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Table 1 Details of fluorescent antibody used in flow cytometry
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Karyotype (42, XY)

BB TW LA Oct-4. SSEA-4KATE, TSSEA-3FISSEA-1 4 (3212 W VECK U A 7R, B E AR AL (A B8, A R 1E 3 (42, XY)o B R=100 pm,
Cynomolgus monkey ESCs (TW1) stained positive for Oct-4 and SSEA-4, but negative for SSEA-3 and SSEA-1. Moreover, ESCs stained positive for

alkaline phosphatase, and have normal karyotype (42, XY). Bar=100 pm.

E1l BEEMRESCsIRIMEN

Fig.1 Identification of cynomolgus monkey embryonic stem cells in vitro
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A: TrHARESCs{EMEF [155%; B: ESCs7t: JLbFGFHB-5i 5 I 11 157 Kk i 55 77 JEBs (6 d); C: 41 IS EEFI A IWEBs (7 d) 1) JA [ IE#; D: i
4N (MPCs) 2 LU FR(2 d); E: TR AN HE(MPCs) 55 1AUHEI%(6 d); F: R4 2 IRAL AR RIMPCs (10£CLL_E). #7X=100 pm.
A: cynomolgus monkey ESCs were cultured in MEF; B: suspension culture of EBs in the medium without bFGF and B-mercaptoethanol; C: cell migra-

tion from adherent EBs; D: the migrated cells were cultured 2 days in MSC medium; E: the migrated cells were cultured 6 days in MSC medium; F:

MPCs passaged more than 10 passages. Bar=100 pm.

E2 BEBRESCsiKIN S 1LBMPCs
Fig.2 Differentiation of cynomolgus monkey ESCs into MPCs
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Vimentin DAPI ‘Vimentin/DAPI
a-SMA DAPI a-SMA/DAPI

2 PARAMEARIMPCs, RILEAAMSCsrtE, K595 8 & (1 (Vimentin) FEF I WL & 1(a-SMA) . F£/U=100 um,

After subculture for several passages (over 10 times), MPCs derived from ESCs had the biological characteristics of MSCs, and expressed vimentin and
smooth muscle actin (a-SMA). Bar=100 pum.

El3 MPCs@RiERARE

Fig.3 Immunofluorescent staining of MPCs
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CD19, CD34, CD45fIHLA-DR,

Similarly with MSCs, MPCs derived from ESCs after subculture for several passages (over 10 times), expressed CD73 and CD105 in high level, and
CD90, CD106 (VCAM) and Stro-1 in medium level, and did not express CD14, CD19, CD34, CD45 and HLA-DR.

El4 MPCsZRfIRmERS
Fig.4 Cell surface markers of MPCs
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MPCs were differentiated into osteogenic (A) and adipogenic (C) cells, (B) and (D) were negative control. Bar=100 um; E: MPCs had normal karyo-
type (42, XY) after subculture for several passages (over 10 times).

E5 MPCsiFSMNES DL RAZEL
Fig.5 Induced differentiation in vitro of MPCs and karyotype testing for MPCs



1202

BRI -

IR T B4 R BT ) o

3 it

i) 78 541 g (mesenchymal stem cells, MSCs)
DR HG LA v FE 1) B 3R T8 fie 00 F0 22 [l 3 AL g, LA
Jn] L EAREURE AR S S M SEAR RT 4% 52 KA,
CL R 41 AT BB ARRY T 4 . BT B,
MSCsHE /IR B B US540 23 40 e,
Z 5 AR GiE Z Y, MSCsRI ) 2, ALFE A
SIS LA B AR) R 6T 40 MR 5. iR JLRIE I
MSCs AN R it G T I 40 BE 27 55 1) 5, g FEIE R A 4K
IR YR IIMSCs, 8 G, 140 31274 FIAS HE f )5 S v 4%
lf) 3L, AE [ PR RIRIIMSCs, i FAMAR 2 5, 5 A4
FERE TR IE, MSCs IR 5 40 A0 55 40 i AR 4 22 R AR T
ZEJI0, HAER MR TT . R B AR e
At A A AR FIMS Cs, AN T 38 s 1) P17 OB 45145, A
FAARSR AL IMSCs B R AT IR . DA, >k B T-ESCs G
PR [IMPCs & — PRk £, R ESCs kY5 K [FIMPCs,
1 R B A0 PR PR A v A, 0 55 7% e 40 it ) 25 R
I W A=) R I A F R AR

SR SNESCSE [ 434k — B A2 T-40 MO 5 1 #4
Mo ESCSIRAME H 5300 A R 8 I 2 2R B4 i,
A U 234 7 58 43 VAR R R 1) A 26 40 )
Pl Bl N N e v R SR AR
(. Z B HIBT 9T o, ESCshin iR 2 20 2040 i 434k,
2 LT B ) i A i S 4R e, ESCs ]
75 MSCs, 3X iR T ESCsIMSCs H AT H
A B8 R IR TMSCsts 1221 ESCs [ R 5 4127 41 Jifd
SCE R 0 B R, 15k, R IR
AV IR 40 B R A B R IR, b A 534N iR
JEITRT AR AR B, AR 5 18 I OB B IR A, Ui IR ik
AR R R LA S 0 0 A0 ST 45, A4 4 ok e
OIAUIETE, ST H A IR B SR A A
FRIITVE, Q5 /I B SRS 1) [R5 48 i :ROPO L%
Fr, A LA FESCs oAb 18 A 2985 RE (14 ) T 40 .

A AR A 55 T 43 4 £ BB EESCs il YMPCs,
15 & A MLH (85 758 2 B AR, B3R IMPCs
(MR AMEARTOFR LA L), e 3 % D't R = 4 i A il
MPCs# IEMSCsf) br & 9, Wl JE 8 F1(Vimentin) |
S LILE)E 1 (0-SMA). CD106 (VCAM). CDI105
(SH2). CD73FICD90. it MRS 34l SERIESE,
MPCs g 73 A4 B 107 F 8 40 . o5 —J7 11, MPCsAE

HT A MR R PR IR A M 2 —, MPCsFE A 2 4 Al
JENAZE R ] . AW FEALE AR AN I R FEMPCs
(B ISR, AT A% R H, [F]INHE X Le 40 s 5 21
SICD/M RS, AR IR TE 1, R, ARSI 45
RIL7R, BEERESCs K i [IMPCs HATMSCs 1) 41 i
EYFRE, BT T A i R — e 24
PE, R A VAT B AR F Rl 40 BRI

S EZ#k (References)

1 Aicher WK, Biihring HJ, Hart M, Rolauffs B, Badke A, Klein G.
Regeneration of cartilage and bone by defined subsets of mesen-
chymal stromal cells-potential and pitfalls. Adv Drug Deliv Rev
2011; 63(4/5): 342-51.

2 Hwang NS, Im SG, Wu PB, Bichara DA, Zhao X, Randolph MA,
et al. Chondrogenic priming adipose-mesenchymal stem cells for
cartilage tissue regeneration. Pharm Res 2011; 28(6): 1395-405.

3 Lim JY, Loiselle AE, Lee JS, Zhang Y, Salvi JD, Donahue HJ.
Optimizing the osteogenic potential of adult stem cells for skel-
etal regeneration. J Orthop Res 2011; doi: 10.1002/jor.21441.

4 Park KD, Seong SK, Park YM, Choi Y, Park JH, Lee SH, et al.
Telomerase reverse transcriptase related with telomerase activity
regulates tumorigenic potential of mouse embryonic stem cells.
Stem Cells Dev 2011; 20(1): 149-57.

5 Aznar J, Sanchez JL. Embryonic stem cells: Are useful in clinic
treatments? J Physiol Biochem 2011; 67(1): 141-4.

6 Yamamoto M, Tase N, Okuno T, Kondo Y, Akiba S, Shimozawa
N, et al. Monitoring of gene expression in differentiation of em-
bryoid bodies from cynomolgus monkey embryonic stem cells in
the presence of bisphenol A. J Toxicol Sci 2007; 32(3): 301-10.

7 Hwang NS, Varghese S, Lee HJ, Zhang Z, Ye Z, Bae J, et al. In
vivo commitment and functional tissue regeneration using human
embryonic stem cell-derived mesenchymal cells. Proc Natl Acad
Sci USA 2008; 105(52): 20641-6.

8 Hwang NS, Varghese S, Elisseeff J. Derivation of chondrogeni-
cally-committed cells from human embryonic cells for cartilage
tissue regeneration. PLoS One 2008; 3(6): €2498.

9 Mahmood A, Harkness L, Schreder HD, Abdallah BM, Kassem
M. Enhanced differentiation of human embryonic stem cells to
mesenchymal progenitors by inhibition of TGF-beta/activin/
nodal signaling using SB-431542. J Bone Miner Res 2010; 25(6):
1216-33.

10 Kim BS, Lee CC, Christensen JE, Huser TR, Chan JW, Tarantal
AF. Growth, differentiation, and biochemical signatures of rhesus
monkey mesenchymal stem cells. Stem Cells Dev 2008; 17: 185-
98.

11 Barberi T, Willis LM, Socci ND, Studer L. Derivation of mul-
tipotent mesenchymal precursors from human embryonic stem
cells. PLoS Med 2005; 2(6): el61.

12 Mosna F, Sensebé L, Krampera M. Human bone marrow and adi-

pose tissue mesenchymal stem cells: A user's guide. Stem Cells



FEPRAEEE: BBOBRIA T-20 1 v 15 78 ST AR 40 75 5 oAb 2 e 1203

Dev 2010; 19(10): 1449-70. embryonic stem cells to cardiomyocytes: Role of coculture with

13 Santos JL, Pandita D, Rodrigues J, Pégo AP, Granja PL, Tomas visceral endoderm-like cells. Circulation 2003; 107(21): 2733-
H. Non-viral gene delivery to mesenchymal stem cells: Methods, 40.
strategies and application in bone tissue engineering and regen- 19 Vazin T, Chen J, Lee CT, Amable R, Freed WJ. Assessment of
eration. Curr Gene Ther 2011; 11(1): 46-57. stromal-derived inducing activity in the generation of dopaminer-

14 Shimada H, Yoshimura N, Tsuji A, Kunisada T. Differentiation gic neurons from human embryonic stem cells. Stem Cells 2008;
of dopaminergic neurons from human embryonic stem cells: 26(6): 1517-25.

Modulation of differentiation by FGF-20. J Biosci Bioeng 2009; 20 Hematti P. Human embryonic stem cell-derived mesenchymal
107(4): 447-54. progenitors: An overview. Methods Mol Biol 2011; 690: 163-74.

15 Vazin T, Becker KG, Chen J, Spivak CE, Lupica CR, Zhang Y, et 21 Karlsson C, Emanuelsson K, Wessberg F, Kajic K, Axell MZ,
al. A novel combination of factors, termed SPIE, which promotes Eriksson PS, et al. Human embryonic stem cell-derived mesen-
dopaminergic neuron differentiation from human embryonic stem chymal progenitors-Potential in regenerative medicine. Stem Cell
cells. PLoS One 2009; 4(8): ¢6606. Res 2009; 3(1): 39-50.

16 Kaufman DS, Hanson ET, Lewis RL, Auerbach R, Thomson JA. 22 Kurosawa H. Methods for inducing embryoid body formation:
Hematopoietic colony-forming cells derived from human embry- In vitro differentiation system of embryonic stem cells. J Biosci
onic stem cells. Proc Natl Acad Sci USA 2001; 98(19): 10716-21. Bioeng 2007; 103(5): 389-98.

17 Moon SH, Kim JS, Park SJ, Lee HJ, Do JT, Chung HM. A sys- 23 Bratt-Leal AM, Carpenedo RL, McDevitt TC. Engineering the
tem for treating ischemic disease using human embryonic stem embryoid body microenvironment to direct embryonic stem cell
cell-derived endothelial cells without direct incorporation. Bio- differentiation. Biotechnol Prog 2009; 25(1): 43-51.
materials 2011; 32(27): 6445-55. 24 Barberi T, Willis LM, Socci ND, Studer L. Derivation of mul-

18 Mummery C, Ward-van Oostwaard D, Doevendans P, Spijker tipotent mesenchymal precursors from human embryonic stem
R, van den Brink S, Hassink R, et al. Differentiation of human cells. PLoS Med 2005; 2(6): el61.

Induction and Identification of Mesenchymal Precursor Cells from
Cynomolgus Monkey Embryonic Stem Cells

Ren Zhenhua'?, Wang Jiayin', Zhu Wanwan', Zou Chunlin', Zhang Y. Alex'*
('Cell Biology Laboratory, Xuanwu Hospital, Capital Medical University, Beijing 100053, China; *Department of Anatomy, Anhui
Medical University, Hefei 230032, China)

Abstract Mesenchymal stem cells (MSCs) have received considerable attention in recent years for vari-
ous therapeutic approaches. The reason is that MSCs have the ability to expand in vitro and differentiate into osteo-
genic, adipogenic and chondrogenic lineages, which could then be used for cell therapy and tissue engineering. Em-
bryonic stem cells (ESCs) are pluripotent cells with unlimited proliferation and differentiating into any cell type of
the body. In this study, cynomolgus monkey ESCs were cultured in the absence of serum to form embryoid bodies
(EBs), and then EBs were transferred for adherent culture in the presence of serum. Mesenchymal precursor cells
(MPCs) migrated from EBs were selectively isolated and expanded. The results showed that MPCs derived from
ESCs had the biological characteristics of mesenchymal stem cells (MSCs), and could be differentiated into osteo-
genic and adipogenic cells. NOD/SCID mice injected with MPCs did not show signs of tumor development. The re-
sults suggested that MPCs derived from cynomolgus monkey ESCs had certain the safety of its clinical application.

Key words cynomolgus monkey embryonic stem cells; mesenchymal precursor cells; induction; differen-

tiation
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