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CHARGE syndrome is a disease in which organs including the heart, eyes and ears may not
develop properly. The cells that form the tissues affected by CHARGE syndrome develop in
embryos called neural crest cells.

We created iPSCs from CHARGE syndrome patients, developed these cells into neural crest cells,
and compared them with neural crest cells that were developed from healthy individuals. The
neural crest cells developed from CHARGE syndrome showed multiple abnormalities. For
example, they were not able to move around correctly. This is an important observation because
neural crest cells must move through tissues to form the various organs affected by CHARGE
syndrome.

\We also observed changes in the activity of many genes other than CHD7 in the neural crest cells
developed from CHARGE patients. Further research is now needed to find out which genes are the
most important for restoring the normal activity of neural crest cells.
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CHARGE syndrome is a disease in which or%ans including the heart, eyes and
ears may not develop properly. The cells that form the tissues affected by CHARGE syndrome develop
in embryos called neural crest cells.

We created iPSCs from CHARGE syndrome patients, developed these cells into neural crest cells, and
compared them with neural crest cells that were developed from healthy individuals. The neural crest
cells developed from CHARGE syndrome showed multiple abnormalities. For example, they were not able
to move around correctly. This is an important observation because neural crest cells must move
through tissues to form the various organs affected by CHARGE syndrome.

We also observed changes in the activity of many genes other than CHD7 in the neural crest cells
developed from CHARGE patients. Further research iIs now needed to find out which genes are the most
important for restoring the normal activity of neural crest cells.

CHARGE CHD7 iPS



2006  Takahashi,Yamanaka
ES (Embryonic

stem cells) iPS
(Takahashi
K,et al.Cell 2006) 2007
iPS
(Takahashi K,et al.Cell 2007)
iPS
iPS

2009 Studer
(Lee GS et al.
Nature 2009, Laura Menendez et al. PNAS
2011) Bajpai
10
10
(Bajpai R. et al. Nature
2010, Rada-Iglesias A et al. Nature 2011)

1 FAEQTFT IS5

) o — @
N EEBE
S mp BEBkiPsiEi
CHARGEERESE
THEEE
EEIPSHifamE
! IR o FHIFB
oA E) g b
oMW ." - I
®ln vivo B2HT -

iPS

iPS

CH-2

xCelligence

iPS

CHARGE iPS
P75/HNKL(+/+)

in vitro

(Transwell Assay,

Wound scratch

(CHD7)
chromatin remodeling

CHD7

ChIP-seq
CHD7

in vitro/ in

iPS

name genotype sex El

CHD7Y: c4171delC

CH-1 M 10

p.GIn139115*13

CHDT: ¢.4480C>T

p.Arg1484Ter F 10

CHARGE

=1 ] l‘l_; H

NC medium with 10% FBS

Migration index
o - v w a o

A

0.5

migration index at 20h (normalized)

Control

0

WD39 201B7 1210B2 CH1 CH2#1
CHARGE control: 3 lines
. Il WD39 I 20187 B 121082
CHARGE: 6 lines

3 CH1 (3 lines: CH1#7, CH1#20, CH1#25)

3 CH2 (3iines; CH2#1, CH2#16, CH2#19)

iPS

30 Time(h)

iPS



CHARGE

iPS O

A. 201B7 / CH1#25 CH1#25

t=16h

0—16h

B. 12 ) 425 e
~ 20187 (n=60) = CH1425 (n=07) ° ns.
—_—
ns. ns
04| —— —
€
g 03
$ 02
(=]
01
0 00
ITT T T I T T TR h e o nE® LBTCHIZS 20167 CHS
tme (h) Th--h Bhtth

iPS

8well

120

CHARGE
CHARGE

4 Wound Scrach oo
A. Control CHARGE B.
C.
(%)
100

- *e Biological replicate:Control=3, CH1=2, CH2=2
[ | |

L . Counted cell number: Control=484, CH1=1058, CH2=735
5}

]

)

o

S

g sof T

s

=]

a

=]

S

9

0
Control CH1 CH2

1In Vivo

iPS HH
8-12
iPS in vivo

CHARGE
CHARGE

5 CHARGE iPS

* (p=001)

Scorel scored

Score2

score3d

score2

Score: 2

*
scorel

Control CHARGE

( CHARGE

CHARGE

6 CHARGE iPS [m]

S zict

< TWIST1

4 PAX3 [ ..

g | ITGA4 ¥ SOX9

14 N _

< CHD?

o B3GAT1(=HINK1)
NGFR(=P75NTR)

Control iPS-NCCs

TOP 20 in the GO analysis of 338 DEG

regulation of cell motion
regulation of body fluid levels
response to vitamin
P to corti stimulus
cell motion
of cell mig!
response to drug
regulation of response to external stimulus
regeneration
regulation of cell proliferation
response to endogenous stimulus
regulation of system process fusnn
wound healing
P to 9
response to hormone stimulus
angiogenesis
response to steroid hormone stimulus
blood vessel mor
blood vessel development
vasculature development

0 z 10
FDR (Benjamini-Hochberg procedure)

( CHD7
iPS
CHD7 ChIP-seq
ChlP-seq
Hippo-YAP pathway PAX
CHD7



Chai M, Sanosaka T, Okuno H, Zhou Z,
Koya 1, Banno S, Andoh-Noda T, Tabata Y,
Shimamura R, Hayashi T, Ebisawa M,
Sasagawa Y, Nikaido I, Okano H, Kohyama J.
Chromatin remodeler CHD7 regulates the
stem cell identity of human neural
progenitors. Genes Dev. 2018 Jan 15;32(2):
165-180.doi: 10.1101/gad.301887.117.

Okuno H, Renault Mihara F, Ohta S,
Fukuda K, Kurosawa K, Akamatsu W, Sanosaka
T, Kohyama J, Hayashi K, Nakajima K,
Takahashi T, Wysocka J, Kosaki K, Okano H.
CHARGE syndrome modeling using
patient-iPSCs reveals defective migration
of neural crest cells harboring CHD7
mutations. Elife. 2017 Nov 28;6. pii:
€21114. doi: 10.7554/eLife.21114.

Veraitch O, Mabuchi Y, Matsuzaki Y,
Sasaki T, Okuno H, Tsukashima A, Amagai M,
Okano H, Ohyama M. Induction of hair
follicle dermal papilla cell properties in
human induced pluripotent stem
cell-derived multipotent LNGFR(+)
THY-1(+) mesenchymal cells. Sci Rep. 2017
Feb 21;7:42777. doi: 10.1038/srepd2777.

Ohta S, Yaguchi T, Okuno H, Chneiweiss
H, Kawakami Y, Okano H. CHD7 promotes
proliferation of neural stem cells
mediated by MIF. Mol Brain. 2016 Dec
13;9(1):96. doi: 10.1038/srep42777.

4

H.Okuno In vitro and in vivo cell
dynamics analysis of 1PSC-derived neural
crest cells harboring CHD7 mutations
reveals defective migration of CHARGE
syndrome. Society for Neuroscience.2017.

H.Okuno, Differentiation of iPS cells
into cranial neural crest cells to model
congenital disorder that arises from
defects in cranial neural crest cell
development.The 13th International
Congress of Human Genetics 2016.

H.Okuno, Modeling of human neural crest
cell disease: CHARGE syndrome patient
iPSC-derived neural crest cell exhibit
abnormal migration. The 38th Japan
Neuroscience Society 2015.

CHARGE iPS
. 38
2015.

@
OKUNO, Hironobu

70445310



