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The role of nuclear corepressors in cerebellum and thyroid hormone action
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Recent reports have indicated that abnormalities in the nuclear corepressor,

SMRT (NCoR2), which is crucial for the function of nuclear receptors including thyroid hormone
receptors, are a contributing factor to neurodevelopmental disorders. However, the underlying
mechanisms remain unclear. In this study, we focused on the cerebellum, which is considered one of
the brain regions associated with neurodevelopmental disorders. Mice with a cerebellar Purkinje
cell-specific deletion of SMRT did not exhibit any abnormalities in motor coordination but did show
abnormalities in social behavior. Furthermore, electrophysiological experiments revealed that SMRT
deletion increased spontaneous firing activity and spine density of Purkinje cells. These results
indicate that deletion of SMRT in Purkinje cells causes various cerebellar dysfunction by inducing
neurophysiological abnormalities.

NCoR SMRT



(TH)

™
5) D
™
™
™
TH (Ts)
Ts TH TH (TR)
Ts TR TR
X (RXR) (NCoRs) nuclear
corepressor 1 (NCoR1) silencing mediator of retinoid and thyroid hormone receptors
(SMRT NCoR2)
Ts TR
NCoRs
23) NCoRs
NCoR1/SMRT
4)
NCoRs
@ SMRT
Cre/loxP SMRT
Cre L7-Pcp2-Cre SMRT!oxP/10xP
SMRT (SMRT27)
@
(©))
( )
) SMRT (SMRT2 1)
SMRT
(SMRT2 ') A B _
SMRT IEER A
PCR i1 //@
~NA PN 4 i Pl
m ; ‘ NCoR1 . SMRT 0
1A SMRT QY l~
SMRT INBTILF L THIR D &
1B é ‘ anRi 2 v« :SYﬂiT



(2) SMRTAY
SMRTA

SMRT

( 20) 30

2D

(50%)
SMRTAY
2E

(3) SMRTAY

SMRT
SMRT

3A

(  3DE)

3BC) SMRT

SMRT

2A

2B

A 20 B
o
Q
£ 150
o
e
s
S 100
14
c
3 50 O SMRT/OXPloxP
£ 2
E © SMRTAY
¥ R
0
12 3 4
Day
C
2500 25
z O SMRTIPlP
§ ® SMRTAY g2 &
2000- <
f;_" E 15: “§
;, 510
i i\é,,é g, O SMRTOP®
H © SMRTA
1:5 3-'10 ||:|5 I&IZD 21:25 26130 I:S 6—‘\0 11115 18:20 21:25 26:30
(min) (min)
D Sessiont (social approach) Session2 (social novelty) E
40: - - w009 - 100+
3 T r T 1 =
Tl ! (R £
H g ¥ g R 3 so
wod (¥ : . Sa0{ - L. £
§ HH : i H 3 s ¥
£ . fwod (47 B 2 .
bl g oy i
1L H LB | 2 aA—
o, 7 P BT
«“4‘”"@ - i 40-!7313&1!
e v
SWRT® svRT SURT™™ gy wy Ez
A
200
£ 150
ol
2
S 100
g
2 s0
€
=
0
B Cc
50
2 O sMRTOPIxP
S 40 L7
3 - © swrT"!
FEL RO R
€
s 20
5
3
E 10
5
-
o
S EOPP PO
Distance
D E

SMRT

1) Koibuchi N. et al. Trends Endocrinol Metab 2000

=3

2) Zhou et al., Nat Neurosci. 2019
3) lwama et al., J Med Genet. 2019
4) Sun Z. and Xu Y. Endocrinology 2020



9 3 1 3

Ritter Megan J. Amano lzuki Imai Norihiro Soares De Oliveira Lorraine Vella Kristen R. 53
Hollenberg Anthony N.
Nuclear Receptor CoRepressors, NCOR1 and SMRT, are required for maintaining systemic metabolic 2021

homeostasis

Molecular Metabolism

101315 101315

DOl
10.1016/j .molmet.2021.101315

Ishii Sumiyasu Amano lzuki Koibuchi Noriyuki 36

The Role of Thyroid Hormone in the Regulation of Cerebellar Development 2021

Endocrinology and Metabolism 703 716
DOl

10.3803/EnM.2021.1150

Yajima Hiroyuki Amano lzuki [Ishii Sumiyasu Sadakata Tetsushi Miyazaki Wataru Takatsuru 12

Yusuke Koibuchi Noriyuki

Absence of Thyroid Hormone Induced Delayed Dendritic Arborization in Mouse Primary Hippocampal 2021

Neurons Through Insufficient Expression of Brain-Derived Neurotrophic Factor

Frontiers in Endocrinology -
DOl

10.3389/fendo.2021.629100

Ninomiya Ayane Amano lzuki Suzuki Hiraku Fujiwara Yuki Haijima Asahi Koibuchi Noriyuki 74

Lactational exposure to perfluorooctane sulfonate remains a potential risk in brain function of 2024

middle-aged male mice

The Journal of Physiological Sciences

DOl
10.1186/s12576-024-00907-6




Ninomiya Ayane Amano lzuki Koibuchi Noriyuki

A Versatile, Behavioral Method to Investigate Thyroid Hormone Effects on Cerebellar Function 2023

Journal of Visualized Experiments -
DOl

10.3791/65940

Fujiwara Yuki Miyasaka Yuhei Ninomiya Ayane Miyazaki Wataru Iwasaki Toshiharu Ariyani 24

Winda Amano lzuki Koibuchi Noriyuki

Effects of Perfluorooctane Sulfonate on Cerebellar Cells via Inhibition of Type 2 lodothyronine 2023

Deiodinase Activity

International Journal of Molecular Sciences

12765 12765

DOl
10.3390/i jms241612765

Shimizu Hiroaki Horibata Yasuhiro Amano lzuki Ritter Megan J. Domae Mariko Ando Hiromi 17
Sugimoto Hiroyuki Cohen Ronald N. Hollenberg Anthony N.
Nuclear corepressor SMRT acts as a strong regulator of both (3 -oxidation and suppressor of 2022

fibrosis in the differentiation process of mouse skeletal muscle cells

PLOS ONE

0277830-0277830

DOl
10.1371/journal .pone.0277830

Ninomiya Ayane Amano lzuki Kokubo Michifumi Takatsuru Yusuke Ishii Sumiyasu Hirai 119
Hirokazu Hosoi Nobutake Koibuchi Noriyuki
Long-term depression?inductive stimulation causes long-term potentiation in mouse Purkinje 2022

cells with a mutant thyroid hormone receptor

Proceedings of the National Academy of Sciences

DOl
10.1073/pnas.2210645119




Susetyo Alvin Ishii Sumiyasu Fujiwara Yuki Amano lzuki Koibuchi Noriyuki 23

Histone Deacetylase 3 Inhibitor Alleviates Cerebellar Defects in Perinatal Hypothyroid Mice by 2022
Stimulating Histone Acetylation and Transcription at Thyroid Hormone-Responsive Gene Loci

International Journal of Molecular Sciences 7869 7869

DOl
10.3390/i jms23147869

13 0 3

Megan Ritter, Kristen R. Vella, Anthony Hollenberg

Silencing mediator of retinoic acid and thyroid hormone receptor

95

2022

NCoR1/SMRT

69

2022

lzuki Amano, Ayane Ninomiya, Reika Kawabata-lwakawa, Megan J. Ritter , Anthony N. Hollenberg, and Noriyuki Koibuchi

Role of the nuclear receptor corepressor 1 (NCoR1) and the silencing mediator of retinoid and thyroid hormone receptors
(SMRT) on central nervous system

100

2023




Megan Ritter, Kristen R. Vella, Anthony Hollenberg

Silencing mediator of retinoic acid and thyroid hormone receptor

64

2021

Megan Ritter, Kristen R. Vella, Anthony Hollenberg

94

2021

lzuki Amano , Ayane Ninomiya , Megan Ritter , Kristen R. Vella , Anthony N. Hollenberg, Noriyuki Koibuchi

The role of silencing mediator of retinoid and thyroid hormone receptors in the Purkinje cells

The 11th International Symposium of the Society for Research on the Cerebellum and Ataxias

2021

lzuki Amano Ayane Ninomiya , Megan Ritter , Kristen Vella , Anthony N. Hollenberg , Noriyuki Koibuchi

Nuclear receptor corepressors NCoR1 and SMRT plays unique roles in central nervous system

END02021

2021




lzuki Amano Ayane Ninomiya , Megan Ritter , Kristen Vella , Anthony N. Hollenberg , Noriyuki Koibuchi

(SMRT)

99

2021 2022

Ayane Ninomiya, Abdallah Mshaty, Asahi Haijima, Hiroyuki Yajima, Michifumi Kokubo, Miski Aghnia Khairinisa, Winda Ariyani,
Yuki Fujiwara, Sumiyasu Ishii, Nobutake Hosoi, Hirokazu Hirai, lzuki Amano, Noriyuki Koibuchi

The neurotoxic effect of lactational PFOS exposure on cerebellar functional development in adult male mice

The 11th International Symposium of the Society for Research on the Cerebellum and Ataxias

2021

Ayane Ninomiya, Abdallah Mshaty, Asahi Haijima, Hiroyuki Yajima, Michifumi Kokubo, Miski Aghnia Khairinisa, Winda Ariyani,
Yuki Fujiwara, Sumiyasu Ishii, Nobutake Hosoi, Hirokazu Hirai, lzuki Amano, Noriyuki Koibuchi

The effect of lactational PFOS exposure on cerebellar function and motor coordination

99

2021 2022

94

2021




Megan Ritter, Kristen R. Vella, Anthony Hollenberg

NCoR1/SMRT

96

2023

Megan Ritter  Anthony Hollenberg

The nuclear receptor corepressor, silencing mediator of retinoid and thyroid hormone receptors (SMRT), play unique roles in
cerebellar Purkinje cells

101

2024

Boston University

Weill Cornell Medicine




