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BERC FHC R FEEC BIA Y s

Wl H 2 1043 1 H  #2H  104 45 A 11 H

W B

WS B Y BT FIR AR (v R 1B 2 FE A B RE MR 4R (porcine induced pluripotent stem cell, piPS cell) £
PRETAIRR tE (% 2 B HE M - SR EFIF BZEFLAR DL 2 RER BARE » BIMNEM SRR E 'S (green fluorescent
protein, GFP) SRR E B L BRAEA E 2 Re e R 4iRE - PRETESHE % > 4R GFP AR st L2577
{BEEST » DL HEERMSIES >~ £ - FEsS SRR » piPS HpEsSiE s o] LIRS H i@ E RGO FIHETE
EERtr R AR LRI EL B8 b R =R gt% » &hEOE ey aRFERI - Il - BRIk 2 piPS 4
REIRZ A 1A A i PR s 28 B iE T & SR S B [ 25 (nonobese diabetic/severe combined immunodeficiency, NOD-SCID) 7]\
B, 0 A AR G (teratoma) » HASHE B 2 8RB Al AEHE TR 30 KA FEREZ G it 2%t WG
HETEY piPS 4HAEETE % 90 RINERZ LGN » 4R EaEINZE KA « RIL - ARWFTATE L 2 RIS LY piPS
HHREAR S e AHAE S (L AHARAS fE 1% - GFP 2 FIRFFE HARE » vl UR 4IRS R 2 GRS B e B RN B4 A2 - H
FIA ARSI A BT -

BESEGE - FESE BRI - REEHLELE - HEL - KGR - 4IRS -

i

578 2% GE Mg 4l B (induced pluripotent stem cell » iPS cell) 2 2445 i H1 H AN T E0 A2 AN Yamanaka A7 52 B[ 7
2006 85 0 sk BEIRREH E B LR ERAHRE HR Y 24 {ERFE Sz B AR R - BRI A 22 S B IR E BE 4 REER Rl R AR R4
AE 2 BTREME: - T B aX 35 IR R TR 4 (EEEEE N1 Oct3/4 ~ Sox2 ~ Kif4 Bl c-Myc [FIHF L 2 /N R a4 BRI - Bmf
SN EA LR 40 SRR SRS RS Fah S T R R T - A LT B = 4R ~ AR 4HRE - AL
TAIAMRE ~ AERRATREEL b Rz ARSE 53 @ EIIR RV AR - BURIL S E DN R4l 2 7 (B2 5E 1 » R BEHE Ry
w75 5 % REVEF4HIAE (Takahashi and Yamanaka, 2006) © Camobell ez al. (1996) %5 84=FHkHHF RS & A AR A2 =0(E
(reprogramming) 7 B EE » | P RS AMAEAZ I S 15 i (somatic cells nuclear transfer) SXANREREL & 1fT (cell fusion) » FEE S
BEF b Ba A 2 R b AR b2 41 (Tada et al., 2001; Cowan et al., 2005; Egli et al., 2007) - [fij Yamanaka 5
NFTEETT AR A 2 RE MR AR flT (&1 RS PR R i e BLEL L2 REMERVERAAE » BERiT Z B AR AR
B LB R AR (O EI ST I AT AR AR A A B RIS Y SR e S TR » DUR A 1 s SRR e A iy 1 B
R > AR Ea—KZe8y o A LR T O T T SF B S aE MR dliftnyYtE - E45A A (Park
et al., 2008) ~ K&, (Liao et al., 2009) ~ T (Liu ef al., 2008) ~ 5% (Esteban e al., 2009; Ezashi et al., 2009; Wu et al.,
2009; Montserrat et al., 2011; Hall ef al., 2012; Fujishiro et al., 2013; Liao ef al., 2014) B (Breton et al., 2013) 2 - W5eE
T (RS 3 (retrovirus) BM89p 5 (lentivirus) SRS HET T35 20 REMEFRARREAYEE B » W] DAY R AB (KA
RARE 5 280 s ERR Ak AR AR NAS - H A RV AN Ze B B R IR R 2 588 B R ERR a2
REMERPANAE A A VB IE I I - Ryt e s BRI - B RTE 38 o S A B3GR HIRlT - IR A BRI 35
#8724 (non-integrating adenovirus) (Stadtfeld et al., 2008) ~ & FSiE#I % (plasmid transfection) (Okita et al., 2008; Gonzalez
et al., 2009) » BZF|H valproic acid (VPA) /NG TALEVH#EITERERY /5% (Huangfu ef al., 2008) » $50] DU K S8k e
R AMIERGEE S 2 RE MR AR E A _EAIFRM] » KRR T35 52 B M i AR AR AR A 2 B LB R, AV AERE -

|

() TR e Z By BT T 5 5 2233 5 -
() TR B g E R BT AR -

(3) BUTLR D REE AR FE AT -

(4) BRI AE IR FE T -

(5) #E/EZE » E-mail ! jryang@mail.tlri.gov.tw °
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ARGH L E LS GFP IFFER Rt At » ZAMAERE R BREE] 1992 4" H dequorea victoria 7K 157 B
Hi7R (Prasher et al., 1992) « [R5 H 2 Fy T 050K B A BHITT R EL B AR - AlESMNIEHEE 1% AR VIR SE -
KEFAGH] GFP JE(LFR &I 58T - EF5HETBUKRHEH (aequorin) 45615 » BEE GFHEE 2 GFP LUFE4RL - It
TE RE S 4L AT F & S MK (ultraviolet light) HI 8 sk 5 #¢ (Misteli and Spector, 1997) - GFP 745 238 {4 E: i » =] |
FLHMCEE AR EE - JH B BT TR 7 (cofactor) BB - FHELY p-galactosidase B luciferase 75 #HYMNARNIZE
ST A EE - AEMEFIHR(FE L5 fy(EA] (Chalfie er al., 1994; Misteli and Spector, 1997) - GFP )2 i HI i 4Rl
W7 > Bian (1) & FAAR R HEELA (Obokata er al., 2014) 5 (2) EHtHVIRLHG % 55 AI4HAEEHE (Takahashi and
Yamanaka, 2006; Obokata et al., 2014) ; (3) JERSENY) > 4HHEFEAE E AL (Yang et al., 2010; Yang et al., 2013a, 2013b; Liao
et al., 2014) FEZ TS » B TIERA ARG I 38 2 FE FHELE AT o AWTFERIFI B ZEFLARF GFP B RE A5 5
ZRe R AIRE o (EE ORI B2 RENE - FIRMEE AP @R R T ERMSER - Ioa/aieeB sy
M2 SEHTSER 2 BB - SRETHEE R 2 FIEHEME: -

MRS E
L FEFEL RS
el Bl B H E L e MR IR B 7Y Liao ef al (2014) » HE5& J77AB S8 Yang et al. (2009) FriE1r2
FrEMEST o ER4THEERER(#H A DMEM (DMEM, high glucose, no pyruvate, Invitrogen, NY, USA) /&0 16% a4~
& (fetal bovine serum, FBS) (Invitrogen) ~ 0.1 mM B- fifi £ 2 fig (beta-2-mercaptoethanol, Sigma-Aldrich, St. Louis,
MO, USA) ~ 1% JE 25 25 izt ZL iE (nonessential amino acids, Sigma-Aldrich) ~ 1 mM %k fz i f# (L-glutamine, Sigma-
Aldrich) ~ #ZHEE EEK (nucleotides mixture, Sigma-Aldrich) ZElf 8V ER » AHREESER 0.1% gelatin (Sigma-
Aldrich) [ > 4 FLANREESERE (4-well dish, Nunc 176740, Roskilde, Denmark) » B 37° C BilE 5% CO, HYREE
o o EEEE T FIEEE AN K LZEE (mitomycin C, Sigma-Aldrich) FE(LEREL 2 /NER LGRS 4 B
4R (STO cell, ATCC CRL-1503, USA)  fif & g 174 58 - B MBI R4 REN - (R EE &
DAgtsAER ot A -
1L &Rt I E SRR B2 R M 4R 2 8 0H
Fheh B2 R R AHREEE S (colony) DAAHHL Z B 3EETZAE » FIF 0.25% trypsin-0.02 mM EDTA (Invitrogen) i
HHREEE R AR R B AR PR AR AR R P RIS E - 212 DL 0.2 x g By 3 min EFR FIER o A IR
5% (phosphate buffer saline, PBS) /% 3 2% - HF4TAEE F838 B S x 10° cells/mL » B EEFFLHAE (Cuvettes
PlusTM, Model No. 620, BTX, San Diego, CA, USA) - [ig 1% - 4l fE % % & 75 0 20 pg 1Y pAAV-hrGFP Control
Plasmid (Stratagene, Santa Clara, CA, USA) 7% 4Ll 4" C JK$E 5 min{%g » 2218 Yang et al. (2009) FriE1r > EEEFLIERE »
PIEEZEFLE (Electro Cell Manipulator, BTX ECM 2001, San Diego, CA, USA) Jifi LLEEER 150 V/em ~ B 10 mini sec
2 B EARE R 2 TR LA - Eue 2 AN EDRAFE 5 min 18 0 PR BT SOETTRSIMEE -
FRAMAE G W FRAA A Rei% - DAARAL 2 B $ 1R R B 4k B8 . 2 SHARRE % DA 7 =00 ik bk e - FEE—20 7 DUk
& -
11 ARSI B H RS 7 1b
FIFR RN PSR 2R /N - B4 20 pl « FEEEEIIA 5 mL PBS DR LR 1
INREZESE o AL FETFH B LR R AREETE DL 2 IR HZ R - K AR R B AR/ N
oo BRI 37 C BAE 5% CO, AR EM LA E MBIV - B5&SE 7 K2 1% » BIZZ5Cs RS (embryoid body)
TR B Gk R IR - TR ARTR - ISR B BT B N THE DL 0.1% gelatin fR3 7 4 FLARREIG S -
TREfHE R EE R ML - BE B B 1% oRlET e MR LS AT A b Bk
IR T - AEEL AR S LA 10% SR B A (neutral buffered formalin) Az 08 T [E E 30 min » B LL 0.3% Triton
X-100 [Z & 10 min 1% » DL 5% FBS {EFHISZE 2 h = Z 1% » I A—&KHiAS (primary antibody) /¥ 4" C N EZFHK
FE KDL — 4k $iHe (secondary antibody) B 4,6-diamidino-2-phenylindole (DAPI) ZyaEf T8 4747 » EFH 2 —4k
1S By neurofilament light (NFL, Millipore Cat. #AB9568) ~ atrial natriuretic peptide (ANP, Millipore Cat. #AB1970)
B g-fetoprotein (AFP, Santa Cruz Cat. #SC-8108, Dallas, TX, USA) ; — 4Kk #t #8 % rhodamine (TRITC) (Jackson
ImmunoResearch Cat. #111-025-003, for NFL and ANP staining; Cat. #305-025-003, for AFP staining) o & 2~ 45 5
DA =08 L B8R (DMIRB, Leica, Germany) B 5 508 % Al LB #2145 .4t (CoolSNAP HQ2 Monochrome,
Photometerics, USA) 2855 53 MR Z.4% MetaMorph 6.0r5 (Universal Imaging, USA) EC8EFI1 9 HT45 5 -



BflEE BT BaE  FEE BRI B 198

V. 4RH#%HE > NOD-SCID /)NEE DASF 25 Bara TRk
HEFH 5 6 8 P A J BB R PR B B & G i A (nonobese diabetic/severe combined immunodefici-
ency, NOD-SCID) /NE&, ( ZEHTRIEH D A TR 2\ 5], Bio-LASCO, Taiwan) fitz, - REE LLETZE (Zoletil 50, Virbac, Carros,
France) / 5 i (Rompun 20, Bayer, Taipei, Taiwan) Faf 3 7 JE &8 (DL 10 0 1 ZEEPESE 2L PBS f6fE 5 %)
B HEAEMEEET 0.1 mL BEFERR - 4T 1 x 10° (R EIGR BVt SR E 2 A MERR YRR T 7Y 100 uL 22 PBS AR H
HREEA 5 SN RS K N E TAREAE © 5 SRR EAME NS K N EMEA 100 pL A &4
Az PBS /K - BFERESHTRRIEAE TR - BEIR 15 KON i%’fﬁﬁﬁﬁlzﬁ’—?ﬁbrﬁmﬁ Al LUSE RSB T 24 (IVIS 50,
Xenogen Corp., Alameda, CA, USA) (= RIFSAE HMiL 2 B EFRIGRIE - o4l RS RIS ERR - BILAE—
g 2 BRERAH A& S Ik 2 2 ) (region of interest, ROT) BRLAFEHIAH I & E@is 2 B FoR (mEE4H RO/ Sﬁ
840 ROI) - 1518 3 [ 5 &L IR AR R aH 4% - &CHK ~ B ~ B8 - TR 1% > DR (hematoxylin) BLFF4L
(eosin) JEfTAHERALE
V. &Etori
Fir A s E95 DL Mean + SEM ZRo1s » Wi {ff¢#8 SAS 2 General Linear Model (GLM) # =0 #E {748 515717 (SAS,
2006) > & P <0.05 FonA ZREEE M -

RN B

L T FRRGR RO FER B RE V4R
218 Yang et al. (2009) » FI|FH5 LLEEEE 150 Viem ~ BE[LE 10 mini sec 27 Bt EE AR {EH 2 D0 > EZEFLERIE -
SIS NI P ok 6088 Y 2R 1 i RS PR AFE SR S 2 R MR 4Rt o S ARy X R B 4 (s SR A R 4R B
SEHGEE > BEINECRTE{LER 2 STO ti & fedifETERET® - WSS EL RSN R RIS A S
TERBIGEEEDE (B 1) - thah - HEBEEEINE 8L E % REIREE - 4O HERERT - Rk
R BIBRRMIAE (18 2) - SRR TR RS E oL - Rl B {b RS MEE (NFL 514 ) ~ HiL)E (ANP
Ptk ) BLNRRE (AFP [51% ) Z 4Rt Rt e N FraE i (8l 3) -

I RIEGEEOCZFEFES R AR -

Fig. 1. The colony of GFP-expressing porcine induced pluripotent stem cells.
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2. FIRIRS INRE R ATah a8 56 B 2 re MERr AN BOSIR A H PRI AR Bt -
Fig. 2. The embryoid body of porcine induced pluripotent stem cells formed in hanging drop
culture expressing GFP signal continuously.
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FRIEA TR ETEH - #F GFP 2N BRESRIN T Octd ~ Sox2 ~ Kif4 ¥ c-Myc 2 L3975 5 E B (retroviral
plasmid) - FHE A S8 H R ST A Sk BB 2 FEAE S RE MR AR - SRR Aliie e nI R HARE RN
SREEDE > HEERERS H R bEAE NG (L B S B LAk (0B R (Montserrat ef al., 2011) © JE4)
Yang et al. (2010; 2013a) DLEEZF FL U5 70RF GFP ZEAE AFERRRRAIA 2 (T 7e B0 - FrEe B 2 A5 R AR T iR
TERBEEOEOE > HILFMACE MR E b R e aiifatg - Jyrl R BB E R OEDE - NItk - &t
TRMEER R e R B E SRR R SRR R IR sA E 2 e M AR s R 5 0 (b - B ATRRE RIS @R » JFF
MRA R YRR E % - F DABE B Rt AmAE A REL 15T -

DAPI Rhodamine

T

z
Rhodamine

Z

<
DAPI Rhodamine

8

| j %

3. FRRRGEITREMS R &R S HIMEE NFL AR « TiLfE ANP - (NARfE AFP fREGCELR 08 2 B — MR -
Fig. 3. Specific expression of ectodermal NFL marker, mesodermal ANP marker, endodermal AFP marker and GFP signal of
embryoid body after the attached culture.
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II. 4HRERSAE 1% 553 2 WG R AeiE B Yo v A

4T 1 x 10° {EFIREREORE > FhaA B 5 REVER A7 100 uL 2 PBS 725 » F4HE A 5 % NOD-SCID
/NERZESS B2 ML > BRI SRR 15 KDL IVIS 50 JEFSE NI R ETEEEE 2T E 25 90 K DUEHMHAE
T IE % IS RG R RS TR Bl o e 2 88k - 45 5REER - TEFFE 90 RAVEHHAT » i ER % LATE st
& ([El 4) - TERAHEIREE 30 X BIE] ) NOD-SCID /N5 /S B NS B I B2 RS AG R A= i HEIF I RE TR et &
7.71 £ 0.00 mm’ ; ZEAS K~ 5B 60 KEAEE 75 K > WSS EERE Sy 04 31.95+3.52 ~ 92.03 £ 31.31 £ 89.87
+15.97 mm’ ; ERIELE 90 KEF - WA A AR I By 554.14 £210.98 mm® (P < 0.05) ( [& 5A) - FEAEHML
Z AR ERE (FEEAH ROL/ HH84H ROI) JREER Aa g Ae b M i 58 » INFSAEIREE 30 K ~ 26 45 RELZE 60 K
53 F5 2.33 £0.55 ~ 2.65+0.91 B 2.73 £0.39 % » 55 75 RIFEGAGRIASTE BN 0 - MBS 0 s ARy iz 7.79
T1.94 %5 (P <0.05) > 5 90 RHFIE I Ay 17.47 £ 3.79 % (P < 0.05) ( 5B) - INFEHE1ZEE 90 K > & NOD-SCID
/NERPER B R IR - &HK - B - EHREYIR 1% 0 ETERORRELFEE o iR T R E A CAHREET
(keratin pearl) ~ A5AF4HIAf (adipose cell) BEIREERS (glandular structure) ZE57 71742 H =g 2 77 LAHRRAH 4%
([ 6) -

WRRs A AR EAE H 2 R MR ARREAS AE 1Y NOD-SCID /B, » TIHRHEA RV ARG - ARrdileE A /B2
MR 2 R - BrdlRE IR AT E AR 2 TR - (RUR B AR B2 2 RE R ERdAE - DU/ D 2 8= Bl v] 553 NOD-
SCID /|NEE 2 Wi Ba g 4= % (Blum and Benvenisty, 2008; Hentze et al., 2009; Lee et al., 2009; Miura et al., 2009) - Hjf
FEHEUT  FBAE 1 x 10° &/ EE IR AHRE - TR BRI 2 fR4Y 50% » TFEHE 5 x 10° [E4HAE R 100% 2Bk e Aa el
(Nussbaum et al., 2007) = ZRifi > NJERRESAAEIE TR 100 (BRI A pkishRaR - HEsAERLY 6.7% » 4 1 x 10° {#
4HRETAT 100% PRk iERaRE (Gropp et al., 2012) o ARWHFTAEREUR » TN 2 FRIRGR R LA TH S 25 sE R4
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FERSTE E] NOD-SCID /NEEIR 56 30 K > NigAaE e/ - MEELINIREE TR - 28 A S8R aR R = A
FI IVIS 50 JEEGRAG T A 80HIG - HEDCERSRARITSF SN I - E 2 IBHEHRES R - o] BONAE S8 eoR &
WEEM AR > BURRIRGK OB SRS RE VAl 1] i R SRR AR AR 1 B HERERY - fe BRI BR R
TEAIRREIRN - ARSI ASE 2 Ja B 7T -

Day 60 Day 75 Day 90
4. IBHE90 R IVIS JEEES G - soBh 2/ NE R E— 20 728/ N BHIRAE - PRELA R N R BRI -

Fig. 4. Mice were from the same batch in these images. The control mouse was shown at the left and the nice of treatment
groups were placed aside.
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5. FHEHORC T FEHE L RE MR AIRS M NOD-SCID /NE{% 2~ IFHG R RS TE S5 L (A) BLROCERIE T (B) -
M3 R 58 88 (5 DB R AFDHI 68 1 0 2 8 e o o DASZE AR B S sk 2 B 5 2R o (iR HH4H ROL/ #HH4H
ROI) -

Fig. 5. The volume change (A) and relative fluorescent intensity (B) of teratomas in NOD-SCID mice after grafted with
GFP-expressing porcine induced pluripotent stem cells. The relative fluorescence intensity of treatment groups were

exhibited as the fluorescence intensity detected from the region of interest (ROI) on mice in each treatment groups
divided by that of the control group (treatment ROI / control ROI).
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R T L

Glandular structures (endoderm)

6. EEfaREAHETIS - (A) EiSR = 5E - (B) BHaRTU) R TR S A E (L4HRET - RRRAREBLE IR = e
I -
Fig. 6. Histological sections of teratoma. (A) Overall view of teratoma. (B) The cells and tissues derived from three primitive

germ layers in the teratoma, such as keratin pearl, adipose cells and glandular structures were observed in teratoma
sections.
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Abstract

The purpose of this study was to establish the green fluorescent protein expressing porcine induced pluripotent stem
cells (piPS/GFP” cells) and to investigate the traceability after cell transplantation. By using electroporation with 2 DC
pluses of 150 V/cm and 10 mini sec, we successfully transfected GFP reporter gene into piPS cells, thereafter, which
continuously and steadily expressed GFP signal. The embryoid formation derived from piPS/GFP" cells by hanging drop
culture also maintained GFP expression, induced and spontaneous differentiated into cells and tissues of the three germ
layers. Furthermore, the teratomas were found in the NOD-SCID mice after piPS/GFP” cells transplantation. The GFP
expression of the transplanted piPS/GFP" could be detected by using in vivo imaging system on day 30 after transplantation.
The size of teratomas was significantly enlarged on day 90 after transplantation, along with the increment of the GFP signal
intensity. Therefore, the GFP expression of piPS/GFP" cells can be continuously and steadily maintained regardless of the
differentiation or transplantation. The piPS/GFP" cells could serve as a traceable target after transplantation and could be

beneficial for the development of cell transplantation therapeutics.

Key words: Porcine induced pluripotent stem cells, Green fluorescent protein, Spontaneous differentiation, Teratoma.
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