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Comparison of A Novel Xeno-free Culture System with Other Different
Culture Systems for HESC

ZHANG Dan, MAI Qing-yun, LI Tao, XU Yan-wen, DING Cheng-hui, HONG Ping-ping, ZENG Yan-hong,
ZHOU Can-quan*
(Reproductive Medicine Center, The First Affiliated Hospital, Sun Yat-sen University, Guangzhou 510080, China)

Abstract; [ Objective] By comparing the undifferentiated and pluripotent marks of hESC in four different culture systems to
evaluate and promote more optimal hESC culture environment. [ Methods ] The four culture systems consist of xeno-free human foreskin
fibroblasts (XF-HFF) combined with chemically-defined medium (CDM) (XF-HFF/CDM group), XF-HFF combined with 200 mL/L
HS medium (XF-HFF/HS group), HS-matrix coated on plates without feeder layers combined with CDM (HS-matrix/CDM group) ,
and xeno-contained human foreskin fibroblasts (XC-HFF) combined with 200 mL/L. KSR medium (XC-HFF/KSR group).The culture
efficiencies were evaluated by morphology, cell growth curve, flow cytometry and quantitative reverse transcription-polymerase chain
reaction (qRT-PCR) among these culture systems. Further more, we characterized the stemness of hESC after long-term culture in
XF-HFF/CDM culture system.  [Results] The rates of characteristic surface undifferentiated markers (SSEA4, Tral-60) and
proliferate factors (hTERT, Oct3/4) expression of hESC cultured in XF-HFF/CDM were significantly higher than which in XF-HFF/
HS and in HS-matrix/CDM(P < 0.01), but were comparable to which in XC-HFF/KSR. After long-term cultured in XF-HFF/CDM,
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hESC still expressed surface undifferentiated markers of SSEA3, SSEA4 and pluripotent markers of hTERT, Oct3/4, and maintained

pluripotency and karyotype stability , over 40 passages. [ Conclusion] The new xeno-free culture conditions demonstrated similar culture

efficiency to KSR medium with HFF, and were more effective than CDM with HS-matrix, or HS medium with HFF.

Key words: human embryonic stem cell; xeno-free; chemically-defined medium; comparison; culture
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5-20 C&H
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TCTE AT B 2 BRI S 1/ LA B 4%
I Ellerstrom %5 2 A 19 5 8 H 100 mL/L HS-
DMEM  (Dulbecco’s modified Eagle’s medium,
Invitrogen) il 85 S35 5% 58 2 TCsh W ME A A
WATAR AN, — AR 15 822 74 ) XF-HEF {5
WFRIZ . KI5 0 XF-HFF 41 1.5 x 10* cell/
em? P4 %85 J3EH2 7 38 40 Jif 3% 5% DL (Falcon ) v il FH P
el CDOM T 435 37Uk . X BZH HFF S ffi J &
100 mL/L Fetal Bovine Serum (FBS) 35 7% HEEE 551
[F]— AN A J 1] 37 )2 (xeno—contained HFF | XC—
HFF)
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W 7E 15 G5 1 &% 200 mL/L I3 B ARG 4
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Bi K & (XC-HFF/KSR) th 7 (i B4~ T 40 il &=
hESC-1,hESC-2, fEAZAUE 25 UK 73 5546 7 2=
ATF MR35 567 . BT E L XF-HFF B¢ 4 CDM
(HEScGRO, Chemicon) HJJCaIH)IEME R 7= 1K R
(XF-HFF/CDM), X} & 4] & XF-HFF B & 200
mL/L HS-Knockout-DMEM (Invitrogen) AY3% 57 {4
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1.7 RAMBEARNE hESC EJLFIEFE R b
SSEA-4,TRA-1-81 HyKi&

H TrypLE Select (Invitrogen) #§ hESC JH 1k i,
AL, T8 S A A >95% . IR 1) PBS-
100 mL/L F1ML7% -sodium azide B E NN, T4
MIEEREL 1 ~ 5 x 10%/L, H EP R4 41420 100
pL B4 EE B, INA—HT SSEA-4 5 TRA-1-
81(1:100 Chemicon), % i FW#¥ & 30 min, H PBS
e 3K, A Alexa—488 (Invitrogen) Fric A9 AH R
ZHi,4 CROGIEE 20~30 min, ] PBS FHKUE 3
W, 4NME & T % B9 PBS-30g/L BSA —sodium
azide "1 7 BV F AL,

1.8 WHEE PCR #&ill Oct3/4 1 hTERT K%
ix

Z: IS RNA $2HURAH & (RNeasy Total RNA
Kit, Qiagen, Valencia, CA) Ui, F2HUE RNA 2R
J& H DNA -Free DNAse (Ambion) Ab ¥ $2 Ht (9
RNA, %R 24N SR RNA 1 J5T i Rk
J& . i ABI 7500 4= H 8h2¢ 6 & PCR X, BE#F
real—time quantity Taq—Man one step RT-PCR S Jif
R R VEATRLI . 48 CAAF T RT30min; 95 “C10 min
% Amplitaq gold polymerase;95 C 15 5,60 C 1
min, #7148 40 MEH, Oct 3/4 H EIEG 1M1 F5 N
(NM -002701)5" GAAACCCACACTGCAGCAGA3'
T FE ) 5' CACATCCTTCTCGAGCCCA3' 15
519120 FAM -5"CAGCCACATCGCCCAGCAGC3'

~TAM, hTERT 1 18S () 5| ¥ F1 ¥R £ A Applied
Biosystems 3K o Fl|FH AACT 2, #HX e & K BB
R FIR 5F F I 18S HIFIART L, 52858
Feia B aE RS Excel T8R0T
1.9 REWXKEN hESC RE KRS LIE

W 2= 15 359, 1 0.01 mol/L PBS ¥k 3 ¥k, 40 ¢/
L Z B W EEK E F 20 min Ji7, 1 mL/L Triton X100
FT4L 10 min(Sigma—Aldrich), 285 F 100 mL/L 1L
AT S IR N EA] 30 ming 43I0 A—HT (SSEA-
3,SSEA-4,TRA-1-60, TRA-1-81; Chemicon),
4 CHE R, A Alexad88 FRiC (I FEHT A B XS
M. —$t (Invitrogen) , IR F#FHF 1 h, Jil A DAPI
(Sigma—Aldrich) 444 5 min, 26 WA WAL
(Nikon, Eclipse TE-2000 U fluorescence microscope ).,
1.10 RT-PCR #illl hESC &R FHIFRE

H Trizol i35 M 106 4~ ESC HHEHUE RNA,
B ) & U 545 cDNA 55 1 55, 4 PCR 9™
1 AR REEERCHL UK /b B AR EE R 1 FR35 . hTERT
(sense)5’ CGGAAGAGTGTCTGGAGCAA3’ hTERT
(antisense)S’GAACAGTGCCTTCACCCTCGA3’ Nanog
(sense )5’ GATCGGGCCCGCCACCATGAGTGTGGA
TCCAGC TTG3’ ,Nanog (antisense)5’ GATCGAGC
TCCATCTTCACACGTCTTCAGGTTG3 * , Oct3 / 4
(sense )5’ GAAGGTATTCAGCCAAAC3’ , Oct3 /4
(antisense )5’ CTTAATCCAAAAACCCTGG3’ , GAP
DH (sense)5’ GTCAGTGGTGGACCTGACCT3’ ,°C ,
GAPDH ( antisense ) 5> CACCACCCTGTTGCTGTAG
C3’, PCR 244:95 °C 4 min; 94 °C 30s, 58 °C 305,
72 °C 1 min, 30 {E¥+;72 °C 10 min,
111 R Z ES BRI

Y I IR AL, B0, ULTE , DL PBS &%,
WEPEZA) 1% 108 mL™, JH] 1 mL V5 59 2505 20 B e v
A SCID /NS BRLPI AT, B3] 0.1 mL(24 1 x 10° 4>

%1 hESC £ XF-hESC s F M RS EEEFERPFERARES UL EMLILE

Table 1 Culture efficacy of XF-HFF/CDM condition and other culture condition on the survival and differentiation

rates of hES cells—1 after transferred 40 passages

Group Colony formation rate (%)" Differentiation rate (% )?
XF-HFF/CDM (Pas,s) 91.25 +2.22 6.00 = 1.83
HS—Matrix/CDM ( Pas.) 26.5 + 2.08" 85.00 + 3.60"
XF-HFF/HS (Pas,s) 77.75 £2.21% 86.00 + 3.37%
XC~HFF/KSR ( Pys.o) 93.75 +2.22 5.50 + 2.02

1)Number of hES cell colonies /total number of hES cell colonies;2)Number of hES cell colonies with partial or whole differentiation/total

number of hES cell colonies; 3)P < 0.01, control groups versus new culture condition group.
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M), 10 ~ 12 J&J5 T UL INRUBRS A b e d i, 16 S
JEARFE/INER FE IR ZH 2 40 /L 22 5 H R R 1
E A NTEM ULl HE G0 )5 B T Es,
1.12  #%BIS 4R

FH 0.4 pg/mL BRIl = AL FEE 5255 3 K11
hESC 3 h, FHBEEEEPREL hESC 575, £ 2.5 o/L
TrypLE Select AL AN fS , H LA <18
il R, Giemsa Jeft,
1.13 ZitZ#HiE

K SPSS 13.0 KA, Xt gkl gk 7
¢ KL, X 22 40 5 s R HL By 2290 B , X R
(R X K
2 %

R

2.1 hESC &% LRI ERILE

Wi~ hESC % hESC-1,hESC-2 4> HI7EHE 55 &
25 R, i EOR B XC-HFF/KSR B - R R 568 &
HESRFRRR , fE# R E XF-HFF/CDM K 7%k
FRIGHHET 3 1%, hESC Rk B e H 97, kL
FAL, b (R 1), (AR gad Pk Aok v b
E— ARG, 8 5 RIFIRTIRIE R AR 41k
JEA (K 1A) 5% XC-HFF/KSR ¥R &2 iy
hESC Fo R FEAF L (1B, B 2308~ 2441
R AETE—RIE LS 5 sa el a2 Aok
RS, B, HATPIAS hESC R XF-HFF/
CDM E555 R 2 P A0 40 18 B S HAGE AR
s R EEE 4 6 ~ 7 d EA—YK, W hESC
Z M XC-HFF/KSR 5 % 14 2 5 30 2] 5 1003 1)
XF-HFF/HS 15 381K 2 LA K TCAR 38 )2 1) HS-Matrix/
CDM B3R R P )E , PRALWEEE) 1 ARG A K31
5 WSO RE SRR R (6 1), IHBE 1) s e AR v, 2
JRLHEFNBAR T, A 0T FLRAAR , T EL R 43434k, 4k 4

®2 FAERARKLN SSEA-4 F1 TRA-1-60 KR X

Table 2 FACS Analysis for SSEA-4 and TRA-1-60

of hESC-1 (n=3,x+s)

SSEA-4/% TRA-1-60/%

XF-HFF/CDM (Pas.g) 92.55 £ 2.15 92.7 £ 0.75
XF-HFF/HS (Pas.) 72.1 +1.49 723 +13

Matrix—HS/CDM (Pys.4) 75.3 +£2.20 64.4 +1.04

XC-HFF/KSR (Pys.6) 97.7 +1.22 98.7 £ 0.55

2 6 UG KR b C 3L AL (B 1C,D).,
22 JLEFMAE RS hESC MAEKHZ&

hESC 7E45 B FR IR R QRS2 15 92 255 6 1%, 7
XF -HFF/CDM Fl XC -HFF/KSR 55 35 & & |
hESC 2 78 [ £ 1 38 B A < i 28, v 4L ) 344 B ek
423, A XF-HFF/HS 1 HS—Matrix/CDM 3553
R Z Y hESC — H AR FFIRAYIE G 34 HAESE 6
RIGILTAFIE5E (K 2)
23 HRXAEAKN hESC ik k4 REIR
129

MR R IR RIG R R B 6 Rk 4
hESC #6417 3 W EE &2 i U4l B ARSI, 9t =X 4 il AR
Kl hESC A bARicY) SSEA-4 Fl TRA-1-
60 fFikiE, 78 XF-HFF/CDM # XC-HFF/KSR
B2 R 2R hbric 9 0 BHAE SR Y & T XF-HFF/
HS il HS—Matrix/CDM £ 3544 2 rhbRic 4 1) BH 1
FOESAGIFEL(P<0.05) (K2, K 3),
2.4 WHEE PCR#N 4 AEFE RSP hESC
Kz EF hTERT,Oct3/4 HItE R

K B PR 2R T 22 40 B 4 i) L R v DR -7 4
Az 2ZS F (hTERT) =8.318,P < 0.01;F
(Oct3/4) =27.107,P < 0.01, KL AT LA Ny 4 455
Filk Z P () hESC 7E hTERT J Oct3/4 33k |
H 2R, PE—H R LSD—t FeAS i Fp £ REME D T

%3 FREMRX hESC-1 7£ XF EFHFE R P RIiE hESC RE KRS U IRIEHRIER

Table 3 Long-term validation of morphology and marker expression in hESC-1 cultured on xeno—free human

foreskin fibroblast and in chemical defined medium system

Passage Morphology SSEA-3 SSEA-4 Tra—1-60 Tra—1-81
3 Differentiated - - - -
6 Undifferentiated + + + +
15 Undifferentiated + + + +
21 Undifferentiated + + + +
33 Undifferentiated + + + +

+: > 90% of the cells are positive; —: < 5% of the cells are positive.
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1 hESC EM#EFRERPHTS
Fig.1 Comparison of the morphology of hESC -1 cultured on different four culture systems
A: On XF-HFF in CDM medium after 40 passages,x 5; B: On XC-HFF in KSR medium after 40 passages, x10; C: On XF-HFF in HS

medium after 5 passages, x10; D: On HS—Matrix in CDM medium after 5 passages, x20.
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Fig.2 Growth curve analysis of hESC cells cultured in

four different condition
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hESC £ Aok R A ic Y BHHE (% 3)  hESC 4k
L5040 1R , g9 S RT-PCR 43 51l A6 il
HATBE A A Fl hESC KoL M bRicH LI K £
RETER . K XF-hESC 35771k R 4R 42 Rk
) hES 4fiffld A SCID /NEUAN, 25 2 4~ H A TE
BT ALEE A2 A LU G IR  R FLAZ Y  A
WUESE hESC 1 XF J 3k R & KGR , 15
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86.1% 95.49
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Fig.3 Cells cultured in different condition were analyzed
on day 6 by fluorescence—activated cell sorting for SSEA -
4 and TRA-1-60
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Fig.4 qRT-PCR TagMan analysis of hTERT and Oct3/4
expression in human embryonic stem cells maintained in
various condition
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5 hESC 7£ XF-hESC =GR P RKPERBHERE

Fig.5 Characterization of long—term culture of hESC based

on XF-HFF in CDM condition

A'; Immuofluorescence staining of undifferentiated hESC—1 after 40

passages with SSEA-3,x10; B: with SSEA-4, x10; C: with Tra—1-
60, x20; D: with Tra-1-81, x20. E-G: Histological analysis of

hTERT Nanog 0CT3/4 Sox2. GAPDH mark @ teratomas derived from hESC cultured in xeno —free condition after 35

passages. E: gut-like epithelium (endoderm), x20; F: sebaceous gland
(ectoderm), x20; G adipose tissue (mesoderm), x20; I. Diploid normal karyotype of hESC after 40 passages; 1; RT-PCR analysis demonstrating
undifferentiated hESC grown on XF condition (passage 40) maintained expression of undifferentiated cell markers. PCR products obtained using

primers specific for Oct3/4, hTERT, SOX2, Nanog and GAPDH genes

BRFFIER I iR 5).
3 4 ik

AR P 25 # O A AE 1L hESC RE 31K
F B T kR B LRSI T WA
FHAIL I TR 5 55 57 4803 2 TRIATS X DA ARG 1) 25 30 5
i, SRS R S E A, BOA R AT
hESC A 3SR LAY PR 3= | (2 10 57 2 20 A 1
Sy E B SRR pE S AR T AR BT ISR
CIRRZMERBEZAELNEFESEHKSS T
hESC ZREM:M4ESR:, FluiRFRZ M52 /A
K AT, 045 FGFs \TGF .activinA \Wnt3 .BMP 541
T AN XSS R A B RIE D TT DA
hESC 7£ feeder—free YiFRIR R R MEAERK A
AIF 50 ] 55 2 A L %) S5 A s 5 B v R o AT
e A B O AT, R P R R R A L A3 B T X A
WA R R A A FIE A B AP AR R -, bk

5 T X 4ERF hESC A FRTE B 5 2 fig 1 i HOC i
PEAE A 26 [R50 AR B A3 B A ) T 1) 5% )22
B AR R R AR A G I R AR HE R B TR 2R
HRZH TR FRE AR R AR BB K IE S 2T
SR P (UN Matrigel A1 BSA #9485 1) (0-121 jiij H.
HAZ 2 VERIA AR IR i — 2P UE e PR TR
AR, WFREERALR SRR R P E A AR
AL,

3% )25 TR R FP U N KSR 55 37 505 UE 5K
S H TR A R B 4ER hESC [ 38 58 55 5 14 7 Y 55
FRIE AT A Ry — SR Ak 0 TG B0 P R 8
FRIEBH MLIE AT LA 75 #RAS Bk 2] 5
15551 KSR ALY hESC 35 35403050 A BF 5%
RS N 03 1 A 5 0T e ) i 1 O ) 5% )= B
FRARZ O B T HF hESC KR ME 4R KA BE
F1 o A ILTE 19 B850 B AR LA S AL R 8 R R £
HAE AR S0 28 AR IE 45 A 22 Ho . FReA TR
FE R BN LS VE Ry JE 0 i 58V i hESC 85 5%
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FEARARRAR L 1 SZRF hESC A .

REAEIFI R 7 BEAERE hESC AR LR 1)
5L AT e A g 1A 75 )2, H bFGF | gremlin
(BPM4 I ) Il ECM R 540 o ) 2 3k AR 2 vy
FABEYERF hESC A AR 25 0 iE JL T Jig £F 4 1)
FR)2 o B AT LIUAK , 1R 35 2 R A A K 0 RE
FARKAREE b5 H [ B 53085 B B 0 BE 25 L AH
%o ABFFE ST CDM A1 352 2K R Te iR 55 2
1K 2 HAF I 4EEE hESC A ZH IR 25 F1 £ BePE 1Y
e, [FIRERARRE IR Z R SRR R vl BB T 5¢
P R R (oo B SR

FATULERNTE S KSR A5 FRA 2 b sy (1
A~ hESC R, SRRt 16 L s R M SR R R At
fRH T 40 10K, (HFF B LD —AN % A W A i
e, RICHTEFS AT 3 RAGH K&
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