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Establishment and characterization of mouse models for hearing loss
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To establish new mouse models for deafness and identify molecular
mechanism of hearing impairment, we carried out positional cloning approach, expression
analysis of the inner ear hair cells and protein-protein interaction studies among the
deafness associated-proteins. 1) We identified that responsible gene of two new
spontaneous mutants is myosin VI. 2) 4.1B and gelsolin may be members of the myosin
XV-whirlin complex that is important for stereocilia maturation. 3) Phenotypic data of
double homozygotes between Sans and Whrlin mutants suggest that the function of SANS
interacts with WHRLIN and the interaction play regulation of planar cell polarity in
stereocilia of the hair cells.

2008 7,000,000 2,100,000 9,100,000
2009 4,200,000 1,260,000 5,460,000
2010 3,900,000 1,170,000 5,070,000

15,100,000 4,530,000 19,630,000

Stereocilia

40 100

2002
1,600

20 Frolenkov et



al.2004; Eisen & Ryugo 2007

(Melissa et al. 2007)

3
Wakabayashi et al.

1998; Wada et al. 2001; Kikkawa et al.
2003; Mburu et af. 2003

Sans whrn

Kikkawa et af.2005;
Adato et al. 2005

Kremer et al. 2006

vivo

Whirlin (Whrn) Myosin XV (#yo15)

MAGUK p55, CASK

4.1

Kikkawa et al. 2005; Mburu et al. 2006

BALB/cA

(BALB)
MSM/Ms (MSM) 5 (20
Mb)

(BALB-Chr5"si-2or

10%

BALB MSM

DBA/2J (D2)

4

2)

€y

2
Rinshoken shaker/waltzer: rsv,
Kumamoto shaker/waltzer: ksv

Auditory Brainstem Response: ABR

MSM JF1 Fi

in Silico



RT-PCR

BALB-Chr5""-2" Sy F,
16 kHz
ABR

Genome Wide Association Study: GWAS

D2
D2 MSM C57BL/6J (B6)
F, D2
N, N,
13 8, 16 kHz 32 kHz
ABR
GWAS
&)
B6 C3H
6
Whrm'', Myo15" B6
Cadherin 23 (Cdh23) C3H
8

Sans’s, Whrn”, Myol5"%, Cah23',rsv

ksv RNA 34
RT-PCR 16
in vitro
Pul1-down
2

€Y

rsv
rsv
rsv
rsv
0
10
rsv
Mochizuki et al. 2010
rsv
rsv 9
4.8 Mb
22
DFNA22 DFNB37
Snell's waltzer
(Myo6°") Myosin VI
(Myo6) Myo6™
rsv
Self et al. 1999
rsv Myo6  RNA
MYO6
Mochizuki et al. 2010
rsv Myo6
rsv Myo6
rsv
5 3
ksv
Myo6™
rsv
ksv Myo6
Myob6
1,381
461
ksv Myo6
rsv ksv
Fy
rsv ksv Myo6



2 Myo6

Myo6
5
ksv
Myo6
rsv
Myo6
Myo6
Myo6
SNP Myob6
rsv SNP
BALB-Chr5"si-2o
MSM F, GWAS
5 5Mb
BALB  MSM
5
BALB
BALB
MSM 5 5 Mb
D2
D2 MSM N, QTL
B6
cah23  anli Noben-Trauth et af. 2003
Lod
D2 1
B6
10
D2 B6 N,
cah23  ahli QTL
11
Lod

Fascin 2 D2
Shinet
al. 2010
5
QTL 1
NOD/shi (NOD)
ahlz
D2 NOD
F, 1
ahl2 5 40 Mb
SNP SNP D2

Lod 227
> o ® B
£t & & 8

— — — —— ——
1 2 3 4 5 6 7 8 910 11 1213 14 15 16 17 18 19
1.GWAS & % D2 DR RIEMBEDOREICHS T 2R FEDORE

@
when'’
4.1B,
Gelsolin (GSN)
SANS,
Myo15" 4.1B GSN
Sans’* WHRN
4.1B
Whent Myo15"”
Okumura et al. 2010 GSN
When Myo15"
Kinocilia 8
Mburu et al. 2010 4.1B GSN
WHRN p55
(Mburu et al. 2006)
WHRN-MY015
Js |

Usher



SANS Kikkawa et al. 2003

Tip-link
when'”
WHRN
SANS
Kikkawa et al. 2005 sans’s
Pull-down
WHRN-MYO15
Gsn KO
Gsm”-
Mburu et al. 2010
Gsn”~ ABR
2
SANS WHRN 2
sans’s, whrn'
Kinocilia
Lateral Ssans’® whrn'
2
Medial
2

planar cell polarity: PCP

sans’s, whrn"' 2
PCP

A

Kinos {

i
Stereocilia)

cilia l

Lateral l Kinocilia
/ \
72 Y .
/ N\
/ D

\\ Medial / L

E145 E16.5

PO P10
B
Lateral - '
\ > t
’ A~ Y, & 1 & £F

Tpe ALY 3 3 >
Modial- - / e $

S Sans*”, Whrn* S

Sans™, Whm' ans”, Whm= ans™", Whrn™=

B2 Sans 5&U Whm 02 BRREIZIHEMBRENENE (stereocilia) DEIERMERT. (A) HEMRRTD
SBRESMOREET L. BREOHBIEREIANEMRORBBMRE. TOPRBTO kinocilia BRIZEY RS~k
1%, €0k kinocilia I Lateral MIZRBL. 2525 T L— h EICHBL - MIREIZEOBIEIE > THBT S
EDik kinocilia (EAX L. SRENMELAMRT S, (B) £k 10 BMOWEL (Sans™, Whrn) . Whrn ER (K
Sans™", Whm==). Sans RR{ (Sans**, Whrn*) #5& U Sans-Whrn2 RERE (Sans™», Whm=) OWEH
R AHEER) ORRY

3

Okumura, K., Mochizuki, E., Yokohama, M.,
Yamakawa, H., Shitara, H., Mburu, P.,
Yonekawa, H., Brown, S.D.M. and Kikkawa,
Y.: Protein 4.1 expression in the
developing hair cells of the mouse inner
ear. Brain Res., , 1307, 53-62,
2010.
Mochizuki, E., Okumura, K., Ishikawa, M.,
Yoshimoto, S., Yamaguchi, J., Seki, Y.,
Wada, K., Yokohama, M., Ushiki, T.,
Tokano, H., Ishii, R., Shitara, H., Taya,
C., Kitamura, K., Yonekawa, H. and
Kikkawa, Y.: Phenotypic and expression
analysis of a novel spontaneous Myosin
VI null mutant mouse. Exp. Aninm.,

, 59, 57-71, 2010.
Mburu, P., Romero, M., Hilton, H.,
Parker, A., Townsend, S., Kikkawa, Y.
and Brown S.D_.M.: Gelsolin plays a role
in the actin polymerization complex of
hair cell stereocilia. PLoS One,

, 5, e11627, 2010.

17

Myosin VI
2008, 2008. 5. 15,

4.1
2008, 2008. 5. 15,
SANS Whirlin
BMB2008, 2008. 12. 10,
BMB2008,
2008. 12. 10,
DBA/2J
BMB2008, 2008. 12. 10,
23 QTLs 56
, 2009. 5. 15,
JF1
56
, 2009. 5. 15,
Myosin VI
81 , 2009. 9. 17,

Kikkawa, Y.: Significant correlation
between hearing defect and double



hetero-/homozygosty for mouse mutant in )
WHIRLIN and SANS. 23™ International SHITARA Hiroshi
Mammal ian Genome Conference, November 2, ()
2009, La Jolla, California
Suzuki, S.: Mapping of quantitative 90321885
trait loci for early onset hearing loss
in DBA/2J mice. 32 NOGUCHI Yoshihiro
, 2009. 12. 10,
Okumura, K.: Whirlin and Sans functions 50282752
in planar cell polarity regulation at
the apical surface of inner ear hair 3)
cells. 32 ,
2009. 12. 11,

C))
Steve Brown

Mouse Forward Genetics ’ MRC Mammalian Genetics Unit

2010. 4. 23,
DBA2/J
cahz23
57
, 2010. 5. 13,
Vi

82 , 2010. 9. 20,

82 , 2010. 9. 20,
Sans whirlin 2

82 , 2010.
9. 20,
Mburu, P.: Gelsolin plays a role in the
actin polymerization complex of hair
cell stereocilia. 24™ International
Mammalian Genome Conference, October 19,
2010, Heraklion, Crete, Greece

1

http://nodai .cc-town._net/laboratory/sin
gle._php?id=115

o
KIKKAWA Yoshiaki

20280787




