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Hearing loss is the most frequent sensory disorder affecting newborns and children. About 1
newborn in every 500 suffer from congenital hearing loss, with approximately half of these
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Correction of hearing impairment -
Genetic vectors - Nonsyndromic sensorineural hearing loss -

Sensorineural hearing loss.

having a genetic cause. In the last few decades, the study of genetic hearing loss and related
mouse models has unveiled molecular, cellular, and physiological mechanisms of the disease.
In addition, effective and safe viral vectors for gene delivery to the inner ear have been gener-
ated. A growing number of approaches, including gene replacement, gene silencing, and gene
editing, have proved effective in mouse models. This article briefly introduces basic strategies
of gene therapy, viral vectors used and surgical methods for gene delivery, and reviews the

current works on mouse modes of genetic hearing loss.
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complementary deoxyribonucleic acidcDNA) thAle]| A4+
2l oFAF(wild-type) cDNAE Hgsh= oot o] vy
2 A7 §lo| & Qlaf] A A} AbEo] AAEIR] ¢ ¥
o](loss of function mutation)®] ZgFst B oo},

AR FE-2 antisense oligonucleotidet} ribonucleic
acid(RNA) interferase 5] E%-& o]-8s}o] Hold {74}

©] HA(translation)o|tt AAM(translation)S 2= HhHo)

o9 G217} Ho| & S3f YAE whlzo] o]t 715-S 317
U (gain of function mutation) Z4} 715& SAlel= I

A3k ol

3= Wol(dominant negative mutation)©]|

AR HAL clustered, regularly interspaced, short pal—
indromic repeat(CRISPR)/CRISPR-associated nuclease 9,
transcriptional activator-like effector nucleasestt zinc
finger nucleases®t Z-2 EHES ©]85to] Hold {H#}
g Zehfio] Hshs Wolth o] o8 M o
o FAAF 2 & o)) shuk Wolint ofye) ohE AlA|
7|3 = PeFS uA 2= Q) (off-target effect) HHL 2

St F-9] FHO R o)7]2] oh= thE Wolu A Es A
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o ~ -
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enovirus), WEHFO|H A (lentivirus) ¥ oA Tulo| A

(adeno-associated virus)7} Bro| AM&-%|31 cH(Table 1).
olg|icHlo]H A& adenoviridaew2] HFo|H AR 283} 58

o] 7H Wol AREEAL Qith =2 AR thefet Al 24

o|uf MZE 7+ (transfection) A 4= 9tk E3F 36 kb A&

o] & GFHAE ke 4= Qe e AlgelA FYEE
A5 AYE o1& 4= glom, Yol YR AS Y
&Alo] whsh 5= it I OhE gy o Rl 430 S
(genome)oll A3sHA] 7] wiitol dido® A /4

27} AL Yool A S A E (hair cel)HrHs 2]
AL (supporting cel)oll & Ag}olct, Wk A 7| 7
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Hiolg|A g e 22 7|97k 8 kb Fe 2719 FAAHA|
*HFSE = QL= RNA HpoJ2| AR £3:9] DNARGAA O] &

= Py
FheE 4= 9ok WS- (immunogenicity)©] H] L& 231
oheFEk A2 E Z 4= ek E3F FES golmeR| o
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7] wjZofl ol f-2f 2| &of| AHEE 4= Qli= Hlolg] A SOl
Shtolct Y eyt ofdimutolgi A0k FALSHAl Wo] 1
A2z Bk 2| A U L4417 A (spiral ganglion)< 2 71
ot'ﬂ}\];{ll:]_'lim)

ol i dufolH A parvociridaew-o] £3}= vlo] A
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9] 7% 45 DNAC] B3=]#] o= o] ok Azgt A
oo EAH Rep AR} Cap 82 A A= AL
A $AZ7E G e (inverted terminal repeat, ITR) AF
o2 4l thFig. 1)° @A7HA] 12714] o|AFe] EAFo]
EABEAL 100714 o)/l Holgo] o] FaEEolA s

Table 1. Comparison of commonly used viruses for inner ear gene therapy

Virus Characteristic Advantage Disadvantage
Adenovirus A double-stranded DNA virus Ability to accept reasonably  Transient gene expression
Ability to tfransduce nondividing cells large insert (36 kb) Immunogenicity
No integration into the host cell’'s DNA Viral genome dilution
Lentivirus A complex RNA retrovirus Ability to accept reasonably  Safety or toxicity issue

Ability to tfransduce nondividing cells

Integration stably into the genome
Adeno-associated A single-stranded DNA virus
virus Ability to transduce nondividing cells

*No integration into the host cell’'s DNA

large insert (8 kb)
No viral genome dilution

Minimal immunogenicity Smalll cargo capacity (4.5 kb)

srecombinant adeno-associated virus. DNA: deoxyribonucleic acid, RNA: ribonucleic acid
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Fig. 1. Structure of AAV. Wild-type (A) and recombinant adeno-
associated virus (B). The wild-type AAV genome can be modified
by replacing the viral rep and structural cap genes with exogenous
transgene. Rep: replication, Cap: capsid, ITR: inverted terminal
repeat, pA: poly A tail, AAV: adeno-associated viral vector.
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Table 2. Comparison of commonly used surgical methods for gene delivery to the inner ear

Method Entry site

Advantage Disadvantage

Cochleostomy Scala media
(endolymphatic space)

Round window injection  Scala tympani
(perilymphatic space)

Canalostomy Scala vestibuli

(perilymphatic space)

Direct access to the sensory
epithelium
Lower apex fransfection

Relatively simple procedure
Multiple injection using other

Risk of hair cell and hearing loss
Bone drilling, especially in adult mice
Middle ear effusion

efficiency than base

Bone drilling, especially in adult mice

semicircular canals

www.kjorl.org 217
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Table 3. Representative studies on inner ear gene therapy in mouse model

Hearing mechanism  Gene Animal model Outcomes Author (year)
Hair cell Whrn Whrn"* Restoration of expression of whirlin Isgrig, et al.*® (2017)
morphogenesis Improvement of hair cell stereocilia length
and function Tmcl Tmc1 KO Improvement of mechanoelectrical transduction Askew, et al.?? (2015)
channel current
Cimn1 CIrn1 KO, cKO,  Preserved hair bundle morphology Dulon, et al.*? (2018),
CIrn1 exex4-/-  Improvement of hearing Gyoérgy, et al,* (2018)
Ushic Ushlc c216G>A  Improvement of hearing and vestibular function, Pan, et al.* (2017)
normal hair bundle morphology
Synaptic Vglut3  Vglut3 KO Improvement of hearing, earlier delivery increases  Akil, et al.®®’ (2012)
fransmission hearing restoration longevity
Otof Otof KO Improvement of hearing Akil, et al.?? (2019),
Al-Moyed et al.?? (2019)
lon homeostasis Gjb2 Gjb2 KO Improvement of gap junction function, no hearing  Yu, et al.’ (2014)
improvement
Gjbé Gjbé KD Improvement of gap junction function, no hearing  Miwa, et al.”” (2013)

improvement

Slc26a4  Slc26a4 KO, Kl

Improvement of hearing

Kim, et al.> (2019)

KO: knock-out, cKO: conditional knock-out, KD: knock-down, KI: knock-in, ex: exon
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Branchiootorenal(BOR) S5 AlSMy| 24 QTS HO|H, 90%2| SHXtollA HAS SHt5HH, 0l =01 Fo|7|
&, MOPHREAE, J2|10 BR5S 52 ME7Idnt MEe| 0|42 St 4~ Tt HZIFY, Hsd 22 =8
LY S et Y B89 BF LIERS 4 /0T, BOR S520| HEEQ! §ol QXK EVAT geneQ 2 S 2= (pen—
etrance)= 100%01| Estct,

2t 29 tfsto[H|QI= nfsts|. o[H|QIS nfsho |t miZ: ZXRFETAL2018. p.562-3.

LA CHtEH(relapsing polychondritis), X{H A CHEASHES =2 4, 2, EF, 7|, 712X A=2 &
UEE0| T 2 FutE SEXCE otz EE A AR A, LAE, THLN SEHS2

MY REo=2 HAHIECL O o SUE, ZZAde thY, Chitd 2, god, A7 2l ORYH, A g
SO| Yo7 |= St LHEI2 OtF! ol UX| oLt oF 25%2| StAHU|A] FOIEIA ESO|LE XIAHS 20| S
Htrj= Ao 2 Hot HAV|S2| Zol7| ol odsts AR FFE1 JACH S5| A= el st XpHHE0| &
25t A2 St= AR UK QUL o HEE2 2F 95%0|M X | ZF0A LdsiH HER {0l HEAZR
ST U, ZEO| LIEHLICE 2HXte| oF 49%0f|M= LHO|SHM E= AREX|2| BB =E LH0|S40] SHHE o~ UCh
OIS RIS A< SiEnt Y, 0|Hut 22 S4E Y 4 QUL HHE H2 HHM, HIZ, HIEY, T2 HES =
2fst7 | Sich 5, 70| HE|H =7|0ll= Ol 7|70] Ut TiglstH oot MS0| M7 |H, st Zol= 7|
ZHHAROILE 7| 2HE7i &0 ZR3ITt Prednisone2 A EMEE AX|5t= Ol &2HX0|MH, Prednisonedl| BHESSHX]
o™ methotrexate, cyclophosphamidelt azathioprinelt 22 HAAKMIE AL SHCL.

51 tifstolH[QIF ntsts|. olH[QIF nteho|nt mis: XS EAE2018, p.168-9.
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