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Regenerative Cell Therapy for the Sensorineural Hearing Loss
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Sensorineural hearing loss is the most common disability in the world and nearly one third
of all individuals over the age of 65 are affected. For hearing handicapped people, many
devices (hearing aid, cochlear implant, middle ear implant etc.) have been developed to
reduce or overcome the disability. But these devices do not give perfect benefit to the pa-
tients functionally and there are aesthetic problems. That is why researchers have interest
in regenerative measures to restore or prevent hearing loss. Recently there were fruitful re-
sults from gene and stem cell therapy research for hearing loss. Gene therapy with Atoh 1
gene and transplantation of stem cells into the cochlea regenerate damaged hair cells and
morphologically restore spiral ganglion neurons allowing functional hearing in the deaf
animal model. Based on these results, many countries including Korea have done clinical
trials in deaf patients. The past ten years have shown an incredible advancement in medi-
cal biotechnology in the otologic field and this progress may someday substitute the med-
ical devices for the hard of hearing patients.

Key Words: Hearing Loss, Sensorineural; Regenerative Medicine; Stem Cells

Correspondence to: Kyoung Ho Park
©137.701, A& A2 HFE R 222,
ZI =k Jafeyst o|u|olsalatw Al
Department of Otorhinolaryngology-Head
and Neck Surgery, Seoul St. Mary’s Hospi-
tal, 222 Banpo-daero, Seocho-gu,

Seoul 137-701, Korea

Tel: +82-2-2258-6213

Fax: +82-2-595-1354

E-mail: khpent@catholic.ac.kr

Received 22 February 2015
Revised 18 March 2015
Accepted 23 March 2015

This is an Open Access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecom-
mons.org/licenses/by-nc/3.0) which permits un-
restricted non-commercial use, distribution, and
reproduction in any medium, provided the origi-
nal work is properly cited.

M E FT A7) 2 EY 0] 9 sleglofe) a2 HHUS A B
< e L 3l IRy HAIE AR 4 e Aoy

2 AR 0.2 71 ERE Aol F SR A, 654 o e = Aol whef HAY) 2}

$0] #7h5 8 Ao 3] ol47] (mid-

Q1 2 30%+= YAF AYehof| A2 WS A= 0] HY A5t= 71A] AL dle ear implant)L} F74 %= ©|4]7|(BAHA, Sophono, Bonebridge
S)ck 20091 HE] 20126077] AIXJE FRIZZFGBEA ARIN T 59, @159k o] Al7] So] ALk SR ofefal A )
=W 9] LehollA = 704 o]4F2] 19l QI 5 25-30%0014 FS & Eekske] o]A]7] ARA|of Ee Hlg-o] SaL, m]-8-2’] HoflA 2

o] 40 dBHL o]2] W& 73 gl Aol Bl sloichFig 29l B Bt

J-F«%??:_ o 2-8-2f gA7E et 1]

D). TR AL A SIS o] 54 oo ALgOR T H] Tk 7|3ke] A} Ejsh olof Theisl o9 AR, HAE R
22T BE A0 R oiet of sk ofefet Ae] AHE % M?m
wo] uIs El Wk slate] 44t 3l ehe el 5 100] 1 5] 7} 2febo] ek Al 220] B 177} A1)

Hzyzel A1 1% 0] WASHA Sk AAPHQl RRAZE) 49 wolm §-8% Aue] MR YA AR S| Amsiglch s}

e Ap o upeh o9 AVAe] BEA AT FA S, WhE ARSI et e 9

HES] EAFS 94940 HlakE Susbl Hol S Zest ol g, H 4
A

3
Al e, ) M 322] A A&

o]tk A4 ofsid Xm0} 77k
alo] 7]4 WA} B o] B gkl
7 el ue W) A= 7bs

http://www.e-hmr.org © 2015 Hanyang University College of Medicine - Institute of Medical Science 113



HMR |

60 - Male
B Female
50 -
40
290
8 I 51
20 [
122
10 13
31 2
030202110I Ui-30.1§;4'

D RO D
RO SR

Fig. 1. Prevalence of bilateral hearing loss (>40 dBHL) among the
Korean poplation (> 12 years old) (data from the Korean National
Health and Nutrition Examination Survey 2009-2012).
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Fig. 2. RT-PCR analyses of gene expression of the differentiated cells
from the cultured bone marrow derived mesenchymal stem cell.
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; GFAP, glial fi-
brillary acidic proten; BMP4, bone morphology protein 4.
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Fig. 3. (A-P) Double-labeled immunocytochemistry of hair cells differentiated from the umbilical cord blood derived mesenchymal stem cell.
Nuclei counterstained with DAPI (blue); stained with BrdU (green); all markers visualized with Alexa 555 (red). (D, H, L, P) Merged images, (400, n=
3, bars; 50 um). (Q) RT-PCR analyses of gene expression of hair cells and specific markers.

BrdU, 5-bromo-2"-deoxy-uridine; DAPI, 4,6-diamidino-2-phenylindole; Sp, neurosphere medium; Ne, neuronal medium.
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Fig. 4. (A) Auditory brain response (ABR) results compared between normal hearing, SNHL, and UCB-MSC transplantation groups (Top). Click-
evoked ABR waves were recorded up to 10 dB in guinea pigs with normal hearing. Three days after application of ouabain and neomycin to the
middle ear, an increase was noted in the ABR threshold. After intravenous injection, the UCB-MSC group showed a significant improvement in
hearing threshold compared to that for the SNHL group. (B) Representative graph showing the hearing and non-hearing area of each group.
Regeneration of SGNs after UCB-MSCs transplantation (Bottom). (C) Severe loss of SGNs from the basal to the apical turn of the cochlea was ob-
served in the SNHL group. (D) Five weeks after transplantation of UCB-MSCs, SGNs were regenerated in all the turns of the cochlea (H & E stain-

ing [inside: 40_; n=5; bars, 1.0 mm. outside: 200_; n=5; bars,100 pm]).
SNHL, sensorineural nearingloss; UCB-MSC, umbilical cord derived mesenchymal stem cell; SGN, spiral ganglion neuron.
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3. In-situ self repair therapy
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Table 1. The number of spiral ganglion cells in a Rosenthal’s canal in
each group

Treated Control
Group 1 1st week 22667 +12.858 29,667 +9.626
3rd week 33.750+23542 25.333+11.535
5th week* 42.166+9.745 25.667+10.191
7th week 24.000+1.000 25.500+4.847
Group 2 1st week 26.333+4.041 27.000+10.139
3rd week 29.666+4.041 23.333+5.921
5th week 26.666+4.949 27.000+10.139
7th week 13.400+7.924 23.166+6.675
Group 3 1st week 34.666+13.316 23.000+10.079
3rd week* 47.000+183.729 26.666+7.284
5th week 34.000+1.414 25.000+8.221
7th week 30.000+1.000 26.500+14.625

Group 1 (BDNF+GDNF+NT-3) on 5 week after the treatment, Group 2 (IGF-1) and
Group 3 (EGF+FGF) on 3 week after the treatment.

*P<0.05, significant difference compared with control group.

BDNF, brain derived neurotrophic factor; GDNF, glial cell derived neurotrophic factor,
IGF-1, insulin growth factor-1; NT-3, neurotrophin 3; EGF, epidermal growth factor;
FGF, fibroblast growth factor.
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Fig. 5. Endogenous stem cell in the ear. Each part of the ear has its somatic stem cells and it can be used in cell therapy in the future.
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