TR 45(2) * 165-182, 2012 165
ZY 5 v Ve & o sdae Xk ik 5 oz 2 (DD
foPAir e Bow jpip R 4 UL EE T

PHHEED ) MReRaE® B BT APC friaia™
WetEHEA : 1004E9 H 25 H 5 B2 HW - 101451 A 10H

<

RS

Kl BTG MUE B 2R FE AR dREAS I MY 4 ~ BEETERRE - RO IRREZ 47 -
REFENE - MBS REE AR 2 2 IR ENRIA R/ MEE 24 s ERdfassE
F - AEGLIEHE 16%864-1% (fetal bovine serum, FBS ) 7 §44MARESEE% By T HE4H » 5{E54H A1l &4 FBS
BRIE R 47 (serum replacement, SR )HYEFE 478 > BC &SN 4R 4E R 4HRE 4 £ AT (basic fibroblast
growth factor, bFGF ) EA#E LA ERT- 81 (transforming growth factor- 81, TGF-B81) » ¥t 5
LI TR AR A R 2 - SBRAS SRR ¢ TR FBS 26 SR AYEFE L4 » IR0 bFGF B2 TGF- 81
FERRT - #ERERMGE - BEER AR B2 R - ST HRAH TR NIARG T 3 e 4 0 A B Ay
BRIV SR - SRR bFGF B2 TGE- 81 A RRTFi% - B EEERREFEIR R 4HAR 2 £ LDH 4HfE
FlE - DOrEZREMEDRS Oct-4 ~ AP ~ SSEA-3 ~ SSEA-4 ~ TRA 1-60 #2 TRA 1-81 #7440 - BERAERIN
A ARRF bFGF ¥ TGF- 81 41 EBMERIE - 8UNINIE REF I 4ERFEIT IR L2 RE M - FIIF
TRECAMBE T BT OHT B850 bFGE 81 TGE- 81 AL ERT 24 ~ 36 Bl 48 h 18 » FERFERANRESR HIH
HHREE T BSR o RILEARREE M - S C2oRa: BIARRE TSR - RIS 16% FBS 558 A 4w
FE2EE (P<005) o B Rut&EE Bt —RInE &EF bFGF 81 TGE- B 1 Z MUERAE R4
oI{E B FE IR R AR S B 2 255 -

R ¢ FERRERANAE - MEOUE - ARAT - BIMEE -

W %

T ALEYIRI IR ERANAE (embryonic stem cells, ESCs) £y B A RHAMSERE ) - DLRAES#E—20 70 1Bk
R E AT E ARSI T INRE > FRASHNRE - eI R A L A B ASAHAERY 73 (L 20861 (pluripotency )
B AL wT Y (plasticity ) > BRIEER PI{E BERETIRIAS S 2 (B BRI » B ul @& e TR a1k
R EATAE BV ARRE - MBS S E A TR RE » ST TEAN AR - iR - BIRME SRS
AL (Reubinoff ef al, 2000 5 Schuldiner er al, 2000) » FERAI— L2 REM: - RATELIHTE (O
7% (cell replacement therapy ) FAAYIRSEE T2 HIAVIEA - $eft T — (B B (EEAVARE SR -

(D) TTEbTREEZE B e A s R AT T 2 55 1726 5% -
Q) TEbTEEZ BT BRATERA -

() FAILE BRI Ze T ©

(4) FAIL RSN EETTAT ©

(5) #ERfE#E > E-mail: jryang@mail.tlri.gov.tw ©
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e P 4 FEIR R AR 2 4B 20 REME » TIHEEVANIN FBS Edea s fe4nfany H i i 5% ( Chaudhry
etal, 2008) 5 ZAM L HIEE A4 AR A FBS B/ B2 A e # 4 R4 ( mouse embryonic fibroblasts, mEF )
FIFIREREIZ LTEYE - BOA RESRE e O 5 ket - IRGIHAT ARSI 5T
& Al AR5 ANER Y - Sk e E A LAYEEE (Amit ef af, 2003 5 Amit ef al,
2004 5 Lee et al,, 2005 ; Chase and Firpo ef al, 2007 ) 45 » FTHEREEAEITAHE ~ FBS ZRAY A hEE e
PRIV - DUR AUV S AE ATRE R A BT - WS 54YR - N dia s s ke - Wit
T fe A Bl A R S AT R A BB 24 R IR i AR B SRR RS BT -

BEIRFBS Ryi i IR RO I~ — » (H R It R TRy 2= SR ELAA B Y R AN » B i B s
HER—39R# (Chase and Firpo er a/, 2007 5 Rajala et al, 2007 ) » RHAZE LURIISREYCFBSHYEEE £
4% (Chase and Firpo et a, 2007 5 Chaudhry ef al, 2008) ~ BORHIIDFGF (Xu eral, 2005 5 Rajala er al, 2007)
BATGF (Yao et al, 2006 ) FFAERKET » AN AR 5 2 R » Amit e al. (2003) BdSkottman e al.

(2006) PURHISREATGE » FI4ERF NI ERARAERTIS 4 ~ KoM (LARREEAFRI M L2 ReME 2 e ATEC 40
Oct-4 ~ Nanog ~ CriptoBIDNMT3B%: - Xu ef a/. (2005) EdGreber e al (2007) #5HRIIbFGFEATGEA it
EAEANIEAIEEIRE T - T DARIFE 4R AR AmREny g A& > IR SIEREICDKN2B ~ GADD45SA4H
R HAR T~ » DL K Nanog * FoxD1iE$# R+ ° MiRajala ef a/ (2007) CURHISREADFGEESE A JERRES
HHPEES > ST DR EA R - ROGIRELLU SRS RS - FILAT S DUREBS -~ 4 RE T8
SREVIARNN » BRETHEFERER ARG S MY 4R ~ BERTDRL « 4R 0 BIRER ~ /bR BN A 2 &2
2 IR R E RS B NE R A -

MRS A

I B s B ERA (green fluorescent protein, GFP) Z F&RRE:4HAN (porcine embryonic stem
cells, pES ) 1875 GFPR LA R 7 FERRERAHAE ( pES/GFP) fRETAE BELE R (121 Yang ef al (2009 5 2010)
BT 2 77 T - B4l HE RS &R (embryonic stem-cell medium, ESM ){# FIDMEM( DMEM, high glucose,
no pyruvate, Invitrogen, NY, USA)* 7AI116%FBS( Invitrogen )*0.1 mM /3 -t £& 2. EZ( beta-2-mercaptoethanol,
Sigma-Aldrich ) ~ 1% JF 2 B R £ S (nonessential amino acids, Sigma-Aldrich ) ~ 1 mM %k & & fr

(L-glutamine, Sigma-Aldrich ) ~ #Z g R4 (nucleotides mixture, Sigma-Aldrich ) ZEEC SYRpLAVELETR
BB R3TC » RAMABRERESY —SEHNZER - SEBRPEEERERNTEE RN
mitomycin C ( Sigma-Aldrich) “FE(bEEEE 2/ A Aa i B (STO, ATCC CRL-1503, USA) Ayfit
EfGHIRE - BRI R IR AAa L RIS - TdlfEfgE 4 Rt H iR 2 slBa st -

II. #EFBS ~ SREUAINAERA T35
HDES/GFP' 7 4R R 222,000 cells/mL » MifY_FaltEsg iRt » L& H16% FBSZ ESMiEE

W2 IEEER LG EIRME - SLTEELRIE R E RS TA T 4HRET

(i) ESMIRHIAENREZFBS (16% ~ 10%E10% ) °

(ii)  LlKnock-out DMEM (KO, Invitrogen) 20% SR (Invitrogen) FRfi#L > KO-ESMEFER

(i) A0A [EFE R B R 2 42 & (AT * bFGF ( Sigma-Aldrich ) : 1, 10, 5082100 ng/mL = TGF-S1

(Sigma-Aldrich) : 1, 10, 5082100 ng/mL °

(iv)  SHIEEARAHN1,000 units A MEHIEIR T (leukemia inhibitory factor, LIF, Sigma-Aldrich ) °

WA IR EREE R - P2 SB0BL6 R 43 il B4R S B I 25 e AR S S (L IPRE 2 8
b > DR [ERE RS HFE M ardif A R 2 8 -
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1. FERRERANAE . A R ih4R

e LA [EI 558 S5 FisE 2 pES/GFP Yt DA% TE B (formalin) AFE30 minff >~ FLAEEE - FFLA
4" 6- R EL-D-FEELG | (4, 6-diamidino-2-phenylindole, DAPI, 1 : 150, Sigma-Aldrich ) #7754 R4 >
HHRERZ AL B > I ADAPERAELEFES - 7 minf& a8 CEREE Tt B4iEE » I LEH 16%FBS 2
ESMEF IR 2 IEE B8 LM MR IR - st diiEd: R ap sy -

IV. BERIPRELLERT b2 BeR i

#pES/GFP" Ltrypsin-EDTABZ EEZ 1 pi BL—HHARARIFIR - FHRFANIARRE 3% £52,000 cells/mL > 5331
P EHUR FERF R AR EOR R » stEENS P B E A PG MR RS - L&A
16%FBS 2 ESMEF B 2 IEH B 8 S 4R $ IR - Siat B I ROseRE LB S L 2 (5% -

V. HHREEMES T

4HFEEE M M {4 (8 R LDH Cytotoxicity Detection Kit (630117, Clontech, CA, USA ) » 7347 HI & 4R
BSERRERCE] R Y LDH 232 > A DUHIE LDH JEB) 4IRS T AL » S H7 i fe Rk 96 FLATRE
B > YHH RO RS S HEE 2 x 10° cells/mL 78 &FLADA 100 uL 2 #EAEE] (atalyst, $4858, Clontech )
EHLZL 53 M7 (dye solution, S4859, Clontech ) 2 LDH 4317 » FEéF 96 FLESEME E A 37°C > 5% CO»° 90%
RIS > B2 RE T T 30 min SFE > ELUE 490 nm MGG » WEtE = RAVEBERE - DUSALR
NS 55 A S ISR R AR - dHRR B -

VI FERRERARRE L2 Re e 23T
FIFH SR 4EH EE2 e 2 3% (immunocytochemical staining, ICC) ¥#EFT54HE L AEVERRAINN > S EZAE
53T o BT 2 B4R 4y (B 2 M 2 B — 14 B A8 A Octamer-binding  transcription factor-4 ( Oct-4,
Chemicon Cat. # AB3209, Temecula, CA, USA ) ~ alkaline phosphatase ( AP, Chemicon Cat. # MAB4349 ) ~ stage
specific embryonic antigen-3( SSEA-3, Chemicon Cat. # MAB4303 )~ stage specific embryonic antigen-4 ( SSEA-4,
Chemicon Cat. # MAB4304 ) ~ tumor related antigen 1-60 ( TRA 1-60, Chemicon Cat. # MAB4360) B tumor
related antigen 1-81 (TRA 1-81, Chemicon Cat. # MAB4381) - 1T G4l L2 e @id - Jei4HELL10%
REMIYZR FEIE30 min » FEIIA0.3% Triton X-1005Z 10 min » FEIAS% FBSKFE2 h » 2 & IIA—
SRHUBERNAC R M FERRIR 1% » DL 4R iBE rhodamine (TRITC) -conjugated AffiniPure goat anti-rabbit IgG
(H+L) (for Oct-4, Jackson ImmunoResearch Cat # 111-025-003, West Baltimore Pike, PA, USA) ~ rabbit
anti-mouse [eG (H+L) (for AP and SSEA-4 staining, Jackson ImmunoResearch Cat # 315-025-003) ~ rabbit
Anti-Rat IgM (for SSEA-3 staining, Jackson ImmunoResearch Cat # 312-025-020 ) Eirabbit anti-mouse [eM+1gG
(for TRA 1-60 and TRA 1-81 staining, Jackson ImmunoResearch Cat # 315-025-044) #EFTEEHT - GoyE4]
R e et > 45 R DAEI I SR B 8% (DMIRB, Leica, Germany ) i e BUE A a2 25 247
(CoolSNAPse: Monochrome, Photometerics, USA) E53A7BEEE Za4fiMetaMorph 6.0r5 (Universal Imaging,
USA) EUBREEER -

VIL 4HBEE T 5347
HHRELRE T 2 AR BRI R IR T bFGE B TGF- 51 4255 24 ~ 36 81 48 h » FlI A=Al 17 15
(FACSCalibur Flow Cytometry, BD Biosciences, CT, USA ) » #E{TFERRERAMBEE T 2 54T o FHFTRER AR
& LY succinate reductase 2 &M Ry HIETAHREE 7S 2 (kI8 » & 4HRESE R IR 2 2 EME IR RE > D82k >
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FIE R SRR ERR Z HITE » $hAh > AHAEE T IR > phosphatidyl-serine (PS ) & FHAHAEA =~ A MI=15MEH »
EHHRIA M ARSI EE A A8 > RI% R DNA R BHL  RILDAAHRENE 4= (ISR A T o i Esd > o]
DUSTTAHRE > B BB T 2 987 - O E4H %L FITC Annexin V (556419, BD Biosciences ) Eil propidium
iodide staining solution (PI, 556463, BD Biosciences ) s - SHELRIIEFIIA 2.5 ul 2 FLE71% - FIIA
R 1S B2 SEEE S mL WKFE S min > FELL 12 x 75 mm 2848 > BIEE (5 mL Polystyrene
round-bottom tube with cell-strainer cap, REF 352235, BD Biosciences ) #E{7#4E » BB F AR A& T
HHRELRE T2 53 HT = ST % 35 4 A Cellquest Pro $RBEHETT 504 ISR INA: R IKT- bFGF 2 TGF- 8 1
EIFEIRR AN E T

VIIL 45to08T
FriA s BR % DL mean + SEM 227 » 3lfi HL{{¢#8 SAS 2 General Linear Model (GLM ) x0T #0548
STEE EEE AR T (SAS Institute, 1996) » & P<0.05 Fll by BB E M -

SR S

AR L&A 16%FBS 2 ESMEF R 2 558 2 40 M R IR AH - 5 B0dH R R MBS USRIV E 2%t
o ECAAIIDFGFEATGE- B 14EREAF » DEREI A FEIRE A B R ar i A & 228 - s SR
T

L Afdhé -

(1) RELFZEELL © SFBSAAMFGFAERR T4 - FEMRErdiifEEEo R 2 4 R4y - BLEIga
LR T 40.15 - 0.18% ; ARHNTGE- B 14: RETF-4HRI£50.03 - 0.26f% » SHREH{RAEIRAH (P <0.05) -
AI010% FBSEAbFGFA: R R F-4HAIS0.81 - 1.18f% 5 ANINTGF- 8 14 R A T-4HAI%50.04 - 0.38% » 8
TRAE10% FBSHUESE AT » IRIIMEREAYDFEGE (1, 10, 50 ng/mL) A 4R B HEAH AT AV A £
Hh4% (P>0.05) » (HEEEREMYLEGE (100 ng/mL) T » HA4: R A 4R B BIE4H (P<0.05) >
MAIITGE- B 14 R T-4H EIRE SR B 2 455 (P<0.05) - #5L20% SRIGAIIDFGFA
FHRTFAHANE0.36 - 0.57% 5 RANTGE- B 14 ERTFEHANE0.07 - 0.19% » HFEEEPNEIELE (P<
0.05) (F1) -

(i) RIILIFZ 828 A4 © #EFBSIRIIbFGEA R F4HAIAFOR 2 A& R i 43 Ry ¥ IR4H 2.0.30 - 0.45
&%+ JRIITGE- B 14ERETAHRIA0.21 - 0.42% - HIEEZ{KHABIE4H (P<0.05) ° 7R110% FBSEL
bFGFA: EAF-4HRI£50.40 - 0.69%  INTGE- B 1R R TF4ERTR0.11 - 0.34% » IRFEIEREE (KR
¥HHE2H (P<0.05) © FEDI20% SRARIIDFGFA RRFEHIE50.39 - 0.65% > RIITGF- B 14E£EH
TFEHAE0.12 - 0.46f% » TREIREIIHERA IR (P<0.05) (F1) -

(iii ) FELIFZ S8R - [FIFFRI0bFEGE 1, 10, 50, 100 ng/mLEATGF A1 Ing/mLAYERER T - HFEHEER4AN
A B SR AE fEFBSAH £50.26 - 0.54% 5 10% FBS&H £50.27 - 0.55% 5 20% SRR A50.19 - 0.47% - 55
FERHBEIEAE (P<0.05) (#£2) -

SERSE LR » MESR(E0%E0E10% FBS » DAK20% SRZBEE LY » RIIbGFEITGE- 8 14 EHF

PIRAES B ER A R4 - BUR16% FBSEFEIR M- 4RREAY S (R B & R0 - ZAMTE/RI110% FBSELLFGF

1, 10, 50 ng/mLZ JBFE N - W] 4ERFELE IAH AT AT R 4R (R1) -
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F1. EIMEEBESREFE RN IIbFGFEETGE- B 14 £ T 55 i 4RR0 A R4 2 522 (mean + SEM)
Table 1. The effects of bFGF and TGF- 81 on pES cell growth in serum-free and SR culture system (mean £ SEM)

Basal medium Supplement (ng/mL) without LIF with LIF
ESM+ 16% FBS - 1.00° 1.00¢
ESM + 0% FBS - 0.15+0.06" 0.40%0.07
bEGF 1 0.16 £0.05™ 0.45%0.07"
bFGF 10 0.17 £0.05"% 0.42%0.08"
bFGF 50 0.15+0.06" 0.43£0.05°
bFGF 100 0.18 £0.07" 0.30£0.05
TGF-511 026+0.11° 0.42%0.06"
TGF-/5110 0.12+0.04" 0.26£0.03“
TGF- 8150 0.03+0.01° 0.19£0.02°
TGE-£1 100 0.03£0.01° 021£0.04"
ESM + 10% FBS - 1.18 £0.15° 0.67£0.05°"
bFGF 1 1.05£0.11° 0.6910.10°
bEGF 10 1.07 £0.10° 0.59£0.06"
bEGF 50 1.12£0.13° 0.40 £0.06
bFGF 100 0.81+0.08" 0.52+£0.09"
TGF-811 0.38 £0.10° 0.34£0.07°
TGF-5110 0.05£0.01° 0.18 £0.05°
TGE-£150 0.06 £ 0.02° 0.11£0.02°
TGE-£1 100 0.04 £0.01° 0.12£0.02°
KO +20% SR - 048+0.10°" 0.65 £ 0.08"
bEGF 1 0.57 £0.09™ 0.49 £0.03¢
bFGF 10 0.45+0.08" 0.45 £ 0.09™
bEGF 50 0.34 £0.05° 0.42 £0.09¢
bEGF 100 0.36 £ 0.04° 0.39 £0.07¢
TGF-511 0.19 £ 0.02° 0.46 £ 0.02¢
TGE-A110 0.10 £0.01° 0.32 £0.06*
TGF-8150 0.08 £0.03° 0.200.06"
TGF- 81 100 0.07 £0.02° 0.12£0.02

“betel yalues within the same column without common superscripts were significantly different compared to the

ESM + 16% FBS group (P < 0.05).
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2. A& LIFAYHET % B SREF BRI A4 & A T-bFGFBLTGF- 5 1 ¥ 5% AR wp Al it 4 R il 4 2 52 88

(mean + SEM)

Table 2. The effects of bFGF concentrations on pES cell growth in serum-free and SR culture system supplemented

with TGF- A8 1 but without LIF (mean £ SEM)

Basal medium Supplement (ng/mL) without LIF

ESM+ 16% FBS - 1.00°

ESM + 0% FBS bFGF 0 + TGE- 81 0.26%0.11°
bFGF 1 + TGF- 81 0.54+0.13°
bFGF 10 + TGF- 81 051£0.17°
bFGF 50 + TGF- 1 0.32£0.06°
bFGF 100 + TGE- 81 0.28+0.07°

ESM + 10% FBS bFGF 0 + TGE- 81 0.38£0.10°
bFGF 1 + TGF- 81 0.55+0.10°
bFGF 10 + TGF- 81 0.48 £ 0.05°
bFGF 50 + TGF- 8 1 0.28£0.03
bFGF 100 + TGE- 81 0.27 1 0.04

KO +20% SR bFGF 0 + TGE- 81 0.19% 0.02°
bFGF 1 + TGF- 81 0.47%0.07"
bFGF 10 + TGF- 81 0.44 £ 0.06™
bFGF 50 + TGF- 1 0.45+0.10%
bFGF 100 + TGE- 81 0.38 £ 0.03

abc

Values within the same column without common superscripts were significantly different compared to the ESM

+ 16%FBS group (P < 0.05).

I BRI R ERF B 28R T

(i)

(i)

(iii)

NELIFZ B8 247 © #EFBSARIIbFGEAE R T-4H - FERE R AR 6K 2 BSR4 £ o>
(B2 R F55.9 - 15.1% 5 IINTGE- B 1A RETFAHRIE0.0 - 8.7% » SIBE(RAEIEAH (P<0.05) -
I10% FBSEAbFGE4E £ R F4HAIE47.5 - 53.9% 5 RHITGE- 8 14 ERTFAHAITERML ng/mL4H
THERF40.7% » EER10, 50, 100 ng/mLAH - AEEOREHIARZETIAFEMErAREREE Z ToR » Hpt
PA10% FBSAEAAIOEGE 10 ng/mLAE RRF-4H » FHOT4ERES3.9% 2 BEERER » B HA R IR - B
(RN EHTRAH 2 77.4% 2 BEER0%  [EHE IR R - ¥ DL20% SRR AIbFGEA: £ A F-4H
HIIE59.2 - 23.9% 5 INTGE- B 1AER R T4HRTA0.0 - 10.2%  HHBEE{EREIHAE (P<0.05) (£3) -
INILIF Y 5538 %% © #8FBSIAMIbFGFAERR T4 - FEIRRRAREIA B0 R  BE R T A B4 = o7
{EZ R Fyd.2 — 14.4% + SINTGE- B 1AERRT4AERTE0.0 - 4.4% > MR (R EIE4H (P<0.05) -
TH010%FBSBAbFGFAE B R F-4H A 5532.7 - 46.4% ; JRHOTGE- A 148 B F4HRIAE R0 8210 ng/mL
AT S BIAEREF34.68113.8% » ARANS0EE100 ng/mLAH @ ORI RAS T AFEN s 4lRREE% > TP
B > E G L0%FBSAERANOEGE 1 ng/mLAE RRTF4H - HALRES 2 S vl 4E5746.4% > (B
HAtr g #aH - (HERF IR 2 72.9% 2 BEERER (P<0.05) © #5 PL20%SRAARNTbFGFA A
FEHAE0.0 - 18.7% 5 NANTGE- B 14: RRTFAHRI A RIS AR  EE RN EIE4H (P
<0.05) (F3) -

RELIFZ B8 » BIFRIILEGE 1, 10, 50, 100 ng/mLEITGF- 81 1 ng/mLAYEREG T » HFEALER4H
BB SRR 2 5307 > FEEFBSAH 0.0 - 19.9% 5 10% FBS4HA2.2 - 58.6% 5 20% SR4HAIE13.7 -
27.8% » 1 LL10% FBSAfZRANAEDFGE 1 ng/mLEATGE- 81 1 ng/mL 2 58.6% B 4RER i » {H
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BEERHN AL (P<0.05) (#4) -

RERAEREER > MERTE0%EE10% FBS » BIK20% SRZESELLL T @ RIIbGFEATGE- B 14
R FHIRAES IR ENER SR BER16% FBSTEIE RFEIR R4l n i (RS 280 - 2RI AE R I10%
FBSEL bFGF 1 ng/mLEITGF- 81 1 ng/mLZ BN » HI4ERFS8.6% 2 BEE A ik (F4) > Bl
EoEEi -

= 3. fEMEEL SR BSERAIN bEGF 81 TGF- 81 £ RN TSIl ES S R s R o s
(mean + SEM )
Table 3. The effects of bFGF and TGF- 31 on colony formation and maintenance of undifferentiated status of pES
cells in serum-free and SR culture system (mean £ SEM)

Basal medium Supplement (ng/mL) without LIF with LIF
ESM+ 16% FBS - 77.4 £8.3° 9+62
ESM + 0% FBS - 59+32 33137
bFGF 1 104 £5.7° 14434
bFGF 10 9.6+53" 57139
bFGF 50 11.7+64° 5141
bFGF 100 151472 42146
TGE-511 87146 44%3%
TGF-/5110 0.0£0.0° 0.0%0.0°
TGF- 3150 0.0£0.0° 0.0%0.0°
TGF- 51100 0.0£0.0° 0.0%0.0°
ESM + 10% FBS - 485+11.2 430+7.1°
bFGF 1 459+11.1 4641125
bFGF 10 539+ 115" 405+9.1"
bFGF 50 475117 392179
bFGF 100 49.1+11.5 327193
TGE-511 40.7+13.9 34.6%6.0"
TGF-/5110 0.0+0.0° 13.8 7.4
TGF- 8150 0.0£0.0° 0.0 £0.0°
TGF- 81 100 0.0£0.0° 0.0 £0.0°
KO +20% SR - 19.8 +10.6" 21.9%33"
bFGF 1 239+82° 187%3.1°
bEGF 10 23.8+79° 89+ 6.4°
bFGF 50 208 £9.0% 0.0%0.0°
bFGF 100 92 +5.6" 0.0%0.0°
TGE-B11 102 £4.7% 0.0%0.0°
TGE-A1 10 14£15 0.0+ 0.0¢
TGF- 8150 0.0£0.0° 0.0+ 0.0¢
TGF- 81 100 0.0 £0.0° 0.010.0¢

abc

Values within the same column without common superscripts were significantly different compared to the ESM
+ 16% FBS group (P <0.05).
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4. & LIF RYMEMEEL SR B BRI & T bFGF B2 TGF- 8 1 HFER AR RS P B 4R 7

b2 82 (mean+ SEM)

Table 4. The effects of bFGF concentrations on the colony formation and undifferentiation status of pES cells in

serum-free and SR culture system supplemented with 1 ng/mL TGE- 81 but without LIF (mean = SEM)

Basal medium Supplement (ng/mL) without LIF
ESM + 16% FBS - 774 +83
ESM + 0% FBS bFGF 0 + TGE- 81 87146
bFGF 1 + TGF- A1 18649
bFGF 10 + TGE- A1 19.9%6.6
bEGF 50 + TGF- 81 0.0%0.0°
bFGF 100 + TGF- 81 0.010.0°

ESM + 10% FBS bFGF 0 + TGF- A1 40.7£139"
bFGF 1 + TGF- 81 58.6% 84"
bFGF 10 + TGF- 81 41.1£8.4°
bFGF 50 + TGF- 81 74150
bFGF 100 + TGF- 81 22%2.4
KO +20% SR bFGF 0 + TGE- 81 10247
bFGF 1 + TGE- 81 278 +7.1"
bFGF 10 + TGF- 81 27.6%2.0%
bFGF 50 + TGE- 31 144%7.1°
bFGF 100 + TGF- 81 13.7%5.0°

“¢ Values within the same column without common superscripts were significantly different compared to the ESM
+ 16% FBS group (P <0.05).

III. LDHBM53#T ¢

(i)

(i)

(i)

NELIFZ B 44 © SEFBSIRMIbFCGFAERAF T4 - BFE AN EOREF » HFEIardREpTiS
%~ LDHAHREEE M i - B IBAR EREE T 550.64 - 0.70% 5 RANTGE- 8 145 &R T-4H A1 50.68 -

0.72% > IREARFY IR (P<0.05) - 7Ah110% FBSEEbFGFA R R F4HRA0.68 - 0.74% : 7K
PITGF- B 1AE ERF4HAIR0.72 - 0.83% - BIZE(RAEERAH (P<0.05) ° #F2L20% SRAAIILFGE
B RETAHAE0.67 - 0.68%1% 3 ANIITGE- B 1R T-4HAIF0.71 - 0.73 » MIEZHRIA SR (P
<0.05) (F&5) -

IIILIFZ 5578 £ 4t © SEFBSUAIIbFGEAE BRF4H - A6 R Z FrigRk 2 LDHARREZ 1451 Fo
$HIRAH 20,51 - 0.53%  ARIOTGE- B 14E R T-4HAI£50.54 - 0.56% » B RN EIEAR (P<0.05) -
IN10% FBSEIbFGF4 £ TF4RAIE0.41 - 0.52% 5 RHITGE- 8 14 EETF4R8150.43 - 0.53%

IREBEEEEE R $IB4E (P<0.05) ° #BI20% SRIARNIbFGFA RN T-HR1A0.45 - 0.49%

NINTGE- B 1A RRF4HATR0.46 - 0.49% @ FREIBEIFEZ R $HE4H (P<0.05) (AIRSFTR) -
NELIFZ 88K - FERFRIIbFGE 1, 10, 50, 100 ng/mLEATGF 81 Ing/mLAVEREE - BFERRRANHE
ZLDHBEMSHT - FEHEFBSAH £50.66 - 0.70%  10% FBS4H.550.70 - 0.83% 5 20% SR&HHI£0.58—
0.72% > HEBERPEIEA (P<0.05) (5R6) -

SERAE SRR » ST 0%E0E 10% FBS » DK 209 SR ZFZ& 24 [ » /RN bFGF ¥ TGF- 81 4=
BT BRI SRAIIY R4 LDH 4S8 » ajs Y g )= -
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5. & LIF Y 0% B SR B8R0 I0 bFGE B2 TGF- 8 1 A RN HFE e =~ AR s A
(mean + SEM )
Table 5. The effects of bFGF and TGF- 581 on the LDH cytotoxicity of pES cells in serum-free and SR culture
system (mean = SEM)

Basal medium Supplement (ng/mL) without LIF with LIF
ESM+ 16% FBS - 1.00° 1.00*
ESM + 0% FBS - 0.70 £0.01° 0.51£0.03
bFGF 1 0.70 £0.01" 0.51£0.03°
bFGF 10 0.69 £ 0.01° 0.53£0.02°
bFGF 50 0.68 £0.01° 0.52£0.03"
bFGF 100 0.64 £0.01° 0.52 £ 0.02°
TGF-511 0.70 £0.01" 0.54£0.03°
TGF-8110 0.70 +£0.01° 0.55£0.03"
TGF- 8150 0.72 £ 0.01° 0.56 £ 0.04"
TGF- 1100 0.68 £ 0.02° 0.54 £ 0.03"
ESM + 10% FBS - 0.73 £ 0.01" 0.51 £ 0.06"
bFGF 1 0.74 £0.01% 0.52£0.06°
bFGF 10 0.73 £ 0.02" 0.46 £ 0.06"
bFGF 50 0.70 £ 0.02° 0.41 £ 0.09"
bFGF 100 0.68 + 0.02° 0.48 £ 0.06°
TGF-811 0.83 £ 0.04" 0.53 £ 0.06"
TGF-81 10 0.72 £ 0.01* 0.43 £ 0.09"
TGF- 8150 0.79 £ 0.06" 0.45 % 0.08
TGE-£41 100 0.74 +0.02% 0.44 £ 0.09°
KO +20% SR - 0.68 +0.03" 0.49 £ 0.04°
bFGF 1 0.68 £0.03" 0.45%0.04°
bFGF 10 0.68 +0.03" 0.45%0.04"
bEGF 50 0.67 +0.03° 0.47£0.03"
bFGF 100 0.68 +0.03° 0.47£0.03°
TGF-811 0.72+0.03 0.47£0.05"
TGE-4110 0.73 £0.03° 0.46 £ 0.04°
TGF- 8150 0.72+0.03 0.46 £ 0.04°
TGE- 41100 0.71 +0.03 0.49 £ 0.03"

“*¢ Values within the same column without common superscripts were significantly different compared to the
ESM + 16% FBS group (P<0.05).
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# 6. A& LIF fYRIMUESL SR BFERAINE R T bFGF B2 TGF- 81 $F&RE AL ~ AREH T
(mean + SEM )
Table 6. The effects of bFGF concentrations on the LDH cytotoxicity of pES cells in serum-free and SR culture
system without LIF but 1 ng/mL of TGF- 81 (mean = SEM)

Basal medium Supplement (ng/mL) without LIF

ESM+ 16% FBS - 1.00°

ESM + 0% FBS bEGF 0 + TGF- 81 0.70 £ 0.01°
bEGF 1 + TGF- 81 0.68 % 0.01%
bFGF 10 + TGF- 81 0.67£0.01"
bFGF 50 + TGF- 81 0.67£0.01"
bFGF 100 + TGF- 81 0.66 £ 0.01°

ESM + 10% FBS bFGF 0 + TGF- 31 0.83 £ 0.04°
bFGF 1 + TGF- 41 0.83 £ 0.04°
bFGF 10 + TGF- 81 0.83 £ 0.05°
bFGF 50 + TGF- 81 0.70 £ 0.06"
bFGF 100 + TGF- 51 0.72£0.06"

KO +20% SR bFGF 0 + TGF- 31 0.72£0.02°
bFGF 1 + TGF- 81 0.62+£0.02°
bFGF 10 + TGF- 81 0.60 +0.02°
bFGF 50 + TGF- 81 0.58 £0.02°
bFGF 100 + TGF- 81 0.58 £0.02°

“™ Values within the same column without common superscripts were significantly different compared to the ESM
+ 16% FBS group (P <0.05).

IV. SHEZREMZ oM

DA B BEMED LS Oct-4 ~ AP ~ SSEA-3 ~ SSEA-4 ~ TRA-1-60 81 TRA-1-81 #EFTLE T » FERINE
AT bFGF 81 TGF- 81 4 > &g B RE 455 (8 1, 2) » BURRIIA: RIEF oI 4ER5E0IR
ERARE > S B2 RENE -
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Phase DAPI/GFP Rhodamine

Oct4

AP

SSEA-3

SSEA-4

TRA 1-60

TRA 1-81

1. 7R/ bFGF 4 ERTF- BRI R AR L2 REM: 2 0 2 - dHRERE S S B TR R T L2 BE
T 0 B AT HERE IR R AR S B2 RE

Fig. 1. The pluripotency of pES cells showed positive staining by immunocytochemical analysis with Oct-4, AP,
SSEA-3, SSEA-4, TRA 1-60, and TRA 1-81 pluripotent markers, and the results indicated they can
maintain pluripotency in the culture system supplemented with bFGEF.
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Phase DAPI/GFP Rhodamine

2. PO TGE- B 1 A RIF R FEREE- AR 731 b%ﬁ%‘ M S8 - AR R A ORI RE R L RE
MERESD - BURY A 4R IRER AR 2 (B2 R
Fig. 2. The pluripotency of pES cells showed positive staining by immunocytochemical analysis with Oct-4,
AP, SSEA-3, SSEA-4, TRA 1-60, and TRA 1-81 pluripotent markers, and the resulted indicated they
can maintain the pluripotency in the culture system supplemented with TGF-B1.
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V. 4HREAET A
AR AR AR - BRETRIIAERE T bFGF 81 TGF- 81 B58iRer 4l AR A T 2 ot » i
1% 24 ~ 36 B 48 h 1% - FEREERAIARIC R SIAIME T 285 ([ 3) -

Foeiss & 24h GHeciis A 36h FaiisE 48h

Negative
Control ) 4 ] :

ot o T
FLIH

FLaH
107

Positive
Control

1o

bFGF
Ing/mL

FLaH
107

bFGF
10 ng/mL

T3
FLIH

bFGF
50 ng/mL

bFGF o
100 ng/mL e
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TGF-51
1 ng/mL

TGF-51
10 ng/mL

TGF-51
50 ng/mL

TGF-51
100 ng/mL

3. FI AR A R TR R A A AR E T o - BR8N bEGF B TGF- 81 A RHA T4
24 ~ 36 B 48 h B (R » BRI AR 3R A -
Fig. 3. There are no pES cells showing apoptosis in 24, 36, and 48 h culture period after bFGF and TGF- 5 1

supplementation.

BN A IR 4R 17 DASE (Evans and Kaufman, 1981; Martin, 1981; Thomson ef af,, 1998 ) > i
FRAIRE Y 55 A S E RIIFBS » DAR R4 EIZE (mitomycein C) AE(LEEER 1%~ mEF Ryt /g4
P2 B ARG - AT (EEAFBSHUEEE LM [ BEEMEAIEEE b2 38 (Amit ef al, 2000;
Reubinoff ef a/, 2000; Amit and Itskovitz-Eldor, 2002) ° [RIFEITFEA B IR ae 4l > 558 245 - HERL

(1) TEMEMUE R 280 MR ER il 4 & 5 (2) TRMETR BRI E A MIse R erdiia
RIBARRE 5 (3) (HAH ARG 4 CRAHRE - ERASHRONE b R AR SRS ELEZ 4t - (50 RyEr e S 4

(Amit et al, 2000 ; Xu et al,, 2001 ; Richards ef al, 2002 ; Hovatta ef al,, 2003 ; Inzunza et al., 2005 ) - 55& %
GHURIMAYEBS » FEAE A ARt A REF VWS - W7 B e DA B B iy LR - v
HENRERAINE > A= ~ REIFFREREZEHI 53k (Chaudhry ef al, 2008 ) 3 ZAT FHFAFBSHYH 2R i B A F R 25
5 DIKFBSAHA Y N IAHE - H e Em B R A —BMERRE (Rajala ef al, 2007) » At > DURIIA
FEETEESR - BRSNS E 24 - Rifsrdiiaises s B -

TERIMFTEE LA E RN bFGE » IRRRHREZ 2] bFGEF HURISMIRE LB - BE DR LE
5 - e TIARRE A RIR T X B REATAHRL > E S EE M FGF (acidic FGF, aFGF ) 83§14 FGF (basic ,
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bFGF) S ksREZHeat - EREEIE [ > FGF & Bl4ifnZRm S AR 240 tyrosine Kinase receptors 4565
812 FGF i9fE A > #Eif E1 L Ras/Ral/MEK/MAPK ZR1E M EL{EARAENE 4= > 36 H o715 bone morphogenetic
proteins (BMP) FiT5 |39 0{L3R G - BRIL bFGF TERRER4HAAET S 280 » W] 4ERFIRERAAE AR LAk RS -
ERMERE LM T EENE RN T2 — (Pereira ef al, 2000 ; Liu ef al, 2006 5 Yeoh and Haan er al,
2007) < TGF- 81 TE4MAERS 4= - AAE ML - IRRGSS B B 5% 40 306N EHr s R AE (Fortunel ef
al,2000) > TGF- 81 T 2RI IR GBS Mt g 4ifd 2 73k - ER asf IR @A P difE > 7316 - Bk
TGF- 81 RILUR R E M B 4R ERNIFRIE - AL R EARERaiiE > 53k (Schuldiner eral, 2000) -
N JEIR AR ARS8 2407 » R0 bFGF B TGF- 51 ] DA A JEIRRS AR B BB B2 AE
Mo A H T4 R 6 B 2 A (Amit eral, 2004) - B THEEMENVEE 28 FRINAERETYERR
FRAIREL . A BB AL - IVE RS EUARIIE 2 R I0%) > Price eral. (1998) BIFEH SR MUk FRRrAfRESS
BRZINMY > e ERESMEAE R I BREREMEE & %05 {E#H (spontancous
differentiation ) » ZRTMER B B > #y » PRI SR BYREEIEC 710 #E 5 HS © Koivisto efal. (2004) {3
SR #EfT NJERRERAIAE > B8 - EPIRIN 20% SR B ASERRRSAMAEE £ Ryl FEEFE > 16 H nT DU %2 FBS
HRAZ R 2 PR TR E AR LAY EIREE © 28 SR & A4MEE&EE (bovine serum
albumin, BSA) WYY @ WIRSERIEEIMIME AR 2 oy (Price e al, 1998) » (KBS 2M050M C MBI
AR Z FEK o AU Z BV AR E R B A A TR Er iR R E el - B DL JHIME BLA FBS >
B[HHEEHE NEIMUBIREE R T o] DUERE EIE R AR o LARRREE 20 (RLA I (Richards er al,
2002 ; Ellerstrom er al, 2006) °

AEtERT - 4 FBS 21 SR AYESE L4 » i1 bFGF 81 TGF- 81 HA RN T - MiRE Elhgs - 3%
TERRERLERE 73 ERCREAR L EHIRARRIN 16% FBS £ > ARIERETE » IR EFE IR 4R 2 4= 41
Btk > HESREZRFH Oct-4 ~ AP ~ SSEA-3 ~ SSEA-4 ~ TRA 1-60 i TRA 1-81 Zfxt » BERRINERR T A
HERPFRIR R AR S L2 BENE - FIRR=CARE I @ i - SEEURI0 bFGF B2 TGF- 81 24 ~ 36 £
48 h 1% > FENRERAHAR HIRAMALA TR G » R4S ~ s (L2 RE B4R TSR » BRI 16%
FBS FHHER - HIt - ER SR LS P FELE FBS 7=V Esians - tEMUERE 2 iR
REEIR R AIMAE RS E 2 277 -
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Abstract

The purpose of this study was to establish a stable serum-free in vitro culture system and to investigate
the effects of serum-free, serum replacement and growth factors on the cell proliferation, efficiency of colony
formation, maintenance of undifferentiation status, cytotoxicity, pluripotency, and apoptosis of porcine
embryonic stem (pES) cells. The results showed that the growth curve, colony formation and
undifferentiation status did not have significant improvement in the culture systems supplement with bFGF
and TGF- 81 growth factors. However, there was no difference on the LDH cytotoxicity when compared to
the control. The pluripotency of pES cells showed positive staining by immunocyt chemical analysis with
Oct-4, AP, SSEA-3, SSEA-4, TRA-1-60, and TRA-1-81 pluripotent markers, which indicated they could
maintain the pluripotency in the culture system supplemented with bFGF and TGF-f1. There were also no
apoptosis in 2, 36, and 48 hours after bFGF and TGF- 5 1 supplementation. Those results provided a basis for

developing a serum-free culture system for culturing porcine embryonic stem cells.
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