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Abstract: [ Objective] A human embryonic stem cell line derived from Preimplantation genetic testing ( PGT)
embryos was established in a xeno—free stem cell culture system to provide disease models for medical research.
[ Methods] The xeno—free culture system using xeno—free human foreskin fibroblast feeder layers (XF-=HFF) mixed with
commercially available chemically—defined medium (CDM) was assessed. In the culture system, a new hESC cell line was
established using discarded embryos derived from PGT in patients with chromosomal balance translocation. [ Results] The
new availa bled stem cell line was successfully cultured in the xeno—free culture system for a long time (> 45 passages).
The karyotype analysis revealed that the new line kept the same karyotype over 45 passages. Moreover, the expression of
pluripotent markers was detected by fluorescent immunostaining including SSEA-3, SSEA-4, SSEA-1, TRA-1-60,
and TRA-1-81. RT-PCR analysis showed that the stem cell markers were present in hESC grown on XF-HFF-CDM. In
addition, the teratoma formation analysis demonstrated that the cells cultured in XF-HFF/CDM maintained their pluripo-
tency in vivo. [ Conclusions ] Our study may provide the possibility to establish embryonic stem cells with certain pathogen-
ic genes, which could be applied for clinical research and treatment.
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T IR B 24 i A P GMP AR IE R A
T 411 (human embryonic stem cells, hESC) 5%
SR hESC 1A B B IR AL AU A 1 g — 2D 4R
TG B PR A TS G B RTE B
i85 3% % (chemical defined medium, CDM ) H7 ) g
ENES Y L s LY ) e N A E VA ) Y R
SR ZRRNEAE 7% 2 CDM B R 1A &R
(B IFAS T R AR X R — > B i i 7 b hESC i i i
N 23U Z2 /0 hESC B FEVE > . I, FE 58 2 T
) W R B 5 3R AR & b R AR A ST BT B9 hESC &R
BRI RATZ AT CEUESE T
BT AL EE ) T A IR P (xeno—free , XF) K7 21K R 2
FFhESC A= K B BE S T feeder—free B FR 1A R, {H
ST RS R 0 P BR hESC & AN J2 76 XF
F A ST o VR IR A A I 35 4% 27 A
(preimplantation genetic testing, PGT) B & Y K 7
JVR I A ST 1) A L AR Sy B R O I S T
IAEM AN ALY, FEAWTSE b, FAT TR I AEAS v
O AT PGT 1 Y (0 14 - 5 iy i 1878 10 IR 55 IR I
i FH AL DD 132k 245 9 40 B AT (inner cell mass,
1CM) JF HARAR , DA 37 58 4 1A 422 ik 3 W) L 53
4 hESC 28, 2 hESC 6] I R B W FH 15 DR
2 PR (%) ST AL T A

1 #MH#5FH*®

1.1 Tsh¥iBEHER hESC I FE &R

AR R RN IRATZ BT A IR R ik
#2016 4F 8 H & 12 A I — 7 Y iR B 5 v 1
b2 PCTIRYT IR AW E e IRk 1244,
e R B AV R B 15 5 T AR S 56 1) 1 4 it o
Fo VL EAPRAAS 2] B A R SRS 8 il K
E T S — I e e B2 51 2 B
12 ZhMBEMEAEBRAFENHSRIES

TCH 26T LA B R TITAR S5 1 /N LA Bz,
B AP HY PBS #h ik 3~5 & , 4R J5 7E TrypLE Select
(Invitrogen , & [E ) 1 4 CHEMT R . 778 LBRFR
B, AR R 59 5 B B2 85 %, il A TrypLE Select
F 37 CIHA 30 mino SRJE A SIARBL 4 10%HS
(Sigema, 2 [H ) .90%DMEM (Invitrogen , 3 [§ ) {4
U #20.5% Xt (HyClone , ZE[# ) i) AF-HFF 15 %7
Fe 2 kWAL W SO AT IS 1 200%g 1250
5 min, B FVE W E S, FH AF-HFF 15 3% 0 5 B 40

JL, DL (5~10)x10YmL [ % B 42l a5 3R L, £F
AR RS, M AE K IR 3 90% 1 LA L fil
& B, 4 TrypLE Select 1H 1L , #% 1: 5 09 L f914%
o A a2 8 U AL, i 4
P45 2K 2 h, il 5 U B R SR 2 A, T
hESC 13535 . DL bRk 3475 21 8 3 1 R 0 F
AR B LA BRI 5 — B Be AR B R B 23 LI
1.3 #HHIEES B ICM R EFER 5

128047 PGT 5 5595 % D3 W s IR, AL
BRI 2 B i I A, ERE T RS DR L £ R S
MIEFIIG R E E RN BG , SRR A 5%
Bt o K 2SRRI R R ES A CDM (HEScGRO
medium, Chemicon, € [E ) WP, 5870 ek 3, A W
W ICM P ZEAR, FH 1 mL B 1 5 2551 3k KRG 572
LSS R ICM AR AE [ AF 35 570K R A0 35 37 1L
rh s JE I i TCM T A Ek TCM 40 i 5ot /0 i 4 i, )
P AR TR 5 IR ILrp . B RIS ICM
B SO, R 2~3 d . AR S 3R 8 55 7~
14 dJ& , Pk v pe v g 4 i 08 R oAk A e
FH ImL 0 RS 38 5 Sk AR M) 0 SUBE K S B ML
Hbu A B 3~4 B, SR I K5 /0N 240 it 1A ol oA T 1 4 5
MLH B3R 5~7 d o B G 35 1 AE ol A 40 i
ARG (PR D) E 4% IR 1:3~1:6 1Y 1L
B T AR
1.4 SREWRNENNESCERERSUIE

W 2= 1% 359, 1 0.01 mol/L PBS %k 3 ¥k , 40 o/L
2 3 HE [# %€ 20 min. FH 0.01 mol/L PBS ¥ 3 VX,
T FH AR B3 %2 0.1%Triton X100 (Sigma, 36 6 ) 4T
£L 10 min, 0.01 mol/L. PBS ¥%6 3 WK o 4% T K A
I8 10% 1112 ML (HyClone , 3¢ E ) % LT & 14]
30 min, ZRJ5 73 B 4 F—HT (SSEA-3 [ SSEA-4
TRA-1-60.TRA-1-81, 1: 50; Chemicon, 2% [ ) ,
4°CHEE TG, F5EH 0.01 mol/L PBS ¥k 3 ¥, A
PEEFRC I EHT A BT R —HT (Invitrogen , £ ),
R FWEE 1 h, in A DAPI(Sigma, 35 8 ) YL 4% 5
min, 0.01 mol/L PBS %t 3 ¥k . fit)m B A g & A, £F
TG AR5 AR T WA 4
1.5 RT-PCR#:ill hESC B % gE 4

W AR 1x10° A 4 Bl 5 17 RT-PCT, W & hESC
Z e A ¥ Octamer—binding transcription factor 3/4
(0OCT3/4) .anoghomeobox (Nanog) .POU class homeo-
box(POUSFI;3 1), 2 M i RNA $#2H0R7 £ (Qia-
gen, 52 [F) UL B F TRIzol IL 32 HUAN M S RNA . RT-
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PCR &K 4187 & (Invitrogen , 3¢ [ ) Ui B HE A T84
Wi S I AR Z N 20 pl, o s RNA 2wl 5%
RT buffer 4 pL. 10 mmol/L. ANTP mix 1 nL.0.5 pg/
L oligo(Dt)20 1 wL.20 U/wL RNA BEHNHIF] 1wl
200 U/pL. M=MLV 55 550§ 1 pl, Fl42 8 F i DEPC
H.O #b 58 , [ W 7E 42°CAE 1 h, 247 cDNA (1) SE
fifi. 95 °C10 min, fHEGIIE , SR )5 IRAEAE-80 “CrK
Fi# o PCR VAR FR 25 pL, Hop Atk 2 pL, |k
#5144 1 WL PCR Master Mix 12.5 pL,dd H,0
#hFE A 25 wlo PCR 554424 :95 CYEF 5 min;
94 °C 30 5,60 °C 40 5,72 °C 30 s, 35 MG ;72 CIE
FH 7 min, PCR =047 2% B B W W, 1k, B st 1A%
SINT RS T WA A .

1.6 ML

FHIV 2 i J5t i hESC A A 2T 4 4 i 1) 37
JZ (human fibroblast cell feeder, HFF) I iH4L T %,
¥ Mo ARG B PR 6 fLAR P 15 37 o oAk R IR
7 1A B 23 % 80% DMEM | {4 B 43 %% 20%FBS |
1 mmol/L L-glutamine ,0.1 mmol/L. f—mercaptoethanol
F1'1 mmol/L. MEM nonessential amino acids 21 A o
23 7~10 A BTERRE R BB P MEERINA
MBI WO BIZE IR S | 42 HCRNA A6 I 53 Ak A
F F A Reduced Expression 1 (REX-1) | sex deter-
mining region Y—box2 (SOX-2) . Lin—28 homolog A
(LIN 28) . Nucleophosmin—1 (NPM1) Fl Growth Dif-
ferentiation Factor 3(GDF3) ik (£ 1),

®1 KNTHEE S UHEXERLK RT-PCR 5| #1575

Table 1 the primer sequence used for polymerase chain reaction and determination ofpluripotency and differentiation

genes
gene Forward primer sequence(5'=3") Reverse primer sequence (5'-3")
Oct 3/4 GACAACAATGAGAACCTTCAGGAGA TTCTGGCGCCGGTTACAGAACCA
Nanog CAGAAGGCCTCAGCACCTAC CTGTTCCAGGCCTGATTGTT
POUSF1 GACAACAATGAGAACCTTCAGGAGA TTCTGGCGCCGGTTACAGAACCA
REX-1 GCGTACGCAAATTAAAGTCCAGA CAGCATCCTAAACAGCTCGCAGAAT
SOX-2 CCCCCGGCGGCAATAGCA TCGGCGCCGGGGAGATACAT
LIN 28 AGTAAGCTGCACATGGAAGG ATTGTGGCTCAATTCTGTGC
NPM1 TGGTGCAAAGGATGAGTTGC3 GTCATCATCTTCATCAGCAGC
GDF3 AGACTTATGCTACGTAAAGGAGCT CTTTGATGGCAGACAGGTTAAAGT
B—Actin CGGATGTCCACGTCACACTT GTTGCTATCCAGGCTGTGGT

Oct—3/4 : octamer—binding transcription factor 3/4; Nanog : nanog homeobox ; POU5SFI : POU class 5 homeobox 1; REX-1:
reduced expression 1; SOX-2: sex determining region Y—box 2; LIN 28: Lin—28 homolog A; NPMI: Nucleophosmin—1; GDF3:

growth differentiation factor 3

17 KRS LER

240 M P B DRI A, B0, DLTE , LA PBS B,
e JE 249 110%mL, FH 1 mlL 3 565 25K 20 i Bl i A
T H B A A S5 Bl B (severe combined immunodefi-
ciency, SCID) /N ER CHb Ll K& B8 2 Bt 3 ) 52 5 v
) JE B LA A, AR 0.1 mIL (29 1xX10°4~4iffd ) o
8~10 J& J& Al DL /IN BRUBRFRAT i e, 10 J) )5 b 4E
AINER K IR IR 4 20 40 o/L 22 3 P [ 78, A
B, U)F HE B2 6 )5 AR T SR BAFTEN |
H A3 IRE AL
1.8 hESC #%Z K4

W U 28 T A% B U A hESC A% AR 2 T ) 7
JZ 1) Matrigel fL8% (955 F2 ML, B R ¥ . 2440

Ki g% 3~4 d, 95 H B, In AR AN ZE AL BE 3 h,
%525 /L[4 TrypLE Select 141k & 28 40 L 5 ,
2 R A B, Giemsa Je (@,

2 % R

2.1 AF-hESC ZHIEKIER

AT 2238 FH Tyrode's solution 7 22 FR i
it FEE R A DA, AR5 Y TICM 56 4% Z Josh Wil
N AL 1A 32 JZ (xeno—free human foreskin fibroblast
feeder layers, XF~HFF) XF-HFF/CDM 4 {28 T 1 ¢
3~7 d, ICM 2 #i 734k , Je 2R RE IV 1l 1 41 i e B
(BT 1A) o 11 12 45 PGT A 8 Y 5 S R TG A AL
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BRI vk 2 B8 A A MG TR MBS, A 1 U
FEARAT B TCM 7E fe 01 1 JL IR AL AR b SR 21 R R
T ICM 9 hESC FERAME W HE A A1 Bifi 4% 57 240 it >k
VR AL 4 (L B) o B 5 i — 25 B AL AR
hESC 20 i, 531k B 40 328 9 2%, 38 9 hESC &
T BT T Y v B 0 B A0 i 3 B s B Y %) hESC
JE AR FRRAE B4 M ) 55 % 3% 40 L 2 BOR 50
B, A m R L (R 1C) . HATEE ST X —

 hESC & B AL 188 1 40 fR Wk, 5 PR 15 IE % 1
hESC LRI
22 RETRKE
XPHTEE S 1 hESC R AL IR LA S 7R 5
AT HRIE DO YD, FERERI IR hESC AR MR TR
04 SSEA-3 .SSEA—4 Tra—1-60 F1 Tra—1-81([&2) .
2.3 RT-PCR#&M
hESC Z etk R FZE AR 1) 3 4R J2 1) 5k

A : hESC showed a differentiated state within 3=7 days cultured in XF=HFF/CDM condition. B : hESC exhibited the distinct colonies with clearly

defined borders after mechanical passaging. C: The morphology of hESC cultured in XF-=HFF/CDM medium for more than 20 passages with a high nu-

cleus/cytoplasm ratio. The scale bar represents 50 pm.

B1 FEEHEEEFERPEIIR AR THEBRERS

Fig.1 The morphology of hESC colonies cultured in xeno—free hESC culture conditions

G

represents 50 pm.

D

A:SSEA-3;B: SSEA-4; C: Tra-1-60; D: Tra—1-81. SSEA : stage—specific embryonic antigen; Tra: tumor rejection antigen. The scale bar

B2 XF/HFF-CDM #5354k % f hESC B T 4 fEAR S W R 1%
Fig.2 Expression of stem cell markers in hESC grown in XF-HFF/CDM
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AF-hESC AU 32 AU, W dlE— s & i 40 i
7 RT-PCR, 45 R R W BT 2 37 1 hESC R %k T 40
fits £ 88 1 Kl F Octamer—binding transcription factor
3/4(0CT3/4) .Nanoghomeobox (Nanog) \POU class 5
homeobox 1(POUSFI) (#13) . Ayt — 2045+ 4
Jit R B4 AERE T, FATTRE hESC 7R T 37 2 AR,
B I T 209% FBS-DMEM 15 37 3£ 2853 7~10 d Y
TERE AR LB BT R IR BT L. WOER 2R IR AR,

i Trizol £h B I T RT-PCR K3 53 (LA X K1 R T R
REX-1.SOX-2 .LIN28 .NPM1 1 GDF3 3£ [H ity £ 1k 3 hESC SHEMEFHIFE
(KE3) iﬁieﬁf ST I hESC RIEAYNEA I MLIEE ST Fig.3 Expression of stem cell markers
24 EEFERRBRSLERE
h AF-hESC {1 A ™ 5t 4 35 i i3 (SCID ) /)N B X FE I AF-hESC BA Z M4k i hE
R RETE W BRI, 38 T ORTET40 b L 34 25 SBEEZBEER
IZ S B RE R AR 4E Rl b B 55 (K 4) . X ST ) T A0 M R AT R B S E R 46, XY,

A :ectoderm : sebaceous gland; B: endoderm: muscle fiber; C: mesoderm: intestinal epithelium (x20)

4 7 XF-HFF/CDM #5545 2 #7332 B9 hESC R M 4 L 3036
Fig.4 In vivo analysis of the pluripotency of hESC cultured in XF-HFF/CDM

t(1520) (p13.3;q13.1; & 5) o 3 X555 15,20,

25 .30 fR Uk B R I 56 36 AU A hESC #E 47 T 5% ( '(
RIS e B TRl — S W A% A

3 i #® “ ” l( N ”

hESC & &R K K 32 ok fevp , SRR B4 3 2ok

URF i JLA 7 T (D 7 J2 20 o A 9 J2 3 it l| M “ “ ”
(b Ay B R T A S 1 E 15

S RESC 57 3V I 30 0 28 1 L3 , = lt i+ 1 ( ¢
FBS 1 SR ; @ % H T L bR 7 12 41 i 3545 1CM A

v A X ~ n 19 20 21 2
%Q%ﬂ%m%ﬁ%%%ﬁzﬂ%ﬁﬁ - —HU Es EXF—HFF/CDMi%%%?%ﬁh%ﬁﬁ_m’]hlzsc E4:
XK WFFE E AT EC) FARAL hESC G SRR & L 1 e AR S T
BRIG SRR R T s W I B A3, DATR A 58 4 T Fig.5 G-banding chromosome analysis of the new
S EPE R hESC B F# K R FIhESC £ . hESC-line cultured in XF—~HFF/CDM
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T 37 )7 2 hESC A K TR AT sl sk . E A ik
BEHESRAEZAEXNZHGETEKSET
hESC Z Rt 4 +E . 1 i) 57 )2 48 M 53 0k 22 Fh
AR EF B4R T 505 (FGFs) Vb A K
A 5 E A Wat family member 3(Wnt3) ‘BT
AARE A (BMP)FE PG 555 . X 88 N - i A
H 1 [ AEH , 7] DL 4E+5 hESC 7E feeder—free 1 33
KR PR SEREARK 5B RS
Ty 2 114 35 IO JB A BE N B £ 44 400 i R T %
il & 5, I A KB E R A, eS8 2
WHFhESC Ao b Az K 1 doe A0 55 2 DD Bl 4% 2%
PR R IR SR 2 A 2 — 2 FRATEE S
AF-HFF 765 5% )2 R U8 ARG 77 2 07 il L Bk 1 3
YA B, I BB RS AR AN IR T
ik— N H A EA TR hESC A KB BE ST, KKK
IR T 3% 2 4 4 1 23

A ST B I TR 2% hESC & , 40 55 1CM JE 3 &
B B ANRHEIR BN E AR ELICM 1 £ iy
e, IR R R R S s i v
(/DRI g ) J R, Bl T 3h Y
g% o AU IS RR IR F AR ) SR VI B 425 BH Ay
JE AR TR IR, Ki 35 5 d )5 4 85 th 7 KA FE 1
ICM A ifE— 2R BTy ok O T 2 i 3 1 A
o3 (R BRAE RIME , AN25 5 58 4 S BRg IR 40 i, i L
PRV 2 R 200 L 3% £ 45 hESC 39 58 BE 1% HLAR 5
a3k, BRI DR AKX 1CM AN B 20 i 45
DEYICM, A fE LB W AT 2RI IR . AR
AIF5E >R FAMLAR D) #1072 5 4 4 IR ok R A5 1CM R
ST hESC £, LARES ICM 4355 13 R vh sh ) 26 Y
T, MR IR ZR TP R OCEEY) 0T, hESC B 5E 2
HESTAETNIN T L3 5 IR I LA A 3522
X5 244 R G T40 i (mESC) & 257 1 5 57 %%
P AL, AL, BE4ERF hESC Al mESC H
WHEF T Z BAFAER K225, B0, F i
g 0l A7 (IR ) 3l 2 45 4 LIF 32 1R 1 gp130 2 %
1% JKA/Stat3 {5 53 5% M0 19 Stat3 {55 2
PLAERE mESC 75 1% 4 LI 1355 37 35 Hh 38 58 A 2y
K AR FE LR IS s 5k,
BMPs A] LLBp[A] LIF 375 5 33k 1d 5 K>k 4EF mESC
) AR AN LIF 5 s Stat3 f5
S B ER E LASERE hESC B FR BB

FEGR IR 2R 2 b LATE X e SNBL 2 T AL
PR R R IIRAE 205K 1.8%~37.5%A119.1%~26% .

X TE AN AN [R) 00037 1) 355 73 v A R R AN A
[7] (FCS:5.6% ; SR : 1.8%~20% ; HS:9.1% ) . At
5% 2R FH AL AR D) #1543 85 1CM LA B A 35 1 ¥ /9
CDM K 55 72 J5 AR hESC 7e i , fe KX P IR i R R 1Y
BARC1/12) o AT LR R T b i £ 20 A AL
() Bk A5 BT S B A1 , EAS 25 rh s e R AR Y A
RZiOTT A O TRRWESFIBA S RIE T
et R S8 10 B IR IR A7 AR G fo R 5 R T BB
PR QIEMR R 2, 2 D3I/NT 6 1L
S IRNG , 5 R AT I R PR G R S I 5
WG S IR 6 J5i 2 0 355 A X6 R i 1 63 493 LA S O i
R T R R AR OB R K E
SETEA NG 3 2R R rh AT, AR5 D
R REFF RS AE TN S5 9% . TCIig 2444
X JEAR SE B AR K 52 AT B S B T AR R R
HARAHIE ST I R AL HA R —Fh 28 22
i, HEV7 1Y hESC 3 AT 46 AR 2 fiish 1t 4 2
SIEYEY . 7E LR RO a e BRATT T A A
BTN 2250, I X6 35 3714 3 0 DR 20 e A 7 gk —
PREEARAL, DLt — 20 3 i RACR A O
A HE ST I R LAY hESC R AR HE 17 %,

{6 FHJC L3 1) CDM R 2 37 hESC &, i 75 22
TR R R AR SR A A TR B SR . O
Z W5 fFH CDM B B o A —  AH 3L A A7
HA R RS =R bFGE, Ui B 3 26 4]
TR 4ERF hESC 1y H F- B b i SR . AR
WF 58 v F %) CDM 3% 5% 58 5 02 35 % i DMEM/
F12 S & RS 1 NI F1 & E R bFGE
(20 ng/mL) SF 4 . R = — R 2R LB T iy
RN T, o sl i A i 5 2R 2 52 i H
ALK EE B8 R 2R R A 5 0] 5] k™ &
B A LAE A AZ B, T 28 % T v VAR BE 19 i &) 22 AT
FHE KL bFGF F Wat 515 1 51 %7 1 51 5
Yy K M ESC 5 515k 3 L EAE T,
R R B2 & AL R —Fh R
L F AR AR B H ORI R AL e SR AR
KR o, B AYEMER, ATRS G REN
2 B 2 LA AR o i LR i 2 £
RIS E M HTR . Meng 55 £ 2008 41 2% 1 1) 4[]
FE—NhESC 5 370K & HARGE & 1) B 7 T 50 00F
AT EE 7 9 AF-HFF 202 A B A7 2 HF hESC A K
MIRE ST, IEARXZIE SR R FATIR AR 4307, d 1%
At — L 2T IR hESC &R . 13K
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MTAENESE T 3 AN By 77 1k R B 4 F5 hESC K K 43
fe3as e i n , i — L UE S T XA R IR R A
TRFIEAR TR AR K A RE T, BT MR A TR
hESC % , 9 1fi K 2% A hESC By #7542 4L 7 9 4 4k
MR FRAR R AR KA AT RE . (H2, RATTEE R B
TN IZI IR ZR O AR R A T A A 1 Y
WFRER PR ZIE TR RADAFAE R LB , 7%
R ARI T IR T B SS 3

hESC 7ERSME A S 357 AL AR AT 1] 1 Al e
ke As I, hESC 28 K IR Ah 85 35 J5 2 e
IR IR H BB . H Y hESC /& X i
THAIEALAR, © AR EE R s . (HJ2
T4 R A% A A Bl bR S S LAy, T L
TH A 20 25 5 5 e 400 i 35 IR0 %) e 21, T AL A
FBR S o R R I R A A ke G T kAL
AR BB , (R B E E 55 S5 B R, FE I K, NS
TP 15 PRI YT KAt hESC, Ludwing %5 7F —
AN B B 1 58 42 TG B W TR R 1 B 3R R G
TesR1 FVHEST T BH AU hESC & |, (HJE P4~ hESC
AL ARG R eI R A T Y IRz
A A8 A A A AR A sl R A 6 A VR 1Y
A KR (U100 ng/mL bEGF) FA 3T T2, t
Al g5 BRI R R AR e SR BRI T e 0 (R AR S w2
S SO A R A R RS B R T O FRATT A 4N
FETJE R 15 O, B AR S AR & 45 R T
AF-hESC #E A7 #% B %5, UE S 34 28 [R] — S o A% 7

SE 3k

[1] Zhang D, Mai Q, Li T, et al. Comparison of a xe-
no—free and serum-—free culture system for human
embryonic stem cells with conventional culture sys-
tems[ J ]. Stem Cell Res Ther,2016,7(1):101.

[2] Lul, HouR, Booth CJ, et al. Defined culture con-
ditions of human embryonic stem cells [J]. Proc
Natl Acad Sci USA ,2006,103(15) : 5688-5693.

[3] YaoS, Chen S, Clark J, et al. Long—term self-re-
newal and directed differentiation of human embry-
onic stem cells in chemically defined conditions[J].
Proc Natl Acad Sci USA, 2006, 103 (18) : 6907—
6912.

[4] Cheng A, Cain SA, Tian P, et al. Recombinant ex-

tracellular matrix protein fragments support human

46,XY,t(1;20) (p13.35q13.1) , I H 5iZ G 1
TR AZRIAAST o PRI FRATTIA 1% xeno—free /A R H.
AT LB S Y hESC R IV RIS R E B RE )
AR, Z W e TR T 412 (induced pluripo-
tent stem cell, iPS) 1 H 304 120 i 2R 114 SR YR £ 1t
T MR AR O ERE S TR R A A ]
E B T AT S AR o (H L iPS 41 R ATH AR
FEAEVEZ AL, ARG 1 200 1 o i R ik e 1) 1)
A, 0T AnE A R A AT O R PR
PRANE [ 5 345 iPS R FEAS REff e T 55—
J5 L iPS A X 1A T 2 Ry [l i a0 i
DA L o 2 52 104 4~ AL i S BT L 300 2 S 2
AR P 7 1) 28 A AT 15 25 I e ) v A XU ke PR
Y AL A7 TE SR 0 V8 TR RUK: | iPS 2 i 114 e 4R 4
S o I R, ARG T 40 R 5512 PGT R Y
HEAT AL VR e (B a0 s h i 2200 A REIILZE 46 |
WAL PEH IR A — R Y HUE R ) 1 hESC 2 A
ST, FEI PRIV K AIE5E S5 D5 AT HA A ] AR
DR I PRI VR i 1 40 B 7 I PR3 7 0 L il
WFSESUATS B AT T R O L 57

R AL ATl RARERY hESC 28 U2 I IR
BT — L PR LM B AR, hESCTELRIRIA
I TR 9 T T 2 W O S IR AR A € B
& He a7y, 2 B e A YR E AL 1
hESC F 7 LU, KM ) 25 7 BE5H LA K E [m] 53
b, EAFTEA R PR

embryonic stem cell chondrogenesis [ J]. Tissue Eng
Part A,2018,24(11-12) : 968-978.

[5] sk, ER=, 20,55 . TCsh I ARG

T IR R R e AR T 20 R A AR
MHEELLT]. il 2w i (B2 R , 2012,
33(6):828-834.
Zhang D, Mai QY, Li T, et al. Comparison of A
novel xeno—free culture system with other different
culture systems for HESC [J]. J Sun Yat—sen Univ
(Med Sci) , 2012,33(6) : 828-834.

[6] Xu RH, Peck RM, Li DS, et al. Basic FGF and
suppression of BMP signaling sustain undifferentiat-
ed proliferation of human ES cells[ J]. Nat Methods,
2005,2(3) :185-190.

[7] Wang L, Li L, Menendez P, et al. Human embry-

onic stem cells maintained in the absence of mouse



4y

(I SIIPE S < SR WA B it et R PNEN P QU= ik 7/ N e R I UES 517

[10]

[11]

[12]

[13]

[14]

embryonic fibroblasts or conditioned media are capa-
ble of hematopoietic development[J]. Blood, 2005,
105(12) : 4598-4603.

Xu C, Rosler E, Jiang J, et al. Basic fibroblast
growth factor supports undifferentiated human em-
bryonic stem cell growth without conditioned medi-
um[J]. Stem Cells,2005,23(3):315-323.

Sato N, Meijer L, Skaltsounis L, et al. Mainte-
nance of pluripotency in human and mouse embryon-
ic stem cells through activation of Wnt signaling by
a pharmacological GSK- 3- specific inhibitor [J].
Nat Med, 2004, 10(1) : 55-63.

Kim SJ, Cheon SH, Yoo SJ, et al. Contribution of
the PI3K/Akt/PKB signal pathway to maintenance of
self—renewal in human embryonic stem cells [J1l.
FEBS Lett,2005,579(2) : 534-540.

Liu Y, Song Z, Zhao Y, et al. A novel chemical-
defined medium with bFGF and N2B27 supple-
ments supports undifferentiated growth in human
embryonic stem cells [J]. Biochem Biophys Res
Commun ,2006,346(1) : 131-139.

Richards M, Tan S, Fong CY, et al. Comparative
evaluation of various human feeders for prolonged
undifferentiated growth of human embryonic stem
cells[J]. Stem Cells,2003,21(5) : 546-556.

Amit M, Itskovitz—Eldor J. Derivation and spontane-
ous differentiation of human embryonic stem cells
[J1.7J Anat,2002,200(Pt 3) : 225-232.

Amit M, Margulets V, Segev H, et al. Human feed-
er layers for human embryonic stem cells [J]. Biol

Reprod ,2003,68(6) : 2150-2156.

[15] Thomson JA, Ttskovitz—Eldor J, Shapiro SS, et al.

[16]

[17]

[18]

Embryonic stem cell lines derived from human blas-
tocysts [J]. Science, 1998 ,282(5391) : 1145-1147.
Park SP, Lee YJ, Lee KS, et al. Establishment of
human embryonic stem cell lines from frozen—
thawed blastocysts using STO cell feeder layers [ J ].
Hum Reprod, 2004 ,19(3) : 676-684.

Pan C, Hicks A, Guan X, et al. SNL fibroblast
feeder layers support derivation and maintenance of
human induced pluripotent stem cells [J]. ] Genet
Genomics,2010,37(4) :241-248.

Smith AG, Heath JK, Donaldson DD, et al. Inhibi-

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

tion of pluripotential embryonic stem cell differentia-
tion by purified polypeptides[J]. Nature, 1988, 336
(6200) : 688-690.
Williams RL, Hilton DJ, Pease S, et al. Myeloid
leukaemia inhibitory factor maintains the develop-
mental potential of embryonic stem cells [J]. Na-
ture, 1988, 336(6200) : 684-687.
Purpura KA, Morin J, Zandstra PW. Analysis of
the temporal and concentration—dependent effects of
BMP-4, VEGF, and TPO on development of em-
bryonic stem cell-derived mesoderm and blood pro-
genitors in a defined, serum—{free media [J]. Exp
Hematol , 2008 ,36(9) : 1186-1198.
Ying QL, Nichols J, Chambers I, et al. BMP induc-
tion of Id proteins suppresses differentiation and sus-
tains embryonic stem cell self-renewal in collabora-
tion with STAT3[J]. Cell, 2003,115(3) : 281-292.
Morikawa M, Koinuma D, Mizutani A, et al. BMP
Sustains Embryonic Stem Cell Self-Renewal through
Distinct Functions of Different Kruppel-like Factors
[J]. Stem Cell Reports ,2016,6(1) : 64-73.
Watanabe M, Fung ES, Chan FB, et al. BMP4
acts as a dorsal telencephalic morphogen in a mouse
embryonic stem cell culture system [J]. Biol Open,
2016,5(12):1834-1843.
Daheron L, Opitz SL, Zaehres H, et al. LIF/
STAT3 signaling fails to maintain self- renewal of
human embryonic stem cells [J]. Stem Cells, 2004,
22(5):770-778.
Meng G, Liu S, Krawetz R, et al. A novel method
for generating xeno—free human feeder cells for hu-
man embryonic stem cell culture [J]. Stem Cells
Dev,2008,17(3) : 413-422.
Ludwig TE, Levenstein ME, Jones JM, et al. Deri-
vation of human embryonic stem cells in defined
conditions [J ]. Nat Biotechnol , 2006, 24 (2) : 185-
187.
Megill TJ, Bohana—Kashtan O, Stoddard JW, et al.
Long—term efficacy of GMP grade Xeno—free hESC—
derived RPE cells following transplantation [1].
Transl Vis Sei Technol ,2017,6(3) :17.

(%8 & #)



