EAGBFE RIS ((LFEWHE ) 2 TR
Mo HREE

L3tize b ES MifE (KhES1) ~[FBFICEEFEA
L7z, FEBICITABEEIL L7~ KhES1 DA TR
-~ Lipofectamin3000 (Invitrogen ft) TU R 7 = 7 &
a KV BETFEA LR, ZOMa% SNL Mg
(G418 T 7 4 — & —flifd) RICHERE L. G418 12
XAV arEfTo, 10 HEIZAEFELTY
bapn=—%t w7yl LTrua— 1L, EIZ
10 B G418 FF7E T TH&E L7, £ D1, MEF
fial ECHERFESZR 24TV, 7/ A DNA ZHhiH L7z,
ViR—% —BETRBEROBFTTH D Tyrosine
hydroxylase (TH) D=2 Y > 1 E #5835 (hs TH_TO01)
ICZEEA SN TWA NI DOWT, Nested PCR 12
LU RE L7z, EBRIZIX, #iH L7245 A DNA I
*t L C 5 arm Ml OEZFI TE%EF L 72 TH-f1 primer &
PRI DECF CE%EH L 7= pEGFP-12 primer % FiV T
— BB PCR % EfE L7z, TH-fl primer L O}
pEGFP-12 primer =1L ENDOEF K Y 2 HENMENC
I 5 L7ZESI Ta%EF L7z TH-f1-2 primer 35 X O
PEGFP-12-2 primer % T, H—EPD PCR T&
SNT-AERRYZHEE L LT MO PCR &£l
L7z,

(fREE~DERE)
HEKETA TV A = AEB S MTEEAEM
FEST 2009 4 12 AR, 2010 4F 1 A 3G
BEA L AT 2B,

C. WFRmEFR

NFGUAT 27 a %D G418 EHWVWEE LY
g T W EREANC 15 7 v — D G418 TiHERE
NG DIV, HERFEE B R IC B BRI I TR T 5
L. Inbnrzu—rnH b 14 7 v— i3 EGFP
BEThon, 17— (Fr—r#2-13) DR
EGFP Bt CH 7=, Z D EGFP [t u—2113d
72 EBARFEDBHLANDIGETIZ K —_T & —
MFEAZ AL, ES MifaTHIEFRNICEEREZ o
RERTHDLEEZLND,

NestedPCR #FEfi L7-& Z A, PRRENDZ YA X
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1242 bp 4V 1.3 kbp fHED AN R 15 7o —r
F 14 70— BN TROLNELDOD, XAT
47 arhr—& L THVE wild type @ KhES1
DDNAIZBWTHFEERD T A XDy R &
Nz, & T, NestedPCR DFEREMN ST, BEIDOEH
FriZ VAR —Z —BEFREAINTWVAE NN
THAREICHERR T 5 Z L sk o 7z,

D. B%

4 [E] TALEN % VT2 L 72 KhES1 #ifg~D L
R—% —&f=T5 arm-pEGFP-3’ arm D& A T,
G418 DM 15 7 a— B ohi=Z &h
b, LAR—F—BIETIXT ) JMCBEAINTEE X
bhbd, L2Lans, BMOBHT TH 5
hydroxylase (TH) ®Ox 7 V> 1 BEHEBRIZEA S
NTWDHENE Ik, HAREICHER TERhrol,

E. &%

TALEN % A\ /=t b ES #la~DEEFRE!T
ATEED b MMEREHRZ AW WIEE ORER L [F
CTH Y, SEOEE Tl TRETH S Z &5
bnrotz,
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A Transfection  Colony pickup DNA isolation
Day O Day 10 Day 20 Day 30
KhES1 ! Y Y i

Feeder cell

Day 1 " pay 20
B TH-f1 PEGFP-r2
e P E—
Nest-TH-fi Nest- pEGFP-r2
e ot

s ————w S

Starm 3'arm

1[EH PCR TH-f1 CCAGAAGGGCCAGAAGCCAC
pEGFP-r2 TGAACTTGTGGCCGTTTACGICG

2EH PCR Nest-TH-f1 AGAAGGGCCAGAAGCCACCC
Nest- pEGFP-r2 CTIGTGGCCGTITACGTCGCC

KhES1-pEGFP cione# &
N

m oy 2NN Y NS

NN N NS

'\lfllJ
RPN VANV g (N

Nest-TH-f1 X Nest-pEGFP-r2 {1242bp)

X 1. REEAESHRIERMEEL Nested PCRIZ L 5 L R— % —&IETF ORESR.

PTAL-R,PTAL-L B X' R/ —~27 Z—%_ b b ES#lild (KhES1) ~~ Lipofectamine3000 (Tnvitrogen %t)
TIRT =273V C X VBEFEAN GABICL DLV a & Tol, B LI B — 2o T L
R—F—BEFDOEA%E Nested PCR ICEVEFI L, (A) bFvAT72svarBIOsua— vk
2 h=2b, (B) Nested PCR IZFVN 724 primer DELFI & BEREE], (C) Nested PCR IZ L 2 HEIREY) D ERIK
B, 157u—rF 1470 — I IBWTHBHOY A XD 1.3kbp (HTIZNNY RBBO NN, FILHA X
DX RS wild type THERD LTz,
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EbZREM R YT —ENRBO OB T AT R ERICE T HHR

MESEE
A M
WEKE iPS HIRRHIZRAT #Hi%

MREE

ThbH I DRSS,

OB & 70 % BS HINBAE TN iPS M (7] —BR 5L,
WO G BEVERREAN 2 T Bd D ¢, fPRkIIC K& pBEL D LB 6D
Fize OEHTECB U Ot L, BRI L) o 70 AT o — AP c IS
FHRLYPNT 7 A b a AL, KO 2) b7 — 208 8 D SR 0 B R
T b =7 HEERIZ DWW TR AT 2 o, 0 B O FERET IR A o it b 72
KB N ERAINE R o 27 D AEET 5 To DI RAE I ER TH Y |
FRCHER DMRT R v b U — 7 it TR & 7 o T2 JER T — & B 8T RE

[ — Wit SR 2 VN e

A BIREH

AWFFENE, R 21 R ~EAR 23 RIS I L
Fe MR v —T D v b IEE T E OBk
W& L D RS EE AR pI B Sy T O e A B & % T ik
el NTHY A AN—T FOFERR A
FBT DD DL RNy T Y — 2 AT A
ZHRETLHLOTH L, HHEIRE ThH LA DS
=TT b & O~V TF e Ty
AV T TF—=ZEBZTWY AN, FEFHIESL<ZE
ATty N7 — 7 HEDOHEEEITH L&, I AR—
k7 L —[ElREE A TEREYE OB E L T
WA D17 x~T 47 AFEZRH L, iPS Mk
WFFERT OF) R A 155> U725 LB B4 % BY
BTHIEERELLTVWD BICSEERESN
FEERETHD [T 'L AF o— 7T
DEBR L BIETFEOK AEDOERT — 2 BUHET
Holt_A VT Ry NT—T Da A MEIRO =
D DIERAAT FIEIZ OV THRET E{T 272,

B. BIRA*
O UTIEILAFO—LBIIZBITA/5145)L
J7 4 FOREEEORE
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LA WA BB 2 & 0 ks CHRE LT 5
Wi, R AT VT R —=L7E0F T, AT a—
2 X DWE HEIEE ST D, T4, FRCENE
WENEET ) LREOELE BT b3 2 & T
PER LM SN TO B FREMEAVRIR ST 5,
&0 ZFEH O ESAPS Mg, [Al—BREE, [F—HReE
BRI KD —HOBHERRE EHT DT 7
TAVLANLTORAF o —LAFTREETH D, L
LB APV T 7 A MLEZIT O B CToF
VE L= X U0 DNA BREEE L, 4 2RI E NS
BoeWnWZ EMEE 2> TR Y R E v
VITNENATF B — LD EHR ST
IRVRIIC B D, Tk 1T, FEEEE LD . NA T
7A MR AT 5 FIEEZREIL, ER, HBTH
T LE D BRSO FF B AT,

2) HLT—HITLHLEMROERTFRY FD
— D HEEEDORFE

RT-PCR °~A 7 07 LA GBI TRRT —F %
AnWiEizFry NU—272HEL, ZnEHAWT
BHETR AT O Z S IERIC AT TRIOEERE
IbE bz b2 & BNFx OWFFETHED D B2,
BEFRY NI —7 OHBICIIKREDERT —4



BAEGBR A EEME (LFWE ) R 7 F5EEH)
MRS E

EYNEE L EERBRY AT A OKRBEII KX 2
BEEE L 72 o TN, 20728, FEMRETELR
mEBRT — 2RO TH - Th, 2HMIEETITFHEY
RT—AENEONDZEEFIALTCa Y
ARy bT—7 BAER L, E T LI LW
WMREZBRET I TELIEETRY FU—
I ~DEBEUETAHI VT NI T 4 TRy N
—7 ] OFEERFE LI,

(REEA~OEE)
THREFEEZHERN TR (EORBERZES) 2@
L CEDOmEEDFEEEIT> TV D, HFFEE D
LHEONDBETRERET —F OFBRMEHTIZONT
i3, MEERESR CTEROLENRREHIET S, i
HEm CORBEIZR W, £72, 4B 0 ES #la kL O iPS
HRE D EZBFIAIZOWTH, Fex HFTET 2 iPS
FRRFZERT CIRIH L TV A T - BS Mifads b o mEk-
TR EE T 2 8F9E ) IR S H, £72 iPS #EfE
OFAFIRESHIE SV THIEEZ{To TS0
R COMBEILR,

Fio, SEENGRB IS MaBEgEE R LY
PR DOEBRIZOW T OFTBRHEEED L DESE
EEAFBRESLR TREL TV,

C. BIRBR

1)U T LI AFO—LBRIZEITR/1 15U
T 74 FAORBEREO®E

SREFSEE A 2 FRTICBI% Lz ES MfakR
(WAO09) . iPS #lifEtk (201B-7, 305A-1, 409B-2) .
MSC £ WV F Ly J AL TN b
TRV T h—AECRE N TF Ty 7 Ry
VI NVENATFa—ANEOT T A VEREHTERY
WA AT hapi~AvF Ty s AT
VAT D 7o 8 R TDICBE T D IR ERI IR IR
SHBIZEARTILERDY | BREALD [V
BN AF T — ST R ONA VT 7 A L
L7 T 7 Ay MEDIEE Z AR 272 TRRBS ]
(Guetal 2012) & [PBAT %) (Miura et al. 2012)
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PREIE LT FaloREFEITo-, K 1alZ
OB Z R (RFIFERBAFE O OELTHITE
W), F£7o. RFEICLY, #EED RRBS ET/NA
P77 A4 NREIZERKRDH o 7o EEECS & B T
EDRDHEL R T=, VTN AF o —AZ
BLTIINEEEREFICCETRBEL RS &
27y THOBEITMIER Z %R LT 2561
AT LERND ENERDN, T NEALTIE
BRI X DBERNERTH 5, AL TH E—X
IR ARBRORBRE, £z, AT 7 A ML
D v ABREE BiE USSR BER Y AViRET 2
VA F 2 —ZITORWEE & EEAEERD EF 23
BN (K 1b),

2) HFLT—RICLHLEHAOERFRY LD
— OV EEEEDORERE

BE~NVF T 7 A7 VE)L RNA-seq T
E—EICSEOMBMALENEN 12T —F 50,
5196 T — X OESERERETH B, WROSATT
YAy NU—Z7HEETIEZ, 1 EOMET 12/4=3 &
GFRETOX Yy NU—27 ULHEENRE TR
ST, A, £ 96 T—Z b, 96/4=24 TH DT
D, 26 DEHRAMERLH LI U ERBIEFIZ O
Tlarvery2Axy NU—7 | HEEITH- T2 (K
2a), I HIT, FZMNOREMMAR 12 7 — % ZHIBR L
EHED VT N7 747 Ry NU—7 | EER
To7 (X 2b),

D. %
YUTNERNN R TR T b — ARWTIERTAE
BEE CITEIRAIC B IZIERESL L RIRFICEESE O M
FARRIZ OWTHT CE 2 K H e n T, Vv otk
NAF B —BZDOWTIEEERFFRTIEEE~ LT
Ly 7 ZCHIEHE D RITFEL I N TE LT, /2,
T BERBLT DD NPT 7 A MR
1T5 2 & TAH LU 2EEBES OB L Z V) [EIE &
HOENBNEWNWD) ZERRERBEL D, SEE
[ToleeVF T Ly I AL TV AFa—D
T o bt b A REFBMER S BEITH %k
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BRVPMELIND Z L DURBE L, A% EIC 20k
T 2 TR 2 5 G2 & U 7o R 20 BL s &
D MR S LRSS B,

BRI 5 T BBk, A LA W TR
FHOMAEDOFTERT — 2 BB TH -T2, 20
FEERVD & EGT — 2 LB O I 51
THEVWIREN DD, WAE, 20 (LG TER
A0 T4 L nE . ZTECHRLEw T
10 BT Loy MU= HEENTE R TD3,
AFEEAND L 200 BisTOarzrhAxy
N —7 e CE . bW aRE L72YE 190
B TORy NU—27 LD, BE 5 < 100 HsT
b BHAVEFEM A HEERFRECh H L EZ NS T
W, D20 T —Z THAETH Y, v( 77
LA 5 &L 20 (LA X20 7 — & =400 f
FREECH47 A M PHERORENTRECTH D LR
X,

E. &%

MEAEE O CEIE LA Ly 7k
AFa— LMMEEO T 7 S 2 )V ORI T, e b L
&R BB A DOEIN 2 WRe & Uiz, £7o, fidT
—# T ESAPS Mifldz — IS in Ry NU—7
WESTOEY T N7 407y NU—2 FEORH
BHEDRRIE STz,
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Barcode adaptor ligation
B T R ATRE T TGCG T TRATACO AT =BI0
S et S R B U e e

Bisuifite conversion

£10-ARGEACTCETATCAA ATTCCG o TETGEGTTGATACCACTERTT-BI0
S ARGOAC -

BIO A TOATTCRG e O RATEATGOTCTGOGTTGRTAGCAG TGO T TR 10 2

BIO~TTCC AL oo GO TR ACTRTGE SAA-B1G

BI0~TTCGTCACCATAGTTOOGTETCRTACTAR T GGCTTAG ACTATCGTGACGAA-BTD 15

%
.
) I
TAGT CTACTAAGC e o
5 Y () rseus kel resos taked estue kel

#EE LAY~ BLEIELEB D6 change
B LA - RRIEORE

(a) : (b)
K1 :~wnAF Ty 7 AU TRV AFa—LERSEO D OBRERRA EY
(@) 7' kLo, (b) BEEERCHIBIGESE S, XA 7 7 o NMLELZ 00 B)Er X hu7z DNA % ligase AL
HLUCHEINT A Z & GEIFRFFRBFE O DENE) 1280 AR L2V EREZ LT 2 f5 ko> DNA IR
W\hhi,

(a)

M2: 3T IF7T 47 RN — I HEEEILL D26 B I T Ry T —2
(a) SMRZNZEN 12T —4, 796 T —FERANWE_A T v Fy NU—IHERICE a2 x
VFUMﬁ\MHﬁ%ﬂ@uf—&%%%bk%6®*yFU~ﬁo%%%@%%f?é:kmib\E@
Ty UBRKER R ol a B ARy N =0, 2 DOy VIZRWIEDIRTEERHH XY FU—
ﬁﬁ%ﬁéﬂto:@:y&@%%ﬂ@ﬁ%bé:kf%ﬁént:&ﬁ%@éhéo
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Abstract Embryonic stem cells and induced plurip-
otent stem (iPS) cells are usually maintained on feeder
cells derived from mouse embryonic fibroblasts
(MEFs). In recent years, the cell culture of iPS cells
under serum- and feeder-free conditions is gaining
attention in overcoming the biosafety issues for

clinical applications. In this study, we report on the

use of multiple small-molecular inhibitors (i.e.,
CHIR99021, PD0325901, and Thiazovivin) to effi-
ciently cultivate mouse iPS cells without feeder cells
in a chemically-defined and serum-free condition. In
this condition, we showed that mouse iPS cells are
expressing the Nanog, Oct3/4, and SSEA-1 pluripo-
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tent markers, indicating that the culture condition is
optimized to maintain the pluripotent status of iPS
cells. Without these small-molecular inhibitors,
mouse iPS cells required the adaptation period to start
the stable cell proliferation. The application of these
inhibitors enabled us the shortcut culture method for
the cellular adaptation. This study will be useful to
efficiently establish mouse iPS cell lines without
MEF-derived feeder cells.

Keywords Induced pluripotent stem cells -
Cell culture condition - Serum-free - Feeder-free -
Low-molecular-weight compounds

Abbreviations

ES Embryonic stem

iPS Induced pluripotent stem
MEFs Mouse embryonic fibroblasts

SSEA Stage specific embryonic antigen
HPV Human papilloma virus

STEMCCA  Stem cell cassette

DMEM Dulbecco’s modified Eagle’s medium

KSR Knockout serum replacement

LIF Leukemia inhibitory factor

2i 2 Inhibitors (CHIR99021 and
PD0325901)

Tzv Thiazovivin

GSK-3p Glycogen synthase kinase 3

MAPK Mitogen-activated protein kinase

ROCK Rho-associated Kinase

PD Population doubling
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EBs Embryoid bodies

AP Alkaline phosphatase

DAPI 4’ 6-Diamidino-2-phenylindole
RT Reverse transcription

PCR Polymerase chain reaction
cDNA Complementary DNA

Introduction

The reprogramming of somatic cells to generate
induced pluripotent stem (iPS) cells was achieved by
expressing four defined transcription factors: Oct3/4,
Sox2, Klf4, and c¢-Myc (Takahashi and Yamanaka
2006). Such iPS cells have major potential in the study
and therapy of human diseases because they are
capable of self-renewal and can generate all the three
primary germ layers: ectoderm, mesoderm, and endo-
derm. iPS cells are usually maintained on feeder cells
that are derived from mouse embryonic fibroblasts
(MEFs) (Takahashi and Yamanaka 2006; Takahashi
et al. 2007; Yu et al. 2007). However, several feeder-
free conditions were developed recently especially for
human embryonic stem (ES) cells and iPS cells to
ensure biosafe human clinical applications (Xu et al.
2001; Amit et al. 2004; Rosler et al. 2004; Lu et al.
2006; Navarro-Alvarez et al. 2008; Miyazaki et al.
2008; Sun et al. 2009; Kitajima and Niwa 2010; Rodin
et al. 2010; Hayashi et al. 2010; Fukusumi et al. 2013).
Animal-derived components are relatively high risk
for potential infections in clinical regenerative med-
icine. In addition to regenerative medicine, iPS cells
are also expected to play an important role in drug
screening. However, the mixed culture condition of
iPS cells and the need of feeder cells make the
evaluation of the effects of drugs difficult. Further-
more, the establishment of serum- and feeder-free
culture conditions is significant to overcome the
ethical issues related to animal experiments.

Furue et al. (2005) previously developed a serum-
free, chemically defined medium called “ESF7”
(now available as ESF-C), which maintains mouse
ES cells on collagen-coated dishes. In this manu-
script, we show that mouse iPS cells can be cultured
in feeder-free conditions as well as on feeder cells
using the ESF-C medium containing different kinds
of low-molecular-weight cell  differentiation
inhibitors.
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Materials and methods
Mouse iPS cell induction

A human papilloma virus-derived E6 gene was
introduced to MEFs (E6-MEFs) to extend the cell
proliferation until cellular senescence (Yamamoto
et al. 2003). Then, STEMCCA-loxP lentiviral vector
(STEMCCA means a “stem cell cassette”), which is
composed of Yamanaka 4 factors and self-cleaving 2A
peptides, was introduced into E6-MEFs to generate
iPS cells (Sommer et al. 2009).

Cell culture

MEFs and feeder cells were cultured in MEF medium
consisting of Dulbecco’s modified Eagle’s medium
(DMEM; #08459-35, Nacalai Tesque, Kyoto, Japan)
supplemented with 10 % fetal bovine serum (FBS;
#12483-020, Invitrogen, Carlsbad, CA, USA) and
100x antibiotic~antimycotic mixed solution (#02892-
54, Nacalai Tesque). The experimental conditions for
the established mouse iPS cells are as follows: (1)
mouse iPS cells were cultured on MEF feeder cells in
mouse iPS cell medium [DMEM with 15 % Knockout
Serum Replacement (referred to as KSR, #10828-028,
Invitrogen), 0.22 mM 2-mercaptoethanol (#21438-82,
Nacalai Tesque), 100 x MEM Non-essential Amino
Acids Solution (#139-15651, Wako Pure Chemical
Industries, Osaka, Japan), 100x antibiotic—antimy-
cotic mixed solution and 1,000x leukemia inhibitory
factor (LIF, Human, recombinant, Culture Superna-
tant, #125-05603, Wako Pure Chemical Industries)];
(2) mouse iPS cells were cultured on collagen
(Cellmatrix Type I-A, Nitta Gelatin, Osaka, Japan)-
coated dishes in ESF-C medium (#2004-05, Cell
Science and Technology Institute, Sendai, Japan)
containing 1,000 x LIF; (3) the same cell culture of
point (2) containing three low-molecular-weight
inhibitors [1.5 uM CHIR99021 (#163-24001, Wako
Pure Chemical Industries), 0.5 uM PD0325901 (here-
inafter the combination of these two inhibitors are
referred to as 2i for short, #13034, Cayman Chemical,
Ann Arbor, MI, USA), and 0.5 uM Thiazovivin
(referred to as Tzv, #04-0017, Stemgent, Cambridge,
MA, USA)]. The preparation of MEFs and feeder cells
were described in our previous report (Donai et al.
2013).
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Population doubling (PD) assay

Mouse iPS cells were seeded at a density of
5.0 x 10* cells per well in a 6-well plate. We evalu-
ated three independent mouse iPS clones. The passages
of the mouse iPS cells were carried out until one well of
the 6-well plate became confluent. The cell number
was counted using an automatic cell counter (Countess,
Invitrogen), and the cell growth was evaluated with
triplicated experiments. The passage process was
repeated up to the 6th passage. Cell PD was obtained
from the number of cells using the formula described in
aprevious report as follows: PD = log,(a/b), where ‘a’
is the number of the cells counted in passage and ‘b’
represents the number of seeded cells (Qin et al. 2012).
The results of PD assay are shown as means with
standard deviations. Statistical significance was eval-
uated using Student’s ¢ test (P < 0.05).

Embryoid bodies (EBs) formation

To form EBs, 2-3 x 10 iPS cells were seeded into a
Petri dish (for bacterial culture). After 3—4 days,
floating EBs were picked up and transferred to 0.1 %
gelatin-coated 24-well plates and cultured for 34
additional days. EB medium contained DMEM with
15 % FBS, 100x antibiotic—antimycotic mixed solu-
tion, 0.22 mM 2-mercaptoethanol and 100x MEM
non-essential amino acids solution.

Alkaline phosphatase (AP) staining
and Immunocytochemistry

Detailed method for detection of AP activity and
pluripotent markers with immunocytochemistry was
previously described in our publication (Donai et al.
2013). EBs on gelatin-coated dishes were stained with
BII tubulin monoclonal antibody (1:600 dilution,
#MAB1637, Millipore, Billerica, MA, USA), 4',6-
diamidino-2-phenylindole (DAPI) solution (1:1,000
dilution, #340-07971, Wako Pure Chemical Indus-
tries) and Alexa Fluor 568 (1:500 dilution, #A21124,
Invitrogen).

Reverse transcription (RT) and quantitative real-
time polymerase chain reaction (PCR)

Total RNA was extracted from cells confluent in a
6-well plate and a Petri dish using the TaKaRa

FastPure RNA Kit (#9190, TaKaRa Bio, Shiga, Japan)
according to the manufacturer’s protocol. Comple-
mentary DNA (cDNA) synthesis and PCR were
performed in a similar way as in our previous report
(Donai et al. 2013).

Results and discussion

We initially investigated whether mouse iPS cells
could maintain their specific morphologies in each
culture condition. Figure 1 shows the cell morphology
and alkaline phosphatase (AP) staining under the
conditions 1 and 2. In condition 1, using feeder cells
as control, the cells showed mouse ES cell-like
morphology, characterized by larger nuclei, scant
cytoplasm, dome-shaped colonies, and strong positive
AP staining (Fig. 1a, b). In condition 2 (collagen
coating + ESF-C), mouse iPS cells showed colonies
with scattering morphologies (Fig. 1c), and relatively
weak AP activity (Fig. 1d). Then, we compared the
cell proliferation between condition 1 and 2 using the
corresponding PD values. The cell numbers in condi-
tion 1 exponentially increased (Fig. le, white circle)
and showed aggressive growth potential represented
by >1.5 population doubling per day (Fig. 1f, open
bar). In condition 2, the cell growth of mouse iPS cells
was remarkably delayed (Fig. le, black circle). The
delayed iPS cell growth restored after passage three,
suggesting that the cellular adaptation of mouse iPS
cells to the feeder-free condition was necessary to
ensure a stable cell growth. The delayed cell growth in
the early passages of mouse iPS cells was apparent
when the PD value was normalized by the culture day
(PD per day, Fig. 1f). Furthermore, although we tried
to maintain the three independent mouse iPS clones
under feeder-free conditions, one of the mouse iPS
clones did not show cell growth and was unable to
survive in ESF-C medium (data not shown).

In condition 3, we added three inhibitors
(CHIR99021, PD0325901 and Thiazovivin) to the
ESF-C medium. CHIR99021 is reported as the inhib-
itor of glycogen synthase kinase 38 (GSK-3p) signal-
ing, which has a large impact to maintain pluripotency
of ES and iPS cells effectively (Sato et al. 2004; Besser
2004; Polychronopoulos et al. 2004; Ying et al. 2008).
PD0325901 targets mitogen-activated protein kinase
(MAPK/ERK kinase) (Sebolt-Leopold and Herrera
2004; Bain et al. 2007). In combination with
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Fig. 1 Morphology of
mouse iPS cell colonies in
condition 1 and condition 2.
Condition 1, on feeders in
mouse iPS cell medium with
LIF; Condition 2, on
collagen-coated dishes
(feeder-independent) in
ESF-C medium (serum-
free) with LIF. White

bar = 50 pm. a,

b Morphology of mouse iPS
cell colonies (a) and AP
staining (b), respectively, in
condition 1, showing
compact colonies and strong
reactivity. ¢, d Morphology
of mouse iPS cell colonies
(¢) and AP staining (d),
respectively, in condition 2.
Shape scattering of colonies
and weak AP signals are
evident. e The population
doublings under condition 1
and condition 2.n =3 x 3

f Population doubling per
day. Open and closed bars E F
correspond to condition 1 2
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CHIR99021, PD0325901 affects the self-renewality of
ES and iPS cells to prevent cell differentiation (Lin
et al. 2009). Thiazovivin acts as a Rho-associated
Kinase inhibitor, which can improve the survival of ES
and iPS cells from single cell dissociation (Lin et al.
2009; Xu et al. 2010). The iPS cell colonies were more
rounded with clearer boundaries than those obtained
under condition 2 (Fig. 2a). In agreement with the
improved morphology, the reactivity against AP of the
cells in the ESF-C in the presence of these three
inhibitors as well as on the feeder cells became strong
(Fig. 2b). Furthermore, mouse iPS cells showed
enhanced cell proliferation compared to those in
condition 2 (Fig. 2c). Although the cell proliferation
speed in condition 3 was significantly lower than that

@ Springer

in condition 1, the PD value of condition 3 was similar
to that of condition 1. As shown in Fig. 2d, the effect
of these low-molecular inhibitors (2i + Tzv) became
more apparent with increasing PD per day. Based on
these results, we concluded that 2i + Tzv enabled us
to efficiently maintain mouse iPS cells in the chem-
ically defined medium and in feeder-free conditions
without requiring the cellular adaptation period. We
evaluated the expression of pluripotent markers of
mouse iPS cells under condition 3 by immunocyto-
chemistry (Fig. 2e). The detection of the expression of
markers in mouse iPS cells was in good agreement
with that of mouse ES cells. Briefly, the mouse iPS cell
colonies in condition 3 showed immunoreactivity
against Nanog, Oct3/4, and SSEA-1 antibodies. From
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Fig. 2 The small-molecule inhibitors improve the morphology
of mouse iPS cell colonies, their proliferation, and the expression
of pluripotent markers. Condition 3, on collagen-coated dishes
(feeder-independent) in ESF-C medium (serum-free) with LIF,
2i and Tzv. White bar = 50 pm. a, b Morphology of mouse iPS
cell colonies and AP staining, respectively, under condition 3.
The cells formed dome-shaped colonies with clear edges and
displayed strong AP activity. ¢ The number of population
doubling under condition 1 and condition 3. The growth speed

A B

1

—
1

relative expression

Oct3/4 Nanog Sox2

Fig. 3 In vitro differentiation of iPS cells. a, b Morphology of
EBs floating in a Petri dish after 4 days incubation. Left panel
(a) EBs derived from iPS cells cultivated under condition 1;
Right panel (b) EBs derived from iPS cells cultivated under
condition 3. White bar 100 pm. ¢ Detection of stem cell-specific
genes by real-time quantitative polymerase chain reaction (RT-

in condition 3 showed enhanced proliferation similar to that of
condition 1. d Population doubling per day. Mouse iPS cells
showed good cell proliferation starting from early passages.
Open and closed bars represent condition 1 and 3, respectively.
e Expression of pluripotent markers in mouse iPS cells. Nanog-
and Oct 3/4-positive staining, which could be overlapped with
DAPI blue counterstaining, was detected in the nuclei. Stage-
specific embryonic antigen (SSEA)-1 protein localizes at the cell
surface. White bar = 100 pm. (Color figure online)

D

Blit Tubulin

gPCR) between iPS cells and EBs in condition 3. White column
iPS cells (undifferentiated state); Black column EBs (differen-
tiated state). n = 3 d immunostaining of BIII tubulin (ectoderm)
marker in EBs cultivated 4 days on gelatin-coated dishes
derived from condition 3. White bar 50 pm

@ Springer



196

Cytotechnology (2015) 67:191-197

these data, we concluded that our mouse iPS cells
maintained a pluripotent state even in the absence of
serum and feeder cells.

To validate whether iPS cells have differentiation
capacity in feeder-independent culture, we tried to
form EBs after incubation in condition 1 and 3. We
could not detect any difference in EBs formation
between condition 1 and 3 (Fig. 3a, b). After EBs
formation, we detected lower expression levels of
stem cell-specific genes compared with pluripotent
state (Fig. 3¢). Furthermore, we also detected BIII
tubulin  (ectoderm) marker by immunostaining
(Fig. 3d). These findings indicate that differentiation
capacity is still intact even in chemically-defined and
serum-free condition.

In this study, we demonstrated the efficient expan-
sion of mouse iPS cells on collagen-coated dishes
under serum- and feeder-free conditions in combina-
tion with three small-molecule cell differentiation
imhibitors. We could not observe any morphological or
cell proliferation change until passage 10. We also
confirmed the effect of the inhibitors on the cell
growth of mouse ES cell line E14tg2a. They expect-
edly showed growth pattern similar to that of iPS cells
under the presence of these inhibitors (data not
shown). Collagen coating is a simple method and
does not require special techniques. This method
provides a useful means for using mouse iPS cells to
assess novel drugs and animal-derived components
without adaptation periods.
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