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HEEERER (FEX) : Generation of iPS cells derived form an Rett syndrome mode| mouse
and drug screening for Rett syndrome using MeCP2 deficient iPS cells
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Rett syndrome (RTT) is a neurodevelopmetal disorder associated with mutations in the
methyl-CpG-binding protein 2 (MeCP2) gene. MeCP2-deficient mice recapitulate the
neurological degeneration observed in RTT patients. The generation of diseased induced
pluripotetn stem (iPS) cell is a critical step in understanding the pathogenesis of
genetics and complex diseases. Here, we generated RTT-model mouse iPS cell lines from
MeCP2-deficient mouse by co—expressing four factors (Oct3/4, Sox2, KI1f4, and c—Myc)
through lentiviral delivery and subsequently differentiated them into neuronal cells for
further analyses. RTT-model iPS cells were characterized for the expression of

pluripotent markers and for their ability to differentiate into all three germ layers



by forming embryoid bodies in vitro. In addition, SDIA-induced colonies from both WT and
RTT-model iPS cell lines generated cells possessing neuronal—-like morphologies that
expressed neuronal markers microtubule—associated protein 2 (MAP2) and neuron—specific

tubulin beta type III. Our RTT-model iPS cell lines provide a powerful tool for both basic

neuroscience research and therapeutic applications

AR ERR
(SFEHA 1)
[ERES S R 2 & it

20 1 04 1, 100, 000 330, 000 1, 430, 000
201 14EE 1, 000, 000 300, 000 1, 300, 000
201 24 1, 300, 000 390, 000 1, 690, 000

R

P
i 3, 400, 000 1, 020, 000 4, 420, 000

i NGy S 2o

BT D3 8L « M« /NJEARiR

¥ —U— | : Rett JEMERE
. BFEBRAR S WO B
v/bﬁ%ﬁmﬂ%iz TR TRIE,

EAT IR I E Al R T, A
RRIZIER . Lo Lo A%, F8EfFH, 1-3
R KD B e S RECEEIERE OB 1T AR
U, RKFAEST, TADAIIESCRER & &
T AABEEO R Z B LREHITHE L LT
FETT %, BEIC, REELEFE LT X RaE
B Lo T ESF Th D MeCP2
(Methyl-CpG-binding protein 2) 23[FEE
7L (Amir-RE, et al., Nat Genet ‘99).MeCP2
RIE~ 7 A DFRHT D> & PHEAFIR R D MeCP2
KA RTT BIED ER & S TWD, L
LEWS O RIT BF . & MeCP2 K~ ¥
A DFEM7R BB B 2R RAT S MeCP2
BB OREICH D BT, KR7E RIT
JRREFIE A ) = X IR T, REEOR
LB THD,

N LiFEZaethne (iPS) MfaEfr i, (L
4 R+ DB X0 RHAE D & IR (ES)
MR & 755 O Z ML MG 4 3528 T 2 Hl
T & % (Takahashi-K & Yamanaka-S, Cell

‘06,7 07), ¥, ZOIGHIZE Y BF L
U B A T A 150 o bl e <o 7 Y 72
EHREVHTZENARETH Y | B
FNRA LRI 72 &~ DS 3 W S
nTn5,

ARHFFEIT, ML~V DTFRE A 7 = R L
FRIZH 72 RTT &7 /L iPS M D RNT
Z OFFNTIZ X0 RTT SIEMAE A A L, IR
BHDOA Y ) —= R0k, RTT BFIC
B FTRE R IBIRIE DR BRI Th 5,

2. MO BEW
U MEBERT IS AR CHEI TR R R

HIEW A 2T 5HEA T, X Bk Lo MeCP2
AR MeCP2) DERNERTH 5, BEIZ
MeCP2 KHE~ 7 A% RTT KEDIEIR % FEAET
L2 ENRINTEBY . Z OFEMZR R A
HEDHITWD, Loy LA MeCP2 KIEIC
X5 RIT JRREDFIE A 1 = X LI AHTH
0. FIH AT = XL ORI, IREIE O
DY I N TWD, AWFFEIE MeCP2 KIE~
7 AHKO RIT €5 /v iPS HillE & 87 L,



Z ORI ALRE, IS/ LEE L=t
PRARIE DOFEREREAT 217 9 2 & T, MeCP2 X
BIZE D RIT BIEA B =X L &AL, 1A
WIEPRRO B AEER, BARFIRREIN & )5
M LERIEORFEEZ BRI E LTS,

3. WD IE

AREFE TIE, RTT JHEEMBH O 7= 0
Bird-A HICRIT =T /VEM L L THIL SN
7ol L o TN S 7z MePC2 KRB~ 7 A %
MeRr L Cx 72 (Guy-J, et al.,
01), = Z T, RIT &5 /L iPS fllf % #f 7
T 57T, MeCP2 K~ 7 A (Mecp2 ™)
K= hra—/b wild-type (WT) <7 &
DHTAAT D B EBHRAL 2 M e 2 f) A8 L,
(i 4 7 (0ct3/4, Sox2, K1f4, c-myc)
L hRUANARY X—CTEAEL, K
SHUHMERF 7 ¢ — & —Hifa 1T LIF fFE T
5-10 HMEE#RIC L 5 iPSHlE o n =—0DH
BlA@l%E L=, 5-10 Hi&HBL L 7= iPS fifa
X, BT T e—= 1,
HEAL - HIRZ . EZho iPS fiflg 7 = —
{23 T, RT-PCR (2L % 12 FEE DAY
b~ —J— YL tall X 5 0ct3/4,SSEAL,
TRAI-60 DRI, TNAHIV T AT 7 X —
BYIZ L > TIPS HiflaE L COMEEZFE
fli L7z, £7=. 250 bRe % 7 i T~ 5 721
iPS Miificl Z fEAk{R (EBs) JERRIC XK %53 1bih
. SDIA JEIZ X DM EFE S AT 720,

Nat Gentics

I =—

fix D43k~ —H—IZ X % RT-PCR, #y& Y
AT o 1,
4. WFFERRLR

RIT €7 /v iPS MifE A ML T 5728
m@2k¢ﬁ$@vvx@ﬁﬁﬁﬁﬁ%%%
FIREEEE Ui 4 K7 (0ct3/4, Sox2, K1f4,
cmyc) L B UA AR X —|ZTEA
%, 5-10 AfKEE L, iPSHilaan=—0JF

AR, BT, BRI /X7 b

WIEN A L — RN EE L2 =
—ZENTROMEEKET Lz L 15
Ubra—=v7 1L, ROCIREEDfENT 24T
oty TNEND iPS ML Y 1 — %t L
T, RT-PCRIZ &L D 12 FFHORIME~— T —
DR, TNV T+ AT 72 —BYt,
SSEA1, TRA1-60, OCT3/4 12 X % Sy #l kYL 2
AT o T, TORER, L2 TO~—
N—%FBT5H iPS Ml v—r% W &
MeCP2 K48 iPS Miflds v — 2 %/ bed b 4
sra—r ORI FICRI LI, Bbhhi
RTT &7 /L iPS Mifi 7 v — L ES ffE <> = o
hm—/L iPS AfE & [FERIC, LIFFTE T, K
IEHER 2 BT 5 7 4 — Z — R LT
JEL ., EBs ZJEk LZbREAZ AT 5 Z &8
HoMNnE o, ULEORERNG, MeCP2 (X
ZTDOTE Y = XT 4 v 7B B
(2D iPS A DOFEEIZEE D 5 I REME DS R
STV, MeCP2 RE~ T AET NG
iPS MEAFHFECTE 52 0D, MeCP2 23K
BLTWTH~ Y X iPSHIARFETCEND
ATREPEA R STz,

WAZ RTT &7 VB 2> O BT L 7= iPS fllfig
DELREZ M T 5 72912, EBs TERIEIC
&% iPS M D LE B EAT e o T2, T D
F.EBs Bt 10 B B IZI% B BT 2 i

SERW B AL, sarcomea MHC DY ZIBUNT Ly
AR D3 LTS BTz, F72, RT-PCRIZ
L oTH N, HIRED ZIEOAE R T
fbtv——Biz PRS2 Enb, K
WFEIz L 0 15 BT~ iPS MM % /3L e & 1%
FiaZermahi, BIZ, SDIAEIC K
G A A (7 R N S AR U I SN
Neuron—specific tubulin beta type3 (TuJ) .
GFAP HiE TN Db m ==
TELFEN 6, ESMMARERD GIET, #hifksr
b+ 5z EnREnz,



BE, EROFECI 0 SMEFE LT,
RTT £5 /b iPS il H Sk M e o> FE AU AR
BRI R R MR BRI R b~ — I — D%
BLA AT U, IEH 2 iia & o % fig
W52 & T, RIT OJFEE A I = X L OfiE
Bro MR ORKE LHtlT T\ 5,

Alterations of Gene Expression and
Glutamate Clearance in Astrocytes
Derived from an MeCP2-null Mouse
Model of Rett Syndrome. (*
Corresponding author)

PloS ONE 17(4):e35354 (2012) , it
AY

doi:10. 1371/ journal. pone. 0035354.

5. FERBRImILE

(BFFRAREE . WHIE 3 S OV HEAF 7538 12
TR

(MEzEzar) (B9 ) 4. Kishimoto S., Suda K., Teramachi Y.,
Nishino H., Kudo Y., Ishii1 H., Iemura
M., Takahashi T., Okamura H.,

Matsuishi T.

1. Seki, Y., Mizuochi, T., Kimura, A.,
Takahashi T., Ohtake, A., Hayashi, S.,
Morimura, T., Ohno, Y., Hoshina, T.,
Thara, K., Takei, H., Nittono H.,

Increased Plasma Type B Natriuretic
Peptide in The Acute Phase of
Kawasaki Disease. i

Pediatr Int 53(5):736-741 (2011)
doi:10. 1111/j. 1442-200X. 2011. 03351

Kurosawa T., Homma K., Hasegawa
T., Matsuishi T.

Two neonatal cholestsis patients with
mutations in the SRD5B1 (AKR1D1) .

gene: diagnosis and bile acid profiles

during chenodeoxycholic acid 5. Matsuishi T., Yamashita Y.,

treatment. #FEH Takahashi T., Nagamitsu S.

J Inherit Metab Dis 36(3):565-573
(2013)
doi:10. 1007/s10545-012-9526-6.

Rett syndrome: The state of clinical
basic research, and future
perspectives. Eai A

Brain Dev 33(8):627-631 (2011)

2. Mizuochi T, Kimura A., Tanaka A., doi:10.1016/j. braindev. 2010. 12. 007

Muto A., Nittono H., Seki Y.,
Takahashi T., Kurosawa T., Kage M.,

Takikawa H., Matsuishi T.
Characterization of urinary bile acids
in a pediatric BRIC-1 patient: Effect
of rifampicin treatment. &#HtA

Clin Chim Acta
413(15-16):1301-1304 (2012)

doi: 10.1016/j. cca. 2012.04. 011.

Okabe Y., *Takahashi T., Mitsumasu
C., Kosai K., Tanaka E., Matsuishi T.

*Qkabe Y., *Kusaga A., * Takahashi
T., Mitsumasu C., Murai Y., Tanaka
E., Higashi H., Matsuishi T., Kosai K.

(* These authors were equally
contributed to this work.)

Neural Development of
Methyl-CpG-Binding Protein 2 Null
Embryonic Stem Cells: A System for
Studying Rett Syndrome. #E#HiH



Brain Res 1360:17-27 (2010)
doi:10. 1016/ j. brainres. 2010. 08. 090

Mizuochi T., Kimura A., Ueki 1.,
Takahashi T., Hashimoto T., Takao
A., Seki Y., Takei H., Nittono H.,
Kurosawa T., Matsuishi T.
Molecular genetics and bile acid
profiles of 3beta-hydroxy-delta
5-C27-steroid
dehydrogenase/isomerase deficiency
in 2 Japanise patients. #ac A
Pediatr Res 68(3):258-263 (2010)
doi:10.1203/00006450-201011001-005
05.

Miyata S., Takemura G., Kosai K.,
Takahashi T., Esaki M., Li L.,
Kanamori H., Maruyama R., Goto K.,
Tsujimoto A., Takeyama T,
Kawaguchi T., Ohno T., Nishigaki K.,
Fujiwara T., Fujiwara H.,
Minatoguchi S.

Anti-Fas Gene Therapy Prevents
Doxorubicin-induced Cardiotoxicity
through Mechanisms Independent of
Apoptosis. BFHAH

Am J Pathol 176(2):687-698 (2010)
doi: 10.2353/ajpath. 2010. 090222.

I #e S U
FrERER

6. Rett JEMRAEDOPIARIZEIT % 4p
PRI FE”

Frle 20 APAREA Y b T LFEED
MRk REPI R, AR HE
FALEYFRBHEZERE G A

- EiE L - A

7) Vol. 22 No.1 p45-49 (2011)

(=R (GH61h)

2012 4

1) /N —RR, =JFmE, 598, mfamz
b MES/iPSHIME CTOFAER OREZ ik
DMEDT T ) I A N AR H— L B
DRAFE

%511 Bl A ARRAER TSRS (BiK)

ERE 24 4E 6 H 12-14 H 233 7 ¢ affiE

2011 4

2) mfamz

R EREIRIC & 2T AR ORI & b
Bt (R U L)

%5 53 [a] A AN AR i s (BfiR)
SR 2345 H 26 H /XU 7 ¢ ki

3) AR, AR, EfEmz, T
K. APHRE R, A, A BRER, N
—HB, H Tk —HAR

RTT €7 /L ES fllfial f SR At M i o> FE LA B
AT

55 88 [al H AR PR (Biik)

Rk 2343 H 28 H /87 ¢ A gk

i

4) /PpE—RER, AR, AR, &G
Rz, Jeas TR, AHER. faa BRER. B
Hok —AR

MeCP2 JBA& - K8 ES i@ in vitro 43{bik
BIEIZ K D Rett SEMRRE,#hRRIE A D BFFE L

AT I

%510 [l A ARAEER SRS (BikK)

VR 2343 H 2 B N7 4 i

2010 4&
5) ZHAMEIR., FAREKRR., @Emz., MF



WE. BN, FITR =, L. FiF
F, A EIRER

UG I3 BME IS F6 V) 2 A i A8 bR A0l 212
BEET %A ML, TENA Y
“Change in Chemokines associated with the
number of circulating dendritic cells in
acute phase of Kawasaki disease”

55 30 [\ B AR R = 2= GUap)
TRE 22 4510 A 10-11 B [ S7 AR E BR 2

6 ) Suda K, Kishimoto S, Takahashi T,
Okamura H, VYasukawa H, Nishino H,
Teramachi Y, Itoh S, Yokoyama T, Iemura M,
Imaizumi T, Matsushi T.

Involvement of myeloid dendritic cell in
the pathogenesis of acute phase of
Kawasaki disease

The 74" annual scientific meeting of the
Japanese Circulation Society.

2010. 3. 5-7 (Kyoto, Japan)

(PEEIA PEHE)
OmIREL G 11F)

4% : B RES /i PSHiluicki)5E
613851

R - NEREE—ES, S HE, EEEZ
MERIE ¢ A b

FEYE . RFEF

5. FERE 2012-117128

HFEEA B : 2012 4F 5 H 23 H

E AN DR - [EN

6. WFIEA
(D) A FERERE
FikE .2 (TAKAHASHI TOMOYUKT)

B35« 20332687

(2) TEHEIF 2T

WA HEYRES (MATSUISHI TOYOJIRO)
B AKRT: « B - %
9% 5 60157237

H 7k —HEB (TANAKA EIICHIRO)
B AKRT: « B - %
g% 5 80188284

FFE EE (MURAL YOSHINAKA)
IR KRT: » B - e
9% 5 40322820

78 FE (NISHI YOSHIHIRO)
IR KRT: « R - Gkl
9% 5 20352122

[ #6H (OKABE YASUNORT)
IR RT: « R - Bh#
95 © 00446098



