu BA

7NEo| A M EEF B m 2 A TGF-p39 BMP-79
AZAE B35S nusdty] 95t A2 g2 ez AHglsle] o
Aol FAFAAS] HAs AES AT dIAEE 3 A7 A
A, 7dA, 14LA AEES 358le] AFAE] EAFHR 23
= % g4 A

RT-PCR& &3&to] Lolr gttt A=Axe F8

AVA
on T OgE ZAFHX
5

(o

-

m&érzrzrﬁwmﬂ

jab)
et
st
=
@
Q
jab}
=]
Lo
rﬂ’i r
["_81_'4
f
M
L
w
e
2
-z
)
e 38
bk

_15_



3 day 7 day 14 day

Type Il Collagen

Aqgrecan

Type | Collagen

GAPDH

a9 3. TGF family cytokines ©]-&3to] A2l T3 E7|MEZEH
AEZ B3l vlu B4 Lane 1, 4, 7& BMP-7% 100ng/ml &3}
lane 2, 5, 8& BMP-7< 200ng/mlZ 2|38} aL, lane 3, 6, 9% TGF—BB
10ng/mlZ A stdtt A28 wPddL2 3} 14 Ao Lo &=
EA AR aggrecan®] X F3) 3AAFH BRHAC E3F 149
ol BMP-7& 23 X7} TGF-B3E A z|d s xnt}t A28 mYd
AA7E o =A dE sk

r2
i

l:l

m~L

do X i

4. BMP-7% ol $3te] AZAER B3 A SR 4% ¥
4 ¥

w2} BMP-72 200ng/mlZ 2] &te] &4
At Az ZA FHAe A28 wdA,
aggrecan/] ds o A
= Axe] ZA FHAl A28 wd Aol 5°1aﬂ Bl oFstAl wrdsty)
Azakel 14474 B gol =
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ggol wel FHske S B

MSC 1d 5d 7d 10d 14d

COL2A1
COL1A1
Aggrecan

GAPDH

a3 4. A T E71HAE BMP-7S o] &3 A&
I 200 ng/ml, BMP-7S 1443 A3t A=A
RT-PCRS %d ®A FH1xe HdFYS ARsAn. A=A
7F Aage wet A= MEY %A FHAR] A2
B ofetAl wrdsty] Al Aete] 1497 @

= HOO]:O] <) ,
aggrecan GA] w3t7F ol wpe st AS AEE T

5. At#e TE E7IAEY AEAERY £3F Al BMP-7
AARIZL S T E FA

=2
lo
ret
>,
1-0{!
R
v}
o,
fru
to
N

AZHALEA ERK, p38, ]NK9 &¢d =4
= BAEZ BMP-7S  A#ste] A

g1 &4 3= western blotting W & 3}sh 4]
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T

Ho =2 A3ttt 235 A &2 T Az E A48 A
ort}7l BMP-7S A @d & %79 E RK7} 2 stE ATt £33 10
AR F-E A @”H@r He A&

Ei 5k p38y JNKe &
e AESAT. A=AHE 3 B 5 P38F INK+= ERKe+= &

gl 243 HA EF= As o

e
ol
ol
?8

BMP-T

0 30m 1h 10h 1d 5d 7d 10d 144

TP v ——
w1 DEEESSBSS

29 5 BMP-72 A darEmel 23 A Az A 24 @43
4. 49 TE EVIMEE du AEE 25HA7]7] Yste] BMP-7& A
g F A dd 2de dds SASAT 7 protein®] FEe 20
g/ml& AHEetgit. BMP-72 A eld § Z7]o] ERK7F 2435 3H7) &
s 104 A5-H tx] 43 He AS e
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BMP-7

0 30m 1h 4h i 1d 3d 7

JNK i R e csi— * e
GAPDH — _-———- -
a9 6. BMP-7S A3 7Y S7|MAEL AZAELR E3) A A

I-Ll L

o2 EZo] 843 =3 GAPDHE internal control® AF&£3Fth. A
w3} A5k P38y JNK+= ERKe: e 843 A g s o3
At

ol
-

¢

b 53 AZAERE A4AA A F AzdE =29
&4 %7

A= FeHr= HgEt BMP-75 A #ste] &74d35tE ERKe| oAl

Aol frxdabe] mre e RT-PCR& &sfe] wdsioivh. WA

Ao
U0126¢] &4 A w25 ZAsH7] & 2 s=¥EE ERKY €4
3}E western blottingo. 2 <218ttt U0126< 15 uM¥} 30 uM=
Ad A5 & o FANS FE o E ERKe &40 Eoj=e A
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Abstract

MAP-kinase signal pathway in the chondrocytic
differentiation of mesenchymal stem cells by 3-dimensional

culture using human recombinant BMP-7

Tai Suk Roh
Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Beyoung Yun Park)

Mesenchymal stem cells are pluripotential cells that are able to
differentiate into osteocyte, adipocyte, myocyte or chondrocyte,
depending upon the in vitro culture milieu. This study was
undertaken to obtain chondrocytic differentiation of human
mesenchymal stem cells using human recombinant BMP-7 and to
analyze MAP-kinase expression to elucidate the intracellular
mechanism relevant to chondrocytic differentiation. Type I and II
collagens, and aggrecan expression was measured by RT-PCR, and
western blot immunochemical analysis of ERK, p38, JNK proteins
were performed. FACS analysis showed a minimum value of 57 96
for CD105, CD44, CD29, known positive markers for mesenchymal
stem cells, while 44 9% was obtained for negative cell
markers(CD34, CD45, CD14). Chondrocytic phenotype as expressed
by type II collagen increased from day 5 consistently to day 14.

Aggrecan expression was also detected towards the later phase of
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the differentiation. ERK expression, which was not observed in the
undifferentiated mesenchymal cells, appeared after BMP-7
treatment and its level increased at day 10 of the culture.
However, activation of p38 and JNK proteins were not observed.
Treatment with BMP-7 and UQ0126, an inhibitor of upstream
MAP-kinase system, resulted in a rapid drop of ERK activity,
leading to stop of type II collagen expression and failure of
chondrocytic differentiation. Therefore, ERK seems to play a
pivotal role in the intracellular signal pathway related to
chondrocytic differentiation of human mesenchymal stem cells by
recombinant BMP-7.

Key Words : BMP-7, Mesenchymal stem celll, MAP-kinase,

Chondrocyte, Differentiation
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