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7| A= A Aol| v] %] = basic fibroblast
growth factore] <3k

FN9ENLE S Az ¥ S Qe ohEshee 2 FAZ2N B4 47 AAT 5 Aok 2
AN E Ale] FAE7INES AGBelA 717E ok AlEe] F413t SHeslse] 1ol basic fibroblast growth
factor (bFGF)2] 33F& zA}slgdc)

AZzE wiekd 5 e FH 271& AR St o= AAARE AE Pﬂ‘ﬂr. Hepatic growth factor (HGF) <}
leukemiainhibitory factor (LIF) 22=ol|A] £2]8F Z7hd 274 20] Z2A]o] MohE ke 2] ¢kgkor}, bFGFE= )3 T
oA Mz AAE 3 A= 27 Zen, 2 &3l 3leiA] bFGFE] =7} 10ng/m|_ o]AFel ALl = o7} 9k
A2 T4 223 ZHE7|NEE bFGFe] =) 9} Abzkglo] M| =, WA 2, TN 22 Bi}sl= AP e
fA8k2 919l.em CD9, CD13, CD15, CDI0, CD137, CD140be]l ¥4 141, CD14, CD34, CD45el = 24 o gl.om, A= Q)
AL 9257 9t vhdel] wEe] TR RE] EE|d Y&V EE bFGF7) 9& A% A E2 ] B3lso|
#A38] dekor}, bFGF7) gl ASels= Al x 3 WA 29 B3lso] 2= 9lc). =8 bFGF7} H71e wiokRela] =
A7 FFE7HEE v R M= o] AAZT|HE] EX]|A}<] nesnn_,,]. N7 E] EAA] B-tubulin I11& 2
3t 9\104‘;]- o]& gk 73.‘,]»_- bFGF7} Alete] E7teizr Ao 243 ohislsge $x)A)7)=d Fo3 ARz zhe
< oujslx v} w3 ZFENES A AAAS] A ZX A 2A AFEE7] Y n 23t e A AN ER 2
:r,_ﬁég- 2 olL ;\H :z/ﬂo]zp} _.g_g@.% z] ]g}_ 311;]_
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ol n 7] 2t . =7+ ZET|M| E, Basic fibroblast growth factor, Transdifferentiation

A = BAZ o] 8E7] HAME Mk 27 mESe} Az A
B4 gk A 7EE e Ao] AddE e e}
Z7+3Z7)M £ (mesenchymal stem cells, MSCs)= &4 g 7] o]t}

EAH AAE7IAZE F shtEA w23t Aol FA1E FARAETINETL AZelckir]el 2 detee AAE o
e S /A, WA E, A3 E D AU 2} 43l FgelA sl tEishes FAATIEAM AR
A Al=Z= 231 4 ol w583 (multipotency) & T el wieFAl 7| e 226l HE A7t RaEge 1 F
7}X 3 9)c} (Pittenger et al., 1999; Makino et al., 1999). < QAN ZNFE7IMNEY] 24 2AAA FAle] gat
FURE7IME7L A ZAHIZ (Shumakov et al., 2003) 2174 A] o] HeoigtAIRl, I ate] gleir= AFARZ ] AolE Kol

X 2 (Sanchez-Ramos et al., 2000; Woodbury et al., 2000) %3} a2 glo} (Bruder et al., 1997). Platelet derived growth factor
(transdifferentiation)& 4~ o= 7RsAl o] R A, 27} (PDGF)¢} transforming growth factor-pB (TGF-B)7} AHsre] =
olAel o]t M EzXEAY FAARABAL] =TR AMSEL HRE7IMES] F2Y PYAHS FZA7]3 (Kuznesov et al.,
A; dhe xFe] FHiE I it o3 FHPAETIAEI A 1997), bFGF= FHE7 M 20 A4S FAAd By
=i} (Muraglia et al., 2000). ¥HHeo] Gronthos2} Simmons

* R Qe AFoEtdNe] AMEAaA obd#e)Abe] (040924 3]t (1995)+= PDGF$} epidermal growth factor (EGF)7} 224 &
. ?18221;}; t;;ﬁo;lﬁ%"d FAE a7y Aol QA SRS 3 2712725k basic fibroblast growth factor (bFGF) s}
Tel: 031-219-5033, Fax; 031-219-5039, E-mail: hysuh@ajou.ac.kr TGF-B= &3} glvtxy B uslsiv). o]2]gt A xpzke] Ahlt
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d 23 v Adzde) Aelel r)dshs Aew @A
A, w1 AT el FURETINE 4 4= o
2 4 3lee AAa.

HZ FEE7 A2 v M 2e B 4 e
Al e Aol dHAHA, A3 AAI] AZzAaA=
o-gd & e 7FeAel FoMx vk FEEIMMEE
AR 32828 A2l o3 AR M7t AAH 2]
FAE velliglon), 7 82 v B Zlog RyEyw
21} (Sanchez-Ramos et al., 2000; Woodbury et al., 2000). &)
NANZRE 3} 58 Folt AT} S BUs
13) Folc}. o]9} Wasle] AAH =z EIAZ] Al E} v
E}/\].EH 9 %7}0:127];1]5:_1_?_ FHE 4 gj= mAQIAE
Zahe Aol o] Hoel A AR} FoF A2 T2 ek

web AN A FA9E AR A
& 2053 BEEEs fA0 Beq gt sk
AT B E FANEA AR AFE v 2013
At =3, FHYB7 A9} Lok ARAES PR
Mom 7% eidl B g FedE Fohuginh
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2927122 $E 98] 10~ 1549 FelA} 45 B
759 BAAZHE BoE Foiel Aol ALgsh
HISTOPAQUE-1077 (Sigma) =74 $A1%e]s Sa of
5mLe] FpolA wElTAzE Relsidch 2 Hz:
1-2 x 107/100mm dish¢] L == ujj ekl (10% FBS, 100 1U/mL
penicillinz} 100 ug/mL streptomycing Z3+sl= DMEM)ol|A]
W oFetA L, 4r]7ke] AT F Az wifd o wA| s
W oFg7)ell FeHEA] ok M EE AASAT Al Z2] wiF
o) 29nke} Al2g ooz whpe] FRIA 1~2F
wjokalodct. Ml Z7} wjekar)e] 80~90% A W 0.25%
trypsinz} 1mM EDTAS o] &ato] njek-g7]oA] wloll 2,
A2 v Fgrlel 1:20 v &2 3| A 3te] Aldul Fatodet. o
g S92 14 Aoz Aol stelek el
AZ: 10% DMSO7L ZgE wlFloln AAs] WEAR)
F HEH oz A AL el BHsH

2. Mz dEEE £F

A WA Al = Aol A EZE 96-well vjeFL-7]e) 3
x 10%well¥ 5 =2 BF3l3 njofds do]F & 12~ 164
7F 5t CO Ml zZuf k7] qtell A wfoFate] Al 27} vl ofg-7]ell
2% PSS AAAAG] T Az FALES =
As}7] $]sll A, basic fibroblast growth factor 10 ng/mL (bFGF;

bFGF7} SZHAET M| Y& O|XlE L&

Zo}A| 2f), hepatocyte growth factor (HGF; o}F2|df] o) 31}
A2 RE Fodube) 100 U/mL, =E 1,000 U/mLe] leukemia
inhibitory factor (LIF; GibcoBRL)E Z3sl= A =2 vl okl
oz wAlsen, vl 22njc Aze Wikl o Al
A 647wl °J%}%it} Al Z5E trypsing °l*‘lﬁ}°ﬂ1 A zE i
oka7]o| A WelWl % 2% trypan bluez. M3 F, =S =%
= A|9slT Ao}yl M ZHHS haemocytometerS o] £-3}¢]
=4519ch bFGFS] xo] WE 93e A7) S84,
bFGFe] =2 10~100ng/mLz W3}A|7]WA 627k wlok
shdek. vjofel e v 29lule} 2 Fwe| BFGFE Eshe
Azt vl oz wpe] 91w, 29 o= Sl FA
oz Aelgle Az SAslch wE A 242
MA Seste] Astg FFA £ mE o2 ephgic
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R FUREINANES BHERAEE BT 95t
Pitenger %-(1990)¢] hlel wjeh c-gof ol H5E 5ok
Aot WAz ze] 23= 10% FBS, 10 mM B-glycerol phos-
phate, 50 M ascorbate-2-phosphate®} 107 M dexamethasone
& Zgsh DMEM sl <lolA) 147k wlokale] 25A7 F
akaline phosphatasee] #Ale& =A3sl, Z42] =42 von
Kossag & B3l stadet A z=e] #3h= 10%
FBS, 10’ M dexamethasoneaﬂr 10 pg/mL insuling =33}
DMEMellA] 297 2312 =3 3, ujekle 10% FBSI
10ug/mL insuling- £3%s}:= DMEM o2 u}3 & 237t ujj ok
stdch A 220 £33 Oil Red-0gM o2 AlZ Yo
2AE AYEE Gt stk dFHE $ihE
=3}7] YAl E 5x10° A= A EE 300X go|A] 587
192e)ste] AxHelelg WE F 10ng/ml TGF-BLE 3
sk DMEM wi=el 4] 357 wepshelct. 3w o

Ao stetaze) H4e A oum A&EAL AN
Alcian bluesd M 7} nuclear fast red )29 M & E3)] AAAHA
Sh R dzavtel YAHE Ao Fsign

}+1
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4. FM|ZEA] (flow cytometry) 2 SH& (karyotype) 241

wekst M ZE 25mM EDTAES 2338k PBSE4 3} ]
& o] &3ted miakEr]oA welWl &, FACSE (2% BSA,
0.1% sodium azide (Sigma) S = 3Hsl= PBS&)o 2 A|H 35}
Aok A HE AEZ 2x10708 EF3te, FITC-coupled
anti-CD3, CD5, CD9, CD10, CD13, CD14, CD15, CD25, CD30,
CD34, CD61, CD90, CD178 3}4] = Phycoerythrin-coupled
anti-CD105, CD117, CD140b, CD200, CD210, CD212, CD220,
CD231 3|2 4°CollA] 1A1ZF uFe-A1Zl & A H st 1%
EY5h FACSEe] 44175 w5
5% Qej2euae) 44 2

paraformaldehydes-
QLR ERE S
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Mz ez S48 A FACS Vantage
(Becton-Dickinson) 717]1& 3] 10,000 ¢o]Ate] A2 ®o}
Cell-Quest software program (Becton-Dickson)-&- o] -8-3}e] 1
Htgieh

B o A Z£Z2 10 ug/ml colcemid €94 (GibcoBRL)el]
A 2217 el st & trypsing 2]t ddAEE ¥
g & 500x gol|l A 5E2F AAlEEEte] AEAAHER A9
A ZAA B0 0.075M KCl &8 d.e & 2087} 37°Co|
Al ¥F&A17] &, methanol:glacial acetic acid (3:1) £& o=
TR Gemsa g e 24T F A%S BB
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5. RT-PCR

Trizol (Tel-Test Inc.)& o] 43}ed M Ze|A] 343 RNA A
2E 1d strand cDNA synthesis kit (Roche) S o]-8-3}o] - A}
A7 cDNAES -2 & netting} GAPDHe|| E-o]#Ql primer
2 olg3ted PORE Sashodeh ALg-8 primere] 9714 <&
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o3t 2,

Human nestin®] primer:= 5'-GGCAGCGTTGGAACAGA-
GGTTGGA-3 (forward), 5'-CTCTAAACTGGAGTGGTCA-
GGGCT-3' (reverse) ] =}, human GAPDH<®] primer:= 5'-
CCACAGTCCATGCCATCACT-3 (forward), 5 -GAGCTTGA-
CAAAGTGGTCGT-3 (reverse) 2] 747+ 718bpel 403 bp2]
PCR 218 agarose gel el Al &<l atsdtt.

6. Western £44

ekt MEZE sorapers o] 83t 3]4¥ &, 2% sodium
dodecylsulfate, 10% glycerol, 50mM DTTS =33}= 625
mM Tris-HCI, pH 6.8 g-<flo]] Q3 587k ol & 244 3

ES AT F 53] A 10% polyacrylamide-gel o]
A A7) Est9h. Gel o] Dzl PVDF membrane
(Schleicher & Schuell)e.z £AF %, 5% 94259 0.1%
Tween 200] £3}5l tris-buffered saline 2498 (TBST) 2.2 A}

Donor-2

Cell number (x 1000)

0 1 2 3 4 5 6
Incubation time (day)

Donor-4
70

Cell number (% 1000)

Incubation time (day)

Fig. 1. bFGF enhances proliferation of MSCsin vitro. M SCs were isolated from 4 independent donors. Primary cultures were plated at a density of 3
x 10° cells per 96-well plate and incubated in the presence of 10 ng/mL bFGF, 100 U/mL HGF, or 1,000 U/mL LIF for 6 days. At indicated
time, the total number of live cells was counted by trypan blue dye exclusion method. Experiments were carried out in duplicates and data are

shown as the averages=+ S.E. of three independent experiments.
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2ol A 1417} F<F ¥HEAIZ) F anti-B-tubulin 111 8 (Tuj-1,
Covance)E 1:10000 2 3]A3s}e] 4°Collr] 1647t St uk%-
A Zeh TBST £ 0 2 1084 33] 433t =, HRP-conjuga-
ted anti-mouse IgG (Zymed, 1:5000 3]A)S Y11 147} v
A Zeh TBST £ o= x| 33] A3 % chemilumines
cence kit (Supersignd, Pierce Chemical Co.)& HF-A]7] & X-
ray Bl RN PR ETo s A K2 @
WAg el o gahelch

S4 }O4 AH
Soo-

~
2
12

wjeFst M| Z2 poly-L-ornithine (10 pg/mL)e] ZEE AW
Fepel 1247 Fob B2A|7] 32, 4% paraformaldehyde=. 10
#2r wAstgich vl Sl d weuks-S ¢lel7] 918l 1% bov-
ine serum albuminz} 10% horse serumO] 3% gNoA] A
2ol A 1417k WheA Zeh A Fekag 13} A anti-nes
tin (Chemicon, 1:500) =+ anti-B-tubuline 11l (Covance,
1:500)2 =33t 0.1% Triton X-100¢] S 9l PBS & o
2 &AF F £CoA 16217 wH-AIZ Tk 13} A uk-S-
0.1% Triton X-1000] £ 9l PBSgf oz 33] Hojul o}
S 2z} 3= Texas red conjugated anti-mouse 1gG (Vector,
1:200) & Al2ellA] 30#7F WA F . 2@ i oz M=
< DAPI (Vecton2 |43 & Y33n|7 oz {23t

SR
L MFeIRel B4 53 53}

Z09E7|NEe) A Sxel wX: HGF, LIF 2 bFGF
o] og3kE 96-well Al E wijckatol| A Eelslsich 2714 29
9 S Aos 1zl dekdl Smel LIR HoF

R e ES P I E R L N RS B P
= (donor 1), 7 &7k i ol we} Ahol7} Ak Wil

bFGFE wixlell A7kt A9 F2E7IZS 57} 2~4
L Apelo] FHSA F7Hsts0n, 696 FAAATA ole]
 Z7h3AE B £3EE 4% 295k 1 2% bFGF
Z 10ng/mL= #]g]ste] 15U "hol] M=Zz5E oF 3wl 7}=F
2AANZ 4 alRem, ol 7 bFGFe] - 4%9) Foixl
=3 §AY BE Azeld FEHos AR, AE
FAN7 7} s ARA Glee HelF3 9l (Fig.
1). = bFGFZ- 10~100ng/mL Alojoll A Hx¥ 2 X233 S
W, 2~49 Aol wE AS A x4t A F71e9
o (Fig. 2A), 10ng/mLel] H]3}e] 50~ 100 ng/mL< 2]&
At 1 FhEEst 647 23 o A%H: AFE
Btk B A E wjeki e v Hxo] oJdke] AL
29kt AN FEE, g Ao AT FUPEI 2L
wj eyl el bFGFE 10ng/mL o] =2 A7halFaln 34417

bFGF7} SZHAET M| Y& O|XlE L&

A
—e— Norma
o0] ~ —o— bFGF(10ng/mL)
—w— bFGF (50ng/mL)
g —A— bFGF (100 ng/mL)
o
X 15
[
e}
=
2 104
8
5 .
§

Fig. 2. Multi-lineage differentiation of MSCs. (A) MSCs were plated
at various concentration of bFGF. The total number of live cells
was plotted at indicated time. Experiments were carried out in
duplicates and data are shown as the averages+ S.E. of three
independent experiments. (B-E) MSCs isolated from younger
donors were grown to the passage 8 and were induced to diffe-
rentiate into mesodermal lineage cells using various differe-
ntiation medium as described in the Materials and Methods. (B)
Adipogenic induction was visualized with staining of lipid
vacuoles by Oil red-O. (C) Chondrogenesis was demonstrated
with increased proteoglycan-rich extracellular matrix, shown
by Alcian blue staining. (D) Osteogenic differentiation was
demonstrated by the increased alkaline phosphatase activity,
and (E) the accumulation of minerals by von Kossa stain.

o} (Fig. 2A).
2. ZZUEIMES CIE2Ss 2
e FNETAE dEEeles 24 Slsje

Pittenger 5-(1999)¢] Wy o2 8% f=sigich #ai8 A
zo) JAe zAFAGAE Fo) sk 10~154 T
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Oil red-O Alcian blue

~bFGF

+bFGF
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Von kossa

Alkaline phosphatase

Fig. 3. Effects of bFGF on the differentiation potential of hM SCs. M SCs were isolated form 75 years old donor and expanded in the culture medium
containing 10% FBS with or without 10 ng/mL bFGF after the 1st passage. The cells were induced to differentiate into mesodermal -lineage

cells as described in the Materials and Methods.
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Fig. 4. Characterization of hMSCs. The cells of the 8th passage were
grown to 80% confluence and harvested by using 25mM EDTA
in PBS. The cells were labeled with monoclonal antibodies spe-
cific for molecules indicated in each flow cytometric histogram.
The thin and thick lines in each histogram represent the cells
labeled with isotype matched Ig and specific monoclonal anti-
bodies, respectively.

g zpe] ZgpellA] fef gt %7 °a Z7|M 22 FGF7} 719w
FAellA 8 Al e & F A ER E3HE fF=sta
Oil Red-O §94& 433k 7&3} 60% o|AFe] AlE7} A E
2 $33s galsisiet (Fig. 2B). 754 FeiAtziE #eldt
TAAE7IMEE bFGF7} A7l vkt FAAZE =

L ofF 30% A=} A EE 2315l A gk ube] e A
E2 bFGF7} ¢ Z7AA] wloksld XulM|x 2o E3}s)
£ &&o] 5% uttez vrobyut(Fig. 3). ool H]s|A] bFGF
7} e 2ANA wjokgt 754 FdAte] AlEE calcium
mineral®] 2AA =7} i A AR BE A E A
alkaline phosphatase®] @4 vfehbs Aoz bl%e] w7
A AN WA EZ E3ele 5> bFGFY] o3k wA|qt
I 23 Az ARG R U2 A

ot (Fig. 3). vhdel] dFH=z= —E-—i}s}l;_ =
bFGFe] #e]edite} 2 AaaA 7} ¢l Aow 1}
TGF-Ble] A3} =ANA 3F7 E3X7] A, 8=
o] MEI/NAZEH dAF47}e] FEF A, polyaniline acian
bluesl] ¢J3] sletd oz Y= = chondroitin sulfates] )
7b Zel= et (Figs. 2C, 3). o]4de] A3 bFGFE F149E
71N 20 GEE3sS RSk U Zesty, 53] AWAE
2] #3ss A 2AH o= A4S AAFE

Ln‘?”
ol T
® -

-

rlo

il
Ut} =

;1

3. SUHRETIMZES| S0|TH HEAQAX ZAL

bFGF7} A71el 2AolA A7lMoks 0957 %] &
o3 e 2AbeT, A712ke] wlokel wE A Ee] Wb
& SAZENT QYEAE o 2kl 2R 2
wjeFsl A== CD9, CD13, CD15, CD90, CD137, CD140b
I 22 S Ay 9lslaz, CD14, CD349} 22 =3
Z7|1MZAY 2 CD45e} 22 Wiy M| 2o myehd 3
AR skt (Fig. 4). A3S FAT A3 2 A $ellA 3
AAA A (trisomy) o]}, A F (translocation) 5-2] o] Ab=&7}
WAE ] okorow, Aoz 46709 AFEGAA e AP

e

d
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Donor-1 Donor-2
LR B B % | I L3
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Fig. 5. Karyotyping of MSCs. The cells at passage 8 were plated on 100 mm culture dish with 10% FBS, 10 ng/mL bFGF. Cells were harvested 24
hours after treated with colcemid and cytogenetically analyzed as described in the Materials and Methods. The data are the representative
examples of the 2 independent donors.

A
MSC (+)

<RT-PCR>
B
MSC  (+)
B-tubulin 111 “
<Western>

B-tubulin 111

Fig. 6. Undifferentiated MSCs express nestin and 3-tubulin I1l. Total RNA and proteins were isolated from hMSCs. (A) RT-PCR showed the
expression of the human nestin gene. (B) Western analysis was carried out with 40 g proteins and antibody against B-tubulin I11. (C) The
cells were fixed and stained with anti-nestin, anti-B-tubulin 111 antibodies. Immunoreactivity was visualized with a Texas red-conjugated
anti-mouse |gG. Immunostained cells were counterstained with DAPI.

A= 712 Aoz Jeldd (Fig. 5). 2 o2z B-tubulin llle] 8 ¥=x]= RT-PCR, western 5-
A, 2 HAYFFY 7| oz AFE e 1 A¥ RT-PCR%}
4. Z7FAS7|MZSF AAMEZ HAIQIR =HMA HANZzdN o2 FHHE7|H Zell= nestine] E2A1FE &
Q15}9] 37, western B4 2} HAM G whg o2 B-tubulin il
FARETIN I AR 2R FIEIEAE SAsH= 9l 7} wra st 9leS Eelsleih(Fig. 6).
oJA] 7|Ee AAMZE BAAZE AHSHE 7IES A4 5
& 7FsAdel skl Z=AVEIIT. F bFGFZL 71 vl oFY 1 =t

oA ZAIEL Abgre] F7091 271 A EAA, A1 AH EE7)H 2]
QA2 delAl nestingt AAAE B3e] 27 ®ALA  ENREVAES B w ok wbge] wlwd Tsksie,
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Aol FFRN= o Fshe o] GYsieh o)l 54
o iy AER 23 4 b SEEskes vl
FUQ2 AN E AEARA =L FAANEE 9T =T
2 ARYE AR FURE N2 A2 Ahgsl]
oA, BHEEshe FAATIRA ARBRAN F4407]
T 2L ohleh 3 A3t ola AEel S 1Y
-

3‘34 A= A ek
& 3l 2HEZVNEE AAA ]‘i“i 'é‘ﬂl’-—F/] 7)ol gl
Aete MEZ JA7EA] G5 A 9l (Kuznetsov et al.,
1997; Bruder et al., 1997). 2 M 22| EAd] Tsir = A7}
Zel] zto]7k BaE 3 gleiA] Bk AU AL 2o s
AT FNGEIIAE FASEA g o
74 Al et Z7HE WBE & bFGF7E 37}
2 75 Qi wjegelol wls) gswt of 3 A= wke
(Fig. 1). o]213t ZA= ofde] Buyl i d7ZAe}
U )3t} (Martin et al., 1997; Kuznetsov et al., 1997; Zhang et
al., 2002). 3}#] 2t Gronthos¢} Simmons(1995)= = A A%}
b= D) bFGFe] &7} slohn wwa up ok ol a
o] H-Z wAIgE Ay x71e] zbo], Fpfl M=o #4841
229] PFGFe]| 23t 4=g)9] Z3kx] (Walsh et al., 2000)
ol 7113k Aoz AtgEuh, AEg AAS #e]7] flsiA
A7+ Basieh
%ﬁ"é%ﬂ*ﬂih FodAke] el ubnj#sle] ol A9

+ 4ug

A7} BolmEr Aoz U ok = 1w T4
N BRI AZE T ¥ £T WelAE Ao YA
ok & 7o ATl 75 T FeiAzIE 22

& FE7 M zE A ERS] E3bed A3 FHad
Qom, WA zze) $3hrx oha ool 9e-s sk
ot (Fig. 3). o218t A= Fofxte] Aol ubnlz|ste] miA|
z2o) B3byo] FelEr: 2o nusdz U
(Mueller & Glowacki, 2001; Stendurf et al., 2003). 1233 #}2] A
%= bFGF7} A7kl iAol wieksl FdE7 I ZzE A
A P WAz $3bshe o] 3¥HE A bFGFE

P FAARSE A vishe, o] q AL 7)Ee)
Baele I3} bFGFE 272 F2HEE71H 204 A
x 9 AFAE2] R3S =2A17|9 (Martin et al., 1998),
079 FRHAZINAZAMNE WAz BaE HA8e
Zo] Ba¥l u} gluh(Scutt et al., 1999). bFGF7} X|HIA| 2.2
o) 3ol obf oJg= wAA gk nar} o
(Locklin et al., 1999), Tsutsumi %-(2001)2} Neubauer 5-(2004)
& DFGF7} A £29] 2315 7o) 23 Bwsi

L2 AT bFOFE male] $4E7IM 27} WAl
2 APz a5 AN Aoz ek

DFGRE: AL WAl 712t Wl dR A1
9] L doluy] 93 FHE EAHE 8 I

515

ZAF8F A3} CDY, CD13, CD15, CD90, CD137, CD140b=} 7+
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Effects of Basic Fibroblast Growth Factor on Proliferation
of Human Mesenchymal Stem cells
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Human mesenchymal stem cells(hMSCs) are multipotent stem cells that can differentiate into several mesenchymal
lineage cells. In this study, we established conditions that allowed a long term expansion of hMSCs. To search for the
optimum culture condition, growth rates of hMSCs were measured in the presence of several growth factors. Hepatic
growth factor (HGF) and leukemia inhibitory factor (LIF) did not facilitate proliferation of hMSCs. In contrast, basic
fibroblast growth factor (bFGF) effectively promoted growth of the cells in vitro by 3 fold. The growth stimulatory
effect of bFGF was dependent on the concentration. The adipogenic potential was dramatically decreased in hMSCs
isolated from an aged donor whereas osteogenic potential was minimally decreased. Addition of bFGF resumed the
adipogenic and osteogenic differentiation potential. Thus, the cells that expanded in the presence of bFGF retained the
potentia to differentiate into adipogenic, chondrogenic, or osteogenic lineage cells. MSCs could be expanded for at
least 8 passages with bFGF and the resulting cells retained the normal karyotype. The cells were positive for CD9,
CD13, CD15, CD90, CD137, and CD140b; but negative for CD14, CD34, and CD45. Importantly, the cells were found
to express aneural stem cell marker, nestin, and a neuronal marker, B-tubulin 111.

The results suggest that bFGF promote proliferation while maintaining multi-lineage differentiation potency of
hMSCs. Finally, we suggest that it is critical to identify novel markers other than nestin or 3-tubulin 111 to monitor
acquisition of neuronal phenotypes by hMSCs.
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517



