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SUMMARY
(FEZ8FE)

[. Title

Conservation and utilization of genome resources by the generation and analysis of
non-embryonic pluripotent stem cells in livestock

II. Quantitative outcome

Total 8 peer-reviewed papers were published in SCI journals and 1 patent was registered.
Based on this patent, 1 licence agreement was completed.

lll. Purposes and Necessities

- In the purpose of this project is to isolate somatic cells and multipotent stem cells (adult
stem cell) form diverse organization in bovine and generate induced pluripotent stem cells
or induce direct differentiated cells form the isolated cells by epigenetic modification or
regulation of signaling pathways. Finally, we analyzed generated stem cells or direct
differentiated cells by molecular cell biological and development engineering tools.

IV. Contents and Scope

(D Isolation of somatic cells and multipotent stem cells.

@ Inducing epigenetic modification by candidate small molecules and selection the most
effective combinations.

@ The generation of Induced pluripotent stem cells and direct differentiated cells by
epigenetic modification and regulation of signaling pathways.

@ The analysis of pluripotent stem cells by molecular biological and functional genomic
level.

(® The production and analysis of chimeric embryos after introducing marker genes into
generated pluripotent stem cells.

® The production of nuclear transfer embryos using pluripotent stem cells as a donor and
the analysis of characteristics comparing with that of somatic cell nuclear transfer
embryos.



V. Results

(D Isolation of somatic cells and multipotent stem cells.
- The isolation and culture of multipotent stem cells and precursor cells from skin, tooth
and nervous tissue.

@ Inducing epigenetic modification by candidate small molecules and selection the most
effective combinations.

- The optimization of in vitro culture system for bovine pluripotent stem cells by small
molecules.

- The analysis of bovine pluripotent stem cells by small molecules by molecular cell
biological tools.

@ The generation of Induced pluripotent stem cells and direct differentiated cells by
epigenetic modification and regulation of signaling pathways.

- The inducing cell reprogramming by viral and non-viral tools and the optimization of
culture system.

- The inducing cell reprogramming by epigenetic modification.

- The inducing direct differentiation into salivary gland and the analysis of them by
various molecular cell biological tools.

@ The analysis of pluripotent stem cells by molecular biological and functional genomic
level.

- The molecular cell biological analysis and microarray analysis of bovine pluripotent
stem cells.

® The production and analysis of chimeric embryos after introducing marker genes into
generated pluripotent stem cells.

- The production of bovine chimeric embryos and the developmental analysis of them
during early development stages.

® The production of nuclear transfer embryos using pluripotent stem cells as a donor
and the analysis of characteristics comparing with that of somatic cell nuclear transfer
embryos.

- The production of nuclear transfer embryos using bovine pluripotent stem cells as a
donor and the comparison analysis of blastocyst and ICM/TE rate of them with that of
somatic cell nuclear transfer embryos.



VI. Outcomes and future application plans

Outcomes

(D Peer-reviewed research articles
Published 8 peer-reviewed articles in SCI-indexed journals.

@ Patent Application and Registration Accomplishments
One Korean patent was registered (number 101490229).

(@ Human resource development
Total 5 graduate students obtained master’ s degrees with financial supports from this
research project.

Future application plans

(D Security plans for intellectual property rights such as international and local patents,

strain register, and research articles, etc.

e The establishment of embryo and stem cell banking system

e The establishment of easy production technique to develop a better breed of bovine

« The study of disease research and attempt to generate specific disease-resistantbovine
through stem cell baking system

« The consolidation of competitive power for agriculture and stockbreeding by
collaborations between academia and business

e The commercialization of the products by collaborations between academia and business

@ Security plans for intellectual property rights such as international and local patents,
strain register, and research articles, etc.
e Publication plans of 2 additional research articles

@ Further researches and applications to other related researches
We are currently conducting the project entitled “ The efficiency improvement of bovine

“

embryos using cutting-edge culture systems and preserved techniques
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streptomycin,& 718l wlge (29 D
O7 1 A9 aigs F & A2 o AXEY] FH.
b & 2 Fd AA E71A=2 2 ‘3% Wz H 2 s

A A 2A4E 3 AASTIMNEE G AF Fd AA VM EE 25 Fd A=)
Az} ol TP MEE E}Tﬁ}Eé Zky Qe Ze® Huy EI 8 22 AX
B Aol Fof AAZzd #FE3 AR BRirol & AAESVIAE BT &
SHAl A& F s Ao ZE. B AFoAE 49 oA g5 s &9 ojis
Hx) & x|o} AME B X5 2ZS FRE dispase/trypsin AHEE Ed 9y AEE
By 3 B2Z wjokS 58] alpha-MEMS 712 ° 2 10% serum, 50 Units/ml penicillin 18] 32

50 ug/ml streptomycing % 7}sl wi¥g (1E 2)
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a8 2. & A 23 7 QA S7IAZ g9 9 A9 wiek A 4 ¢k

Y Ad § BE spEe X5 24 ZAT B) & F¥ A5z,

© & A =24 7 27 ZAE7IHE O 24D F & A5 24
=

(™ & 7 AFAY S71A =2 22 R gz HH35

- A& Xof FHol| EX3ta Je AFAd oA
A FE7|MEe} vprtA I B3so] §-
B2 wjeks E38] alpha-MEMS 7]& o
15% serum, 50 Units/ml penicillin 78] 3 50 ug/ml streptomycing 3 7}sf wjFst (198 3)
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) 4 Fd A3 SVAx B8 9 A wiF HAH3s)
- 49 HE RE 98 x2S dispase/trypsin A 2=
53] DMEM/F12(1:1)& ~7]E°=2 FGF2, EGF, N2B27,
penicillin 18] 37 50 ug/ml streptomycing #7}sf vi k3t (18 4)

o 9 AEZz By F I wds

ITS, dexamethasone, 50 Units/ml

I9 4 A9 g & ¥ 23 w5 AFE7IAES] FH

28 2 A v HA 3
Fd AAE 28 4 A wiF HH s
Aol BES JHAE £ 3X

(2) & Ho} & AA=E

Ob & dot Y Fu 27
w%o] A o &9 AFelA FuF HolE A

- =
penicilline] 718 PBSZ 33] A|Asla thy] F9e Z2& &Rslo] dispase/trypsin A8 E
53 9 MEE Egsta o]F HA|S 53] DMEME ]2 02 10% serum, 1% NEAA,

50 Units/ml penicillin Z2&8] 37 50 ug/ml streptomycin-2 Z7}s vidFsF (18 5)

% 5 & ol & AfolMEY] FE. (A HA 4 Ejote] B B) 7] 4 Hjol #E

A1 oFAIEE. (O 7 Al 5 4 efjo} AdfrobAlaE.

(b & "ot A% =3 Fdl Alx &g 2 A v A3
2 Hlolo] A 2AS R dispase/trypsin HEE 53 @Y AEXZ B
53] DMEMS 7|2 952 10% serum, 1% NEAA, 0.1% Fugizone, 50 Units/ml penicillin 1

o
232 50ug/ml streptomycine 3 7}s] wjFg (28 6).

F 93 o
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I 6. A9 wigE & go A 22wl Alxe] g

AAEZIMES] 22 3 w71 &Y
TAME &0 Aed 7M1 Akl kA 7S SHd vy

2 2t AY #Y A
H ENAEE JEFOR AGILAY. RS FEVSZINLE ARHOD Y]
Gl At FRD AMNE Brke 4A AT Y EAEE 088 Aol Foh
L nme] gAste AANM A A& & U IR E7) AZFE BY L sk
AWe FYSHAL. ol R F/AE BYe| AU A FE B okt HAE/A)
Zg 2ol MUSHE 714e FYSE I ANHORE ofeF 13,

0D vk ARATAZANAS AR ENALY B Y

- ARATAEE AR REST Yt FANERA vhese 5F APRRE e W
2 AEstge. EW FEBEZINLE BEY) A9 AonA ERHow ofRs wd
fAAel WAL FAA717) 93 LIFe o% E3E AE5HAL.

O vhex RERE ATAZ e @ W

@ PH9 $% ARERE ATAE o] W

- AgEAe] A3 Bl §oIF 929 B % WRE G AAT F Hestel U A
E2 2 F LRSS 5o 2355 T ATAE Mt (2Y 1

I8 7. v gRATA Y wjeE (A) k92 TF HRERE SAAE
(passage 0). (B) wieF 1Y & %7] 738 AXE (passage 1). (O) ¥ 3%
FAGAH E (passage 3). Bar, 40 xm

Wy

Z]
T
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@ AFAHEY 35 AF
133

- 28 W AFAETE EVIAERA Ve steA APAM S AFAERe £3e &
5 B8 diEses ASsAS. laminin ZRE WAl FRste] AAA L B e
dg Hrrste] AAAERS £3E FESHAUL ARAE EAA ALAE 23} fFd S
ol FrEsHAE. 2 A AAAE FEe AER 23EHe e SRlsa ANAEs
oil-Red O HA& T3l &A= (L4 8)
a8 8 AFAU AFHTAIELY £31 fF= A) AFAFAZEREH E3H oY & F
FEE o] AAFA Al (B) Oil Red O G218 A A Z(E7HAY),

Q@ £34 AFA=xd LIFe &3}

- LIF& wjet=7IMEZoAA A fAld 7H Fo3 JAAE 434 A5 28 widd 73
o] AFAZe LIFE 7242 HElste] AesA D AASAZ 38 445 8Ase] LIF
od HeA FH FHAY FHo] F=EHUE=A Octd, Nanog, Kif4, c-Myc, Sani2, Ngfre]
FAAE A3t S. I A3 Octde] B2 ofF 14u) Frskl e Nanogel Ngfre Z+H2}
0.4v), 0.4W] 2 ZHAERS. ol9t 2 A¥Z H|Fo] B u IRBAFAEANA LIFE JES

o] Fa3 FHAAR] Octdd S7HNA FF J&23 272 E Aibsted =50 2 Zo=

s (CLd 9.

=
-

b X Fd FUAEAR VA 28 2 F4 g

- HAHom AAH ﬂ°1f<]§$E1 Atk A wEl E71AE B 2 ks (1" 10)
LA H Aok AgpR-& AA F FUE o] &st] AFE EElste] Bl o5 T AE=E
2y & RIS 53] 90% alpha-MEM, 10% serum, 50 Units/ml penicillin and 50ug/ml

streptomycin, oA wj gt (19 10)
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138 9, vl I FEAFA E LIF(1000IU) A3 FAA w2, A=k
real-time PCRE o] &3t HeAAHHd 81X (Oct4, Nanog, Kif4, c-Myo<t
ANASAZRE FAA (SnaiZ, NS 4. BE -2 control 1E(-LIF)e]
e V|2 vlaste] BA459E. n = 4). *P < 0.05.

329 10. FolAE ol§F A@Hol Asfe) EoAE B
2 8 oA () B AR FYA. B HYAZRE B
J8 BYH Fo A5 O AFEAS o8 LG =
7 A5gd ZNAE ©) AW F A5 ZHE
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- AENEEZIAZY Y& f6 Motz zeA wigd =a g9 B G4Ede E
Aolgha & 4 e & fH Aed VM Z Bar) glo] WA wjol fefe] Hed Al
ZE 22 A MF BFS FAsta wjd 2AS HAS SfuA. wlotETIMEe &Y
71 B S EE B FF AETEVIAEL Sl 488 A

@D & wiol fral 24 wlotE7IAEe] A4

Oh & wHjob 3 WolE7|MEE A% Wi =21 F9Y

- TR & ol RPH wolErIAEE FHstrIflE WA 712 Bad vheau A f
A elErIAzE sl A9 23& W HA8etdla 27 BAE F2Y d4F 2
A BeEE AAsE 9A dimHd Al 7bx wdzd DMEM, o-MEM 3

il
KnockOut™-DMEM& ©]&3t9a %7] H&&EL KnockOut™-DMEMS A 9] &3 DMEM3} ¢
-MEM& FAFSHAl 50% o)deldleon z7] 24 ¥4 8% fARINS (& D 28y
z7] A= DMEMo] 2 882 f4 HIJoY 2 AdE &+ 5 o¢-MEM o] ¢
Ao 2 FAHAT (F 2. ¥IF
ode |rlA Kl 71Edd ¢z mp2au AR f diotEAlE 210E A& f Ao}

I
Z7\MZe HEstA] 23S g

¥ 1. Comparison of the attachment on feeder layer and primary colony formation of bovine
embryonic cells cultured in three different culture systems.

DMEM a -MEM KO

Total blastocysts 30 30 30
Number (%) of attachments 17 (56.7) 19 (63.3) 8 (26.7)
Number (%) of primary colonies 14 (46.6) 16 (563.3) 4 (13.3)

Primary colonies / Attachments 82.3% 84.2% 50%

¥ 2. Long-term maintenance capability of presumptive bovine ESCs cultured in three
different culture systems

No. of surviving presumptive ESC lines at
Primary colony
(Passage 0)*

Passage 3 Passage 5  Passage 11  Passage 15

DMEM 14 14 13 1 0
a -MEM 16 6 6 4 1
KO 4 2 1 0 0

*Each primary colony was derived from different embryos.
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b 282 EZE o]&3 AeA 714X A7) Wi 2 HFH 35

- AT 271 A7) wids A8 23t dHE AZE ADstr] s JAAE ol &
3t 7)1Eo 274 B3l #¥9 FGF, ERK, GSK AZ2E oAA HaE Ea 2tux 3
HA olHg AE AAATE E7IME ol o] o FFo]
7FA tEA A A ¢l PD18435, SUS402 1] al CHIR99021E o] &3}
of Al Z7MEE FHuAFE. 22 Hoz AN 7HA JAAE A ol &5 1
A E71HME Z7wFe]l 73 (& 3)

o
2
>
A

¥ 3. Comparison of various bovine embryonic stem cell culture media

No. of stem cell colonies at*

Passage (0 Passage 3 Passage 5 Passage 11 Passage 15

PD184352 5 1 0 0 0
CHIR99021 5 1 1 0 0
SuU5402 +
CHIR99021 5 3 - 0 0
PD184352 +
5 3 2 2 0
CHIR99021
3" 92 29 21 20 20

*When passaging, only one piece of four slices of the colony, which had been selected
randomly, was passaged and maintained for this experiment.
**PD184352 + CHIR99021 + SU5402

(th) vt f2 g A2HGS 3 % %’é ZIMZE g A=
- ASA Hjo} ¢ EZAHTE IdurARloF ) GAe] A=xW 3 (nner cell mass) =

Hh3z
o §

EE o]gs P B AFoNME & ) oA A =7|HAEE FH3tr] 93
AZW 3, FoF)uld (trophectoderm) Le]al AA| wjHEZE o] 83} Aoz A 7}A
AAA7F M7t wFAo) A A wpEE o] &3k IF o] Al HFg (F 4.

¥ 4. Comparison of cell source for outgrowth of embryonic cells’

Inner cell mass  Trophectoderm Whole embryo

Maximum survival passage 4 4 15 and over

*Three replicates; all the cases were conducted with 3i system.
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(2) 4 #o]2 wjojEr|ME Y
() #Ao)2 HjHlE seeding Foll WE Y &8

- Y A2 seedingol LA 2, 37He] wjolE 3 welld] Ao ¥o] outgrowth 2 AlEF
ZaQe. 2749 wjopurhe 3749l wolE WAL A% R 2 AEF 3

< AT 5 AR GE 5.

X 5. Generation of bovine somatic cell nuclear transfer-derived embryonic stem cell

lines in Multi-seeded group

Group 1 Group 2~  Total

No. of repeats 6 3 9
No. of used embryos 12 9 21
No. of attachment of blastocyst (%) 7 (58.3) 7 (771D 14 (66.6)
No. of primary colony (%) 7 (58.3) 7 (77.7) 14 (66.6)
No. of primary colony wells (%) 4  (66.6) 3 (100) (RN
No. of cell lines (%) 4  (66.6) 3 (100) 7 (77.7)

* Seeding with two blastocysts each well
** Seeding with three blastocysts each well

() & 7] ol ujols B&3 EV|AEF &Y 58 AF

- 2-37ME ‘Al g welldl seedingdte] &3t AaE nlego 2 welld g 7|4 seedingdho

3]
of 3% Ax+ &Y a&& Y (£ 6)

3 6. Generation of bovine somatic cell nuclear transfer-derived embryonic stem cell lines in
single-seeded group

Series No. of used No. of attachment of No. of primary No. of cell
embryos blastocysts (%) colonies (%) lines (%)
1 6 4 (66.6) 4 (66.6) 4 (66.6)
2 5 4 (80.0) 4 (80.0) 4 (80.0)
Total 11 8 (72.7) 8 (72.7) 8 (72.7)

(h AH ENAE B4 24

4
- B ATde IAUE A7E

ol O ARoE YT wjolE o] Ao E7IA
EE Aol 7] widel da 22k dxols olHd &f ded EVIMEY A4S



i)

o

A

T
i
~L

zel

= 44 84

E71A

(&) el wol -2

sk 3o] 4] ujo}

S

= olgl §4t

o] 4] o}

;:—l_

o] 2]

25
<3k

A

A

2o 74

T

o
o
o

"o

i
—_

A

|

CEX

|

ED

|

o

Ro=E

= 7As

3L

a A A

1g %

ARz FuA TE D B4

=

? A4

e
o

o

71 A

==
=

3

-
[e)

A (2 11A). o8 AdE 971 A

3o
Hola o#Hg =2y

(feeder cell) ¢ 7+88-S

X

OF X ZA)

Hj

e & 02 central multilayer (CMt)<}

1
T

H=

o

Y
peripheral monolayer (PMn)Z Wo]& (238 11B). CMt H-E-& A
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)

FHE F2Y 9 AgEed EA49

13 11. The morphology of bovine somatic cell nuclear transfer embryo-derived
pluripotent stem cells (bSCNT-PSCs). (A) Primary colony of bSCNT-PSCs. (B) The

colony at passage 20. The dotted circle displays central multilayer (CMt) part and
the arrow head points to the boundary between the peripheral monolayer (PMn) part

of the PSC colony and the feeder cell layer.
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B & Q1
A AAAZE o7
2 3 80% 7} 1:}/\] Z2Y e Z YEg oy PMn FE2 25% Tro] S 2UE A
F48 (F 7). EE??} A & CMt &2 CMtet PMn RE 2 FAHE Jeo Az Jae
BT BEROoY PMne 2% PMn e Fowt BY (IF 12A). Ad & oA 348 F=2
Ueo] AAe E43l7] 98] Alkaline phosphatase (AP) stainingS X8+ Az CMt F& =
2 100% Aol HFou PMn 3 S2YEL 10% wo| oFslA AP stainingS X
(% 7, 219 12B, C). o|&3 75‘#” CMt -2 PMn f%fﬂr ME OE Ao AxE o] F
o] 223 PMni} Hlma] CMt 2 & ©] A3 dei8E Zte AZE o|Fo] AHYS A=
H. o|¥s A74E F3 —E 5| E A 5 AHE F2Y CMt FETE o] &3] 7
)

o) B Azl CMtF-Eo] PMn Kt} Ao zol7l e HAo=
Hol A Adh & F2Y ABAHES Bl 1 A3 CMt

¥ 7. Comparison of outgrowth rate and alkaline phosphatase activity between central
multilayer cells and peripheral monolayer cells

No. of passaged colonies

AP positive
Total p Outggowt]z
Strong (%)  Weak (%) %)
Central multilayer cells 20 15 (75) 1 (25) 16 (80)
Peripheral monolayer cells 20 0 2 (10) 5 (25)

19 12. The comparison of central multilayer (CMt)-derived colonies and
peripheral monolayer (PMn)-derived colonies after passaging. (A) The
morphology of CMt-derived (Left) and PMn-derived passaged colony (Right).
The arrow indicates small and condensed cells which are generally shown
in CMt. The arrowhead indicates large and flat cells generally shown in
PMn. (B and C) Alkaline phosphatase (AP) activity assay demonstrate that
most CMt-derived passaged colonies show strong AP activity (B) while the
PMn-derived passaged colonies showed no AP activity (C).
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= AZEA JAA L H7bE vl A AE drie ¢ CMtet PMn FEl e E24 o] A&

S selstr] el CMteF PMn el clumpE 7}

Aoz Ad sl A3 CMt= A
A A3 FARE FEje] 22UE B4 FAss W PMn2 Aoz A2 F2Y

A8t 2AY & 22UE FA4sHA X¥o] B H o] T subpopulation®] /el BE
o2 A7 (& 8). olgd 2 Al 7bA AATE sk wekelo] PMn F-ieo] Z4) B
Aol AaA AT CMe RRolE AFT Aoz A =9 ol Ave Y
54 E7NAEI Al AR AR A7hE wddelA AR o2 At S48 woly
A3t3 9ee 1e).
¥ 8. The survival rate of cmt- and pmn-derived colonies”
No. of survival colonies at’
Group’ Passage 22 Passage 23 Passage 24
Cl 1 4 13
C2 1 3 8
CMt C3 1 2 5

C4 1 2 11

C5 1 3 4
"""""" Total %)  5(00) 4@ 4132

P1 1 0 0

P2 1 0 0

PMn P3 1 1 0

P4 1 0 0

P5 1 1 0
"""""" Total %) 50000 20 00O

UCMt: central multilayer; PMn: peripheral monolayer.

o > o W o

YOnly one colony slice were used for the next passage. The CMt colony was sliced to 4 pieces while the PMn
colony was sliced to 2 pieces due to the inability of attachment and proliferation of the cells in PMn colony in 3i

culture condition.

“Until passage 21, the stem cell colony was maintained only with CMt-derived cells. Up to passage 21, PMn part

of the colony was discarded.

@ FY8 FNAE FAYENH ASH 4Y AF

- A% BT B4 F U ANEHEEL FAs] 9
% 1BolA Mol ZA Brdu d% P4 Hels Amso] B
A A%y 2AE} AY F FAFE 2eIF (1Y 13). ol
ohUel CMn ¥Rl A% Selg (19 138, D)
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13 13. 5-bromo-2’-deoxyuridine (BrdU) labeling of bovine
somatic cell nuclear transfer embryo-derived pluripotent stem
cell colony. (A and C) BrdU-positive cells are revealed in both
central multilayer and peripheral monolayer regions. (B and D)
Each enlarged picture were from the dotted quadrangles

respectively.

HA ASA Z7)A LA Yukzr o7 3olw)= AP activity® 821t oA AF3H
AFEHAl AP activitys 24 UlE CMt -2 ©] ZsiA G448 (13

1% 14. Alkaline phosphatase (AP) activity assay at P30. The
bSCNT-PSC colonies were positive for AP activity across the whole
colony regardless of their morphological differences. The central
multilayer portion displayed much stronger AP activity. STO cells were
negative control.
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13 15. Expression of the pluripotency and trophectoderm marker
genes by RT-PCR analysis in bSCNT-PSCs at P35. STO (feeder) and
bovine fibroblast (nuclear donor). The pluripotency markers were also
classified naive, core and primed In accordance with murine

embryonic stem cells.
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L} L 2 hypoblast contamination& &<lsl7] 93 #H {FHA wAE
RT-PCRS %3l 7=3F A3} Alpha-Fetoprotein®} GATA4= 3= %] kx| vk GATAG% gl
o w20 A ERK®} FGF HAZE A3t h

2 ZoA= 9A o}ﬂ] hypoblast 4]& <

16). 718y} Gata67} EHHE S7IAE FEY
H U8oE &9 wjofd oA E7Axe EAQ HoE Fdr%%.

13 16. Expression of hypoblast marker GATA6 and GATA4
in bovine somatic cell nuclear transfer embryo-derived
pluripotent stem cells (bSCNT-PSCs). Among the hypoblast
markers, only GATA6 is expressed in bSCNT-PSCs while
GATA4 and Alpha-Fetoprotein (see Fig. 4B) are not.

Q FHE o4 4 wio} f#l A EVIAEY 3 AN AF
HE A5 =7AZe A9 E3egs FIstr] Asl WA ujgA A A7tA] A A
= AAs) B3=E F=38] embryoid body (EB)E AAFsE o]& A A
7}A], solide} cystic, YO 2 yFo] B 4 gom ojF EAL
solid Efj o2 a3t (I 18A). &3 HSS fldl U v, ¢ v
#37 w7 & RT-PCRE &I A3 =S AT 5 AN
A v MEZE AR AS 813 (" 18B)
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1% 17. The immunofluorescence assay. Somatic cell nuclear transfer embryo-derived
pluripotent stem cells (bSCNT-PSCs) are positive for the pluripotency markers OCT4,
SOX2, NANOG, SSEA-4, TRA-1-60 and TRA-1-81. Fluorescence is generally highlighted in
and around the central multilayer area. STO and bSCNT-PSCs were stained without
primary antibodies as negative controls. Scale bar = 100 x#m
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19 18. In vitro differentiation of somatic cell nuclear transfer embryo-derived
pluripotent stem cells (bSCNT-PSC) at P31. (A) Formed embryoid bodies (EBs) after 9
day of floating culture. The arrow and arrowheads indicate solid part and cystic part
of EBs respectively. Scale bar = 100 xm. (B) Gene expression analyses of EBs by
RT-PCR. The three germ layer specific markers of ectodermal (A-3-TUBULIN,
NESTIN and VIMENTIN), endodermal (SOMATOSTAIN, TRANSTHYRETIN and
ALPHA-FETOPROTEIN) and mesodermal (CONNEXIN4O and BMP4) genes are
expressed while pluripotent marker genes of OCT4 and NANOG are not.

AW &3l HASsh7Is] FERRS29 AL AT EVIAEE At AlA
teratomaz} FAF=A A F 108 ZHAH teratoma AFE FEIot 19
teratoma-like tumor FEf S eld & Fo A Z7|MZTo A ujER A Z ] H)
oFslA &= AJ4kA teratoma-like tumorz} ®lFHE ZA|ZEQ STO cell f2i7} obd S Ho]
7] 93l STO cell ¥ w& FY3 teratomaS F=3+ A7} teratoma AL TAEA FS
(£ 9). o84 Z71MEE B3] AAH teratoma-like tumor Z2|-& W]tz B8 A
A3} embryonic carcinomaZ % 4% (19 19). ¥ &4 teratomas oYX TF ALt
# teratoma-like tissue:s 4 F# A XY
¥d HAed E71A 27 AdlA &35

S FRAFAL(E 10) 2oAM = HEE Aol A
< Feds
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¥ 9. Teratoma-like tumor formation after transplantation of bSCNT-PSCs*

No. of
Injection nto testis Teratoma-like tumor formation
bSCNT-PSCs 10 1 (embryonic carcinoma)
STO (feeder cells) 6 0

*Bovine somatic cell nuclear transfer-derived pluripotent stem cells

13 19. In vivo differentiation of somatic cell nuclear transfer embryo-derived pluripotent
stem cells (bSCNT-PSC) at P31l (A and B) The teratoma-like tumor formed under the
testis capsule of a nude mouse. (C-F) Representative histologic feature of the
bSCNT-PSC-derived embryonic carcinoma. The tumor consists of large primitive cells with
areas of glandular (D) and papillary (E) formations featuring signs of early differentiation
toward embryonic structures. (F) The nuclei were large and overlapping, and prominent
multiple nucleoli were present. Hematoxylin and eosin staining; scale bar = 100 xm.
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3 10. DNA profile for bovine derived teratoma-like cells.

Locus’ Allele I” Allele 2
TGLA227 85.52 85.52
BM2113 140.51 140.51
TGLAS53 171.45 180.00
ETHI0 212.53 220.19
SPS115 247.16 249.08
TGLA126 121.82 121.82
TGLA112 148.80 148.80
IRAZ3 204.55 227.95
ETH3 117.67 127.09
ETH?225 143.61 147.92
BM1824 187.10 195.16

? Bovine specific loci
" Reverse Transcription-Polymerase Chain Reaction product size

@ o4 ujo} w2 WA EVIAE F2YY ARH A B4

- A FEH I8l AP stainings F3 A S71AXE 2249 CMte} PMn F&o] A=Z
B A4E BYs AR ASE AFHeR FEY CMte} PMn &9 44& 9
&3] E43kal subpopulation kel zbolE ERIsHr] {8 WA 7247 RNAE FE3 44 &
& 793} Real-time PCRE T3 AeAda AAH FHA9} Syl F34 vtAE
&2 wlagt Az PMng vlws] CMtolA Heddd F3A viA7r Bo] ddsta JUdY
PR 32 viAs HA Ldsts @4 g3 (a9 20. o)#e A= Fuy B
olyzt RNA 2% 9A] CMt$t PMne] th23 CMtoll A AE S-S A4S 1S HE3

P =0.0057 P=0.0091 P=0.0432

P=0.0050 P=0.0187 P=0.0025 45 P=0.0111

Relative gene exp

5
1
: M -
o
Ccmie PMn (o7 PMn CMt PMn CNMEt PMn

CDX2 TEAD4 GATA3 IFN-TAU

19 20. Quantitative gene expression analyses of central multilayer (CMt) and peripheral
monolayer (PMn) parts of the colony. The expression of pluripotency (OCT4, NANOG and
SOX2) and trophectoderm (CDX2, TEAD4, GATA3 and IFN-TAU) markers were analyzed
by real-time PCR. The cells in CMt part present higher expression of pluripotency
specific marker genes than those in PMn part while TE specific marker expression shows
the opposite results. The p-value in each group is lower than 0.05. N = 3.
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- Octd¢} Cdx2& 3 HA AE o] AR E =T
o2 w2 wiRkE dA A Octde AlEY 3 ]/H
o ARt WASHARE Ao A& Octd7t Aoz ¥
W33} o]2 gk lineage specific 3 vHAE & FHH 49
gk A CMt LF-olA Cdx2 Fd=F ddo] glo] ct4L 2]
Jey A5 BaoA FEFELigA Fdll MEHA OctdE 3
Z7|AE A EASHA] ¢ Nanog S ol &3 FHdE Hsd 271429 3L
3k Azt CMt W] oA Cdx2 && glo] Nanog 53 Awt ‘%fﬁﬁ}— subpopulationOI 3ol
(18 21). olgjst A= EHE A E7|ME F2Y U CMtFEo|A Octd =+ Nanog
o AEst= dsAd £7]A X subpopulationo] EA)gH-S Eoi—.-i E3] Nanoge w920l A

T "AR A BH3g naive A Mgt A9E SR E

=
o
i

2
ol
ol

W{N

nol'

13 21. Immunofluorescence image of lineage specific marker expression in the
central multilayer (CMt) part cells of the colony (A-C) Images from OCT4 (red) and
CDX2 (green) stained cells. Nucleus was stained with DAPI (blue) (D) Distribution of
OCT4 and CDX2 expressing cells in normal bovine blastocyst as positive control.
(E-G) Images from NANOG (red) and CDX2 (green) stained cells. Nucleus was stained
with DAPI (blue) (H) Distribution of NANOG and CDX2 expressing cells in normal
bovine Dblastocyst as positive control. The arrowhead indicates the OCT4- or
NANOG-positive cells with CDX2 expression. The arrow indicates OCT4- or
NANOG-positive cells without CDX2 expression. Scale bar = 100 xm.

AsHd E71A=x A8 Z3t

(3 2EA BAS 43 A

- AEA BEEES I g9 & fY A VA2 g A EVMEE Sy
A ot F7F &8A 211 thiazoviving H7Fst AL dr Hded 43t 2 FAE &2t
T2 f=3% Thiazovivin> Rho-Kinase (ROCK) A A} vl-$-2 2 AL 7|4 Lol A A4
44 2 At EES FUE F Ue AR Bud,
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b IVF= ke wiope] AAAE oA el Tzvel A&
7

o e BHEE v
T AA, WEAZ B, JFA
o153 Ao wope] 23

o
=
B QUYTAE RE BE RAE

HjolZ Mo &85 $Jdl] Lujole] FHUE A

o vpe s AX ML o] &3 Tevell oF HFEE %

39S Tzv A 2Fo] AA wjo}, WRAxT 7 SRR s
YR ZE BEo| Ty imzeo] 7 EL (90 %) a8y 27] F2Y JIHES A

v A 2F0) 7 A JERES (77%). (29 22, & 1. 2322 AA ol &

o 2ol T Aelshe Aol 27 otel ¥4 B 2/ T2 A4l AT A

=

o
jeﬁnlo>'9,
2 3

a8 22. (A AY5A

2o} Eurje] Rl (B) Hel¥ wjole] seeding

I 11. Effect of TZV on attachment of blastocyst and primary colony formation

No. (%) of
Part of No. of total No. (%) of
Group embryo blastocysts b?g?g(}:lf&s primary colonies
Whole 26 12 (46.15) 10 (38.46)
3i medium
ICM 20 10 (50.00) 5 (25.00)
TE 20 8 (40.00) 5 (25.00)
Whole 26 21 (80.77) 20 (76.92)
3i+TZV
medium ICM 20 18 (90.00) 10 (50.00)
TE 20 14 (70.00) 7 (35.00)
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h 271 S2Y Ad) WA Tve] 53} A2

- 27 EYYE 32 FAMEES o838ty bxdo® U F AW wigst] E2Y 270 B
FEYE AL 1 Tzv Aol wE 535 dEe0F HE2F Ty AY1Fe AGetA &
< ol BlEl 30% w2 FARAESS His (88.6% & 12).

3 12. Effect of TZV on bovine ES cell growth during in vitro culture

No. of No. (%) of
Group colony clumps outgrown colonies
3i medium 35 20 (57.14)
3i + TZV medium 35 31 (88.57)

(Th Tzvell 93 5 W3l 74

- 27} control3) WA Tzvzl EFE wjFAel A 2k 25 passage WYF A #HE 74
)l Oct4, NanogE RT-PCR# qRT-PCRE &8sl #4 3%+ Octd= TzvA e 7oA oF 3n)
F7kst I FoAQ Aol & BAE. Nanog A TavdE 2 s
Ao g2 FostA §skes (LE 23). IFFNE ANAZF F IF EFH HjorEr|AlE wAR]
Oct4, Nanog, SSEA-1, TRA-1-60 So] ¥A AU FHS HAS
sl (2™ 29

a9 23 Tzv AY § AsAddd faake] dde] 2ol £4. (A) AF PCR £4, (B) RT-PCR 23
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a3 24 TzvAy 283 AgskA] &2 159 54 (A) Control 1&F B Tzv g 15 ©
ALP 4% a. control 1&, b. Tzv A8 15

) AxE 3AAd 99dQl E-cadherin & 4

- ROCKiel olgt F-Aetuiigdo] WxtolE gQlsty] 9l H2 &4 5 E-cadhering A g s}
Tzvell &3k B3 o] AJolS 21312, AAAH o2 E-cadhering Tzv A S dA &2 control 1
FAAE F@SA T TzvA g a2FAA O ZshA 238395 (27 25). o9t 22 A& & 9

Tzve] ROCK Al &85 T3l E-cad®] HdS A7 ZoE & F U
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a9 25. & AsA 2714129 E-cadherin 94 (A) cotrol 715 (B) Tzv A8 1%

(1)) wjo}A| (Embryonic body) @A 53 wjol=7|M £ £3 =

EB FA wjFAe] 15¢5 vz s HAA o} MZE o2 FE3tA S, Al g
3 24 viAE EA39S. Tzv A8 25 AesiA &2 IF ZF dez s f=
A Tzv AE]l 2H2 FlQ #3b71 o] Bo] | Zlo] RT-PCR 272 gR1¥ (21 26).

9 26. Tzv Aol WE & e E71Ax] E3bs A% (A wiolA 34
B #atad virel Ed Bl

(8} Thiazovivino] A& FAA & v X = 9F

- FYHHE & wo}E A EANA Tzve] 35 dolrr] 93)A Naive, Core, Primed, TEQ]
A vAES RT-PCRE F¢le9S (I8 27). BE AT} o] Naive & vzl &L 23
o] H& AL FUstAy M E primed®] wiAE €5 DSt T, LEFTY2¢9} 22 wAE

< RSt A S AT Tzves A 25 AMgsA & 25T T

159
Aol Aol FolH AolF Hold A
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19 27. Thiazovivine] Z7]A)

TR BES R E SRR

a9 28 syd =742 S48 &l (Brdu test).

|

A

. T A

b e

4 BrdU staininge A]3)s
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(b Thiazovivine] 7] M4 F2Y A v = IF

3 13. Effect of TZV on attachment of blastocyst and primary colony formation

No. (%) of
Part of No. of total 0. (%) o No. (%) of
Group embryo blastocysts attached rimary colonies
y y blastocysts P y
Whole 26 12 (46.2)° 10 (38.5)*
3i
ICM 20 10  (50.0* 5 (25.00
TE 20 8 (40.0* 5 (25.0¢
Whole 26 21 (80.8)° 20 (76.9)"
3iT
ICM 20 18  (90.0)° 10 (50.0)°
TE 20 14 (70.0° 7 (35.0)°

Within a column, means without a common letter (a,b,c) differed (P < 0.05)

2 At 18 folH AolE Mok ANE EEeYL.

- 71E9 HelHE FAEA o
Tzve wjwrEe) F2E &S S7HA17]1AL wholedt ICMZL-E;OHH AgstA g2 IFel Hls|
z7] 22Y Aol & AL FAsAF (& 13). EZF AEKZR] Ao dHd 2=
Y xZte] FR2YUE A A3t &&= Tzv & A IFAA A4 USs (F 14.

X 14. Effect of TZV on bovine ES cell growth during in vitro culture

Group No. of colony clumps No. (%) of outgrown colonies
3i 35 20 (57.Da
3iT 35 31 (88.6)b

@ £22A =d& T8 v HjolEr XA &Y 58 S

(7H Pluripotin (SC-1) M&]& 5& 99 EAl k-~ ol ME Adag 4

- L1 FGF2 AsAEE Alojshe 2411 SC-12 wiotzr] waA7lel A2 o epiblast®] 57}
ZAHTE Bavt YRS daky] djole] XEE T owgky ujol2EE wlolE N ZE FYside
o a9= Qe Ao E 4 9UAT FGF2 A4 =2 9 ERK1 A5 74 29 A#AAo] 9J7] ufj&o
AL FYA B STl 9ol & Ao Bekse] WA vjolETI o] FYA] passage
1- 10744 A&3t9S o colony =7} 28) o) Z71ehs AL FASHLS (& 15, 16; 13 29)

_42_



3 15. Comparison of the number of colonies between SC-1-treated and control (non-treated)
groups

Number of blastocysts

plated per well Passage 3~ Passage 8  Passage 10

SC-1 2 63.6 149.7 161.6
Control 2 18.7 64.6 63.4
SC-1/ Control 1 3.40 2.31 2.55

¥ 16. Comparison of the number of colonies between SC-1-treated and control groups after
passage 4

Passage  4* Passage 10
SC-1 59.3 190.4
Control 57.6 189.3
Svomss 1w o

* When passaging presumptive embryonic stem cells at passage 3, the concentration of cells to be distributed was
adjusted equally from both groups.

13 29. Parthenogenetic murine embryonic stem cell (ESC) colonies at passage 10 after
alkaline phosphatase staining. Red dots indicate ESC colonies. (A) Control (no treatment)
group, (B) SC-1 treated group. Size of the well: 1.5 cm inner diameter.
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7h A8 F39 U3 AEZFE E8F FENSEIAZ] At

- & 7 FEWSESVIME gt oA 7|Ed] HaE whezoh QI {E FEVSE7IE AL
B Pl Hew AHA 2 volals A2HE AW )zl nud flmzadd <Akl
Oct4, Sox2, c-Myc, Kife} F71d o2 Fesitta Bud Nanogs EHgale] QA7 AFAE 2 nlgx

HRATAH AN HE3 E7IMEE FE8IU=

D FEFsE71M29] FHE 98 vlolg|29] A4t

(7D viral vectore] A% = A

- obnlyst AEHE AR Octd, Sox2, Kifd, c-MycS 88198 w3 271z o gzeady &g
S =9]7] 913 Nanog= FAlo AY4ksldS. dsRed’} tagging Hof & #WE FriE oz 44]lsly
Hlolg 271 A2 AAkE 1 AlQlo] Hi=x] #9l59S. 99} e $AAr} HFo] Hol 9= vy g
o= 16A17F W3- maxiprepS 53] ZEtAT|= DNAE FE39 S

() viruse] A4k
- 293GPG A|=el extreme HP
96 h 2 120 hol nlo]gi A&

T+ extreme 92 AFESIY] ZEFAn| = DNAS A9 & 9F 48 h, 72 h,
FEIG S AR B FE2H vpo|HAE HlE A S.

@ w2 VRATHEZRE FESE7|HEY] Y4t

Ob wHelF2E 1 FAAY A

- A4k Octd, Sox2, Kif4, c-Mycs F-ZAIZ1 wpg-2x oA 3] 24412 A 2fste] AFdstal dsRed
£ Al At A9 &S SASAE oF 80% ol Ad HAUoH A 4YF feeder layerst
Atel 5wl At F LF7F A7 sjoler (A2 sigez wAskols (C1E 30)

a9 30. v 2=T R F AFAZe FAA AL (A) vRolg2E o] 83 F3A
z7] 224Y. B) EAFHAR] dsRedd] #=d =25

2
j1A%7
o
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(W) d8s} furtsAze] 44 2 A%

o 5el3nE] Zzue] Wall ARHT 10-142 Atole] Z2U7t AR trypsing

2 olg3fe] v)2:st
o} 5912 A8 oiStE (18 3D, A oF LL pasage A ATk glov) A9 g2 59
o WjolE ) AES FASIE] ALP 4 At el RSk Ae AskS (19 32). @A A
#el mhAe] wHE AEs

Agsta glovl BalE fEste] %4 2

22 @AY

a9 31 v IRATAME FY FEUeETIMEe] &Y
2 (B p assage 109 w92~ 5=
SO snut=zy|AEe] 2 (D) TA-SAHA dsRede] W
Rl

sk&]. (A) passage 29| n}
EEE7IME 2 (O

o .
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Q) Azt AFHE 7 FrETFeE7|AES] Y4t
b \lolF2E 7 AR A

b A<AlE] Octd, Sox2, c-Myc, Kif4, NanogE wlo|H A5 E3] 45
Ho]# 2~ ARl EES S (7 33). 24A 1A 0= 23] FAke] A
A3 feeder layere} Agtel FHEE n]d Ao &4 serum replacement 20%, bFGF, ITS, valpr01c acid
7} 714 F12 DMEM #jfi o2 wAsls s (18 34)

a7 33 <A AFfE Az FAA Ad. (A) FAFAAS] dsRed7t A Y = o]
ste Bg. B) HiotE7 Al mi o)A Alzo] 9 4 W3l =&
a9 34 A% A5 FH FEvbesE7IAE A4k (A) passage 29 7] FERSE
1M E Z2Y 2<% (B) passage 59 fEWISEIIAMAE Z2Y BG

2k Al 73

FEWFTE7|ME AL

- A AFAME] Oct4, Sox2, c-Myc, Kif4, NanogE Hlo]# A5 53] 4YstA 1 dsRed=
g93te] Hlolg2r AQESS FEAS. 24N Ao B 23] SAAY] YL SrET
2] 443 feeder layersl #ztel

BH wokg Aol &7 serum replacement 20%, bFGF,
ITS, valproic acid’} H7F¥ F12 DMEM ®j o2 wAg (718 35)
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a9 37. A 78 FE2w%=7|4322 Alkaline phosphatase 4 715 (A) 5 Al)
oA A% AP d4] Azt (B) 10 AlthollA AAIZE AP g4 A},

U & 7 wEWsE7IAE AL

D & ASHHAZ 8 FEtsE7|A2 A4

- AN B A& AWM EE s EskE AME] Hg) BlZE2 O o] T2 HoE
Buso] fERHeE7IMES] donor MEE ARSRE WA HlolEaE T FAAY AU Slsl
homologous7} &A= Q17 F2A4F frell ulolg =& A4k A&

o

@ =% 16*%7119124 A=

- e wAF ULF 7] SEYE IAENeY 27 )7F AAE FAEES o]gste] EEF A
ol = *.:l/\l%}%u SAYE passage 3 o]Fol E3tEHE e Holw TEUIF FAHA &de
(28 38). olo} 22 ZAE A3k s AHgshe AdAEe] wAl 3 &8A 49 AEE S
A ze AETFe SPs 3.

19 38, & ATHHAZ 8 FEUHSE7IAE FE. (A). passage 19 7] & %
TE

WHsE7IFAAIES] B2 (B) passage 39 & FEWeE7|FAAIES] R
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Q) & 73 FEVSE7IAE FHe AT F2d HEHF A=

3 17. Comparison of various pluripotent stem cells culture media

k% *kk

Component hPSC mPSC™ bPSC-M1 bPSC-M2
KnockOutTM DMEM @) O
F12 + Neural Basal (1:1) @) @)
o T N
Glutamax, O O O O
NEAA O O O O
Penicillin/streptomycin @) @) @) @)
N2B27 O O
mLif O
Ang/ml bFGF 0
3uM CHIR99021,
0.8uM PD184352. O O
2uM Thiazovivin O

* hPSC : human pluripotent stem cell culture medium
**mPSC : mouse pluripotent stem cell culture medium
*** bPSC-M : bovine pluripotent stem cell culture medium

- & ) Aot Eo A eErIAEZE ety s A, v 8 3A & deA
ZIMZE FHAZ BaE T Migd S Addsta HAHIE AR WA 7S <Pz
& 24S Tl & Fd FEMHSEIVHAEZEE FHE AR & 17, 1 A3 47 gE

al

5] I e 3 189 AeElE HA LA B
EMsE7|ME E2YE o] By (bPSC-MD.
£ Rock JAA= FERs=7|AM X & 882

theb AL Aol ke AArE AR vhezolA HuEo] oA AHge T 2
23|28 o e FEYUE Ho Agoly mhe-2o] HE Rock HAAE & Fd FEibs
ZIAl 2 A qbel] @Ege] A2 Aom B (& 18)

X 18. The number of generated pluripotent stem-like cell colonies with various culture media

Culture medium Number of generated pluripotent stem-like cell colonies
hPSC 5
mPSC 2
bPSC-M1" 28
bPSC-M2’ 7

* hPSC : human pluripotent stem cell culture medium
**mPSC : mouse pluripotent stem cell culture medium
*** HPSC-M : bovine pluripotent stem cell culture medium
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(1) ¥ £28A £ FH7HE wgAE 53 FENSEVIAEZ A4 58 S A=
F2oA LdE R AT E7IAE wj g & &Rl epigenetic formationel]
FHFE = F v 284 =245 B FENTEVIMAE AL a8 s Gl B
A H &8A E#& histone deacetylase inhibitorg! vaproic acid (VPA), 73 &t
227 nicotinamide (NMA)3} kintein © &2 AN XZ7} Az 2227 Aol A AY4+E
SEAY Wggoide Fo] A #Hd FAAY AL FEsked
T ZoE By B AFZAFHNA o] ARAEHS FUIE A7] wgstes A2
]

Ge WP NT A FEWSBINALY £E Z7ATIA ghob Aol phg-2e

néL‘ m e e 2

= R oz AZED so] M4 FAMEE J)Ee] &
70 Agolu mhes MR e FE0l Al Wgde] Wad o A (E 19)

F# 19. Comparison of modified human and mouse embryonic stem cell media

human PSC” mouse PSC™
Component . . . ” ”
hPSC -V hPSC -N hPSC -K mPSC -V mPSC’ -N mPSC -K
KnockOutTM DMEM, 0 0] 0]
F12 + Neural Basal O @) )
KSR 0] 0 0]
FBS 0 0 0
Glutamax, O @) O @) O @)
NEAA O 0 O 0 0 0
Penicillin/streptomycin O @) ) @) O @)
1000 U mLif 0 0] O
4ng/ml bFGF 0 0 0
Valporic acid 0 @)
Nicotinamide 0 O
Kinetin O 0

Number of generated
pluripotent stem-like 3 4 2 2 0 0
cell colonies

* hPSC : human pluripotent stem cell culture medium
**mPSC : mouse pluripotent stem cell culture medium

) g 28A AAYE 58 FEUNSS/AHAEZ 9 A=

- DNA methylation® 31l histone deacetylase inhibitore] &g 3l LEA QI
vaproic acid (VPA), sodium butyrate (NaB) B! nicotinamide (NMA)-S *&]3dte] E&%<Q &
e WesEVIAEE S| st AAE I3
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*

*

¢FA human dermal fibroblast 2! human peripheral blood cello| A A3AH o2 FE=vbsE
NALE P Bad v Q= Y4 (L-myc/Lin28, Octd/shpb3, Sox2/Kif4) + EBNA-1
combination (% 2003 4 % Ts EVIAEE Fdste o oA FRsia 4
Nanog”7} €91+ Y2 (Nanog/c-myc/Lin28, Oct4/shp53, Sox2/KIf4) + EBNA-1 combination

(F 2D& Alzoll Adal & Fd FENSE7IAE - /57 8 1 885 g3

# 20. Analyzing the efficiency of deriving induced pluripotent stem cells from bovine fetal
fibroblast using Y4 + EBNA-1 combination.

Small molecule , Number of generated .
, Culture medium , . Efficiency
(Pretreatment time) primary colonies
VPA (3%) bPSC-M1" 3 0.005%
NaB (3%) bPSC-M1" 3 0.005%
NMA (3%) bPSC-M1" 8 0.013%

bPSC-M : bovine pluripotent stem cell culture medium.

¥ 21 Analyzing the efficiency of deriving induced pluripotent stem cells from bovine fetal
fibroblast using Y2 + EBNA-1 combination.

Small molecule ‘ Number of generated ..
, Culture medium , , Efficiency
(Pretreatment time) primary colonies
VPABY) bPSC-M1" 8 0.016%
NaB(3%) bPSC-M1" 2 0.003%
NMAGBY) bPSC-M1" 4 0.006%

bPSC-M : bovine pluripotent stem cell culture medium.

AAY MEESH Hlwe] 2o AT Ee 2 =
A de HolY MEE o] &3 FERFsEVIME FHE AR & Fd FENS 271
MEZE A4kst7] 918l Episomal vetorg ©]-&3] N-myc/Lin28, Oct4/shp53, Sox2/Kif4 2 EGFP
£ A7AF7IE o83 1069 & Ejo} A folAzel vectorE AUd b¥YA77FA] EGFP7)
o] H5 g1t (" 39B) 14¥Ate] A HA %=7] FE2Y7F Yebd AS U3
(29 390). 18¥xtoll 18 A H colony”’} AR AL A & 3702 1003}0] dishol 774
9] colony”’} YEMZS. passage 5 7FA| A3
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ag 39. A& Blo} §¥ A oMEE o] 83 fF=ieE7IHAE A4k (A) Transfection #
& o} AfolHE. (B) Transfection 5¢ ¥ EGFP ¥ =<5 (O Transfection & 18Y =}
iPS cell-like cell colony. (D) Passage 2 4¥ A+ 5218 X< (E) Passage 2 44 #F S48 =
4. (F) passage 4 3¢z} 25

Wi

(D &8&A=4d A28 2 EBNA-1 vector®] F71& 3 #=EWsE7|4% &4

- Methylation& Z°]3 FEWFE7/IAZLE F&Ho2 YT 4 vtz By = valproic
acid (VPA), sodium Butylrate (NaB), nicotinic amide (NMA)E 3¥ &< A X & AA.

- TE vectorth Z228S FAHAA SEREZ7|A ) 893ty &2 EBNA-1 vector
£ N-myc/Lin28, Oct4/shp53, Sox2/KIf4 2 Nanog/C-myc/Lin28¢l F7} &} transfection A

3kal bPSC-M1 s el (i 20 #3) & B3l FErts=71Ax A4k (348 40)
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g 40. ABAEAEE o]83 & G SESEAZ A A% (A) passage 1 iPS cell-like cell.
408 (B) passage 1 iPS cell-like cell. 100u)

(@) & F= Ws&E7|M X9 Alkaline phosphatase (AP) staining
- Transfection & Z2Yr} F83] AR AL ##st AP stainin e
AHEY fFERbs E7|MEY FARHA AAtE 27] & fFE FEREEVIAE A AP EAY
of ZsiAl ¥8E& By 28y thE T 24 AAH R FMol % =R
(ZF 4D. o]Hg AL B A7xlo] Y3 wotfal HeA 7M=L FARE A=
Z =

da
o
>
0:?‘:",
ug_t
=)
o
[>

I3 41 & % YHsE7]A1 22| Alkaline phosphatase (AP) 444, (A) small molecul AAg] 3}A] &
32 M1 mediumol| A 2] culture 18¥x} iPSC AP staining. (B) VPA 3 &<k A g]alal M2oA 9] culture
24242} iPSC AP staining.

2 278 FAAE o83 & FEWSEVAE AL A
D & 78 FHAAE 53 volglx Fgav= A}

Aol npe2o] HeARE FHA7F A9 A% homologous7t o] Al
eference’t A& AFS A OY ©o] A9 E7IME FAMHE FE2U7

=2
)
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o] 23] plasmid DNAE A|Z3lal & FETHsE7|AIE Aok A Z2o] A8 w3k FU13 o
2 I18E & FEWFEVIHEZE A7) 98l Ha Al ALrE FeAv| =& cassette type
o2 FAF 71E 6-7Me EH2rEE YT oE QlE transfection FEo] R A&
2-3709E AHEls] Aday 2 O 84S FHAA % HZFZHoZ b OSK WE|+= bovine
OCT4, SOX2 1e]al KLF4 fAAE shpe] wWE e 4dstar b_NCL ¥ E &= bovine NANOG,
c-Myc 223 Lin28 FAAE 3shube] WEle] Yol ALS3IH S

a8 42. AEA (EcoRDE o] &3 A2 ¥WE size 82l b_OSK:
bovine OCT4, SOX2, KLF4. b_NCL: bovine NANOG, c-Myc, Lin28.

AMEA A" BE 7 AGS U2 o] HeA Fdsr] HdEl AdrRAE o g3 Fe
i HE] BF dXA3te Ae 1 (0¥ 42). N2 WEHE
}%?} A3 71E2] #MEd vls] & &S E AP positivedl ZE2U7L FAHa AEF &
S5O AZE0H HE Bl 71EY 13-16Y00A 5-8Y Ato]= w1 oo wE} X
Aot w2y FdatA FEUE AAse Zo] gRlFo & fFEvsE7|AEd 7]
< Y RT A3 Aow Ay £ 7|E Aoy kAo ME oA s 27
Y g Al A AEg ¥3 dwd dsred7t HESHA v EES Bol UEA W H
43), M= A=e WS F3l transfections WA MEIFAAME LF dsred=
e F2UYl HolZ|E G OU(1H 44A) W o= oF 50% ol4 dsredE WAsHE =
Z1gee] ZE2YrL BolAn AZZ O Fb #Eo] oy AU Al AEZ o] &o] JbF
&) %® (KSR-M6B mtld A8, 198 44B). A E A& WE o)A transfection E-&o] ol
ol T St Y| WEE 4 FAAE wE Qlo] ofE JHA] 6-77HA] WEE 7 A
gaforgioyt MEA AFS WMEE= casette typeloZ 3kt WE]o] 3719]
BT} Algo] foldly =& FEE transfection § 52 & JYE= 3} oA FFP

THSE & fENEEAZE FF) AWe o R AE BE
o
=

<

N
(i
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a9 43 7)F NE (h D vhE)E ol g & R 27] AEDSEIAE
E5Y 44 448 tiel 227} dyeds WHsh 2o mog vl o
HEE 27 22U WE YA Ae HUE Peloly dredt wHNA &
25e 19 B,

a8 4 2R HEHE ol &7 7] & 7Y f= e E7IAE. (A7)0 AR

2]
HE S o] 83 AAYH dF 7] F2YA dsred7} SHA HolA] &E Ao &g, 11
g = 582 %7] F2U7} dsreds} 6”71] W& st= o] E1E (B). sEs =
7] 22YE FA Y& dsredE LHsE 2U|FE2YUE FFoE BY.
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@ gIE vgde o8 & F

= % F A=
Ob AEs nkex A E7AE 45 g A& EF8 & s

e
X
=
H
o
o
z

Component basic M basic ML ML1 ML2

F12 DMEM with glutamax
15% KSR
2-Mercaptoethanol
NEAA TE 24
Penicillin/streptomycin
Y-27632
Nab

hLif 0 0 0
4ng/ml bFGF 0
BMP4 0

- 71E R AEHY v FENSEVIHAEL AUdd S o R & FEUEEVIMEL
Hloko] 8 (F 22). AHET nf$o)x] 28384 ¢elZ LIF, bFGF, BMP4E A g|3)] H)j
A=, WA LIF §5o w2 Ao LIF 7} 83 A sy LIF YA 7|RoZ

bFGFe} BMP4E F7t2 H7be) mjd& Al=% (ML1% ML2) 90%011 B A7t e

A23) fibroblast ®oFo] A AZe] = ]

HE FA F2Y Y 2717 ARG AR A Z 9} ﬁﬂ]ﬂ FEskA = %31 AP A A F

%
of AAT A FRIA F EF ol@F T AFAH 27 AdNAT fH7 @
Al 2-38 @717 olpeg Bt FhHor AEe) Aed AAY Bee E S At

AAE 2AE.

O9 45 AR O F A vude 5% 27
5

o FERSEZIAEY A R AP G4
Aoz 7|8 BRELS 27 55X =
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(b & §=wsE7|ME Y4k A Hypoxia &7 9] I
=

- & FEWsEVIAEY Ats 8 TS gE

Al o R ¢zl Hypoxia S84 FEUS Aol AR #Feqs. 19 59
Zo] ML1 wiFz=7olA Hypoxia 7o) F2U9o A& At A A (29 46)
o3t A= & FEVWSEVIME AL Al Hypoxia ZRTE normoxiaZZAoA o &
F2Y 85 Y Aoz A}y7hy,

a8 46. & FETSE7IAIEZ A4 Bt hypoxia®t cytokineo| g3k (A)
ML1 7]Enjtjdel A4 hypoxia®t normoxia’} %7] FETHs&7]A13E FHE
Aoz mX= 9. mormoxiaol A MEZ §Fo] ¢ Bo] He AS &g

(M) AAAE 08T $4F Az=T09 F=
@ N2B27 71& "H < °]&3 F44 A=Z2T09 f =
- AAAE o)83 TAHA Az NS §EI7)YE 7)Eo s o] &7 N2B27 7|E
nudg ol g 27 AZEaRL F53 (F 23) N2B27 718 nude Azz o =7
of Alze] A7|7t FHAEHo ZolAE AHE WMEA JHAT FAT F2AE Bol fFE3HA
gt 719 FBSE AM&-3dld medium oA & 4-6Y Alolol well& 715 A AZ7F 5
2ES HYP oy N2B27 mediume M EZF HA ZrolR = RGS Holy 27| S &
o2 A ¢k TR o2 N2B27 7]& njr]gel growth factore} small moleculesS %3
FZol FAY g E35 AAskE ABE FUHE A dREAA FAF FEUTE FR1EHA
Sk (1" 47). 27 seeding 16¥ % AP positive FZU+= NB-M6ol A wF 215 (717 48)

Eay
H
=

=
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3 23. Comparison of various pluripotent stem cells culture media with N2B27

Component NB-M1 NB-M2 NB-M3 NB-M4 NB-M5 NB-M6

F12 DMEM with glutamax

N2B27
2-Mercaptoethanol o
NEA N2B27S L3l 7)E mr)9.
Penicillin/streptomycin
Y-27632
hLif

4dng/ml bFGF 0
3uM CHIR99021,
0.8uM PD184352.

2uM SU5402
1yM PD0325901 0

(ON®)

ONONG)

ONORORS
O

13 47. N2B27 7]Rn 2
Dol A HE AxE7} S=5E A
HAAE 715 A Esta Ak

o
n?
o

:1% 48. N2B27 7|Er|tdS o] &3 x7] &
5 UEET)AZo AP A, N2B27 7]&n]
gAol A= NB-Meo AT A 14 AP
positive =247} &2l H.

_58_



@ KnockOut Serum Replacement (KSR) 7] & "t g o] 83 A4 AZ=23Y {F=

e} O
T ==

=
a

RI7}
24). 4
A

o
(

- N2B27L upe2 Mz Az aml A 27] §50 okla Ax =&
o] A& KSR 7]%‘3]‘“40*3% A A A= Olg‘sﬁ A AZEIH F
HA o7 KSR 7]E m]y seedmg 4-59 F wello] ME7}F 715 2 N2B27R.T %7] 52
of £& EEE Holu AEE] FFHWAA ol Fftes EFol A5 olHd Ade A
2% B2 A )k okt 47@ o ¢lo} N2B27 Xt} KSR 7]& wjtjo] Hggk 7o
0202 N2B27 7|8 wvjtjdel| growth factore} small molecules2 %3] A3
AAlste AAHS F7HF A3 FGFE ¥ tF-&£2 54 4 2
. a8y 2249 FHE AEA FASHE 152 KSR-M2, -M6 ¥4,
seeding 16 % AP positive ZZU+= KSR-M2¢9} -M6oA Elg. AUE |7l
KSR-M6ol Mgt AP positive ZZYE FA5t= Ao &2l FHPouy A 45 driH =
o Y xsl7] 85 (2¥ 49). 28U ANE dr]l= 5<F AP positive FRUE F
22U e E FASEAL dsred A TAF o] glH.

ol ol

B

]
v
T =
o

n
l

L

=
=
=

ool b

mﬂ&r&rg’ﬂmﬁ

¥ 24. Comparison of various pluripotent stem cells culture media with KnockOut Serum
Replacement (KSR)

Component KSR-M1 KSR-M2 KSR-M3 KSR-M4 KSR-M5 KSR-M6
F12 DMEM with
glutamax
KSR
2 Mercl\?g;c;ethanol KSRS Zakai 7]2 nu]ol
Penicillin/streptomycin
Y-27632
hLif
4ng/ml bFGF O o) O 0) O
3uM CHIR99021, @) @) @) @)
0.8uM PD184352. @) o)
2uM SU5402 o)
1uM PD0325901 0
H 49. A 4 T KSR 71 &0 HS o] &3 =7] &
E T Es g Es AP @A, () B% ATl BE 4L
Holx]  gYATE KSR-M6  mde|A At 404 AP
FAE. B) I &R o] A & 15

positive SZU7} )
SE7IAEY BAZE FAHIL S g F A
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() A naive FEHIE FAATIE F7HE A JAAE 58 & FEWSE7HE B4 A=

| natureo] RuH W& F A wjolZ7| Al £2] naive A E|E ¢J3 TGF-b A& E 4]

3= A-80 183l c-fosE 3 H3IFE FE3t= pathways A6ty Y&l P38iet INKiZ
Bagk oA HlmA £2 &3}F Bl KSR 7|E vgds &3l A7A F7F dAAE ol &
& & FERFEE7IAZ A4k AR oy 7Y Hgddg & Aol7t glas Felsla o
= A AsA 27|42 A= & pathways o] &3t Ao 2 Azt (3 25)

T

¥ 25. Comparison of various pluripotent stem cells culture media with additional inhibitors

Component KSR-M2 KSR-M6 KSR-M6J  KSR-M6JP KSR-M6JPA
F12 DMEM with
glutamax
KSR
2-Mercaptoethanol
NEAA KSR & x3gs= 718 vg4.
Penicillin/streptomycin
Y-27632
hLif
4ng/ml bFGF o) o) o) o) o)
3uM CHIR99021, @) @) @) @)
1uM PD0325901 O O O O
INKi o) O O
P38i @) @)
A-80 O

(M) F7HERA Al EFIRIE o] 8% & FEWSEVIAE A A=

- Aol FasA ¢#HA U+ Activin-A 2 BMP4 signalings Z3ts| E3tE At A
3k 53] BMP49] 79 49 HAesdFAdd Fastthe Birt Slo] Ad7E 43 (£ 260)

- 7]&ol reference’} A= BMP4e} AlF e Ao 83 Activin-AE F71gF 23
KSR-M6Be} -ABoll Al A 2 24Y7F &Rlg. ol2ldt S2Y+= AE 9711 S28o] o3
A= BH5S Holl} AP positivedt A4S Holu ZEU 9 FEES §AT (1Y 49A). %7
e o IFoIA AP positive E2YE &2l & AL 53] KSR-M63 -M6Bol A 74
3tal W& AP positive 2E2YE AP oy A 594 = KSR-M6Boll A7t AP positive =
Y7k #Ql=o] FGF# BMPA 13 signale] & f=RbsE7|ME0] 223 948s & 2oz

|22 Activin-Ae= 90| FH Ao 2 AZbE (18 49B). =3 KSR-M6Bo| A wjeke =2

tf 5ol4 AP positive S E2UY & & dsred T3S B R0 R HolFE FHA

3| S

A FEHFE/AE IS FA (0

= e

O



¥ 26. Comparison of various pluripotent stem cells culture media with additional
cytokines

Component KSR-M6 KSR-Mb6A KSR-M6B KSR-M6AB

F12 DMEM with glutamax
KSR
2-Mercaptoethanol
NEAA KSR & Zdsl= 7|8 vo)q.
Penicillin/streptomycin
Y-27632
hLif

4ng/ml bFGF O O @) O
3uM CHIR99021, O O ) O
1uM PD0325901 O O 0) O

Activin-A O O
BMP4 ©) O

I3 49. & 5 FE7IMEY AP A Bl (A) A 204 AP |4
A NB-M2E& A &)3F 1504 AP positive colonyE 2213k (B) KSR-M63}
-M6Bol A 78t @& AP positive FEUE Ao} AU 5904
KSR-M6Be| A%k AP positive 217} 8213,

1% 50. KSR-M6B mlt]jgoll A wjd & FEvts=7|AE 24, (A} B) A4
H ZF2ZYE A 5914 AP positive?! EFZY+= dsredE W3t S-S 2QIsh
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ol HlHpolE| A B3 & FETVSE/IAIZ AL 2 AU AR

(D BlinpelH 2 & FESE7IAE A4 Al (JHAFAA fiA] FEsE71A4E 44D

- ¢4 human dermal fibroblast ¥ human peripheral blood cellolA d&F# o2 FEwtsE
ZIMEZE 3909 Rud ¥ 9= Y4 (L-myc/Lin28, Oct4/shp53, Sox2/Kif4) + EBNA-1
combinationg ©]-&3 HlHolH A & FEISEVIAEZ A4 A% 9 AHES S8
E HEE 100 copy A= MEUWAA TS0 A Z7|o AR WEHE o8 FHA
integratione A& AT F U5 APl 44 HA °J6PL A 7L ghEA] gRlskr] 98l
HA AGEALE o] g3l WEHO AV|E RIS A3 FEstuAsts Wy 7|9 X3
ZAow &g (14 5D.

a3 51 AFEAE o] &3] Y4 (L-myc/Lin28, Octd/shpb3, Sox2/KIf4) &
govls MEe) =78 sel 247 3 4EL AL b A
e AECEADS ol 83 Ut FehavE DNAE 53

(2 A7l AETHE 53 FAAE 44

- Primary cell& tho 2 HsstE= TARE setting test Ea&l 7F¢ 23 pulse voltage,
width, #= 3l+& ﬁ@?ﬂr& EGFP &&txv= zty A3¥sk A3 1150 pulse voltage, 20
width, 23] #= 23 oF 80% ol4de] ME7F EGFP ¥de Hole= Rz Uy (1¥
52)

1% 52. EGFP & 3}% 4~ primary fetal fibroblast cell (pBFF). (A) transfection
48417t ¥ pBFF &<, (B) EGFPE W3 slt= pBFFSY &9 =<5 (2004]).
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Oh A7 AEFHE T 1A 4Y HFH3)

- A vk AEE GYOR A O PPOE 9% FAAE AT YE A
A7 ot & R AEAAE B APo) AYHA e WY, EF FEWFEIA
3] glo] YWHOE I FEo| Wob FAA AY AEL Bol: AL WS FasA A
7. A2 B FAA AY ol AL Ho B AFNAE T P T & A
fobl el fAA AHY BE L AEES A HA PHS FTAY. EI 3HUE
Aol Qe Hulols sy FERSEIAL A Y B I Ae4e FUAstnA B

ATE AAT

- WA 7] A whezolA F 4#A 9+ Fugene HD3 X-tremeGENE 9 A|l#F&
3 BAEE VFEOE ARt AR Al A3 2 HAStE 2ds FUI9E AR Ae
Y AZ£E 53 Fugene HD3} X-tremeGENE 9 %712 &3 33 18 5394 Hols= A A
Y DNA<} transfection reagent H|-&°] 2:6 Z7o|A X-tremeGENE 9o] HZ#sl#
transfection®} viability &% B Y-S &<l

o o

1% 53. The optimization of transfection condition by Fugene HD and X-treamGENE in
human dental pulp cells. The ratio of DNA and transfection reagent is indicated. TE :
Transfection efficiency, V : viability, Pl : propidium iodide.

- WA NEPAALl A ZA]" electroporatorE ©]-83 Transfection®} viability &&-& 1%
B Ao A AFEE NEPAALY] electroporators - E=%Hs=7 |22 S 1193k Yamanaka
dFANA AHgste AFLE B A7AEC] AHE3a e Xﬂ%oi AA AR A
AZLE B3 A3 Axzlog AEE A X-tremeGENE 9 %71 H|&l transfection
g0l L& AL 5 F7o|l oy transfectiond} viability &S w#H S w 9H o]

7H o]l Ao 7 AE (1¥ 54)

2 [‘

13 54. The comparison of various NEPA electroporator condition in human dental pulp
cells. TE : Transfection efficiency, V : wviability, PI : propidium iodide.

_63_



- NEPAALS] electroporatorE &3l 4 8 AdfolMEolA 9A] ransfections} viability
g8 2 3 1 A3 3 7oA ransfection &-&9°] =A Yo} transfectiond}

1
Zoll A
viability &5 TH P& w 11 2=xe] 7P o33l Zle= AdE(d 55)

13 55. The comparison of various NEPA electroporator condition in bovine fetal fibroblast.
TE : Transfection efficiency, V : viability, PI : propidium iodide.

S o2 NeonAtoll A 7]t3k electroporatorE 538 e A whEg AP Alge X
2 Mz} & glof AfrolAl oA FdE. A AP NEPAALY] electroporator Al &
A =& transfection¥} viability &2 Hols= 2d FHs ol8s =4S AF #

[e]
T

=
ART olHF AL &

1% 56. The comparison of various Neon electroporator condition in human dental pulp
cells (A) and bovine fetal fibroblst (B). TE : Transfection efficiency, V : viability, PI :
propidium iodide.

A& 3 A3} ransfectiond} viability &8 @& xjolr}
2

=
9
N
R
Ry
o
AV
[>
ox,
Jo
b
r d
olr
N
N
>
3=
>~
>
>
2
ofy
fo
QL
X
_|>L
oo
i,
N
o
fr
e
mt!
i)
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3 27. Transfection efficiency and viability of four different transfection methods.

Fugene HD X-tremeGENE 9 NEPATM NeonT™M
Transfection
. 4.2 8.5 19.0 49.5
efficiency (%)
Viability (%) 67.3 68.9 24.2 29.4

(Wb vulel2 24 7HE &3 AXE g

[k

239 = 2 A7 wWlg A=

E 28 ANHTUCR HAAE AY F AT DmEI B G Ngele) v
P1 P2 P3 P4 P5
NB-M1
N2B27 & Eﬁ'ﬁg
sl B
FEEHE NB-M4
NB-M6
KSR-M1
KSR-M2
KSR-M3
KSR-M4
A KSR-M6J
712 WS KSR-M6JP
KSR-M6JPA
KSR-M6A
KSR-M6B
KSR-M6AB
- QA nHio|HAE EaA 1okd ik nydS 53 Hiulo|H A A& FETHEE7]A
A A28k iR Aol A Ay AdX3 (F 28). 1Y AAFHOE AW 5E
A7) EHlon] S8 NB2 ARUHANA AT ATEL RE FAeA Eon FE
A B, olgsk Y& Ay AFHES o] &3 Alxd gk AFE& F= Ao] AlxEd
FEFS Fo N2B27 718 wgdo] o]#3 Hu|RE FEAAFA Ede= Hoz2 A
2. KSR 712 vltjgdel 249 o Azksl $A8kA KSR-M6BSF -M6ABo| A §-AF Z=y)
LY A He AL At (238 57)
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a8 57. vlHlolH 24 A SEUSEV)AMEZ A2 A 29 21 2<% (A) KSR-M6B,
(B) KSR-M6AB, (C) KSR-MS.

L ™ o
Ny
% of
N
(i, 4o
=
wn
o
=
(@)}
k%)
=
n
o
=
(o))

v}
il
R

g (11" 58, 59). F 7FA HHYs &3l Octd

Nanoge] 7<% A& 971® PO wIs) faiabe] wde] WA Zasts o] g,

%
ashE o el
54 fAAe 2

= fis
b b el SRR g

tlo i H
o o)

A

ol

713 58. KSR-M6 ©ll A4 exogeneous ¢} endogenousdt HsA FAAe] W3l (A) Octd A2
H3l. (B) Nanog f7#ke] W3}
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713 59. KSR-M6B ol 4] exogeneous ¢} endogenousdt ZsA Fdxke] W3k (A) Octd Ak
°] W3} (B) Nanog 8¢ w3},

Fo A B KSR-M6B Wt N

BAaEd G242 W3l =HoA BH exogenous ¢ endogenous 3+ A %l

o] AthH oz AHA ZAdr] wEd Aoz AP (1Y 58, 59). =3I & ABA FX
(
e}
aTr

Nanog F3dA7F FQ3HA &#Ad ded B A+ ZAFol|A Octdoll Hls] Nanog
M

r
L

Aoz 7.

33d A2 vobs T AAE R BAESTIMAEY RS A=

i

A ERAFLRY

) Agsae] SANMEE o] &3 BAMM TR B
- AggUe] EAMEE FA hese] BRAMo2RE el wesge. A6 24, A
W T, AT o Ba)l P2 5% AUCEA BAM ssol e BAZ st 9w

X0 7 AR Y EVIMEL] o]8Tsde AT
(2 w2 AolA SV e 2wl

- A bz BERARezRE EVM 2] 28 MG AAL FA vk Fa HFR EA)

sk A Ed8kal collagenase & o] &35t @dAAER FEste] vk (LEH 66)

a9 66. ALY EVAEE 2 2 g A B ERAMNE 28 O ANEIIAE

Hj kAol A A =S H3Y(C; passage 2).
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@ AgwA E7IAEY Y 2 2

=
w2 wdE A A7 S E71AES nAE Tdsk=A mRNA =Fol A

Ogg’,
o
s
o
N
N
x
3=
fu
Bnd
N
ofr
o
ol
ol
rlr
A
A
o
=
'H:l
il
=
5
o
>
o,
X
5
fu
lo
51
ot
lo
X %

=

4

ed-0, ZAH|Z = Alizarin Red, AAMZE AAAEZ vlAQl Nestine] @4

13 67. A 7\ A2e] AAEA. (A) Passage 29 Al E7HE B) 44 tE 4nle 9
22 HE A AR 7M1 npAERl (CD29, CD44, CD105) B s wiAERl (Octd,
Nanog). (C) AgH Z71AxA £8l8 APAEe] Oil Red-O G4 D) Aal Z7]H LA
3he TA|2S] Arizarin Red 4. B) A 71413204 &3hd A73A29] v} Q] Nestin®]
A (F) &3lg Azl nlA gel (PPAR-g LPL). (G E3ld ZAxe] nbA el (OC,

e

Runx2, Coll). (H) £38l8 27dAM el vA &<l (Nestin, Tubb3, Olig2).

(4) nzHEs7E 2 B AMEe AdEA

- AFYY E7MNEE o] 8t EfAM o R RIS 285ty e g MEE 1)
2o A &2 s At BFAAAAEZY] S &2l w29 B Foll gEds
sl ks P3RS vldEHe 22 o] vjgyao] o H=x Z
H. Aol sl epitheliumzo] FFEYFS A7t WidE = As FUstA=. EFAH 4
MEF hE A< ductal?} acinar cell®] mRNA} ©halzl =220 4] 3+2l (718 68).
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G AGFH 7129 ElY A AEQ] co-cultureE &

I9 68. Efd Axe] R4 (A) primary culture® ERA AZ. (B) At & iR EFAA
Azel Pejskal wok (O g Axze mRNA 23 3¢l (acinar cell marker : Amylasel,
Aquaporinb, ductal cell marker : ATPlal, CK19, CK7). (D) ®¥41¢] negative control. (E) T2l

oA acinar cell marker (Amylasel, Aquaporin5)®} ductal cell marker (NaK; ATPlal, CK19)E
HAEA S FaolA =l

5% wAEa),

Aol E7|MEZE o] 83ty EfdAoR waRsE sty fsiA] co-cultureE %

Yolg e @AM BAHAEE BB AHAHOE ANT AR/ YLOBE, FA AE
?l_

=

=

£ co-cultureE S8l £33} 7teAS SRS (LF 69). ARFHY EVHMEE 3F F
32 AAste] 33 5, el XA x4 &lE= acinar celld} ductal cell®] 7S mRNA
oF Twid FEAA FRls st e. I A3 mRNA FEAAE 3, 4 IFA 229
A (Aquaporinbs& AeDEC] SVHEE o] I ddE FFoAE mRNASH 2]
Aquaporinb5®} Amylase o] HedM o2 gQlslar ductal cell marker?l CK19+= 4% 1
&, NaK& A 254 @do] &l d

_69_



a8 69, wWAES 2A% (A) Transwell& o]-g3lo] $1&-&
8X104ce114 EflA AEZE 7)93, olg&e 210" celle] A
e S7HNEE WSS {63 (B Z+z+e] Aga+ #7).

a8 70. AR SVIMEE 3IF F PCome&@ih%@H—Qﬂ(Mamm
ce]l(Amyl Agp5)} ductal cell(Nak, Krt?)«] markerE Realtime-PCRZ mRNA &
3}l @)Ngﬂ%(ﬂMﬂiW ﬂmﬁaigﬂﬂi‘%““ﬂﬂ«%ﬂﬁkWL1+4
w2 2l. (C) Negative control@X, e}l A|Z nfjofdo A sl HE 1

Hﬂ@mfﬂ 3tol. (D) co-culture® TEO.8M, Bt AES} 35 SOt ujokst

2ahe Ao 27|42 v uE sl () Positive control =M, Ef
ZE 3Y ¢ et H AL mjdd glld AE ujddE L= 4
nditioned HjFA oA B3le AE 159 chalAdry 39l

O

ﬁﬂmm
2o r..VL i

S

C

Q

_70_



o
o

s

—~

;oL

w

—_—

0

—_—

0
"

il

il

)

o

ol

)

14 glol HlE7}

Y

3lo
o}

= 5

T
a

o

oy
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19 72. 250-nm nanoscale patterno] AbE X FE E7|AH Lol n A= FEjF
3}, (A) 24 well 9]o F=3 nanoscale pattern. (B) Nanoscale pattern 2] x| <=
A 71420 I g JAIH S A5 F2d E71A4 2.

W) A A
X

9 A APAZE Bt F 250-nm AL
- A %

ol AN Mg F AR B
o) Aol AYAL Botol plAE FFE HAT. 1L 5L £ F Ol red O

=

= conventional groupell ®ls] pattern groupell A GAHE AE7 ZF ¢
(19 73). o]#)8F AL 250-nm nanoscale patterno] A|WA|Z B3-S 7
pas

19 73. 250-nm nanoscale pattern ©] A|WMAZE B3} FoF AMH X £
Z7IM XA vA = 9& AF FH E71AEE pattern =+ conventional
Hol| H2k A7l & XM EZE B3E =% 3, 7, 14¥€9 Oil red O A=
Bl AW £3l A=E g%

T A -

L

O AWAZ 5 #d FA% B4 A%

- RT-PCRE o]&3 Az B3aA#E G212 PPARr 8443 149 %< conventional
group} pattern group 7te] §-3Ak ol A FE Aoz FHlH (1Y 74)

A

-
by

_72_



H

Y 74 AWAIE E3}5<9F Nanoscale patterno] x| Z7]A|Ee
A A 2 sk %Xﬁ}oﬂ A& 9. skt AWMl E E3hr
T &< pattern 3 conventional groupOH A A A 23ldE fA4
ZFel PPAR-r9] W3S 3, 7, 14¥o] &<l W: water, negative
control. M: 1kb size v}#.

O

(h A A5 il S71AE7F MAZE E3sks 5 250-nm HE ] FF
A 25 FE EVAZEE 8" 58 g"Ho] gle alk HAOA vk & mAxzz 23
£ fr=al sjdo] wWAZ Eto] vAE Y-S AT 149 <t &3} F Alizarin red 9

>

AN

A3} pattern group3} conventional groupzte]
H (a" 75). o8 A2 250-nm nanoscale p

ZEERE]

19 75. 250-nm nanoscale pattern o] WA Z E3} Fob Al x|
el E71M 2 vX s I AF Fd SVAEE =
conventional FHo B2 A2l & WAxE B3E F=F 3, 7,
Yol AZE Alizarin red FAE T3l WAZ £33} =& A3
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© WA 23 B §34 B4 A%

o

of M
o o 2

A A2 B3t B %X} Runx-2¢} osteocalcin #4123} 14¢ &<+ conventional groupel
B]s] pattern groupollA F3A o] B =A Q 6). °o]zlgt
250-nm nanoscale patterno| WE3} Ft FEIE @A =

FE Ao® A2,

(ol
ug_ﬁ
o
ot
¢
ok
@
o
r =

3
(o]

fo N,
3‘005'
b2

/H]:—E -3} %<t Nanoscale atternO] 2|5 Z7)

#d FAA v x= G 515
attern = conventional oup°1] A4 A 3
unx-22} Ostocalcin®] 3 3, 7, 14¥
ter, negative control. M: 1kb S1ze ﬂ}ﬂ

i b
O, 10
‘I":‘O

=
g N
2 -

S 2
2z

(2) 350-nm nanoscale pattern ©] X®} L WA X E3lo)] mX= I
(7B 350-nm nanoscale patter ©] Alg X F2 E7]ME Fejol v = FF

AZE A5 F#¥ E7)|4AZE 350-nm nanoscale pattern o] 23 wjkdta FE QA W3
S g} (@a" TN, AF Al EVIAE F2 2443 $ pattern group®]  AJE7}
conventional group®] AZKHT FEH o2 HE FHE UdET A& FJEHE BY. ol
3k 712 250-nm nanoscale pattern¥} AFsla 350-nm nanoscale pattern A Al3Ee] & Ej
2 wjgol FIFES F+= Aol FUH.

>

=

S

13 77. 350-nm nanoscale patterno] Abg X5 f#@ 714
of mxl+= A W3} (A) Nanoscale pattern 9o 2|4
=71A1Z. (B) vl FHA o] X=7]A 3. Scale bar = 500 «
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W) A A5 $9 2NAE/ ARAEE Bolstes S 350-nm A Fg

- A A FE S7IMAZE A" 2 dEe] fle vl HAA WY & AgAZE

|=]
3t =3 Heo] AAZ B3l mX s IS FAg 99 5 £33 F Oil red O ¢
A Az sjelo] gl= conventional groupell ®Bl&] pattern groupollAl M@ MZJ O B
Aoz g1y (9 78). Altkrt ol ztol& 3YAF-EH AA YEbEol S%J% olgig 4
F}+= 350-nm nanoscale patterne] A|® M|EZ E3IE 27|HE 3 st= oz Ay,
1% 78 350-nm_nanoscale pattern ©] AUAIEL F3E<t
At X fFE E7IAIE R A= FFE AT fdll 2714
3 pattern ®= conventional ERel R Azl 5 A A
X2 B3E F=% 3, 6, 9¥€ MEZE Oil red O NS
=3 ]‘*/H]:L_ EL§]- =2 3913}, Scale bar = 500 um
(th AMg A FEdl E71MZ7F MAZE 2353t F<¢F 350-nm HH 9 %‘f%‘:
- A A fEH E71AZE Y Z2 gidlo] gle vl A A mY & WA zE E3lE

[¢]
fr=sl side] WAz Esbe] mAe FFE AT £35 149 F Alizarin red 4427
E o] Zol7k A figol #eld (2H
shEek FFol A9 gle A= A

19 79. 350-nm nanoscale pattern ©] WA X B3 FoF A}
T A5 G 27 o ]'Hf [k AF 7l 2VHNEE
patte n %= conventional ¥ 9ol ‘ﬂﬂ A1Z1 WA L2 B

>
3.6, 92lo] AlE= Alizarin red o
A= g2 Scale bar = 500 am

= o
= I
AE B3
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(2P Real-time PCR& &3 384 FHA £4
& 50-nm nanoscale patterno] X<~
[e3]
HA

(]
iE
:]

o =
He A frel 2704
2 @9l

[¢}
<4 Wik F patterno] A E7IAES] FAAESte] WA

rr
of
1?1‘_‘,

o
ol
2
A
o
Jo
bt
of
2
o

atterno] XA E3}o) mlxE= A3 (2F 80A)

3t EA S o] &3 AHAHEZE E3}sl= F<QF pattern groupe] A|EZ = conventional groupol]

Hlal A= ##E G222 Lipoprotein lipase (LPL)7F & F-3toll A @o] w3dtE A

S oIt o]y A& 350-nm nanoscale patterne] A WAE EI}HE=5 743}
)

¢

ok

- 313HA £33 f = F< patterno] WAE Eslo) A= FF (1F 80B)

313t A& ol g AWAEE E3st= F<F pattern group®] A3 conventional groupel
Bl WAl 2 A FHAQ] Runx-27F A 73kl 2A AA ddsts AS EA 59
H

3l 3YAtel= #3 A Runx-2 FAY Bt 2 AL FUF olfg A+ 350-nm
nanoscale patterno] 3}3} &2 o] WM X E3E A e A A= AR B

- 3eH 231 5= §lo] patterno] AFAE 3l vlA= F9F (2H 800)
3}tz B3l glo] AWM ERE E33tE HoF pattern groupe] AlZE conventional groupol
Hl3 LPL §-347F A 73bol] A o] #dsts A &1 ojeld A ssha 7
%= Al LPL #xz WHatel fA3E o]23g 21 350-nm nanoscale patterno] 3}eh# =]

AL B3l G2 glol= 283 M2 AYALE FED 5 A FAF

- 35h4 23 = §lo] patterno] WM EZ £33} mX&= FF (I 80D)
3}tz B3}l Qlo] A2z E3}st= <k pattern groupe| Al3EE conventional groupoll H

Ao =

3l Runx-2 FHA7F A F3bell 2x HA wdste S &g Alvrk 3datel 094 B

d

o Runx-2 A E7F B A 3 ol A 354
wslel FARE o]glgk 712 350-nm nanoscale patterne] 3}3}
Az B3HE dAAY AdATE Aoz Eld.

s}

e}
ar
3t =9 #AQlel W

2 Ae
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4.

13 80. 350-nm nanoscale patterno] X|<=
3} A} E‘ifﬂrﬂ] nx= Gk (A) 3 f
A=A} LPLo|] HA| o2 pattern group©] conventlonal group Xt} 3
H B £3 %E 9¢ &<t WAz #IH FHA Runx-27F A
pattern group®| convent10nal group 2o @A #dH. (O 3 F% 9¢
F A|AIE T H} LPLo] A& o= ]l:>at ern group®] convention
group Rt} = é D) & v‘: 9 Bk WAL #H {3
Runx-27} AA| & o= pattern groupol conventional group H.t} UA &3 H.

i] =7 A o] Ak Sl WA

[on
f b gt =o H

ziao

7% WolE Azl BAMEARS R GAASHA 54 wmEA.

7t miol A2 ojglo] WS o] &3 Ao SVAE 4 4
&

prol AE of#e] W= Hlol #2 A3 VM2 4= -Er*—?ﬁﬂ A

Z
FEWHsE7IAESY F4 A HxdeR 38
5 F

l
oft
ol

[¢)
JE ARE FLEY A3
o] HsA ## pathway

ot
n&

rﬁﬂ

=

[e]

o

#U AR FNE HFEHOE B & 3 A8+ 2
o FENFE/ANEY MFED FYNE 553 F AR A2,
) & fd Mol AEY AAHY fA% B A

el mjotE7]Al = «1 XMWOJ T4 EE e FAs] fs) 4 2FEE 27 A
NoN

é
2
t
o
=
=
>
52
O
4
N
by
Lo
N
o
N
N
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13 8l & ) wiolE AL HAAZAHA H
clustering pattern. (b) T3t wjo} E7]A L

FAA 2 ™. (@) AA A=A hierarchical
9} A A EZFS] scatter plat &4 A3},

Oh AeA #E FHAA H

- S wolErIM e Bkd AAEZES zolE WEE] ] el AT FAREE A9
FARS 58 FHd wolEI|AEZE AME) vwg AAHoZ 3414709 FHAAI F
ol o= wWMelga o]F 1,552 Me "ol Al Z A A FUksta 186270 AAMZAA F7}
S EFRIFE (¥ 82a). HiotE7| A ZoA Bolx oz FIlgh AHE-4 DAVID data base

£ B3 BNT A ¥
3 A wolEs] M
FAE HelF (1Y 82D)

!
B AlEze] AZgAF H ocell cycled] #EHE A
o] Aol ebA Bu® Aol kg9

o= BIHYT ol
EL ET IR
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19 82. (a) AAES} IVF w8 wlol=71AE 7ol 214 & W3t h)A A Ee}F IVF #
& wjolE7IME Zho] W3l® FHx 7He] biological process, molecular function 1#] il
cellular component.

2
o
T
o 2

d of

2

ct4¢} nanogZt 3 Hol YL
o] e EE (29 83a).
PECAMI1, CNOT1 OTX2, PRDM14 1 2 & 7 dAesAHE7IMEAA B
A FE& HOE TeFow urt gom & A AR AREY F US FAoE A
o]# gt A= Real-time PCR £4& % S 83 o™ positive controlZ ICM
A s FHE E7IMEY Aol =2 Hdeds ZH e ICMA FAEE A

(19 83b)

o
o

ST

®
b
(@)
—
O
Z,
[op]
i

,4
i

ol
o o ®
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a9 83. AAMESH IVF 3 Hﬂo}%ﬂ/\ﬂ* ol Aed FdA 2 Wt (a
2 A AM|xzef H3) IVF
[e)

do

54 f144 F fo9HogE zol7t e fHdA BEeA
g wjolE Aol A STk A &7, —4%4‘48 A A 3ol Bl&] IVE -2 o}
Z7|AZANA AT 42 7). (b) ZF A4 AE Real-time PCRE #H=3% 23}

(2) Chromatin remodeling @& @ =xte] W3}

- 2o A ol JIHE §F AY 2 EFF fFAE
U Ao A vla Al ALkE djole] dhg B &o]
M7 918 B2 chemicalo] o] &F o Folx| 23 o]gjgt &o]2] HHOPA 3
L o]f F = HIAAFZA S chromatin remodeling 3+ 0.2 & o]2] HH 0}/] % %_::0]
Q8 A= chromatin remodelingg- ©]3f3}a. AF3}= 3},
o] g3&l o]# 3t chromain remodeling <A77} @o] 213} o ioﬂfﬂ‘: %i% o] 2 g
T2 B dAFolAxe ol e T3 A4kE wiolE ‘H Z7|AEE AAteta vlola =
olglo]lE F3ll FHA WstE FRIg. AgFAT FA E7IAEL} vl 895719 AR}

Aﬁ sl
o
o ruE
o fo
%
o
_H
>v
2
_>L
rr
rify
i
m
JCN
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7F Wkl o]F 601717 #ola wjoltZr|AlZ A Frtstal 294708 FAAE TATHS
1Y (29 84). GO term data baseEs B3l #43 Ax} W3ls FHAE dFE
processe} #H J& ALR S1E (O9 84). vF FH IF &3hA EIAT A
A& &3l chromatin remodeling ¥4 fFA7e] WatE & A3 Fojzxlo=z W
A= 570 (& 77T B4 BYS Feld (2™ 85a). WEd §2 A+ Real-time PCR &
[e>|

—

4=
=
2

3}
Eis

f
2 oo 1x o
oo to X H

53l AASE (2" 85b). ol#ldt FX A= A4 chromatin remodelinge] 2%
stal Hjop W] FFS = Ao A4 FHAA ATE Fall Fol4 wjop I
UES 2o o 838 & + d& Ao2 A7E.

19 84. (@) IVF ¢} SCNT & wjolzE7|AlE Ftol] f-3A w3 W3}k (b) IVF2F SCNT
& wjolE7|AE Zroll WHElE FA 7+e] biological process, molecular function “18]il
cellular component.
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13 85. IVF ¢} SCNT & ujo}l=7|A3 ZFoll chromatin remodeling XA & M3}
@ mholA2 oj#e] At (b) frold Walrt A= F14<] Real-time PCR A5 A3}

(3) Imprinting #H FH Ao W3}
- S Fa AAE diotes A Z2U|GA AFe] vl F8F ¥Rk oly2} imprinting
TR Ao Fagh B dAFolixe 84S Bl AaE ol fo S7MZE &9

3 A Fu8 E7AEde] FAA T Zo]lE I8t imprinting FH FHA A
ZAEE AAFHOR 346719 FAATE foH oz WEEa o)F T8E B Fu E7]
AZAA F7h3ta 26870 TagS FAe (28 86). GO terme T3 43 A} W3

i

H FAAESS 5 developmentet ¥l Q= ACE iy (¥ 86). FdH L&l =
StE) ] kgkAwk imprinting #E FAAE =AM A3 imprinted maternally expressed
genes <7} imprinted paternally expressed genes& ZrAdt= A o2 Foly (3 29). o)
A3 A W= Real-time PCRE @S9 (9 87). oldd A= A4d =7|A =7}
Hjol fFolA zky 9 imprinting patternS IOi2 fX sl ASE AZME 3 imprinting
T AT o]8d F & FHoE JUE.

¥ 29. IVF ¢} PA F# wjo}Z=7)AE ghol] A H& o] nlo|mE o)y o] A}

Gene name Fold change (PA/IVF)

IGF2 0.450536

SNRPN 0.4065958

Paternal expressed imprint genes NAP1L5 0.3000457
PEG3 0.2890593

PLAGL1 0.2464155

PHLDAZ2 5.5497327

ASCL2 2.7512835

Maternal expressed imprint genes H19 2.6649958
MEG3 2.6293358

TSSC4 2.4949528

IGF2R 2.4294826
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a9 86. (@) IVF ¢ PA & wlol&7IMZ 2bell fxA 4@ W)k (b) IVF
oF PA el wiolE7IAIE o] WEkE fxA Xk biological process,
molecular function “12] 3 cellular component.

a3 87. IVF ¢F PA #8 wlo}=7|AE It o1& Abol7) de F3A
13 o] Real-time PCR 2.
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(4) & AsA #4 signaling pathway
- A Y HigERAdE Busta AS Ao EVIMEE LA A XE vlol
2 ogelE T3 A4t E71MxEe] FF AR signaling pathwayE ZrolRal o|m|deizl
F5/d signaling pathwayehe] 2bx HA| 223k AAMZ e} vlwAl A 7FA] E7]H 24
A2 Wt fFdAE 2,4157) o]l o]F 1014707 Fristal L4A0LW7F 35 He2 7
A%E FRIg (2™ 88). W3t f-31AE DAVID data baseE &3 43+ A3} 54709
signalinge] XgHo] S &2l olFol= WNT, TGF p, LIF-STAT signaling”} o] A
AN #Ed e A 4 2159 A BRE SUkete AL 0}14041]‘4 TGF p <}
WNTe] 749 signaling pathway’} A== WFoz F9 [FHAIE F7kge] ERJIFHAT
(19 89a, 90a) #¥ FHAE Real-time PCRE HZF3 23} A vlo]aE ogo] ©o]E]
o} dXg (™ 89b, 90b). HlE LIF= Z71A T downstreamol &A= STAT3= 743}
€ A& Hol LIF signaling & vk AFE7|AZet 274 A5stA] g A& By
719 9la). E3F SOCS37F 27}l LIF-STATe| %744¢l JAK signalinge] JA5= R0z A

>

~~

Z-gl (19 9la). ol¢t #HHE /FHA A Real-time PCRZE &3 (29 91b). ol A}
= WNTS} TGFS signalinge 4o AEAL GAss Fosty s d5sts Ao
A7+, LIF-STAT signalinge LIF7F @o] 2@sts= ACE Hol dsA #Ao HostAw
JAK- S T 3 %2 downstreamo] &A3} A go} o]F dAsFE 459 &4E FAS
= Aol 2o AT ZVIHNEE et F 288 AR A, AiE V)M Ee]
F7H4R] AFE B olyTd EAE FEHY F A= ATFE T F AE AoE ATY

19 88. IVF, SCNT 183l PA 2 wjol&7] A3 Thol] 52l Faa o3 Wl
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M

E

o
T

89
%l

. 4 o} &AM} TGF B signaling. (a) KEGG data bas

7ol W} (b) Wste FAAE Real-time PCR& 53l
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98 90. & vijo} &7]AMaxZe} WNT signaling. (a) KEGG data baseE &3 WNT signaling 4%
fraztel Wizt (b) Wald F34E Real-time PCRE Fa 253 2.
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a9 91 & wjo} E7|Maze} LIF-STAT3 signaling. (a) KEGG data baseE &3+ LIF-STAT3
signaling A& 42 W} (b) ¥3d A& Real-time PCR& w3l AS3 23

(5) Oncogene 3} tumor suppressor #& A} W3}
2 F 27HNE AT F A9 J5EH %‘lfﬂﬂﬂ‘i’i
FrAel Aok & Oﬂﬁloﬂ/ﬂ“ 718 <F d
|=]

(<]

7h | A oncogeneﬂr DEE $AAE 239 3 Az 249 SAAS Basa A A

A7F S7H AL o3k A teratoma FHH AU FAA Hobo] AT AoE g

ol oncogene ¥& F#x A2l MAML2, BCL11A, SMO 18] CCND1

% R al-time PCRZE ZH5g 23 AAEZ 2ot @A vex ICMHA FASE 728 Ed

st Aoz ZERIE (¥ 92b). o|# A= oncogene M FZA7E teratoma

formatione] F&3HA FFES Fv A2 AAHIT & s VX HYES
oncogene®] A7} Bt} 2 79 ded S/HAEE S XA A2 1.

uk)
ofN
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% 92. IVF, SCNT 12]a2 PA & Hjol=7]AZ Ztol %%JOJ Oncogene 7o) w3},
(@ 3543 Oncogene HAA4e] wolaz ogo] Azt (b) §x Warl e Fo 4
Z}2] Real-time PCR ZA}.

(4} tumor suppressor gene H#H

Jo
=
_>|i
il
FX‘i
o[r

2l 3t A3 97 e] FHAE 7
o] §HAI} 27183 ol A= F ﬂ?ﬂii teratoma % A9} AH
Aol IV Aoz AzZ-E (¥ 932). thEA <l tumor suppressor
BRCA1, MSH2, MLH1, SUZ12 18]a1 SOCS1< Real-time PCRZ 753 A3} AAE
A U3 ICM3 fASE 02 sl ZoZ e (1Y 93b). o83k 2
tumor suppressor ## FZH A7} teratoma formationol F Q34 JFS F= A
Ha & FH AsAH E7)ME sjE<k tumor suppressor #E FAALe] xHo

O o] ABA ZV|MLE Yy 2L = HoZ By,

oz H |z
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. IVF, SCNT Z12]3 PA & mjot&7]Al 2 el 521 tumor suppressor 314
. (@ 254 tumor suppressor &M Ate] wlo]aZ ojgo] A} (b) FoHA W
F2 #2379 Real-time PCR A},

Nlo
izri'ﬁ
rr o &8

6) 1 ¢ teratoma FAA =
- tumor #H [FAAZ E
FRAE ~AUsa ol

B
2
)
o
Ho
)

N

A5A 27| Lo nx= YaFe 32l



(7P Defensin family
- Defensin familye Y¥bd o0& WAy HHEo] @2 A77F IPHJo HZ 434 ¥
o

e

I Ede] A=A ddHAeH ICMA AR o] EEe B (

(v}) Smad3
- Smad3+= A4 A 1E8d Ado] e AR dHA Yy H teratoma FAATH
HH o2 Ado] Je AR BHuF o3 &S AR B AFdaes & Fd &7
A o] teratoma Pl smad37t ATo]l A& HAOR diFstn FHAA WStE g1 vlo)
AR ojdgo] AR FAT F %ol smad3e] o] AAM Lo vlefA] Ho] FHaAskE A
Bk oy} ICMel| vl & E71A

o2 By (29 94a). =3 Real-time PCR A3 AAM X
FofAxsmad3 HHo] FAste AR ERlE (I8 94b). ol HAFAE Ro} smad3e]
down-regulatione] 2= 2 E7]AE2] Aol FE&FS A2 Hold teratoma FA =
ol #to] & Aoz A7y,

138 94. IVF, SCNT 18]a1 PA 2 wjo}=7| Al 7boll ZE A<l defensin family®} smad3
AAel Wetl (a) Wsld FAAe volA2 offo] A (b) FY2d W7l e F8 4
Z}o] Real-time PCR A3}
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FYR WEEAZANY EAFAAEY F olske] UL B A wot ARRE

rN
N
>
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M
i‘l
o1
O
ot
e
o
)
iL
'
2
u:E
i
=
o
rN
N
>
5

g w43} Wo}l i &
I E gJstuAg. a8y @
‘do] EAste] wjol W F
0]

= CellTracker™ &3 d4g

2 for o
of N o

a3 95 Mol A & A& Hjo}EI|HAEE FHT F JQEE CellTracker™ & =
& wjolE7|MEE A

7] ol W) HiolEr|AE FUe 7 JIHE wiot iz &

T d
CellTrackerTMe. 2 tagginge 3+ Wi Z71AE(E AT As ol njo} F HeA
Z7IAEE WA JAHE 4-, 8-AxE7] = Aan] dANAN FAE A5 EVAEE
A dY NEZ thEo] FYIE MEIVE ESEAY A HIHE d4E 2o oF 30
%7+ trypLE g 2 Ed Foldg s 53 dAeH SHNEE AL F9Z JyHE UE
o] o] &3l 10-137) Alolo] ME=Z H 22 FHZ = vjolo] FU3) 7w} o= A
2kgk (29 96)

=)

a4 9. #yd HHOPgﬂ/‘ﬂi«l A e} wjol W F9 27] Ad. (A) H#job W A
4 274x 94 25 B €7]/H]J‘ FY 5 A mjote] B (O FFS F3l
Fdd wjor Wi ?:“'_“7]"“4—"]
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3 30. Distribution of injected pluripotent stem cells (PSCs) in bovine in vitro fertilized embryos.

Number (%) Distribution of the progeny of the injected
Total Number ° PSCs” (%)

number of Group embryos R -
embryos grouped ESCimject ICMor TE o joyyre  Quiescenc

ed embryos only e

4-cell
60 stage 15 10 (66) 0 (0 1 (10) 9 (90)

8—cell
stage 30 23 (76) 0 5 (22) 18 (78)

Morula 15 9 (60) 0 (0 0 (0 10 (100)
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¥ 31. Distribution of injected pluripotent stem cells (PSCs) derived from three different
ways in bovine in vitro fertilized embryos.

Total

Numb Number (%) Distribution of the pro%eny of the
Groyp ~ umber .o emug; %1; of injected PSCs (%)
P of P ouned  PSC-injecte "ICM or TE  Hemi-ICM/ Quiescen
embryos sroup d embryos only TE e
4-cell
stage 10 3 (30) 0 0O 3 (100)
IVF 30 8-cell
stage 10 8 (80) 0 (0 4 (50) 4 (50)
Morula 10 5 (50) 0 (0) 2 (40) 3 (60)
4-cell
stage 10 1 (10) 0 (0 0 1 (100)
PA 30 8-cell
stage 10 5 (50) 0 (0 1 (20) 4 (80)
Morula 10 5 (50) 0 (0) 0 (0) 0 O
4-cell
stage 10 1 (10) 0 (O 0 0 1 (100)
NT 30 8-cell
stage 10 7 (70) 0 (O 4 (57) 3 (43)
Morula 10 6 (60) 0 (0) 3 (50) 3 (50)

E71AEE TR o] 8T o]y ujo} A4t B AAEI o] ujolete] AiEE

7 AAME 9D FHAAS HAEZE o] &3 F o] EAu|o} Y4t

(D) FAAS MEE o] &3 o] EArjo} 4t

O AHIAE FEAAS ANZFE FAMERE Fo]4] o} Y4t

- Interferon @ZAE AZF FHES 43 2% o9 AEF /N v primary cultureE
sto] 71&RE adult 2 calf fibroblast celle] transfection

- o] 7 T/ AEZE A7 donor cell2 AAEFo]rle AEste] WEEE S H2AES A
#}  transfected calf cell linee] #&&(67.4+15.6% vs 53.6+14.7%) L HiHFEZ P&
(29.2+11.2% vs 18.4+75%)S REAe (& 32).

NN

X 32. Developmental competence and GFP expressed ratio and total cell number of
blastocysts produced by SCNT using hINF-transfected calf fibroblasts or adult fibroblasts
as donor cells

No. of

No. of GFP Total

donor No. of fused No. of cleaved No. of
cell gg;%s oocytes(%) oocytes (%) blastocysts(%) exp]gisssed nu(?ﬂl:}er
calf 1195 875 580 256 223 106.3+1
cell (79.3+9.9%) (67.4+15.6%)a (29.2+11.2%)a (87.1%) 8.5
adult 1588 1100 606 203 183 94.5+19
cell (70.0+7.0%)  (53.6+14.7%)b  (18.4+7.5%)b (90.1%) 2
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b g AYF =WAA EPOE AU AEE o] g3 o]y wjol Y

- Promoter assay% 5
Row FAMEZE &
hpofectammeoi 4

EPO¢AAIe] T2 wEd SATE =

e

7] a4 CMV promoter] eGFP~

2 o
_o‘lg
£

m:ﬂ o)
ol
_,d

Ad9ES. AA fibroblastol
Arelal o G418 selection & FHAAEY M X

AR e g
of o gate} Wkd wpnk o] Aelulok BAIA FFLAL AASAL (1Y 99)

19 99. GFP expression of transgenic embryos with EPO at cleavage
stage (A, B) and at blastocyt stage (C, D).

2) AAZE &

ol

Foao) 4] EAjulo} Y4k

-

b ’$ A9 fibroblastE: FAMER g AAE Hoj2] B} A4t

hyy

3 33. Developmental competence of blastocysts produced by SCNT using

adult
fibroblasts of Korean traditional cow as donor cells
donor No. of No. of fused No. of cleaved No. of
cell used oocytes oocytes(%) oocytes (%) blastocysts(%)
HCF-1 158 120(76) 74(62) 30(25)
HCF-2 262 218(82) 148(69) 78(30)
HCM-1 329 258(78) 180(70) 74(35)
- AE O Al A 4R B$RRE AMZE G533 o8 WYt MEFE FYY
£. o] MEE olgsle] dola) Bl wols YAYT MMEAAE 25-35% e We
Fe(E 33)
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(3 & o] Hjolel] QlojA GSK3 AN A7} vlA= YIF

- Serine/threonine glycogen synthase kinase-3 (GSK-3)+= Wnt Z12]a Hedgehog 4Al& g,

9l A, SY2A AL FAREE 283 AEAR[ALE 23eE AlZew -] o
ste Tl Z1vtolAlolth 4o A& FA ALY o] ATolA GSK-3& Hijol W &

of 83 HAE I B S, B A9 5H2 AAE oS Fa FAHE & o
i g F GSK-3 GAA H7Me] HAs= L vjo} A2 wiwtx FHo mX=
e FAdst=nl vk AAE oA f{ wjolES GSK-39] A=z A|A1:]l CHIR99021
7V 242 O uM, 3uM, 30 M, 100 M F=Z FH7ld mSOFaa wjA|o| A wjFA|Z] O 24 vl

-

o o8

- w3 8YA wiHtE JAHEL 3uM, 30uM TEE AHEZ TFoA AAAE AHBlEHA
B 1Fel Hleted FoHor Frkste EdE BEAow 100 4 M Aol A= wink
FA A = (F 34)

¥ 34. Effect of different concentrations of CHIR99021 treatment during in vitro culture on

SCNT bovine embryo development.

No. of oocytes % Cleaved at % Blastocysts
Treatment
examined day 2 Day 6 Day 7 Day 8
OouM 103 70.3+=+13.1 208£+33 26.1+x+35 265++35
3uM 100 80.7t +3.0 351+ +38% 417+ +3.6% 44.7+ +50%*
30uM 100 69.9+ £4.2 25.1£+42 30.1x+46 40.9+£2.6*
100uM 47 341+ +5.7% Q= Q= Q==

Hd

- GSK3 dAAE Aed &3 HIH T AbolollA] wjREze] F Al

E5 uge frold Aol§ BolA ghske (E 35)

ok Al Z ol gl /A

¥ 35. Effect of different concentrations of CHIR99021 treatment during in vitro culture on
Cell allocation of SCNT bovine embryo.

Treatment blI;ISfo gst ICM cells TE cells Tgﬁillb(gﬂ IClZ[eztﬁostal
OuM 25 34.2+3.1 88.5£6.7 122.7£9.0 27.7+1.3
3uM 22 31.4+2.7 94.6£6.8 126.0£8.8 25.0+1.3
30uM 26 32.8+1.9 86.3+=7.4 119.1+8.1 29.5+1.9

|
H
G
Z,
td
=
>,
ol
flo
oft

shol 3uM3t 304M FEE H7h A AAE e MEEEAA A2 5
Fe IFT mmste] felgow ke AZAUAEE UBAE o

_96_



® 36. Effect of different concentrations of CHIR99021 treatment during in vitro culture on
apoptotic index and total cell number of SCNT bovine embryo.

Cell no. of blastocysts

(mean + SEM)
No. of Apoptotic Apoptosis
Treatment blastocyst Total blastomere index (%)
OuM 19 85.2+9.5 14.2+1.9 16.6+1.2
3uM 14 113.9+10.8 11.9+1.9 11.1+1.4*%
30uM 16 116.1+19.6 10.7+3.0 8.2+ 1.3 **

13 100. Effect of CHIR99021 on the apoptotic status in bovine blastocysts.
TUNEL assay images of bovine SCNT embryos (A). The apoptotic nucler of
TUNEL assay positive cells of blastocysts were stained red. Results are expressed
as a percentage of TUNEL assay positive cells of blastocysts (B). This
experiment was repeated three times. Columns marked with an asterisk indicate
significantdifferences compared to controls (0 uM). * = p <0.01,* * = p <0.001.

A AARE AZAEA Bax, Bcl-2)2F AE3% (Oct-4, Nanog,

SOX2) 1g]al fdAle] mAQIA (FN- )3 vijo} 2 (Cdx2)ol #dd FHA=9 &
HAFE &4’3}%‘\% (79 101). wjo} g &<k 30 «M CHIR99021e A &ldk 1FAAA o
A WX E3E gy iR fAX }%34 o] dzeEd AdFA F

X ztol & YERW A Fshs. AEHOE, D5 S AxZAAA
A4 283 A td mRNA 2 vlaE o}oﬁi u, 2le &9 AAx 3
o wlF #A F wikAol 30 «M CHIR990219] A&7} o} w53} njolEdd

mlo
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a3 101, Effect of CHIR99021 on relative abundance of various
developmentally important gene transcript in bovine blastocysts. This
experiment was repeated three times with pg-actin used as the internal
standard. Columns marked with an asterisk indicate significant differences
compared to IVF group. * = p <€0.05, ** = p <0.01, *** = p<0.001.

U ASA ZV|HAIZE 0] 43 dlo]al ujo} YA+
- A %71*11& -2 %w wvzm Aoz AzzaRgel feld =7

KeN
=
sholl & E% % & 2=e Zta dua dEA e

D A=A FAe vWjoETIMEE TAAEE 0|87 Fo]y Hjolo Ws

- AYFAHS Tl BEol MotERY HlolErAEE RS, o] MokETIAEE B
STHAMER o] gsto] FojE AL HRoMHEE o] &ste] Atk Hol4 ujorele]
2o Hlal

(@ WiolE A ESE A fotEE ol g3l AAE Wioke] Wk ¥
FolAE 205t Fo
- Aol Aol olHE WokE AL AFH HAZ 4050 Ac Aole] MEFE 4
g3 MotE AT FRUZ SR A 94 M 35 o) fel I Ol%o}
of Zelxow TRUS MFAANA B B8 2R PES Add wuue Fe)
A dolle FFAES AASE S AL, o1F 0.25%8] ERAE 37T AN 283k A
s SEEe AR BY AT WE. WYEE 5o AZE £5an, w2 ol 8.
ou

N

AR S MgolH = ujF 3- 40‘4 80% ©]42] confluency EjolA L3I 2Ho =
EAE A3t dLAEE g dAE DAY Addss AXL AdE £
g/mle] cytochalasin B 2] *PHMI/H T TR FAAEE 747 o] 83t AT H. T
AZ7 FJ9A FAE 2 pulses, 1.75 kV cm-1, 15 usecd] ZANA A7|zoz F3tg. 1~
b Fel 5 uM ionomycin HEE 48 B A AHE AXI, 423F9] 1.9mM
6-dimethylaminopurine €] $-o mSOF x| ol A] k3.

A
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@ Az wolel §%E, TTAVE, vE BSE
37 o 19 102 oA GEhbEe] Mol AEE ol8ane W MRoMIE uoh 83
gol WA 2t §TD WoldA TV APYHE N&L T IF AoldA Fel7

ol Holx & IEu, wiRtE/IA Y dEdEL wlolET|MES Aot Ert 12.5%2%
1.9%% BAT Aol Uehd. Mol TS o] 43 Hola) HAelAe §FE Az B4
o] A& AA F VAR AR, A, WotET|AZE o] &3 AEZeHY AVFH =1
HA3 HA kS TheA. =AM, AAEL] Aot o] wie] AlEZF7]7F wE HjobE 7] Al
ZE 7] el ATt Be sbsA. wolE M Axd §HEIE Bty BT 2
FES 7 AFANA 2ol7k vErA ggkovt, mjotErAlE dFolA YEus W2 vyt
Z HEES A2 §REAA Urhde A5 G4 23 AzxF 2464 JAAE s
o) &

F 37 & WotETIAESt AfotHNEZE 242 FAAER o] &3S ul AL wioke
WIEE a, b, ¢, dE 4 FoF o2 zol7F ASS vERE (P0.05).
No. of No. of
No. of reconstucted No of blastocysts
Donor cell fused cleaved
embryo (%)
embryo (%)  embryo (%)
ES cell 179 (n=6) 64 (37.8)" 34 (50.7) 64 (37.8)°
Fibroblast cell 182 (n=5) 131 (76.7) 86 (65.6) 64 (37.8)"

19 102 wjotE7 A2} Aol EE o] g8te] Aiket o]

ofj

, ICM, TE A2 &= (P<0.05).
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