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AEERFI A Matrigel” 4l NEE (R @4 s ARR R EFT(H H ~ & B4R - fc &3 CHIR99021 B SB431542
Z StemFit Basic02 81 mTeSR1 ¥4l A EE FHESE K (F5 K 61 S+2i B M+2i ) » 1154555 2 5E MR 4R (porcine
induced pluripotent stem cell, piPSC) 7 fEAf & G 245 © 4558 » S+2i Bil M+2i T 4E£F piPSC 2 4IRS K =%
BEEFFM: - BT piPSC 4R RIFHIAR T LARES o AR REMEBUR AT 2 &5 SR BURFRIAE AT Octd ~ Sox2 B Nanog
2050 > SSEA-1 ~ TRA-1-60 Eil TRA-1-81 FRIRFE 0] » 48 SSEA-3 Bil SSEA-4 RIAMHERTT - BNFIREGERT - 256
MR R IR S E B EEATIR T - Horp DL S+2i FRIAF (A o 4% S+2i Bl M+2i 5% > piPSC A2 ER I 1% » 1l
Bayr B R =R 4Rt H B GFAP ~ SMA Bl AFP S [R5R3R - H B oIl Ieh 8 i iag » AR NSRS N 2 1848
=R EREITMEERIR - AsBRaE S MR 7 DL R =4l s fRE - IS i s A5 2 etk
FHEAATA M - TMEN B R GRS 24 0 I fit piPSC RIETEHH -

ResHEE - EAEEEITE - SRE SRR RN - 5 -

1

BN A JEPRERATAE (embryonic stem cell, ESC) B 2 5 MER4MAE (induced pluripotent stem cell, iPSC) #E 17
LI (Evans and Kaufman,1981; Martin, 1981; Thomson et al., 1998; Takahashi and Yamanaka, 2006; Takahashi, 2007) » %
BRYEFELHRAME (fetal bovine serum, FBS) BL&E4x S22 C (mitomycin C) A E{LEEEE 2 /N B a4 4k REAHAR
(mouse embryonic fibroblast, MEF) 5, Sandos inbred mouse (SIM)-derived 6-thioguanine and ouabain resistant (STO) 4HHf
PR EEERRIMEE 2SR R A RE T - Al (RFEFER AR B B B4R L2 RetE: - ZREN M2 e =
CTTEYEZ AYERNE AR L ARHZ AN T - EininE B RER - NI ILERE 245 2 B E R A s
TSR  INo Be A BRI R ROpIE e 2 5858 - (Rt > B piiediifss 2 S s ES A Y
PEADRIEIVE > AT EREZN o RENERFEEYE K (replacement) ~ Ji{ & (reduction) Ei{E(L (refinement)
HY 3R % - H @Yt s e nl sE S B A R THEAM R - IR el st R R E— Rt R4 H B E
HY TR ARt o ERIE » LA B e 6 S A Y B8 240 P 1 i 25 R MR A B B Rl -

HATC A NEEREMEZ e idliiE (hiPSC) MRS RIS 240 » HRRBERNENEL - ZAMEESE (porcine) 57
BV RERRAHRE (piPSC) 7 fEfI BT B A 2RI A% « HEI L REMRAE Y MBI E RS - BiEH
laminin ~ collagen ~ fibronectin + vitronectin Eil Matrigel® 4RI Y[NEE (extracellular matrix) 7 5725 (G @ 4RHE > 1)
'E (Amit and Itskovitz-Eldor, 2006; Hakala et al., 2009; Nakagawa et al., 2014; Choi et al., 2019) - Bi{E 454l =75
AL - DR BT RS R A S g 4R - (R diRadE - SRS MY E AR (= S AR - P E
B~ At A IRV EAY - AN - erdiREEEE N AR NEE - BrE SRR BN 2 RS - R RS S E
e LKIEMS AR E R - ARNEESHIERA T -

S AR R R SR Y MY E A A 1% R R FEAEIE] - BIZOEEEE collagen i fibronectin » A MEF g 2 3%
/& (MEF-conditioned medium) it & laminin 7 20 &80 e A JEILER4MAE (human embryonic stem cell, hESC) (Xu et
al., 2001) = [:4) > laminin-511 E8 fragments fif & StemFit B5&% » 1] i Ih4EFF hESC B hiPSC 4k & (Nakagawa et al.,
2014) » F535EE fibronectin » HIESE R T B &8 iR E @4 DFANRE AL R R T (basic fibroblast growth factor, bFGF) B/ =

|
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R A= £ [T~ (transforming growth factor beta, TGF-B) » 75 0] % $F hESC 4 (Amit ef al., 2004) - Matrigel” J5 £ 3/
E2.~ Engelbreth-Holm-Swarm teratocarcinoma cells (Kleinman, 2001) » 7> 2001 EZXFER Y hESC 2 ftfi & @ E5E 248
(Xu et al., 2001) - [K Matrigel” &5 &fE £ £ R T » LUK collagen IV ~ laminin -~ proteoglycans Eil entactin ZE 4 4P E:
B AR AR R S b SRR o #E Matrigel” A HEAEE B R — 2 Bl 0 A B B R R e R e
ZEBE o Byfii Matrigel” (1S > SEfEH T vitronectin BiRR 43 HEE H AT B A . Essential 8 55ER 2 41
& (Braam et al., 2008; Chen et al., 2011) » 7} » TeSR1 5% E X Thomson 25 A (1998) it )5 » n]E )/ ZEA N &
collagen IV ~ laminin ~ vitronectin £ fibronectin ZE4HEYNLE > B & 248 (Ludwig et al., 2006; Ludwig and Thomson,
2007) -
/NEREE NS ESC B iPSC 7 St % g B8 A 4 LB 582 » 201 H AT R A $1E piPSC 7 i &g E 241

R AR ES DL iMatrix-511 ~ Vitronectin XF Eii Matrigel® 4HffYMEE it & StemFit Basic02 ~ mTeSR1 Bl E§ a4l EL
FEsER - fHEHE piPSC BN TR E LRGSR -

MR T A

L DI 8 AR B E % R i A
it 28 > piPSC JE [ 7 Liao ef al. (2014) » L1895 3 (lentivirus) K 8% ¥ Oct4 ~ Sox2 ~ KIf4 ¥ c-Myc 1 5%
T B H BRI HE R AR 2 IR Yang er al. (2009) Fit L2 J77AHETT - RpAlif s &R iC 7 &
DMEM (11885084; Thermo Fisher Scientific, Waltham, MA, USA) E%& & N1 16% FBS (16141079; Thermo Fisher
Scientific) * 0.1 mM B-mercaptoethanol (21985023; Sigma-Aldrich, St. Louis, MO, USA) ~ 1% non-essential amino
acids (11140050; Thermo Fisher Scientific) ~ 1 mM L-glutamine (25030081; Thermo Fisher Scientific) BIfZHHE R &1
(nucleotides mixture, Sigma-Aldrich) o piPSC 5% /> 4% mitomycin C (M4287; Sigma-Aldrich) ‘N E{EFEE 7 /NEEE
(LRGSR 4RI (STO cells, ATCC CRL-1503, USA) gl [@4HAE (feeder cells) » HFEF{EI: A 37CHiE 5% CO,
TIER, - BEE IR P EA E AR T L Y mitomycin C RE(LEEFE > STO il @4 » % 2 KE# 1 X
B2 o LU piPSC 2 R {EiREE -
1L DURETE I MR a5 A A2 pe MR 4iAe
18 piPSC e &R E L4 T LI IS kL% - BN iMatrix-511 (T303; Takara Bio Inc., Kusatsu, Shiga,
Japan) - Vitronectin XF (100-0763; STEMCELL Technologies, Vancouver, BC, Canada) £ Matrigel” ( 2L DMEM/F12
¥ 100 {2 ) (354277; Corning, Corning, NY, USA) 5 #235 FUB pR il 7 #2252 L > F§ LA €& 22 StemFit Basic02(S)
(SFB-500; Ajinomoto Co., Chuo-ku, Tokyo, Japan) ~ mTeSR1(M) (85850; STEMCELL Technologies) Fii E8(E)
(A1517001; Thermo Fisher Scientific) ZE 4T 2 B B IR & - BSEREAINANT 3 uM CHIR99021 (HY-10182;
MedChemExpress LLC, Monmouth Junction, NJ, USA) Bi 2 uyM SB431542 (HY-10431; MedChemExpress LLC) >
FAlt R ORI YT By 21 0 RINIEE 21 27 B8R a5 %4 By StemFit Basic02+21 (S+2i) ~ mTeSR1+2i (M+2i) B E8+2i
(E+2i) = % {15 4 B2 5% DL ReLeSR (05872; STEMCELL Technologies) j& 3 » A 37 CH:EFEEH S ik B
K e 5% 2 IT1L 2 8 {0 40 if o Pl I o s 7 DA AR = e AU 8 4 M R B ROAR I 10 uMLY27632 (HY-10071;5
MedChemExpress LLC) DU AR 7S - BF H R EIRIR e A & Y27632 858K » 908 2 KRR 1 20
IR DUOREF piPSC Z AR IMBIRRE - A ERigaHEE 3 REA L » DIREORES SR AT M -
1. G4t LER L
DAt s S ARG B s 0 B 1T RE AR B o A > BB ] 2 — M B A8 A Oct4 (AB3209; Merck Millipore,
Burlington, MA, USA) ~ Sox2 (ab97959; Abcam, Cambridge, MA, USA) ~ Nanog (MBS420182; Mybiosource, San
Diego, CA, USA) ~SSEA-1 (MAB4301; Merck Millipore) ~SSEA-3 (MAB4303; Merck Millipore) ~SSEA-4 (MAB4303;
Merck Millipore) ~ TRA-1-60(MAB4360; Merck Millipore) B2 TRA-1-81 (MAB4381; Merck Millipore) £ - 43{bad 5
e 7 BigS By glial fibrillary acidic protein (GFAP; ab4648; Abcam) ~ smooth muscle actin (SMA; ab7817; Abcam) Fil
alpha 1 fetoprotein (AFP; 14550-1-AP; Proteintech Group, Inc, Rosemont, IL, USA) » Z¥EiF » 4HAELL 10% 15 5 £k
AEETRIEE 15 4388 » FEFEIIA 0.1% Triton X-100 7 J# 10 434 » £ blocking solution (BlockAid™ Blocking
Solution, B-10710, Invitrogen) S/ 1 /[NF§ « FEAILAGS —SRbURIN 4°C F XM » 5255 — SRR IE 1 /1%
1% DA DAPT ZL (T8 oA -
e 7 —adiEs By Goat anti-Rabbit IgG (H + L) (for Oct4, Sox2, and AFP; AP307R; Merck Millipore) ~ Donkey
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anti-Goat IgG (H + L) (for Nanog; AS069; Abclonal, Woburn, MA, USA) ~ Rabbit anti-Mouse IgG (H + L) (for SSEA-3,
SSEA-4, GFAP, and SMA; 115-025-146; Jackson Immuno Research, West Grove, PA, USA) Ei Rabbit anti-Mouse IgM
(for SSEA-1, TRA-1-60, and TRA-1-81; AP128R; Merck Millipore) °
V. fig R EE e < Aol
ZRe M ER4HAE AT 2 AR MEBERE RS (alkaline phosphatase, AP) » piPSC L 10% 4 1E AR [E & 2 73§12 - FIH]
Ha LB E4H (SCR004; Merck Millipore) gl H: AP AR -
V. JEHLAS (embryoid body) JP k.2 554
FIHB T piPSC BERIZIE » B THUR UM RS B TR E 5 K> & 5 RNREIEERIPRK
FRES - PERF A DA R AR B IR R IR A R B 124K 0.1% gelatin JRHl 7 BEE IR E 14 K BT E LIS
REINE RS b - JEIR RS E R /5 By DMEM/F-12 558&51% (11320033; Thermo Fisher Scientific) A JI#5FE 100 £
GlutaMAX™ supplement (35050061; Thermo Fisher Scientific)  20% fYJ KnockOut™ Serum Replacement (10828028;
Thermo Fisher Scientific) ~ #% f 100 {% 22 non-essential amino acids (Thermo Fisher Scientific) B2 # #% 550 i >
B-mercaptoethanol (Thermo Fisher Scientific) ©

VL &4l L 2 RE R R R R o
URBE UL B2 1252 7 RNAlater™ [R1E -40°C - st ERRS PR R ) » 40 Mg RNA DL Quick-RNA™ Miniprep
Kit (Zymo Research, Irvine, CA, USA) Z£ H{ 1% > Ll PrimeScript RT Reagent Kit (Takara Bio Inc., Kusatsu, Shiga,
Japan) [Z#E8% B cDNA » {771 -40°C © F{% L SYBRY Premix Ex Taq™ (Takara Bio Inc., Kusatsu, Shiga, Japan)
#E1T Real-time PCR gl &AL 20 BEMERR NIRRT, « B 2 51703 1 Al -

F 1. 5775
Table 1. Primer sequences
Gene F/R Primer Sequence
F GGTCCGCGTGTGGTTCTG
Octd R TCCTCTCGTTGCGAATAGTCA
F TTCACATGTCCCAGCACTACCAGA
Sox2 R TCACATGTGTGAGAGGGGCAGTGTGC
F GAAGGGAGAAGACACTGCGT
KLF4 R CGGGGGAAGTCTTTGCTTCA
F GCCAAAAGGTCGGAATCGGGG
Mrc R CGCAGCACGTCTTTTTCTGACAC
F CCGAAGCATCCATTTCCAGCG
Nanog R GGTATTCTGTACTGGCTGAGCC
- F TGGGCGTGAACCATGAGAAG
R GGTGGTGCAGGAGGCATT

VIL AT < TP EGEE )

HEM] 2 & 6 1Al 2 NOD-SCID [ /INER, » KF piPSC AR R ZE (B IS E R T - 1T i e e A et -
FE/NEBMEE 1 x 10° BE4HA LB A&7 100 pL Matrigel® (354263; Matrix High Concentration, Corning) ~ 100 pL
DMEM/F-12 £ 10 uM Y27632 (MedChemExpress LLC) HR AR /K LIRS - FHRF 200 pL AR R GRS E 7
1 mL $+75 > PA 26G [ff $HRAHRZAE NS BT « & 2 FENE—AERRAVAREEIRAT AN - 5B/ N AR tE
% 2 {li B e - SRR e o T AR AR AR U 5 B HE Syt 53 rdiifE o biRes -

e RN B

I {0 GSK3 il ALKA4/5/7 4HRfEERE B ARES (R LA ET & g 558 piPSC Z B
A\ ES(H ] iMatrix-511 ~ Vitronectin XF i Matrigel Z/8 » DL & i StemFit Basic02 ~ mTeSR1 £ B8 g
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AR R R - 2 9 fEAH G SR piPSC 7 fitei & g & 5k - KF piPSC H STO fi &[G 4Pkl » H&R
AT G RO - S5RBEUR > 1 piPSC B B AT /E15 % 4414 » Vitronectin XF B2 Matrigel® S8R E 1
N Z ARSI o IRREET iMatrix-511 40 R 5 Hh4D > StemFit Basic02 R &R ERAE 4T — EVAIRIEIIR - 1
E8 B mTeSR1 4HAl & AT 25 Bl 4HAE (& 1A) < 28 » &40 4HREIP AR B L8 - CLRidG il o Lirif
ZIRERE (B 1A) o H4E A R » iMatrix-511 ~ Vitronectin XF B Matrigel F28 - i & >~ StemFit Basic02 -
mTeSR1 1 E8 Frrdfif H &R » WA BRI piPSC Mfd &g & - 281 » StemFit Basic02 A 4ERFHL
ERVARREIZRE » Ry T REFE AT piPSC 2 it & i & 247 - (R » o] #E— 2D iEH StemFit Basic02 it J7 » (i
FrE e R dAEiE & piPSC 275K -

Ma et al. (2018) 54, » CHIR99021 %4 glycogen synthase kinase (GSK) 3 E& R A I 7 » SB431542 4 activin
receptor-like kinase (ALK)4 ~ ALKS B ALK7 E&{CAYHIHIAE] » TRE4Efr piPSC R b2 EE AT - I - A5z
# 3 uM CHIR99021 B 2 uM SB431542 ZERF- - NI StemFit Basic02 » Wifit & iMatrix-511 ~ Vitronectin XF i
Matrigel” 55 o &5REE/R > iMatrix-511 Bt & S+2i > piPSC {5IHEE b > PhaH &G R A A piPSC 2 k6 E
1% ([E 1B ) » Vitronectin XF [t & S+2i 1] BHE 3= piPSC YT EE » AL 24 T4 BiEsR1g - B a /b
E5rE3HS (8 1B ) - ZA0fi Matrigel” fié S+2i - piPSC A4 A7 - HAERMETEE - #(0% 5 RENFEHRE
R o H 25 BRI R S B i B LAY RS (3 ([8] 1C ) » BB piPSC R HA RSB 2 iR RS » [h41 > Matrigel®
FC & M+2i 2 41 & 7R A R BB ARVEE S - piPSC 4HREEE S R L8 HEE » BUR piPSC 4EFF(E RAFHY AR
F8 (B 1C) = ZAMM - E8+2i WIHARE mT4EFF — E RV AR - 4HRE/NR S E LR » Al E R iEA4E
£ o HEHI ES B8R )7 M A B > A R HI4EERS piPSC A o Hh45 R - CHIR99021 B SB431542 JR A0
StemFit Basic02 il mTeSR1 £58f% » Afifite Matrigel® FVE » 045 piPSC 5L Be4HREAIEE

Matrix-511 3 o Vitronectin Matrigel

iMatrix-511 - iMatrix-511 | iMatrix-511

S+2i M+2i E+2i

Vitronectin Vitronectin

.

N
3

Matrigel § Matrigel Matrigel

Matrigel e | Matrigel

L. FEFHELRE IR N S B8 2 2 P RE - (A) AR S g e AR R HEEE R -
(B-C) piPSC £% % > Matrigel” E:'8 » fil & S+2i ~ M+2i 81 E8+2i 528§ = S © StemFit Basic02 K23 )% ; M :
mTeSR1 ¥4Ef% 5 E © E8 B23%f¢ 5 2i © CHIR99021 Eil SB431542 -

Fig. 1. Morphologies of piPSCs in feeder-free culture systems. (A) piPSCs are cultured in different feeder-free cell culture
matrices and media. (B-C) piPSCs maintained in Matrigel” with S+2i, M+2i, and E8+2i culture medium. S, StemFit
Basic02 medium; M, mTeSR1 medium; E, E8 medium; 2i, CHIR99021 and SB431542.

1. ffEfE B 5T piPSC MR AEMENUR

Oct4 ~ Sox2 Bl Nanog 5% HEMEARREAERSER F > 1M SSEA-1 ~ SSEA-3 + SSEA-4 ~ TRA-1-60 £1 TRA-1-81 f
ZREMEAHBAV AR R SR - B B2 et AR B S B AREE » FrEE R » S+2i B M+2i By Al 4550
#F=F AP ~ Octd ~ Sox2 £ Nanog ; SSEA-1 ~ TRA-1-60 il TRA-1-81 23R4T » 48 SSEA-3 £il SSEA-4 2 FHiH||
FHEMSS (B 2) - FTFERCHZE TSR ER4HAf (porcine embryonic stem cell, pESC) Hjg 2 15K » H SSEA-3 »
SSEA-4 ~ TRA-1-60 £ TRA-1-81 FIH ELEHZHE Tt (Choi er al., 2019; Zhi et al., 2022) - ZAff » A3k B4 F B0 Hi
piPSC T%eHE1EL (Ezashi et al., 2009) » piPSC 27 Oct4 ~ Sox2 Eil Nanog 23 A0 & = » ZAT Hae iR T HE %
55 » ERAEE - BURHAT piPSC Z ZAEMERIAHL pESC 7 -
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1. 66 B EF & piPSC Z ZRE RN (E

S ERILAGH Oct4 ~ Sox2 ~ KLF4 ~ MYC ¥ Nanog %% 5 T REMARRAEEA - &8kl 2 2 s MR IR AT Al -
ZIRERIPRE TE SRR NRIE - slBR LR g R - SREUREEEEEERE T > 2R
FHEHRBEHRTT - Hf LI S+2i FHZ Octd KBTS -
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Fig. 2. The pluripotency marker expression of piPSC in the feeder-free culture system. S, StemFit Basic02 medium; M,
mTeSR1 medium; 2i, CHIR99021 and SB431542.
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Fig. 3. Pluripotency gene expressions of piPSCs in the feeder-free culture system.

IV, SEgaE i piPSC o] BCRR AR b R — R 4R
SRS A R 2 REME AR R I 2 — - BB M558 B e (L = AR E IR - SIRESIE R T A @ 2 0T
NRERRE - SRAIARRE )RR U BURCRE R D - AR SRRV BERRAS - IR aTRE th BRI Rr 2 B L > G4
FERE R B R B LA SRR A (Kurosawa, 2007) - ASsABabR H (ATHYVE/ NEIE BT 7R EST > 465 RAVERF
FEEETR 0 S+2i Bl M2 TP RICEANAS (B 4 ) - BRI REEIREE RSB 0.1% gelatin 3~ 4 FLEFEERAETT G
SR ELT LR > & 14 RAVAEITE R - aJB{EE] S+2i 8 M+2i 3L Z 4lHE 2 A5 GFAP ~ SMA B AFP fifiZ%
B BN Z IR IR A S MR Z FaE AR ~ IR Z LA AR B A IR e BB BRATAE ([ 4) -
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Fig. 4. Embryoid body formation of piPSC in the feeder-free culture system.
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Fig. 5. Teratoma formation of piPSCs in the feeder-free culture systems.
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At Ep4h S EE T » StemFit Basic02 Bl mTeSR1 523 7%/ CHIR99021 £ SB431542 {17 » F & Matrigel® A&
'8 > AJYERF piPSC AARITBRAE o LA R A MEMR T MEFR R iR Rl 2 M - Kt AGEE
Z piPSC WYL REMEFRIREA AT - TMENEF B EEE 2 0 - IIREEEIEE AR - 7RI piPSC KiHEE
BHLOMEEEE 2 o 2R DU Ryl ie E A SR 25 SEMERRIY 5 NI E 2 piPSC » FHYNERY 2 REME RN & &k
I SEER AHAEE R A P H B BRE ST o MU DS N MEA R $RER . piPSC 2 bR R A — >
P& LAV RS 8 24 - AR AT E S BERT piPSC Z S bRESJELEERIME -
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Abstract

The present study established the feeder-free culture system for porcine induced pluripotent stem cells (piPSC) by
using Matrigel®, an extracellular matrix used to replace the feeder cells in the traditional stem cell culture, and stem cell
culture medium named StemFit Basic02+2i (S+2i) and mTeSR1+2i (M+21i), StemFit Basic02 and mTeSR1 supplemented
with CHIR99021 and SB431542. The results showed that S+2i and M+2i maintained the cell morphology and showed high
nuclear cytoplasmic ratio, indicating that piPSC showed an undifferentiated state. The pluripotency markers expression of
Oct4, Sox2, and Nanog was very high, the expression of SSEA-1, TRA-1-60, and TRA-1-81 was low, but the expression of
SSEA-3 and SSEA-4 was very weak. The expression of pluripotency genes was significantly improved, and S+2i exhibited
the best results. After embryoid body formation, piPSC in vitro differentiated into three germ layer cells, expressing GFAP,
SMA, and AFP antigen. Teratomas were successfully formed in both S+2i and M+2i, but their ability to differentiate into
three germ layers was still quite limited. Taken together, this study provides a new method for long-term culture of piPSC.
This culture system not only solves the problem of preparing feeder cells in a traditional culture system, but also improves
the cell pluripotency and utility which is better than traditional feeder-dependent culture systems.
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