SR PR AR ST A ) 72 F ' PR TR R R oD
%L & BROBRBIBRRIZEIT S
Exchange protein directly activated by
cAMP (Epac) D& E|

The role of Exchange protein directly activated by
cAMP (Epac) in the process of decidualization of
endometrial stromal cells and the maturation of

glands for the establishment of the pregnancy
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AR LR THALZKEFEREZLLTO®Y TH S,

cAMP : cyclic adenosine monophosphate

CDC25HD : cell division cycle 25-homology domain
C/EBP : CCAAT/enhancer binding protein

CNB : cyclic nucleotide-binding domain

COX2 : cyclooxygenase-2

CPT : 8-(4-chlorophenylthio)-2’-O-methyl cAMP
CREB : cAMP responsive element binding protein
CRT : calreticulin

CS-FBS : charcoal stripped-fetal bovine serum

DAB : 3,3’-diaminobenzidine

db-cAMP : dibutylyl-cyclic adenosine monophosphate
DMEM : Dulbecco’s modified eagle’s medium
DTPRP : decidual/trophoblast prolactin-related protein
E, : 17B-estradiol

ELISA : enzyme-linked immunoassay

Epac : exchange protein directly activated by cAMP
ER : endoplasmic reticulum

ESCs : endometrial stromal cells

EtsTs : immortalized endometrial stromal cells
FOXOI : forkhead box O1

GAPDH : glyceraldehyde-3-phosphate dehydrogenase
GDP : guanosine diphosphate

GEF : guanine nucleotide exchange factor

GTP : guanosine triphosphate

HOXAT10 : homeobox A10

IGFBPI : insulin-like growth factor binding protein 1
IL11RA : interleukin 11 receptor, alpha

LC-MS/MS : liquid chromatography-tandem mass spectrometry
LIF : leukemia inhibitory factor

MPA : medroxyprogesterone acetate

OVX : ovariectomy

P4 : progesterone

PBS : phosphate buffered saline

PGE, : prostaglandin E;

Phe : N®-Phenyl-cAMP



PKA : protein kinase A

PRL : prolactin

PVDF : polyvinylidene difluoride

Rap : Ras-associated protein

RNA : ribonucleic acid

RT-PCR : reverse transcription-polymerase chain reaction
SA-B-Gal : senescence-associated B galactosidase

SDS : sodium dodecylsulfate

siRNA : small interfering RNA

TBST : tris-buffered saline containing 0.1% Tween-20
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LI (FICEEBER) OMEIRRNZIZ VT, JEIR, 2hE, IRRoFE, FR, hik
FERITEERBRETH D, & MIBWTH % OEY) 72 U R & FIRIZMIT 72
T EABEOKENZ, T2 bR ABEOESEPIEIRDOESIIII AR R TH S,
ZOZFREOBESRITIL, T ENIEME MO BLIERAL & NERORARLETH 5,
bt Tk, ARBFIOHEBEICE N TR h T U4 —v (By) OERICL Y FENE
MR L, S8 ABIROEEAE & NIRRT S35, 0 W o 5 & % Bz i T
FICEEN S END T 2T 1 (Py) OERIC XV IRE L7 I
A LD BIER L7200 . SREABIRD & 6722 284 ABEARIT O E AREE~ &
L. iR & nwd 5, REROEENL, EIRFHI I T 2 IRV H Sk L 02 o
I, RHMADRIEER KRN, AL LB THH Y, b F TIRRIRO A I
Bl &3 ARE O3 B\ TIRERL 35, laRN - E N ERICEE T2 &
N RSN D S 2 IEHAE 23 15 PR~ U 25 PR FAL R 2> B [V AR o0 B s b s
EOICRESND, Z OBEEALARRIL, LRSI T 5 & I ORERGHE & L T
BB %, LU, IEIRDSENE L7 AU, BRSO Py W ORI, FE N
TR D HERF CE 22 < 22 0 AR ~EEH S B,

—J. Ty "N EOERBEIIMBEREZ KT 503, EOESEEITIE MR D,
BTSRRI O TR EE IR 2 5, RO AR 7 BRI = N
BEER SIS &, BEBEAEAR S D, L Lans, BREERT 5 Z L0
B2xTruaf ML Vilfizzldo2Ee Feodb@ab 2, b N OUIRIZEST % f#
MrdGERR R 2 2 < e 720 T 5 Z ERREETH 203, HEHIZ 2 & oIS
R0, xR BB T EEFIENPHEL L TWA R S IHRET AVEE L TR HOWBL
TW5d,

HEHRIZHS T 2 BRI O BB X, ZEOBIR T WE~ 7 A% T S b FE
SINTWDL, T RLRFEIZIE, 4 F—8aAF 211 (IL-11) ZTFK o
(IL-11RA) 3% ICFEH L TR Y (IL-11 BRI LR IR E A ER4 5 Y, Z O IL-11RA
R LT~ o 2Tk, YRR, YRR, SR MR RTE B B I B AL 7R
BLIEEAL ST SWAEIC2 D Yy — . TaAZ 77000 (PG) AlOA RS
Thbrrruatxv 7 —=E8 (COX) 2 1%, BRFANLO 15 PIEFEE MR R i
ICRBLLTRY ., ZOXKE~ 72T, EE, BEELARESNS Y, & 52, COX2
ISR VPEASND PGL BIREIF L EFET 5 2 L b shTns 9 AfyEaml
K (LIF) 1. BB S oW S v, ERATO LIF ORBLTEDS DA
REFET 5720, LIF R~ T A TIE, ERAEEBEBACEEICL Y RIEIZ2 5
TEBHBESHTWD MY, IR, BYEIEA LR NIRRT TRELAS _ER B mm
fERTFTHD pS3 ZFEFRNICKEBIE a2y T ovat V) v I 70 =y
A%, REREO R R BLZ2EZ L, BEZSISEZTIEN/RESLTNS Y,
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NI EMIIE, IR AT r A RTHD Ey, & PaOERICE Y . BRHEEEMAAR DT
RE D AR OB BRI~ & kT 5, 2O b & IR BLIE SR R A0 72 &
VRUBETHDHT T 7 F > (PRL) O A AU UEERERTREA X VNI E
(IGFBP1) 'O AW TLHE L, cAMP o 7 F L DIEMALITEN 7 +— 27 ~ v NEEE KT
FOXO1 PDOFHMN LH-T 5, Invitro 128V T H NIERTVERIIC P, 24L& T 5 & in
vivo & [RIERIZHRMEFIAAROTEZREDN O | BCAIRDIERE~ & 2k L, PRL <° IGFBP1 O
SWBEDTLENK = b, F7-. invitro IZBWT, PGE,Y, V5% oW a5 Kk
By WRkEA YA 2 ) v 7 AMP (cAMP) 7 1O o MLiE Iz L B HIaN O
CAMP EED FHIT. FuT A % F—F A(PKA) ¥ 7 T IVRERK 2L S8,
Py IEFTE F OO ML A M4 5, = ORNEEEMIAZ V7= in vitro BN
EFFETT L, BEROIEEA 1 = X L2 A9 5 ECTIHEFICERATHY . KL
WHITWD,

CAMP ¥ 7 F a2+ 5K T & LT PKA 8 h K< STV, LAl 1998
£ deRooij © & Kawasaki HIZX VU, PKA 138725 cAMP v 7 Ui A+ & L
C Exchange protein directly activated by cAMP (Epac) N[EIE S, HH—DD cAMP
ST FIMRIERBE RN E B STV 1) Epac 1213 N REHAIOREE N B2 5 2 >0
Y%7 % A 7D Epacl & Epac2 733 % 2* (Fig. 1), Epac I% cAMP |2 & 0 EHIEME L S
L0 T =R LATF RAHKF (cAMP-GEF) T& ¥ . cAMP 73 Epac @ cAMP #& &
KA A (CNB) IZFE T % & Epac ONARREENZE(L L, CDC25 RERY— KA A
> (CDC25HD) IZ{E4 15 GTP &4 v /87 B Th 5 Rap DiEAT D, ZOfEAIC
X 0| Rap IZARIEMED GDP SN BHIEMED GTP fEAHIA~E BB I, Tt~ & v
TFTINIMEIEI TN, ZIVETIZ, Epac &Ry cAMP 71 27 L PKA IR
CAMP 717 X 5I\Z Bpac BRI ER N S, liv 7L oiEEEE X
BINHED L9270 flix O T Epac ¥ 7 TV OFEE N LN ER>TE TN
Do

b MR R A8 PN BRI C U, Epac B8R cAMP 7 - 1 77 DALELZ L % Rapl @
TEMEE SR S v > 7 v a VOB A RET S Z LGS TnD D, £72, ¥
TR BB RSBV TIL, Epac OIEMELICE D BIBRE AT v A RRLVESDE
FAOMEHES 5 Z Lo, <~ 7 A B AL TIX. Epac 23 Rapl 241 LT Ca* DI~
DFAZFIL, A AV ORWERH L TNDEZ ELHLMTRS>TND 22,
W EIZHEEE B 1L, cAMP/Epac ¥ 7 T /VARERE DS IREIZERICEE D 5 Z L 2 ®iE LT,
Be, BROBEICEERMENETF R e By (WCG) X° Py DEEA L B
BMThr T Uafbe LiEn M2 Epac OEMHLICE D RES LD 2
LERELTWDS M, Z0X)RERNS, TRETHRESHTEZ cAMP > 7
JUAREERR I DIEMHALIZ A © Mafgre D Z LRI IX PKA 7217 CT7e < | Epac 2858 -
TWDA[REMENHEE SN D, REMEIEE & 6y 5 & 1 NI D i 7 A L <o IR D i BT
Bl 5 PKA v 7 VRO EEMEIIREIC N 5T 5 23, Epac v 7 VR O 15
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Figure 1. The multi domain structure of Epac

A: Epacl and Epac2 have the regulatory region with the cyclic nucleotide-binding domain (s) (CNB) and
the catalytic region with the CDC25-homology domain (CDC25HD) responsible for the
guanine-nucleotide-exchange activity. The Desheveled-Egl-10-Pleckstrin (DEP) domain is involved in
membrane localization, the Ras exchange motif (REM) stabilizes the catalytic helix of CDC25HD and the
Ras-association (RA) domain is a protein-interaction motif. B: Activation of Epac (indicated for Epac2) by
cAMP results in the opening of the protein to enable interaction with Rap and, consequently, the

conversion of GDP-Rap to GTP-Rap.

AW TIL, AR D RSTIT A T & 5 - PIE VMR D A AL & PN oD Bl
WFRIZIIT D cAMP/Epac ¥ 7 TV DERENZHSOWTH B nIZT 5,

%1 ETIE, b bENERRICIIT S Epac ORBLAZBAE L, HBELe b HEANK
VA AR 2 B O TR IR LI AR 12 351 F D Epac O&REIZfENT L7-, %6 2 T TlX Epac
VT F D TR ZRE L, BEEL & OBEIZ OWTHRIT 21T - 72, 5 3 =TI,
7w N OFEKREDEFEIZHT 5D Epac FBL L MHEEL~DOE 51> T T v M E
ML ORE# T v P FENBEMEMRE A CHIT21To7-, £72, FE4ETIE, 1
B NBEIRAIAE O R 31T D Epac 3 7T VIR O ENZ DWW THENT 24T > 7=,



B1E b FMFENEREMEOREE/IZEIT S Epac D5

b N FEANEREM (ESCs) (%, A RREE O N g AR~ & 7k (v
fEfk) L. ERICHE L7RERICE D S, BEE(kIX, EICIEZXT A4 FOEHIC X
HHIEAND cAMP > 7 F )V OIEMALIZ L D 2 Z V| BSCs 1%, ARHESEMIRER O
OEAIRDOIRE~ BT 5, £ B LR Tl IR IC 427 PRL X° IGFBP1
DOREANTLET 5, BERMENE DY FA vy —Ths cAMP O 7 F/Lff
ARFIE PKA BE SN TND 1O LLARR S, HHO cAMP & 7 F Vi [k F &
L C Epac 23AlE &4, BE, 2 2DO% 7 ¥ A 7 Epac 1 & Epac 2 D#lAE STV 5,
VIRTO B MBI Z O 72 BE ik, Epac ¥ 7 /L OIEVEGIC & 0 IEIRHEEE
ICRAT K72 hCG X2 Py DPFEA & AR b MEE S D Z EH LM L, Ll
N, BHE (TENE) BIOBREERCTH 2 BEEALIC S cAMP/PKA & 77 /LN E
ETHDHZENBITHESINTNDHDD, cAMP/ Epac ¥ 7 /v D& NIEREEEIC
BT HEENZET 2RI 72, £ 2T, BEEILIZEIT D Epac ¥ 7 T /VRIZEREE
DEFREZWALNITHZ EEHBE LT, FEIZE b ESCs @ in vitro LT T V%
AW TR 21T 2 7,

B1E EBRMEROERTIE

1-1. & NFENEEEME (ESCs) & NEERBIEMAEE (EtsTs) O BRE L Be&

ESCs I, DARTHEE L, HYGE S 72 %ICHE S A by il E v, ik
X, EFZRAREZA L, AVE REEZ S TROENBYE UL 2 HEO &
ENSFMOBRICA 7+ —L Farvy hEITWELNT-(RRE S 07-02), NIE
Ak & v Satyaswaroop © Dk P ZHE(Z LT, ESCs % Hilf L7=, ESCs I%. 50
pug/mL X=2U > 50 uygmL A RL 7 k<A, 05 pgml 77 ¥V (Life
Technologies) M ONF ¥ =2 — VALEE L 7= 10 % (v/v) 7 VU BA{FIiE (CS-FBS. Biological
industries) % &7 Dulbecco’s modified eagle’s medium (DMEM)/F12 E5E#ZIC THEFE L
Too 2B, HEEL7ZESCs 134072 £ 695 % NEATF UM, 14 Mo F Uk
MTHHZ LR Lz, 6T, NIRFEEMAUER (EtsTs) (%, LARL, MAF5EE T
M LTZh D 2 Z V., BFEESCs & RIERICE; 3 %247 > 72, ESCs, EtsTs 1%, 10 % (v/v)
CS-FBS M OBUAEWE (50 pg/ml <=V > 50 pg/ml A hL 7 k<A, 100
ug/ml R4~ A >, GIBCO), HFLEREIE (0.5pugml 7 AK7 U B, GIBCO) #*
&1 DMEM/F12 B3 888 CHs#& L 7=,

1-2. Epac DY Ea
4 % /NIRRT VT B KT 10 FiEiR L, EE L7+ = NEHRRIZ, 70 % —
H )=z —Wh, 95% =X J— LT 6 R, 99.5% =& ) — L2, FFTR99.5 %
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3‘—57 J =T 5 IR, K= & ) — T 5 ], PO K = & ) — L —i, b
AT 3, HOF VLA 2R LTz, TD%, X7 7 4 1ZiRLT65 CT4
REf] A > F 2 _X—F L, EOICIFEMARTZ 7 TS v Fa—var i, 20
ER ST T 7 0 a7 ey 7 O %2 4R Y -L-V ¥ (PLL) T=— kL
TeATA RECHB LTz, /8T 7 ¢ ) T % 65 C T 30 rmEA L7z, oL
VRO R ) = NVIRRIZIERZ L, BN T 7 ¢ VLB % 4T - 7=, Phosphate buffered
saline (PBS) CTyeietc. HURMRIEILLUEL & LT 100 C ([ZMEA L 7= 10 mM 7 = ik
ERICHERE A 7 4 &R L, 20 2R A L Lz, 30 4= CHfE L7=1%, PBS T
Pedg L, 10 % YXEFMIEICTRIR T2 T 0 v X0 7 %700z, KU 7 u—F
JVHL Epacl HLiA (#ab21235. 6.7 ug/ml, Abcam), $T Epac2 LK (clone H-220, 2 pg/ml,
Santa Cruz Biotechnology) & 4 C T—#uf )i &t 72, PBS T¥EE (5 4. 3 [F) L7
%, TI /MR ~—LWEEYVERALLF X —EBRAEILY X 1gG HLiR
(Histofine Simple Stain MAX-PO MULTI, Nichirei) & 32 T 60 731 > F = ~X—
N L7z, PBS T¥eid (547, 3 [A]) . 3,3'-Diaminobenzidine, tetrahydrochloride (Histofine
Simple Stain DAB solution, Nichirei) ZM/HE & U TRAKIEEIT > 7, FEALUSITHE
TAFNT Y = TREREEZITV, BAKRHEERICT T T o TEALL,

1-3. In vitro FEREAL.

ESCs. EtsTs (3x10* f#l/well) % 24 /X7 L — MICHERE L. 10 % CS-FBS & #A DMEM/
F-12 A7 4 U A T37C, 24 FFIEEE Lo, ZD1%, 2 % CS-FBS {£1E I T Epac 3R
1) cAMP @ 8-(4-chlorophenylthio)-2’-O-methyl cAMP (CPT) (Biolog Life Science Institute),
PKA #RHJ cAMP @ N°-Phenyl-cAMP (Phe) (Biolog Life Science Institute) % %41
200 uM I O EHALE . F7-21% Phe (200 uM) & CPT (10, 50, 200 uM) % 4L L,
48 FERIRGEE Uiz, £/, [ARICHEHRE L 7= ESCs 12 Py (1 uM) K OVE, (10 nM), F721%
CNBINE AT B A RITMA CPT (200 pM) Z4LE L, 8 HRERE L, 728, 2 H
BEILAT A UL E LT, FFEBRICBWTHERE TH, ML OEEAT U A
ZEL L., BUF O 217 - 7=,

1-4. Small interfering (si) RNA #LE&

ESCs (3x10* fE/well) % 24 /7L — MCHEFEL. 10 % CS-FBS &4 DMEM/F-12
AT A4 UAIZT3T C T —WhsE Lz, D%, 2430 pmol @ Epacl (5°-AUU
GAG AUU CUU CUG CUC CUU GAG G-3°, 5-CCU CAA GGA GCA GAA GAA UCU
CAA U-3’, Invitrogen). Epac2 (5-UGU UCU UUA AGU CUG ACU GUA UUC G-3,
5’-CGA AUA CAG UCA GAC UUA AAG AAC A-3°, Invitrogen), Rapl (5’-CGA GUA
CUG UGG AUG UGA A-3’, Santa Cruz Biotechnology) #7%f) siRNA, F£7-. *ITREE &
L TR = > b o —/L siRNA (Qiagen) Z 71 b =t— LIZHEV, Lipofectamine™
RNAIMAX (Invitrogen) % VN CHIARIZE A L7,
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1-5. V=R Z 7 vy ME

K78 ld % RIPA Buffer (Cell Signaling Technology) TIEIUL L 7=, RNiEMEYE % B
DERET D7D EE 4 °C. 13,000 pm, 10 23fH) L. O EifFaY 7k
L7z, Bradford {EIZHDL< Z X7 HEERIE (Bio-Rad) ZHWT, &Y 7
DE R EREER LT, £V 7V 20 ug DX N7 E%xETr) 12 4xLoading
Buffer (200 mM Tris (pH 6.8), 8 % SDS., 04 % 7 0E&~7 =/ —/L 7))z, 3 4
AW LI, 5~20 %7 77 4= RARU T 7 VAT I RTVEHWERIKE) (26
mA EEBIL) ZiT-o72, TD%, ¥/ J'EH% PVDF A7 7 IZHEE (128 mA, &
BI) Lo AL/ 70y ZIRICTRET 1| 7o yd o7 Lk, £0%., $T Epacl
PLIK (1:2000, Cell Signaling Technology). #it Epac2 #i{k (1:2000, Cell Signaling
Technology). #T Rapl LK (1:2500, Upstate) =721 HL p-CREB HLiK (87G3. 1:100,
Cell Signaling Technology) & 32 4 °C T—MeA > F =2X— K L7, TBST (20 mM
Tris-HCI (pH 7.5), 150 mM NaCl, 0.1% Tween) TA > 7 7 & (10 47,3 [A]) .
IV F U —BREERRETY U A 1gG PUA F 7 ARG Y Y 1gG Bk (1:5000,
Vector laboratories) % HWNT 1 KA > F = ~X— K L7z, TBST Ty (10 47, 3 [A])
#%. (bF3EREE (Immobilon™ Western Chemiluminescent HRP Substrate, Millipore %
721%. Western Lightning™. PerkinElmer Life Sciences Inc.) THR S8, /X N &R
L7ce 2B, ML AT T TN T, WEMERETH 2 GAPDH ¥ o/ 7 E &
L7280, AR v ¥ TR [62.5mM Tris (pH 6.8). 2% SDS. 0.7 % 2-A )V H 7 h= X
J =] ZHWTREUERES (50 C. 30 43f#]) #9T7->7-, TBST Tk, 7w v
X 7 %17\, HU GAPDH Hif& (1:5000, Sigma-Aldrich), ¥K\T _IRPUAZ UG S
Too /N FaT o RA MY —IZXVEEIL L, BIOAN Y ROBEZ . R
HTdH % GAPDH DN FOEMETHIET 5 Z LXKV BF T AMDZ R0
BEOEZRDIZ,

1-6. U 7/VZ A A RT-PCR &7

k— % L RNA O#iH 1% ISOGEN (Nippon Gene) % H\>, IRt~ 1 b a2 — L ZhiE
S>THTo 7=, HitH L7= F—# /L RNA (100 ng) % T, iScript™ One-Step RT-PCR Kit
With SYBR" Green (Bio-Rad) TV 7 /L% A I RT-PCR it 24T > 720 AFEHTIZ FHU
1277 A4 ~—ORANILL TIZRTHEY Th 5, RT-PCR il iCycler r—~ /141 7
7 — (Bio-Rad) #H\\T 50 C T30 /EOWFERE G, 95 C TS5 0 HiEsE
BESR DRIFIZIRNT 95 C T 10 BREIDOEMESS, 60 C T30 BT =—U 7K
JRE MRS E A5 A I AT 52 & o 7D mRNA 3EHE4 it 5720,
Comparative Ct {ETHEAT L7z, B1D, H D5 —EOENBEEZ /R LT A 7 Vv Ex BE
(Ct) &£ L. BREIETD Ct ENERIEAETH D GAPDH O Ct LV, LLFOFEKXTH
YT NVEIORBLED A RO T,
%ﬁizz—(AACt)



AACt= Act b“/'fwA_ACt Yo T NI
ACt BT AT Ct HE# s+ 71 A —Ct gappu FoTN A

Act yornime = C gupmimsy7ne — CUGAPDH w2 1 s

S | 5-AATGGATTTTATCACAGCAGACAG-3’
IGFBPI AS | 5’>-GGTAGACGCACCAGCAGAGT-3’

S | 5-AAAGGATCGCCATGGAAAG-3’

PRL AS | 5’-GGTCTCGAAGGGTCACCTG-3’

S | 5-AAGGGTGACAGCAACAGCTC-3’
roxol AS | 5’-TTCTGCACACGAATGAACTTG-3’
GAPDH S | 5’-AGCCACATCGCTCAGACA-3’

AS | 5’-GCCCAATACGACCAAATCC-3’

1-7. IGFBP1 @ ELISA fi##

B AT 4 U LAH @D IGFBP1 # > /%7 B &% human IGFBP1 DuoSet kit (R&D
Systems) DOfFEFIEIZHES T2 > FA v F ELISAJECTER LTz, AT 4 VA, &=l
578 (4 °C. 10,000 rpm, 10 77fH) L. £D EFEEH v E Lz, 96 K7L — | I
% > FN® Capture Antibody %Iz, =i CT—MEEH{E L 7=, PBST (20 mM phosphate
buffer (pH 7.45). 150 mM NaCl, 0.05% Tween) T 3 [BI%E# L72#%. 20 mM phosphate
buffer (pH 7.45). 150 mM NaCl, 5% Tween., 0.05% NaN; Z&ie7 1 v &% JHRIZT=E
BT 1 RFfA % 2_X—RL7%, PBST T 3 [EWEHLE, Varvr s he b
IGFBPI1 (0.125~2 ng/mL DOFRRFN) T3, BEEA T 4 U LAY TV E T = VIR
MU =R T2 KA > F = _X— | L72,PBST C 3 [FI#% L 7274 . Detection Antibody
ZIMA, H|IRT 2 KA U Fa_— Lz, TD%, BEVFELFF 2 —F
mEE A N L7 R T B Y IR (ImmunoPure” Streptavidin, Horseradish Peroxidase
Conjugated, Thermo SCIENTIFIC) Z/1x. =L T2 KA »F =2X— K L7, PBST
T3 [AYef L7-f%. Substrate solution i1z, =R T20 A > FaX—Ta %
TV IMH SOy ZNA TRAKSZR T S, IS TR~ 7n7L—hYJ—
%' — (TECAN, Wako) % H\NTHOLIR 450 nm OWOGLE ZRIE Lz, FHTz A%
VA= ROWSCENOBERAER L, 7 Lo IGFBPL R Z R H L7z, 723,
T — X % RSP E ENDKR Y R B EICTHIEEZIT WO HXHMETER LT,

1-8. HEHET v & A

ESCs |Z Epacl, Epac2 ¥ 721% Rapl siRNA % 24 REJALE L7z, & 51T 24 K £ 7=
X 8 H M ¥ % L 7= % . 2-(2-methoxy-4-nitrophenyl)-3-(4-nitropheny)-5-
(2,4-disulfophenyl)-2H-terrazolium, monosodium salt (WST-8) Z/N1.x 37 “C T 20 57 ff5%
#L7m, ¥~ /a7 L— kU —%&— (TECAN, Wako) TE;ZEIK DWW K E 450 nm O

_7_



WOCEE 2 E LTz, OOt EN S MO EFR 2 HHE TE LT,

1-9. {&E#ER! Rapl O H

IEPER Rapl (GTP-f5& % Rapl) DA&HIIZIL, Rapl Activation Assay kit (Millipore) %
Az, B5EMld % %~ RO Rapl Activation Lysis Buffer (50 mM Tris-HCI (pH 7.5).
500 mM NaCl., 2.5 mM MgCl,. 1% NP40. 10% glycerol) T[EIIX L 7=, &.050EE 4 °C.
14,000 rpm, 5 Z7f#) %, EEZBEIL L, 2O —5 %% Rapl &5~ 7= OIZHNIZ[E]
U7z, 5% 0 @ EIEIZ Ral GDS-Rapl &G KA AV &fEH LIz T Hrn—A (GTP #&&
Al Rapl IZHFRMICHEAT D) 2z, 4 CT45 RRESCHICBE L, =00
(4 C. 14,000 rpm, 10 #f#) %, HIGZHY FrRE . Rapl Activation Lysis Buffer Z
X CHH Lic, ZO#EZ 30 IR LT7-1%, RiFZHLY BrE | 2xLoading Buffer (100
mM Tris (pH 6.8). 4% SDS, 02% 70t 7 =/ —/L7)—) Zzl-, ZO% 7
JL L Rapl A FHRD 72D T ORI U7 MIIRIARER 2 3 oM L7-1%.5~20 %
7I5F 42 "ARYT 7 VT I RA L (SuperSep ™ Ace, Wako) TRERVKE) (26 mA
EEW) L, X278 % PVDF A7 7 \ZERE (128 mA, E&EIR) Liz, 44/
7 8 v 7§ (Dainippon Sumitomo Pharma) TA L7 7 V&= T 1 Ff7 e v
7 Ui, D%, Bl Rapl Hifk (1:2500. Millipore) & AW\ T, BRO =2 & 71
v MEHT & RO EAEZATU TEHER Rapl &2 G ~7z,

1-10. Vo7 =2TF—EB LR —F—T &S

PRL [LEIC TR L BEMR CREA S DN, F OIEEHIEIX R/ 5, BPEH sk
PRL (dPRL) %, TEKHK PRL OHREBRAA R B 6000 HEH 5t B HHinE S 1
%o 72%. dPRL & FEEMARHK PRL ©O7 X/ BESIIFR L THDH, £ Z TIPRL O
0 — % —fE O/ (-dPRL-wt: -332~ +65) %, t b FEWNEBEMED S 2 A
DNA #7 7L — NI L7 PCR THilE L7z, 2OV mE—&—fEKIZIX, C/EBPB
& C/EBPSDFE S ERLN S D, C/EBPB & C/EBPSD#E A ALY % 28 Bt X 7= (dPRL-mutf:
-270~-301, dPRL-mut§: -291~-311, dPRL-mutp8s: -270~-311) DNA 7 7 7" A > MILLTFIZ
KT T IA~—% T, PCRIETHB L7z, FH% L T/ 57z PCR FEY % il [REZ
% Kpnl/Xhol T pNL1.3 (Promega) ~Y 7/ n—=271_, LHR—HF—TFAI L
L7, pNL1.3 [FL AR —4—E R T LT R AF e R EHEONL Y T =T —
PRHWSLNTEY, ZOEASNTANY T =T —PI3nWMol-o, B#iEE v
TEEGIEEZIET 2, 24 XL — MR LIc 7 a7 Lx 2 F O ESCs DE5#E
% 2 % CS-FBS &H DMEM/F12 AT 4 U Lh~AHR L, —Hubsse L7tk B L
WA 1 R T 7=, 0%, ALV —F—FTFAIF (1) 2V @by
v AAEPRREEE (133 mM CaCly, 25 mM HEPES, 140 mM NaCl) T#E A, 37°CIZ T 4 e
A F a— &, PBS TUEF L. BB LRI Z 48 BfRAT o 70, £ OBIGRIK %
B L, VAR—% —@8a T OEEFEIEM %2 Nano-Glo Luciferase Assay System (Promega)
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ZHAWT, /LI /) A— & —Mithras LB940 (Berthold Technologies) (Z CHllE L7,
S | 5-ATGCTGAGCATCATGTCTGGTCTCTGCTCA-3’
AS | 5’>-ATGATGCTCAGCATCTTACAACACACAGAG-3
S | 5-GTGTGTCGTACGATGTTTAGCAACATGCTC-3’
AS | 5’>-ATCGTACGACACACAGAGCAGCCCTCAGA-3

S | 5-GTGTGTCGTACGATGCTGAGCATCATGCTC-3’
AS | 5’-GACGCTCAGCATCGTACGACACACAGAGC-3’

dPRL-mutf3

dPRL-mutd

dPRL-mutpd

1-11. #HEEAE

ELISA & U7 /% A A RT-PCR DOfEFR A4 FHE + FEH¥ERE TR LT, AEAR
ENZIE, Tukey-Kramer ZE LI ATV, fERFE 5 % (p<0.05) % b o THEHFIIIC
BEENRHLLOEHE L,



F2E EBRER

2-1. & FFEWNEMABRICIIT S Epacl X Epac2 D JHTE

FEFE & Sy W oo - B NI L2 33 1F 2 Epacl J OYEpac2 O JRifE % Sa ek ik e a5
T~ 7o, Epacl [ZHEFEH] & W O = NI W TERE ERE (le), it BFZ (ge)
AR (s) IZFEBLL T 7z (Fig. 2 A, B), F7c. Epac2 H&NE L2, R ER, BE
A 3B LT\ /2 (Fig. 2 C, D), Epacl & Epac2 Z8UI W B W TEBETA S
N, I, AREW OGN, 57U T Epacl & Epac2 FEBLTE LA B AL )
ST, RXHT 47 3y ba—UZBWTIHERERN Y30 > 72 (Fig. 2 E, F),

Proliferative phase Secretory phase

) - -
) - -
Negative
control

Figure 2. Epacl and Epac2 are expressed in human endometrium

Sections of proliferative (A, C, E) and secretory (B, D, F) phase human endometrium were immunostained
with anti-Epacl (A, B; brown staining) or anti-Epac2 (C, D; brown staining) antibody, or rabbit IgG (E, F;
negative control) and counterstained with methyl green to visualize nuclei. Representative pictures from
proliferative (n=6) and secretory (n=4) phases are shown. le: luminal epithelial cells, ge: glandular

epithelial cells, s: stromal cells. Scale bars: 50 pm.
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2-2. ESCs DFEE IZx 3 5 Epac BIRE cAMP 71 7 DR

5 Cih_7- L 512, B F ESCs D% EALIZIL PKA &4 L7 cAMP ¥ 7 ViR
ERENEETHL ZENRESH TS 19 Z2 T, 2D cAMP/PKA ¥ 7 F /LD
TEPEACIT A 5 B 75 AL HRE (2 Epac 23R8 59 2 O )viEt L 7-, #1553 ESCs & LLAT,
UHFFEEE TS L 72 ESCs £8 (EtsTs) 2. PKA R cAMP 71227 (Phe) 7213
Epac B4R cAMP 77 12 7 (CPT) % EAZ41200 uM 3D BURALIE | & 72 13 Phe (200
uM) & CPT (10, 50, 200 uM) % HALE (Phe/CPT) L7z, 48 FERIEF#E% WL~
— =L LTHBLILTWD PRL, IGFBP1 £ FOXOI @ mRNA F8i& ) 7 /XA L
RT-PCR £ % FHWTHENT L 72 (Fig. 3). #1fAE5#8 ESCs } OY EtsTs 12 Phe A ALE FE
Tld, RLE ORRBEIZ L~ PRL, IGFBPI K. () FOXOI mRNA FHLL~Ls B&H L
72723, CPT BHMALERECIX I o ORBUIE L L7ed > 7=, LA L., Phe/CPT ¥ Tl
Phe HUMALERE & Lt ~C, PRL & IGFBPI ® mRNA BHEN S ST Lz, —.
FOXOI mRNA FEHLL~L1%, Phe/CPT # & Phe HMALERE DM CAEIL R o7, Z
AL 5 D Phe 58D IGFBPI & PRL mRNA J$HI5%4 % CPT DRERN 1T, cAMP
FHEMEDORENMALIZ Bpac 25 L TWAHZ AR LTV 5,

2-3. In vitro FLIEREILIZ 9% Epacl, Epac2 & O Rapl REEMH| DEhR

BB I 1T D Epac ¥ 7 /U DB 5% & BT~ 2 7212 WIKTED Epacl
Epac2, Epac #R#& D Ty 7 T /WARER 1 & L THIHIL TV S Rapl OFEHLE siRNA
ZHWTHIH L7, & cAMP 7 m 7 &2 4LuE L (L~ — I — ORELZ T~ T
(Fig. 4), Epacl, Epac2 F£ 7213 Rapl OFFEA) siRNA ZE A L7=%, TNENDF N

JEENWTDH L HHETR L= (Fig. 4 A), Phe HMALE K (X, Phe/CPT :4LE 4 D
IGFBPI & PRL mRNA ZEL L ~/L3xfEE (Cont siRNA EARE) &~ Epacl,
Epac2 £721L Rapl / v 7 XU AZ XV Il &7z (Fig. 4 B, C), — 4. FOXOI mRNA
FHLUX, Epacl £721X Rapl &/ v 7 XU LTCHEAL L7~ 7273, Epac2 / v 7 X
U AT LY I 472 (Fig. 4 D), 7235, Epacl. Epac2 XM U'Rapl %/ v 7 X7 L
THMEDOEFRITITHE L 2 -7 (Fig. 4E),

_11_



>

Nw B
1 1 1

—
1

Relative level
(/IGFBP1/GAPDH)

-

=

o
L

CPT:

N
o
1

1.54

Relative level
(PRL/IGAPDH)

o Y
o (4] o
" L L

Relative level
FOX0O1/GAPDH)

(

Phe:
CPT:

Primary ESCs
IGFBP1
*
#

ol B I
200 - 10 50
PRL

#

-+ + +
200 - 10 50
FOXO1

#
I . . o
200 - 10 50

+

200

Relative level

Relative level
(FOX0O1/GAPDH)

Relative level
GFBP1/GAPDH)
i =Y

[=2]
1

N
1

(;
o e
I s
- 1

(PRLIGAPDH)
o =2 a'p
o (4] o (4] o

Phe:
CPT:

-
N
L

-

>

® o
L

CPT:

200

200

EtsTs
IGFBP1

PRL

ol A S &

FOXO1

+ + + +
- 10 50 200

Figure 3. Epac-selective cAMP analog enhances PKA-mediated IGFBPI or PRL mRNA expression in

primary ESCs and immortalized (EtsTs)

Primary ESCs (A) and EtsTs (B) were cultured in medium with or without PKA-selective cAMP analog
Phe (200 uM), the Epac-selective cAMP analog CPT (200 uM), or a combination of Phe (200 uM) and
CPT (10, 50, or 200 uM) for 48 h. Total RNA was amplified by real-time RT-PCR to determine /GFBPI,
PRL or FOXOI mRNA levels. GAPDH served as an internal control. The data from four independent

experiments are presented. Values represent mean + SEM and are relative to the value for treatment with

Phe alone. *p<0.05, **p<0.01 vs. Phe; #p<0.01 vs. Cont.



siRNA siRNA siRNA

(kDa) Cont Epacit (kpa) Cont Epac2 (kDa) Cont Rap1
150 1504
25+
100 — Rap1
Epacl qgp{ == Epac2 -
75 e 37— GAPDH
37 - mes s | GAPDH
B IGFBP1 C PRL
259 Oeontsirna » 1-8 T Jcont sirna t
EZ 0- [JEpact siRNA 1 . [JEpact siRNA =
E E—: " | BllEpac2 sikRNA E I 1.24lEpac2 siRNA  #
2 < 1.54 .Rap1 siRNA @ E .Rap1 siRNA
29 # " 2 J0.8 .z
o E = == *
=" * *
E Y *
0 0
Cont Phe Phe/CPT Cont Phe Phe/CPT
D FOXO1 E
1.21 , 1.5 1
DCOI‘ItSIRNA # - n.s.
T [Jepact sirna (X I < -
o Q 0.9[Epac2 siRNA £Z g LS
> ; = X104 =
2 W Rap1 siRNA 20
2 S 0s- -
e * 20
© 9 0.3 2
o LT 10m 5
Cont Phe Phe/CPT Cont Epac1 Epac2 Rap1
siRNA

Figure 4. Epacl, Epac2 or Rapl knock-down inhibits cAMP analogs-induced decidual markers
expression in ESCs

A: ESCs were treated for 24 h with the non-targeting control (Cont), Epacl, Epac2 or Rapl siRNA and
treated with Phe (200 uM), or a combination of Phe and CPT (200 uM) for 48 h. Epacl, Eapc2 and Rapl
expression levels were determined using immunoblotting. Blots were stripped and re-probed with
anti-GAPDH antibody as a loading control. B-D: Total RNA was amplified by real-time RT-PCR to
determine /GFBPI (B), PRL (C) or FOXOI (D) mRNA levels. GAPDH served as an internal control. The
data from six independent experiments are presented and expressed as mean = SEM relative to the value
for treatment with Phe alone. *p<0.01 vs. Cont siRNA; #p<0.01 vs. Cont; tp<0.01 vs. Phe. (E) ESCs were
treated with siRNA for 24 h and cultured for another 24 h. Cell viability was evaluated using the WST-8
assay. The data from three independent experiments are expressed as mean + SEM relative to control

levels. n.s., not significant (vs. Cont siRNA).
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2-4. ESCs (Z81F % Rapl OIEMHALIZX T3 Epac DS

Fig. 4 B, C {23\ T Rapl / v 7 # v \Z X W IGFBPI, PRL mRNA 23| &5 2
ExERLT, LU 5, Rapl 2 ESCs (28T CPT OALEIZ L v iEMH L S b
DONMIARHTH S, ESCs 2 Phe F721E CPT Z#ALE L=, M (GTP A
Rapl &2 T NVE T T v AIZTHNT LTZ, TORERE, ESCs 2 CPT #4LE L TH
IEPER Rapl (13N L7edv> 72 (Fig. 5A), F7-. Phe ZE &5 Rapl L1z
B L7200, IRIT, T8 Phe & 48 IFfAIALE L, Wil 2 4T S 72 ESCs 12
Phe, CPT £721%, 77 =/NEY 7 7 —EBIEMILIK TH 5 Forskolin 24L& L. Rapl
DOIEMALIRRE 2 ] ~<7=, Phe ZRiLE L7 HMIFEIZ & 512 Phe Z4LE L CH Rapl OfF
AL EIZEL LR o 72 h3, CPT ZMLE L 7-fifd Tl Rapl OIEMEL &N EH L7
(Fig. 5 B),

F 7= . Forskolin DALE (2 X U HEN cAMP 2 FE 2 B 1 S C 6 B 5 2727544 Rapl
EOEMNN A BT (Fig. 5 B), £7o, Bk L2317 L 72 ESCs @ Rapl OIEMALIZ
%14 % Epacl & Epac2 / > 7 #0 » OIIRIT OV THET L7, % HEEE (Cont siRNA) (2
b Epacl & Epac2 / v 7 XU U FETIEL, CPT I X AIEMES Rapl @ B L~ULid
v o7z (Fig. 5C)e ZHHDFRERNG, MIEE(LIEFED ESCs TiX, cAMP EFIZ K
Y Epac &4 L7 Rapl DIEMALE Z 5 Z L RS,

Phe siRNA

A B C
Cont CPT Phe Cont CPT Phe Forskolin Cont Epac1 Epac2

GTP-Rap [ = & | GTP-Rap1| - -] GTP-Rap1 [ s |
Total Rap1 Total-Rap1 m

~2.01

w0
1
)
—
[N
1

*k

=y
(4]
1

Relative level
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o
S 3
[\8] Y [=2]
1 1
Relative level
(GTP-/Total-Rap1
o (=]
= ©
1 1
bl

P
Relative level
(GTP-/Total-Rap1)

Cont Epac1 Epac2
siRNA

J 0
Cont CPT Phe Cont CPT Phe Forskolin

Figure 5. Rapl1 is activated by Epacl and Epac2 in Phe-pretreated ESCs

A, B: ESCs were cultured in the absence (A) or presence (B) of Phe (200 uM) for 48 h, and then incubated
with CPT (200 uM), Phe (200 uM) or Forskolin (10 uM) for 20 min. C: ESCs pretreated with Phe (200
uM) for 48 h were cultured with non-targeting control (Cont), Epacl or Epac2 siRNA for 24 h. ESCs were
then incubated with Phe for another 24 h and treated with CPT (200 uM) for 20 min. Cell lysates were
incubated with a GST-RalGDS-Rapl binding domain fusion protein and pulled down with glutathione
agarose to determine GTP-Rapl levels. The upper panels (in A-C) show representative immunoblots of
GTP-Rapl and total Rapl. The graphs show GTP-Rap1 levels normalized to total Rap1l levels from three
independent experiments. *p<0.05, **p<0.01 vs. Cont (in B) and vs. Cont siRNA (in C). Data are

presented as ratios of Cont (A, B) or Cont siRNA (C); values represent mean £ SEM.
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2-5. BRI RA T v A NIk 2BEEALFEIC T 5 Epac BIREI cAMP 72 7 D% R

AR L2/ L U L cAMP ¥ 7V OiEMAL 2 I U 72 I % B L% 1 . Epacl. Epac2
A ONE Rapl 235 L CTWA Z EDR/RS T, & 2T, AR B LKA 1 &
EZBHIVTUND Py/E, ZULE LT-354 D Epac D52 ist L7=, ESCs {Z Py & E, % 8
HMALE (P/Ey #E) % & IGFBPI, PRL }: (¥ FOXOI mRNA L ~Ls E5F- L
72o F72. Py/Ey TN AT CPT % & BIZHLE (Py/Ey/CPT Bf) 35 &, IGFBPI & PRL
mMRNA FEHL LU Py By BE & LR THEIZTLHE L7 (Fig 6A,B,0), 7o, H&EA
T 4 U 5O IGFBP1 Z3Wh L~ L & [FIRRIZ Py/By BETILIE L, Py/Eo/CPT BETIZ S H I
k& L7 (Fig. 6 D),

S HIZ, INRAT v A FFHEMEONEIEIZX % Epacl, Epac2, Rapl / v 7 &
T DR E T, Epacl,Epac2 W NI Rapl / v 7 X 7 (X, Py/Ey % 721X P4/Eo/CPT
FHE M D IGFBP1 & PRL mRNA (Fig. 6 E, F) & IGFBP1 %34 (Fig. 6 H) %A &EIZHH
L7- (Fig. 6 E,F,H), ¥72.Epac2 / v 7 ¥ 7 > |X FOXOI mRNA 8L & i L 7= (Fig.
6G), & HIT, MEBEALFA ORCAKDOIRE~DZE{L & Epacl, Epac2 & Rapl ®BH£%
WZDOW TR 21T > 72, Cont siRNA EARETIX, PY/EALEICE YD, X<mBATH
% £ 92 ESCs [FA-HEZE A kE DT RED & B R O DR EHia ~ & 0k L 7= (Fig. 6
l-a,b), ZDOUEIZIN AT CPT ZALET 5 & T OPRLEEMIE~DOREZE(LA L 0 B
FIZH BT (Fig. 6 1-c), —J. Epacl £721% Rapl ZBE 235 & PyE, £721%
P4/Eo/CPT ALEIZ & 5 Z DIEREZEAL S HE S v, #MESFMARER DR L2 BB D £ £
72-o7= (Fig. 61-d, e, f,j, k1), £72. Epac2 & / v 7 X7 L7= ESCs Ti%, IR T
2 A REDOFEICE D ST, B OB & 13 60T EZ e 5 K& < REIR
DOIEfRE% ~ LT (Fig. 6 I-g, h, i),

2-6. Epac IZ X % PRL =B3RS DAZEA

Epac ¥ 7 T /VOIEMEALDIFR AT 1 A RiIFTNZ, cAMP 771 Z\Z5L % PRL,
IGFBPI mRNA B ARHET 5 2 L 2R Loy, £ O BB TS IZ >V Tl
RATH 5, % Z T .Epac ¥ 7 F /LD PKA ¥ 7 F L@ Tt 1T 5 cAMP responsive
element binding protein (CREB) 'DiEH AL (V L) 2 2+ O ENIC OV TH
~7z, ESCs |Z Phe Z4LiET % & CREB OV V(b L~ L3 B L7223, CPT TIEAE
b L7277 (Fig. 7 A), F7-. Phe/CPT A& ¢ Phe HHALE & A% D L~/L Th >
72o & HIZ Phe (24 % CREB @ U U {biE Epacl, Epac2 XN Rapl &/ v 7 X7
LTCHEL L2~ 72 (Fig. 7B), Z OFERIT, Phe/CPT |2 L 5 PRL FEBLOHEE & |
Epacl, Epac2 iffTNZ Rapl / v 7 X D2 X% Phe HEMED PRL FEELOMFN,
PKA/CREB ¥ 7 7 VR EN"E G L Wi WwZ A2 R L7, —F.
CCAAT/enhancer-binding protein (C/EBP) B %, PRL & IGFBP1 O3l DR EKF & L
THOND Y, b MEHEIR IS P EGIEIC 350 T Epac BIRAY cAMP 7 F 12 7 DAL
B LY C/EBPBRILENSHNT D 2 L3 Sh T 2, % Z T, ESCs TP Epac
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IZ & % PRL ORREIEMEDOEHEIZ C/EBPRAEHS- L TV D DT ONWT LR —F—T
A THEFL72, dPRL-332 |23\ T, Phe HMALE TEBEIGME L ~L8 EH L
Phe/CPT HALEIZ LV X B2 L 7=, F£ 7=, Forskolin ZLi& % Phe/CPT L& & [F]%
DEREIEME L~V AR LTz, U6 OERGIEME L~ LT, C/EBPBDFE G HRAL % K45
SH7- dPRL-mutf, dPRL-mutd C# L<{KF L7z, & 52, dPRL-mutp, dPRL-mutd
TiX, Phe/CPT ILALERFIZ R &AL/ BIEME DR A 5419, Phe ALiE L [A U L
INTCHoTz, £, C/EBPBOFERIELZ 2 D2 S +7- dPRL-mutf § Tl dPRL Dz
BIEME L~ S BT LTz (Fig. 7C), Z DOfERIL, Epac 28 C/EBPBZ I L T PKA
FHENMED PRL mRNA HELA R L TWDHZ L E2 R LTS,

A IGFBP1 B PRL
53.0' ++ 61 ++
:g 2&°
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0 e
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Cont siRNA

Epac1 siRNA

Epac2 siRNA

Rap1 siRNA

Figure 6. Epacl, Epac2 or Rapl knock-down inhibits ovarian steroid-induced functional and
morphological decidualization

A-D: ESCs were cultured in the absence (Cont) or presence of the ovarian steroids, progesterone (P4, 1
pM) and estradiol (E,, 10 nM), or a combination of P4, E; and CPT (200 uM) for 8 days. Culture medium
was replaced with fresh medium on alternate days. E-J: ESCs were treated for 24 h with non-targeting
control (Cont), Epacl, Epac2 or Rapl siRNA, and then with ovarian steroids (P4E,) or a combination of
steroids and CPT (P4/E,/CPT) for 8 days. A-C, E-G: IGFBPI (A, E), PRL (B, F) or FOXO1 (C, G) mRNA
level was determined by real-time RT-PCR amplification of total RNA and normalized to the GAPDH level.
(D, H) IGFBP1 protein level in the culture medium was determined by ELISA and normalized to total cell
protein. I: Representative micrographs of ESCs transfected with siRNA and treated with P4E, or
P4/E,/CPT for 8 days. Scale bars: 100 um. A-H: Data from four independent experiments are presented.
Values represent mean £ SEM and are relative to the value for treatment with P4/E,. #p<0.01 vs. Cont;
Tp<0.05, +1p<0.01 vs. P4/E;; *p<0.01 vs. Cont siRNA.
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Figure 7. Epac-mediated C/EBPp promotes transcriptional activity of PRL

A. ESCs were treated for 30 min with Phe (200 uM) and/or CPT (200 uM). B. ESCs were treated with the
non-targeting control (Cont), Epacl, Epac2, Rapl or CRT siRNA for 24 h, and then treated with Phe (200
pM). Cell lysates were subjected to immunoblot analysis with anti-p-CREB antibody. The same blot was
stripped and re-probed with anti-CREB antibody. Data from two independent experiments are presented. C.
ESCs were transfected with dPRL-332, -mutf}, -mutd or —mutfd pNL vector (1 pg) and then treated with
Phe (200 uM) and/or CPT (200 uM) for 48 h and measured the luciferase activity. Data from four

independent experiments are presented. Values represent mean + SEM. *p<0.01 vs. dPRL-332.
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B3I EE

b MZEWT Epacl [d8k 4 Z2fifgs T B Z RICHBL L TE Y | Bpac2 IE, K00
N, g, B2 L THRELTHD M, L LAans, FEICBIT % Epac DIEH
RF DRITEMEIZOWTIEARATH 5, AWFSETIL, Epacl, Epac2 723 H:ZHIFEH] & 5
WO NIED IR L & BEMBICBE L TWA Z & &r Lo, £70, Wi
Epacl. Epac2 31 = NI OIEICFAE L T\, ZOEBERICOWVWTIETE
IR NLETH D,

ESCs TiZ, JFRAT v A R EORIPIZ LY . FEN cAMP RN EH L. PKA
T FIARERBE OIEMHAE N Z D Z LI Ko THEB LT 20D EEZ 5TV
%, LU, cAMP ¥ 7 )VI R 1 Cd % Epac DSILIEEALICRE 535 DG NIc
DOWTIHEHARHATH - 7=, KUFIETIE. in vitro BIEE(LE T /L% FH VT Epac &&RH
cAMP 7} 1 7 (CPT) & PKA EIRf¥JcAMP 7)1 2 (Phe) DIER &5t L 7=, ESCs
BR M OIS #8 ESCs 12 Phe 24L& L, PKA ¥ 7L &21EMALT 5 & Bkl b~ —
J1—"Td& % IGFBPI, PRL }x (X FOXOI ® mRNA #H»™ EH L=, LovL, CPT #H
MALE L TH 2D ORBEIIE Lo 7=, BEEWZ L2, Phe & CPT A L4 &
9% & IGFBPI1 & PRL ® mRNA 8%, Phe HALIE & LE_XT X 512 EH L7, FOXOI
® mRNA 8% Phe HMALE & EE TR LD 22Dy o 72, & 51T, Epacl, Epac2 &/
v 7 BT 5 E cAMP 71 JRLER O IGFBPI & PRL mRNA FEHA A Lz 2
EMbH, Epac 3, cAMP ¥ 7 F V&S 4 % IGFBPI & PRL O¥EBIMEREIZRI 5L T
WHZEDIRE S NTZ, Epac 7LD TRKA L LTH BV TV D Rapl 1&, i
fEA bl (Phe) ZINZ TV ARSED ESCs Tl CPT #ALE L T HiEMELE,
Phe DALEIZ L 0 DL AL &2 1T S 72 BFIC CPT Z2AVE T2 2 & TiEM b L7, [AlkR
|Z Phe %@% L TR %2 & HFEEHETT X 7= ESCs @ Epacl F721%. Epac2 7
/w7 HA 35 CPTALEIZ X5 Rapl OIEMALAHIHI S fu7z, Rapl OBl %
J w7 B35 Epacl, Epac2 @/ v 7 X0 K& REERIZ cAMP 71 ZALIE
\Z & % IGFBPI, PRL ® mRNA FELRWA L7z, T 6 OREFIL, ESCs IZBWTH
Epacl & Epac2 |2 X % Rapl {EMELIEEE D RFF SN TWAH Z L2 BT 5, b MEN
AMIRETIX. Rapl % PKA & Epac O 7 /U X O IEMEIL SN D Z & REsE S
TW5 0 F v FFURARAARRE T, MBS e KR OGN+ TH 5 75 4
XU PKA & Epac DA X7 E L THEAIREZER L. Rapl %;/%Wlm‘é
EWVOEN D B Y ARFZEIL . ESCs 1BV T Epac 2145 Rapl 3 7 /LI
PKA B DOIEMHENMETH D Z L2 LT,

Fi % IR AR (2 BT Py DIYEAIE cAMP/PKA & 7 F L& N LTCWA Z ENREN
T&7-, O L LT Matsuoka 513 ESCs (28T Py Wnt5a 241 L C cAMP >
TFNETEHALSED Z L2 ME LTV 2D AKHFEIZEHBWT, CPT B R T 1
A R#EENED IGFBPI X° PRL mRNA FELZ{EHE L72 Z & | Epacl, Epac2 & T\ Rapl
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DI w7 BNINRAT v A RiFEMED IGFBP1 & PRL mRNA 88L& ] L7- 2
EMb . ABRBEEAIZ Epac DD LW O GRATR R I N, —T7,
FOXOI mNRA Z8L1%, Epac2 / > 7 X7 TIdRY L7225, Epacl, Rapl ©/ v 7
AT Lo T2, ZOEWICOWTITIARATH 528, FOXOI mRNA FEEH,
IZ Rapl (ZHKFF L7222 & | Epac2 (& Rapl [ZIKF LRVWEREZ B L CW\WDH Z ENE X
bivd,

Epac (2 & % IGFBPI & PRL ® mRNA BEENEENEH A 1 = X LIZHOWTIIAHATH
%53, Epac IR cAMP 71 ZALEIZ LD 235O mRNA FEHRENHM L2 &
735, Epac IFH55 L~ C PRL & IGFBP] ® mRNA ¥HAFEH L TV D5 LN EZ
bb, BB Z L2, PRL & IGFBP1 3@ ER & LTHMbHND C/EBPB
ML, b BIFEERRILE P RGRIILZ 35UV C Epac BRI cAMP 7 )12 7 OALEIZ L Y
FEHBENEMT L Z ERMESH TS P, 512, =7 2R klﬂf\ Epac
IZ C/EBPRA V L {k L. IL23 subunit pl9 O 7 1 & —% —JEM: & 354 % 32, A
IZBW T, PRL O 82— —fHIRIC/AAET D C/EBPROFE ARSI ZERIES &
CPT (2 X % Phe #EME PRL S5 BH MO MANHI LT, EHIZ, PKA V7LD T
IR+ TdH D CREB OIEME(LIZ CPT ALiESC, Epac / v 7 X 7 LV iNgB Lo 7=,
ZH 5%, ESCs I28 W T Epac ¥ 7 /L5 PKA/CREB #IEIC/ER T2 D Tlid/a<
C/EBPB%Z I L C PRL ORHAEMESELZ LE2RLTWVD,

S B2 Bpac B4R cAMP 771 I RIRR A7 1 A RFEMOEBE(LE S 6T
# L. Epacl. Epac2. Rapl / v 7 ¥ U NIZOFREENELETHZ L 2L
L7z, ZOfERIL Epac 2% PRL X° IGFBP1 O3HL & o 7o EBEM /L7210 TidZe < |
FERERIMEICEES- L TWAD Z E&2/RLTW5D, £72, Epacl, Rapl / v 7 X bk

$720 | Bpac2 /v 7 X UKD I, BLEEAGEIROAEIZE D L TR E < REIRO
ﬁ/ﬁﬁf\&’jﬁﬂj L7-, Z OfESHIE Epac2 25 Rapl (ZHEAF L 72 WREE 2 £F > T2 AIBEME

TRMET D,

Petersen H 1%, ~ U AFMELFAMAL O3 IZI 1T D PKA & Epac ¥ 7 /L D HFHAY 72
FENZOWTHE L TWAD P, I722bb, ZOMITIX, PKA > 7 /LK & Epac
TR e E VRIS TEME(L L T %Haﬂﬁﬂﬂﬂﬂmk b L7223, PKA &
Epac D[] & 7 Vit i Z R ISR AL 32 2 LI K 0 b3 lEIT 975, 20 2 &0
CAMP ¥ 7 F NV E T L0 bEIZ Z D2 DD 7 7‘»75:1 VHTHDHZ & EE LT
WD ARFFFEIZI VT, CPT HMALE Tl L~ — 5 — DR BUIZEL T, Phe
& IALE S D L RBLNHEIR L7, Epacl. Epac2 2N Rapl @/ v 7 X7 TiL, Phe
BMALEIZ X % IGFBPI & PRL mRNA FEEL I Lo, £72, Rapl 1IMWighEik L7
ESCs TORIEMEL LT, 2NHDZ LD cAMP %41 L 72 ESCs DO iRz
BT, Epac/Rapl ¥ 7 FIVIRERKEIT PKA o 7 F VAR TERRES & el L CRERERD >

OIERER 72 LRI L 2 FHET L T D 2 L 0VRIB STz,
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Baf /NE

AETIX, b MENEIZIIT S Epac OFEBL L 553 ESCs O EALIZH51T 5 Epac
DFAZ DWW THRET 2TV LT OB LA 1572 (RBFS0HS $ 13, Placenta, 34, 212-221,
2013 N2 Endocrinology, 155, 240-248, 2014288 L 72),

(1) HEFEE & W O = NBEIZ BT, Epacl (X FE R, IR bR AMAD, M
A EL L T\ b, F 72, Bpac2 & RARICENE ERMAE, MR ER2Rmia, [
FIZJRAE L TV B,

(2) EtsTs X TN ESCs (23T, PKA i#ERH) cAMP 771 2 (Phe) @ BUMALE L, it
WhEf~— 4 —Cd % IGFBPI. PRL. FOXO1 ® mRNA 3% FH S5, —7,
Epac Z4RAY cAMP 7 F 1 7 (CPT) O BMMLEITZEN 7203, CPT & Phe &3t
WL+ % &, IGFBPI, PRL @ mRNA J88Li3 Phe HUHBULERE G EIC ER T
Do

(3) ESCs (23T, Epacl, Epac2 £721% Rapl #ZNZE/ v 7 X735 & Phe
HUMALE . Phe & CPT OIALE LV EHE S 415 IGFBPI, PRL @ mRNA FEHi
W92, FOXOI O mRNA 381% Epac2 / v 7 X 7 VOB 5,

(4) K4r{b® ESCs Tl, CPT %#4LiE L CTH Rapl (FIEMAL S 720y, Bidsis b
{TH @ ESCs T CPT OALEIZ X W Rapl 23EMAL T %, F£7-.Epacl F 7213 Epac2
/)BT HE . O Rapl OIEMHALIZIHI SN D,

(5) ESCs {ZHW T, B2 IE AR & R DA T va A RAR/LE L (PyEy) D
RLEZ & 5 IGFBPI, PRL ® mRNA 8L, CPT OHALEIZ LV S BIZ EHT %,
Epacl. Epac2. Rapl / v 7 % 0 1% Py/E, £ 7213 CPT AL (2 Xk % IGFBPI, PRL
mRNA BEZMHT 5, S 5T, Py/Ey IZ K D BEEM i ~DTERER) /3 bid CPT
LEIZ LD S HIEET D, ZDOEREE (L% Epacl, Epac2 M ONZ Rapl / v 7
X2 AFET S,

(6) Epac 7 7 /Vfk#& 1% CREB @ U V{347, C/EBPB%E I L C PRL %51
ZietEd 5,
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2% bt b ESCs DREB(LIZH T 55 Epac2 THEFDOFE & &H

%1 ETIL, & N ESCs D% E(LIZIX Epacl, Epac2 &, = ® ikl T 5 Rapl
PPKA Z AT L7z cAMP > 27 F /VIC IS BERE L T\ D 2 & 2R L 7o, & 72 . Epac2
FEELINGIIE, Epacl & Rapl FEELINHI & 1T v PR TLES 5 FOXOI O mRNA
FELEMHIT 5 Z L B R E~0Z b E R LTz, ZOZ LD, Epac2 1T
Epacl L I1ZHE2 0D /v, Rapl 2N IRVMEHEZHF T2 Z LRI, £ 2T,
ARFETIX Epac2 IC L W FHE S5 TIHKAFORE, & DIZFEE LK1 & Bkl &
DOBSE A &~ ESCs @ in vitro W EALE T V& W TG L7,

B1E EBRMBROERGE

1-1. ESCs D Hijf & iz&
t N ESCs DHBEL ORSERIZH 1 7, B 18, 1-1 EREROFIETITo 7=,

1-2. siRNA L&

1 H1ER 14 & FABRICE FESCs (3%x10* f/well) 1230 pmol @ Epacl,Epac2.
Rapl (ZECHIEEE 1 2, 5 1 8, 1-4 & [F£R). calreticulin (CRT) (5°-GCA GAC AAG CCA
GGA UGC ACG CUU U-3’, 5>-AAA GCG UGC AUC CUG GCU UGU CUG C-3’,
Invitrogen) RFEJ siRNA, F 70, kHHERE L U CIEERY = > k= —/ L siRNA (Qiagen) %
HA LT,

1-3. A7 u~ N7 7 4 —F T ATRAART fr A FJ— (LC-MS/MS) f&#HT

72 1-2 D F T Control F 7213 Epac2 siRNA Z4LE L7l 7 4 — kb (20 ug
2RI E Rk ETe) & SDS-PAGE IZTHL7-®%, /7~ —7 VU7 7 —
(CBB) I[ZTHNHDH R EaYeth LT, Epac2 / v 7 X 07 U HIlAD T A E— MZ
BT, 50 kDa (il Z DIFEEN DRSNSV RRER LN, 2T/ REG)0
HL., UV THEIE L. LC-MS/MS (2 THEST L. Mascot search engine (Z T /3
Y RRIZEEND Z 37 G %[AE LT- (Japan Bio services),

1-4. YR FZ 7 vy MEFT

B1E, EHEL 15 EREROFETY IV ETRL L7, 1 RPUKRIL. BT Epacl
LA, BT Epac2 HLIA & 721351 Rapl $iiK, HL GAPDH Huif (55 1 &=, &5 1 §i, 1-5 & [A
£E). HT CRT HiE& (1:2000, Cell Signaling Technology). T p21 Hi& (1:2000, Cell Signaling
Technology). #L p53 Hiffk (1:2000, Cell Signaling Technology) % fH\ 7z, 1§57z
YRETUV AN —ATIC RV EEL L, BRIONNY ROHEEZ | NEIEHETH
% GAPDH O ROFIECTHIET 2 Z LIk KV T ARO X R EED
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RO,

1-5.Y 7V % A . RT-PCR f&#T

k—% L RNA OHli i3 ISOGEN (Nippon Gene) % A\, Wt 7' 1 f 22— L2
S>T{To7z, M L7z h—% /L RNA (100 ng) ZHW\T, F 1 &, &1 8. 1-6 &[AkE
DI, KM THNT U=, £7=. PRL, IGFBPI, GAPDH I3% 1 ¥, % 1 . 1-6
ERROD T Z7 A4 ~—%HW\Wz, CRT D7 7 A4 ~—0OEFIFILL I RTEY THD

S | 5’-GACCTCTGGCAGGTCAAGTC-3’
AS | 5’>-TCAGCGTATGCCTCATCGT-3’

CRT

1-6. IGFBP1 @ ELISA fE4T

W1E,FE. 1.7 CEREICEEE AT 0 7 AF O IGFBP1 # L 37 ' &% human
IGFBP1 DuoSet kit (R&D Systems) D HIEICHES T2 D R A~ F ELISA HEIC TE&E
L7,

1-7. ¥HET v&A

W1, 1. 1-8 & [AEEIZ ESCs I CRT siRNA % 24 BEALE L7, & 51224
IpfHEs 2 L7=% . WST-8 (Dojinndo) Z/1x 37 CT20 phEE L7z, ~1 7 7L
— kU —%— (TECAN, Wako) |Z TEEK DWW R 450 nm OWOLEE 2 HIE LT,
BONTZWNENS . IO EFRE ST TF Lz,

1-8. B{LBIHEBA 7 7 F v Z—F¥ (SA-B-Gal) 4

1-2 @ F51£ T Control, Epac2 721X CRT siRNA Z L& L 7= ESCs I 4 % /N7 /L A
TILTE RE& 10 4Nz CHEE L7=%. PBS T2 [y %17 -7, SA-B-Gal Yetaiik
(PBS (pH 6.0).5mM 7= a7 AbH VT A 5mM 7= 7 Abh U DA 1 mM
MgCly, 1 mg/ml X-gal) (ZT—Ht37 CTA > Fax—Tar i, Ok, KIZTH
H L7,

1-9. #FHALHE

VITAK Ty b, UTNZ AL RT-PCR, ELISA OfEFRITFHIME + FEHERZE
T L7z, AEEMRTEIZIE. Tukey-Kramer ZE LB 21TV, fEBRE 5% (p<0.05) %
H o THEMPRICAHEERN S Db D L HE LT,
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B2H EBRER

2-1. Epac2 THEFDFE

Epac2 OFEMIK % [FIET 5 72912, Control F 7213 Epac2 siRNA ZALE L7-H 7
/v % SDS-PAGE T/fff L7-t%. CBB T&¥ > /\J B &Y izt = A, 50 kDa fit
IZ Control #f & b, Epac2 / v 7 X U U RECTRENBMADT L5 REMER Lz, =
DN R LC-MS/MS HEIZTHNT L7/ R, e LT 12 [HoKNFa2 il L7z
(Table. 1), Z LSO 5 5 Calreticulin (CRT) (X P FEANBIZEI L WD Z L
PG SR TWDR ), T EHRE L OBIEIZ A TH D, £ 2T, £ Epac2 / v 7
Z 7 ANAZK Y CRT BBDT DDA L 70y MICHMER L=, Bpac2 / v 7 XU
VL CRT # 7378 mRNA FBILIH S 27 (Fig. 8A,C), L2 L723 5, Epacl
& Rapl OFSTUINH]IL CRT FBUZ B L 5. 2 72> 7= (Fig. 8 B), £72. cAMP 7
127 CRT BHUCHE L B 2 72> 7= (Fig. 8 A-C)y ZHH DFEHEMNS . CRT DIEH,
23 Bpac2 IZX Vi S D 2 LR I Tz,

Protein name Gene ID MW Mapcot  Arcession
s e s e e s s e e i e OCOTBRE s No.
1 Vimentin VIM 54 538 P08670
2 Tubulin beta-2C chain TUBB2C 50 348 P68371
3 Tubulin alpha-1B chain TUBA1B 50 323 P68363
4 Tubulin alpha-1A chain TUBA1A 50 302 Q71U36
5 Protein disulfide-isomerase A3 PDIA3 57 253 P30101
6 Nicotinamide phosphoribosyltrasferase NAMPT 56 244 P43490
7  T-complex protein 1 subunit beta CCT2 57 242 P78371
8 Pyruvate kinaseisozymes M1/M2 PKM2 58 234 P14618
9 Calreticulin CALR 48 213 P27797
10 Annexin A11 ANXA11 54 194 P50995
11 Polymerasel and transcript release factor PTRF 43 158 QBNZI2
12 ATP synthase subunitalpha, mitchondrial ATP5A1 60 124 P25705

*The score was obtained from LC-MS/MS based on dateabase search with MASCOT server

Table 1. The candidates of Epac2 downstream factors identified by proteomic analysis

2-2. B~ — I —RBCHTAIA LT 4 %2 U v (CRT) REH&E O%E
Epac2 FilRlF & L CEE L7z CRT O EAGIZIIT 2 EFNE TR 5 72012 itk
i~ — 74 —"TCT& 5 PRL, IGFBPI ® mRNA FHLZx%9 2% CRT FIME| O EIZON
THiFT L7z, CRT FrH) siRNA OALEZ L 0 NIRED CRT # v R 7 EE&EN AT 5
ZEERMER LT (Fig.9A), 7238, CRT / v 7 X v ¥ Epacl, Rapl B2 %
H.2 729y - 7=, Phe £ 721% Phe/CPT L& 2 X % PRL & IGFBP1 @ mRNA 388 & 1%,
CRT / v 7 X7 ALY HEICHHI 7z (Fig. 9 B, C), X 512, IGFBP1 43t b [A]
EEIZ CRT / w7 o A2 X 0 Il & 7= (Fig. 9 D), 7238, CRT / v 7 X 7 /| ESCs
DEFFRIZE B L KT S 727> - 7= (Fig. 9 E),
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Figure 8. CRT expression is down-regulated by knock-down of Epac2, but not Epacl or Rap1l

ESCs were treated for 24 h with non-targeting control (Cont), Epacl, Epac2 or Rap1 siRNA, and cultured
in fresh medium for an additional 24 h. ESCs were then treated with Phe (200 nM) or a combination of
CPT (200 uM) and Phe for 48 h. A, B. Cell lysates were subjected to immunoblot analysis with anti-CRT
or Epac2 antibody. The same blot was stripped and re-probed with anti-GAPDH antibody as a loading
control. The upper panels in each figure show representative immunoblots. The lower graphs show the
relative levels of CRT normalized to GAPDH levels from three independent experiments. C. Total RNA
was subjected to real-time RT-PCR analysis to determine CRT mRNA levels. GAPDH was used as an

internal control. The data from four independent experiments are presented.*p<0.01 vs. Cont.

2-3. BRI T v A FHEMEORBEBIIZR3 5 CRT RELMF DOZhFE

cAMP 7 F 0 ZIZ X DM~ — 1 — DB AR % CRT / v 7 X0 A3l L7z
ZEND AR R BLEE LR ER - CTh D Py & By I L DR L & CRT & DRIfR
IZOWTHET LTz, E, BMALE X PRL & IGFBPI 7 mRNA 3HUZ BB L 5.2 72
7275, Py/Ey F721% Py/Eo/CPT ALEIT Z U6 DB AWM L7, Py/E; 7213 Py/Ey/CPT
WUEIZ LD 26 OFRBLFFEIL, CRT / v 7 X U7 A2 X0 AEICHIH &7z (Fig 10
A,B), F7-. IGFBP1 77 b [EIEEIZ CRT / v 7 Z w2 L 0 il &7z (Fig. 10 C),
512, PLEHIE~DOREZEIZ )T 5D CRT FELNH ORI OV TR Z1T-
7o Pa/By ALIEIT J U BRHEZE AN ARAR DTERE D b BUA K O P B~ & JEREZE L L
(Fig. 10 D-¢), CPT ZLMLiES 25 & Z DIZREE L & I/ L7z (Fig. 10 D-d), CRT
) 7 BT AT I NG IR LA BRE L2 (Fig. 10 D-g, h),
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siRNA PRL IGFBP1
3.0 .0
Cont CRT " [CJcont sirna P 50 [Jcont sirna +
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Figure 9. CRT knock-down inhibits the expression of decidual markers

ESCs were treated for 24 h with non-targeting control (Cont) or CRT siRNA and cultured for an additional
24 h. ESCs were then treated with Phe (200 uM) or a combination of CPT (200 uM) and Phe for 48 h. A.
The expression of CRT, Epacl, or Rapl was determined using immunoblotting. The same blot was
stripped and re-probed with anti-GAPDH antibody as a loading control. B, C. Total RNA was subjected to
real-time RT-PCR analysis to determine PRL (B) and /GFBPI (C) mRNA levels. GAPDH was used as an
internal control. D. IGFBP1 protein levels in the culture media were determined by ELISA. The amount of
IGFBP1 in the media was normalized to the amount of total cellular protein. The data from four
independent experiments are presented.*p<0.01 vs. Cont, #p<0.01 vs. Cont, 'p<0.01 vs. Phe. E. Cell
viability was evaluated using the WST-8 assay. ESCs were treated with control or CRT siRNA for 24 h and
cultured for an additional 24 h. The data from three independent experiments are expressed relative to

control levels. Values represent the mean = SEM. n.s., not significant.
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Figure 10. CRT knock-down inhibits ovarian steroid-induced decidualization of ESCs

ESCs were treated for 24 h with non-targeting control (Cont) or CRT siRNA, and then treated with ovarian
steroids, progesterone (P4, 1 nM) and estradiol (E,, 10 nM), or a combination of ovarian steroids and CPT
(200 uM) for 8 days. Culture medium was replaced with fresh medium on alternate days. A, B. Total RNA
was subjected to real-time RT-PCR analysis to determine PRL (A) and /GFBPI (B) mRNA levels. GAPDH
was used as an internal control. C. IGFBP1 protein levels in the culture medium were determined by
ELISA. The amount of IGFBP1 in the media was normalized to the amount of total cell protein. The data
from four independent experiments are presented as the ratios of P4/E,, and are the mean + SEM. #p<0.01
vs. Cont, "p<0.05, T'p<0.01 vs. P4/E,, *p<0.01 vs. Cont. D. Representative image of ESCs transfected with
siRNA and treated with E,, P4/E,, or P,/E,/CPT for 8 days. Scale bars = 100 pm.

2-4. ESCs DEALITX4 % Epac2, CRT ZELIH| DOZhR

Epac2 OF&TL A I L7z ESCs 13, ZbMIIZHEE L7-RE < RERD R
7= (Fig. 6 J-g, h, i), F£7=, CRT K~ 7 A DFRMEIEAD I THL B = 5 Z & A3
XN TWS 3D, #Z T, ESCs I25\C Epac2 £7-1L CRT / v 7 X7 v L Hila#A{t.
EDEBIZONWTIH T, MIEN~—DT—ToH D senescence-associated
galactosidase (SA-B-Gal) IEMEIZXFT % Epac2 & CRT / v 7 X 7 DI RIZHOW TR
L7zt 2 A, xtHEEE (Control siRNA) & bb_"C, Epac2 X° CRT / v 7 X U U REETIX
SA-B-Gal {1 2 /R fk e ta SN - Mian % < AL 7= (Fig. 11 A,B), X512, 1
ERERA) p53 /v 7 T U b 7 A K, BEEEIZISUV T SA-B-Gal 15 & p21 FELN
ALTHEY, HRELSEZSZ MmN TS Y, 22T, 2 ELBEHA T
TH D p2l & p53 DFRBEFHT-L Z A Epac2 °CRT / v 7 X 7 L p2l 8% L
HSH, pS3 B AR S/ (Fig 11 C, D),

b
7%
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Figure 11. Knock-down of Epac2 or CRT in ESCs is associated with senescence

ESCs were treated for 24 h with non-targeting control (Cont), Epac2 or CRT siRNA, and then cultured for
72 h. A, B. ESCs were stained with SA-B-Gal (A). Scale bars = 100 pum. The graph shows the relative
levels of SA-B-Gal positive cells. The data from three independent experiments are presented as ratios and
show the mean = SEM (B). *p<0.01 vs. Cont. C, D. Cell lysates were subjected to immunoblot analysis
with anti-p53, p21, CRT or Epac2 antibody. The same blot was stripped and re-probed with anti-GAPDH
antibody as a loading control (C). The graphs show the relative levels of p53 or p21 normalized to GAPDH
levels (D). The data (mean = SEM) from three independent experiments are presented as ratios. *p<0.01 vs.

Cont.
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B3I EE

AWFIETIE, ESCs \ZHB W THVEIRALIZ B 272 Epac2 D FEH 2 il L 72BRIZEE L <
FEPMET 223 7E L LTCRT ZFE L, CRT X, /MaEy y_wm 2
IWNTEELTHOINTWDN, U NXTEDT +—)VT 4 2 ZfT20 T < il
ND T3V T I L~V OFfH ﬂ’*lﬂﬂ’uﬂ?ﬁ% TR = A SRERIS, BMETER 72
EXOHBEEIZZILIC =% ¥, ESCs 12815 %5 CRT M¥EBLL, Epacl X° Rapl %/
v 72T LTHEMET, 72, PKA EE?RE’J cAMP 7 7 1 7' X Epac i#{R ) cAMP
7w 7% BSCs ([ZALE L CH AL Lo 72, T, CRT OFEELN Epac 721
PKA %4 L7z cAMP ¥ 7 F /LR B OTE AL O F #EIZ B0 & 77, Epac2 12 L » T &
NTNWLHZEERLTWVWD, I5IZ, Epac2 / v 7 XX CRT mRNA FEHL L |
L7=Z &35, Epac2 1THRE L~ T CRT OFRHEAZHREH L WD EEZ BN D, CRT
Bia 07 1€ —¥ —fEEIZIL endoplasmic reticulum (ER) stress response elements

(ESRE) 3% Y ER A h L AISE L TREN EFT5 Y, b MNFSAMIKIZI
T. FOXOL1 7% 78-kDa glucose-regulated protein (GRP78) ®¥§¥l & %4 L C ER A b
L2AZBFET D ERMESH TS M, ER & | L A3 activating transcription factor
6 (ATF6) <° X-box binding protein 1 (XBP1) DXl % FH I HELHZ ENHMLILTED,
ESRE IZfEA L, 55 2t 4 25 9, §i#E To FOXOI © mRNA 8% Epac2 / v
I AL 5 TR T 523, Epacl X° Rapl / v 7 X0 TIEEL L WERNS
Epac2 7 FOXO1 # 41 L C CRT OFRELAFEH L TW D ATREENR B 2 B D,

BB & 43I B b B T, CRT IXRIE. BRMIRIC I L Tv 5 %9,
Flo, AT AP (KR y bEVF—) T, CRT BENERINOFE TEW D
LR = R TIIAEREDEL THREN EFH L, CRT DT »F > 2 DNA 2 F5
PICHE G2 LERNEESND Z LN RESNTND B, R AFR Y 7 AEIEFT
7% Hoxal0 1%, 5 NEEDIEESLHEZAREICHT 2IF R+ TH 5 ¥, Hoxald
RIE~ T RFER EMBEBAEDSFLE SN TARIEE 2508, BEREZEWZ 22, Hoxal0
K~ U AOFENEFEEMIEIZI VT CRT ERBA L TWDL Z LR LN E 7R
STVE Y, ZNHOMEILCRT BNEKRICEETHS Z LERLTNHA, CRT D
WAL 31T A 8EH] & Epac2 & OBEIZOWTITHRED 2\, £ 2T, S HITHHE
bk ESCs DIEEAIZI T D CRT / v 7 X0 DR EHM /=, CRT D/ v 7 &
¥ 1% Phe X° Phe/CPT {Z L VW #FE X415 PRL, IGFBP-1 mRNA #EL7Z1F T2 <, 5P
B2TuA REVFE IS PRL & IGFBP-1 mRNA 8 L JPReE (LA mfl Lz, =
NODOFEFIL, B M ESCs (23 T Epac2 (2 L 0 Jififi &% CRT FHABERENI DO T
%%ﬁ%%ﬁkﬁﬁgﬁ%ézk%%waméo

CRT (3, /Mafko> Ca® ORyiE & i & T3 2 7200, BB BRI CHlNY
N Ca” THEPEDOMERFICB 5 LT D Z ENBZ BN D, Ca IIBVEIRL O FHE I B
ThHhbHEENTEY, b FESCs 2BV T, nonvoltage-gated Ca®" entry channel T %
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TRPC1 [ ZBPE BB L THIM L, Ca® i A%/t LT PRL, IGFBP-1 }2 (X FOXO1 J%Hi
ERETOZENHESRTVD Y AFEICE N TH, CRT /w27 XUk
ESCs N Ca> DIEFMEAIE L, BB b2 HE L TW D aRELEZ b5,

X 5T Epac2 £/2IE CRT @/ v 7 X7 273 SA-B-Gal i1 & p21 BHLZ L5 L. p53
HELZWLIEDLZ xRV Lz, 2D Of5RIE, Epac2 & CRT 23Hifa&{kizB
BLTWS Z LaHigsgs, B~ 2T p53 OIFHERELT 2 Y, £7-. 75
R 72 p53 KR (KO) ~ 7 A DWPERETIX SA-B-Gal IEME L p21 H8LS EH L, it
WAL OFRE L BENE Z 5 Y, 512, p53 KO =7 A L p21 KO < 7 ADZRIC &
D pS3KO~TUATERT D21 %8L%E v 770 b5 &, BLEHELROMIEEZ
ERPEIEE TS Y, BN RSO EIIBEB O R 2 E 5 S 242 L 2 Ek
LTWD, 2SO RIX Epac2 £721XCRT / v 7 X 7 2 X 0 pS3 3 BUIRD L.
—J. p2l BBUL LA T HZ 2R LA OFER E —E L TWnWbH, CRTKO T A
FRAEIEHIIE I pS3 D2 X FALIZEE G535 Mdm2 BB IND Z EI2L Y, ps3
DFBNMET T2 2 L0, ~FT 2 E7213ARE CRT K~ 7 ZADOIETIE p53 FEHII
BB T L B STV S 3, CRT 1% GC-rich ® mRNA EEFICFEAT 5 RNA 54
BRI LE LTHBLNTEY, p21 mRNA O SHERICHES L., B AEST 2 37,
Zhi, CRTKO ~ 7 AKHESEHII TIE p21 238N L, MfanE{b92 Z L0885
2725 TV 5,

ARAFIE TIIMEEALICEE TH D Epac2 128 0 BB S DK & LT CRT
ZFRIE L. & b BSCs OEEER N DIZRER) 72 P E ~D 77t Epac2 Z4r L7=
CRT RENMETHD Z PO THLMNZ LT, £7-. Epac2 & CRT 7% ESCs Ol
JaZAL 24 LT D Z L RHER IR D,
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Bafn /NE

ARETIX, ESCs (Z81F % Epac2 @ Tt FZFE L, WEEL~DBGIZ- O\ TH;
#% ESCs %ﬁﬁb\“(*ﬁn"}%ﬁb LR O L2 137 (RBFZERS B 1%. Endocrinology, 155,
240-248, 2014° |28 L7-),

(1) ESCs (28 T, Epac2 OFEELMMHIRFIZFHLENME T T HHF & LT Calreticulin
(CRT) Z#H7-IZFE LTz, L L7225, PKA £721% Epac ¥ 7 v OiEMHALIE
HERLAY 72 CRT BB BT B % 5 2 72\, 72355, Epacl. Rapl OFBMHIL CRT
FHU B 5 2720,

(2) ESCs (23 T, PKA ZR¥ cAMP 771 7 (Phe) Bl E 721X Epac B&4R%) cAMP
7F a7 (CPT) & OIALEIZ XD PRL, IGFBPI mRNA 381K () IGFBP1 45Ul
CRT / v 7 X AL Ifl &5,

(3) ESCs IZH\W\ T, éf?&é’]éﬁﬂﬁ?@ﬂ%kﬂi%?&;6%%7\—?rM RARLE Y (PyEy) F
721% CPT & OIHALE |2 X % IGFBPI & PRL @ mNRA 3 HE XL OV IGFBP1 2y Whi&
CRT / y&&“r?‘/a_ot DIHI SN D, S HIT, PyYE, £721F CPT & DILALEIZ K
% W% I~ D IZRERI S EIX CRT / v 7 X7 A L W HE SN D,

(4) Epac2 F7-1% CRT #ELMfIL, E{b~—AT—T&dH5 SA-B-Gal {E1E L p21 FHL %
s, ps3 BE AR SHE D,
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BIE BHIEES v FOTFBERNICEBIT S Epac DFRHL & #&H|

Z v MIb FERICBBRELZIERT 2L TH Y WEEL BT 2308842 A
LTCWAD, KB REEITR2D . B N CTIEROAEEIZEEDL &3 HRBEHNIC
BWTHHERER TR S D DTt LT, 7 v MIFEEFREANIZI W TIE R LA
ST, IEOER 7 EWFR R L 0 BEBEATER SR D Y, L Lans,
ELHLBINEZAT oA NIZX VI SN D680, B M FE THRILL TV 5D B IRHEIR
FNT Y MZBWTHEZLLIRESINTWDZ D, 7 v MIERGIE A 1 =X L%
T 5T LEME L TIHSNTWD, FH1E, H28ENL, B R ESCs 2BV
T EBpac & Z D TFKFBMEBRIICEE THLZ LEZH LML, £2 T, AR
TlE, 7 v FOFEKRBDEIZIIT D Epac & TR+ ORI EZTHD & & HIZ, invitro
WiZE A€ 7 v W T Epac 3 7 VDO ZEREDENC 31T D BEENZ DUV THERT L 7=,

B1E EBRMBROERTIE

1-1. FEARENY D VERK

T LBV BAERF TR X 0 (AR Siu7e 8 IR D Wister-41E RMEMERKEA T »~ B LY
10 BES O [RREEME T » b &2V 8k 1 B 12 B o @RI T EIE 24 C) .
fH¥E (555 %) CTEE L., SEEKIZBBICE X, RERFEIX, RFEEYER
ZEEOKROTE SN FEAEES P13-64, P13-67), MiMET » b OFRIEE I 4 1
Pl L0 fERB L, IERIHNCIES: T v M2 RE S, Z0OF HOERBRTORK 1O
FlEE > CHIRZMER Lz, £7/2. TOHZERE 1 BH Dayl) & Lz, 7B, i
B2 7 B B LR =%, FREAL & &R T T,

1-2. FEREY R OFRB L O sa gt

FHLETEIZEDIZA % RIENLVLT T e RICKH 10 KR L, EE L7k,
51 R 12 L FRRICHUAKAELZA TV, T 7 ¢ a7 R LT
NT T 4 EMO T IEE 1 E 1 EN, 1-2 L [RERD 515 THL Epacl HLIK (#ab21235,
6.7 ug/ml, Abcam), #T Epac2 Hi{& (clone H-220, 2 pg/ml, Santa Cruz Biotechnology).
Pt Rapl HLIK (sc-65. 2 pg/ml, Santa Cruz Biotechnology). it CRT #ii{& (2891, 1:100, Cell
Signaling Technology) .#1 cyclin D3 §iif& (DCS-22, 30 pg/ml, Sigma-Aldrich), it p-CREB
PUIA (87G3. 1:100, Cell Signaling Technology) % FWTHta L 7=,

1-3. VR F 7 ay MENT

i U725k, A2 (50 mM Tris-HCI (pH 7.5). 10 mM EDTA. 150 mM NaCl,
0.1 % Tween-20, Sug/ml 7 7uaF = Sugmg 2AX7F > 01mM 7 v{L7 =
SIVAFIVANVE =)V, 0.1 % 2-ANVH T v X ) —)V) THREDTA Xk, REEHE
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M2 BrET 5720, = O00BE (1,3000 rpm, 1547, 4C) L=, =0 EEEZF 7L
& L. Bradford {EIZ S W2 EERIKEZ HWTHKE Y TN D X X7 EREZHIE L
Too DTRAZ 7wy MENIZH 1 &, 5 1H, 1-5 LRROBEZIT o7, 1 kT
{RIZIZHT Epacl HUIR (0.3 pg/ml). T Epac2 Hii& (0.1 pg/ml). HT Rapl Hii& (0.1 pg/ml).
PUCRT PUiE (1:200)% W=, ZHHDNRY REMERE, AR v 7 REHANT
PR ZATV, NEBEEYE & L CR-actin EA R H729IT, FiB-actin HLiK (1:5000,
Sigma-Aldrich) CHE VXX 70y N&fTolz, Gl RET U A MY —
RV EMEL L, BRSNS RMEZ ., B-actinE THIIET 2 Z LI2ED, £ 7o
2R HEDERDT,

1-4. BRBIEE T )V DIERR

B . R 4 B BIZONEBEIRN (OVX) 21TV, Py & E, DEZIHI L, 0
%P2 EAREST L, HEINIERETICFEEENICEREL-EE 0D B
IRIEIE), = I B, 2G5 BRPFERIND, £ THIR4 HHIZ OVX 21T
W, WER4 B H2S 10 HH X TPy 3 mg/rat) 2 B FH 5252812k, BIE
PRIE 2B S 7=, £7-, /E4E 8 H HIZ E; (500 ng/rat) 2% 5 L C. EXZFHL LT=,
OVX RRIZINEA T v A R&EE L7eWEE (OVX), OVX RIC Py Z itk 4 HEH D 10
HEHECTES LR (Py). OVX & P, % 6 HIERGIZINA, RS HHICE, 5L
THEREZFE LA (PYE) OFEZMIE 10 HHIZHH L, GEReaEixry =2
g7 a sy MENT 1T -7,

1-5. FEEIRT v F~DIIE T u A FE

FULIR T » MZTOVX 21T\, fiitk 2 WfH EH 725 Py (3 mg/rat) % 3 HEHE A &5
L. E; (500 ng/rat) Z H[el$5- L7z, £z, 3 AR Py H & G5-8F & B, Bl GRE
T 53 HEND 4RI FE LML, V= A&7 ry TR LT,

1-6. ABHREBELFEE T L

FIGATHI OMENET » N EREERE LI v M2 RS, BITREZFHE L,
FHICTVHELZEAT DL LI ABCHEFLAFREIE L2 08 TE D,
AIENE 5 H BICH FEAIC2~<l (100 ) 2 F=8ENICEALEZ, b o+
EARMLLE LWy hba—b b Lz, I<HMEEALTHD 48 Rl T5
PR L., falets, v AZ T a0y METTEITo T2,

1-7. ESCs O Bijf b 555

HEIRZ v b E R L7ck, FEEENOUEL, 2mmBEOKRE I
N O L=, ZOFE /% 100 pg/ml ~<=2Y > 100 pg/ml A FL 7 h~A
>, 200 pg/ml RAA T, 05 pgml T LARTY U B 2ETy Ca¥ Mgy T ) —
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Hank’s balanced salt solution (HBSS) H5#&{#K T¥y# L. 6 mg/ml 7 1 A/x—E & 25
mg/ml /N> 7 LT F U EH HBSS HRICIR LT 4 CT 1 KfE], =IRT 1R, X512
37 CT10 b Lz, ZOBEICEI Y ERMaZRBEE L, BRELz, ol TE
MR A2, 37 CTO05 mgml A4 71277 —BEHEHRIZ 30 pfiR L, b L7,
Z DAL E 70 um D5 BV L, ESCs & HiffE L 7=, ESCs 1% 50 pg/ml ~<=3V
Y. 50 ugml A ML Rh~A T 100 pygml 1A~ A 2, 0.5 pgml 7 LAHRT
U B %% DMEM/F12 E58IRICTE#E Lo, 223, HEEL oML, exXF v
Yuta it A "N T F Y tafaErE D ESCs Th D Z & 2R LT\ 5, In vitro %
Aki%, 100 nM medroxyprogesterone acetate (MPA) & 0.5 mM dibutylyl cyclic AMP
(db-cAMP) D H:ALE 48 BFEIIC L W FFE L7-, £7-. 02 mM Phe & 0.2 mM CPT D
ME 7o I TIALGE 48 RFfH . MRt 217 > 72,

1-8.U 7L &% A I RT-PCR ###T

k— % L RNA O#iH 1% ISOGEN (Nippon Gene) % H\ >, IRfFD 7 1 b a2 — L|ZhE
S>T{To7z, M L7z h—% /L RNA (100 ng) ZHW\T, F 13, &1 Hi. 1-6 & [AEE
DIk, FRIETHNT LTz, LT 74 ~—OESNILL I RTHEY Th D,

PRI S | 5-CATGCTTTCTCACTACATCCAT-3’
AS | 5’-CTTCAGGAGTAGCTAGGGAAGA-3’
S | 5’-ATCCAGCGAGCTGAAGTCAT-3’
DTPRP
AS | 5’-ATGCCTATACATGCGTGCAA-3’
S | 5-AAAGCTGTGGCGTGATGG-3°
GAPDH
AS | 5’>-TTCAGCTCTGGGATGACCTT-3’

1-9. siRNA L&

v ESCs (3x10* flfl/well) (25513 45 1 €. 1-4 & [FEED 51T 30 pmol @ Epacl
(5’-AUU GAG AUU CUU CUG CUC CUU GAG G-3°, 5’-CCU CAA GGA GCA GAA
GAA UCU CAA U-3’, Invitrogen), Epac2 (5’-UGU UCU UUA AGU CUG ACU GUA UUC
G-3°, 5’-CGA AUA CAG UCA GAC UUA AAG AAC A-3’, Invitrogen), Rapl (5’- CUG
CAA AGU CAA AGA UCA A -3°, Santa Cruz Biotechnology). CRT (5’-GGA UAA AGG
GUU GCA GAC AAG CCA A-3’°, 5°-UUG GCU UGU CUG CAA CCC UUU AUC C-3°,
Invitrogen) RFE) siRNA, F£7-. FEFEH) =2 k17 —/L siRNA (Qiagen) % & A L 7=,

1-10. HEEHALE

VITAK Ty b, UT/VH AL RI-PCR OFERITFHMHE + BEHERFAE TR LT,
HEZEREIZIL, Tukey-Kramer 2 HE LI 21TV, fERE 5 % (p<0.05) & H > THE
AHFEMICEBRZER DD H O EHE LT,
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F2H KRR

2-1. BEERADHDOFEIZRIT S Epacl, Epac2. Rapl i NZ CRT D3 EH,

ERMCTHDHITNR3, 5 HE EEREOIER T, 9 AR DT v h=IZ81F 5 Epacl
& Bpac2, £ LT, &1, 2 EIZEB T Epac Mkl & L TRIE L7z Rapl & CRT %
BlampEm bty o A% 7 ay MENT TIH~7=, Epacl I%. ¥z 3.5 HHIZEBWT
iR Bz, EE LR CHhT NSRRI L TEBY, 7. 9 B H CIIBEBEAIE THREN
A it (Fig. 12 A), Epac2 1%, 4z 3, 5 HH TR ERE, BIE LR TRBENA G
N, 7. 9 B H CIEMEBMAL T Qe i A b7z, Rapl, CRT 35iZ, Epac2 &
RIS, & RATCITMR LR, e B CHREIN A B AL, FRE I IEIHIA CoRy G
BRI LI, SHIZ, Fig. 12B /R L7 L 91T, FEWNO Epacl FEBL & ITALIE 7 A
H CHRELNEEIM L, Epac2, Rapl., CRT /X 7. 9 HH CHRIN EFH T2 L5
Lo,

A Day3 Day5 Day7 Day9

CRT
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Figure 12. Epacl, Epac2, Rap1l and CRT expressions are increased in decidual cells of rat uterus
A. Immunostaining of Epacl, Epac2, Rapl and CRT was performed using uterine cross sections of days 3,
5, 7 and 9 of pregnancy. The sections were counterstained with methyl green. le: luminal epithelial cells,
ge: glandular epithelial cells, s: stromal cells, dc: decidual cells. Scale bars = 250 um. B. Uterine samples
(30 ng protein) were subjected to immunoblot analysis using an anti-Epacl, Epac2, Rapl, CRT or B-actin
antibody. The graphs show the relative levels of Epacl, Epac2, Rapl and CRT normalized to B-actin levels

from three independent experiments. **p<0.01 vs. Day3.

2-2. BRBIEFENICBIT 55K D Epacl, Epac2, Rapl ¥ TNZ CRT %

7 v M FEWNIZEIT % Epacl. Epac2. Rapl &N CRT BHLO L& 1%, OZELR & it
WHEALIZ L Db OB REBIEET VEHWTHRE L7z, OVX xtHEEE (Control) &
OVX 7w NI Py 25 LI (Py) OFEWNIZIHIT S Epacl, Epac2, Rapl W NZ
CRT (3R L fz & & WE BRI TRELA A BT (Fig. 13), LoxL7ei s, Py &5
B By, 2% 5 L CHEIKRZHE LIZRE (Py/E) TITBEBEHI TN AR B
7 (Fig. 13), 7238, Hﬁy%ﬂ%ﬁﬂﬂﬂ@f%ﬁﬂmi&?‘é cyclin D3°Y & S kYL a1 X 0 71
By & Py DALEIZ X D A OS2 R LT,
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Control

CRT Rap1 Epac2 Epac1

Cyclin D3

Figure 13. Expressions of Epacl, Epac2, Rapl and CRT are increased in the delayed implantating
uterus after the initiation of implantation

Pregnant rats were ovariectomized on day 4 and injected with or without P4 (3 mg/rat) daily from days 4 to
9 of pregnancy. In order to initiate implantation in P4-primed delayed implanting rats, E, (500 ng/day/rat)
was injected on day 8. Immunostaining of Epacl, Epac2, Rapl, CRT or cyclin D3 was performed using
uterine sections of rats on day 10 of ovariectomized (Control), P4-treated or delayed implantation (P4/E;)
rats. The sections were counterstained with methyl green. le: luminal epithelial cells, ge: glandular

epithelial cells, s: stromal cells, dc: decidual cells. Scale bars =250 pum.
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2-3. Epacl, Epac2, Rapl I TNZ CRT HEUIH T 2B R T a1 ROE

T OIEPRIFE DN AE IR IER D & By B G KV BIRZFHE L7 15 O B
FMAEIZ 35T Epacl, Epac2, Rapl W ONZ CRT FHLO LR/ N L7223, JI AT 1
A4 NEDEZENLZERIIAHTHS, £ TOVX LI EMIET v M, 39720 bR
PEDIFE AT 1 A RZRUVRAEET, Py & By DM E 7213 ALE L. Epacl. Epac2.
Rapl i ONZ CRT HBUCH T D BEL V= AZ 7y MITHIF LT, FENOD
Epacl, Epac2, Rapl TN CRT FELUIINE AT 1 A NALEIZ K5 EEZ T R)hoTe
(Fig. 14),

Cont E, P, P,IE;

RS- B Epact
ECT T T TR

M Rapt
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Figure 14. The expressions of Epacl, Epac2, Rapl and CRT are unaffected by ovarian steroids

Ovariectomized rats were given injection of P, (3 mg/rat) daily for three days and/or a single injection of
E, (500 ng/rat) on the third day. Rats were sacrificed 24 h after E, injection. Uterine lysates (30 pg protein)
were subjected to immunoblot analysis using an anti-Epacl, Epac2, Rapl, CRT or -actin antibody. The

lower graphs show the relative levels normalized to B-actin levels from three independent experiments.

2-4. (BIEYRT v N D N&SBIREBRILIZI 1T 5 Epacl, Epac2, Rapl XU CRT FE]
% AR e C 7% 5 4172 Epacl, Epac2, Rapl K& TN CRT D38 & Bk lFdl & o BEfR %
TRD 720, NAREELET V2 AW THH Lz, AFRS HEIZFERNICE~
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Mz Pl LT, BB L 259 % & Eapcl, Epac2, Rapl W UNC CRT B Bivk s
BRI BN ENL T R Lz (Fig. 15A), £72. VTR X7 ay MEH THREEIC
TG TN L OFKAD ERERH SN (Fig 15 B),
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Figure 15. Expressions of Epacl, Epac2, Rapl and CRT are elevated in artificially induced
deciduoma

A. Female rats were mated vasectomized males and infused with 100 pl of sesame oil into the lumen of
one uterine horn on day 5. The uteri were dissected at 48 h after the oil infusion. Immunostaining of Epacl,
Epac2, Rapl, CRT or Cyclin D3 was performed using uterine sections of pseudopregnant rats. The
sections were counterstained with methyl green. le: luminal epithelial cells, ge: glandular epithelial cells, s:
stromal cells, dc: decidual cells. Scale bars = 250 um. B-D. Uterine samples (30 pg protein each) were
subjected to immunoblot analysis using an anti-Epacl (B), Epac2 (C), Rapl (D), CRT (E) or B-actin
antibody. The lower graphs show the relative levels normalized to B-actin levels from three independent

experiments. *p<0.05, **p<0.01 vs. Cont.
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2-5. T v MREBLIZH TS cAMP/PKA ¥ 7 VD4

T v FFEIZBWT, SRR FIIC cAMP 28 ERIT 52 R HEIN TS
¥ F72. in vitro 7 b ESCs 123\ T cAMP E D FHI1Z LV PKA 2iEME(LT 5
O LLERE, FENICEIT S cAMP/PKA ¥ 7 F L OTEMALIREEIZ DUV TIEAR
BHCH D, £ T, EEX cAMP/PKA ¥ 7 VO TRl 1 CT&H 5 CREB IEMHAL (V
VR IRREAE R L7-, R 3. S HH (Fig. 16Aab) ST, HIR7. 9 HE®D
R AR DR T p-CREB OFRWYE AN S 7= (Fig. 16 A c-f),

A Day 3 Day 5 Day 7 Day 9
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Figure 16. The expression of p-CREB is increased in decidual cells of rat

A. localization of p-CREB in the peri-implantation uterus. Magnified pictures of ¢ and d (e and f). B.
localization of p-CREB in ovariectomized (Control), P4-treated delayed implantation and P4/E,-treated
implanting uterus. Magnified pictures of ¢ (d). C. localization of p-CREB in artificially induced deciduoma.
Magnified pictures of b (c). The sections were counterstained with methyl green. le: luminal epithelial cells,

ge: glandular epithelial cells, s: stromal cells, dc: decidual cells, em: embryo. Scale bars = 100 pum.
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BIRFLEE T MIZEB VT, Control, Py BETIEMR ER & EVE LR TREANA LI
(Fig. 16 B a, b), BRI S L7z Py/E, BE Tl p-CREB [ BLEIAIL ORI JRTE L
TUW = (Fig.l6 B, d), & 512, IR =128V TH Control & T, ABWIZ
kL U 7o B IR BRI D% T2 < F8BL L Tz (Fig. 16 C a-c),

2-6. ESCs @ in vitro lENRILIZ X35 Epacl, Epac2, Rapl X' CRT O#&#|

i PR REHI A L2 35Uy C Epacl, Epac2. Rapl M ONZ CRT OB EH-925 Z LAVRE
e, BEBEAICE T A2 EENCOWTIIARHTH D, 2T, H5#8 7~ N ESCs &
HWTHE 21T > 72, 7 > b ESCs (ZBE M LRI & LT MPA & db-cAMP % HLALE
THE, Ty FORKE~——Td 5 prolactin (PRL) " & decidual/trophoblast
prolactin-related protein (DTPRP) *®® mRNA ¥Hi7% L5 L7- (Fig. 17 A), 512, B
M LIZ X9 % PKA & Epac v 7 VOB Z 572912, PKA BIRHY cAMP 7
J 17 (Phe) F721% Epac i#RA cAMP 7127 (CPT) ZH\WCTHistL7=, PRL,
DTPRP 3¢Hl1%, Phe BMULEIC KX D IEINL 7225, CPT &E TIIL b LiginoTe, &
7Z.Phe & CPT OIALERETH Phe FIMALERE & LE~T 2 6 OFREIUZIT 2>
7= (Fig. 17 B), — . siRNA % f\ /= Epacl. Epac2. Rapl % TN CRT O3 E | (Fig.
17 C) 1X. MPA & db-cAMP DILALEZ K % PRL, DTPRP 8L L5 % A B2 L7z
(Fig. 17 D).
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Figure 17. Knock-down of Epacl, Epac2, Rapl or CRT inhibits in vitro decidualization

A, B. Rat ESCs were treated for 48 h with MPA (100 nM) and db-cAMP (500 uM) (A), or CPT and/or Phe
(B). Total RNA was subjected to real-time RT-PCR analysis to determine PRL and DTPRP mRNA levels.
GAPDH was used as an internal control. C, D. Rat ESCs were treated for 24 h with non-targeting control
(Cont) or Epacl, Epac2, Rapl or CRT siRNA and cultured for an additional 24 h. Rat ESCs were then
treated with MPA and db-cAMP for 48 h. The expression of Epacl, Epac2, Rapl or CRT was determined
using immunoblotting (C). The same blot was stripped and re-probed with anti-f-actin antibody as a
loading control. Total RNA was subjected to real-time RT-PCR analysis to determine PRL and DTPRP
mRNA levels (D). GAPDH was used as an internal control. The data from three independent experiments
are presented. *p<0.01 vs. Cont, #p<0.01 vs. Cont siRNA. Values represent the mean = SEM.
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B3I EE

AKETIE, 7 v NOILIRTEIZET 2 Epac & % O BEE K 1 DOFETLAF & ENZ
WTHRT L2, 7 v MZEBWT Epacl, Epac2, Rapl X ONCRT (%, #ER 3. SHE®
TR IR B, EE BRI R BL L, 4EHR 7. 9 H H CIIME AL CA &Ik
HLTWi, IRORELERITP, & B, DBFANRERAICL VS W5, &l
FIZHBWT, PRI 1 A A2 D 4 BRI TN % 2, % 2 TRk

21T % Epacl, Epac2, Rapl LN CRT FHLO EFNINE AT A4 N2k b b D0
BT, BIRBIEET LV E AW IREHZB W T, SRR L7727 >~ b (Control)
21T % Epacl, Epac2, Rapl 2T CRT OFELL~JLE, Py Z4LE L TH LD L7
STeM, By ICE W EREZFL (PyY/Ey) T 5 & ERIBAOBIEIAIL T Z D DFEBL
N EF U, — 05 IR L2 ETHR T » M Py & By ZHUME 7213 L E LT b,
FEWN®D Epacl, Epac2, Rapl I CNZ CRT FHUIZAL LR o7, T ORERIE, IR
AT 1A R) Epacl, Epac2, Rapl IF TNZ CRT HEUCHEBEZR G L TWR W L 2R
LTCWD TR v Mo~ HZEA L THE L 72PN Cld Epacl., Epac2. Rapl,
CRT OFEBMN EH L=, 2D Z &5 Epacl, Epac2, Rapl 2 TN CRT O3 H EH-1X
PRENE DTG & BRI B> TWD Z LR SN 5,

BRSO MZBWTHEBLICEE K- LTFerE 77V (PG) By
Nd 5 O PGE, 13T/ m A XL —F (COX) ICkVpEASH PGH2 726
RAK TGS (mPGES) OERICL W EESND Y, PGEIXT v k1
EWNEMREMRIZIBDT cAMP REA EA S8, PKA &4 L TIEELZRET 5
0 X 5|2, PGE, ZAMRIZIZ EP1 /25 EP4 O 4 >DH 7 % A 7 TE(E L, EP2, EP3.
EP4 [T 7B IC8BL LT\ 5 D, F7=, EP2. EP4 1% Gs ¥ >/ 7 '&., EP3 1L Gi # /%
7 BB RKRTH Y, MIENO cAMP BEZFHE LT\ 5 62) BIEHR 7 > MIZ
BT, EP2 1 FE NS e LRz, EP3 1XMVE ML, EP4 (3 b7 & BRI 3
B LCW5h, £72 EP2 & EP3 ORBLIMAITIR 5 H H TRk &7 5, PGE, IXfIE Al
? EP3 & EP4 [Z/EM LIREIEAL 2 FHE LT\ 5 Z L AlE En T 5 %, 7 PGE,
IFFIZ, COX2 & mPGES1 Offj &2 L v EAE S HL, EP2 241 L TR 2T 5
ZELHMEENTVWS Y, 2 b0z L EREICEWT S IEEICIE cAMP
I FNDOIEMAEDREETHDHENVZD, LLENL, 7y MIEEEICK
cAMP/PKA ¥ 7 VOB OFEMIIAH TH S, Fxld, PKA yﬁ“%»@ﬁﬂi%
Td 5 CREB ® U 2t (p-CREB) % #5122 cAMP/PKA > 7 /L D5 NIEMALED
L& FH~_7=, p-CREB (X, ERANI ERHIIZRTE LT3, BRE LA
DRZIT@mFEEL L T\, Zhud, BB biEfs CREMIEIZIV T cAMP JREEDS 5
L. PKA 7 FUBEHIEL TS Z EERLTWD, £72, p-CREB OFHL L5 &
[ R A AR AR L2 38\ T Epac OFEELS EH L TWDH Z &b BB LmFRIC
FUT cAMP/Epac ¥ 7/ S I EBEALIZEE 5 L TW D ATEEMEDN B 2 B b,
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AWFFENZRBNT, 7 > b ESCs DN~ — A —Td % PRL & DTPRP ® mRNA %
X MPA & db-cAMP & 721% Phe fIliIZ K W HEIZ EH L7223, CPT AL Tl3& kL
RinoTe, ThUE, KR~ — I —OFRBIT T PKA ITEF L TWVWHZ L& RLT
W5, L2rL, MPA & db-cAMP ALEIZ K 5 241 6 D% 8L E A1 Epacl. Epac2, Rapl
FNOYCRT /v 7 Xy AL imfls i, FrxidHE 152, 52 T, B M ESCs
~O CPT AL %, U AT 1 4 RE 721 Phe #IIIZ X 5 IGFBPI & PRL ® mRNA %
Bl (& bk ESCs DPLIEN~ — 71 —) B L OIEREMINLEI L 2 (R 3% = & | & 512 Epacl,
Epac2.Rapl }, OXCRT @/ 7 % 7 /1% Phe BMALE (2 X 5 IGFBPI & PRL @ mRNA
FHZMEIT 5 L2 WE LT\ D, ZHUE PKA & Epac 28 bl L C B IEA L % G £
LTWDZ EERLTWVD, LIt PKA & Epac 23 L CTEI< o 7 VR sy
INTWD, BGZ U NIETHDLTT 4 F 2 L PKA & Epac LA L Rapl Z1E
PAbd %30, F72, < 7 AFHEEMIEIC BT, PKA & Epac DHRIMEMIC L Y 231k
BT D Z ENBEINTNDE P, AFRICEBWNTH T v FOBIER(LIE Epac >
7F & PKA 7 FVD i L CERE 2T L T2 & & X bild,

FZFITH 1 E T b ESCs (23T Epac 2% C/EBPB% /i L C PRL B &I 2 L T\
HZEEMER LT, ~ U ARMESEMIE & b N EER IR N EGRIARIZ 35U T Epac 23
Rapl # /1 L CEZEN+ TH 5 C/EBPRO¥BLAZ EHT 5 Z L hdgEshTns ™, %
7o, ~ U ARRKRHIAZIZ 3V T PGE, 23 EP4 241 L C cAMP/Epac ¥ 7 F /v &R &
. C/EBPRZ VU L Efbd 5 Z & THA M A U RBLAIEET 23, £7-. & | ESCs
([ZH T C/EBPRORHINHNI LML AL 2 L E$ 5 ), & Hi2, C/EBPRXRE~ 7 A%,
FRIFITR B 2 E R BN TS ) Mantena 51, HRBIEET L~ 7 ZTHBWNT,
Py & BLALEIC IV BERZFESED & B AE LRV Py GHE &L LT, BN |
A3 BRTL LT CEBPBERIE Lz, X 51T, C/EBPRIE Py & Ey 12 & » THIAMI
HENTEBY, v bk ESCs O & BEBEALZHE L TWAHZ 2Rz, Ty
K ESCs (28T b BiyEE#if < L5535 Epacl, Epac2, Rapl iff (NZ CRT 7% C/EBPB
DFELTEMA 2 U CTIEBELICBE S L CW A REMEDN E 2 B b,

PLb, RETIE, 7 v MEIZBWTHEEE(LKIZ Epacl, Epac2, Rapl, CRT ¥&
BN ERTHZEEZHLMNI LT, D OB P, By I8 K 2 EHEN 8 2%
9 BRI L ERE S e, EHITT » b ESCs 128V, Epacl, Epac2,
Rapl XTNCRT @ / w7 Z'7 1L PKA {&MEAKIZ X D PRL, DTPRP mRNA %81 L5 %
FEICMHEI Lz, ZoZ &b, 7> hESCs IZBUWT PKA 7 /L L Epac v 7
VSRR U TR L 2 FRE L T\ D 2 LR S T,
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Baf /NE

ZIKE“C X, 7 v FOFKREDEAFEIZEIT D Epac & Z O TR OIE, Tk
BUF DEENZ DWW THRFT LR, LN O R 2157 (ARBFEHRE 13, Reproduction
in press 2014°7 24 LT2),

(1) ﬁ}ﬁ)&%a B+ % Epacl. Epac2. Rapl I ONC CRT OFREIUIERE OIEIR 7. 9
il A A=Y | e RN

(2) BIRBELTT V& FHWTZf#HT L 0 . Epacl. Epac2, Rapl if (NZ CRT OFEHL T
FHIROFHE & & b IR Tt 5,

(3) I IR T » b~ Py KN E, D513 Epacl, Epac2, Rapl ifFTNI CRT
DFBUKE L TR L 5 2720,

(4) ANZHIREEALFEEET V2 AWEBE L0 I~ 51 X 5 B ERIEIC S0
T Epacl, Epac2. Rapl W ONZ CRT ORBTLENR A LND,

(5) cAMP/PKA ¥ 7} /D TR+ Té % CREB © U (LR (p-CREB) I3, i
ML DBZIZ B W TEIBEI L TWD, £ NIRRT 1A NITK2EEITZ TR0,

(6) 7 v K ESCs @ in vitro ¥ NIE(LE 7 /L IZF T, Epacl, Epac2. Rapl, CRT &

L, MPA & db-cAMP L& 2 X5 PRL & DTPRP @ mRNA R FH 2 (5
11571l b N
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BA4E b MFENEREROKRIZEIT S Epac2/CRT O&H|

S Tl T2 K O ITHEIR DRI IE ESCs O 7ML & WIEAR D RS MEATH D,
iR b Bz AR TS EAL 2245 COX2 12 & D PGE, FEARH IR ZIEitE4 5 LIF O
FETTENE Z %, COX2 & LIF DRI, PGE, D EAGEIC cAMP ¥ 7 /L Mgtk
HINCE D> TWDH Z LT B TWDH MY, Epac & OBFHEIZOWTOEREIT RV, b
N = NIEFEARR IC 3T Bpac2 (SRVEMAR 72T TidZe < R ERAIARIZ B L TV
HTZ EEMERLTWD, £72, CRT 1Tt MFEWNER I THREL TNWDH 2 L
MR ENTND 393 ZDREREICIIT D Epac2 X° CRT DA GIIRHATH %, 2
T, BRERAICE T D LIF BB, COX2 I L7z PGE, D43t & Epac2, CRT MR
FRIZOWTHET 21T > T2,

BIE  EBRMEIROERGIE

1-1. & MFENRER LMK EM)ORERE

EMI1 IE, &R KZOFREH L L 04 L T2z, EM1 i, 10 % (v/v) CS-FBS
FOGAEWE (50 pg/ml X=2Y > 50pug/ml AL 7 h~A 2 100 pg/ml XA
~A ., GIBCO)., HFIEEIK (0.5 pgml 7 LK T U B, GIBCO) % &ie
DMEM/F-12 558k TH:48 L 72, EM1 (X, 15 uM Forskolin, 200 uM Phe &% U} 200 uM CPT
% A8 IRFMHJALE L 7=, MRbTIcfit L7,

1-2. siRNA L&

H1E, 1L 1-4 & FEEEIC EMI (3x10* fE/well) (2 30 pmol @ Epac2 (BcA1L%5
1 &, %18, 1-4 L [RER)., CRT (BlFNIEES 2 &, 55 1 81, 1-2 L [AAR) KFRAY siRNA,
Fo, REEEEE U CIEER) = > b e —/L siRNA (Qiagen) Z##E A L7z,

1-3. Y= RF 7 ay MENT

FolE, CF . 15 LA FIETH IR TE L, BT AT o2, 1 REUE
(Z1E$T Epac2 HiLiR, $T GAPDH HiiR(F 1 &, %5 1 &1, 1-5 L [FEER). $T CRT HUik, Hi
p21 ik, Hips3 Hifk (FE2 3=, B 18, 14 LREHZEHA L, Bohi-v K
FoY A MY =2 0 &L L. BN R4 . GAPDH E CRIET A - Lok
D, HH o TIABOE R BEREOERD T,

1-4. U 7V Z A A RT-PCR fEHT
h—% /L RNA OHIHIZE 1 =, F 1 Hi. 14 LFEETH D, it L= h—% /L RNA
(100 ng) ZMHWT, #1318, 1-6 LEEOGE, S TR L, £7-.
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CRT. GAPDH 3% 23, F 1Hi, 1-5 LEkDOT T4 ~—% H\/=, LIF, COX2 D
TIA~—DEFNLLL FIRTIE@Y ThD

S | 5-TGAAGTGCAGCCCATAATGA-3’
LiE AS | 5’>-TTCCAGTGCAGAACCAACAG-3’
S | 5-CTTCACGCATCAGTTTTTCAAG-3°
coxz AS | 5’>-TCACCGTAAATATGATTTAAGTCCAC-3’

1-5. PGE, ® ELISA f##T

B AT 4 U A0, mOEE 4 °C. 10000 rpm, 10 23 L. =0 bEEEZ 7
Jv & L7, PGE, #I% Prostaglandin E, Express EIA kit (Cayman Chemical Company) Dfi#
MIECHE> Tz A »F ELISA JRIC CTER L7,

1-6. SA-B-Gal 2
1-2 D 575 C Control, Epac2 ¥ 7213 CRTsiRNA ZMLE L, 4% /N7 RV AT VT E
Nz 10 pMA TEE L7c%, B2 &, H 1, 1-8 LRKOGIETREA LT,

1-7. #EEHLE

T AZ Ty b, VT H AL RT-PCR. ELISA Offi FIXEHE + fEuEas
T L7, AREZEMREICIX, Tukey-Kramer ZE LI 21TV, fEBREE 5% (p<0.05) %
H o THEHFPIICHEEZER Db D EHE LT,
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B2H RBWR

2-1. CRT ¥HiZx9 5 Epac2 / v 7 X VDR

ATEE £ TOMESD 6, ESCs @ Epac2 FELZ 32 & CRT HINRATLHZ &
F7-. b FFEANRRR BRI Epac2 B L CWVWAH I L AR L TS, CRT
b MENER EERRIZHEE L TOWAHERSHDHZ Eorb, EML IZBIT %5 CRT
FEL L Epac2 & OBAFRIZOW TG L7z, Epac2 / v 7 X v X, CRT ¥ /37 &%
Bl L7z (Fig.18 A), & 5|2, Epac2 / v 7 X 7 %, CRTmRNA FEIL & | L
7= (Fig. 18 B),

A . é 1.2 1 CRT B 1.2 CRT
$IRNA < 1.0 T 1.0
Cont Epac2 = 2
—_— o 0.8 1 <9087
. e o= |CRT 3 o &
< 0.6 e EO 0.6
> R
2 S
s s s = |Epac2 @ 041 E S 0.4 1 ”
= [F]
e GAPDH 3 02 Al
= 0
Cont Epac2 Cont Epac2
siRNA siRNA

Figure 18. Knock-down of Epac2 down-regulates CRT expression in EM1

EM1 was treated for 24 h with non-targeting control (Cont) or Epac2 siRNA, and cultured in fresh medium
for an additional 24 h. A. Cell lysates were subjected to immunoblot analysis with anti-CRT or Epac2
antibody. The same blot was stripped and re-probed with anti-GAPDH antibody as a loading control. The
graph show the relative levels of CRT normalized to GAPDH levels from three independent experiments.
B. Total RNA was subjected to real-time RT-PCR analysis to determine CR7T mRNA levels. GAPDH
mRNA was used as an internal control. The data from three independent experiments are

presented.*p<0.01 vs. Cont siRNA.

2-2. ZEREERETOREBUCKT D Epac2 & CRT EEHH|DZhFE

FEIRBEEK 1T D LIF, COX2 DFREILL cAMP > 7 /L OiEHAGIC L 0 #8195
ZERHEENTNS B 2 2 TUEMI 128U T cAMP #5EM: D LIF, COX2 mRNA
HBL & PGE, 77 WAZ %9 % Epac2, CRT / v 7 # 07  OEHRIT OV THFT L 72, Epac2
F721% CRT siRNA L& X Epac2 & CRT # U /R EREBNEDTHZ L 2MR LT
(Fig. 19 A), 2L D / 7 X 7 2% Forskolin (2 X % LIF & COX2 @ mRNA 58l L5
A B L= (Fig. 19 B, C), & 512, Forskolin (2 & 0 H8AN3 % PGE, 23 & i
L 7= (Fig. 19 D),
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Figure 19. Epac2 knock-down or CRT knock-down inhibits the expression of implantation- related

factors in EM1

EM1 was treated for 24 h with non-targeting control (Cont), Epac2 or CRT siRNA and cultured for an
additional 24 h. EM1 was then treated with Forskolin (15 uM) for 48 h. A. stripped and re-probed with
anti-GAPDH antibody as a loading control. B, C. Total RNA was subjected to real-time RT-PCR analysis
to determine LIF (B) and COX2 (C) mRNA levels. GAPDH was used as an internal control. D. PGE,
levels in the culture media were determined by ELISA. The data from three independent experiments are

presented.*p<0.01 vs. Cont siRNA, #p<0.01 vs. Cont. Values represent the mean = SEM.

2-3. PKA ¥ 721X Epac #FEM: D& KRB ERK FRBUCKT T 5 Epac2, CRT HEHMHID
EIIES

PKA % 7213 Epac iR ) cAMP 7+ 1@ 7 (Phe £ 721% CPT) (Z & % LIF, COX2 mRNA
JEHL L PGE, 0INC G- 2 5 8B A et L=, LIF & COX2 mRNA % 51/% Phe T L& L
7o, CPT TIFE L L2 oTz, S HIZ, Phe & CPT ZILALE L TH Phe HAMALE
&L 72 o 72 (Fig. 20 A, B), £ 72 PGE, FEAIZ DWW T b [AIEE 2 FE R t: H vz (Fig.
20 C), L/ L7e2 5, Epac2 £721X CRT / v 7 X 7 > id Phe £ 721 Phe/CPT IZ L 5
LIF X° COX2 ® mRNA FEEL K O PGE, 73 #h Z A 2 A2 L 7= (Fig. 20 A-C),
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Figure 20. Epac2 or CRT knock-down inhibits implantation-related factors expression induced by
PKA but not Epac in EM1

EM1 was treated for 24 h with non-targeting control (Cont), Epac2 or CRT siRNA and cultured for an
additional 24 h. EM1 was then treated with Phe (200 uM) and/or CPT (200 uM) for 48 h. A, B. Total RNA
was subjected to real-time RT-PCR analysis to determine L/F' (A) and COX2 mRNA levels (B). GAPDH

was used as an internal control. C. PGE, level in the culture media was determined by ELISA. The data
from three independent experiments are presented.*p<0.01 vs. Cont siRNA, #p<0.01 vs. Cont. Values

represent the mean = SEM.

2-4. MfREALIZRT B Epac2 & CRT DREIFMF DZHR

552 BIZIR T, Epac2 £7213 CRT OFEHL 2 Miffil L 72 ESCs TiLifa Z bikD 7 =
)BT Hm T ZEEH LM LT, £ 2 CTEMLIZEW TS Epac2 & CRT 23 Hlifld
EIZEE G- L CW D fifaE b ~—H—Tdh 5 SA-B-Gal IEME, p21 & p53 HELZ HEEE
\ZHRFET L7z, Control # & th | SA-B-Gal Yl R4 E Epac2 £721X CRT / v 7
Z 7 AZ K VBN L7z (Fig. 21 A, B), & 512, Epac2 £721X CRT / v 7 # 7 > X ESCs
ERERIZ p21 REL A L, pS3 B &M L7= (Fig. 21 C-E),
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Figure 21. Knock-down of Epac2 or CRT is associated with senescence of EM1

EM1 was treated for 24 h with non-targeting control (Cont), Epac2 or CRT siRNA, and then cultured for
72 h. A, B. ESCs were stained with SA-B-Gal (A). Scale bars = 100 pum. The graph shows the relative
levels of SA-B-Gal positive cells. The data from three independent experiments are presented as ratios and
show the mean = SEM (B). C, D, E. Cell lysates were subjected to immunoblot analysis with anti-p21, p53,
Epac2 or CRT antibody. The same blot was stripped and re-probed with anti-GAPDH antibody as a loading
control (C). The graphs show the relative levels of p21 or p53 normalized to GAPDH levels (D, E). The
data (mean £ SEM) from three independent experiments are presented as ratios. **p<0.01, *p<0.05 vs.

Cont.
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B3I EBE

ARETIE, b M FENEEARICIS T 2 5 KEERK S LIF, COX2 mRNA FE3i &
PGE, 73 WAZ Epac2 & =D Fiiiicd % CRT A5 L TWA Z L2 LT Lz,

Epac2 % / v 7 X 75 & CRT # /37 EH e O mRNA FELAREAD L, 2
CRT B L UL T Epac2 ICE VB SN TWVDHZ ER L TWnD, ZofERIE, F2
T2 D ESCs @ CRT 7% Epac2 FHMFNZ L 0 DT DR E —EHT 5, T EHEE
BRAAEIZ BT, LIF, COX2 LN PGE, FEEIL, RO BRI THLH/R YA > K
TEECTLET S 7Y, fEE T HIRAE Y . Z S ERBEER IR S5 L ERE
BRI HRNI LS, HRICKHADHTFTH D >, 61T, T b AEEBEHEK1
IZ cAMP ¥ 7 F /U X 0 BHPEICHTHE ST B8 9 Epac & ORFHIC DN T
DAL, & Z T EMI OFEKRBIHER 1 DOFEA & Epac2 X° CRT & OBEIZ DWW T
st L7z, Epac2. CRT / v 7 % 7% Forskolin (2 X W #FE X u7= LIF X° COX2 D
mRNA 58l L PGE, /pib il L7=, X 51T, Phe LEIZ K W 215 DT DHEHL -
AT EHT DA, CPT ALE X EE 5 272 o T2, 2D DFERIL, cAMP v 7
JVEGr LTz LIF, COX2 mRNA FE81 % O PGE, PEAIZ I FIT PKA OIEMELRNEE TH
HTEERLTWD, LLZRMNG, Epac2, CRT / v 7 Z 7 1% Phe HMALEIZ X
% A PR BE K - D PEAE Z 4 L7 2 &5 Epac2, CRT 28 PKA 7L b/ m Ak
— 2 LT LIF, COX2 388l L PGE, 3 OFREIZEAE L T\Wd Z &R D, FE
51X, ESCs 2B\ T, PKA ¥ 7 T IViHEEMOIEN~ — 1 — D38l % Epac / > 7
TS 2 E 2L LTWD Y, Epac 7 F LAY PKA #EENED PRL
mRNA FH AT 5% L LC, C/EBPBZ N LI-EHMEi25 | ECRLE, <
7 A ESCs IZB W\ T, COX2 8% C/EBPRZ I L TSN D Z &G ST
% 7, EMI 123\ T % Epac2 / v 27 X 7 1% C/EBPRE AT LT COX2 3$E. 4 4 L .
PGE, PEAE Z Il L CW A RIREMEN B 2 45, £ 7=, LIF |3 p53 12 L 0 3T FHE &
NTWns ™, AKBFEHNTHBW TS, Bpac2 & CRT / v 7 ¥ 7 0% p53 RBLA A &
722 L XV, LIFmRNA BE LK T I/ Z L3 #HEEC& 5, £7-. CRT L, /Mak
D Ca* DRFIRE & i 2 50 L, MM Ca> fEE PEOHERFICRI G- LT\ 5 Y, Ca® 134
PRORNICEETHDHZ ENMONT WD, v~ U AFERNERERMEIZE W T
large-conductance calcium-activated potassium channel (BKca) I Ca*™ H &M & #i55. K+
Td 5 NF-kB ZiEM L35 Z & TRIROERIZEHT 5, BKea OREBLINHIX LIF 5§
BAEMH L, FENEOZREZK FSED 2L THEREZMESTS P, ~ 7 25N
JBE_b J2 Al 2 /FAE S D epithelial Na” channel (ENaC) 1%, iEMb &5 Z & TNa' it A
L7z CaZ R A& FRL L, COX2/PGE, DPEAE AR & 5, ENaC DI BLINHITIE
DEFRKERO S0, X510, HLVTLESZ LV ETHhD SI00A11 DX
BAMHNIE, Ca®MEHPEDMFEIC LV FENBEOZREDK T & EREORD A 2+
Do 2O, IR TO CRT / v 7 £ 7 3 EMI WO A1V w7 MMEHE M %
e =&, ERBERFORBALZAE L2 L 2RI 5,
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S BIZARFETIT Epac2 £721X CRT @/ v 7 0 73 SA-B-Gal i & p21 FELZ I
HEE, p53 BHEAEAD ST, 26 0REFRIE. ESCs & RIBEDOMERTHY . EMI
IZHBWTH Epac2 & CRT Sl Z LIZBIE L CTWD Z & 2 HEE S ¥ 5, L > T Epac2
& CRT IO B 7o B LA 35 2 & CHMEREZHEFFL TV D EBE X b
N, EOFFMREBICOWTIAHATHY . S LITHRFANRLETH D,

AWFFE I B IR b Rz A AR IZ B CLUEpac2 IZ L W CRT ORBNFAT N5 =
& IRAIRR O A IR B K 7 D EEAE L Al kIZ Epac2 ZJT L7 CRT BN LA TH
HTEEMDTHLMNZI L,
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Eai NE

AT, PIRAR B AIEIZ 351 D Epac2 @ TR+ DR E K O, 7R B K - 5

~OBHIZOWT, BETE1TV, LT OB A Z 57 (RFFERERIL. Fertility and

Sterility IZ &R TdH ),

(1) EM1IZ3\\ T, Epac2 FEHLINHIFFIZH B EME T T 5K+ & L TCRT Z[FE LTz,

(2) EMI1 {23\ T, Forskolin & 721X Phe HMALEIZ X % LIF & COX2 @ mRNA FHi
KO PGE, 47#41% Epac2 X° CRT / v 7 X 7 AL D IHI &5, L L7eRn G,

CPT L& TIX 2 b DORFRIIIZ(L LR,

(3) Epac2 F£721% CRT #EMtlIL, B{b~—H—TH D SA-B-Gal {EE L p21 FHL %
NS, ps3 B S5,
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WG

ARSI, Epac & Z O TR Dt kb ESCs DAL & 7= NBER OB IS 1
HEE, SDICT vy N EOBFKRBIMICB T 2EEHEHLNCTLZZEEZHNEL
TR L. AR ORr a7 (Fig. 22),

# 1 = TIX, & b ESCs OULEEALIZI T 5 Epac DR HIZOWTHET L7z, HE5H
WL wiloe b= NERLRRICI 1T D Epacl & Epac2 (%, W&, IR ERz. B Bk
HIC R B L Tz, FEREE ESCs 2 W2 MEhc BT, CPT HAMALE | I 7%
~—7%— (PRL, IGFBPI, FOXOI) ™ mRNA JHZEE L2 h > 7-75, CPT I% Phe
FITINE AT 0 A RFEEM D PRL, IGFBPI mRNA 3% & S2HIN L 7=, Epacl,
Epac2 £71X Rapl @/ v 7 X7 /X, Phe, YN AT v A NALE £7-1% CPT & Dk
WLEIZF1T D PRL & IGFBPI @ mRNA %81 B A2 AR L7z, £7=. Epac2 /
v 7 H 71X FOXOI mRNA BB GG L7z, S 5HIZESCs OFREEZ T & 2 A,
GNER R 7 1 A N ALGE TR AE 2 B AR D FZRE D & B K O K BB AR D FERE~ & 28
{EEH . CPT LU AT oA FOMAME L Z DA Z S 5IEdE S+ 7=, Epacl .
Epac2 £721Z Rapl D/ v 7 X7 NI Z OBV ZHE LZ, &5, ESCs 2B
% Rapl OIEMALEZF =L Z A, K4k ESCs (2 CPT # L& LT Rapl 1HIEME
b &N 72Dy > 7273  Phe Z HijALE L 7= ESCs T CPT ALE 2 L ¥ Rapl AiEMEIL X4,
Z DOIEMALIX Epacl 721X Bpac2 / v 7 X U A K W dl &7z, —75. Phe ALE X
CREB #Z{EM b S W 7273, CPT I3 B% 5272~ 7-, £7=. Phe IZX %5 CREB D%
PE{biE Epacl, Epac2 £721X Rapl D/ v 7 XU N> T B INRN-To, £ 2
T Epac ¥ 7 /W2 K% PRL DEREIEMEE L NI T 570, C/EBPBIZAEH L
TLR—F—T vb&A THITLI=E Z A, Phe & CPT & OILALE T EH 3% PRL #x
BIEYEDS, C/EBPBORS ARSI DERE CTHL LT, 26D b, B N ESCs 28
VT, Epac/Rapl ¥ 7} /L3 PKA/CREB v 7 /L Cl3 72 < . —# C/EBPB %4 L T PKA
I EH L TREBRE ST L TWD Z E R BN E R oT,

2 W CIX, b b ESCs DULHEILIZI 1T 5 Epac2 OFE MR & [FE L, Wk
AL ~DBIEAZ DWW T & BITENT L7z, Epac2 / v 7 X0 A2 X BN 5
F& LT CRT #[[E L7=, CRT & Epacl X° Rapl / v 7 XU TIIBE2%57 .
Epac2 R B2 P+ Th o7z, Lo L7235, Phe £721X CPT ALE % L T%H CRT
B #0572, CRT / w7 X 7 % Phe, AT v A RE/=IL CPT &
DILALE 2 X BB~ — 5 — (PRL & IGFBP1) @ mRNA ZELZ2 i L7, & 512,
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P27 1A RE 7212 CPT & O ALEIC X 5 g ~D et % CRT / v 7
2 3BAE Lz, 72, Epac2 X° CRT %éfﬁ%fnﬁ%u I%. SA-B-Gal {1 & p21 FELZHE
&, ps3 BE AR L2 &b, ESCs ODELEZFRLI-EEZXOLND, ;;h
HOFERI G, & N ESCs OBERE )OI RER) 72 K BRI~ D 5312 Epac2 &4

7= CRT BEINMETHDH Z &, F£7-. Epac2 & CRT 3 ESCs DE(ICEE S5 2 &
ZBH BN LT,

53 %T . BEREDHOZ > N OIRE 28T D Epac UV O BEK 1 D%
B &% _Ob\f*ﬁn‘f L7-, Epacl, Epac2, Rapl T CRT (3#4E4E 3, 5 HH CIIE
e, H%J:&‘ﬁﬂflﬂ’? ZIRTE L TW ey, BREOMNR 7. 9 H B2 W TR Cof
WIEBLN A BTz, Fiz, I~ LEIC XD NAMBREELET L E AW TEREHcE
WTH, BEMESHIAL T Epacl, Epac2. Rapl W NZ CRT OFRENA LNz, BIRE
FEET V2 WM CIX, 4R 4 B HIZ OVX L72#EE OVX BEIC Py &2t L TR
EERT, Py & By % H L CHEREFH LI-RETIE. DAL C Epacl. Epac2.
Rapl KON CRT #ELN BH Lz, £/, HEMIRT v MT Py & E; 22N ENHME T
IZHLE L CH Epacl, Epac2, Rapl X ONCRT HBLIZ L Lz Te, 2D &G,
Epacl, Epac2, Rapl K OF CRT FBLUIINE R T v A NI X HEENZFEH TIEe<,
ERIZE DBEBALDOBICRELN AT 2 EBRALNE e oTe, £, B
AEIZIBUWT cAMP/PKA > 7 F L DiEMA L 2 "4 % CREB O U gl ilgg S
N, HIT, H5% ESCs 1B W T, i~ —72— (PRL & DTPRP) @ mRNA %
Blix, CPT @%’C%@SL@%)OK%@@\ Phe #Li& C L5 L7z, Epacl, Epac2, Rapl
KONCRT / v 7 X7 1%, MPA & db-cAMP HH:4LEIZ KD PRL & DTPRP @ mRNA
BHAEFREIZIH Lz, LEDOREEN 5. Epacl, Epac2, Rapl XIONCRT (£7 v hiZ

B DBEBLICE S L Tnb 2 2B LT,

#4ETIE, B M ERBEROREICI T D Epac2 & CRT 0% %% EM1 % W\ T
fMT L7z, Epac2 / w27 ZU % CRT BELZBA I HETZ L LD, EMLIZBWTY
CRT #8153 Epac2 ICX VAT SN TWD Z LR STz, IERE~D B 5 2/~ 5 7=

DIZERBH K1 (LIF, COX2 }2 () PGE,) & Epac2 X° CRT & OB#HAZMRFI L= & =
A, LIF & COX2 ® mRNA ¥81 & PGE, 434 1% Phe fLi&E T L&A L, CPT ALE T3
L727h>- 7z, £ 72 Forskolin & 713 Phe ZLiEIZ L % LIF & COX2 @ mRNA %88l & PGE,
WOEINNL, Epac2 71X CRT / v 7 XU X Vil &7z, & 51T, Epac2 £
7ZIXCRT %/ w7 X7 L= EMI X, SA-B-Gal iI&MEL p21 FEEZHM L., p53 I
WO THZ M, ML EBELI-EEZOND, ZNHOREENS, B A
TR RRL 35 1 2 25 PR BEELRl 7 D PE AR FR Hf & Ml 2k Epac2 %41 L7z CRT FELH
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VHTHDHZ LWL LT,

PLE, RBFFE X 0 | B3 & pinio b BB NBESKERRIC IV T [ & R _ERHE
\Z Bpac ZFELL TWAHZ ENRHALMNER-Tz, T HIZE b ESCs (2T, Epac ¥
7 F N DIEPE(LRC Epac & & O TRl -1 O FEEAMH A HERE A 2~ DT R 722 Il B A b L
F%Z%%Efzé Z LG, Epac IZERR L L BEEICBEE L WA LA R L, &

\ERBEDOT >y NS OREEAILIZ T Epac & F O TR OREN EH L, Z
@%Efﬁiffnﬁ%u WAL ZHE L2 2 & D BRI OB R 2 Epac 1T H DK+
EWx D, — T, BREEMIICE T 2 EREER - DORBLE Epac2 / v 7 X7 3
H4DZ b RO KRINC S Epac2 NEETHDHZ EEZHLMMI LT, &5
Epac2 & CRT 1ZME. R EFMIEBOZIIZHE LI 0D, ZHDIREERICH T
7‘: b N FEANEO RS OFRE & MEFFICHEERKFTho EE2 bND, LLE

I ZAEIRRRASLOHT LUy 7 & L C Epac ODEREZHOIC LT, b
Ti&f@% T = A LOFEINZEDN D ATRetEn 0 | AT ERA~ OIS A BRI 1
a3

0 \
. R
EEL R . / \E )
uum» S

€——CRT
l——

RO A7
LIF, COX2/PGE, HmaEi

<€ CRT
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Figure 22. Diagram illustrating the role of Epac-mediated cAMP signaling on the maturation of

endometrium
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TRzt DT80 AHIFEOZATICER L, MAETEE, 2B | XK
XOEEB 2 LI e —BaRICIRER DHEER L E T,

AMIEOBATA N G SAERUICER Lo faife, RIS, HMiEE RS LI
FAS FAHEZZ, S0 EBhE. A8 HE2BBICR S L 9, AR
ITIZER L, B FFEMABORIUCI W T IRE, ZHA2WeZE  LERRERK
T ERMm AR E O AR, W OEFEEACIR BV LR, Fz,
HEERCR D F LA - B2 B O BRRICR EHE L £,

BT, AL RDR O XA TTFIWVNE LR - R ARk —RICKHLTZ I
WHTEMHOELELET,
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