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Analysis of non-coding RNAs regulating neural differentiation of
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Several non-coding RNAs (ncRNAs) upregulated during neural differentiation of human
embryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs) were identified
by genome—wide transcriptome analysis. In addition, methods for the analysis of
identified ncRNAs during neural differentiation of human ESCs were also established.

AR ERE
(SFEHAL 1)
[ERES T Rt & &t
AT TERR 2, 900, 000 870, 000 3, 770, 000

WFZEN B« KRBl
BFEOSE - MIE : #PREA T - SRR
F—U—F:tME

1. WFEBAE S WD 5

FETCHEMEREEZFF e MMORAIC
. 7 A EOIEREREE S AEA IR D
non-coding RNA(ncRNA) DR 523 /RI2 X
TWAD2, B MPRRRAEICIH T 52 DFEREIT
FREWA LM EIN TV, £, TET
T MRRFEA % in vitro THILT DY) 7
ETANRKIMLTEY, DX 57 ncRNA
DOIEBEMENTIXREECH - 7=,

% 2T, WRRREE L e N ESAPS MfE)
ORI 2w RICFHRE L, MR D
EFETFTNVELTHMT DY AT LEMEL T
7,

2. WHEOEM
bt~ ES Hifa i ikl o E s 2 7

SHip, /o a—5 7 RNA

L b MBEEFIEAD in vitro TV E LT
EH L. MR ED R BRI RN TT
LEZA VT T VAT K DR G EWRNT &
1T CHRGREIE T — & N— A AR L, it
AT L - THREN L H9 2 55 (5 I
E#{ ncRNAZFRIET 5, Sblc, /v I ¥
DAL DIENTEITO 2O N ES Mildo
MR FRE - BEREMANT O AT LA AEEE L,
t & ES Mgk o bic EE 7l 4 R
T neRNA A7V —= 7B IOREZIT
9,

3. WD L

(1) & b ES #lfa/iPS M O L8 I £
S T3BL) EFH9 5 non—coding RNA (ncRNA)
DIEE



t k ES #Hfa (KhEST, 2,3) . b b iPS i
(201B7, 253G1) 2> B AR
(neurosphere) % #¥ 4 2 WFRIZHT
total RNA ZERIXL, 7/ L XA U 7T L
A BT, 7 DU A RIS G FEW RN 21T
VN, SRR o TREBLD BRI DT
W % RT3 %5, [RIE L72 neRNA 2DV T,
iE Y RT-PCRIZ L 0 RBEE A HET D,

(2) GEAF RS L REBVE DB RS

SO AERR T OBBEREAT X, —i8tE
BB XD BEFEARMETHE LTV
D3, R LR E LNV d, b
FHE A —HE LN TIT S Z LN TE D%
AbHEEEZ BT 5, BUP OLERITH D
Dorsomorphine (Noggin) . 5 X OV ALK FHZ%])
T D SB431542 72 K &2 W T, BEEREESR
(2 &0 B TR AR LA BT E OB
FEITH, SHIT, siRNAIC XD /) v 7 & D
VURT NEREST A,

(3)Soxl LIR—HF—F T AV x=v 7k b
ES #IE D 1ERL
e R BITBIRHI AL R FE AL FE B D Sox

EREDIRIE S L TERTH D, £ T,

BAC (Bacterial artificial chromosome) 7 &
— > EZFAWT, & b ESHIfEoMR A ]
b TCEBR T AT 2=y 7 kESHIlA
YRR %,

(4) siRNA |2 L B & b ES fja ot 454k % il
T2 ncRNA DA 7 Y —=> 7
PEAE R\ X D AR oL s &

WTsiRNAWC LD ) v 7 BT #1TH 2 LT,

PRSI DB AR 2 FEEEIZ . neRNA D 2 7
V== 7 %1T9,

4. WFFRERRE
(1) & b ESHufa/iPS ffu oL FEE I
P THRIN EFH9 2 ncRNA DJRIE

bt b ES i (KhES1, 2,3). & I iPS fHha
(201B7, 253G1) D> & AR
(neurosphere) ZFHEJ 2 WfRICBWT, 7
JEEAY L TTLALIZEY, AU AFR
IRWRBPEMIMRAT AT\, T — H — R A
Lize TOT—HX—=REFWT, HXiHE
W TRIN LA 25588 % 1000 {#
PLERIE L. &I, BICHRBHENEL .
MR, B X O O faEs AR T ORE
H—UnD, MRRFBFRENTH D H DK 80
iz, 512, 52 fHO ncRNA [2>WTE, &
B RT-PCRIC K U | MR BITEE S FEL L
H AR LT,

(2) GEAPFR S b RE 2 IE DB RS
SiRNA D—1@HERBUZ L DA 7 ) —= 7
D7z, BMP FHZEAl Dorsomorphine (Noggin)

BELOALK OFLEAITH 5 SB431542 72 &%
Mz % &T, BEERICL 2 HETEE
ORI EFEEZFRIE LT, ZDOHETH
{LiFE 4% 2 & T, /fbifE#% 3-6 HH Tl
O IEFEE L [RZ D L UL D Soxl D
HENEOND Z L 2R LT,

X 5|2, invitrogen £ NeoneZ 7= L
7 bR — 3 EICL Y siRNA #8A
% Z & T, WIEMEE s (GAPDH 35 KUY S0X1)
DHEBLZ K BOWFE N TE 52 AT L% B
FELTo

1.5

= BHEH(-)
w FAEH(+)

=y

Sox1 expression
o
o

o

Day3 Day 6
1 ARHEMEBEZIC K SEESEER,

(3)Soxl VA R—F—FF LAV z=v Tk |
ES iR D VERL

BAC 7 m— %W, &k Soxl Oi#EfsT
JEIZ SRR A & o 77 Venus & Luciferase
DA X X7 T D ffluc DL R—Z —%
) w7 A LTZBAC T A REfERR L,
Bt ERAE CEL T U AT 2 =
v 7 & b ESHfE % {ERK L7z (Sox1-ffLuc & K
ES fifm) . 9 BED Sox1-ffLuc & b ES Hlfakk
ZRINL L, PR LB EIC K D Soxl DFEHL
EHAICEE S T, Luciferase OFEN EHT5
ZEEMRLIE(K2),

1600

1200

800

Luciferase activity

£
f=1]
(=]

- o m o e

KhES1

2 hSox1-dVenusLuc2 k& k ES #i8a : 74 L5t D
9 BRIT B MEEEB & $£(2 Luciferase EMA LR,

(4) siRNA IZ X % & b ES #lfE o0 4R 254l % i
9% ncRNA DAY ) —=2 7

[Al7E L7z ncRNA |Z%}9° % siRNA Z#E A L C,
TR LB E 24TV, SOX1 D JEHL % Fetd
(ARSI T 2 BB 2 fi#HT L. ncRNA O
AT V== T a7V, Dl & 15 I
DWNTIE, MR EOIHI R R A LD 2
ERfERR T E T,



Lol XHIZEED neRNA DAY ) — =
7 aED D ERIFFZ, SO IER OB
DWEREIT 9 o

5.

TR R S

(WFFEREA . WHIE5HE M O T2 12
(ER Y

CMERER S0 G 16 1F) T ~THEHH D ]

(1)

(2)

(3)

(4)

(5)

Shofuda T, Kanematsu D, Fukusumi H,
Yamamoto A, Bamba Y, Yoshitatsu S,
Suemizu H, Nakamura M, Sugimoto Y,
Furue KM, Kohara A, Akamatsu W, Okada
Y, Okano H, Yamasaki M, Kanemura Y.
Human Decidua—Derived Mesenchymal
Cells are a Promising Source for the
Generation and Cell Banking, of Human
Induced Pluripotent Stem Cells Cell
Medicine, Part B of Cell
Transplantation 7n press

Okano H, Nakamura M, Yoshida K, Okada
Y, Tsuji O, Nori S, Ikeda E, Yamanaka
S, Miura K, Steps toward safe cell
therapy using induced pluripotent stem
cells Circulation Research 112(3)
523-33, 2013

DOI: 10.1161/CIRCRESAHA. 111. 256149
Nihei Y, Ito D, Okada Y, Akamatsu W,
Yagi T, Yoshizaki T, Okano H, Suzuki N.
Enhanced aggregation of androgen
receptor in induced pluripotent stem
cell-derived neurons from spinal and
bulbar muscular atrophy. J Biol Chem.
288 (12) :8043-52. 2013

DOI: 10.1074/jbc.M112. 408211
Kobayashi Y*, Okada Y*, Itakura G, Iwai
H, Nishimura S, Nori S, Hikishima K,
Konomi T, Fujiyoshi K, Tsuji O, Toyama
Y, Yamanaka S, Nakamura M, Okano H:
Pre-Evaluated Safe Human iPSC-Derived
Neural Stem Cells Promote Functional
Recovery after Spinal Cord Injury in

Common Marmoset without
Tumorigenicity. PLoS One. 7(12):
eb2787. 2012, *equally contributed

first authors

DOI:10. 1371/ journal. pone. 0052787
Kuzumaki N, Suzuki A, Narita M, Hosoya
T, Nagasawa A, Imai S, Yamamizu K,
Morita H, Suzuki T, Okada Y, Okano HJ,
Yamashita JK, Okano H, Narita M.
Multiple analyses of G—protein coupled
receptor (GPCR) expression in the
development of gefitinib-resistance
in transforming non-small-cell lung
cancer. PLoS One. 7(10): e44368. 2012
DOI: 10.1371/journal. pone. 0044368

(6)

(7)

(8)

9)

(10)

(11)

Shimada H, Okada Y#*, Ibata K, Ebise H,
Ota S, Tomioka I, Nomura T, Maeda T,
Kohda K, Yuzaki M, Sasaki E, Nakamura
M, Okano H##*. Efficient Derivation of
Multipotent Neural Stem/Progenitor
Cells from Non—human Primate Embryonic
Stem Cells PLoS One. 7(11): e49469
2012, *equally contributed last
authors, #Hcorresponding authors
DOI: 10.1371/journal. pone. 0049469
Imaizumi Y, Okada Y, Akamatsu W, Koike
M, Kuzumaki N, Hayakawa H, Nihira T,
Kobayashi T, Ohyama M, Sato S,
Takanashi M, Funayama M, Hirayama A,
Soga T, Hishiki T, Suematsu M, Yagi T,
Ito D, Kosakai A, Hayashi K, Shouji M,
Nakanishi A, Suzuki N, Mizuno VY,
Mizushima N, Amagai M, Uchiyama Y,
Mochizuki H, Hattori N, Okano H.
Mitochondrial dysfunction associated
with increased oxidativestress and
a-synuclein accumulation in PARK2
iPSC-derived neurons and postmortem
brain tissue Mol. Brain. 5(1) 35, 2012
DOI: 10.1186/1756-6606-5-35
Yagi T, Kosakai A, Ito D, Okada Y,
Akamatsu W, Nihei Y, Nabetani A,
Ishikawa F, Arai Y, Hirose N, Okano H,
Suzuki N. Establishment of induced
pluripotent stem from
centenarians for neurodegenerative
disease research. PLoS One
7(7) :e41572. 2012
DOI:10. 1371/ journal. pone. 0041572
Muto J, Imai T, Ogawa D, Nishimoto Y,
Okada Y, Mabuchi Y, Kawase T, Iwanami
A, Mischel PS, Saya H, Yoshida K,
Matsuzaki Y, Okano H. RNA-Binding
Protein Musashil Modulates Glioma Cell
Growth through the
Post-Transcriptional Regulation of
Notch and PI(3) Kinase/Akt Signaling
Pathways. PLoS One. 7(3):e33431. 2012
DOI:10. 1371/ journal. pone. 0033431

Kuzumaki N, Suzuki A, Narita M,
Hosoya T, Nagasawa A, Imai S, Yamamizu
K, Morita H, Nagase H, Okada Y, Okano
HJ, Yamashita JK, Okano H, Suzuki T,
Narita M. Effect of k —opioid receptor
agonist on the growth of non—small cell
lung cancer (NSCLC) cells. Br J Cancer.
106 (6) :1148-52 2011
DOI: 10.1038/bjc.2011.574

Nori S#*, Okada Y*, Yasuda A, Tsuji
0, Takahashi Y, Kobayashi Y, Fujiyoshi
K, Koike M, Uchiyama Y, Ikeda E, Toyama
Y, Yamanaka S, Nakamura M, Okano H.

cells




(12)

(13)

(14)

(15)

Grafted human induced pluripotent stem
cell-derived neurospheres promotes
motor functional recovery after spinal
cord injury in mice Proc Natl Acad Sci
U S A. 108(40) :16825-30. 2011 *equally
contributed first authors
DOI: 10.1073/pnas. 1108077108

Yagi T, Ito D, Okada Y, Akamatsu
W, Nihei Y, Yoshizaki T, Yamanaka S,
Okano H, Suzuki N. Modeling familial
Alzheimer’s disease with induced
pluripotent stem cells. Hum. Mol.
Genet. 20 (23): 4530-4539. 2011
DOI: 10.1093/hmg/ddr394

Kawahara H, Okada Y, Imai T,
Iwanami A, Mischel PS, Okano H. Musashi
1 cooperates in abnormal cell LINeage
protein 28 (Lin28)-mediated Let-7
family microRNA biogenesis in early
neural differentiation. J  Biol
Chem. ;286 (18) :16121-30. 2011 Selected
for “Paper of the Week”
DOI: 10.1074/jbc.M110. 199166

Ohta S, Imaizumi Y, Okada Y,
Akamatsu W, Kuwahara R, Ohyama M,
Amagai M, Matsuzaki Y, Yamanaka S,
Okano H, Kawakami Y. Generation of
human melanocytes from induced
pluripotent stem cells. Plos One 6
(1):e16182 2011
DOI:10. 1371/ journal. pone. 0016182

Shiozawa S, Kawai K, Okada Y,
Tomioka I, Maeda T, Kanda A, Shinohara
H, Suemizu H, Okano HJ, Sotomaru Y,
Sasaki E, Okano H. Gene targeting and
subsequent site—specific transgenesis
at the B-actin (ACTB) locus in common
marmoset embryonic stem cells Stem
Cells and Development. 20(9) :1587-99.
2011
DOI:10.1089/scd. 2010. 0351

(] (Bt 42 14)
(1) Okada Y, Miya, F, Koike M, Tomisato S,

Tokura T, Ishihara Y, Shimojo D,
Hattori C, Kanematsu D, Kanemura Y,
Kohda K, Sobue G, Yamanaka S, Yuzaki
M, Uchiyama Y, Ikeda E, Tsunoda T,
Okano H, Incompletely reprogrammed
human iPSCs form glioma—-like tumors
through genomic instability during
neural differentiation, CiRA
International Symoisum 2013, Raising
the Nex Generation of Stem Cell
Research, Kyoto March 2013, CiRA
International Symoisum 2013, Raising

the Nex Generation of Stem Cell

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10) Koakutsu M,

Research, Kyoto, March 12, 2013
Numasawa Y, Okada Y, Shibata S,
Kuzumaki N, Kishi N, Akamatsu W,
Amagai M, Osaka H, Inoue K, Takahashi
K, Yamanaka S, Kosaki K, Takahashi T,
Okano H, Modeling dysmyelinating
neurological disorders using human
iPSC-derived mature oligodendrocytes
CiRA International Symoisum 2013,
Raising the Nex Generation of Stem
Cell Research, Kyoto, March 11, 2013
[ IS, iPS e 2 FH O 7o pit A &
JRRBREAT  EF 4 [l BRI IT S | I
201342 A 2 B (FeRGETEE - HfFeHE
1#)

[i] FHE A | B AR, /NHIE N R ELE K
FARKAT, AR, SEHFA, FhilkE
I WILZES, iR =, AHEZ, [
R, PR, AL e s
U7 E Tk b iPS AR AR R
R AEFE B E D 7 ) AAREEARIC
X7V A —~EEEEZ T 5. 5 35
B H ARG FAMTRFE, i, 2012
HF12 A 12 H

] FHPEEE, RSF2, & N iPS Al ok
MRRE A OIS & EORMBER 5 24
A H AR SRR i, IR, 2012
FILAIR FrRY YL - R
i) FHYEE, ZReMEEHIR - kit i &
FD TR AR &R RE AT 25 13 [BIEy
FR—=F Y URRREMIE S RE
20124 11 A 1 A (ReIGET - 178 1H)
Okada Y, Miya F, Tomisato S, Kanemura
Y, Koike M, Kohda K, Yuzaki M, Uchiyama
Y, Tsunoda T, Yamanaka S, Okano H,
Evaluation of human iPS cells by
differentiation and
tumorigenicity, ISSCR 10th annual
Meeting, Yokohama, June 15 2012
Ishihara Y, Okada Y, Koakutsu M, Okano
H, Rapid and easy monolayer neural
differentiation of human ES cells,
ISSCR 10th annual Meeting, Yokohama,
June 14, 2012

Imaizumi Y, Okada Y, Akamatsu W, Koike
M, Hayakawa H, Nihira T, Suematsu M,
Suzuki N, Amagai M, Uchiyama Y,
Mochizuki H, Hattori N, Okano H,
Mitochondrial dysfunction and alfa
synuclein accumulation in PARK2 IPSC
derived neurons and postmortem brain,
ISSCR 10th annual Meeting, Yokohama,
June 14, 2012

neural

Okada Y, Okano H,
Exogenous signals oppositely affect
adipocyte differentiation and neural
sifferentiation of human ES/iPS cells,



ISSCR 10th annual Meeting, Yokohama,
June 14, 2012

(11) Kobayashi Y, Okada Y, Iwai H,
Nishimura S, Nori S, Konomi T,
Fujiyoshi K, Tsuji O, Toyama Y,
Yamanaka S, Nakamura M, Okano H,

Pre—evaluated safe human iPS clone
derived neural stem cells promoted
functional recovery after spinal cord
injury without tumorigenecity in
adult common marmosets, ISSCR 10th
annual Meeting, Yokohama, June 14,
2012

(12) Shimada, H., Okada Y., Tomioka, I.,
Sasaki, E., Nakamura, M., Okano, H.:
Efficient derivation of neural stem
cells from common marmoset ES cells
and iPS cells. Society for
Neuroscience 41th Annual Meeting,
Washington DC, USA, November 15, 2011

(13) HEHER, KHE— I [ HEE,
) B 522 | PR AT A AR SR L AR — &
—b b ES HIRAORINL, 5 34 [0] A Atz
BERe, M, 2011429 7 16 H

(14) [ HPESE, AR, SRR, YRS
Z. /NIEN, SEEFUA, RIEEST
WILZ S, AEEZS, P hys, [
KZ, MR e EEBEME BB S E b
iPS AR oD SRR | 25 34 [A] A AR
RE, RELE, 2011429 A 17 H

(15) Okada Y, Miva F, Kanemura Y, Koike M,
Kohda K, Yuzaki M, Uchiyam Y, Tsunoda
T, Yamanaka S, Okano H, Evaluation of
human iPS cells by neural
differentiation and tumorigenicity.
8th IBRO World congress of
Neuroscience, Florence, Italy, July
16 2011

(16) Yoshida, K., Ota, S.-I., Hara, C.,
Okano, H., Okada Y. Generation and
characterization of human ES cells
carrying Soxl-reporter gene for
neural differentiation. 8th IBRO
World congress of Neuroscience,
Florence, Italy, July 18, 2011

(17) [l FHPEEE, iPS AR - kil fa C bk
REBmAET D, LERRRER S 579
IR FrRIGHET, A7, 2011 4F 6 A 19
H CReplGETE - FRFFRR )

(18) Nori, S., Okada Y., Yasuda, A., Tsuji,
0., Takahashi, 1Y., Kobayashi, VY.,
Fujiyoshi, K., Toyama, Y., Yamanaka,
S., Nakamura, M., Okano, H.
Transplantation of human iPS
cell-derived neurospheres for the
treatment of spinal cord injury in
NOD-scid mice, ISSCR 9th annual

Meeting, Toronto, Canada, June 15-18,
2011

(19) [ HPEEE, PSP, kol & s
PN BIE S B R iPS AR O SRR, £
52 [A] H AMRR PP ilT R, 4R,
2011 4E 5 H 20 H (o RY w4 - 0315
AHETH)

(BE) Gt 24)

L SR, dUE, MEEE, IO,
MBS PAHEL  iPS A V-
R 5159% .. Brain Nerve 64 (1), 17-27,
20124 1 A, ESER

2. [HEPFET., MRz, Mok & G
PEN SIS E b iPS MO SR
AR 51(11), 1079-1080. 2011 4
11 A, BARMRES

(PEZE R EEAE)
Ok Gt 1)

LFR o iPS MIfAD 7 a— L OFINFE, KR
FOERFEICH L BT OERFE
B M, M. AHEEES. B

A Fit
FERIE © AR N B
f#E4H : PCT

&5 : PCT/JP2012/054800
HEESEH B : 2012.2.27
E NS DRI : PCT

(£ Dfth)

R brl— s

http://www. careerpath—-prj. keio. ac. jp/ka
nrinmaru/scholar/okada/index. html

6. AFFERHRE

(D) ArgefR

W HE P (OKADA  YOHET)
BEREFR AT - R - FRTRAD
TFge %5 30383714

(2) B

f4H 2% (TSUNODA TATSUHIKO)

BV WEGERT - 7 AER SR X
— e F— A —H—

g8 &5« 10273468

B &M (MIYA  FUYUKI)
FRAGSEREGR AT « &7 7 AERVRIE R 2
— - WA

WFoeEF5 : 50415311



