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KimSCTIXLL FOIg 5 %2 vz,

cAMP : cyclic AMP

CBP : cAMP response element-binding protein-binding protein
CHX : cycloheximide

CREB : cAMP response element-binding protein
CRE : cAMP response element

DMSO : dimethyl sulfoxide

EGF : epidermal growth factor

ELISA : Enzyme Linked Immunosorbent Assay

Epac : exchange protein directly activated by cAMP
ERK . extracellular signal-regulated kinase

FCS - fetal calf serum

FSK - forskolin

GCMa : Drosophila glial cells missing mammalian homolog a
hCG * human chorionic gonadotropin

HDAC : histone deacetylase

MEK * mitogen-activated protein kinase kinase
PKA : protein kinase A

PKC : protein kinase C

PMA : phorbol 12-myristate 13-acetate

PVDF : polyvinylidene difluoride

RUNX ‘ runt domain transcription factor

SDS-PAGE : sodium dodecyl sulfate-polyacrylamide gel electrophoresis
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B1E Fin

PR i L SE R I, 2D CTHRIR P E & PEIE 7B DY THEHR 20 SELARE . 3t
12l FETCITEMERRONL LGS, FRITEMEICEBHIREE S HEDOWNTILNT,
OIS OIERDER DIIROM\EAHEIC LD O TIE RV b D) LESINTZ D
DT, BRI DK T~10%IZHIE L, EERO ERFETER OO LD Lo TN D[,
HIE(LT 2D & RHRD TR E M & OB ECIRIE O FERNREE R 2R L IR
(CR 2 I B e & T2 U R IR E T 2R O AN, TRICHEEE 5 2 5[2-5],
o MKIE, BHIM, FOLNREE I REE, HELLP JEGRE (AR, iR
LS MMRARTT) b RHAAMIC B0 2 BB AT, ARHR I SE AR & FE RIS IR
RIRBIGR 2 RE STV 5[6,7], AE0R = MLERE R O BRI TBRAR B K 7. BeE Ak - 1
RE. S0, BEO LT U LA OMRGE, MR BER, MIREEEME R &L HN %S
NTVDER, ZTORREIIREHLMNICR> TR LT, RANBEEL 2V ONBIRTH
Do BATILH R O @l IS PR AENR ) R R 0O 38 A B EE S B IME N & 5
D FORBRIEOHRTLREEZMIAT L LITHELRRE THD LEZOBND,
YRR @ M EREEREOMIZ S . FENEEAER, BIBMEIE, MR, JEER & O
BOHERLRE IR, S OICARER EZDFRRE DL K BH LR > TW RN, 2
DO L D OFRAEORIEMT ORI, HEO &, HAROK T AT B A
o THAEMICHLEELRBETH D,

NG DT R S OB B AN TR AR ) ML FESE (A 22 13 U 8D | AR 2 AR RS RE D R D O

EDELTHEALNLTWSI11], RIE, FFIHOZHREIND O BN/ L TL 24

AN

WCTH Y IEWRBRIERIT, RO, MROBEEICLHADOEETH D, WATE



\CERE., B MR OmMMAL T 5 cytotrophoblast 73 extravillous ¥ 721 villous @ 2
DO I THbT % (Fig. 1),  extravillous #&# Tld, FEEMLEREICE < 21H
9% %M invasive trophoblast (257E L, & HIZF O —#873, interstitial trophoblast
%7213 endovascular trophoblast (Z531k, FENOMELMAE ITIRIE L, B8 LK
WRESIZEZF, —F. villous ## TIiL, cytotrophoblast 23fifaft &35 Z &2 &
- T syncytiotrophoblast (Z 53k L #kE D FJE % #ak 3 5 [12,13], syncytiotrophoblast
Fo A bR MBI R ey (WCG). b MNE#EMES 7 h—4> (hPL)
REDRIVE S ZHWT H I EITEY | EFEROMEICHT LS LTV 5 [14-17], Wik
M EEGERETIZ NS O 2 DORBEOHMIL b ENEIUCRFE R A S, 2N E ki

JERDEITT D E VI HENR I N TWBH([18],

/ interstitial trophoblast
/ invasive trophoblast \
cytotrophoblast

syncytiotrophoblast

cell fusion
hormone production (hCG,hPL,estrogen etc...)

endovascular trophoblast

) VillOus pathway ———— > extravillous pathway

Fig. 1. Differentiation pathways of human cytotrophoblast stem cells.

Z DX D RO LTI A %5 & LT % Glial cells missing a (GCMa)
DG LTWDZ b TnSD (Fig. 1), Glial cells missing (GCM) 13 N K

IZ GCM R A A & LRI 2 K597 DNA # G iz R OB R+ 7 7 I U — 2Bk



LTEYAEMRIIELGET D Z EBRHA L E > T 5[19-21], glial cells missing

(gem) 1% Drosophila melanogaster (D. melanogaster) T2 U 7 s KR L7-22
REBRMBOFIRER T & LTHIO THBEES L2, GCM ORBUZ LD | #MfERDIFE A
EOMAN =2 —nr sk L, 7 U TSR S ey, —F5 ., GCM % Jhii & 81
SHLE BB T Y T HESERER S D Z &5 GCM X D. melanogaster
B\ THRR A & 7Y 7 & R~ D iR A R ET SR T Th D L
B2 HNTW5H(22,23], £1-FDHOMFEICL Y GCM2 DFENH LM E 72D | GCM
WZX D70 TRl bR RET S 2 &, GCM & R L C ek o 5 bicBi5- L
TS Z EDBHESh T 5[24-26],

IZFLHEICIZ GCMa (GCM1) & GCMb (GCM2)., 2 fifHo GCM &€ 1 7 B3 F1E L
TWDR, EL 6 bR TORBIIMER ST 5 7(27,28], UHIEHIETD GCMa
DEREZHEE T 5 Z L 3 kAR o T2, T OH%OMZEN S, GCMa 134, GCMb I
BRI FICRILL ., Th Do, BEICBWTRHADOKTFTH D Z LR LA
L7 o72[29,30], 26D ED, GCM & v 87 BITFEIC & - TRBLEL B e -
THVI[31], ZOMELThZENRR->TWD I ERHERNI S 223, @ LT, Mo
SrALIBRRICEE G L, 2 OSE AN iR ME AN B 2 [32,33],

GCMa [Z LV EGHH SN IBE OO ESE L TT R —BBEBEFHHMHINT
W2, TrvZ—BIZT R ha s O RE RIS D HEEEE T M, E. ARSERR
BORG . REWAAHE. Raf, FLe7n ke Mk CRIL HEEL T\ o, Tr~ X —Filtls
TICFOMEO = Y IBRFEEL, EOxy V2 1Ml i TF ORI 72
FERHIE STV D, IWH S ITBERRN 2= Y 2 11 O Efiox N —lk

IZha T2 7HE LT GCMa z[AE L. GCMa OEREA WD TR LTz, F7-



GCMa A LS A hCGoX® Leptin OB 7 EIIC/FET 2 2 L 2B 62 L, GCMa
NI D OBBTHBHIEICE D > TV D A[EEMEE R L72[84,35], 2 ETIZ, 7TH
~ % —EOft, Placental growth factor. Syncytin, Integrin-a4. Rb-1 72 & DiEfs 1
DEGHIEIZ GCMa 23> TWD Z & 24Tk Y [36,37]. GCMa 13kk# 721%
B O R BLZHIE L T D Z ER IS D, GCMa BIn 1D/ v 7 T v
R~ 20, BRIRICIZERFE IR D0, KL IBRMORESCHT A BED DO
B R GR OMEMED TR ST, IBEEE R 2T XV IR AEBSE 2 7 §7(29,38],
GCMa [Z#KE ORI TH 5 syncytiotrophoblast 45 & A ICH B L T v [39],
cytotrophoblast 7> syncytiotrophoblast ~®D /L& HilfH L TW 5 Z & AVRIB ST
" 5[36,40,41],

IhbDZ N6, GCMa (TR OSE, FEE, HEFEBRICEERTH ZH-> T
BT EDRBEND D, BHEOSMEBRICB VT ED X H I GCMa OFEBLAHIH S
TWD O, ZOFMITA LA TIER Y, LML, GCMa DX DO PRI HHEREN G,
FEELEAVEYED EfE /e 2 v b r— VT IEF R RRIE A, IRICUETH Y . GCMa O
HIAE S IR AR DT AR RE IC B A R TR REME A B A B AL D, EBR. MRBRHERE R 2T
syncytiotrophoblast %4 2 MINELA OFIE RFIC L D AREER B 2 S5 TH Y,
GCMa O Fiiti#fs 1 Thdh % syncytin BEHE L TWD EWo it 25 2 &5 [42,43],
GCMa OHRENTFAEDFIE ICHEHICE G LTS Z AR SN 5, T4, (iR
JESEGERE D IRARIZ I T GCMa DOFEBLAHA LTV D & ) i 7e S 4ul44,45], —
¢, BHRMEH O GCMa mRNA &3 L TWb &) #HiE s H 0 [46], GCMa &
ZOJERE L ORE N DN TND A, FEHMA A7 < GCMa MRRBDRIEMFIZ &

DEIITHEHELTWLDONZEDFHEMIAHATH L, o THEIZEWT GCMa DFEEL



WEDEIITHEI SN TN D NZ OBE I O T 5 2 LiE, B AR O I EOHEE
(2T D 53 T8 OO BUFESCH R O FEIEME T DRBICIR LRI RIS D £ B X b D, ¥
7odrifE & GCMa DOBHE & 22 724U JWE D2~ — I — & L TdD GCMa OF|
R, I RIBWRE — 57y FOFERIZORN 500 L7,

% 2 CARMFZETIX, GCMa ORBIFAEHEE O A B L L, X U DI GCMa Ofi
HriCH M TH 2R RAOGUEDIF R 237 45 O LT LR OMRIR  FRE 2 it L7z, £72.
ZOHUERE N T2 OO T IEZAITV, FURORIAEZ R LTz, WRIC, 2 OHLE
MW, GCMa OFRBIHIEIZED D v 7 F/ViZ o TRFT L. TSR EE 525
Ve 7 E—DORB AR, 12, Z O T GCMa 8 Y b ds Z & xR L,

U U LIS+ 5 7 LB L ONFOAFIEEIC DWW TS LT,



#H2E Pl GCMa Filk D /FR

1 Iy
GCMa 3 et i i < FEHL U e O R CHRERBLC B kBl 2 R 2 &b

W RO B ICKUEADREFTH D Z & MRS IV T D, IER &) M AE B
TENEEARAE, HEMRER E, IERFEDORIEA = XA LIRTELZSDBAHTHD
B, ZO—MIIBBEOERARICERT 2 LZ2 6N TERY | AENR S M EE GRS
GCMa OBE Z R T #HA )< Db 5[45,46], Lo T, GCMa 2B 2 3¢ 7 it
ATV, WHE & OBEMEAZ B SIS 5 Z &1, £ ORIE A I = X LM Ok & 785
ZENHIFFTEDS, EODIT, MEFEICE TS GCMa % i T 2 RHiRiEIE

WZHEMRY—n1Thbh, GCMa IZOWVWTHHT HERICHHELDEEZIHND Z &)
5. #LGCMa =7 AE /) 7 0 —F AHURDIER 23 7 7=,

GCM # "7 EIE N Kl GCM R A A > LRI 2 R 72 DNA #5A SR A3 7
fEL., M2 CTHEMEREWEIRTH 5[47], —FF. C RIRMEEITIREIC L > TRE<
B2, ZNENOMHERSCEEDOENEZ AL L TS Z BN TPHEINS (Fig. 2)
[21,31,48], ARFFETIE, FAFHO KT 7DV LS TH D GCMa (x5 K RIHUA
2135720, & h GCMa @ C RUGHUIRDE 3 7 "7 Bafiie LT~ U A THE
Lo A 7Y R=~filazfic, ZOHiREZ AW THEL DI 21T, Z OFUEOHR

Friithd L O'e b GCMa ik id

kb

EEZIT -7,



aom [0
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xeGCM _ |

| 393

.GCMa domain (DNA-binding domain)

Dtransactivation domain

Fig. 2. Overview and domain topology of
GCM proteins. Numbers to the right
indicate amino acid residues in each GCM
protein. dGCM; Drosophila, GCMa and
GCMb; human and mouse (mammal),
¢GCM; chicken, xeGCM; Xenopus laevis
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WEICZE—=v &Nt F GCMa 7 = — > B17 D4 FER % [34], pcDNA3
(Life Technologies, CA, USA) (2% 7 7 u—=1 7 L7z B17f[pcDNA Z§H & L C,
PCR #£Z M\ Tt b GCMa O ZHEIE L2, KIFE TOE b GCMa ® C Kb
FEIFEHL 7 F A 2 F (B17¢/pET-30c) 1%, t F GCMa O 7 I /it 177 HH» S
436 FH OfEK%E pET-30c (¥ BT A4, W) V7 r7ue—=7 LIER LT,
FLAG % 7 %A L7t k GCMa D&, #75 RIEEREL LOT I/ B4 2K
Bl7"Z A3 Rix., pFN21A-Halo Flexi vector (Promega, WI, USA) ® Halo ¥ 7/ %
M REEZE Y1 & Nhel & Sgfl % H\ T FLAG % 7|2 i&#: L 7= pFN21A-FLAG vector

\Z. fEY49 2% DNAfE A7 7 o —=0 27 L{ER L 7=,

AR RE AR

JEG-3 #ifEis L O HEK293T #ifdiZ American Type Culture Collection (MD, USA)
LXVEA LT, JEG-3 Hifdix 1 mM sodium pyruvate (FiyGHi%E T3, KPk) . 1% MEM
Non-Essential Amino Acids (FIYEHI3E T3, KBk) . 10% fetal calf serum (FCS) %
% Tp Dulbecco’s modified Eagle’s medium (DMEM) (Fiyefiisk T35, KB)Z MV 5%
COz fF1E T, 37°CTH;#E L7-, HEK293T #ifulE 10% FCS % & ¢ DMEM (Fntifid

T¥. KM Z#FW 5% COfFE R, 37T°CTHE LT-,



NG AT 2T gy

HEK293T ffifjd% 24 7 =/ 7' L— MZ 1 7=/ 4720 2.0x105{EEERE L, 10% FCS
Z& ¢ DMEM 500 ul TE:#% L7, Opti-MEM (Life Technologies. CA., USA) (27
7 A3 K 0.5ug & FugeneHD (Promega, WI, USA) 1ul 2% 15 4= iR THE

L=, iz EmimL =,

t I GCMa C Kol & > 737 B Ol

KI5 B BL21 1T Bl7¢/pET-30c #H A L. 2%~ % / —/L & 0.2% isopropyl
b-D-1-thiogalactopyranoside T4 > /N7 BB #iFE L7, B L 7=k EY %
protease inhibitor cocktail for use with bacterial cell extracts (Sigma Aldrich, MO,
USA) % & ¢» B-PER protein extraction reagents (Thermo Fisher Scientific, IL,
USA) TRE L. 10 oMHE LI L7z, 5572k % protease inhibitor % &1
10% B-PER TR, FHAH L, =O0%REILIZLEY %2 PBS TREE LAURE L
Too ¥UANDRIEL LONA TV F—=<HIOBILIEE 7 7 v —F A HuRprgEaT (B
) IZ&ZFE LT, $t GCMa HUikEAENA 7Y R—=<HlRD A 7 V—= 71, ZOk;

EZ2RErzHW AL, Ty MLV IToT2,

PURDY 7 2 4 7 DHIE
IsoQuick Strips and Kits for Mouse Monoclonal Isotyping (Sigma Aldrich, MO,

USA) ZHWTiTo7,



PR IR )

EFR DA e MEWIRR GERWI 41 08) 280~V CEEL, NT 7 408
W%, MR AER L7z, BT 7 ¢ %, 1 mM EDTA T 120°C, 15 45[H
F— R L—=TREE LTz, IRWT, 0.3% A ¥/ —/V &t HaO2 T 30 s fIALER%, A
FLINTHEEMNTT myF 7 Lz, Ht GCMa Hifk % Il A =5 T 2 R A > % =
N—a Uitk B4 TF U 2 LA Z A ER T 30 A Fa—ar L
7o ¥ 27 ViX Vectastain ABC elite kit (Vector Laboratories, CA, USA) % HW

TH L7,

AL T ay k

bt B LD~ T XOREEMEREE 0.3% proteinase inhibitor cocktail (Sigma Aldrich,
MO, USA) % &¢¢ cell lysis buffer (50 mM Tris-HCI [pH 7.5]. 150 mM NaCl, 0.1%
SDS. 1% Triton X-100, 1% sodium deoxycholate) /M xHRETF A XA L7z, 2X
SDS sample buffer (125 mM Tris-HCI [pH6.8]. 10% 2-mercaptoethanol, 4% SDS,
10% sucrose, 0.01% bromo phenol blue) &%, 95°CT 5 LB L7z,
HEK293T #fifats X OV JEG-3 fifalX cell lysis buffer 2 FHWTEIUX L., Mifa _EiE 28 &
AR U 7=, By %m0 L. 1XSDS sample buffer # i1 %2. 95CT 5 ZyfEj4LEL L
72o 8%, 10% £ /21X 12% AR Y 727 U AT I RT V2w SDS ARV 77 U7 I K7
NVERVKE) (SDS-PAGE) T/4r#f L. transfer buffer (192 mM glycine, 25 mM Tris,
20% methanol) 1, 40 V C—#f polyvinylidene difluoride (PVDF) * > 7 L > (EMD
Millipore, MA, USA) IZHEE- L7z, AT L AT AR A I V7K (5% skimmed milk,

0.05% Tween-20in PBS) TV m v ¥ 7 Lictk, —RIUAZIN A IR T 1 Kef £ 721

10



ACT—MeA ¥ aX—var i, ~AF X —BEH 2 KHUEE A ER T 1K
filf > F=2~X— 3L, 7 7F/uid ECL Western blotting detection regents (GE
Healthcare Bio-Science Co., NJ, USA) F721% ImmunoStarLD reagents (FuyEifi3K
T, K #MxArFax—T a3y Lizth, 74V AICEES L Fujifilm FPM 100

(BE74vh HE) ZHVWTHRH L,

Z NI EDER

TUMIETNT I vk fEREZ N L LT, BCA protein assay kit (Thermo

Fisher Scientific. IL. USA) # AW TEE L7,

11



o3 HT R

#iL GCMa HUR DU R S D IRt
GCM # /37 EIZB W THFEMEDE W C RimfiZH7225, & F GCMa D7 X/

Fere it 177 FH D 436 F H OEE 2 KIGHE CTRE I+,

pa s

BB L= b D& PR &
LTxURIZHRIE L, A7) F—~fiflazfG/-, Hl GCMa HiikZEAT L7 =
—UE, KIBECTHBLSEce F GCMa 2R ¥ v\ BEx e LT, "7
R—<flDER EEEHRE LTHWEA L Ty MZEY A7 ) —=2 T LT,
ZOfEF, 13H1F4, 7TB6C11, 1G4F8 D3 /7 u— %15, Kb 7L Ofhro1z
TB6C11 # HWWTH R DMt &1T > 7,

WDOIZ, TB6CLL DFEAT HHUROY T X A4 T a2 A, IgGl ThH-o7z, =
OPURDPUFFFRMEIZ OV T, B b GCMa % J@ I 5 & H 7= FE 2 OMfia, NIENM: GCMa
ZIBLT L MlE R XL O Z v E LTHO. A A 7 ey FEIT5 7 (Fig.
3), & b GCMa #REL.SE7-KIBE (L—2 1), BHRME sf9 (L—2 2), HEK293T
Al (L—238) TGCMa lZFHY T 55 50 kD O/ R Sz, 7z b bk
Hk JEG-3 fifld (L—2 4) B LU MalfigkAEoxr—F (L—2r5) THREMEL
~LD GCMa i+ 2 &N T&z, S, vV X IgG (L—7) L HERL T,
~ U AR R E Y R — F (L—26) T GCMa IR 72N RBRH S iz 2

Ers, ZoHARITE FBEL P~ U X GCMa Z58ikT 2 Z LB LN E ol

12



(kDa) 1 2 3 4 5 6 7

Fig. 3. Specificity of the anti-GCMa anti

%gg: body from clone 7B6C11. A, Detection of
100— human and mouse GCMa by immunoblot
75— using the anti-GCMa antibody produced

by the 7B6C11 clone. Lane 1,
50— | - P p—— -~ recombinant human GCMa (hGCMa)
prepared from LLB21 E. coli; Lane 2, from
37— Sf9 insect cells; Lane 3, from HEK293T
cells; Lane 4, homogenates of JEG-3
25— e cells; Lane 5, human term placenta; Lane
6, mouse placenta in ED 8 days; Lane 7,
20— mouse IgG as a comparison to the mouse

GCMa.

b R R AR oD S0 R e

WIZ, 557 GCMa Hifkz HvC, b MM BN GEEMME 41 8) o~ F
7 4 VUIR ORERRR A AR, 2y br—LD< 7 2 IgG LHE L, Hi GCMa
PuiRZ iz & & iR E D Syncytiotrophoblast 234 ¢ » T IN D Z &
Wbo7- (Fig. 4), ZHE T2 GCMa I Syncytiotrophoblast (ZFH L T\ 5 2 &
WG SN TEY[39,49], Z OHUAD G H > GCMa & FFRAYICHRIHTE 2 2 &

AN <Y N

mouse 1gG anti-GCMa

Fig. 4. Immunohistochemistry of human term placental villi.

Syncytiotrophoblast cells (arrows) are stained positive for anti-GCMa in human placental
villi. Sections of human term placental villi were stained with mouse IgG (mouse IgG) or the
anti-GCMa antibody (anti-GCMa). Bar, 200 um.
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Hi GCMa Hifko & + GCMa (235 % Bk fEIm O [7

B HN7=Ht GCMa ik & b GCMa b O F8kAEIE 2 MFtd % 720 FLAG % 7 %}
L7zt b GCMa O&FE C Ki KIBEBAEFKBL 77 2 I REME L (Fig. 5A), =
%z HEK293T filfic hT > A7 =27 gL, IR LM EEZ VAL L 7
2y hE{Tol, ZUBIE, b PI-PT EREKO X LR ERBEZRD -0, i
DYKDDDDK (FLAG) #iff (Cell Signaling Technology, MA, USA) % i\ THiF
Liz& ZAh, ENTNOERKOHEE T BMNIICRRAe v REfR L7z (Fig.
5B), WIT, EOERKL L7 E0 P GCMa HEIC L » TR S h b 0 et Lz &
25, P2, P6 BLUPT OERKRZNZIME SN TzDIZkt L, P5 O FIRILH
SN hole, XoT, Zohkoiikikss e b GCMa L7 I/ feikl 332 & H

M5 34T FEHOBSINICH D Z LA sz (Fig. 5B),

A
Y ey —c1
P2
P3
gp— 315
R 331
— 347
I 436

14



B S5

(kDa) S P1 P2 P3 P4 P5 P6 P7
50— -
37— ’--

i IB:FLAG
25— | - — XX
E

20—

50—
37— -'
Rl o | rB:Gema

25—
20—

Fig. 5. (A) Diagrams showing the expressed proteins for the epitope mapping analyses of
hGCMa. The FLAG-tagged proteins encoded by each expression construct (p1, p2, p3, p4, p5,
p6 and p7) correspond to amino acid residues 1-167, 168-436, 168-300, 1-315, 1-331, 1-347
and 1-436 of hGCMa, respectively. (B) Immunoblot showing the anti-GCMa antibody
recognition site(s) in hGCMa. HEK293T cells were transfected with pF4A-Stop (Mock) or
the plasmids indicated above. The cell lysates were analyzed by immunoblot using
anti-FLAG tag (upper) or anti-GCMa antibody (lower).
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GCMa 2%t 7 2 Fr ALK OE 2 R A - R, GCMa #Bi#kd 5~V A€/ /1
—FTAPRE/RDLENTE, A5 Ty b RELRE, GEREEGR EITH5F
HAc&EsZtxzWbnicL (Fig 8,4,21), D& &, HOATHURIT L - THHIF
BUZ X DA Z 2 o X B2 T < IR BRI T H 5 JEG-3 fllfa <o ek
FRRIZHBLL COW DA NEE L LD GCMa 2 T& 5 Z &b hotz, iz, B b
GCMa B XU~ 7T A GCMa IZAEr V—7 98% L @ o, FiikiZE L 50D
GCMa b8+ b Z &R br-ol-, LML, B h&~vT7 2D GCMa 13 ¥ /7 EDHE
EDTFENELVICHEDL T, SRIOFKRTIIBEENRZR>TEY ., MlENTOE
fifiCf D & X7 B & O EAFHOEWREEL TWDAEERE X b, Fr 30

— A X, UREDGCM A—Yur e heDrRErY—0nELS, B MBIV~
U AN OIFALE O GCM @i ic HLFIF T& RN B 2 Hh b,

OPURDOHUF R IZE b GCMa L0 7 I/ ikt 332 F Hn D 347 F H Ol
FINIZIEET D Z ERHL N2 o7 (Fig. 5), ZiUE TIZ GCMa 20 St A& 1
B S DIT7> TR WA, ZOBEBITREOREN S C R OBNBITY 7L
FOMEEIEMEAL R A A VRIS LTV 5D 2 & [50], 70, AEELRHARICL D

SR TH D Z &b b GCMa OB DO REIALE L TV 5 ATEEENRE X bR

EHU

% (Fig. 6),
AT Z OHFUEZ HWT, T 7 ¢ RO A H O GCMa Z R 29It 32
ZENTERE (Fig. 4, ZDOZ E1F, RF I TV D5 4 OIEYRIFEE O JR MR AR AE A

IZHBWT GCMa OHBLL L ZMFFEETH L 2 L2 Rr L TE Y | HiRFE L GCMa

16



DOEEMEIICHIR TX 2 /RS H 5, AWZETIE, ZoHEEZHNTA L T ey b
EEMRR R A 2 T o T2y, T —HF A A U —=° ELISA 72 O HIECHIH

ARETHILIE. GCMa ICBHT DM RICIHEFICHEARY =L ERD EEZLBND,

312
16 167 220 300 337 349 436

V. GCM domain TAD / TAD
oM domain %

1 4 72 I

NLS NLS
NES

Fig. 6. The structure of human GCMa. GCM domain is the unique DNA-binding domain in
the GCM transcription factor family. TAD; transactivation domain, NLS; nuclear

localization signal, NES; nuclear export signal.
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T 3HE GCMaoERBHFAMICBIFTAI 7 FLre GCMa V VB
LICBEd B85

GCMa OFBLHEIEEIC OV TIHFENL D OHREN R S, G L~ TOHE
B RO A R BFRZEMIC L 2R ENBEE L TWD ZERALMNE > TE T, Fr
12, GCMa DOFEHERITE & cyclic AMP (cAMP) 27 J /L & ORSEIZ SV T & < BFSE
ENTW5, GCMa DOz E S fEIZ X cAMP response element (CRE) 23 {Ef7E L.
Z &I LT cAMP/ protein kinase A (PKA) ¥ 7 /WK F Y 7R i BG4 AR i 2 =2 1
%[51,52], %7 GCMa %% cAMP response element-binding protein-binding protein

(CBP) ICL - TTEFMEEND T & T, 2 EFF AL LA NBED LY N7 HD
LZEMED N 5 [53], GCMa IE glycogen synthase kinase-3p (GSK-3p) 2k ¥ 322
FHOBD VEENY VIBLEND Z LI X0 DR AMERE S D A3 [54,55], PKA {K
EHI72 269 FHBLIO 275 ZHO® Y UEED U VEk %/ LT dual-specificity
phosphatase 23 (DUSP23) & O EAEAMNMEM#E S D Z LI2 X0 | sl @< [56],
LD Z &6 cAMP/PKA 3 7)1 GCMa D3 BLE I L OV 2 B0 & & 5 1A
BN TV D Z EAVEIR SN TV S, cAMP/PKA 3 7113 hCG: 0 FE A= B 0-=0 # fa ik
A DO & cytotrophoblast 7> 5 syncytiotrophoblast ~D LA FE T 5 Z L 235
BTV I[52,57,58], DO UESE LT, GCMa OIEME LA NE X 5T
W5, LonL. cAMP/PRA ¥ 7 L3 EBIC & D X 5 ISIH L S D i E OFERTIE

AATH D,

18



—7J7. protein kinase C (PKC) i&£{k.#1Td % phorbol 12-myristate 13-acetate

(PMA) bAifufa < hCG FEAZHME T2 2 e s n[69-62], Ziic
GCMa BNED X HIZBE L TWDOMNEH L TIEARY, /2 GCMa B~
PKC v 7 F NV OBGIEBIED & Z AHE S TR0,

% 2 CARMFZETIX, cAMP/PKA * 7 /v %4t L7z GCMa OiEPE L 2 5] & i Z 3 fllfa
G T FNDRIEERRT., ZHETOREITE MakHk BeWo filnz Wb o
NENDT, FRSOMIEGETH 5 JEG-3 MV T cAMP ¥ 7L GCMa ~
DEBRRLLNDLDMHERL, FfELET X —U F 2 REKIZ LD GCMa OFRBLE&EDE
bzt Lz, Wiz, PKC ¥ 7 F A ® GCMa BB KIFTHELRA57-0, JEG-3
ff % PMA TOEE L, GCMa O % > /37 BEPB L O mRNA &2 Haf Lz, £z, =
DLx, GCMa BV VBLENDZ ERHALNE RSO T, TR EGT 57 )

B XU DABBEREIZ DWW TRET 21T o 7,
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SR

i
[\
%¥

EES

forskolin (FSK)., PMA. cycloheximide (CHX). dimethyl sulfoxide (DMSO) .
U0126, 17a-estradiol, 17f-estradiol, hCG ¥ X O DYKDDDDK tag €/ 7 v —7
VBRI RIS T (CRB) XK W EEA L7z, AG1478. Bisindolylmaleimide-I &
Calbiochem (CA., USA) L VEEA L7, MG132, Butaprost. Cloprosterol, I-BOP
!X Cayman Chemicals (MI, USA) X VYl A L7, Luteinizing Hormone-Releasing
Hormone (LHRH) (AnaSpec Inc., CA, USA). Ro-31-8220 (Biomol International,
PA, USA), NasVO4 (7747 A7 5#). epidermal growth factor (EGF) (kt
7 X EEH . R | insulin-like growth factor 1 human recombinant (IGF-I) (ProSpec.
Rehovot, Israel). human insulin like growth factor-II (IGF-II) (PeproTech, NdJ.
USA) ZZNZ A L7z, A-phosphatase (A\PPase) {3 New England Biolabs (MA,
USA) LA L7-, i DYKDDDDK (FLAG-tag) #if&. i phospho-CREB (ser133)
LIk, Pip-actin HLik, Bt p44/42 MAPK (extracellular signal-regulated kinase
(ERK1/2)) k. #i phospho-p44/42 MAPK (pERK1/2) ¥iff . #i Ubiquitin HLik 1L
Cell Signaling Technology (MA. USA) X 0 i A L7-, ONO-AE1-329 |3/INEF3& 5, T3

(KB X vftshiz,

b
JEG-3 #ifgis L O HEK293T #ifdiZ American Type Culture Collection (MD, USA)

LXVEA LT, JEG-3 Hifdix 1 mM sodium pyruvate (FuyGHi%E T3, KPk) . 1% MEM
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Non-Essential Amino Acids (FIYEHiER T3, KBk). 10% FCS # &7 DMEM (fu
MK T 2 KB & AV 5% CO2F7E ., 37°C CTH:#& L 7=, HEK293T #ijiEix 10% FCS

Zaie DMEM (FDGHIRET3E) & vy 5% CO2fF(E . 3TCTHE L7z,

HIRR D FRFNZ X B AL
JEG3#f8lX 24 = LT L — R 1 Y= ABH-0 1.0X105{H#FERE L7-, FCS 25
F AWK USRI AR L7-, HEK293T #ijali h o A7 =7 g 1k,

FCS & £ WEERIRIZAZHA L, EAZHIM L7,

NG AT 2T gy

HEK293T ffifjd% 24 7 =/ 7' L— MZ 1 7=/ 4720 2.0x105{FEEEFE L, 10% FCS
Z& ¢ DMEM 500 ul T3 L7, Opti-MEM (Life Technologies. CA., USA) (27
7 A3 K 0.5ug & FugeneHD (Promega, WI, USA) 1ul 2% 15 4= iR THE

L7=Db, MgZimL 7z,

AL T ay k

HEK293T #fifa+ X OV JEG-3 fifaiX cell lysis buffer 2 W CTEIL L., fifa_E3E %@
TR 7=, BiEZm DR L. 1XSDS sample buffer # i1 2. 95°C T 5 4y ALE
L7, 8%, 10%E721E 12% RV 77 U7 I R vz Mz SDS-PAGE Tyl L,
transfer buffer #, 40 V C—Wt PVDF #x > 7 L > (EMD Millipore, MA, USA) (Z
G LTz, AVT L UVEAFLAINZETT uyx v/ Ltk 1 IkiAE Nz, EiET

1 EZIZ4ACT WA FaX—a L, ~ULAF o2 —PrEHE 2 iRz 0
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2R T IR A v F a2 X—2 3L, 7 F T ECL Western blotting detection
regents (GE Healthcare Bio-Science Co., NJ, USA) %723 ImmunoStarLD reagents

(FoYeptide T2, K #Mx A v FaX—Ta > Liztk, 7 4 /L AICEN L Fujifilm
FPM 100 (& L7 1 /v A ) ZHWTHE Lo, B L7c /Sy B o GREE X4 fi#

¥r> 7 b Imaged % MW TEUEAL L7,

K URTEDE R
TUMETNT I vk fERESZ N L LT, BCA protein assay kit (Thermo

Fisher Scientific, IL. USA) ZHWTE= L7,

RNA it L OVEEM RT-PCR

JEG-3 #lifg% 24 V= /L7 L — NI 1V =/kBHT2D 0.85x105fH#EE L2, FCS 25
FERVEFRIRIZAH U, A FIEACOE L7, Mifd% PBS TUEH#% . TriPure Isolation
Reagent (Roche Applied Science, Upper Bavaria, Germany) 300ul TEIXL., 7
2 k2 —/LIZHEV total RNA Z 458 L7, Total RNA 300 ng #7 /'L — k& L,
PrimeScriptll 1st strand cDNA Synthesis kit (¥ 7 7 /31 4, &) % VT cDNA
&R L7, TagMan Gene Expression Assays (Applied Biosystems, CA. USA)
%My GCMa (Hs00172692_m1) @ mRNA # @R L7z, WiEtEa hr— & LT

18s rRNA (Pre-Developed TagMan Assay Reagents) % Hu 7=,

GCMa V » bk H

SDS-PAGE ¥ > 7 /L% 15 uM Phos-tag acrylamide (7 — F#F%EfT, L&) =&
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8% 7 7 U NT I R NLEHWT SDS-PAGE #1T\, pkElItZD 7 /% 1 mM EDTA
(pH8.0) % & T¢ transfer buffer H17C 10 43l & 5 % . transfer buffer T L 72[63].,
ZD%, WEDOA L T ay hEREE PVDF A U7 LG L, HINO R RERKR

HL7=,

INIVAT = A AR

JEG-3 fifid FCS % & £ 2\ MERIRIZAZH#i L Ro-31-8220, U0126 £ 7213 MG132
T 10 7 LEE L7=% ., CHX & DMSO, PMA F721% EGF W vzl x4 Feffh5 2%
L7-, HEK293T #ifdi¥t b GCMa OEEB I OT XV MAEREREH T T A R &
NFZv ATz arl, 14K%, FCS 28 £V HRIKICR#H L, CHX & PMA
ZANZ 2 W E 7213 4 R U7z, Mz BN L, 4 A 78y MZXY GCMa #

VR BEEERE LT,

F— 2T s AR AV, — R CELE S BT B & O Turkey, ¥ 7713

Kruskal-Wallis 3 X O Sheffe DL EWMEZIT > 7,

ELISAIZ X%t M EMETTFT F ey (hCG) DEE

JEG-3 Ml 24 vz V7L — MZ 1 U=x/bdHicb 1.5X105EEFE L7z, FCS &5
FRVERRIRIZ A L KA 2N 2 24 FeQPRT% | 55380 2 [N L 72, 358K H1 o hCG
& % Chorionic Gonadotropin, Human, ELISA kit (Immunospec Corporation, CA,

USA) Z#HWTHIE L7z,
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SRR/ WS RES

HEK293T #fiffid 2 10 cm £ v — LT 6.0x108 ff #% & L . 10%FCS % & ¢ DMEM 10
ml TH:#E L7z, FLAG # 7 &ML 72844 GCMa (GCMa WT) #BL7Z7 A K 5
ugx b7 A7z va L, 48 RFfHiE T #E% . Ml EIY L7z, Universal Magnetic
Co-IP Kit (Active Motif. CA, USA) ®»~7 1 k 2—/LZfEV, Hi GCMa Hifk %
THRIZULRE LT, SFILREMIL. BRHF7 Vv (BAMZ 7V =0 Mo 5-20%) (FV
TUHENA LAY A Y HR) E W2 SDS-PAGE TorBfL. PVDF A7 L
\ZHRE U7z, 1 RPLRIZHT Ubiquitin HLi& (Cell Signaling Technology, MA, USA)
%72 1241 DYKDDDDK tag &/ 7 0 —F LHifk (RS T3, KK . 2 RILAIC
Clean-Blot IP Detection Reagent (Thermo Fisher scientific, IL, USA) # M\, A

L) Tay NEIToT,

N 727 —E7 viEA

HEK293T ffifjd% 24 7 =/ 7L — MZ 1 7=/ 4720 2.0x105{EEEFE L, 10% FCS
Z&te DMEM 500 ul TH;#E L7=, & b GCMa £7-213FDOERMEFEH T T 23 K 0.25
ug. GCMa #&&ELSI-ACCCTCAT-® 5[5V ¥ — MNdS 2 B ip v 7 = 7 —B LR —H
— 77 23 F (pGL-5xGBS) 0.25 ug, V7 7 L' A 77 2 X K (pGL-lue) (Promega,
WI, USA) 0.00lugZ hT v 27 =73 a L, 17HRRE#E%. FCS 28 £ /205
FTIRICRHL L, A% Z2 6 KffH4LEE L7-, Passive Lysis Buffer (Promega, WI,
USA) TH#ifuZ A% L, Dual-Luciferase Reporter Assay (Promega, WI, USA) %

ANWTAY 7 =T —PEELZRIE LT,
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o3 HT R

GCMa FEBGAHICHT 5 cAMP v 7 F VDB 5

e IZ BT, cAMP & 7 v O iEMAL2Y syncytiotrophoblast D43k 2R+ 5 =
EMHLITWD, 22Tk Malhk JEG-3 Mgz VT cAMP > 7 iz k%
GCMa DFEHIEMB A OND BT LTz, 77 =gy 7 7 —BIZEE G, EMHL
S, KN cAMP 2 % H S8 % FSK T JEG-3 Ml 2 L L, WNTEME GCMa @
BN EREDOEEA L Ty MZEVFHRTEZ A, FSK ABIC X VN4 5
ZERbhrol, FTEcAMP O 7 = 7 Z—D O E D> Th5H PKA OFHFEAI H-89 THil
WERS % & FSK AFRIZ X 5 GCMa o#hnas i & 47 (Fig. 7,8A) . PKA Ofifam
HHE DUV ES>TH D cAMP response element binding protein (CREB) (%, U > &ft
WZEDIEHRILEND Z EDRHBITVND, £ 2 T FSKAEE L7ZHifd T, CREB O
B Z > TS0, ItV v Befk CREB fiifkz v T CREB O U ik L~ /L Z i~
7=, TOfEFR, CREB ® VU vgfbid FSK ALHC L v #m L, PKA EHITH 5 H-89
2 K DHMLEIC L > CTE OIS S 7z (Fig. 7,8B),

cAMP <=forskolin Fig. 7. Scheme of

l \ cAMP-dependent pathway.
Activators, forskolin is for
H-89=-4 PKA Epac «=8Cpt-2Me-cAMP  cAMP and 8Cpt-2Me-cAMP
is for Epac. H-89 is an
* inhibitor for PKA.
CREB
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—J . cAMP ® % 5 D& DO NEEE TH % Exchange protein directly activated
by cAMP (Epac) OFEIIEMEALAITH 5 8Cpt-2Me-cAMP T JEG-3 #ll i 2 ALEE L 7=
L& .GCMa 0% X7 BEEIZE(ITA b/e o7 (Fig. 9), UL EOFER NS JEG-3

AIIIZ 3T cAMP 73 PKA 241 L T GCMa ORBUTE L RIFT 2 LR ST,

A B
2 15 30 60 120 (min)
8 I DIVISO| e e s
X X
5 9 9
Fox |l B @ . |[POREB
GCMa -— —
FSK+H-89| ... . d

Fig. 8. GCMa protein level is upregulated by cAMP/PKA-denendent pathway. (A) JEG-3
cells were incubated with FSK (1 uM) for 6 h with or without pretreatment with H-89 (20
uM) for 10 min. The cell lysates were analyzed by immunoblot using anti-GCMa antibody.
(B) JEG-3 cells were treated with FSK (1 uM) for the indicated times with or without
pretreatment with H-89 for 10 min. The cell lysates were analyzed by immunoblot using

anti-phospho-CREB (ser133) antibody.

o
=
<
Q@
%J Fig. 9. Regulation of GCMa protein level is
) N independent on Epac. JEG-3 cells were treated with
1
2 o X 8Cpt-2Me-cAMP (100 uM) or FSK (1 uM) for 6 h
= @) n :
=) be) - and the cell lysates were analyzed by immunoblot
using anti-GCMa antibody.
GCMa s L e
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I, cAMP/PKA ¥ 7 F WK EY 72 GCMa O HIENNC, #5511 O FREiHEHE 23
B5- LT 52y, GCMa mRNA O£ % E &AM RT-PCR % H\ T~ 7o, 2 OfE R,
2y e — /L ORI, FSK AL 2 Iefil 12 OMifid T 5.9 £, 6 Rl O T 2.1
BLEML TS Z EBHALNCR -7 (Fig. 10), 2N E TOREN D, JEG-3 Hilz
IZBW T, cAMP/PKA ¥ 7)1 iE GCMa #5105 2TEMEL L, GCMa % v /%7
BERZEMEE WL ZERBE 2 b7, £72, mRNA O#I17Y FSK ALFR % B

THI->TWALZ &5, CREB 2AER GCMa OEEFHEIICE I > TW5D Z & 2SR

S,
*
—~ 1.07 [0 DMSO
% 6.0 . FSK Fig. 10. GCMa mRNA level is upregulated by
A= FSK treatment in JEG-3 cells. JEG-3 cells were
@ 5.0 incubated with DMSO (0.1%) or FSK (1 uM) for
2 4.0- 2 or 6 h. The RNAs were isolated and analyzed
% GCMa mRNA level using TagMan gene
% 3.01 * expression assays. The asterisks indicate
g 2.0 significant differences from the DMSO-treated
% 10- sample (p<0.05).
14
0

2h 6 h

GCMa FEBLFHEINC B 2 Mifust > 7L DR

cAMP/PKA ¥ 7 F /L5 GCMa OFEBLHIHIZ D > T D Z ERH BN RoT=Z b
M, ZOWBENERMICED X D IR L T2 25720, cAMP/PKA &7 L
EAEMEALT DS > 7V DPRTR B i AT BRI BL LR~ 2 fE & F2 2 & AV
b THY., HDcAMP v 7 F N ZiEMHALT 2 &K GTP G % v /"7 ED Gas &
T oKL X =t T 5 H RTIEG-3 flfaz B L, GCMa O ¥ > /37

ERBEEZHZN (Fig. 11). AEIC GCMa ORI EZ B SEL 0% A+ Z
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EWTE Mo,

Fig. 11. Influence of
various ligands on GCMa
protein in JEG-3 cells.
JEG-3 cells were treated
with indicated ligands for
24 h. The cell lysates were

analyzed by immunoblot

17a-estradiol
17pB-estradiol

| |[pmso

| EP2
| |[EP4

} [LHRH
| [IGF-
b liGF-I

| [Mock
4 |hce

GCMa

using anti-GCMa antibody.
DMSO (0.1%),
17a-estradiol (0.1 mM),
17p-estradiol (0.1 mM), human chorionic gonadotropin (hCG) (10 mU/ul), luteinizing
hormone-releasing hormone (LHRH) (1 uM), insulin-like growth factor-I IGF-I) (1 uM),
insulin-like growth factor-II (IGF-II) (1 uM), Butaprost (EP2) (10 uM), ONO-AE1-329 (EP4)
(10 uM), TXA: (I-BOP) (1 uM), Cloprosterol (PGF2a) (1 uM).

GCMa #ILFAEIZ I 1T 5 PMA O

A, JEG-3 Ml & [F %5100 BeWo #ifiz2 PKC I&EPELAI T 5 PMA TRLET 5 Z
L2 &Y | syncytiotrophoblast /3L DFEEE L L THW B 5 MR &<° hCG EAE D
A EN[59], cAMP > 7 F /L DA ic PKC 3 7 F /L7 syncytiotrophoblast d 431t
REIZE G L TCW A RN RSN, £ZTET, T b 0BI4) JEG-3 Mifuicik
WTHRONDENE I NEFNDT-H, JEG-3 fildz PMA ZLF L, hCG &% HIE L
7= (Fig. 12), ZOfEH, DMSO LE L7z 2> b e — L Offgiz b, PMA 4L L 7=
AR TIX hCG &Y 2.3 MM L7z, WHBIZE Y | hCGol{nF DA T FREifE kT
GCMa SN FIET D2 Z EDRAH I TWNWD Z &b, PMA LHIZ LD hCG &
BINO 5 T2, GCMa IC X 2S00 ERS HAREREZ 2 bz, —,
FSK LIz L hCG &IT 12.2 {58 L7z, Z X hCGaifs 1 Dz G i ik 2 A7

7£9 % cAMP response element (CRE) %/ LESEXMEE SN B2 LD,
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AR AT L Cld JEG-3 M CITE Z b7V 2 L3 & TE Y [64,65], PMA

BIOFSKAHDOZNZN TR BE IR0 o7,

*

140"
K
£ 12.01
o 10.04 . L
5 Fig. 12. hCG level is increased by PMA
a 8.01 treatment in JEG-3 cells. JEG-3 cells were
% 6.0 incubated with PMA (10 uM) or FSK (1 uM) for
© 40 x 24 h. The hCG amounts of collected
-,,% ’ supernatants were analyzed by ELISA. The
% 2.0 asterisks indicate significant differences from
x 0- the DMSO-treated sample (p<0.05).

O < X

) = N

= o -

(|

K2, PKC & 775 GCMa O E D L)L TOFRENCEE L KIE L TV D0 BET
57, JEG-3 fifaz PMA ALEE L, GCMa % > {7 B EOELEZ R~ T2, T OREE,
DMSO A L7z = ha—/LOMfIZ b, PMA EE 1 R #% 20 S L, 6 Rtk
IZiZ=my br— L LRIREICEE Lz (Fig. 13A), /3> R 25k UHEHRIT L
72 A, PMA1OuUM T 1HFRIME L= & & 3> ba— L OMBRIZ A REICHED L
TWAHZ EnbhroTz (Fig. 13B),

% ZT. PMA ® GCMa DG L~ )UKk 2 884~ 572%, GCMa mRNA &
DL % &) RT-PCR IEA FWTHI~ Tz, ZOfER, GCMa mRNA &% PMA Oji
FERAFRINT, E7-RERRE & & I T M /R o7 (Fig. 14), GCMa & /)
7 G &I PMA AUEL 6 BERAICIE, 22 ha— licxf L TEBRNZ 05, mRNA

B X UNRTEEOBBNEMAREMAETCIIARAVWEEZ BT,
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A DMSO PMA 1 uM PMA 10 uM
01 2 46 012 46 012 4 6 (h)

GCMa| e w o — - — — _— ~ — -

[-actin| e —— | | —— e | | " c——————

B (%)
120+
5 100¢
>
k)
£ 804
©
o
S 60+
(@]
O
2 404
= -0- DMSO
Jo) —4— PMA 1 uM
[vs
204 -O0- PMA 10 uM
0 T T T T T 1
0 1 2 3 4 5 6 (h)

Fig. 13. PMA transiently decreases the GCMa protein level in JEG-3 cells. (A)
Representative immunoblot bands showing GCMa protein levels from JEG-3 cells treated
with DMSO (0.1%) or PMA (1 or 10 uM) for the indicated time. (B) Semi-quantitative
analysis of the band intensity from (A) showing the transient decrease in the GCMa protein
level in the PMA-treated cells. Relative values are shown as the mean = S.D. from three
separate experiments. The asterisk indicates a significant difference from the
DMSO-treated sample (p<0.05).

_12- [1DMSO Fig. 14. GCMa mRNA level is

% T -[ [JPMA 1 uM  decreased by PMA treatment in

€ 1.0 I B PMA 10 uM JEG-3 cells. JEG-3 cells were

S 05, * l incubated with DMSO (0.1%), PMA

Qo (1 uM) or PMA (10 uM) for 2 or 6 h.

% 0.6- * * The RNAs were isolated and

o analyzed for GCMa mRNA level

E 0.4 using TagMan gene expression

-; assays. The asterisks indicate

% 0.2 significant differences from the

e 0 DMSO-treated sample (p<0.05).
2h 6 h
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PMA @ GCMa 73 f#Zxtd 55

mﬁw

GCMa # /7B &L PMA P 1 Btk &9 RIS T2 2 &b
mRNA &0 L2 BT Tl Xy I ENRROREIZLDEENRE XD
iz, 22T, ZURIVHEAMKIERTHS CHX f7/E F T, PMA EIZ L 5 NTEM:
GCMa O % > /37 B &I T DB >\ Taf L7z (Fig. 16), JEG-3 fijuz CHX
F1EF PMA WERT % & DT GCMa ¥ U "7 HEE&R D L, EOHRENS .,
BeWo #Ific 1 T PMA X PKC £ LU MEK (mitogen-activated protein kinase
kinase) /ERK ¥ 7 7 A ZEEMALT D Z ML TWA[B9], ZhbDv 7 F LD
PMA 12X % GCMa ZfE{RE~DOEGIZ oW THRSL 72, PKC [HEH TH 5
Ro-31-8220 1 L O MEK FHLEAITH 5 U0126 # H\ st L7z (Fig. 15), = DOfER,
WL E A CRILEE S 5 Z L1 L 0 \PMA (2 X % GCMa # > /{7 B ikt 2354 &
2o EBIZ, GCMa lF=2 X F -7 a7 7 VY —ARICL Vs b Z ERHE s n

TEV[s4, FYuF7 V—AHEFTHS MG132 OFTLIEIC LY GCMa # 37 'H

BOWBAN RIS D 2 ENRHEND ST,
PMA = PKC b= R‘O-.31 -8220 o Fig. 15. Scheme of PKC-dependent
BlsmeIylmalelmlde-l pathway. PMA is an activator for PKC.
* Inhibitors, Ro-31-8220 and
Bisindolylmaleimide-I are for PKC,
* and U0126 is for MEK.
MEK —U0126
ERK
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PMA -+ o+ 4 - - -+ -
EGF e
Ro = - - - - - - - -
wie < - - - + - + - - -
MG132 O - - - - - - + + +
GCMa| e SRR ———

practin - . Mo R

Fig. 16. PMA- or EGF-induced decrease in the GCMa protein level is partially blocked by a
PKC or MEK inhibitor. JEG-3 cells were treated with CHX (10 ug/ml) and DMSO (0.1%),
PMA (10 uM) or EGF (20 ng/ml) for 4 h following preincubation for 10 min with or without
Ro-31-8220 (Ro) (200 nM), U0126 (20 uM), or MG132 (10 uM). The cell lysates were analyzed
by immunoblot using the anti-GCMa antibody.
PMA (2 &% GCMa ® Y 1k

WA, GSK-3pIC L5 GCMa @V v b2y GCMa fEa R+ 5 Z L pdliE S
TEY., PMAIZL D GCMa figict GCMa @ VU U EREABE S LTV 25 algeEd S 2
Lz, £Z T, Uik 7 ED SDS-PAGE OBENE 22 <% Phos-tag
T UNT I RERWT,PMA ZLH#IZ L5 GCMa OV Ut O ZRIZ DWW TRE L7z,
ZDOFER, PMA OREKFMINCY VBt GCMa O3> KL (Fig. 17A), £ O
o v —271% PMA L% 30 7r Ch-o7- (Fig. 17B), —J. FSKIZOWTHKEf
L CHEMN, FSKALFRIZ L 5 Y VR GCMa O3> ROAFBRELITR S hieinoiz

(Fig. 17A), U v #{k GCMa O3 Ry, AKYIZ2 GCMa OV gkl K> TA L
N RThLINHENPD LT, WY R bEEREAPPaseds L O Y o (b % 5 BHL 7 Al

NasO4V Z AW T, U U g{k GCMa D3> RIZEALR H 50 E 9 i~ 7- (Fig. 17C),
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Z DfE R, ANPPasefLPRIZ LV . PMA AFLIC L5 U Rk GCMa DA S 4,
AT NasOV I K DRMLBIC Lo THESND Z LWL NER-T2Z LB Y &

2. GCMa O 3 KN GCMa OV Vb L > THELEZHDOTH D Z RN bho T,

A C
PMA
DMSO PMA
0 0.1 1 10 (uM)
_"_ MPase - + + + - 4+ + +
GCMa| gl o= s Na;O,VuM) - - 05 10 - - 05 10
o e I —
GCMa
FSK --.w
0 1 10 100 (uM)
<+ . .
GCMa Fig. 17. GCMa is phosphorylated by PMA

- - . d treatment in JEG-3 cells. (A)
Phosphorylation of GCMa by PMA 1is

concentration-dependent. JEG-3 cells

B were incubated for 30 min with PMA (10
DMSO uM) (upper) or FSK (1 uM) (lower) at the

0 15 30 60 90 (min) indicated concentrations. (B) GCMa
« protein is transiently phosphorylated by

GCMa w PMA. JEG-3 cells were incubated with

0.1% DMSO (upper) or 10 uM PMA
(lower) for the indicated times. (C) The
shifted band in GCMa 1is caused by its
phosphorylation. JEG-3 cells were

GCMa ;;..‘ - + treated with 0.1% DMSO or 10 M PMA

for 30 min. The cell lisates were

PMA
0 15 30 60 90 (min)

incubated with APPase with or without
NasO4V for 2 h at 30°C. Arrows indicate
phosphorylated GCMa.

KIZ, PMA IZX% GCMa 0V ki PKC 8 X0 MEK/ERK >~ 7 735 L
TWAH N ERET 5720, PKC HEAIR L O MEK [HEHIZ v GCMa 3 XU ERK

DY SR L~V Z Tz (Fig. 18), £ Ot R PMA IZ X 5 GCMa U b O FEINAS
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PKC FL%EHITH % Ro-31-8220 3 L1 Bisindolylmaleimide-I, MEK BHLEHITH 5
U0126 iIc L vl &ntz, £/ D s &ED ERK ®V bt GCMa & [FIARIC A FERH
EFNC X BRI L > THHl SNz 2 6. GCMa i3 PMA (2 X - T PKC B LW
MEK/ERK {KfFHC Y Ut S D Z E WA I, ZhE TORENS, GCMa
I PMA (2 & - T PKC 3 X O MEK/ERK 3 7 J /VAEAFHIIC U Rk S v, SR DMIE i

SN D ATREME DS R STz,

Fig. 18. GCMa phosphorylation by PMA is
PMA partially inhibited by PKC inhibitors and

8 — & completely inhibited by MEK inhibitor. Cells

5’ g £ % S were preincubated for 10 min with or without
Ro-31-8220 (Ro) (200 nM),
- - <+ - :

GCMa .m. Bisindolylmaleimide-I (Bis-I) (1 uM), or
U0126 (20 uM) and then incubated for 30
min with PMA (10 uM). The cell lysates were

PERK - separated using Phos-tag and normal gels,

and then analyzed by immunoblot using

HE"E & = = I antibodies against GCMa (GCMa),
phosphorylated ERK (pERK) or ERK (ERK).

Arrows indicate phosphorylated GCMa.

EGF (2 &% GCMa @V U EE{bEs L Oy fifie it

WEDHRENS, EGF bR ORESHKEICH W TR IIEM 2R TH R M5 T
$Y . FSK < PMA  [Fk syncytiotrophoblast D/ {LARMEIER 2789 2 & G S
TW5[66-68], £7=. EGF |3 —#%fIC MEK/ERK > 7 L &2iEMALT 5 2 L a1 b
TWbZEnb, EGF 28 PMA & [AEk, GCMa O U V(L L~ L2 NS T 50 E )
RE L7, JEG-3 Miflad EGF ¥ 3% &, GCMa B8 X ERK © U U fiRfl L~ L
WNL7z, £72. 20T EGF Lt 7% —HEAITH 5 AG1478 35 L U MEK PR

HlTHDH U01I26 Ik » THH &2 »n., PKC HEHl Ro-31-8220 B L O
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Bisindolylmaleimide-1 TiZ#ifill Sh7em -7z (Fig. 19), £/, & 37 HERMAE
#lTH D CHX £ . EGF ¥+ 5 & GCMa # v /37 BOWA BMEdE S, 20
BV s MEK BLEAITH D U0126 12K > Tz Bz (Fig. 16), 2 b DFERMN S

EGF (L& 7% —%4 L MEK/ERK 7 F /L {771, B> PKC k#1912 GCMa %

U BRI, afRa RS SIEM 2> 2 LR Sz,

PMA (2 X %5 GCMa U > EB{LHL O [F

PMA i L EGF |2 &k 5T MEK/ERK ¥ 7 F /UEAFRIZ GCMa 73 U Vb 415
ZENHLMTR T2 B, GCMa DU VELELORE AR AT, XN E
oY AT I BEEKEAE TS ST — % N — 2 NetPhoskK

(http://www.cbs.dtu.dk/services/NetPhosK/) Z# MW\ T., GCMa 7 I / BEE Y LoD

ERK (C LV Vot shad 7 I 7 BIREAHRN, o007 I BET 7 = JE#
LT mMERERREB T 7 A REER LZ, Zhb%d HEK293T #Mific kT A7 =7
var L, PMA LHIC L2 U VLI ER S D20 BFTLizE 25, S378A 721k
S383A1%.GCMa WT & ks L T U » b L~ a3l Lz, £7- $328,378A 13 S378A
EHELTY VB L LNANRED LT, ZRsOfERMH. B F GCMa @ 328 FH .
3718 FH. BLUBFHDEY VEAEN PMAIZL > T U ESNTND Z LR

e xhn7- (Fig. 20),

GCMa 7fRICk T2V vigfbt ) VRO
PMA (Z X -> TV vEfbahn st VAN GCMa DI BE L T2 0§~ %

-, FNFNOERKEZ B SH7- HEK293T #ifa s CHX f7/F F PMA THLEE L |
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BERKE R BROEERF LTz, BREZ AN T2 GCMa WT (X PMA /LB
% 2BRIB L N4 B L BRI 2D T Ll x Lo B BN L, $£72 S328A,

S378A., S383A  GCMa WT [RIERIZHD L7z, —J7. S328,378,383A Tlix, PMA /L
HICKL WO N A SN2 05 (Fig. 21), GCMa O3 fRIZ 25 D 3 fEFTD

v U UFREY VEENEE L TWD Z EARE I LT,

Fig. 19. GCMa phosphorylation by EGF
is inhibited by an EGF receptor-specific

tyrosine kinase inhibitor or MEK

5 EGF - inhibitor but not by PKC inhibitors. Cells
= %) o o - g were preincubated for 10 min with or
O o < o m S without Ro-31-8220 (Ro) (200 nM),

-—" - e e 4= Bisindolylmaleimide-I (Bis-D (1 uM),
WS e e s D U0126 (20 uM), or AG1478 (AG, 10 uM)
and then incubated for 15 min with EGF

pERK - - . (20 ng/mlD). The cell lysates were

separated using Phos-tag and normal

GCMa

gels, and then analyzed by immunoblot
using antibodies against GCMa (GCMa),
phosphorylated ERK (pERK) or ERK
(ERK). Arrows indicate phosphorylated
GCMa.

ERK gup o S WP W W9

Fig. 20. PMA-dependent phosphorylation
of GCMa occurs at serines 328, 378 and
383. HEK293T cells were incubated for
30 min with PMA (10 uM) following
incubation for 14 h after transfection with

S378,383A
S328,378,383A

the appropriate plasmids. The cell lysates
4- were separated using Phos-tag gels and

@ « |s328378A
# 4 |s328,383A

§ ¢ |s383A

@1 |s378A

l_
=
©
=
O
O
GCMa :

analyzed by immunoblot using the

98 [s328A

anti-GCMa antibody. The arrow indicates
phosphorylated GCMa.
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CHX + PMA

0 2 4

(h)

GCMa WT| "==e &8 o

S328,378,383A| amme == —

S328A| e Sl awe

S383A| e e e

Fig. 21. The triple mutant for serines 328,
378 and 383 is less susceptible to protein
degradation by the PMA-dependent
mechanism. HEK293T cells were treated
with PMA (10 uM) and CHX (100 ug/ml) for
2 h or 4 h following incubation for 14 h after
transfection with the different plasmids.
The cell lysates were analyzed by
immunoblot using the anti-GCMa antibody.

GCMa lZ2tFF -7 a5 7V —LrRICLVSMBENS Z &b (Fig.16) [54,55].,

PMA LFIZ k> T, GCMa WT I X Tf 8328,378,383A O E'FF AL L ~ULN ED

KB T D0 Et L7z, HEK293T #ifaic GCMa WT % 7213 S328,378,383A @

FLAG % 72 /R 7 B 258l S, §t GCMa Hilkz W THRIZEILRE 21T 721%. it

Ubiquitin #i{& (Cell Signaling Technology, MA, USA) % HW\\ & ikEY o= %

F AL LNV BT, FOFEE . GCMa WT Tl PMA LR IZ LY = B F kL

JLINEEINT 2 DZ%t L, S328,378,383A TlI2 EFF AL L LN L L7722 &N

otz (Fig. 22), K-> T, PMA QI LS GCMa @V kA, GCMa D= &'

F ALV EEINL, S fetE LT\ D 2 L AVRIR ST,
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<
= [s2]
3 Pt
e 2 P
b © ©
e 3 &
& o &
(TN Lo [T
Q. Q. Q.
PMA + —+ — +
100—
75—
Input
50— <
IB:FLAG
37—
25w <

Fig. 22. The triple mutant for serines 328, 378 and
383 is less susceptible to ubiquitination by the
PMA-dependent mechanism. HEK293T cells were
transfected with FLAG-tagged GCMa WT or
S328,378,383A expression plasmid and the cell
lysates were immunoprecipitated with anti-GCMa
antibody (GCMa). Immunoprecipitants were
analyzed by immunoblot using anti-Ubiquitin
antibody (Ubiquitin) or anti-FLAG monoclonal
antibody (FLAG). Arrowheads indicate specific

bands for the expressed proteins.

GCMa V v &k GCMa H5 51 ML RE~ D 528

<

= (32}

3 &

e = 2

S © ™

E 2 &

s O

T

Q. Q. Q.

PMA + — + — +

100—

B
75— .

100—
75—

50—
37—

25—

— W — a—

IP:GCMa
IB:Ubiquitin

IP:GCMa
IB:FLAG

PMAIZL DY UBALEAIO H B, 378 FEHB LV 383 FH D&Y 7L GCMa

DEGIEMAL B A A NHFET D (Fig. 2), BEIEMHEL R A A 2B 5 U iRk

Z DEEGIEMHALRRICEEREH L R T2 LMo T D Z &b [69], PMA IZ X

% U by GCMa OERGHEMEALREIZ KIF T 52

38
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fEamso 5 EY B— NS A EeN Y 72T —BLR—F =TT AI REMEEL

[34,70], PMA |2 X - T GCMa DOEAGIEMALREN & D K 5 186 T 2 et Lz,

HEK293T MifdiZ L AR—F —7 T ZAI FBLUNGCMa BB TSI AI N&Z F T AT =

vvarLlicth, PMAWLE L, Vo727 —BEERLZHELTZEZA, PMAIZE -

T GCMa OEEGIEMHE LREMEE SN D Z b oroTz, 20 PMA OfEHIX, PKC FH

EHITH 5 Ro-31-8220 B LU MEK [HEHITH 5 U0126 12 L » THIf S iz 2 & s

5. GCMa OHEEFIEMILRED PKC ¥ X O MEK (& 78972 GCMa DV U f{kiz L > T

et S o wiRettosrme s vz (Fig. 23),

pGL4.26 (Ctrl)

pGL-5xGBS

_|_

pF-Barnase (Ctrl) —
pF-GCMa WT +

Relative luc activity (fold)

7.0

e i 4
©o o o o o

N
o O

None

| ++ |
+ 1+ |

None

DMSO

+ 1+
+ 1+
+ |+ |

PMA

PMA+Ro

PMA+U0126

Fig. 23. PMA increases the
transactivation  activity  of
GCMa. HEK293T cells were
transfected  with  reporter
plasmid (pGL4.26 or
pGL-5xGBS) and expression
plasmid ( pF-Barnase or
pF-GCMa WT) for 17 h and
then treated with DMSO
(0.1%) or PMA (10 uM) with or
without Ro-31-8220 (Ro) or
V0126 for 6 h. The cell lysates
were used to measure the

luciferase activities.

FZC, 328 ZH., 3718 FEHBIXW 383 ZFHDEY L ERED Y UL NZENLEN

GCMa DHRGIEMALREDIEHEIZE G- L TV o572, Kflt U iR A R RIK

39



ZRWT, Vo7 2T —BIEEEFAT (Fig. 24), TOfER, DMSO &ALFE L= K
2 —/L ORI, PMA R L7 & &, GCMa WT B X O ENZENDZEFARZ KB
SHETHR TENZENOEREIEHELEEMEE S e, B Y VEREOERETTNEZ 51
PV PMA 2 K D88 BIE AL AE O R HE/E R 230870 L . S328,378,282A A R BL L 7= Ml ©
BLIH Sz, LLEORERNS, 3 EHToR U L EEATH PMA 12X % GCMa O

HR GIEME(LREIR IR G- L T\ D 2 &R S iz,

°.01 ] DMSO
M PVA

m

Fig. 24. The triple mutation of serines 328, 378 and 383 decreases the transactivation
activity of GCMa. HEK293T cells were transfected with reporter plasmid, pGL-5xGBS and
the appropriate expression plasmids for 17 h and then treated with DMSO (0.1%) or PMA

(10 uM) for 6 h. The cell lysates were used to measure the luciferase activities.

)
W W s
e

Relative luc activity (fold
=N
Q9

QO -
Calk

o

GCMa WT
S328A

S378A

S383A
S328,378A
S328,383A
S378,383A
S328,378,383A
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hCG E£ICE T 5 PKC B8 L ' MEK/ERK v 7 F /L D B 5

PMA £ X OVEGF I3 1BV T hCG FEAZBMSE 5 Z LML IL TV 5[59,68],
F7- GCMa | hCGoB a +DFBUHIENZ L > T\WDH Z ERBE SN TH Y | hCG E
AERIMZEL L EZ BN D, % 2T PMA 8L EGF LHIC X W hCG DREARN XD
LB L TV DO HE L (Fig. 25). JEG-3 #ifiiz PMA ¥ X O EGF CL#t
L hCG &ZHELZE 25, PMA B L EGF L#IC & - T hCG &259 2 51280
L7c, £72 2 oHINE PKC BHEHRITH 5 Ro-31-8220 £ 7= X MEK BHEHITH 5 U0126
TR E N, 2 b OREE) 5 PMA 13 PKC 3 & O MEK/ERK 3 7 UK AERYIC

EGF (X MEK/ERK > 7 /UKAFAIIZ hCG EEAEA M ST 5 Z L B LN o T2,

2.5

°
:c:), 2 .04 Fig. 25. hCG level in JEG-3 cells is
o) upregulated with PMA or EGF
o 1.5- treatment via PKC/MEK/ERK- or
O MEK/ERK-dependent pathway.
(_'c) 1.04 JEG-3 cells were treated with PMA
o (10 uM) or EGF (20 ng/ml) with or
"'(_-U' 0.5- without Ro-31-8220 (Ro) or U0126 for
&) 24 h. The resulting media were used

0. to determine hCG level using ELISA.

DMSO

PMA
PMA+Ro
PMA+U0126
EGF
EGF+U0126

41



&
S
=
O
b

cAMP > 7} /2 £ % GCMa ORBGFHENIZ DWW TEZHe s Siv. GCMa DR B
EEZ NS E L HFIAEH N TWD Z ERHLNE RS> TE TS, cAMP ~ 7LD
FHLMENZ X, PKA 241 L7z CRE (KIFH R GIEME(L >, CBP X° DUSP23 OEAIC
L2 2 R BEEDEMAF LTI Y AWFZEICB TS 2L E TOMmE & Ak
\Z. cAMP ¥ 7 it k% GCMa O BIEMN R TE 72, cAMP D=7 = 7 % —|Z
% PKA OffliZ Epac I HALTW 5, Hilt, BeWo MlfiZ 3T Epac K719 27 )
A GCMa O it SUMO L& T 5 Z &2k V., GCMa DO#ZEIEMELEE Z il = &
5 A S[71,72], AR Tl Epac %5 10972 cAMP 71 72 X DT
GCMa OB EIZIZEB RN o722 &6 Epac ({71072 > 77 1 1E GCMa
DFE BN IKAFHI IR BIE AL R OFHETIC B G- L TV D ATREMEDRS B 2 B LD, Lin L,
Epac ¥ 7 F /L% BeWo MRz 38\ CHEFEREL A 2 EdE -5 ookt LI71,73] . JEG-3 Al
TITAfERE A IR NN &b JEG-3 Hilla Tl Epac ¥ 7 7128 GCMa D3
FHENCIER G LTV R WAl L B 2 b b,

ULED X912, cAMP ¥ 7 F /L3R % 72 #%# T GCMa D FBlds L ONE M Sk 12
S LUTEMFEALTHNDZ END, RIFETIZED X S 2% cAMP v 7'
L ZEIEMEAL L GCMa ORBRENICE S L T2 00Bet 2R #7228, GCMa # > /37
BRICEE G2 DWEIXFE KR D o7z, AEER LB LINE b 2 < OAKSy
THHEREL TV D AREMENRZ X DN D3, EDO X 9 RARSEM T T GCMa OR8N
HML., MEET 200 FH LN THZ EIFEETH Y | KA OFEAZ I L TRt

LWMEND DL, Flo, VETSE =N LI 7T AT TR, BEROBBERES
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[74-76]. ERCAMRIZAIC I 1T 2 Mlas g & (77,78l Al /oM REmIENIZ B 5- L
TWNDZENRBINTNDZENBIT9, Zhb E GCMa DI BRI & o B
IZOWT OB LETH D,

i, PKC oiEML# TH %5 PMA 78 PKC $ X8 MEK/ERK %/ L T
cytotrophoblast O /M LIEHEIC@I < = E N HES NN, b DY 7 F L3 GCMa (&
EDXHIZHE LTV DDONZE DRI TH o /-, AHFFET PMA (2 L > T GCMa
BNy BN BIEICED T B 2 EnbhroTz, £72. GCMa mRNA & 045
AR RSN Z v, ZF U EEHADDORRO—>L LT, 5EMHNRE 2 b
7o LU, BRGE E & bIcH v EEAEIET 2 O L, mRNA i+
LEEMIZH Y . mRNA OZEM, FIRREOENNSC & X 7 B 5% O 3B 5- L
TWDAREMEN B 2 bivTe, —F, PMA &% 1 R & v 9 B R T GCMa 4 >~
NRIBEOFERBOVDRONTZ &0 RRPMEE S VTV D ATREMEDRE 2 b,
GCMa # ' RV BEOLEWZH T2 L Z A, PMAIZ X > ThP ootttz insg
ZEWbholl, TNHORER I Y PMA LEZ ORFRIC L » TR D ZEND 5 )5,
B2y EEOHY T mRNA &RV B LY A BN L 5 b D ThD L&
ALY

PMA (2 & % GCMa 4y fiRfititE s PKC 3 L O MEK/ERK ¥ 7 /UKFRITH YD . 2
D& E GCMa DY b LIV 5 Z ERB LT o7, Fl, U Ui kS
L7 X kT GCMa @ 328 F H, 378 FH, 383 FHDOEY VA TH T,
INHORY VHEEET T = VB LA R, GCMa WT & )| PMA (I
£ 22 EFF ACOEENE L O fMEER IR S iz, ZhbDZ &b, PMA XK

%5 GCMa @ 328 FZH. 378 ZHH. 383 FEH D&V vEIIzRIT 5 U kA GCMa D
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AEFF ALV ESE, GCMa SREEICENTW D Z LRk sz, =
WETIZ, GSK-3pIc &b GCMa 322 FHOE U KDY gfkss, GCMa & E3
X F U —BLOBABLNGCMa 02X F UAfLEHFETHZLICLY, &
FRAEHEIMB N TV D 2 & E ST\ 5 [54,65], — kNI, 7wl v 7 I
TV UVBLRA VA= U EREICE RS (PEST B 1%, VoI nsZ &IizLy
INODORIGEFETHEF—7 L LTHOLNTEY, GCMa IZHHFETHEIND
PEEM 7 RFHIIT DI TV [27,80], GCMa 322 & H 0k U 7% PEST FlAIIC
GENDAREMENSH Y [55], PMA 12X 2 U ELEALIC B\ TR OHEHEAMEI O T
LHME I FFT—BORER, 2EXFF U U N —BREDMDF 37 L OFEAE
M KIETHELRHT 2REND D,

ABFFRIZE VT, PMA IZ X% PKC 8 L MEK/ERK ¥ 7' VK719 7% 328 & H .
378 FH. 383 FHD LY LD Y UEe{bAy GCMa OEGIHEM VA RET 2 Z &
DHLNE/eoTc, LML, SEATOEY VRS TET 7=V R EICEB LA RK
IZBWTh, PMA ALELZ K> C DMSO ZLEE L 7= Mz lb X GCMa DOHREIEME(LAE A
RESND Z &2 6, PMA IZ X DERBIEMHLRE DRMEIZIT 3 AT D& U AR AF
LW A T =X LPIFET DAREERE X b, £72. GCMa DEAGIEMEI N A A
Yy EiZHDH 318 FH., 383 FH &, WEIEMAL A A RITZ2n 328 FH., £nEh
DY CREREORERKOM T, BEEMGREICRIFTREBICEN W LD, Zh
LDt Y LY Ay GCMa OEREIEMALRE 2 EHEHIE L T2 0TI < ]
SMORIOIE Z I L THREL TH D ARERE Z b,

INFETOHRENL, GCMa O ¥ X7 B2 EMR L OIREIEME(LRRIZ T £ F 1k

WL THIEEN TR Y, CBPIZ X - T7EF /L, histone deacetylase 3 (HDAC3)
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ko TT e FfbEind Z &b Tun5[53,81], k-T CBP X HDACS &
GCMa O AAEHN GCMa © VU VEELIZ L - TELT D 5I1F, fiF L L CHRGIEM:
fLRERC & VX R ENEIC BT 5 LB 2 b5, runt domain transcription factor 1

(RUNX1) IX GCMa L [FlEk, 78 FNMLIZ L » THE U RTEOREENHIE SN Z
ERHBITE D [82,83], RUNX1 @ ERK K772 U VL SR BIEMEALRE & e X
HoLeEblo, FUNTEORENEZMADEED ZLRRESNTNS[84], Zhix
RUNX1 & 22U 7Ly #—mSin3A & DA ERK KIFH Y ER{IC L 0 il &
572 T, RUNXL X mSin3A L #5635 2 & T, HDAC 23V 7 b — ks SEREH)

HEhpELHlo, 2EXFF LT T TV —LRIZEADBNLIRESI NS, DX

ﬁ

912 GCMa (2B W T U VLR EDMD Z X7 E & O AAFRICEEL KT E
I MITONTIEIA B ORFREETH D,

AFZETIE. PMA 7217 T/ < EGF IZoW T b it a#1T -7, EGF b IEME DI ESR
BREICHR 2 2E 2R3 2 L3 S TH 0 . FSK X° PMA & [Al#k. cytotrophoblast
DOFMF LA <C hCG FEAE Z #E N &4, syncytiotrophoblast D23 LAEHEICI < = & 23 E1 5
NTCWD, AKFSEClE GCMa (2% 3 5 EGF O1EA N PMA OfEH EFEFIC LI LELTE
V. EGFIZX»>TGCMa U VB LD, & 7 EofOMRENEZ 52 &5
eI ole, T —HIITRS oo le N, U UBBEEAL b R TH DR’ G LN
72 PMA & 572 % 503 EGF I X5 1EH 2 PKC FEEGFHTHDHZ ETHY . EGF X
EGF L &7 % —%4r L, PMA [Z PKC #4r L, MEK/ERK £ Y Tl TIZRI L 7 )
EEMHEELTVWD EE2BND (Fig. 26),

syncytiotrophoblast IZ#EMEDORE A E I L O ICRIEL THY . BEMAPIZfili

TWbHZ b, B EGF 28 GCMa OFfEICHEL TW D AREEENRE X b
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5. cAMP v 7 L DOIEELE L O GCMa B & O GAEH#IZ LW GCMa D38 Bl )3
., #MEErEn 5 —J<l61]. EGF 12X » TEEIEMALEER L OV EOIRENE = 5 2
LT, GCMa OiEMD ERAZFE L, @EICRD 2 L2 <EEEZRIZLTHWDOMN

H LIV,

’S GCMads B E L BED 1R #E
Q
@ GCMa1t #F 1t
/ ACCCTCAT '/\ﬁgo)ﬁ’g
, %Qb
[N o
RO
GCMa')/&ﬂ:
\@J. (S328,S378,S383)

3

Fig. 26. The MEK/ERK dependent pathway phosphorylates GCMa that stimulates GCMa
ubiquitination and degradation as well as GCMa transactivation activity. PMA and EGF
activate this signaling pathway and cause GCMa degradation and stimulation of GCMa

transcriptional activity.
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BAE R

AFFE T GCMa IZFE RN~ T AE ) 7 a—F PR E25 2 LN T& Tz, 2o
Kide FBEO~TU A GCMa 2%k L. A L/ 7 ay b, ik, ks
WCHIRT 2 2 EMAREThH o7z, Sk, FBIEBREIIRIFREOREICKIT S5 GCMa @
FBEBNL LR BB DA BT T 5 Z LN wRe L o7z,

GCMa 1%, cAMP ¥ 7 /UKAFI 72 8 s FRBLOTEME LI KOV "7 B % E M
DI £ 0 Z DORBLELIEEN NS 5, AWFETH 721 GCMa 7> PMA I2X - T
PKC ¥ X O MEK/ERK > 7 /UK TFIIC 328 % EH, 378 & H. 383 HFLH D& U 7k
MU b, ZOREFRE GCMa O = EXF AL LAV 3 i, Z UV i A3MiE
HINDZERWASNL oz, £7-328FH, 378 FH, 383 FHDOE Y LIRED Y
VI GCMa DR EIEMALRBREIC ML ETH D Z LR LN E o7, S HIZ EGF
7N EGF L& 7% —%4 LT MEK/ERK v 7L &{EMAL, PMA & F#IC GCMa O
VUit L O tES 5 2 Lt ARG FIZB W T, EGF 28 GCMa OFf
HilcBdbo > TW D AREMEN B 2 BT,

NEM% D IR 72 3O BER BLO 72D 121X, GCMa ORBISCHED Efg7c 2 o —
WA THD EZEZDND, 5%, AR THRE L GCMa OFBL R4 12
BET 2 & &b, oA & OBEAI 52T 5 2 LT, RO ECHREIC
BT D FHFORR DRSO EEZZ BINLD, £ GCMa DOHERE & kk 4 72 ik
JRHE & DOREIZ DWW THRAR D Z & T, Z DOIRIEDIIE A 1 = X KO0 1= 22 1R
DR, S HIZENL ORI S GCMa Oz~ —T—& L TORMIZ 2R 5

AREMEN I F S D,
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