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In the present study, we investigated roles of IGF-1 signaling in the onset
of age-related hearing impairment aiming drug development for age-related hearing impairment. We
analyzed ages of the onset of age-related hearing impairment in three mouse strains, which have
different mechanisms and timing for age-related hearing impairment by means of physiological and
morphological assessments. Thereafter, changes in mRNA levels of IGF-1 signaling associated
molecules just before the onset of age-related hearing impairment were examined using g-PCR. As
results, we determined ages when age-related hearing impairment appear in three strains, and
identified changing expression patterns of molecules associated with IGF-1 signaling at the onset of

age-related hearing impairment in C57BL6 mice.



IGF1
IGF1
endocrine
autocrine
paracrine
IGF1

[Fernandez & Torres-Aleman, 2012; Bondy &
Cheng, 2004]

IGF1

IGF1

[Brown-Borg &
Bartke, 2012]

IGF1

[Fei et al., 2013; Renna et al., 2013]

IGF1
IGF1
IGF1

[Murillo-Cuesta et al., 2011]

IGF1

IGF1
[Okano et al., 2011]

IGF1 [Oshima
et al., 2010] IGF1

IGF1
IGF1

IGF1

IGF1

[Endo et al.,
2005] 1 IGF1
[Lee et al., 2007] IGF1

[Iwai et al., 2006;

Lee et al., 2007; Fujiwara et al., 2008]

IGF1

[Nakagawa et al., 2010]

IGF1
IGF1

[Hayashi et al., 2013]

IGF1

[Nakagawa et al., 2012]

[Sergeyenko
et al., 2013]
IGF1



IGF1
1GF1
IGF1
IGF1
1GF1
IGF1
IGF1
1GF1
GSK3
mTORC1 Fxo001,
3
CBA/J C57BL6
DBA

C57BL6

GSK3P

mRNA

DBA

CBA/J

2
IGF1

mTORC1 Fxo01, 3 mRNA

1-3

IGF1

IGF1

IGF1

C57BL6

C57BL6

12

PCR
36B4

GAPDH

unpaired t-test

20

20

25

IGF1

24

MRNA

IGF1

24

32



32

20

32
80

PCR

mRNA 20

IGF1

20

IGF1

mTORC1 Fxo01, 3

DBA

3456

5-6

3 46
PCR
CBA/J 64

20

32

50

igfl
32

GSK3p

IGF1
IGF1

PCR

7

Nakagawa T, Kumakawa K, Usami S, Hato N,
Tabuchi K, Takahashi M, Fujiwara K, Sasaki A,
Komune S, Sakamoto T, Hiraumi H, Yamamoto N,
Tanaka S, Tada H, Yamamoto M, Yonezawa A,
[to-lhara T, lkeda T, Shimizu A, Tabata Y, Ito J. A
randomized controlled clinical trial of topical
insulin-like growth factor-1 therapy for sudden
deafness refractory to systemic corticosteroid
treatment. BMC Med 12:219, 2014.

Yamamoto N, Nakagawa T, Ito J. Application of
insulin-like growth factor 1 in the treatment of
inner ear disorders. Frontiers in Pharmacology
5:208, 2014.

Nakagawa T, Strategies for developing novel
therapeutics for sensorineural hearing loss.
Frontiers in Pharmacology 5:206, 2014.

Yamahara K, Yamamoto N, Nakagawa T, Ito J.
Insulin-like growth factor 1: A novel treatment
for the protection or regeneration of cochlear
hair cells. Hear Res ; 330, pp. 2-9, 2015.

Nakagawa T, Yamamoto M, Kumakawa K, Usami
S, Hato N, Tabuchi K, Takahashi M, Fujiwara K,
Sasaki A, Komune S, Yamamoto N, Hiraumi H,
Sakamoto T, Shimizu A, Ito J. Prognostic impact
of salvage treatment on hearing recovery in
patients with sudden sensorineural hearing loss
refractory to systemic corticosteroids: a
retrospective observational study. Auris Nasus
Larynx 43(5):489-94, 2016.

Hayashi Y, Yamamoto N, Nakagawa T, Omori K,
Ito J. Activation of IGF1 signaling in the cochlea
induces the transcription of its mediators during
the protection of cochlear hair cells against
aminoglycoside. Otol Neurotol. 38 (2), pp.
278-282, 2016.

Yamahara K, Nakagawa T, Ito J, Kinoshita K,
Omori K, Yamamoto N. Netrin 1 mediates
protective effects exerted by insulin-like growth



factor 1 on cochlear hair cells.
Neuropharmacology 119: 26-39, 2017.

12
Nakagawa T. Topical IGF-1 therapy using a gelatin
hydrogel: pre-clinical study, clinical trials, and
mechanisms. 51st Inner Ear Biology Workshop,
Sheffield, UK. 2014.8.30-9.2.

Nakagawa T, Kumakawa K, Usami S, Hato N,
Tabuchi K, Takahashi M, Fujiwara K, Sasaki A,
Komune S, Sakamoto T, Hiraumi H, Yamamoto N,

Tinnitus  Research Initiative ~ Conference

2016/3/16-18 Nottingham, UK

Takayuki Nakagawa, Norio Yamamoto, Takayuki
Okano, Kohei Yamahara, Juichi Ito, Koichi Omori
Topical IGF-1 therapy for sensorineural hearing
loss 16th JAPAN KOREA Joint Meeting of
Otorhinolaryngology-Head and Neck Surgery
2016/3/29-30 Tokyo, Japan

Takayuki Nakagawa, Kohei Yamahara, Norio
Yamamoto, Juichi Ito, Koichi Omori Netrin 1 is a

Tanaka S, Tada H, Yamamoto M, Yonezawa A,
[to-lhara T, Ikeda T, Shimizu A, Tabata Y, Ito J. A
Randomized Controlled Clinical trial of Topical
IGF-1 Therapy via Gelatin Hydrogels for
Refractory Sudden Sensorineural Hearing Loss.
ARO Baltimore MA USA, 2015.2.21-25.

IGF-1
24 2014.10.15-18

mediator of IGF-1 protective effects on cochlear
hair cells 53" Workshop on Inner Ear Biology
2016.9.17-21, Montpellier, France

Takayuki Nakagawa, Kohei Yamahara, Norio
Yamamoto, Juichi Ito, Koichi Omori IGF-1 Effects
for Hair Cell Protection Against Neomycin is
Mediated by Paracrine of Netrin-1 in Supporting
Cells 40th Mid-Winter Meeting for Association
for Research in Otolaryngology 2017.2.11-15
Baltimore, MD, USA

3
Nakagawa T. Therapeutic targets and possible

IGF1

115
2014.5.14-17

116
20155/20-23

Nakagawa T. Topical IGF-1 therapy as salvage
treatment for sudden deafness 30th Politzer
Society Meeting 1st World Congress of Otology
(Instruction Course) 201%/7/1-4, Niigata, Japan

36
201%1721-22

Nakagawa T. Clinical application of IGF-1 for
treatment  of  hearing loss.  Ageing,
neurodegeneration and hearing loss: an IGF-1
signalling perspective 20112110,
Madrid, Spain

Takayuki Nakagawa, Nakarin Asaka, Tomoko Kita,
Risa Tona, Norio Yamamoto, Juichi Ito, Koichi
Omori Potential of IGF-1 for restoration of
synaptic contacts between inner hair cells and
spiral ganglion neurons 10"  International

strategies for regenerative medicine for the inner
ear. Regeneration Medicine for the Inner Ear. Ito
J. Eds. pp15-22, Springer Japan KK, Tokyo 2014

Nakagawa T. Synaptic contacts between hair
cells and primary neurons. Regeneration
Medicine for the Inner Ear. Ito J. Eds. pp61-66,
Springer Japan KK, Tokyo 2014

Nakagawa T. Afferent dendrite and axon.

Regeneration Medicine for the Inner Ear. Ito J.
Eds. Pp273-279, Springer Japan KK, Tokyo 2014

o
NAKAGAWA, Takayuki

50335270

@
YAMAMOTO, Norio

70378644

®



OKANO, Takayuki

60642931



