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Ferld, =~ ZMMIES X O ESMLIZ B W TIHT 5 EGAML & A F ¥ >3 7 B # EGAMIN X 0" EGAMIC %
SR L7z ¥ A BSHILICBVTINS ZRHIFEH S04, RoLIREOMR: D L idiifasfbicgBys o L
AREINTWVD, —F, EGAML AR A F & VX 7 BRI 2T Th O HERBOFBABRTIRIAL TWH I L LD,
AR R OTEIC DB G-T 5 Z LAHEE SN D, Z 2 CTARIIETIE, KOBRBERICESES T, ErmMonTwn
2HAMHIA Y WNT 23— 835 Wat 77 3 —#@fETF (&198) IEHL, ~7 XA ESHINBICEIT 5 45% 5 » o8
7 HREOMRBIFHIC X WV RBHEENLD, DNAYA 2707 LA ZHWTAZ ) — =V 21T o720 ZOREE,
EGAMIN &l FE BLANE 3 & O° EGAMIC & FS MMM S BT, Wat2 - Wat3 - Watd - Wat6 - Wat7a - WatlOa -
Watl0b OWFEREMALZ FE Lz F72, WNT OREREAMETH S, FEMBO~ -7 —@nTORBEIFHE
ENBEZTEBRMLZ, DEofRLD, v X ESHIEICEIT S EGAMIN B X U EGAMIC ol 53, FRzAMl
JalZBlR S s WNT BAMBEORKR ZRET A2 E, S LLE War 77 3 —BIZTORBEFHFET LI ENE R
BN, ThbEH EGAMI A AL Z VX BHIEINS 24 LT, w7 ARBTG5 A EZ 5 b,
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il

B3 % (Yamanaka 5, 2010). PIERAINEIE A & 1%

EvEsefile (ES Mg, Evans & Kaufman, 1981) %48

~ 7 AMMIRIC BT B A OMBS, 28525 H VTELIEIRENT,
%o 3 M2 & 24 3 HE DR FEWNI 2T TG T % ~ 7 A ES AMlia O AR5-LIRFEEE, Al 2 R (LIF)
(Johnson & McConnell, 2004). miiiE# I (K & VIR (FCS) ML TR#T 52 &1L D

35 Hf%) Tix, BIF2EET 2 NEBMBIE, Kz MeFEC & 2 (Niwa &, 2009), Hi#Ei 25 LIF % B 3:
TERE T % SRR TEDTIEREMIC B BB S b, 2 L7856 (ZLIF baki), MWir2 w3 55 4 oMl
BN (2R 45 HiR) £ CIXINMEL IR T 50 oAb 2sFE SN B (Niwa, 2007). $55. KT Oct4
TEN IR BEAS N ERHIE IR 2> & b L, HeBRIEZTH L 7= 5 (Nichols &, 1998), Sox2 (Avilion &, 2003), Nanog

O MK TEZ (DIl T E0E) (Chambers &, 2003: Mitsui &, 2003) &~ 7 2 fIHIE
(RR W ST K 2 K B A e R 2= S R B 5 1 L2 7E 8
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EFEANDLICIE Cdx2 (Niwa 5, 2005), JRAGHIESE
DAL IE Gata6 (Fujikura 5, 2002; Shimosato &,
2007) 7 EOHREGRTAHE LT b Jafr & IRARsHE
fh Ol - INEEEE) 2B S, ZDOBOBER L TIRA
EHENETT 5 5T, 20X 9 ICEE D S IR
MFT, RGICIRRED MR RN L % 359 % BIE T
FEDSHEUNCRBT A2 L DEETH S, Thbh, Mz
AL E TR AT T 5 O TIEWICEE L TH
bo LML, ZZIBIR LM~ OGN 1O 55
WHEEINTWDEH00 (Niwa, 2007), %< OB S
HERE & 15 IBAT & MRS O T BB AR 2 1 < &R %D
IV FE 720 Tld e v,

Fexlx, WBF - Tal - NEBOBKEHIET 555 F3
WAL LICT L7200, v AMPEICEITS 4-8
MR & ZFEHN AT THREEAINT 5 mRNA %
WL, EGAML & X F+ % 87 B ¥ EGAMIN B X
O EGAMIC % % W L 7z (Gene ID 546024; Saito 5,
2010) ¥ 7 AMMIKROEFT VAL L LT~ X ES M
oz Wb Z 12X ), EGAMIN &K 1bIREE O +F
(Saito 5, 2010; Sato 5, 2015), EGAMIC (ZRs-bik
BoREA - PIREB X OREBIVEZE~O LML
5952 E2UraEN7 (Tha &, 2012). F72, EGAMI
RAL Y 8 BREAIAZICRTET 5 2 L RENT
W5 (Sato 5, 2013; HERES, 2013), —#EMOIZ, & X
F 5 87 B E DNA #EUORERFTHL I L 2%
Afhb¥b T EIZX Y (Spatazza H, 2013), EGAMI
RAF S BRI~ AMPIIKR B X O ES Mok
SALIREHEFRE B X ORI MEICBI ST 2B N7 Th 5
LHEEL T b,

—77, EGAM1 F X & % U8 7 BB ERBZE OB
BBV, FARRY TIEREE - JIEE - B - HTH 38
HLTwa (Saito 6, 2012). Thbb, By /s
BRI O A% 53, HREORIZB W TERERHM

Table 1. Sequences of primers for real-time PCR.

Wt AR REDFEBLFHL

BOBKIZHEELTWE I e ESNL. Thbh,
EGAMI R A F & ¥ 7387 BRI M IR T OB
L3285 NTCTHHEEZONLYS, EENZERNE
fZFRRZFERESIN TRV, FA 4> WNT Z2a—
F3% Wat 773V —#{5T (4519 % ; van Amerongen &
Nusse, 2009) (&, FREBKICELBES T E0Mb5N
TWwb, TmETid, WNT &~ 2 ES #illiso K5
ALIRBEHERR IC TR TH B Z & ARG 172 (Martello 5,
2012), $hbH, WNT ZEEBEEOALR ST, @il
JanBHIZBWTHIER SR TV 5B, 2 TRIFETIZ
WNT 2% H L, EGAMI & X F ¥ ¥ 87 B0 i flgs
BICX D BB FESNL 55 THICOWT, DNA <A
a7 VAN EHWCAZ ) ==V 7 L, $72, 2
NOBETHOPP L FELRBELRTZEBRLTCYTILY
A LAPCRICEDEHEAERL, BHFEIIOVTHR
AEL 72

MRELVHE

1. ¥ X ES HilanHREEL JUMLBEEE
CAG7HE—¥— %2 4T HHABYWHIERRS 5 —
PMNI1Pur 2 Egamin %7213 Egamlc cDNA ##{liA&, 7
4 —F =M% BEE Lkwve v X ES Mtk MGL.19
MR L Cltfn A L, EGAMIN 5@l 563 ES
fid (#N8) - EGAMIC il 53 ES fifla (#C4) %L
L 7z (Iha %, 2012; Sato 5, 2015)., F 7z, *tf& L
TEmpty N7 ¥ —%&EAL7za v bu— Vil (#E2)
w7z (Tha &, 2012), 2> b o — LI L
T, EGAMIN ¥ L <13 EGAMIC % ¥ 87 o5&
EnZENH 2585, KT7THRETHAS (Tha H, 2012; Sato
5, 2015). I 5 ES ALK R 213 BEH (Saito 5,
2010) 123DV TIT - 720 10% 7 ¥ JEAF 1L (FCS,
ES #ll Bz ], Biological Industries) B X N = 1 H

Gene Primer name Primer sequence Product size (bp)

Hmbs Hmbs F 5’-CCCTTGTGATGCTGTTGTCTTTCA-3’ 168
Hmbs R 5’-AGGCGGGTGTTGAGGTTTCC-3’

Wnt2 Wnt2 F 5’-AGCCAATAAGAGGTTTAAGAAGCCAACGA-3’ 144
Wnt2 R 5’-CTGTCCATGCCTCGGGAAGTCAA-3’

Wnt3 Wnt3 F 5’-AAACTTCCTCCTCGGCGCTGCTTCT-3’ 257
Wnat3 R 5’-GATGCCCAGCTTCACACCTTCTGCTAC-3’

Wnt4 Wnt4 F 5’-ACTCCTCGTCTTCGCCGTGTTCTC-3’ 110
Wnt4 R 5’-CTTTGAGTTTCTCGCACGTCTCCTCTT-3"

Cdhl Cdhl F 5’-GAAGACGCTGAGCATGTGAA-3’ 200
Cdhl R 5’-TGGATCCAAGATGGTGATGA-3’

Cdh3 Cdh3 F 5’-GCAGCCTTCTCACCTCCCTTCAGTT-3" 334

Cdh3 R

5’-CATCACCCACTCTCTCTTTCGTCTCCTT-3’




Z MLIF (HR#®) %L 72 Glasgow modified
Eagle’s medium (GMEM, Sigma) # A\, 01% ¥ 5
F ¥ (Sigma) WILL 7275 AF v 7 ¥i#EN (HARY =
FF 47 A) HEREL (3 x 10° ML /¢ 10 cm), 3 H
ks CTHEFCEERE (37, 5% CO,) L7zo 72, 01% £
5 F VALEL L 2R ES M 24888 (6 x 10" Ml /
¢ 10 cm) L, LIF JE@MN - 10%FCS #30 GMEM % J
W GHMBIXOI2HM) 52 &I12XY) 41k
EFHLL 7,

2. DNA~Y470O7 L1

SALFEERE G HMBIWI2 HE) 21T 7241E
75 RNeasy Mini (Qiagen) # Fiv»T RNA % i - K
BL7z f5N72RNA (1 ug) %R E LT DNA &6
KL (eiiEssy 257294 T R), DNAYA 207 L
A f#HT (SurePrint G3 Mouse GE 60K, 1 % 5 — T2,
Agilent Technologies) % 1T - 72c mRNA F§ I &= O #li
1E12 75 percentile % (LB > A7 A% 4 22 2) 21
Wi, B, SMLFEL-EFNEFNLOME =1 »
5 RNA ZHii L, DNA~A 2707 LA @i 241-72
72, mRNA IR 2 HatIcHET 52 LR TE %R

Control

+LIF

EGAM1N

Vo ZIZTAMZETIE, a3 bue—)ufiiig & gL T,
EGAMIN 5| € BIM N 5 & 08 EGAMIC B il 58 BLA
BV AL &b 5RBME, RBAEE S Wz iT
% Btk & I L 720

3. U7Iv24 L PCR f&tf

BE (Tha &, 2012) 1230%, ZRZNOMlL (n=3)
7 5 RNeasy Mini |2 & ) RNA # A58, ¥ifizE s IC
X9 cDNA # 4 8 L, QuantiTect SYBR Green PCR kit
(Qiagen) #JAWVTY TV ¥ A L PCR #1772 pGEM-T
easy vector (Promega) \[CZNEFNDTIF4 <=2k 5
AR DNA Z#A&, V7 VI AL LPCROAY ¥ ¥ —F
L L7z 794 < —0OHERSNZ Table 1 1R L7z 28,
N A F— ¥ ¥ 75T Hydroxymethylbilane synthase
(Hmbs) OFBEZERL, TNENO mRNA BHEZ
FHIE L 720

4. REHEAT

mRNA BHEICBIT 52 E2OBEILX, SHONE21iT-
72%, Turkey-Kramer iEI12 & V) 2 EME % 1T o 720

EGAM1C

Fig. 1. Cell morphology of control, Egamln, and Egamlic transfectants before and after the

induction of differentiation.

Feeder-free, mouse MG1.19 ES cells transfected with empty (Control), Egamin (EGAMIN) or
Egamlc (EGAMIC) expression vectors were maintained in the presence of LIF (+LIF). Then,

they were induced to differentiate in the absence of LIF (—LIF) for a 12-day culture period.
Photographs taken after 5-day (D5) and 12-day (D12) culture periods are shown. Scale bar, 50

pm.



BEIZHE L7z X 912 (Tha 5, 2012; Sato &, 2015),
FoCIREEMERRR 22 U720 o b a — VI R S 2 i
au=—%W L, EGAMI & A+ ¥ ¥ 87 H % il 5
HEE-ESHRE F—2kofifiae =—%2 B L7
(Fig. Do W N OMIL L b LiFE 5 H B2, A
ROMBSE 2 & L2z2ME 2Bk L7z, wih
DML & b LEEE 12 H HIC1d, BEMICH L, A<
MELMRE % &ATW . 7272, EGAMIN
7213 EGAMIC % 5t 583 & & 72 MR Cld & O 2358
ETHolzo LML, INOOMINLTEELZRTHR
OHWFIIAATH %,

SALFHEE 12 HHICH - B 2 HW/-DNA 1707
VAATIC XY, EREEBICES-$2 Wnr 77 31 —i
ZFOWE AL DOV THE L7z 2R, EGAMIN

~

Table 2. Changes in expression levels of Wnt and Cdh genes
in EgamIn and EgamIc transfectants screened by
DNA microarray analysis.

Relative expression level (Control transfectants = 1)

Gene
EgamIn transfectants  Egamlc transfectants
Wntl 0.90 0.89
*Wnt2 25 11
Wnt2b 52 32
*Wnt3 12 9.5
Wnt3a 1.2 1.0
*Wnt4 11 5.5
Wnt5a 4.1 4.1
Wnt5b 2.9 1.7
*Wnt6 46 23
*Wnt7a 16 11
Wnt7b 4.5 2.5
Wnt8a 1.1 2.0
Wnt8b 0.61 1.1
Wnt9a 2.7 2.6
Wnt9b 5.7 3.0
*WntlOa 130 80
*Wntl10b 7.9 7.0
Wntll 24 1.9
Wntl6 0.96 1.0
Cdhl 1.3 1.6
Cdh3 2.1 1.5

*The expression levels of these genes were more than 5-fold
higher both in Egamin and Egamlc transfectants compared
with that of the control. In order to screen changes in
the expression levels of Wnt genes, RNA samples (n = 1
prepared from the respective transfectant) were applied
for DNA microarray analysis. Thus, we set the threshold
values as 5-fold higher than the control levels to highlight
upregulated genes.

Wt AR REDFEBLFHL

s 58 BTN B8 & OF EGAMIC SRl Z8 BN IS B W C,
Wnt2, Wat3, Watd, Wat6, Wat7a, WatlOa, Wntl0b (7
i) oM AbEZFEE L (Table 2)o /v 27 7T Y
I AR TIENT DS, Wat2 3 E#EOEE (Monkley
5, 1996), Wnt3 & F B B A (Liu &, 1999), Watd
IEIE DR (Stark 5, 1994) B X OAFERE DK
(Kim &, 2006) WCEETHLIEIRENT WL, &
CTCFig 2R L2k, REMELTCINS 3
D Wnt 77 I —#ETEZRIRL, V7IV¥ 1 24PCR
WKED ZoRBE2 2B L TAZ ) —= Vv 7O RE%E
MGEL 72 (Fig. 2A)s SNS3FED Wnt 7 7 3V —iit
R ORIE, ROCIREHERE R LIF) TIIBH
BALLT CTdHh o 7275, s ALREERBIC X ) BIRE 1235 E
EN 72 EGAMIN % 7213 EGAMIC il Z¢ BLM I <1
FEWENGN W2 FEHEHSBEML, a3 ¥ bo— Vi s kb
LT, MEFER2HBICBVWTEE (P <001 2
WML 7zo Wot3 BB EFES HH T Cl2im
L, 12 HHWZH T L7225, EGAMIN i il 56 3
Ml & 0 EGAMIC sl FEHMBIc BV THE (P <
0.05) \CHED o720 Watd 3BlsL, HLFHE12HH D
EGAMIN 5l 5 BiM g, L85 HHB LV 12 H
H® EGAMIC sl B HMIL I B W THE P < 001)
WML 720 $ 7%, EGAMIN % 7213 EGAMIC @
BRI XV, Wat2 - Wat3 - Watd DFEHH LM &
N2 2 ENERMITHEES L7z,

Wat 7 7 3V —#{=TE, FRMN - SR - ik
MBHEICBOWTREETAZ EPASNTWAS (Yamamoto
5, 2013) % Z T, EGAMIN #& #l & B A M 3 X O°
EGAMIC 5 ZEHMAMBIc B 2 B~ — 5 —
BEZEFRICHEHLTDNASRA 707 LA Of$E%2H
AT L7- & A, MBMESES %3 — N3 5 Cdhl -
Cdh3 O 55 WG AL & B L 72 (Table 2), & 2 T
Cdhl - Cdh3 (22T, EGAMIN il 7 BMML B L O
EGAMIC 5t # BN IC 317 5 mRNA S & % & &
L7z (Fig. 2B)o Cdhl OB I/NY — 2% Wnt3 - Watd
2, Cdh3 DFEBINEY — 1% Wat2 DFEBIS Y — v IT &
C—HLTwi, TOMBEREMREEMNT S EMAEN2HR
BIERWZE v, LA L, ESHIfEICEIT % EGAMIN
F 7213 EGAMIC Ol s BIc X v, LRI BIR &
N5 WNT EAMBOERIMRES N, ZoMFHRELT
Wat 7 7 3V —BIZFOFRBDTHE S NI REEDHE 2
5N b, b L<LIE, EGAML R AF ¥ ¥ 87 BB R
W Wnt 77 I —BETORREFECEL20hb LN
e\ UL L BB OB L ENEE T IEVE 22N
EINTOWRVAY, TS War 77 3 —HEETo70
= —HIROMIIET 7 —F £ LTHDTIE RAVH

~
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Fig. 2. Quantification of the expression levels of selected genes by real-time PCR.

Control, Egamin (EGAMIN), and Egamlc (EGAMI1C) transfectants were induced to differentiate as indicated in
the legend of Fig. 1. After 5-day (D5) and 12-day (D12) culture periods, the expression levels of the selected genes
were quantified by real-time PCR and normalized with that of Hmbs, a housekeeping gene. Data are expressed as
mean + SE (n = 3 independent dishes). ND, not detected. Asterisks, significantly different from the control; *P <

0.05, **P < 0.01.

(A) Expression levels of representative genes of the Wnt gene family upregulated in Egamin and Egamlc
transfectants identified by screening using DNA microarray analysis (Table 2).
(B) Expression levels of Cdh genes encoding cell-to-cell adhesion molecules selected as markers for epithelial

cells expressing Wnt genes.

EEZTWh, F7z, /S iz WNT 2 ERRII I
WS 284, TN Y 7 F ME R8T 5o
Bl z21E, WNT 522K FRIZZLED % ¥ 7" F VAR EM I
G BT = v EOBRTIHEB - MEAICBT 5%
BOZEADERLEG L TWL I EPMEN TV (van
Amerongen & Nusse, 2009)o EGAM1 kX% ¥ > 32
ABEORMFEE & WNT ¥ 7 F IURES T3 & OIS
DWTh, Sk, BETTAMESTrld s EEL T
%o

PDlo X5z, =7 X ESHIIZEIT %5 EGAMIN B

X O'EGAMIC o il 5 3iiL, MR sn b
WNT EAMILORK, L& War 7 7 3 —#fa
TORBERET L LI2LD, EREDOYT ZKED
ZRETZ I & B 53 2 e tE AR & 7z EGAMI
XF NI EBEONTa T EETF I3 Y (Gene ID
101902766) - 7 % (100622236) - & bk (284355) + T v
b (102553890) - £ X (102152161) - &2 (101092810)
WCBWTHHMENEDT, REXHETCEWROTAIC
LG LWEENE R b,
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Summary

We previously found transcripts encoding the EGAMIN and EGAMI1C homeoproteins in preimplantation
mouse embryos and embryonic stem (ES) cells. These homeoproteins act as positive or negative regulators
of differentiation in ES cells, and are, therefore, considered as transcription factors. The transcripts encoding
these homeoproteins are expressed not only in preimplantation embryos but also in certain tissues during
the course of embryogenesis, suggesting that EGAMIN and EGAMI1C contribute to organogenesis. In
the present study, we focused on the relationship between these homeoproteins and the expression of 19
genes comprising the Wnt gene family, which are crucial genes involved in morphogenesis during the
development of embryonic and extraembryonic organs or tissues. DNA microarray analysis determined that
at least 7 genes, including Wnt2, Wnt3, Wnt4, Wnt6, Wnt7a, Wntl0a, and Wnt10b, were upregulated clearly
in differentiating ES cells expressing EGAMIN or EGAMIC. Significant upregulation of the expression
levels of Wnt2, Wnt3, and Wnt4, as representatives of the microarray positive genes, were confirmed by
real-time PCR. In addition, increased expression levels of Cdhl and Cdh3, marker genes for epithelial cells
expressing the Wnt gene family, were also identified by real-time PCR. Taken together, we suggest that
EGAMIN and EGAMI1C homeoproteins promote the generation of WNT-producing cell types, including

epithelial cells, or the expression of specific Wnt genes in differentiating mouse ES cells.
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