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Identifying epigenetic mechanisms for testicular development and developing
innovative technology for regenerative medicine
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In this study, we aimed to clarify epigenetic mechanisms in development of
the testicular supporting cells, Sertoli cells.

Peﬁtidylarginine deiminases (PADs) are a family of enzymes that change the charge of target proteins
through citrullination. We identified Padi2 which encodes PAD2 was exclusively expressed in Sertoli
cells of fetal developing testes. Our data suggested that Padi2 was a novel gene in fetal testis

development which was specifically expressed in Sertoli cells through the regulation of SOX9 and

FOXL2 and supported regulation by SOX9 for target genes. The phenotype of Padi2(-/-)XY indicates

that a redundant factor compensates for the role of PAD2 in testicular development.
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Disorders of Sex Development:
DSD

(

ES

PAD2
Padi2

PAD (Peptidylarginine Deiminase)

H3 epigenetic
PAD2
(1) Padi2
™3
SOX9  FOXL2
Padi2
RT-PCR
SOX9 FOXL2
Padi2 RT-PCR
Padi2 -
SOX9 FOXL2
(2) Padi2
CRSPR/Cas9 Padi2
™3 SIRNA
Padi2 SOX9
RT-PCR

(3) Padi H3

o

@

®

*

®

®

)

Padi2

H3

Padi2 13.5dpc
WISH testes cord

Wv/Wv XY
™3 SOX9
Padi2
FOXL2
AMH-Cre:Sox9flox/flox
Padi2
in vivo SOX9
Fox12
Padi2
enhancer exol
SOX9 FOXL2
reporter assay
SiRNA Padi2 knock down
™3 SOX9 Ptgds
PAD2
SOX9
Padi2(-/-) CRISPR/Cas9
XY
PAD2 H3
H3
Padi2(-/-) XY
Padi2  SOX9 FOXL2
SOX9
5



Phenotypic Variation in 46,XX
Disorders of Sex Development due to
the NR5A1 p.R92W Variant: A Sibling
Case Report and Literature Review.
Takasawa K, Ilgarashi M, Ono M,
Takemoto A, Takada S, Yamataka A,
Ogata T, Morio T, Fukami M, Kashimada
K.

Sex Dev. 2017;11(5-6):284-288. doi:
10.1159/000485868 .

The p.R92W variant of NR5A1/Nr5al
induces testicular development of
46,XX gonads in humans, but not in
mice: phenotypic comparison of human
patients and mutation-induced mice.
Miyado M, Inui M, lgarashi M,
Katoh-Fukui Y, Takasawa K, Hakoda A,
Kanno J, Kashimada K, Miyado K, Tamano
M, Ogata T, Takada S, Fukami M.
Biol Sex Differ. 2016 Nov 8;7:56.
PMID: 27833742

Identical NR5A1 Missense Mutations in
Two Unrelated 46,XX Individuals with
Testicular Tissues.

lgarashi M, Takasawa K, Hakoda A,
Kanno J, Takada S, Miyado M, Baba T,
Morohashi KI, Tajima T, Hata K,
Nakabayashi K, Matsubara Y, Sekido R,
Ogata T, Kashimada K, Fukami M.

Hum Mutat. 2017 Jan;38(1):39-42. doi:
10.1002/humu.23116.

A 45,X/46,XY DSD (Disorder of Sexual
Development) case with an extremely
uneven distribution of 46,XY cells
between lymphocytes and gonads.
Nomura R, Miyai K, Okada M, Kajiwara
M, Ono M, Ogata T, Onishi I, Sato M,
Sekine M, Akashi T, Mizutani S,
Kashimada K.

Clin Pediatr Endocrinol. 2015
Jan;24(1):11-4 doi: 10.1297/
cpe.24.11.

TALEN-Mediated Gene Disruption on Y
Chromosome Reveals Critical Role of
EIF2S3Y in Mouse Spermatogenesis.
Matsubara Y, Kato T, Kashimada K,
Tanaka H, Zzhi Z, Ichinose S, Mizutani
S, Morio T, Chiba T, Ito Y, Saga Y,
Takada S, Asahara H.

Stem Cells Dev. 2015 May
15;24(10):1164-70. doi: 10.1089/
scd.2014.0466.

16

- NR5A1, p.R92W 46,
XX DSD . 91
2018.04.27

. SOX9
PAD2

. 91
2018.04.26

s , Liang Zhao,

NR5A1/Ad4BP/SF1

Notch
. 91
2018.04.26

Tsuji-Hosokawa A, Kato T, Ogawa Y,
Nomura R, Lavery R, Takasawa K, Harley
V, Morio T, Takeda S, Kashimada K.
SOX9 and FOXL2 Antagonistically
Regulate Peptidyl Arginine Deiminase
2 (PADI2) Expression during
testicular Development. 8th
International Symposium on the
Biology of Vertebrate Sex
determination 2018.04.16 Kona

Kashimada K, Nomura R, Suzuki H, Zhao
L, Tsuji-Hosokawa A, Kanai Y, Yagita
H, Bowles J, Koopman P, kanai-AzumaM,
Morio T. Enforced expression of
Nr5al/Ad4bp/Sfl  in mouse fetal
ovaries causes premature ovarian
insufficiency by dysregulating Notch
signaling. 8th International
Symposium on the Biology of

Vertebrate Sex determination
2018.04.16 Hawaii
ST1/NR5al/Ad4Bp Notch
. 17
2018.03.26

. Enforced expression of
Nr5al/Ad4bp/Sfl  in mouse fetal
ovaries causes premature ovarian
insufficiency by dysregulating Notch
signaling.

2017.12.13

NRSAL, p.R92W 46, XX DSD

. 51
2017.09.30



. 51
2017.09.28

STi/Ad4BP/Nr5al
58
2017.09.23

. 35
2017.07.27

. NR5A1 46, XX

39
2016.12.09

. [1PS15-2]

39
2016.11.30

Maki lgarashi, Kei Takasawa, Akiko
Hakoda, Junko Kanno, Shuji Takada,
Mami Miyado, Toshihiro Tajima, Ryohei
Sekido, Tsutomu Ogata, Kenichi
Kashimada, Maki Fukami. Identical
NR5A1 Missense Mutations in Two
Unrelated 46, XX Individuals with
Testicular Tissues. The 9th Biennial
Scientific Meeting of the Asia
Pacific Endocrine Society/ The 50th
Annual Meeting of the Japanese
Society for Pediatric Endocrinology
2016.11.17 Tokyo, Japan

. 21
2016.08.27

) (DSD)
. 4 DD in
2015.12.12

0

€Y
KASHIMADA, Kenichi

80451938

@
MORIO, Tomohiro

30239628



