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Frx, v 2AMPKEB X OPESHMBICB W TREI T % EGAML & 2 %+ % » 87 EH# (EGAMI, EGAMIN,

EGAMIC) ZFR L7 MHMIEDEF VML TH B~ A ESHIIBIZHE VT, EGAMIL & X F ¥ ¥ o8 7 Bt oisifi| s8]
ERGICIREEDMEFEB X CHINELIZE T 2 2 LAVRENT WD, EGAML & X+ % v 37 At 3iEENT-Th b &
eI b5, BEETIEZFEEEN TRy, —F, A NBT7 2TV bEE#E (HDAC) OfEHICX YT v F v
L A b UAHIL, ChICE-oTru~vF VEO AL, TOEBIMNET 2EETORAFMESNL,
COHGIIAMBIZBTREIT 2 BETFREOHBRICEG 52 LBMOEN TS, RIIFETIE EGAM]L s 24+ ¥~
N7 BBEDSET D BIETTRBFEREY S 20T 572012, EGAML sk A 4+ & 8 7 B0 — B Huumtl s 3B Lo
HDAC B3] Sodium butyrate (SB) LPEAS, AFRM 2RI TH 5 ~ 7 A MMM ok NTH3T3 #if o #(= 1
FHUIG 2 2BV TR L7z, EO#R, SB B, & L < 1Z EGAMIC il S BL B X b, THEfk~—
H — 5T Pitl DFBHFEENz, $72, SBALHLE EGAMI SHiIBBMB oI L Y, KoL~ —» —&fE
T Estrb OB FE SN ThDbEH, EGAML R A 4 7 V37 HBEO BAGEHIZEH, L 13 SBAEE optHIc
X0, NIH3T3MUBIZHIR SN HMNEICE T, AREHL TV WERTORBEZFETE L LARENT. &
BIFETH SN2, RERRA LS SO T ~oleH b e 3 h b,
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e (ESHIIE, Evans & Kaufman, 1981) 2 &z,
Fexix, BRIF, B L OCHIEOMESIC VAL ESE TH S
<7 AR B S oMle o b, =425 H e, IR FEE ORI O TR % BI85 % 751 2 i

|

®

#Bo S HIIBLI 2552k 3 HBEOZFEINI T THERT % FHOLPICT A7, < AWPIRIZBIT 5 4-8 Ml
(Johnson & McConnell, 2004), FHiIE &N (%4 35 W2 6 Z LN T THRMEAHEIN T 5 mRNA % #EHR
H#) T, BBHFZ2EETL2NTMEE, B2 L, EGAMI1 (Expressing gene at morula stage-1) 7

T2 REVERIENTZREIIC S ML T 5. BEITE AF & vy E B (EGAM1, EGAMIN, EGAMIC)
o (ZH545 HR) £ CIINEEE2 TR T 5 AR SE 76 W L 72 (Saito &, 2010). Egaml mRNA 1% 45 7
HNFBAITOSE 2 540 b L, BalRFEZ T L 72 338 2 R 85 et K12 O — FEND Cryos BIZTHED HEF S R,
% (Yamanaka & , 2006), WEBMIAZSE & 0, KR EgamlIn mRNA 1% Egaml mRNA D X 75 4 ¥ ¥ 7N
V7 hEeLTERSNS, T/, Egamlc mRNA &
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BREIR LR OMERE, b L < I3MIfMLicBES-3 %
ZEAURENTz (Saito &, 2010; Saito 5, 2011; Tha &,
2012; Tha &, 2012; Soma 5 , 2012), WAk~ A TldA4
BER, H, JWERZ B SRR, B L OB 2 R4
HARRT & %~ 7 A Ml 2l i i ok NIH3T3 Al 12 B v
T, EGAMI AR A4+ & 37 ¥ mRNA 72137 %
PEOFBIIMB I N2V LM LTS (Saito
5, 2010; Saito 5 , 2012) EGAMI1 & X % % 37 &
Wk~ ZHHIE S X O ES Mg o & LIREE B X OHilia
SIS T 2BERTTh b LHESN LA, HEDY
ZREMEMETIRIFEE STV RN,

7 u=F Y NOBRRN AN X 2 BT FEBLOH]H
X, T¥Y AT H4 AL LTHILBENTWS, EiZk
AN YT 2 F VALEE#E (HDAC) 7/ & 0fL¥1
i (VY DA F VL) X VISR,
HDACIZ X W7 2 F ufbe A b ¥ 23Hm L 7234,
suxF UEEO—HPEALL, EORMHIAET S HE
ETORAPMESINL, 72, ¥/ ADNAOTHE
— 5 —FID X F ALY by IRENSEINT 5 2 LI &
0, BETHEBEEHESNLE, IRHOTE T AT 4
v 7 REALE A LT, RSBV THRIAT 28T
X RE &N b, Sodium butyrate (SB) &% @ HDAC
PGS L Y, Basfile o bikie o 8B 2 3555 %
Z &R A I B Z AT S L Tw AR TL
EWTHAH (Xiao 5, 1997; Hatayama & , 2007) . AHf
78 Cix, EGAMI1 R A4 % U7 EBEDE T 5 #n 138
HFHEREZW ST 572012, REM AT
% 7 ARHESEMIN H Sk NIH3TS Ml 813 5 EGAM1
KA H oy RO — B HATETIFEH B L O SB L
HDSEARTRBUC G 2 5 BTV Tl L 72,

ME B LUFHE

1. NIH3T3 #ANEE S LETFEA

NIH3T3 MM 1% 10% 17 > 1iE (CS, Sigma) % ik
B U 72 Dulbecco's modified Eagle's medium (DMEM,
Sigma) % HwTH# (37C, 5% CO,) L7z, NIH3T3
M EEA LRGN A ) Y =2 v =X ) AFL
72 GRRARECAR ) . NIH3T3 ML AkACEE 28 14 M PAN (B9
15 7 H) (ZEBRICH W72,

SB (Sigma) W®MEEWIC L —E W HEE£E, 6
REFEI (794 F—) L (3-35 x 10°cells/
well), —MpiF#E L7z, B (Kobayashi 5, 1998) 2%
EDX, )R T2 v a VIBEICK D BEETEARITS 72
EGAMI & X+ & ¥ 8 7 BEEFEBIN S 5 —1%, CAG 7
OE—%—%HFT 5B ¥ — pMKI0 (Kobayashi

HDAC [ & @Iz T HBBAOFE

5, 1996; Abe 5, 2011) 122N LI cDNA ZHIAA
72 pMK10/Egaml, pMK10/Egamln, pMK10/Egamlc
w7z (Saito 5, 2010)e 25 EGAML R X4 % »
NI EREFBNR ¥ —, T3 E LT Empty X727
Y — B FE AL 2 HIZ, SDS-PAGE ¥~ 7
WoNy 77 —%F721dIsogen (v RyIV—V) 2Hnw
CHNa i 2 T L 72

2. 9xRE>7AvrFarT

BEH (Saito &, 2010) I2d &0 &, TNy 77
— IR LM E Y 2 Ay v ey T4 v Tk
WZE DG L7z, 1 Pifk & LT Can Get Signal Solution
1 CREER) ICX D AR 727 % FHEGAMIN (Saito
5, 2010) F 721390 EGAMIC (Saito &, 2011) &RV 71
— VB (20,000 fEAH), 9F 7T LF ML) Pk
UFETEFIUL) V2 GLHMARTF FaehiiE LT
SNy FHT £ F ke 2 b > H3 (AcH3) &
Yz ua—F i (50 ng/ml, 06-599, Upstate) % Fw»
7zo F7z, 7 HFHR A b HL K 7w —F itk (200
ng/ml, sc-10806, Santa Cruz Biotechnology) % JI\v»TC
A My HIL LT HFHe M B-ACTIN bifk (25
ng/ml, IMG-5142A, Imgenex) % B\ T B-ACTIN %
ML, B—=Fsvravbta—eL, &8, 2K
PUIA & L T Can Get Signal Solution 212 & ) &ML 72
Horseradish peroxidase Bakdt ™~ ¥ ¥ 1gG Puik (AP132P,
Chemicon) & 2720 2 IRPLAE DO A HUEEZIZ K O D
TdH 5 P EGAMIN @ # i 12 13 800,000 5 75 B 5 $it
EGAMIC @ #1211 200,000 £i5 A4 R 5 BT AcH3 O e
1213 300,000 A5 B ; i 2 b > HI &4t f-ACTIN @
R 2 1& 50,000 5 A R 22L& LT ECL Plus Western
Blotting Detection System (GE Healthcare) % i \»,
LAS4000 f A=Y T7F 4% — (EE74024) 12&D
g e b L7z,

3. Reverse transcriptase PCR (RT-PCR)

Isogen |2 X ) B L -MIRAM L 0, B (MK
5,2011) 123 & 2OWT RNA OF5E, cDNA O &%,
BLXUPCREBI o7z, B, RENE~Y——#
2§ & LT Esb (RGALMN~ — % —), Mashl (¥
SRR~ — 7 —), Map2 (RHAFEMIE~ — 71 —),
Pitl (THEAR~—H—), Tphpa (JFiE~<—H —), N
v AF—VY U FEIET & LT Gapdh cDNA % EVEW
BB L7z B, w74 x—3RkoEY TH
%o Esrrb ; 5-CCATTCAAGGCAACATCGAG-3, 5
-TACAGCTTGTCCTGCTCAAC-3 (PCR BEMDH A X1
286 bp), Mashl; 5-GCGGCCAACAAGAAGATGAG-3, 5



-GGGCTTAGGTTCAGACACCA-3 (i 543 bp, Saito & ,
2010), Map2 ; 5-AACATACCACCAGCCGTTTG-3, 5
-TTCCATGCCTTGGAGATCCT-3 ([d 735 bp, Saito & ,
2010), Pitl ; 5-AGGCAGTTTAACCCCTTGTC-3,
5-AGCTACACTGATGGTTGTCC-3" ([H 460 bp),
Tpbpa : 5-TGCTGAACTGCAAGAGCAGA-3, &
-TTGAGTGCAGGATCCCACTT-3 ([5 485 bp, Saito & ,
2011), Gapdh; 5-GAAGGTCGGTGTGAACGGATT-3, 5
-TGAGGGAGATGCTCAGTGTTG-3 ([i 1083bp) » ¥ 7,
PCR H{ R Y O FERY) 2 e L, BN TH 5
2R L 720
B R

1. NIH3T3 #ifaDREEICK T 5 SB RMDEE
NIH3T3 Mild DIEREIIHHEE S L 3l V=MK%
AL, LIRLIEAHBN 2 288 2 #52 (Fig. 1,0 mM) . 4
DWED SB (01, 05 1, 5, 10 £721220 mM) Z i
ImL7210% CS#in DMEM (2 & b NIH3T3 #Miffe% 9 H
XA L7z, €o&R, 0138 X005 mM SB AL
fa i3 st (0 mM) & ARZIEREZ R L. —7, 1
mM SBALELHINE I, MALBHNG & Ak TS %
A5, WEL T HED HFEIMANOMEDORENIKE L 25
A FRD b7z, 5 10, 20 mM SB LBANLIE, SB
W EE D3 < 7% 5\ E B R REZ L Z /R L7, SB
JLEE 4 HEED HRFEMICRE SMREL, 22, £ oMl
WIEREEMIET L L B, KRELMEzRD S5,

Fig. 1. Morphology of mouse fibroblast NIH3T3 cells in the presence
of an HDAC inhibitor sodium butyrate.

NIH3T3 cells were cultured without (0 mM) or with varying
concentrations of sodium butyrate for 9 days. Floating or dead cells in
the 5, 10, or 20 mM sodium butyrate-treated cultures were removed
by extensive washing before taking photographs. Scale bar, 20 pm.
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B, INSOMBIEREIZI B AL 14
H#EECTHmEL TRO LN, F72, 5 10B X020
mM SB Z iR L 723512132 < ol b L < 1338
MfEAEEo B 7=2%, 01, 05 1 mM SB Z&RML 72%;
HFllREFEAEROON o720 DLEOFREID, 1
mM SBIZ X ) 9 HME 2 L72BRICEIETFEAZIT) 2
L& L7,

2. SBAIEL 7z NIH3T3 M IC & (F 5 EGAM1 K X #
2N BEOMEEIFE

1 mM SBALE (9 HR) L7 NIH3T3 Mgl L T

EGAMI & A % & 37 HEERHEBN 2 & — % @/ T
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Fig. 2. Effect of pretreatment with sodium butyrate on acetylation of
histone H3 and the ectopic expression of EGAM1 homeoproteins in
mouse fibroblast NIH3T3 cells.

(A) NIH3T3 cells were cultured for 9 days with (+) or without (-)
1 mM sodium butyrate. Then, expression vectors for the respective
EGAMI1 homeoproteins were transfected. Two days after transfection,
cell lysates were harvested, and acetylated histone H3 (an apparent
molecular mass of 17 kDa on SDS-PAGE) was detected by Western
blotting analysis as a positive indicator of the effect of HDAC
inhibitor. Histone H1 (an apparent molecular mass of 32 kDa on SDS-
PAGE) was detected as a loading control.

(B) The expression of EGAMI1 (29 kDa), EGAMIN (14 kDa), and
EGAMIC (17 kDa) was analyzed by Western blotting analysis
using the same cell lysates described in (A). B-ACTIN (42 kDa) was
detected as a loading control.



LA b HIRICBLIRBO N 20072 Thbb,
9 HM® 1 mM SBALEIZ X ) HDAC iEPEAFHE S 7z
ML LT, MR AcH3 o BMASE 722 &8
IRIE S N7z,

WIZ, EGAML R A F & Vo7 IRy ¥ — i
A2HBIEBT B 5 w7 Ho—#@EimilsHicow
T, YxA¥r7ayr4 Y IECEORE L (Fig
2B)s Empty N7 ¥ —3E AMINEIZ B T EGAMI & 2
T & R RIS N o 72, 1 mM SB iR
DHEIZD b DT, FNENORBENRT ¥ —%EBAL
724l Tl EGAM1, EGAMIN, EGAMIC % ¥ /327 &
OFEBDHRE A S 7z,

WIZ, RENR~— 7 —BIZFORBEFLEIZONT
RT-PCR I & D @M ICHE L7 (Fig. 3)o Empty
N7 & —EBAMNLIZBWT, SBUBEOAKRIZ LY Pit]l 5
HAMHE Sz, —7, EGAMIC % |58l X w72
NIH3T3 fifBic BV Cit, SBIRMOAEEIZDb 5T
Pit] BB I 7z, F72, SBALELE EGAML ¥ ~
N7 GRS A PR L 72 B D&, Esrrb SEHHH L
Nz,

TB, TNEFhOEREZMILC2MBI hofzb 2
2, AR RPR SNz, o T, RFENR 1 HOE
B FICOWTRIR Lzo $ 72, PCR MY DL
AN B & —F L TWize —F, Wiy BRI
B cDNA # IR C& 2 2 L PMGES N/ 794 v —%
JAW7212 b 2 H b 5F (Saito 5, 2010; Saito 5 , 2011),
Mashl, Map2, Tpbpa i&{nT- OFBIMB I N7
(77— & IER) o

Empty
+

Egamt Egamin Egamic
Sodium

butyrate + + +

Fig. 3. Expression of transcripts for Piz/ and Esrrb in NIH3T3 cells
after transfection with expression vectors for EGAM1 homeoproteins.
NIH3T3 cells were treated without (-) or with 1 mM sodium butyrate
(+) and transfected with the respective expression vectors for EGAM1
homeoproteins as described in Fig. 2A. Two days after transfection,
the expression of transcripts for Pit/ (460 bp) and Esrrb (286 bp) was
analyzed qualitatively by RT-PCR. Expression of Gapdh (1083 bp)
was analyzed as a housekeeping gene.

HDAC 5 & #n TR oFE

z =

F 4%, EGAML s A+ ¥ v 87 B#E% <~ X ESHl
falZ B CHEmEIFEH S e84, Miasit $ 723k
LIREOMFHICEE L R IZTT 2 AL (Saito &,
2010; Tha &, 2012; Soma 5 , 2012), F 7z, FEHhE IR
~NOSAEE R RFE LT\ B R SRR IEE Ak TS7 M
fa GHIFHES | 2010) (2B vT EGAMIC Z il F8l < &
e, BN TeS s Fr 77 3 —EIETHRORH
BRI NEZ R RAML TS (Saito 5, 2011),
NS DFHER, EGMAMIL & A % ¥ 37 B I3iEE KN
FTHHILEELIRBELTWS,

THEARIIBWT, Pitl Bz FIiEHR ALY Y V87 ]
PROPLICK W ESFHFE I N L Z e hRFShTw
%A (Wu 5, 1998)c AHFZEIZIB W T, NIH3T3HINZIZ
BWTEGAMIC Z Hih TRl I ¢ L 2 LI2 LD
Pit] SEBINFHE S N7z, A%, NIHIT3MIKEICHB W T
EGAML s x4 & Y X7 B0 B IMHB Sz w
&, EGAMIC o Halmal F B & D HFHE s N2
& &Y, EGAMIC & Pitl t{nF D FBIEHE & OFIZHE
P 2 BIRDSEAE T D W B DS E 2 S b Pitl Ei5T
DFEP % FHET 5 RS R T PROPL B £ U8 EGAMIC i
WINSKRRAF Y ORIV ETHB L, T2, ALY
YRZEF TS AT ) v F RBEERYICHEET S
DNA #AEMIEER T TH 5 I EFMONT WD, FiE
RIZBWT Egamlc mRNA OFBIIMB SN HanwZ &
X0 (Saito 5, 2011), AR#F7E TR S 7z EGAMIC
SR FE BU P 5 72 Pitl (R T O FBIEFEIE, EGAMIC
A3 Pitl {5770 E—% — DNA fHBICR AN E R L
22 EICERTIOTIER WA LHEL TS, T2,
SB HARMLBLZ X o Td Pitl SR T- OFBAHE I N2,
TEF b 2 b oz & h, NIH3T3 M v
TN L 7240 & A Ol E W 1A% Pitl @151 7
OE—4& —2HH b L7z L RS ND P, Z 055 TH
BEAHTH %,

Esrrb BinT ORI % FET AMER T3 L AL
LNTBLHT, v7 A ESHIIIZBWTIZFA AL F %
7 U NANOG "2 DHNBERMTH 5 2 L 23T it
X7 (Festuccia &, 2012), ARWFZETHRE SN 7z
EGAMI o Hfsa il 58 3 & SB I O BEHI I X % Esrrb
AR TF OFBFEREE A TH 555, Z ORI SBAL
MALETH-72L L), X MrOT72F MEDH
5.9 2% Esrrb a7 0 € — % — OGBS AT
LI EPEZOLND, HlZIE, A rOT7vFIVELIC
X DAL X 7z Esrrb & {517 1€ — % — DNA $HI5
IZ EGAM1 E#EWICHEHAL, 2052 REL -0

-
—



b LNk, 4, NIH3T3MRICHB VT EGAMI &
AFy oy RO, b LI SBAEIZL D
BBRVERT 58 TR AR5 2 813,
Pitl % Esrrb a1 OFIFHEICHE T 2 i E T %
VAT v T 3T5ETHNTHALLEEZEZDNS,

J4E, it & (Takahashi & Yamanaka, 2006; Okita
5, 2007) 1, ¥x %G W1 f5 7 B Ocd, Sox2, Kif4,
c-Myc " KR T 3 B < 7 A AT R5HE SR L2 [ 1 L2 5
fRFEATH I LIZXY, Nanog, Esrb BInFx &
ESHMF R @z T2 B L, 2>, ESHiluL
[ %5 2 5 bfE & fREE 2 AL etk (iPS M)
M TE LI LEME LA, —J, e (Mali 5,
2010) B X O~ A MMM (Liang &, 2010) 5
iPS M 287§ BBICSB ZRMNT A2 £12Xk Y, iPS
MBI % & ES M & 0B (ZHetk) 25KIE
W BT 52 DM SN SBEHEMIZED, b Mg
MESE AL 2> & iPS M ASTE K S L % BRI AcH3 O34
DA% 5T, iPSHIBLOREICERT 5 OCT4 #inT- &
DPPA2 {517 1€ — % — DNA OB A F VAL O,
B XU DPPA2 R T RBLOBMA B EN T L, K
BFgECTH v 72 NIH3T3 ML ic BT, Pitl HIZFX
Esrrb Bin¥ 782 € — % — DNA O X F L1k & SB AL
MEOHEEIIBETE RV, F7/2, SBAHIEY %
7 5 B3k iPS Ml OB &R R L BRI OUGE I D H R
b LN,

Pl X512, EGAML & A F % 87 HiEoimils
H & SBULHMAZMAGDLELZ LIZLD, KHIBICHkK
3% NIH3T3 M2 B T Pitl ¥ 7212 Esrrb AR T D
BEEFUT LI LN TELZ LD L 7, ABF%ET
BONIMEE, RKE R IPS ML oB S~ H B
EEINb,

ARGED—EIE,  H AP R SR 58 B A B 4
(JSPS KAKENHI No. 24580413) 35 & OBk B 37 K4
£70vx 2  (H23Kendai-ken No. 682, H24Kendai-
ken No. 173) 12 X W58k &2 =\ Tirb iz,
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Summary

Recently, we identified EGAM1 homeoproteins (EGAM1, EGAMIN, and EGAMIC) in
preimplantation mouse embryos and mouse embryonic stem (ES) cells. The forced expression of EGAMI
homeoproteins is able to regulate the maintenance and/or differentiation of ES cells. These proteins are
considered to act as transcription factors from their structural features, although the direct target genes for
EGAMI1 homeoproteins are still unknown. In order to elucidate the transcriptional activities of EGAM1
homeoproteins, we transiently transfected the respective expression vectors into NIH3T3 cells as a
representative somatic cell line. In addition, the effect of a nine-day pretreatment of 1 mM sodium butyrate
(SB), a histone deacetylase (HDAC) inhibitor, on gene expression was also investigated. Two days after
transfection, the expression of transcripts for several genes involved in maintaining an undifferentiated
state or differentiation was analyzed qualitatively by RT-PCR. Upregulation of Pit/ expression, a pituitary
marker, was induced by the enforced expression of EGAMIC protein without SB pretreatment. On the other
hand, pretreatment with SB resulted in the induction of Pif/ expression without any enforced expression
of EGAM1 homeoproteins. The expression of Esrrb transcript, an undifferentiated state marker, was only
found in SB-pretreated transfectants expressing EGAMI1. These results suggest that the ectopic expression
of EGAMI1 homeoproteins, in combination with pretreatment with SB, is able to induce the expression
of Pitl or Esrrb in somatic cells, including NIH3T3. Our findings may provide insight into generation of
induced pluripotent stem cells in domestic animals.
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