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Currently, it is still impossible to manipulate the timing and velocity of embryonic
stem cell differentiation. This study is aiming at elucidation of molecular and cellular
mechanisms of regulation for timing and velocity of stem cell differentiation. We
demonstrated that activation of protein kinase A (PKA) accelerates differentiation
velocity to induce approximately 2-times earlier appearance of mesoderm and other germ
layer cells, reciprocally correlated with the earlier disappearance of pluripotent
markers after ESC differentiation. PKA activation increased protein expression of G9a
a H3K9 methyltransferase, along with earlier H3K9 dimethylation and DNA methylation in
Oct3/4 and Nanog gene promoters. We thus reported this novel mechanism regulating
differentiation timing of embryonic stem cells (Yamamizu, Cell Stem Cell, 2012)

AR TE HE
(BHEAL - )
PR B REES Y & &
AT D E B 2,900, 000 870, 0000 3, 770, 000

WFZe /3B« [ i 4R

B 058 - fE © NRSREERES - fEERMNEF
F—U—F: (1) TEV=3xT 427 A (2) ESHIIE(3) 43k (4) G9a
Uk

(5) PKA (6) A R AF

1. WFERRAG SO = VAR OSAE [8h= ) B3 L4 % 2 L idsx

Tl 2 0D ER A 2 T U 72 M 23 A AIF 22 208 1
PR CREANATOIL TV BN, BIFED
& AMBE AT T A FER I E &~ O
B W THREME (intrinsic) IZIRE SN TE
V. MEEEEZREMICHET s Z LT
RNEDEEZ BN T WD, FEREMEIZ L

WE SN TWDH, s b THE | 122V T,
Z®” intrinsic” RIREERKELEL D
DV HEITRV, RBEFEFXINE T, L
I & R AR D 3 Al & SRR R R B I f# AT T
X 5MMEO ES MlaS by AT LAEREEL
DML D S LS 21T > C&E T2, T



bbb, ~ U A ES fif) G Flkl Bk R
EMEZ MRS L, 220 6MEEZ0bS
HHH LWtk & H% L7 (Nature,
2000), F 720543l (FASEB J, 2005) ., @hk
iRV > RENE A & S el LN R Al
S AL fE A (Blood, 2009, 2011; J Cell
Biol, 2010) 72 &' fd %~ o 0> M5 4y (b kA A B
LML TWVWD, & B2~ A iPS Hfao L
M35 s AL FH B HFUTSEBR T TREH L T
Y (Circulation, 2008). ES/iPS a4y
{EHFZEIZ BV THFR I L e TH 5,

2. #FFEDOHW

REH DT, ¥ 7 A ES HilaD bk iz
BWT, PKA ZIEM LT 5 Z L2k v, THiR
R XU E NI O 5k &2 5E kD) 2
HFRFETL ) 2R L, 372 bb,
BEK BS Mfa 5 3-4 H 2B L= IssEs b
E S HID o TWEREMIES b E, 2 E
A1.5-2 H, 2.5 HCHETHZ LITIIL
TW5b, ZNHORERIE, fEREE S Bbh
To A EEREE DY, REHNZHIBE A FEETH B &
EBIT, LW I L 0 flE ST
5L EmET 5, (ARFILIFGIEEAE O fF
Mr A& PKA IEPERFIC B A - > H3K9 A F /L
{ERZEELTWD Z L &BEX D ST
TN RXT 4 v 7§l — 8613
B GHERIE) (CED —HOHF L\
WAL L TE T,

AL, REZ SN R LEZH Lk
R RIS A B & A L. A bR &
REMICHETREETHZ E2HNET D,
FRZEHAIRINIC RV TIX, 1) A ki B i A
REIZ31T % PKA RN G9a DEZDOMEF,. 2)
PKA (2 X 5 G9a il IR DfiFRA, 3) G9a IZ
L bR N AEMOEREE T ORE, 4)
PKA ZVEMEAL T DS 7V OBR, &
TV, bSOy TR EEZ e Y =
AT 47 A Gl LWy i e LTH
SMTT B,

[ EIERE | OFlE, &9 BTl
B, REFF 7oy
FT 4 7 ADH LWERN 2 O FL
ERELTWDHZEXZRELTWS, Hilasy
{2y, TR NSRS 7 U s L CEs
TR — T EHIE O NHIRI & 1k
SHEZESHDLHRE] THHZ L, LKOED
FIEICo Y 23T 0 7 ARELSEE LT
WAHAZ T Ea TR ERSTNNS
EREbD, L LEBICIX, 4y 7
LIV RT 4 RAEEB X B TR
FZIZE AV EE<HLNI R > TW RN, K
Wiz WTIiE, s 7 Fans [k
FEDE] WD) IRKID 5D 0 E
TOMEEZNTT25 Z LNAETH D . M
VT FA—HN Y 7L (PKA) > Y =

X7 4 v 7l (G9a) —iBAR-FBL
D5ELHEN GHEEE) &) Hilasbices
A5 —HEOMBOMIGEZED MU H—D005
A&7 7 N7y b ECARENICHRAT S
ZERHIRE S, AR ERFTRIC A BT LW
Mgz b6 2 0N 5,

3. WFEEDIikE

RFHE OB LA © ES fMifass b A
TLOHT S

2 WL H—H{IE A & HIREE J OVl 2 LI
BEHIRAFHERAEETH D

T TV A 7V FHEENE ¢ DNA FEBL L OV
EX DT = BN Cre-loxP AL Z 2 A
F ALY HEE BB T A REET
FHLORBEIENRFRETH 5.,
EWVWIHIFIEEENL T, LFOMEEIT I,

(1) AR RE T AR 12 35 1T D PKA Y
G9a D EFRDFT
REHIX. T b TV A 27 U FEM cDNA
FEBLES M2 VT, bR EfEE OB
FEICIUWNT PRKA & 7L G LT 5 A5
L RHESE LT 5 (Blood, 2009), ES #lfusy
{LIRFIZ PKA 275 b5 2 itk 1)
JRTE I Ko ONPR BRI o0 HE BN BE S D 2 {3
Bl 7enZ &, ii) MoOMED B[R
RSB 2 &, ii1) H3K9 ¥ A FALDFE
BT s 2 xR L, b %
HEL Y 57 FmidonE THRENRL .,
REH L ORAPHRYITH S, H3K9 A F v
(L3R Td 5 (9a DFEHLAH PKA TEMEAKIZ L
TTELTWVWEZ L, KX EX VT = VHE
MZ Cre—1loxP ¥ AT L% HAWT (9a EinT
) w7 T RNTE5ESHIIEY AT AEtE
ST L PKA JEMEAEIFIZ G9a &2 R &/ % & PKA
LD MMEEEOTLEZRD b/l 725
Z e n, LRI T G9a [T ZE
ThHbHEEZOLND, In vitrolZEBIF 5 G9a
@ gain-of-function FEER, in vitro, invivo
28T 5 PKA L TXG9a @ loss—of—function
FpAEE O, L EHIEIC T 5 PKA LY
G9a DIEHEM B R 2 BT 5, ~ U AHF ex
vivo culture (23315 % PKA MO8 G9a PHEHID
BeHERSLGa S v 7T U b A
(Tachibana, Genes Dev, 2002) DfEHTIZ LV |
in vivo IZ31F % PKA KON G9a D& 35 & fif#r
T 5,

(2) PKAIZ X% G9a IS o i A

RFEF LT TIZ. PRATEHALEIINT G9a D3
BT 52 L2 RHLTWDR, ZhvE
T G9a DR BT E A LB
STV, BRFRELL~VEZ T L
~L (post—translational) O fHIFAR & 48
TE UINT 2D 5, 1) G9a i fn+ DR B E
SEIROMENT, 11) PKA IEMALE DB REE



DOREFEAIEAT (DNA T ) [ 1i1) X /X7 D
LEAL « ISR OMNT (X% F o —7 1
TT—Ah, A=K T 7T 0 A UfR
BEDRE) ZME L. PKA 205 (9a IE 5%
AL NTT B,

(3) 69alZ kbt R b MNEMDOIEREIEF
DIRIE
G9a |Z H3K9 DE / A F ALY A F Ak 2 ki
$5Z L KO Dnmt (DNA A FLALEESR) ZA
L CDNA A F /U EFHFET D Z L m b T
2% (Tachibana, Genes Dev, 2002; EMBO J,
2008), F7z, KL ESHifd~—H—Th D
Octd NEDEHEB T DO—>2 & LTHES
LT3 (Feldman, Nat Cell Biol, 2006),
O KoL ES MfaH S FIREE - Nz kicE
2 IEFRIZ BV TS T FE B ON/OFF 23
IEIZ 72 > TV DI IZB LT, H3K9
AF ALK TN DNA A F AL DAL % Bt
95, K54k ES Ml <~ — 77 —0ct4, Sox2,
Nanog, Rexl, HTRER~— I —
Brachyury, Flkl, PDGF-a 3 Z&{k72 &1
B L C RNz e 2 k2 X F Ak S UVDNA
ATFIALIZ S ERETT 5,
@ IMEEERIEFOTE Y = 2T 4 7 AD
MR FARAT
ChIP-sequence 7 vt A2 L 28 E R
AEHRENT (AL OB K Ol B 59
DT ENHE STV D H3KE LTVK9, 27 @
A F LAk (Pan, Cell Stem Cell, 2007)%E)(Z
Bl L CHFE 2D 5, BEROBEAiI Y —7 > b
LIS G- RN =R T 4 7 A
ERTIZ X 0 bR A2 HIE LT D
epigenetic landscape ERDEZ A5,
BRI BH i gt & o & — s
SEHPR & ORI LY VT E1T ) TIE
Th b,

(4) PKA Z{EMALT H2NERMEY 7LD
£
FHIRIZ BT PKA OTEMHEALIZEE S LT\ %
WIRIPEY 7 v (U R) OBBREITH,
RFEVILIAT, F1k1 BEHERAIE A~ D O BRI 52
Mo b2t 2 M RELTT KL
AT 2 ) RS LA (Arterioscler
Thromb Vasc Biol, 2006). A#43{k ES Hifdh>
5Ot ERIMBIZ BT ANEM Y 7
FIUVIRATH 5, PKA ZiEHALT 25 2 &2
WEINTWD A% A= candidate
assay L ORHIRIZHEBLL TWHBIETT —
HZR—=2 LY S EEEREICE S L Tn S
WEMY 7P z2RET 5, Juck v, 4+
#1277 A—RlaN S 7L (PKA) > B
= X7 4 v ZHI# (69a) =BT FEHL (G9a
FEH 1) =R D 55 £y (HBEHEE) 12
EDHH LWy HE B & 52k T 5,

B ORHTIZ LD o BT Lol B
HED 53 FHIARIRIZIA B JesmApT 7t & HEdE 4
%o

4. WFFERR

H3K9 A FALEESR T D G9a DIEBLH PKA
R (AN G PR GV I A O s s
7 = VEBEMIZ Cre—loxP AT A& W
T G9a BIn 1%/ v 77U FNTE5ES fllfa
AT WEREECL . PKA TEMEEIFIZ G9a &K
RKEED L PRKAIZ L Dbl EE O TTHEN TR
LN 2D T &G, ML ERIEIC BV
TGa lIMHTHSH EEZHNDH, In vitro
2815 G9a @ gain—of-function ZEHR, in
vitro, in vivo IZ¥IF 5 PKA KN G9a @
loss—of-function Bk & & 6D 43 b8 B il 4
\Z351F % PKA J TR G9a DHERERY 38 A MR+
By 7 T AMRIF ex vivo culture [IZ2B1F 5 PKA
KONG9a fHERO®R G EBRG9a / v 7 T v
k=17 Z (Tachibana, Genes Dev, 2002) Of#
HrZEZ V| in vivo IZ31F 5 PKA LT} G9a D
EREMAT LT,

Z DR, PKA 25 G9a 0 fiRd HlEH (=
vXF U H—E¥) THD APCC/Cdhl OIEME
ZBHE L., G9a DREIAMEFFTHZ LITLD,
G9a 1z X % 0ct4d °Nanog & W\ o 7= RK4{LiE s
F~OIMEIEE A b AT AL (H3KIme2)
MR ZAZ Licky, kx0T
NEEINTWDEZEEZHLMNT LT, (9a
J v 7T T R ATEPIHEAERY OM
B LS BIE L TV D Z & b RN E L, Ak
BEOERICBITHIEZRLHALNC L, KR
%2 % Cell Stem Cell 351234 L7~ (Yamamizu,
Cell Stem Cell, 2012),

5. FreRFiHLE
(WFgEf . IR o8 R ONBHERFIE 8 1
VLR

GEEam>) (BH 1 1)

(D Yamamizu K, Fujihara M, Tachibana M,
Katayama S, Takahashi A, Hara E, Imai
H, Shinkai Y, Yamashita JK.
Protein kinase A determines timing of
early differentiation through
epigenetic regulation with G9a.
Cell Stem Cell 2012 Jun 14
10(6) :759-770

(FaxR] G111
@ UT . A novel signaling—epigenetic
linkage regulating stem cell
“differentiation timing” from
pluripotent state to ectoderm,
endoderm, and mesoderm lineages
(poster). HrFfiifEEL Neuro—Vascular



Wiring Symposium 2012. 2012. 11. 12.
=R

(XF]) Gt o)

(PEE R EEAE)
OiRdL Gt o 1)

OfusikdL (Gt 0 f1)

(£ Dfth)
R i
I FAFIESR R — A=
http://www. frontier. kyoto—u. ac. jp/es02/
index. htm

6. WFIEE

(1) BFgefz#F [T 8 (JUN YAMASHITA)
TR« iPS HURRBRTERT - 2%

g8 %75 : 50335288




