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(RE] QG : 2B AFMALR T AR (MSC)  ELREAT BN ARAF DY EXA S AR UEPHRN S THIL.
Fk AR AR TFARBEEAKYEE EHETHREAREARFEH LK ERCPHER . EFT AR RARATE
ey H e hMSCs, B H A FHAE KK O E KEEREF,MHET040~800 &KL A HEREMH. RT-PCR 22l 3 Oct-4,SDF-
1,CD49a,CK19,c-met & E Bk ;K R M A A A 4 % & K CD34,CD45,CD14.,CD44,CD29.CD90, HLA-1 # HLA-
DR;th#h 1B B el A f R ot b g ok, S X BITAFMEALZRTHLAFERSEZIT X E K
PR IR AERANESERFA O BREHEENRES Mo LK. EHT KK CD34.CD45,.CD14 . HLA-DR, {8
#34 Oct-4.SDF-1.CD49a.CK19 .c-met.CD44 .CD29.CD90  HLA-1, 4 5 S HE % B . wm. #4557 —/
THREGERWERALT MW AT ERTHARR . B AR RERAT UM F KB MM 4K, K& Oct-4,CKI19 o

c-met, |
[Xx@iE] xR THR:;TFH;HER:; 7B @WK _
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Establishment and characterization of clonal human mesenchymal stem cell line from bone marrow

TAO Xin-rong', LI Wen-lin' , SU Juan', WANG Xin-min', LI Jian-xiu, Joseph T LLau*, HU Yi-ping'" (Department of Cell
Biology, College of Basic Medical Sciences, Second Military Medical University, Shanghai 200433, China; 2. The Department
of Molecular and Cellular Biology,Roswell Park Cancer Institute, Elm and Carlton Streets,Buffalo,NY 14263, USA) .
I:ABSTRACT:I Objective : To isolate human mesenchymal stem cells (hMSCs) from bone marrow, establish clonal hMSCs cell
lines from these isolated primary cells, and characterize these hMSCs cell lines. Methoeds: hMSCs were isolated from human
bone marrow by taking advantage ot their preferential'adherence to the plastic surface of the culture dish., Individual clones of
clonogenic cells were picked with sterile pipette tips under microscope. Undifferentiated hMSCs were maintained by using low
density culture with selected fetal bovine serum. The cells were passaged when they grew to 70 %%-80% confluency. The expres-
sion of gene markers (Oct-4, SDF-1, CD49a, CK19, and c-met) was analyzed by RT-PCR;the expression ot cell surface anti-
gens (CD34, CD45, CD14, CD44, CD29, CD90, HLA-1, and HLA-DR) was assessed by Fluorescence Activated Cell Sorting
(FACS) ;in vitro differentiation assay was carried out to assess the multi-lineage potential (osteoblast, chondrocyte and adipo-
cyte lineage) of these cells and cell lines. Results: Clonal cell lines of hMSCs were successfully isolated from human bone mar-
row. The isolated hMSCs maintained their stem cell characteristics even after in vitro culture over 60PD. Oct-4, SDF-1,
CD4%a, CK19, c-met, CD44, CD29, CD90, and HILLA-1 were expressed while CD34, CD45, CD14, and HLA-DR were not
expressed,'These hMSCs differentiated into 3 different types of mesenchymal lineage: osteogenic cells, adiopogenic cells and
chondrogenic cells. Conclusion; Clonal expansions of hMSCs have been successfully carried out. These cell lines have hMSCs
phenotype (can be induced to differentiate into the osteoblasts, chondrocytes, and adipocytes) and express Oct-4, CK19 and c-
met genes,
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A 8] 38 & T 48 B Chuman mesenchymal stem RO BAN AR BEFESBRERGE, XN HE
cells, A(MSCs) LR FHR L, HEMNHL  hM-
SCs W& & ‘ERH%%EEJE ’%%#ﬁéﬁ_ﬁj ke (XM B] EXRAAREESE (30470876, 30270668, 30270603,
ERTHRBAEN AR, KA & 82 hMSCs 30200138); MBI EE KIN H (03D]J14020).
WK AR RIE., SHEP hMSCs WATE [#wama] ke 1968), % () ML BI#E.
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RE hMSCs fy 1S S FrthdEH EE ., ik, &
HAET R hMSCs & | Al fb 97 15 5 XF H o0 16 U5 HE
AN FHEIE M EER A E X .

St hMSCs Y 8 55 & FL AR % B2 Fi Al FLES AT B 35
n] L2+ R S 5E (1R S e i B oK PR B b AR 355 K
LW AL E ) T A B s . PR R L,
hMSCs fE JC L 1E 5 1F F K5 3% . Oct-4 F ik 58,
LB JE TR ik M Verfaillie B 55 /N8 1) 5C 5% nmv:ﬂli
AABEPTHEAEZEREMN T M MAPCs, (B
MAPCs 1943 & 5 55 3% 1) & 1 L85 9K . 5 hMSCs
ZIEMERZARERE . AL H H hMSCs I BE 4
Koot Sk ERUE(U R B BRI R SRR T 821
Y0 M 04 R £T 4 e [8 R A K B {37 (colony-forming u-
nits-fibroblastic, CFU-Fs) A -8 , B ¥ K 15
F L, AT FE AL 8 L X 4 B A REAE RN e R RE Y %
EIEEH T N H 88 2 e T 40 B a9 77 1E

1 #EM7FIE

.1 =&#MH ABFHXETLERZHSFEH
SR E(17~60 %), NIEf5 L UEH#EL 10 ml FF R DT
BERyE a4 . DMEM-1.G.DMEM-HG.0. 5% Trpsin
4 5.3 mmol/l. EDTA (10 X ) (Gibco); FBS (Hy-
clone) ; A4 E C, MU ZE RN B-H M BeMR R 5 &K . 3-
BT R-1-P R EHER (IBMX) BMEEE Y E
eEAL - AR AR AN (ITS) .3 4L-O. 8 R 41-S (Sig-
ma) ; TGF-8, (Peprotech) ; BCIP/NBT (%X Y+
AR A BR T = f) s Bk B R R 85 C B R =T ).
TRIzol & RNA i & (bl AE T AY TR
AREERAE) ;RT-PCR RM & (LG RET %
- E RN ED I A R (LA TAY TER AR
R EARAED sRmPIA T B EPUIE . RPLA A
WIE K., %% %3 & CD34-FITC. CD45-FITC,
CD90- FITC. CD44-FITC. HLA-1-FITC. CD14-
PE.CD29-PE.HLA-DR PE(FEALEP N FE &),

AR LY R YR

1.2 HER55 hMSCHEXRXEERESR B
S5mlEF 10 ml BLEVIMA 5 ml PBS,900X g,15
min . % FiF SR80 . 1 PBS B LAEIRE %k 2 IR,

MAEELMM MR ,4°C .5 min, 75 I 48 M 1T %X
WP XA A TR, o 4 S E SRR L 12X 10"/ em’
MM EMNRTF E4AH DMEM-LG, 10% FBS, 2
mmol/L A 2, 7 .58 & &R (100 g/ mb HYy 100
mm R FEMLE , 24 hF‘}ﬁuﬁ PBS ik 3 i . 3
fif 1% % W, CO, fH 18 ¥ 55 48 (W A1 &, 500 CO,,
37TCHNLkEE IR, b R . 24 h N A 2Ny B2 1Y

-l-p

ZII: H‘r'

MPEH G TR, BRIFHEWNEIFRiE,6d /0
& A 43 ) 30~ 200 4~ 40 e iy v B2 L B ic 8CF HH
BMAMAREE. 14 dFHARERKE 700 ~80%
T4, B FRRBUR A CFU-Fs 0% 40 B 5 AL
T 24 FLAR, TrypsincEDTA JH 4k 1l 58 4 M &R
UL 50/ em B EME A KZE 70N ~80NIL&E
fEREHAL , B Y RIS HRHFA R (B ml HFR
S IX 104, 70 % DMEM-1.G,20% FBS,10%
DMSO i TR &) » &850 40 Ml & % 5E
1.3 @mit kL HE 8 Ag, DA
50/ecm* B EMAE T 24 LR, B X EBT U £ 3 1L
A fIF e B, R 7 dL s AR K

1.4 f@fa &5 -F 4L

1.4.1 FAR@EN2HN MY B 40 P h5HG AT E]
(population doubling, PD) B}, TrypsinrEDTA JH
Ak, B2 10° ~10° 21 Bl . 53 1) % A 1l BH =5 00 ACHH Lz
¥ i 5% e AR e HU 4R (CD34-FITC, CD45-FITC,
CD90-FITC, CD44-FITC, HLA-1-FITC; CDI14-
PE, CD29-PE, HLA-DR-PE) Fl4H W 4 5] % %t B8 i
KR A), IR EEJEHLE 20 min, 1A 2 ml PBS,
1 000X g&.L 5 min, H _EiF A 300 ul PBS B &
DA . a4 BAL KT, LL Cellquest 3K 4 3K B 4t
B, A3 W PHE 4R B A 47 L

1.4.2 RT-PCR #& @ 25l ECAH P38 25,36,
48 PD Bf B9 & RNA, 73 66 E il 32 19 RNA 40
5 &, & RT-PCR A/ & % B H & Al cDNA,
RT-PCR 435488 Oct-4(247 bp) L5314 5'-CGT
GAA GCT GGA GAA GGA GAA GCT G-3'; Nl
B4 5'- CAA GGG CCG CAG CTT ACA CAT
GTT C-3'. CD49a (550 bp) L #igl4 5-CTG
CTA CTG CTT CTT CTG GAG-3': FlFa| 4 5 -
CCA CCT GAT GGA ATA CGT TGT GC-3', ¢
met(328 bp) L #EEI# 5'- GGG TCG CTT CAT
GCA GGT TGT GGT -3'; FiEs| % 5'-ATG GTC
AGC CTT GTC CCT CCT TCA-3', SDF-1(202
bp) F#ieI¥ 5'-ATG AAC GCC AAG GTC GTG
GTC G-3'; FiEsl ¥ 5- TGT TGT TGT TCT
TCA GCC G-3'. CK19(746 bp) F#Fs| 4 5'-TCC
CGC GAC TAC AGC CAC TAC TAC ACG ACC -
3 s FiEslY 5-CGC GAC TTG ATG TCC ATG
AGC CGC TGG TAC -3', B-actin(516 bp) | §iF 5]
M 5'-GCA CTC TTC CAG CCT TCC TTC C-3
Fisl4 5'-TCA CCT TCA CCG TTC CAG TTT
TT-3',

1.5 hMSCs kb LB 8 5 &
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1.5.1 HAREB@AKEFS Baifkdy e 35~60  AhFEF A I A F, RT-PCR 43 #r hMSCs [a] K #r

PDAUMILL 5 X 10 /em* BB E M T 6 1 60 mm
ANTIL P CHE AR 4 AN LB A 5 3¢ R e A B 2H 55 %) e
H) . FRan e 2 60 %070 A& B, Ab B 20 #e pl 5 S B
FeW (2 10 "mol/L #LZFEA AL ,0. 2 mmol/L 44 R
C,10 mmol/L B-H M ##& . 10% FBS, DMEM-LG)
MeEBE . B3 dWET R E 7.14.21 d i HUAH A
KA FdhE: RNA., BCIP/NBT 43t hMSCs 43 1k
o R Bl ) R AR . PE R Z0-S YLt R TP Y
B 40 Mo b 5 5 P B 1655 . RT-PCR 43 At hMSCs
0] B 40 Y 43 Ak i #2 P osteopontin B K AY R IA
1.5.2 w4 eiF T Raifedy 556940 i LA
2X 10" /em® B FEERP T 4 4> 60 mm /DN ILPY CH: A
2 AL T3 B H) SRR 2 100 20004 B, 7
B 3 d R AR A S B IR W ¥R SCER T O R A
S/HEFER IR .32 E L3 AN e, U 4E R R SR
W aksE 3R 3 d, BVIEIG A S B R W (1 pmol/L #l
FEKMN,0. 5 mmol/L. IBMX, 0. 2 mmol/L 5| g 3£
¥,10 pg/ml R & =R, 10% FBS, DMEM-HG), 3 d;
N 4k 35 5% #7 W (10 pg/ml R 5 & . 100 FBS,
DMEM-HG) ,2 d; i J5 e 4k F5 55 #7% W -4k 2 55 78 3
d. 40 € B 5 . PBS % 2 . P B EE [ 2 10
min, PBS %%, M1 41-O £ 10 min, RT-PCR 73 #r
hMSCs [a] i 5 40 M 43 46 i 72 v &% 5% K PPARY2
)k .
1. 5. 3

AR R @mEiE e 4R FRR
(2.5 X10%, 2 000 r/min, 6 min:0.5 ml BT
15 ml 8048, 40 M Ul vE T8, - LAY IR
AT E T L PR R 75 B IR (10
ng/ml TGF-8,,10 ng/ml ITS,0. 1 pmol/L HiZEK
s :1 mmol/L HNEHER SN ; DMEM-HG 55 3£ 80 » &
15 ml BLOERNSEFIRT 377C.5%CO, [HIREEF 4

.3 d e, I PR A TR L B R 21 d. KR )
h 6 pm J&,
i F e £ e 1 2 1 2

fi 1 24 i A 4% €\ s KR 4 i A
ﬁ’aE:fE%%?Eﬁﬁf’ﬂ‘?HH‘ﬁ

N>

|4 Ak aoF 2 v 40 B AF L R aggrecan & B Y Ak (A
Fop LY

1.5.4 RT-PCR %% HhlGHE ST 555D AR
F 1] 25 Y B RNAL 3606 BE 1 4k 38 89 RNA 4l J&
H& . ¥ RT-PCR X # &8 4G W cDNA,RT-
PCR 4> 51 ¥ #8 osteopontin (373 bp) FiF5| 4 5 -
CTA GGC ATC ACC TGT GCC ATA CC-3'; T iiif
B4 5'-CAG TGA CCA GTT CAT CAG ATT
CAT C-3'. PPARYy2 (351 bp) L5l 4 5-GCT
GTT ATG GGT GAA ACT CTG-3'; Fiiesl# 5'-
ATA AGG TGG AGA TGC AGG CTC-3', aggre-
can(350 bp) 51 #¥ 5-TGA GGA GGG CTG
GAA CAA GTA CC- 3" s FiiFsl¥ 5-GGA GGT
GGT AAT TGC AGG GAA CA-3',

2 & R

2.1 hMSCs @ p 2 6932 5= Fl| | hMSCs IIh BE A4
K4 5, PR AR SR U T 84> CFU-Fs A i 4 i
L 50/cm’ B EERAEL, A AE KIC B & 709 ~
80 Yo (& AR, ¥ 8 S5 R AF DR R . 1000 ) FBS(£8 i i ik
7)) DMEM-LG £ 32 &4 FEAR SN2 60 PD, A K
WAEAER O R AERKE, ARAERILS
ik 100 % i A HE AR SO AT HESY . 40 il 28 W R R AT
1 4R G B 05 AR R R0 A KOR A, B E A2 U
MM FR . KR EARE BN b CFU-Fs 5 H Ath 4
fo AN [a] 26 B M UG BE A KL R TE , 1% 3% o B o 2R A
¥ . BN 1Y 82T 4R FE 41 I AT AR B v REE A BN 1T
1 2 40 ML/ 7E A 22 BB T A 5. FRATTTE R
X UL B AT 1 %5 B ol A ﬁéﬁijﬁjﬁnail%ﬁ?_ T
g BE () B 2T 4E FF 40 M. Pk HCE R B HL AR R Y
CFU-Fs, Z 4§ K K538, @50 7 54 40 M >k U5 1Y
hMSCs 4 fffd % . ﬁ%ﬁﬁ%ﬁ? hMSCs & 33 — i
/N TE 440 i i O Ak S Al S AR 10~15 pm, K
117 Jd 1) 241 i AR 7D J'[’i]l

B 1 HEBMET hMSCs BETS
Fig 1 Morphology of hMSCs under phase-contrast microscope( X 100 )

A: The appearance of single hMSC 2 d of the primary culture; B:

The individual clone grew for 4 d; C: The individual clone grew for 6 d;

D. 100% confluence after subculture, hMSCs were homogeneous shuttle-shape



e 260 -

2.2 mpxesidkir PR HZR (K 2) iR, 4
Bl fx 3 Bsr |a] A (29. 512, 3)h,

e |

Cell number (X 10°)

_— kD L Bt O

[] A N E—— . e d

24 48 72 96 120 144 168

Time of culture(t/h)

B2 W AEiHs
Fig 2 Growth curve of hMSCs(n=3,x <L s)

2.3 mfedy o TiarE AR AFRIE CD34,CD4S,
CD14 #1 HLA-DR; 3 15 Oct-4, SDF-1, CD49%a, c-
met .CK19.CD44 .CD29.CD90 . HLA-1(1 & 3)., *
2 2 L A 8 B 4 1 38l S8R 01 8 o 49 240 o ol
B0 1 K s A0 L o (E S AR R TR Y 3 38 0K 22
L= s N R OEAE S RT3 Ok T IR
1B 4 — g M 3R bt R o i R R AR R — B
AR

T
e
<
~
-
o
w

il SDF-1 (202 bp)

CK19(745 bp)

Oct-4(247 bp)

e B -actin(516 bp)

B3 &5y hMSCs = E
Fig 3 Characterization of hMSCs
during in vitro procedure
RT-PCR analysis of the expression of SDF-1,CD49%a, c-met, CK19,
Oct-4. M. pUC Mix marker; 1:25 PD; 2:36 PD; 3:48 PD. Com-

plementary DNA are equalized for g-actin expression. RNA as nega-

tive control
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2.4 Wb eHae  KANB T LIRS R iR
7 ) hMSCs 40 i /& H w8 40 g 5 41 i 5 ]
SRy e . hMSCs 75 [a] 5 4 i i & 20 4F & . B30
s AT LG I 3] P e P Il 1 % K, Bl A O S N (] Y
FE AN W 1 0 5 G i L 24k 2 o e 1 YR D o BH A

A R Ry s R T || DR P il A SR R R = ]
f BB 20 35 K BH P . hMSCs & 4\ﬁ}{ H, |Ll’; R E

0] B8 Wi 48 M 19 43 4k B B & ik (97. -3.6)%.
PD.60 PD 43 548 89 73 1L 7 fE 5K 46 2 r'l'»ii LTER., T
TG ML 5 55 F - [0 4K 3 40 M 40 A i) 284 B 1k X6 B Y
AL S 2 K46/ i in A TGE-B, /TTS/ i %€ K #ia
A S &M T A A TS 3 REHMAR i K 4% B XK
0 S TR S - e o A (R R TN L (A

i h A & 20 e A Ak g R 1 RS I Ol BH A 5 X
B ZH R R 3 (& 4)

3 i1 i

A6 S 56 2 43 B AR SR P 15 hMSCs (89 715 2%
(& ASHH 6] 5100, o B 15 B /9 hMSCs 1E 43 1 & Y
okt A —+, 245 W &L-‘F?fﬁ — ) hMSCs
S Fhn s . R IE, FH R Uk B S 56 v A5 31 i 4
]2 (6] 75 5 T 40 M Y ME — 4 b o HRE ) IR = 3
R NG e =T ORI o A |+ b S o i S
Yy 18] 72 Jit + i i o] DLFE A& Ab o3 Ak R il AL ot 4
ML P9 Rz 20 L UL A T 0 T R e 2 Al

A K H 3 ORI hMSCs I BE A K n’m
SO RS AL ) i (Percoll, 1. 073 g/ml; Ficoll,

1.077 g/ml) 73 51 43 B hMSCs, th & v | %2 I~ hM-
SCs il 72 . AW S X H B #eik . wlE Y 1 &
ST hMSCs 40 g & 5 1 i — 20 a0 il 55, A 4% o0 AL
15 RE T 2% A0 40 O R AIE 26 0 o FRATT PR RO AR B S S B
(458 K CEU-Fs A (%) 2 Jd . DAAIK %3 BEARAC IR B, 16 22
SR 10% FBS B 38 &4 T o0 4k 7 BE 55 59 b
HH B Fﬂi 5’?‘ i g 5 e ol k< AL N O DS S S [

ke, HaxX fh 22 [n] 4046 59 ¥ BE v L 4 5 18 60PD,
LIRS %X ‘1’5}- (1) o AL B 158 1 40 i &R AR n] (B A (8] 52 it

T PR, — L8 E TIETEHT,

DLAE B AF 5T S 7, i B B L L A0 R i A R
1) 1 2T 4 FF 40 M EL 43 £k R (8] 78 )53 258 448 it 69 /e ) . 4K
b 55 IR HT AN 1 B £ 4E FE 40 i T2 il CFU-Fs.
10" ~10° BB MM 244 1 4 CFU-Fs, CFU-
Fs 1 Je,[ﬁifw 1 g G AR TE 1 — 20 S R Y S 5 A o
R /DL AT s i 20 M A Ho A T 4 ;EZIHJ 1) X

ZHBI A TEEE.
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bp M 0d 7d 14d bp M 0d 7d 21d bp M 0d 7d 21d

e i B Aggrecan
ud PPARY2

B 4 hMSCs % [@ 9 & BE
Fig 4 Multi-lineage differentiation of hMSCs
A1-A6 (100X ) Osteogenic differentiation was demonstrated by alkaline phosphatase cytochemistry staining, type | collagen immunohisto-
chemical staining, Alizarid Red-S staining and osteopontin gene expression(A7), Al,A3 and A5 are taken as control(without inducement) ; Bl-
B4 (400<): Chondrogenic differentiation was demonstrated by toluidine blue staining ,type [l collagen immunohistochemical staining of pellet
section and aggrecan expression(B5). Bl and B3 are taken as control(without inducement) ; C1-C2 (40 X): Adipogenic differentiation was dem-

onstrated by Oil Red O staining and PPARY2 expression(C3), C1 is taken as control (without inducement)

ARG EG ARG hMSCs 3 ik 4= e P 40 M 59 #5345 %3k c-met $ 8 1Z A A 0T RE T T R 5 e 2
Oct-4, B8 BH 2 7 1) hMSCs 40 iy £ B 22 1% 6E 40 i 1Y 2. hMSCs A HE T K P H ¥ la (a-chemokine
HefiE . hMSCs b ik CK19C | R 20 M 8 A id 3E R stromal derived factor, SDF-1q), SDF-1a A 1Y 1E
M emet(JFAWAERKEF2ME, i, 4 HPSC (hematopoietic stem/progenitor cells) 5§ 13}
213 W KA ) A - H A 4 M AR 4 TR 1 6 A e e ER o Hafi ik CXCR4-SDF-1 ® 12
348 5 3T RS L 2H 245 00 FE A MR hMSCs 4 e k=AW BB b 3R a8 CXCRA 1y R ILIA L AE L fif 28

ad o=
&l
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M- B FHAFFREHARYIER, 7
AR BESRTEMER. FTEmERass R
7~ hMSCs fEKR 4b ] DL 416 0 A Sh 88 & AT 40 i
ENZE5FERGERE, Hb il e AEE.
B HAr hMSCs C FH T & N 48 Mg 5 #5159 55 I b
- HS TR AE K hMSCs 43 7 FRIE 5 1k
WRENEER L. MEARXRZSHEHNEZRS AR,
R, 15 2] 58 B Ak 4l 4k 3 3% 89 hMSCs, % & H 40 iy
45 1IF A0 44k W BB L 33X 01 KE SR AF 5% 75 AE 41 i /Y 4 s
HEZH5HABMHBEEVGH LR EZ,

hMSCs i % ik 2 # 4 8 5 & i CD49%a (o, -in-
tegrin) ,CD29 (B]—integrin)ﬂeﬂ%ﬁiﬁﬂ CD44 (& A8 Jit
8 h Z ) cemet(FF A KA 2K . #aH
76 7 ¥ S B 1 PR 3 oP i S 40 P S R T AR E B AR
., AEEIEHLMHEAEMDE(HLA-DR) , 5%
R

AL R BN, o] L H#E i 518 3 25
BERY hMSCs, HFg T B A M T AL E 3 M 40 Mg 734k 1Y
WRE. B Rk F R AR 5 FAr B CK19,CK18 (%X
WA RN, AL HE#EE KB BRI L4 Ry
hMSCs g R4 IR A I vl K& 38 8] 58 it T 40 M
%77 2 BE 5 1T, 3R 15 10 40 B RE Sk A AT BB AE O 21 21
TR FERIETT YRy 48 A

(& & 3 ik ]
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