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Mouse-induced pluripotent stem cells generated
under hypoxic conditions in the absence of viral

infection and oncogenic factors

;}E :%é"#ij’;f : %ng},qz ?i{r‘ji‘

RO OE T

% R B — 004+ A



FXRE

2006 5 > B A8y — 18 B BA A R#4k% 54 Octd, Sox2, c-Myc, Klif4 i5
v fE 2 ER H FEA R e BAERFER St ale - FEMR S )
AE ¥ tm i B 3 AL &7 TR AR e AR A B dm B+ AR A 0 B LT AR AR FL AR AR
Bi6 9% 4o B e MBS R 6 B L ATIBB] H #E o BpfEdot » SFEM S he b in
A ZEDREEESURG B 1AEA K FE RS AR B AR a0 09
S B 245 M TRBEAR c-Myc, KIf4 - 4£ 2008 4 » Okita % AR E
AT A R R REE B LT AR £ £ R a9 F 1 % oh st
Htafe > ERIEFIESEERDER L SRMEZEAR © c-Myc, KIf4 - &
BE T RMAGEBRE - R1E A R B8 E F - Octd, Sox2 & 44 AR
JETT LARR T 69 A R S % Dhrc b ta e o R AMIAI A H BE 8 3 4K R R
RBER (2547 Octd, Sox2 AR ) A RIEM B 4T min g
ERFENS iettaft  MAAERBEERE - BENFX% R
AR 3%RARBET =T w - BEHFLLERTOR - £5F
RN £ BB BT R B BER R L £5 =1+ — RF &R
BRTHEMNS hicH i - RIFEIHTHE - it siBiBE R & - BERS
HRERPETBILRETR > RFIET TS TS Hir @i Blr %
FEE > Ao RRASEmBa AR SRl o Sb— H AR BT U KRR FR EHERE

BAREREREAR > FLHRRERANERLEA S RGHE B



Abstract

Induced pluripotent stem (iPS) cells from somatic cells by introducting four
transcriptional factors: Oct4, Sox2, c-Myc and Klf4 were reported in 2006.
The morphology, proliferation, surface antigens, gene expression, telomerase
activity, and epigenetic status of pluripotent cell-specific genes from the iPS
cells were similar to those from embryonic stem (ES) cells. This novel
technology has potential to overcome hurdles associated with ES cells due to
their generation from mature somatic cells. However, at least two hurdles
remain: integrating viral transgenes into the somatic genome, and
introducing oncogenes: c-Myc and Klf4. In 2008, Okita et al. successfully
generated mouse iPS cells without viral vectors, but they used four factors
containing the oncogenes, c-Myc and Klf4. We tested our hypothesis that
iPS cells can be generated by introducing only Oct4 and Sox2 under hypoxic
conditions. We observed that the repeated transfection of two expression
plasmids (one containing Oct4 and the other Sox2 cDNA) into mouse
embryonic fibroblasts and combined hypoxic condition resulted in 1PS cells
generation. Six hours post-transfection, MEF cells were subjected to hypoxic
conditions for 24 h (3% 02); this procedure was repeated four times. The
MEF cells were passaged on feeder cells on day 9; iPS cell clones were
observed 12 days post-passaging and designated as iPS-OSH cells. The
morphology, positive alkaline phosphatase staining, embryonic body and
teratoma formation indicated that the iPS-OSH cells had pluripotent
capability similar to ES cells. This strategy avoids oncogenic factors and

virus integration, thus decreasing the risk of cancer formation.
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1.1.1 prps%k4mfe (Embryonic Stem Cells, ES cells)

BE B4 %4 4a L JR B 9E BE &4 79 31 48 B (inner cell mass, ICM) (1, 2) » £ 8h4h
B P ARAe ¥ ba B ST SAEF LA = ARG fm iR i M A R B8 B B (3-5) -
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1.1.2 % E 4 % shsesb4ap (Induced Pluripotent Stem Cells, iPS)
KL+ 20AT > Wilmut 5 AZEZ T A 4a B0 7T LA 3E dy R 28 4o LA
#4 78 (somatic cell nuclear transfer, SCNT)3Z 38 i fif 4 & Ak 5L 69 AR A6 BF
B 4 B (6) o 2 > — B SARAE A A X BE 4m RO A R 7A BT R A R R AR B
4o L 6O B 2 B0 2 RN 61 F(7, 8) o4& 2006 S+ — 1B Ex D F b 0y 3
kAL T o BAH) Yamanaka AR A% # REE W EHZER T > &
4 Oct4, Sox2, c-Myc, KIf4 1 N\ B B e F o P A S A A %
fetk ey S in o A A A M % o)A # e i (Induced Pluripotent
Stem Cells, iPS) (9) ° £ R AHSHEM £ A oo fE ) LR ZER 8
Figéafe » MAREAE G HERERRETH AP ILESD -
M AR &) 3% T % 2k o fe B0 Fo A K8 BE G 2t 0 R B S A2 B8 5D B B 2K
AN ERE T oA o BAEF BT AER F E M S oh e ba B RAF
EYHABEEERARBAT VS TR eH a5k B AT E
2L 8EEROKRE - ARFIH L A ieH @i AN ARE
BRELETERERORH - BACEAMEAREABRR A B hthd)
MERBETFTH S At BA RO ER10, 1) 2R ZEFF
TR miat A A S d R EFERBFEFRTESABRKBE ST
tfn ey DNA F > H L REE R R AR EE ARG © 82 H Aho RAE

R B A e R R S S h At B 0036 THE R B AR R B A



EBEAHOARSREEFG, 12) Bt LA EEREAH AL HEL
MFXRERF LR S et team(13,14) 3 —EH#H R E 4w E i
FRFE P c-Myc Fu KIf4 BB e AR o fe48 A c-Myc 248508 &
RA AR FEFEL DRSO EETREY  BRTHEBNE L

3) -

1.1.3 #: 43835 (Hypoxia)

Pptm B > A FE w0 B4 60 % AR AT BE 4 BB AT A R AE T AR SR AR
BE P BEMCREAAMEZ A A B ER(niches) (15) o 4E1T 4a fig i 44
HATRPEINE— et Rk B2 nibkE A%
AR BT o RS A AR E fm B e AR A RIBEIR A B Ef BUAUR
EE%F HoHfm e ity TGS it hixd
RAEATE 4o B BA 46 AT Ak » B E AT T R R IR T IR Ay 2 R
2% 4m fig(neural crest stem cells) ~ % % 4m i (hematopoietic stem cells) 22 &
ASARRRG 4 b B 0 A A7 (16-19) © 3 9) > £ AR @A F F AR 19 4
& B (inner cell mass, ICM) X 4= i 22 B (20) W&t 838 354, @ 3% o . B 4m
Jie, LA B 3 ofn A e 4 AR 69 35 B (21, 22) o A BB M a0 SR B A N e in da
B R A Ko AR AR AR A IE I o Blhe o A RRGE H X B Y

AR BRI ENSAKERIEAALRBIETHNEREEL 3~5%-



BBk BB R ABRIEIEIE T HRERA » RAVE R ba AL & AR
BH%E » SREGEIEA LA FI89(19) - A 5h 0 AT IR - B EAH
# ® F(Hypoxic induced factor-20) » & 3% 4v Octd 89 % & R B &(23) °
st RATGGER A ¢ T RAVA R E 288 A 0y Bk T R R N BR RS
BTt EREBVEBRGET RGO REA FHEOFENR
P fetttmp B EBRZ Y > SRAREAHEA ATB) E 6 — AR

3F o

1.1.4 Oct4

Oct4 X 4% & Pou5fl, POU domain, class 5, transcription factor 1 = N\ %t
B 0% & R kAo Sox i3 W B kA T Rk A o ba i R o f 1EH B R B
MR AT H LG L HETEZALE - \NBHBELSFORK
B B R B A B EMEESE DNA ey B K ¥ LR A
FLALEEROAR  c BEANRBLELSZTORENREBE S H — B
POU #4533k » K& & 150~160 18 Bz R EL A 48 A, > & & H A DNA 44
&R - £ POU 8855 R Foh Rk ¥ > POU &M & ER7TF #£dE
i69 8 A ik B Octl, Pitl, Unc86 & % 3R, POU & #3% - 122 » Octl %
AR G tafe g 70 Bk Octd R T RERZH R A4 B A Octd
BF RS A2, 24, 25) o dbsh o £ 2006 4 Octd EAER

AOERRERSER S SR @B RERF2—0)  fiL LA H
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MR FaSWARERFS TR S et alt 2 5BEE6%F
&R 8 75 R 48 A 2] Octd Fo Sox2 i3 B4k B F o R IF R ALAT S 3t B
BT AR A PR RE MR FHEIL 4 TR AR EER Octd
Fo Sox2 (26, 27) - #rtm ety R B A B R EMAYAE N LR EFF 25
PE o M Octd #7435 W5 RS 5 4m B LA R & 78 fm Bl 0 R oAby 78 — 1B+
ER A G, 2)° Octd fo AR AL 7 4o B2 0 1AL LA B HE 3 B 19 4 L
(ICM)#y % et L8R 4078 TR Bl 4280 A & - 28 Octd 89 R E T e
Be#rtm it k& % et M B 2R Bk bR =B AR B 64 4a (28, 29) - 4 2005
F > 253, Octd & Fv Nanog ~ Sox2 & &2 1%+ B A f 1 F3p# &2 F 1k
Feahe 0 RAE L EIETH @by 518(30) o Octd By R I ABRRG I T A
A AR ey B Ao & B4R - BPIMT 0 K Octd W AR RR &
BENBE G SIER o & Octd B RRKF X RS R ATH
RAEAEFOEFTCD HARMM T —KRAHOctd A RRAALA
Mg P o 2R BARBEHR Octd LHRERBES @B E T BAEH
#tm BB % A Mk AR BE AT BE 48 BB % (multipotent adult progenitor cells,

MAPCs) (32,33) - BATA B Octd 2Rty FB B R+ 0E 4 o

1.1.5 Sox2
Sox REFNFRELSEAORE 4t CRERZIFARFAT - £

HILB M E T o Sox HERE T8 TR B A H =+ 4E(34) - Sox & B 1k
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HaEde) DNA 468 0 O+ EMERAEE - B EHEIREHE A high
mobility group (HMG) box &5k > 3% B % T 1164 A 54 HMG DNA
S AE Gt DNA &5 %4838 A8 0> B 4 B4 %% Sox F 4% SRY 24 -
Sox FHEMCEHET AL TAAFILBAGERT L+ o Mstey —BEAR
(34) c B EHY K FAE > Sox2 AR T — ERMIBF R Y HEEEF - AR
Bedo Octd —# > RARFEN S e id R T Ret ey e R T
Z— o gbsh » Octd Fo Sox2 CEAKAR K EFH TR EKBET L HALS
WA R B P RTHD AR, 35)° Sox2 %% Octd AH KEgH
BERATH RIS o B gh o Octd Fo Sox2 iy £ Hn AR ps $ tm B 6y B &

EMUR GRS AT R LR -

F—8 - FmBH
BRTH G M5 et la) RSA A A R E R ARBRELR > KE
B AR E —BRENF TR LA R T A BT R EIMER
FEBRBUARBRERAR > KM FTHREZFMEA T M H L (plasmid
transfection) &9 77 7AAF a6 77 X > L B #F T c-Myc Fo KlIf4 i &
BEAR > £ A Octd v Sox2 & M8 K B B o-sr AR R A& A 3h 51k

% e tmie -
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2.1 H 54 £ Construction of the plasmid

mOct4 2 mSox2 cDNA 2k & 7 & £ 89 clones (Thermo scientific) © iE
718 clones k% %] &4 % Octd Fo Sox2 » 3T AF| A EcoR1 7 4% %] %47
TR A& cDNA > 54 2 pcDNA 3.1 ®A L - sh@ T A8 -

pcDNA-Octd F7 pcDNA-Sox2 1 A /2 & B2 % 3% 64 F B L -

2.2 % B ARRS 4 4 B 4m i 2 32 & Mouse embryonic fibroblast cells (MEF)

culture

ANE B P AT AR 89 4a i B S PR S 4R 4 B 4 e Mouse Embryonic
Fibroblast Cells (MEF) » Bx B 12 % 13.5 k&9 C57TBL/6 t4h5 & ° & ki IR
2135 ROGIE B B4R AR A S F AT RIIR 2 TR T2 AR
4 o 3t B Z 848 # A phosphate-buffered saline (PBS)#93% % m ¢ - | PBS
wash 2 12 X Frva ik ~ SAR A0 N 0 | T 64 4 8¢ A 37 &9 PBS wash ==k
Z AR KA % 0.1mM trypsin/lmM EDTA solution (GIBCO
BRL) /w33 Hm g ¥ > 3 B RAABBBEARESE TP g TEEOE
20 548 2 4% w N dm R3S R P AR R 0 3B BER B AR K E 2 a8 BRI TR
ERHBEIM BRERLEFRES —BSEFTPHRABSBMET B X

PREES Z 15 00 EF R 0 B medium 344K 0 A pipette 5 3] 4a i



BAELE T REMANZEAus @B R (5% COy 37C)E F 38 & A7
3 BINERT B B G R miE feeder cells 5% R ARRS 5 4a B
(MEF Cells)A 44 Mitomycin C (Roche)# 4m L 3% & ik 3% % 2.5 /NiF (37
C)x & P4t Bl By 4a i - B & Mitomycin C 3518 5 4y 69 15 A #45 £ RAERAS
B tm e £ REBEI Y L 0 HLT R R G b B0y %R b
B ¥ bm R B By BB B b R 3% R 04 JR SR T AL > ] B3R AR e il —
s B R/ F o BIRBS 8k 45 4a J(MEF Cells)#v 3% % /& 4m it (Feeder Cells)
& 4| 32 &k % A DMEM (GIBCO BRL)Zs Az 10% fetal bovine serum
(FBS) (GIBCO BRL) ~ 1% penicillin and streptomycin (p/s) (GIBCO

BRL) ~ 1% non-essential amino acids (NEAA) (GIBCO BRL) -

2.2.1 FHEM % oh b én i ey 3% Induced pluripotent stem cells (iPS)
culture

HEM % sh4e¥@ie Induced pluripotent stem cells (iPS)#y 3% % F &,
Fo % B RRS 2 %41 i, mouse embryonic stem cells (mES)48 5] - & TA #4035 &
M % h #E %% 4m B Induced pluripotent stem cells (iPS)3: & a9 AT — R ° 48
S Bt ik & & tm e (Feeder Cells) » B St fetmfiasg am ey KA 0.1%89
Gelatin (Sigma)f# & & > — /NBF2 1% X4 Gelatin 3t B v N\ % &% ta je @)
ki TR HAER @D Gelatin 2 ko R RAETASEHFE

M % et tm R e R B o B S o) At ot I A U e B IE R 0 BF
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1% W AT UITHRARE — e S TRGTEIRF TS ety
A RKAURL c FEM S hicdhtafofo BARRE#ta i A8 ) » 2104 iR
BAGBRYTEFEZERALTMITRR - FEHR S Aoty ai
¥ %%k %A DMEM (GIBCO BRL)# 4z HyClone FBS (Thermo) ~ ImM
B-mercaptoethanol (GIBCO BRL) ~ 1% non-essential amino acids (NEAA)

(GIBCO BRL) ~ LIF (millipore) °

2.3 BN £ E57% Western Blot

Befezy FTEREEGEAREGEHd A EZARAFEN
Bontg 2 o AT E K o B4 E RGN EIN L $) E 49 Running buffer - £
Bag3fpr4E A 80mA > TF R34 A 120V e &5 R 2 4% > /S ey B B A
2N PBST 2 ¢ - % 4§ transfer membrane Fujf 4%;Z j& /& Transfer buffer
s P HBATAHEA L - RBAL NS 89X B 2] transfer membrane 2
Lt > {# transfer membrane 3T F4& ~ B — @ T L &M 0 4547

transfer > 400mV ~ 1.5 /NBF o 3REP % g 2 4% © 4§ transfer membrane & 7

>¥n

blocking solution 2 % » Ak % 5 & & 20 548 - 2 4% 24 1:1000 & tots] o

g

AN EILEE - J£5 % % F blocking overnight - [& X #] A PBST 4% transfer
membrane 2t =R > HFR+ 54 2B B A AL 1:10000 &4 b5 — 4k 452

FREZREFZ 60 54 i B B PBST j#% transfer membrane 75 ==k »



R+ 548 o 3244 transfer membrane /v o ke ~ 5% 0 jun ECL 4%

A% BATRA ~Rh X BBELER -

2.4 &£ 3% % Hypoxia

AR EGCY%)AF A RAMN)E 2= R¥EH o & hermetic chambers
(Billups-Rothenberg Inc., Del Mar, CA) A= H| 445 £ 37 C e 240 %
oo — {6 RRURE(G%)AELF AL 0 LB T REIAL 3NAR
5% — A b5 ~N2% R A8 = AR 4 (ThermoForma, Waltham, MA) /g i#

72—

AT °

2.5 PpEp 6854244 R /& Real-time PCR

A TRIzol (Invitrogen, Carlsbad, CA)}% %= fn i A &9 RNA 1 £ Bz 1%
H# A SuperScript I Reverse Transcriptase Kit (Invitrogen)# s cDNA ° st
#§ cDNA #4 40 4% #% £ LA4% ## 4T Real-Time PCR ° j#§ primer reverse(6uM),
primer forward(6uM), SYBR Mix(2X)(Roche)fk kb5 Bt & - & 42 96 FLAE 2
F 5 fu At & cDNA > B Au A primer F2 SYBR Mix i A& - B o — 548
1000rpm % 1% F #% - Real-time PCR & A K #£ 3% Oct4, Sox2, c-Myc #v Klf4
R E &R - I8 A Excel #4547 ° Real-Time PCR A74# A 49 Primer

sequences 3| # Table 1 °
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2.6 a4 Transfection

4% MEF a3z &4 6-well cell culture plate b - it B F8 & &
plasmids (Oct4 ~ Sox2) » 64§ medium ¥ & sz, Opti-MEM (GIBCO BRL) -
#& plasmid Am A\ fugene(Roche)® F £ £ /8 % T incubatel5 442 % 1% “F 35
M A 6-well cell culture plate 2 % - & A incubator & F culture 6 /]»85(37
C > 5%CO0,)  # Opti-MEM % 3%z 5%, MEF medium % 4% % A\ Hypoxia
incubator (ThermoForma, Waltham, MA) ¥ 3% & 24 /]N85(37°C » 5%0,)4% »
# 6-wll cell culture plate #% & CO, incubator & T (37°C » 5%CO,) » fa Xk

BT — =k transfection » A F B b T w9 =k transfection (B —) -

2.7 s B BG4 & Alkaline phosphatase staining

Alkaline phosphatase (AP) % & & 1& i Alkaline phosphatase staining
kit (Vector) » s 444mpt Fl PBS wash k1% * £ 58 T4 meA 80%A
# B & overnight » & X4 A Alkaline phosphatase staining kit (Vector)f#4 2%
&, o #1 80% B b A —RAKZHEF R mBIBEAS R o BRImANZRK
WEIR T RBAER 2-3 4% AR o M3t Rm A e A 100mM Tris-HCI >
PERTRBAER S s S% o HENFAHmA A Alkaline
Phosphatase Substrate working sol'n £ 8 TR > Tt 2RE 4L 6

2% 2 (4 20-30 »-4% ) - #5114 alkaline phosphatase substrate working sol’n >
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A 100mM Tris-HCI buffer ;%78 & %1% > A EAMEE T 812536 BB - alkaline
phosphatase substrate working sol’n &9 &. % 40 F : B 5ml 100mM Tris-HC1
buffer ;# A red alkaline phosphatase Substrate Kit &) Reagent 1 W% » (24

¥ £) 1% B M\ Reagent 2 Wi » L4539 4 4% B8 A\ Reagent 3 iy if it 8

A o

2.8 % 7% %A E &-3% 40 4E 32 Immunofluorescent antibody assay-stem

cell marker

A T #E3L4% reprogrammed % 1% P a8 4a B B b tm B b 45 1
EAE4E A T o518 stem cell marker % %, 7% & % 4 &, - ¢4 Nanog (Novus) -
Oct4 (Cell Signaling) » Sox2 (millipore) ~ SSEA1 (millipore) ~ Tra-1-60 ~
Tra-1-80 - %454 A 0.1% Tween-20 (1x PBS) wash + 44 ~ ==k » 4%
F 0.3% Triton-X 100 (1X PBS) wash =+ %42 » & A 0.1% Tween-20 (1x
PBS) wash +%4% ~ =% - 5% FBS(1X PBS) blocking w1& ]\ 8% 2 1% LA
1:100 &) btz im A — L overnight <55 — K A 0.1% Tween-20 (1x PBS) wash
B y4E1% 0L 1:500 g9 te s —Hu— 18/ 85 > B A 0.1% Tween-20 (1x PBS)
wash + %-4% > x4 A DAPI 3 R BB (UltraCruz™ Mounting Medium)3t | >

I F AR

2.9 R o8 RE PCR
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F TRIzol (Invitrogen, Carlsbad, CA) #% 4= i pr A 69 RNA 4F 2 B 2 1%
H#] A SuperScript II Reverse Transcriptase Kit (Invitrogen)#% gz, cDNA
REBAE R BRI ATAS M 94 CT 1.5 4048 » R4 0L 35 15 R 94
C30# > 60C60 # > 72°C60 # » [tk 2 néEey et — & 4 72C » &z
#ab# 10°C - PCR #| A 7 ExTaq (Takara)Zk %78 Ecatl, Eras, Nanog,
c-Myec, Esgl, Klf4, Oct3/4, Rex1, Sox2 #Fu beta-actin &4 # K % 37, - Primers

7] &7 Table 1

210 A& B4 3K 89 # A& #2 4 1&  Embryonic bodies formation and
differentiation

#& iPS A 0.1mM trypsin/lmM EDTA solution (GIBCO BRL)# A 5 4
48 2 4% B medium ¥ fv 3 3.0 0 E EE R % pu A EB formation medium 4%
T E =3 A A — B > A Ultra Low Cluster Plate (Costar)
% ¥ culture — % = X sx, Embryonic bodies  # s, Embryonic bodies %
#% > %A 0.1% gelatin coated & 24-well £ 1 fE/]N8F » — 18 well & P& A
# % 75 %8 Embryonic bodies » 7 A incubator % ¥ culture = % {& H BE M
SAL R =B A& &) 4m B - EB formation medium 2 DMEM(GIBCO BRL)

A 20% fetal bovine serum (FBS) (GIBCO BRL), ImM B-mercaptoethan

(GIBCO BRL), 1% L-glutamin (GIBCO BRL), 1%
insulin-transferin-selenium-Gsupplement (ITSG) (GIBCO BRL), 1%

13



non-essential amino acids (NEAA) (GIBCO BRL) - EB differentiation

medium % DMEM (GIBCO BRL)Zs#w 20% fetal bovine serum (FBS)

(GIBCO BRL), 1% L-glutamine (GIBCO BRL), 1% non-essential amino
acids (NEAA) (GIBCO BRL), 1% penicillin and streptomycin (p/s) (GIBCO

BRL), ImM B-mercaptoethanol (GIBCO BRL) -

2.10.1 %7 &% E-=p & Immunofluorescent antibody assay-three
germ layers

Embryonic bodies 54t 18> A TR E X FEL A bR =B AL R ta
Joeh A /1 REBRIER £ AR 6 RER - NIEE @i A Anti-Actin,
smooth muscle (ASM) (abcam)f4 ¢ &, - + it /2 % i #] A (Gatad) (abcam)
W &, ~ SMIRJE ta B A A Anti-B-Tubulin 11T (Tujl) (sigma)f % &, - %45
g A 0.1% Tween-20 (1x PBS) wash + 442 ~ ==k » 42 A 0.3% Triton-X
100 (1X PBS) wash =+ 4-4% » A& B 0.1% Tween-20 (1x PBS) wash + 4
48 ~ ==X ° 5% FBS(1X PBS) blocking w18l /Js B 2 4% LA 1:100 &4 tb45] m A
— ¥t overnighte % — X A 0.1% Tween-20 (1x PBS) wash & 4-4& 1% 24 1:500
& e8] flu N = — 18/ 85 0 B A 0.1% Tween-20 (1x PBS) wash + 4-4% >

1% A DAPI #t B B (UltraCruz™ Mounting Medium)#t 5 » 3t Fi & 5 #8 4

38}

X ©

N

S
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2.11 % B4 95 64995 A& Teratoma formation

iPS-OSH Cells 37 A#2 & (SCID mice) H a9 & F X4t 2 12 6955 %]
N B F| R S #H T4 % tumors BT 3t 4% tumors & 1 4% 48 HARE P o
HF MR R 3 B A hematoxylin Fo eosin ¥ &, - £ BAMMEE T L — A

teratoma % P X FE B B A ARG 6 Ak minfFi o

2.12 #4%|45#r Microarray analysis

#1 A TRIzol reagent(Invitrogen, Carlsbad, CA)#% Mouse embryonic
fibroblast cells (MEF) ~Embryonic stem cells (ES) ~Induced pluripotent stem
cells from Japan (iPS J) (9) ~ Induced pluripotent stem cells OSH (iPS-OSH)
a9 23F RNA 2B R 2 4% » o4 MEF fo Rt =fmfn gy IR LR E -
1R 35 2 % B 8y protocol 4545 L8 Agilent Mouse G3 Whole Genome
Oligo 8x60K Microarray (Agilent) i 4T3 % ° Arrays #9373 & A A
Microarray Scanner System (Agilent) o 245 89 5 #7 &£ #] A GeneSpring GX

#5¢ (Agilent) o

2.13 &3t o Hr
A8 B BLiE 2 fo] £ £ R4 A one-way ANOVA 445 & #| A Tukey HSD

Eh MRS 0 £ p<0.05 Bl R TA I ABELE -
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214 FRASEMR S heSaie L A& H 4 Generation of neural
stem cells (NSC) from iPS-OSH

EAKBETF IR S tafinhlaf iz A m A PBS ik ®
R BZEmA lec By 0.1mM trypsin/lmM EDTA solution (GIBCO BRL)
137 CTF3%& 1 548 o fiun 10c.c 89 EB formation medium & > 4% %= fin 37
MR E—tmin o B2 Bt IScm e img ¥ @is
% E A c.c 8y medium P4 F 1005 FA4a e o M\ = fALHR 4 R 32 & 48
(5% CO2, 37°C)% P 1A xR » WAMEAEK(EB) « #5384 5 R 69 BEAb 3R
BANBECE P 558 10 048 - KRR 89 LFRZ & » v 30c.c #)
PBS: # & 5 48 o X LFRZ ML > wA trypsin £ 37TCF38& 5 o
48 o FHF AN FBS ¥ oL RJE > 3t BITHAEAEIK o i 2F m by R A N
¥eh# o B E P o 3B A MHM medium > 2 5482 1% B dE e & oy
RS EHGEECE ST > W TR lec a1RAEA R EMRBRE @0
oozt Heapitii l0cm hapisimn gy mpBELE
c.c By medium ¥ 4 F 5%10"~10"5 8 4. i - AN = B AL 4m B 32 & 46 (5%
CO2,37°C)% F32H N K » W ARAP &3 (neurosphere) » f£3% %KbY % = R ¥
AN lug/ml bFGF © f§35 %N R EIRBABECE T > OB IR
EF& > e lc.c 8 MHM medium » 3£ A P1000 &4 pipetman & ¥ 48 Bk

FTH © Aw A MHM medium 4% &S 0 He 3 1% 4o J0 38 B A2 24-well By 4m 35
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Fmg ¥ o W@iEE AT well §F 4% 3.2%10% fRtafe o MAZH
168 4m fL 3 F 46 (5% CO2, 37°C)E P8R R R » AV LI LAY 42 8%
e o £ ARE B E P42 A4y EB formation medium % a MEM (GIBCO
BRL)Zs 4w 10% fetal bovine serum (FBS) (GIBCO BRL) ~ 1% penicillin and
streptomycin (p/s) (GIBCO BRL) ~ 100mM B-mercaptoethan (GIBCO
BRL) ~ 200ng/ml Noggin - MHM medium 2 DMEM/F12 (GIBCO BRL)#
/m 3mM Sodium bicarbonate (Sigma) ~ S5mM HEPES (Sigma) -~ 25pg/ml
Insulin (Sigma) ~ 100pg/ml Transferrin (Sigma) ~ 20nM Progestenone
(Sigma) -~ 30ng Sodium selenate (Sigma) » 60nM Putrescine (Sigma) ~ 2%

B27 (GIBCO BRL) -~ 1 pg/ml bFGF (GIBCO BRL)
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F=F &X
F—8  EhHHSARBEREIBEBEREE T @iee Octd, Sox2, c-Myc,
Kif4 Z af0 KB &R

B EREHEDRREHRAFIET L RERE ST e Octd,
Sox2, c-Myc #Fu KIf4 6% & & 3 o HArifE £ RARRS 84 5 ba 0 R A2 £ 5
IR 0 AR Octd, Sox2, c-Myc, KIf4 ¢y E G kB¢ 5N EF A AR
BToeapEaikig R Feiybhws AR ET Z 0N
W9 B S AU BUR = v B B IR S A R e e B G Bl
7 £ Bk (Western Blot) R 2% 324k 838 58 H 7% Oct4, Sox2, c-Myec, Klf4 2
WEEFETHEORAERSAMDE - RMBRR > EEGEE o
BB IR BT 89 05 4% » Oct4, Sox2, c-Myc, KIf4 iZ g A2 3F H F a9 & &
RREABBN A ERA RGHR AR RE e i (B =) -

B¥ o &KAMHE Octd, Sox2 &R E#EZFR T4 A Y 42 2 (Plasmid
transfection) 8y 7 R 1N B IEBS B e dm B P » 2B 5B a 3R L
% Ry B AR T AR RMA T UARBREIRITAIEEMA T

oo o BF 2 AR A B &40 4a g RNA > ] ] Real-time PCR 8%

g

s ARIEXT RNA o9 R B EMAEF AARREZITAMHER
Bl o AV R Mg P Ao R Bt B i M A B AR AR T AR

Fei g - &¢ Real-time PCR BRI TILE 2| > Bl 054 F 4 s ag
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e E N Octd, Sox2 & MEAR &£ AR B 4EF a2 RNA 2R 24
BREABRRTFRAEZESINEFARET @l RNA 2R EF -
Real-time PCR ¢ #4E B & (B =) g FTUAF > LB AR RILB
%0 ERG B 4B tm i 2 Octd, c-Myc B REA RN AR ERBESNET R

AR T @I AR RZLE - 12 > Sox2 sy KR & LA L@ BRI

%

2504 A AL KIf4 K F R RAEF AR T OBAIRET
BIAFERREZE - BAUERBEER > KMAFEET THAREHMN Octd

By R FE R R P Bhey e

%8 ~ A A Octd, Sox2 ER AR ETARSE M St
BB 4 L — I8 7T U DNA B 3848 4 3 N\ da B A% 0 BT © SR AMTF B
T T AR Y B8 4 oY ok B A-H 238 35 (Hypoxia, 3% O,)&) & A 2k
ARFEMN L S @I TRk o B AN RAEBBET it R
F£ 10 N peytmintfm b oo £ 24 B dm o da B B E R )2 4% 0 B 7T 2L
PR 45 E B85 2 oY) T BR o M fm Bt R R B4 % Opti-MEM 4% > JHA 2 & Fa
Fugene HD (Roche) R J& & % #2 DNA > Octd 2L & Sox2 o 3 3t & 38 7 /N b
AR A& fm B3 AR Bk E) E ROAR AL G B e B 0 3% AR > b B AT
BB LB @R ARIEIEERE PIA T/ eF e F =

ABAMALEE > PATHAWR - £FARGEFZE > FRIBWRY §E48
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Lohtmfnis R kAR b BRPHEREBH@BTER - HR
BE > HEAHAMERBERG e ERas L (B—)  #ME
BRE > ABEBERBLNE QB E TR ALt AmRZ L4
MET R PBERETREERAT AEMNEREKRF et el &
A (BwW) ZRMETREN LG A iPS-OSH - 2 7R bmmB 25 A
BEfFfo Rt minhieeamemin BT8R ELHAE

BB H S AR o

#F =8 ~iPS-OSH éafie ¥ St éafioir R A R ey £ F,
FE IO FI A G e Je o bR AIRIT A AR T IPS-OSH 244 » & T #E3R
iPS-OSH & G Avfefoortafie — i B A oo B AR &3 > KAMFA T

PCR 5 #73%F 7T U T i sb# | IEE 3 ta BoAZ 30 89 M 4 M mRAN :ES cell

associated transcript 1 (Ecatl), ES cell-expressed Ras (ERas), Nanog,
myelocytomatosis oncogene (c-Myc), embryonal stem cell specific gene 1
(Esgl), Kruppel-like factor 4 (KIf4), POU domain, class 5, transcription
factor 1 (Pou5fl, Oct4), RNA exonuclease 1 homolog (Rex1), SRY-box

containing gene 2 (Sox2) o f& iPS-OSH %= j ¥ iz tb#p tm B AZ 22 89 N A M
mRNA &) &R &40 IR & tm o & by R AR » B Epdfo iPS T &
REMM - 225kt ity A mRNA &3 &4 iPS-OSH

W ERBA R B B BTk RE (BR)-
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$vadh ~ iPS-OSH taf £ R8sk ~ BPAEY % sE

R BG @B — S RMAFRA T e B B & 0 O Tk Rk
R BB R TR S ERARIEGAEE AR e 2 ERAAA
PR R A min g ¥ o FIL T A RARB e i L F A tale o b B
NBEATT AE 3] 0 iPS-OSH ey sk 5 s By & 348 E BARE > _AvE RARMS
Framppiaiing (BoX) A7 £i&—Feg#E3% iPS-OSH &) % da s 5 14
BIER TR T o tapii e RIEREEHREE - 5 T Octd ~ Sox2 -
Nanog ~ SSEA1 ~ Tra-1-60 ~ Tra-1-81 - FIF & 7x & L L &89k H47
=T LAFE 3% iPS-OSH #m o fv 2 R ARRS 9% %a L 6 R AR > #A KRR b oh
mppitie (Bt)-

% iPS-OSH T LA & i B /% 3% &% M b pk AR5 3R (embryonic body, EB)
(BA() R&uBimigh NHE T LR=ZBIER 6 & - £%
FR AR B R MOARRS BR 6 4a B [ 35 RN TR S AR 3 R mUR BT
A 0.1%¢th Gelatin #27% & 84 24-well a3z hm= b KYALEZIARZ
1% 0 LM IR e ta B B MR G AL AR B AETS R ey tm i 0 LAY B dm
Be s LA kafe ~ RIER MR %% - RRBARETHET BLREHEA
Wta AL AT AR kA A3 - Tyl (SMEEARR) > ASM (F
BEJEAZ 32 ) > Gatad (R RE 4232 ) (B (b))

B 5k w6 B L iPS-OSH A1 A i F ik 4189 7 R £ 4 242 R
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BMEFETZE - SBNIIANBZSL > SERSBEYRARANGF
o BUWBBALSTZRRHAY > &5 NERATREL L

(Respiratory epithelium)fu 5 L f& 4m i (Gut epithelium) > ¥ A& & A ALA 4=
Be(Muscle)Fv fig B 4m e (Adipose) » 4R & A & & (Epidermis) v ## 4& 48 4%

(Neural tissue) (B /) 3%F 7 iPS-OSH et £ AR BN S B A %

% 7 & - #| A Microarray 5#; iPS-OSH 4 2 2 R & 7,

#AIEA A T Microarray 247 T 2 B AR #4a i (ES) ~ & S8R AS 45
4B tm o (MEF) » B R #9355 H % sh e #4 i (iPS )M & iPS-OSH & m
Fetap L AR AR LA e fote RE - B HRMTUE R - £ EE
fe ¥ tm i ~ iPS J LA R BRATE B E £ A By iPS-OSH » 38 = #& 4a o f2 K B &9
RRA LR BN > ME RSB F A L= e AR &R
ABRGERM - LHZ > Octd, Sox2, Nanog 5 =B R » £ RIER
ghtmfn s B ARG B % hae e e i A & iPS-OSH iE = ## 4m i F 89 & 3,
BFatapey (B+) - £B+— %+ &AM TRA 2] iPS-OSH #o iPS J
AR RR LR LRI > T F IR QAR e R R 2 4
W RS ET e 2 KR AR s = e sa i (B+

,_.)o
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Ny AASEMSHES @B E RN &% Generation of
neural stem cells (NSC) from iPS-OSH

FEAM LS mn b ER Srakedbeh  C©EA LA =K
W) & AR iR Z RET) o £ iE3E 0 RAPIAE T A A K AT Ak 8y iPS-OSH A i
ATHACE B A EReA A IPS-OSH At st & % ta i > 3t B AE S A2 R 2R
JER £ R &) 765 £ o FArIF] A R F 35 & sk iPS-OSH % i ARBS 3K » &
AR A K BT B27 EARRG IR A R AR AR @) AP 69 AP IR o xfk 0 SRIB LA
B3R AL By Ap 13 b i, o S AP AT B PrP Ao Tujl 38 oy B A9 48 9% 4 0L 69 4% 32
RAEDBRIITICE R @R T AfPEHEp > B+ &R RET 0 &
iy iPS-OSH A b4 i 4 4 BB B 5 & B2, PrP Fo Tujl i3 i M8 4% 48 % b

fougitie > RULTRAFEFTHAMNE R i (B+=) -
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Euh S e

FEML D min ik T AL 2006 Fd B A8y — 18 E AR R
8 o MM A A T W B s 4% B F © Octd, Sox2, c-Myc, KIf4 Fu s 5 8 4% 64y &
AR ERBE S E S heB B9 BaT  AEXBERTH S L
FEML ey 0 &b R RBHEREQO, 36) BHRE
(37~ BmEGBS) s EmFZa(39) ~ HE F40) ~ A BB ZEHEGD AR Y
R34 BEARBLCLBHTERREN T ARBEFTH
Sohfethiain B A RBAEBEBRMBERABBAR - F M S B la i
REZOEBORARUEERSEGHE  BILEZ—EHETRDO T ERER
FEM Ll o MARMTRXTE T RIIRE S BHERRK
F AR BTE A R RAEAT AR B b B B B % Sh R da e o AP AR T B9 4F B —
B AR T ERERSTM S hfcstéafe » BB A HH KRR
RiGHREREBRRGT B -

4£ 2009 5> B A&y Yoshida #F 52 [H FRA8 3R, T 8 2R IE A BI £ AR H
ML iedmin (14) BT RFA M A REEZHRE
B () REZNFEBENBRMERE AMER T REEEERE TR AR
FEM Ll THBMERBURAR - 8-SR RAEBRR
R LA ER BB AR S TS R e B ke IR G R

BB AZE - A HNRARBENERLZTEARE - KM TRE
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RELEMATE B L2 B ERE @R RNRAIERZT 24 6 B0
HRAIE T AL 96 /NBF o M AT 60 T B A 3R AR Y 4 Bl RS
HARKTED 2 R4 - BMEREERFTW S ey ik
L Z AT B A R R AR R -

BT E AT RAA A MBS R 73 8 BOE AR LR RKF
BRE > @TURNNERFTH S hfchtafe - LA RFEMS I
ity > B e E A REARURRERE R TURBES S

M % h e m sty 3 £ —BH BRI AR 0 R P —ubTT

E!*

WG RAT A — MBS TS e mBRIR - KRR > RV EEL S

BB > i B A 35 0k e B fa BE 05 B o
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Gene Forward Primer Reverse Primer Tagman probe
Tagman64-

mActin CTAAGGCCAACCGTGAAAAG ACCAGAGGCATACAGGGACA Roche Universal Probes 64
ga((jlﬁam " GAGGCTACAGGGACACCTTTC GTGCCAAAGTGGGGACCT Roche Universal Probes 6
Q-m Actin GTGCGTGACATCAAAGAGAAGC TGGATGCCACAGGATTCCATAC

Q-mMYC CATTCAAGCAGACGAGCA CGAGTTAGGTCAGTTTATGCAC

Q-mKLF4 CCTTTCAGTGCCAGAAGT ACTACGTGGGATTTAAAAGTGC

Q-mOct GCCAATCAGCTTGGGCTAGA TTCTGGCGCCGGTTACA

Q-mSOX AGGGCTGGACTGCGAACTG TTTGCACCCCTCCCAATTC

Ecatl TGTGGGGCCCTGAAAGGCGAGCTGAGAT ATGGGCCGCCATACGACGACGCTCAACT

Esgl GAAGTCTGGTTCCTTGGCAGGATG ACTCGATACACTGGCCTAGC

Nanog CAG GTG TTT GAG GGT AGC TC CGG TTC ATC ATG GTA CAG TC

Eras ACTGCCCCTCATCAGACTGCTACT CACTGCCTTGTACTCGGGTAGCTG

Oct3/4 TCTTTCCACCAGGCCCCCGGCTC TGCGGGCGGACATGGGGAGATCC

Rex1 ACGAGTGGCAGTTTCTTCTTGGGA TATGACTCACTTCCAGGGGGCACT

Sox2 TAGAGCTAGACTCCGGGCGATGA TTGCCTTAAACAAGACCACGAAA

Kif4 GCGAACTCACACAGGCGAGAAACC TCGCTTCCTCTTCCTCCGACACA

c-Myc TGACCTAACTCGAGGAGGAGCTGGAATC AAGTTTGAGGCAGTTAAAATTATGGCTGAAGC

B actin GTGGGGCGCCCCAGGCACCA CTCCTTAATGTCACGCACGATTTC

30



D1 D3

3 D5 D7 29 D21
A ™
T1 T2 i i l
— Transfection 6hr (21% 02) Seeding on
:Hypoxia 24hr (3% 02) feeder cells ¥
iPS

Bl— - AR AR Lot AL RS ER S Dol -

31



0 (hours)

L] Ll

i, SRS
| . . “-Soxz

: c-Myc

ol - - - :
Actin
S GRS G q

Bl =~ A ARG A R SR BB IE T A 9184 0, 4, 8, 24 N EF 2 4%

FI R 8 BEA AR B e F Octd, Sox2, c-Myec, Klif4 i5 v fE

FawikRE -

32



Octd " Sox2

1.4e+5 *
< 12e+5 <
X pd 3e+5
[S o
= 10e+5 =
< —
= [s]
5 80e+s £ oees
g 3.0e+0 3 4e+0
o S
£ 20e+0 S 3ex0 .
© 2 2e+0
C 1.0e+0 o
" ] £ =]

0.0 0 . : _ :

Control 0S ControlH OSH Control 0OS ControlH OSH
c-Myc =+ Klf4
3.0 - 1.4 1
T < 1.2

S 25/ Z : i
o o T
[S E 1.0 4
S 2.0 1 ‘S - T
= € LG
2 151 3
£ - g 061
@ @
g 104 2 04/
3 o5 L
g 057 2 02

0.0 0.0 T T - :

Control OS ControlH OSH Control OS ControlH OSH

= ~#I A Real-time PCR 447 & B A6 4 4 5 4m B2 42 oy ' A8 4% 3¢ Octd,
Sox2 T MEARZE > AFFARKETREEAIRE P > Octd, Sox2,
c-Myc, Kif4 iZF w8 X H &9 mRNA %k 3, 5 o Control: & 52 & # A
pCDNA3.1 518 = 48 -OS: & 48 3% J A\ Octd Fu Sox2 iz M E &k A F -
Control H: Z g¢#& 7 A\ pCDNA3.1 318 2 #5214 R N e A IR T 24 /)
BF o OSH: % 52422 A Octd #v Sox2 i AR E F4 RN A BIET

24 JNBF o k&R p<0.05 °

33



Bl vo ~ iPS-OSH /£ 8RS8 T &Y 4 JR T & © A 1B A [ B SE T 48 BLEE e

Re¥rtmin T ey tm e A RS - A A A B e e IR R R M m e Al R -

34



@
O,

N
‘\\é Q/‘?J .\Q‘5 Q

Ecat1

ERas
Nanog
c-Myc
Esg1
KLF4

Oct4

Rex1

Sox2

Actin

Bl % - #1 A PCR 447 iPS-OSH ¢m iy # 18 79 4t mRNA ¢h R % > &
E—%U% gh%ﬂééﬁ?ﬁ&?EH@(MEF) ’ % g\%ﬂé%?EHQ(ES) , B $é’f]’§‘% %;l‘i

% oh HE % 4m B (iPS Tkt g o

35



75 4,

P2y
1=}

R H B A BARR

7N ~ 1PS-OSH - #| A dax

o

fieL Z_ 4% M

36



Tra-1-81 g

B £ ~ #] A Nanog, Oct4, Sox2, SSEA1, Tra-1-60, Tra-1-81 iz %t % 4m i

marker R #% 2% iPS-OSH #4#p 2a 45t ©

37



(b)

Ectoderm Mesoderm Endoderm

DAPUTuj1 DAPIVASM DAPUGatad

Bl A\ ~ (a)#% iPS-OSH #| 7 # 3% 35 % P 7 i 9 BEBS 3K o (b) iPS-OSH 4 iy

R B RERE R b 2 1% A e =R R tmfg -

38



Endoderm

imm. 8

~Mesoderm

1mm...

Etodm

Ju~ 45 iPS-OSH & T /2 St AFE B 3 20 BT 7 2| A\ B AT g, 04 B B I8 17

R > 2R =B B %a e o

39



ESC

# 2
5
3
= g2
g 3 H
2 ]
g E
g o 2
= =
& M
": 2
o g
- o
B z
= e g
= -
5 T 8
E i ]
B Oct4 5
b} ! ; 2
= o :
) g
2 . - ¥ ]
g . -
-6

-6 -4 -2 0 2 -5 -a -2 0 2 ]

4 6 ] 3 B
10062 25280051035 3.2, 1 1n:gProcessacsignal iPS OSH 100622528005 10353 2. 1t gProcessedSignal iPS OSH
iPS OSH

10060, 25280051035 2, 141t gProcessaasignal

9760_252B005 10353_1_2 tir:gProcessedsignal

+ ~ Microarray % #7 F% 6 4k 4 5 48 i (MEF) » AR BS 4% 4 9% %a i (ES) > B
AU FHEM S e éa e (iPS J) A & iPS-OSH £ 28 B & 3 L #y 48L& A8

Ao

40



PS ipsJy ESC MEF
- OSH

= Microarray 4 F i i e Bt By (MEF) » 5 B 4 # 4 L ES) -
A A6 Btk 5 5 4 ¥ fm B (iPS 1) & iPS-OSH 42 4 Bl & 3 k9 48 f &

EM -

41



+ = ~ iPS-OSH #%a Js 7t iz, 69 #F & 3K 51t 2 4% & &9 AF &% a8 © # F
Prp #o Tujl iz oy {74 42 25 48 i &4 marker 2R 28 38 4o ity 7 5 B A 79 L& 90 4a iR

B4 E o

42



