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ARERR 4R ARils 18] 72 B R AR B Al SR gt R
LS A

(P AR RR R B Ja8 b a3 B B e = 25 0, Bt 100020)

HE ABE G T 4m L RobE 1) 707 T 48 2 (human embryonic stem cell derived mesenchymal
stem cells, hESC-MSCs)-Z & I 5 F 40 Jo i ot do k69 18] R T @i, B AR AR T e ie
(mesenchymal stem cells, MSCs)#84l 6 £ M F a4 AT it b T HRRF 5 . H—MEF, 3|2
XiE, £ MSCsty—Fr 3 a9 RIE 12, o RE LT IERST e A4 5 A fm @ e e BUg A, 2
JE 6T ta i A T ko6 97 6 — A AT e X, B T e BLR AT R . 2R, hESC-MSCs & (EiZ ] T
s KRG T AB @ IS4 % 0 PR E B/ k. 1% XFEhESC-MSCs#)i5-F o4k, A F4Fe. A& A
B AT 5 A A2 69 P A — 4k

KA g AT AR
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Abstract
of mesenchymal stem cells (MSCs) differentiated from human embryonic stem cells (hESCs). hESC-MSCs

Human embryonic stem cell derived mesenchymal stem cells (hESC-MSCs) are a kind

possess similar properties with adult MSCs, and have attracted extensive attentions for its rich source and good
homogenecity. So it is a new approach to obtain MSCs from hESCs. The application of hESC-MSCs avoid
tumorigenesis caused by using hESCs directly. So it is a good format to adopt hESC-MSCs instead of hESCs in
disease therapy. However, there are several problems remaining to be settled before its application. Here, we mainly
described the differentiation, biological characteristics and application of hESC-MSCs, as well as challenges that
should be overcome before used in clinic.

Keywords mesenchymal stem cells; human embryonic stem cells; regenerative medicine

ASCs). ESCs>k B MM A 4B 141, BArJC iR
FHAN = JRJZ 0 A e 1, — FLE PR BR 2 I K R

TR AR AT BB AN 2 [ 5 AL fE
R U H R N U 7 s e o e 2 (R P2 SO SR

MUK E BB, T4 n] 53 4 R i1 48 /2 (embryonic
stem cells, ESCs)Fl A& 40 Y (adult stem cells,
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s SR, HORISEZ IR, LI M S B HE 7 PR 08 1!
S5 L, AR H PR T AR IR PR _E (R3E H

] 78 5 T4 B (mesenchymal stem cells, MSCs)
Rt AACRYE R AT Al 2 —, A7 T 2 4121
R S S B e RPN iR BAT R Af
WIFERT, JCBURIES, &R B 2 i H A1 4
Moz —. AR, [A) 78 0 T-40 RV 2 B, AE ARSI ANE
ORI, HAF B AU IMSCs i A 2 e
R ZESE, WORHLE W T R IR .
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WAk, WHE e 1S, ¥ AN ESCsi
S o34 A TR 70 BT A0, BNV Ji6 T 40 58 1 1)
78 %1 41 ffd (human embryonic stem cell derived
mesenchymal stem cells, hESC-MSCs). hESC-MSCs
55 iR MSCs BAT ML A=) "7 e R AN D RE , SR
FE L, AERRIE, ¥ ELF U hESC-MSCs4)
5 1 ESCsHAR MSCsHIML 11, Belik T HIAL,
A BEIAAL G ESCs, B T 41 AT FE AN N T ) F4
e}

\ o

1 hESC-MSCsHIiFS

HHJ, hESC-MSCsif 37k 3244 = U
IR Sk FEZVE R R S SR D).
1.1 BERKIESS

A ESCsTE V755 2 440 T 41 2R 42 %

FFDIR G . PURAIRZS N, ESCsAE? 53 H K
SB[ AN B 40 R (i 2 O LR
JUE 40 55 ) 3 A T3, — 2 LR 5 A AR
20044F , Xu%: U0 N ESCstE B IFIRA T H 7R 4 diE
JS A UL A e o 28] 1) s B A 1A 5 R LR, 9 d s, B
JVR A J) LT ) ol 2 A A ) 70 B A T 2 T 4 i, 3X
e iy ik CD29. CD44. CD71. CD90F1CD106,
ANFRIE CD458L CD14, HAER: 2 755 4 1F T g ) Bk
N B B R 40 M 4 Ak, AiE SR AT MSCs 14
P, AT X 3RAS T hESC-MSCs, A MSCs[f)3k43 T
WET — 5B iR 1% . Hwang 5 SR I 288U 732,
W R IFRETR 10 dPHOUM A0 21 B i G gk 1 355 75 1L
Hh, F )78 BT i M35 7R 0, B 10% /iR 2 Mis 1) s
¥ DMEM(dulbecco’s modified eagle’s medium)Zk4:
7710 d, K45 7 HAWIHIMSCSERERIZN i, iFse T

Human embryonic stem cells (hESCs)

Protocol 1

Embryoid body (EB) formation
in nonadherent dishes

|

Embryoid bodies were transferred
into gelatin-coated dishes and
cultured in MSCs medium

Protocol 2

Differentiation was initiated

Protocol 3

CICICIOI0K0
COOOOO

hESCs were dispersed into
single cells

Cultured in mesenchymal
stem cells (MSCs) medium

Oloi0030030.
Single hESCs cells were seeded

on monolayer feeder cells and
cultured in MSCs medium

E—Iuman embryonic stem cell-derived mesenchymal stem cells (hESC-MSCsJ

Bl ARERR T4RARME B R THMBFS ML =FEESE

Fig.1 Differentiation protocols of human embryonic stem cells to mesenchymal stem cells
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PRI FIE M AT E R M. ERIRAE Tk, SR
PRI R LG B o A IAE LT B TR AT 4
K o AR 1) 70 00140 B 9= 55 43 il s
727 d". 10 dMFRI14 dPORHLIAA I RESRTS hESC-
MSCs. FH ] I, S5 1R 78 540 5 7= 5L 1R gRit s
77 1] REXThESC-MSCs 13k 3 B HZIIME
1.2 AFE%E

RIS R /IS B 0 5 T 4 R A b el 5
J2, 5 TR MSCs A 2", 1 58 T 40 1 A 1 18
T AR 2340 M, e SRR Al M 2R K, g T
L 48 i (4 A2 A7 35 55 RT3 1375 S Ak A 24250, 2005
4F, Barberi%s ¥ A ESCs & H1/HOH R 1] OPO4H iy
I, 3 o-MEM(a-modified minimum essential)+20%
iR M AT 5, 40 dJS, 3k13 T CD73RHPEI41
o, X LLA g I8 MSCsIfI bR & 7 T CD105. JE i
41 i B )R (stromal cell antigen, STRO-1). CD106+
CD29. CD44. CD54F1CD166, /N3 32 it ifn. 40 i 1)
Friigr T CD34. CD45. CDI14, fE7E MSCski 773k
AT, JF HRA S R RN A R A
AR D) o Trivedi®s PYE X5 S U5k BRIk
HE, e N ESCsH M 2145 I 11 OPO4H Hu F, OP94H
i SR IGTE RE T, AT AR T LR b R 13,
8 dJF BI ] 3k15 CD73FH P4 MY, KR4 T 75 5 1
[ BEAh, AN[A S B4 i 226 hESC-MSCs 55
BAAAIYE R« Undale5 23 1] K35 IM2-10B4(Z)N
B i 2 A4 D A A R SRR AR I, [FIAE S 3RS T
CD73FH iy hESC-MSCs4il it . #R 1My, 617 S id 72
TS MSCs 58 i 41 L LA RN E RS,
I, AT AN B L%, SRS I A0 i i 2 et 3t 4t
HEAT Ak atifk, SN T A AR H  RIsE 50 0 B8, Ho3k
1530040 W 25 2 e SR P R o s 4, AFThESC-
MSCs1 Ji BN A -
1.3 EXREEEFESE

AR 7 N ESCsHIRLFE T, ESCs v [ Hh i 5kl
G HILE R MU AN, X 2egn e B 2 1M ki
Ao A 2o Y | 2 T S e 1 R )
43 B ok IF H MSCs#5 575 (R Bl DMEM+10% FBS)
B4R, Br b B2 R A, X
U6 b A AR AR ), 455, BRIE
O — RS S . S R EIR, IXLedl fuk
% CD44. CD71. CDI105. CD73. CDI166. A [4i
JI$T 5 (human leukocyte antigen, HLA) 25Tt HLA-

ABC, HAKILIE I R FR&GE 71 CD45HI CD34, H.
BATRG s A0ae 7, UF BSR40 e BT
] S RE T B MSCsH 12027 g —£E i | iR +
ML RE F R oA 1A 78 4. 52 3245 R
7, TrivediZs PV Gruenloh2s: 22 ESCs#ey@ 4%
R REA E3~5 B, AP IRRAT T, el
WG AMIF AR 74k, TEH BT 4ERE )40 L ; 9~10 d
Jei , X240 MU IR LRk 40%~50%, ER AR, 4l
MBS —, I HA MSCsIFRBIRHIE ]2 2 7] 43
TRBEST o AFA AT T LA I, %5 F 7 AUl A4
HATHF R B, A2 56 A8 ESCs 7k, 73 53K 4%
TR A i M Jo BEAT AR , 2 3 3 ESCs
TR B fE , Karlsson%s Ul de Peppods
BN R 7 ESCs# Rl B MSCs i 72 2 h 15 7%
IRIRAF R R AL I hESC-MSCs4il e, % 22 T Ja sy
W BT XAl R, —J7 1, MSCsE 7RI
I3 5 AR E 2 T, BB 3 ESCs )
OV JE A oA B 5T 1L, A T AR A S
AR 5, MSCs A BRI MY TEE T, et a5
PO ) AR A PR A G, AR A AR R T AN BT R 4
AR de Ak, WS A R IR T N &
B PR 7 A1 AR 1, Gt B 2T A 4 A 7
(fibroblast growth factor basic, bFGF). % iz 41 i K
[A-F (epidermal growth factor, EGF)FIfiL /M J5 1
KX F(platelet derived growth factor, PDGF), {i¢ it
T IL R hESC-MSCsUAFT AIETE , Ui S 4c1F,
PR SRR,

IR = RS ST RE SR AT HAT MSCsHE AR
T3 77 (FIhESC-MSCs, {H =Fhifs G 753k 431
hESC-MSCs.Z [H] 42 757 477 oA 22 53 v R WARIE . 75
FHRIRES, HREAAR, WTHeREERE MRS
AR MSCsA71E 2% 5o Boyd 55 PFR A Rz 4t g A
IR BN hESCsH T 1577, &A1 40 i 2 AT
MSCsHIRBMBE . K e, HARE L
J G4 . PRI, ARvEAG JhESC-MSCs 15 5 4 i
AT R DR 5E 8. B REE i Sk
& SCHR T Y d5 22 1) — o vk, HAAR i 32 AR A DA
NIUANTTIL: 165, AP IR, ASTE BRI A0 AR
Gy, FLUR, ANTREE AN I, R i S H A A i
[R5 5%, 51 2 3RAFTCEN IR (R 40 A Ak, K557
FEHBAE SRR S . DomevaAE PSS RN, 1
T JAVEMIE IR AL A AR A3 1 hESC-MSCsH
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CD73FATEL %5359 4 26%+E7% A1 49%+£12%, 1%
F214 ARURAR R H AT 4% 140 i {5 7~ CD 73 FH

2 hESC-MSCsHIE Y F45 1%
2.1 hESC-MSCsEHMSCshyFREUFE

20064F , [H 514 B 2 % A MSCs 19 %5 5 i
THbE, HESRLLUF =S FRNAL . (1)MSCsTEFRR
HER TR T REMEBEA: K (2)MSCs# ik CD105,
CD73f1CD90, A~3£iACD45. CD14. CDI11b.
HLA-DR. CD79a8 CD119, H:+#CD105. CD73.
CDOO P B2 W =95%, HoAts B A &40 1 BH P 2%
I <2%; (3)MSCsTEARSMHE 1] B 4B i 40 il
J R A oA, H T, 6 hESC-MSCs [ %552
B iRk
2.2 hESC-MSCsE B R R&Z IR R & IBTIEE

5L W], hESC-MSCs FL A3 F i [F] 78 Ji 41 g
AL S5 22 P 0, — 7 T, AERAMEFRAE R,
¥ hESC-MSCs 55 /I™ 5l JH AT A 58 1R bk 2 40 o AL 355 57
S, 57 B R AL AR EL, IR B AN B TG 4k, A I 4
(RIHGTE S8 , 6] hESC-MSCs AN S g2 i )3, BIAS
BAT s # AT AR S 5 53— 7T, hESC-MSCs
B Y 02 A0 0 R 6o o L A P v e, i 3
B, AT g S B o /I8 B P SEE B ABAIE 5K T IX —
459K hESC-MSCs A ESCs3 iy 5 #IPU AL Bk 15
SR N BB R, —AN H G &L, hESC-MSCs
AL FRANPUARN 42, A5 hESC-MSCs[1)
/N SRR A3 A0 1) 9% 3520 ) A Tk BRI, 3 1
hESC-MSCs RE % 411 il 28 i 40 i (K523 , W 15 995 ¢
o X A] S A hESC-MSCsHE % 23 Wh— L6 B AT il
TEVERAEYNE TR, R ARG R Rk, A B
SR AN M ONK T ) 5 S 0 TR ) SR ke 22, AL
S B DR (107 2, DTV B 200 i ey a8 e A
WOBEPE B, S HE S R T4 I,
2.3 hESC-MSCsTEBHEME

Olivier 5 Mz 8, hESC-MSCsTEARSN FR4AF T
SRARERE, AT, 1 Lian 5 hESC-MSCs
PR B BB O NS, ARG . 1KLLt
FLULH , hESC-MSCsH AR mi it AW 4k, iX
hESC-MSCsAKAENS Y F TR I A P2 FH LA

3 hESC-MSCsByR Fars
hESC-MSCs 45 MSCs1 4= 27k | [R)If

SR T R AARMS Cs U 52 B (¥ i /1, PRI 32 21 K AT
FUE T Dk, 75 SEAE R R S HAT OR8]
30 EftwAxR7Am

56, hESC-MSCsJ& T~ A IR ZAH 40 i, fiE
BRI RMAW e, ik SR TV 53 2
A AL RSO SAREATAS SUN Ll el S PN =it ]
IS EARAY, , 7 BT 1 W] ESCs ) 1R 22155 5 43 AL I A4
FeHLHl. Yk, hESC-MSCs ] LLYE & ESCslfiaF: 2
A N A ESCs B FR R HE A& R IR I 6243440 | i,
55 7% ESCs 117 24 M R0 43 A2 e P B AR 41 i,
ANHN T J5 B ESCsIIR IR H o K ESCs H 5 K5 1)
MSCsTENFR 2, SCH 3 S AR, RIEFE
FeE, AT ik s sy v 4%, T oA ESCs()
FERBAIT SR RN, FHER A R B 454 th4h, hESC-
MSCs B ATl Sl i AR B 4 2 A0 ) e
LA E WS AR, AT RUIR el A
A AL TS . Song5F IR H hESC-MSCs
R F AR, KINbFGFREME (£ HFhESC-MSCs
1] JIg s &4t J 534 o
3.2 lleRMAAE
32.1 hESC-MSCsH FH4ahtekmae9i6 8 hESC-
MSCs HA B R E 74 Be 1, Aefe it & i 1)
BE M, Arpornmaeklong 5 2 hESC-MSCsF% Hi 2]
PR SRR /N BRI S, B i A M AR iT A% 2
BT DX Sl 2, FERCE /NS, BrE s N E RS AR
(T 2 2H ZR RN ML 0], St i i R BB &
Harkness %5 U100 22 212 ALL I 45 L . Undale®s 0
hESC-MSCs4il il #4821 K BUsr i 8 5 2 )7, 761
P H0AL BE % L5 21 0 W 1R B AL B R, U6 hESC-
MSCsfet et B rims.
322 hESC-MSCs/A FALAAF%5 69155 KhESC-
MSCsFAH 2K BRI 0 (W BRI AL, 4)8 )5, ERAEH
R BEILEE B AEVE (ThESC-MSCsZi i, 5% A L,
hESC-MSCs it B {2 48 i 453407 A0 20 2L R s 26
i BE BRIk ) J 5 3. Ninagawa5M47 R I, hESC-
MSCsTEAR N HA i # UL 4iE HE, ¥ hESC-MSCs
ok 20/ BB B A A R, BEMEER £ 60% LA
B hESC-MSCs|n) & % L4173 4k, 134 LA )
JEFR AL T ARSI, WA S REE B IR A . X4
FULH, hESC-MSCsfg % B 2 g ik 5475 L 1A (1) 1)
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3.2.3  hESC-MSCs™ A F #4747 14 7% 5 6915 4
Liu5* L hESC-MSCsH Af 21 i e 1fiL A A4 Py, 41
e F RITH BIRIAE I, B4 00 4 o P48 o0 i o
P I A2 993 IR ¥~ (von Willebrand factor, vWF)BH P4 F) IfiL
BN AN, B S X, G/ MESETI R, fEHER
BIZZhThBEMI M . [RIA, MSCsth i i ] e ik
M AR R 7, (R B A, B R B e .
ORI, hESC-MSCsREM i ot 55 7 WA/ H, it K B
T ffe L 547 X R AR I A A R R 4 AL
0 P14 TR G V45 5 LI, sl A 2 i, (R 4R
BB E™, SimpsonZEF I ¢ %, hESC-MSCsHE
B BH 110 =5 BERE FE )3 — 25 %Ak, SR BT ok R e,
TP Rz A0 e A K, ST A I TR TR R, 18 S AT
X3, ixLegh TASRK B, hESC-MSCsXT 1S il P14 %
WA BB AR

3.2.4 hESC-MSCsfL Al F H AR 1 & 5 Fo fb 95 69
%97 MR B DU A5 T 17/ BB 43 B 7Y
fif, hESC-MSCsHE % fiff 1 T 5 24005 X 3, I
1k HH IR H (alpha feto protein, AFP)H P 1 41 i,
MIMTGIT 2R, FhESC-MSCsH 4 21 il 5))
ik e PR N A, RS A3 i R B, 6 A L,
hESC-MSCsH A4 1 A7 O 4 R A7 0 AR
TR % i 2y ok e J 2 8 3414 T BRI, 136 B hESC-MSC's
X Bl ok i R TR AT G5 IR YT OB tk4b, hESC-
MSCsid BEAM IR 41 (K A2 . Bak&s P24 hESC-
MSCsiT 5 2 5 s KM P, 1X 24 hESC-MSCs g
B 21 8 5 AR, A0 i Rg ) AR A IR A K 2 A (1)
AU ] o

3.2.5 hESC-MSCs# 2 J T477 £alkm  —
Ji1H, hESC-MSCsANHL A7 HEolcU5 4 i 1) e S o 1),
53771, hESC-MSCsHAT G2 i 15 1EH], feiiilit
JEE S 38 SN o T el Y VR R 4 B S 56 AE 5K, hESC-
MSCs RJ 43 s — 46 G J2 FH O 19 L AT BTG 2 1) AR 403
DR 120, B B bk 2 A0 B Fr 0, HRBTAR N I
RVERIE , AR SN, Y O L PR
hESC-MSCs 3 B H F- — 48 50 58 11 5 3 n A A i
115 93 (graft-versus-host disease, GVHD)%5 ¥V 77 o
UbAh, FER AT AN M sl 2% T I, R MSCs ) 6632 1
TER, K MSCs5 H 40 sk % B LA, fels i
S OPEN 52, Yok PR G 2 HE e s 7= A 119 40 e S 41
45, B H AN AR A AP G R, ks
ER 7 S

4 FEMLDBERE

BE 5 95 AN WA, hESC-MSCs L #i%
o ek, AR, IR A — R A R, s (1)
hESC-MSCsTfillfi 7 MSCshEME % 5 i) 3% i r) 50, B
H TR AR et 5 e br ik, Xt S 30&- S0 = 3k
3K hESC-MSCs | 71 22 7t o (2)T5 SR R 7
AN, Toi e AL . IR 2R R IR
P ik, kSRR SRR, O H 5
TSR, AR TP (3)
hESC-MSCsHlifk MSCs 2 1] & FAFAE 25 . (4)
hESC-MSCsA77E 1% 81 A48 5 R AU 0T, 7 T BR A% AR
AR, A5 ESCs 7 ARG i v] R 23 R AR et fA it
SR IRAR i H KR I hESC-MSCs % B R e E,
UG PR . JH o (5)hESC-MSCs IHIF 5T i Ak 1k 25
BB, AT — B o il R B, AN R 5 S ik
FR1FHM hESC-MSCs & i A7 71 22 7 2 AN A E 2 (5]
(] hESC-MSCs& 1 f7-15 22 51 7 {E £ AL A5 hESC-
MSCs KT 41 J - P2 R A 5 2 T 2R 2 aX 48 )
PP IR R R

FSAKMSCsHI EL , hESC-MSCs ki T-ESCs, A
TR B B A0, e TR A RRAE, JERIE
Fw, HA L w6, sk 7 ESCs EL# M H i
(RS0 1 1) . Bl A 22 e T A0 A A I BT
ESCsHKU FIMSCsf JE B TR L3, 41 e
ST PR R4 M kR, BT R BN I T S
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