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CRMP4 is involved in forming sex differences in the brain
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Previous our researches have demonstrated that the collapsin response
mediator protein 4 (CRMP4) is involved in the formation of sex difference in the AVPV in the
preoptic area. We revealed, with a whole-exome sequencing, a de novo variant (S541Y) of CRMP4 in a
male patient with autism spectrum disorder (ASD). In addition, we showed that Crmp4-knockout (KO)
mice have some phenotypes similar to those observed in human patients with ASD. Compared with
wild-type mice, Crmp4-KO mice exhibit impaired social interaction, abnormal sensory sensitivities,
broader distribution of activated (c-Fos expressing) neurons, altered dendritic formation, and
aberrant patterns of neural gene expressions, most of which have sex differences. These our studies
provide Crmp4-KO mice as an appropriate animal model for investigating the mechanisms underlying not

only some ASD phenotypes but also sex-biased differences,

CRMP4



@)

2 CRMP2

CRMP CRMPs1-5
CRMPs
(A) (B)
1), (2 1. (2
1)
17 20 (A)in vitro
E2 (B)
in vivo
AVPV
mMRNA
Collapsin Response Mediator Protein CRMP
CRMP4 Iwakura et al., Dev. Neurobiol. 2013
(2) CRMP4
CRMP4 CRMP4 CRMP4-KO
CRMP4 mRNA 0 1 Tsutiya &
Ohtani-Kaneko, J. Anatomy, 2012
0 7
CRMP4
CRMP4
2015
CRMP4 KO AVPV Kiss
TH Iwakura et al., Dev. Neurobiol.,
2013 .
CRMP4-KO
Tsutiya et al., J. Anatomy, 2016
CRMP4-KO
CRMP4-KO GluR1 2 MRNA
(Tsutiya et al., Eur. J. Neurosci. 2015)
c-Fos 1
(Tsutiya et al., Eur. J. Neurosci.
2015)
CRMP4-KO ( 2015)
CRMP4
CRMP4
in vivo CRMP4
CRMP4
CRMP4
in vivo

(1)CRMP4



7
(2) CRMP4 GABA
gRT-PCR
in vitro
CRMP4
GFP CRMP4 GFP
GFP-CRMP4 GFP-CRMP4
GFP
MAP2
CRMP4
CRMP4-KO social interaction
Tsutiya et al., 2017 Scientific Reports  Social interaction test
Three chamber test CRMP4
CRMP4 active interaction Stranger
Object
Scientific Report 2017 12
7
CRMP4
CRMP4
CRMP4
CRMP4
CRMP4
(1) Time spent in each chamber
[[]Stranger side [[]Center ] Object side
350 1
wo . . %j
« 250 1 H | £3
€ 150 4
=2
O 100 4
50 -
0 v r .
WT Crmp4-KO WT  Crmp4-KO
M F
Three Chamber Test Tsutiya et al., Scientific Reports, 2017
21 Supplementary Table S5
CRMP4
Table 1 Supplementary Table

In vitro CRMP4



CRMP4 CRMP4
CRMP4
CRMP4
Fig
HT22 PC12

a
EGFP MAP2 Merge b

: I
8| II
2 1
e EGPO - T
WY Crmpé 50

o

v

c '
; | I I I
CRMP4
EGFP CRMP4 EGFP EGFP-
CRMP EGFP- CRMP4 Tsutiya et al., 2017
CRMP4
CRMP4
CRMP4
CRMP4
CRMP4
CRMP4
CRMP4
CRMP4
CRMP4

2
Tsutiya A, Watanabe H, Nakano Y, Nishihara M, Goshima Y, Ohtani-Kaneko R.
Deletion of collapsin response mediator protein 4 results in abnormal layer thickness
and elongation of mitral cell apical dendrites in the neonatal olfactory bulb. J Anat.
2016, 228:792-804. doi: 10.1111/joa.12434.

Tsutiya A, Nakano Y, Hansen-Kiss E, Kelly B, Nishihara M, Goshima Y, Corsmeier D,
White P, Herman GE,_Ohtani-Kaneko R. Human CRMP4 mutation and disrupted
Crmp4 expression in mice are associated with ASD characteristics and sexual
dimorphism. Sci Rep. 2017 Dec 1;7(1):16812. doi: 10.1038/s41598-017-16782-8.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5711804/




PDF
https://www.ncbi.nlIm.nih.gov/pmc/articles/PMC5711804/pdf/41598 2017 Article 16782

.pdf

Supplementary files
https://static-content.springer.com/esm/art%3A10.1038%2Fs41598-017-16782-8/Media0
bjects/41598 2017 16782 MOESM1 ESM.pdf

6
Hansen-kiss Emily KellyBenjamin
White Peter Herman E Gail - Whole exome swquencing
CRMP CRMP ASD Whole
exome sequencing of a patient with ASD and phenotyping of CRMP4-KO mice reveled the
relationship between CRMP4 deficiency and ASD 39
( ) 2016 7 22

Yui Nakano  Atsuhiro Tsutiya Masugi Nishihara Yoshio Goshima  Ritsuko
Ohtani-kaneko : Behavioral and gene expression analyses on CRMP4-KO mice revealed
sexual different disorders in CRMP4-KO mice the 22nd International Congress of Zoology
the 87th meeting of Zoological Society of Japan Okinawa Convention Center Okinawa,
Japan 2016 11 17 18

Y. NAKANO  A. TSUTIYA E. HANSEN-KISS B. J. KELLY M. NISIHARA Y. GOSHIMA D.
CORSMEIER P. WHITE G. E. HERMAN R.OHTANI-KANEKO : Studies using Crmp4-KO mice show
the functional relevance of Crmp4-deficiency to some symptoms of ASD Neuroscience
2017 Walter E. Washington Convension Center Washington D.C, USA 2017 11 13

- CRMP4
RNA
88 2017
2017 9 21
- .CRMP4-Knockdown  PC12
89 2018
2018
- . Collapsin Response Mediator Protein 4 (CRMP4)
CRMP4 . 89
2018 2018
0
0

http://ww?2.toyo.ac. jp/~r-kaneko/




€y

Yoshio Goshima

8 00153750



