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Application of induced pluripotent stem cells
in the study of hereditary deafness
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Abstract : Congenital sensorineural hearing loss (SNHL) is caused by genetic defects in about 50% to 60% of cases,
which is often referred to as hereditary deafness. Although progress has been made in treating hereditary deafness, effective
prevention and control have not yet been achieved. Induced pluripotent stem cells (iPSCs) are reprogrammed from somatic
cells into pluripotent stem cells, which can then differentiate into hair cells, spiral ganglion neurons, and other inner ear
sensory epithelial cells or organoids through induction methods of two-dimensional or three-dimensional in vitro. Therefore,
it has received widespread attention in the field of regenerative medicine. With the continuous advancement of iPSCs
technology, its application in the field of hereditary deafness research is becoming increasingly widespread. This paper
reviews the the application of iPSCs in hereditary deafness research, focusing on their advantages, induction strategies, and
application methods.

Keywords : Hereditary deafness; Induced pluripotent stem cells; Induced differentiation; In vitro model

Vol. 31 No.6
Dec. 2025

HAE AW WA B , O R
O f B 1] BRI 22 2 e gt HEE A Ay oH
3 2K S KM R 4  B- %8 ( sensorineural hearing
loss,SNHL) f& P H-ZFIR A 1 H-# , H rp SNHL
BN W AR S T A ZH B, SNHL A 0K
M 2019 4EAG 2y 4.6 {23 % 2050 419 9 4. FESER
£ SNHL 8% ,50% ~60% J&H st e R = 51,

HETH KT ARBAZEETH (kq2208444)
F—AEH R S EAL, T TEE LT A AT B BRI
AR I AR, 5 1, R AR BRI

PRk ek B sl oy X A W
PR L RO O AR R E L X BE AL F L
PRistE o LS H ) B A AL A 4200
J& T LRI, Z A5 TCIEFHAE B P e AL ] 3
EEEM S RE SR W, R 1 D) RE A AU
Too PREE5 8L PR B A A F AT BE e W 7 45
R R R A R A T R A BT 3R

.42 .



AL, & A R 2R T AR E R L T R T P AN

56 19

T, (3 R AR R R A R AR
K, Bt A M H 2 i IR 3 e A AL 9 1
J& EDR AT B AR I PR P R A /N B T
B B AT e (H T U
NHZEFBOR, V2 A0/ BB A SR I6 97 7k
I RO R 32 B o R i 5 — ol B33 114 T S A
AU, HESHHEA AT 1 m R EE AL

NZET A0 2L HE IS NIRRT 4i i
ANFBEF LT 408 (induced pluripotent stem cells,
iPSCs) , iPSCs 2—28 HAT B I W RE I i Z T hE
M. AT IE RIS R T AR L E R,
RE G SR HE R ANAS BRI o DRI B 5 A
25 SR YT AR T H HATC A A
IhA ] iPSCs F AR JEAT 5t (4 VEH- 3 IR AT PR
1 IR RARIRRERG AR AR A BT S RGE , N
WFFEBAE PRGN R 431 A AL R At 1 A Ay 52 50
F-5 1 ARSORE LR F T iPSCs 1 AR 7E 1 1
FEFFEH A P 2

1 iPSCs H)iFEREE

iPSCs [i] A H-41 g 73 4k 32 3] 2 B (5 5 i i 5%
SEHAT AR T RSB . Har A
iPSCs X N H-RO 75 S SR 2 2003y — 4 s 5 A0 — 4k
A, S0 A/ ] it B A2 200 i AR PR A U5 4 Ly
LA . i S i v N Tk
YA EEHEN, RN R E PR S
PRAL AR, P AR B2 AR A . AT s HR
b B AR 20 B RN 0 A A A s = 4R R ROR (2R
HEFR) AT 40 A 22 T A0 i 2 B, R 40540 oA HEJ%
o b B AR PRINRE , 6L & B AN SR A M AR
ZOTRE MM — F 9w A LI A o Gun-
ewardene 25" F1 Matsuoka 25" F) F i P 1 b 2 %
FHF MEE RN T 3 LB REEN L4
ARKEFRERREES, BT —ERMAEN
HEHEHBMTESIr 2%, T A % S 50H
W% B SR HIHLA . Koehler 251038 b g ni 2F 4k 1
KHAF BIESKAEED FAUE K 75 B
AU N J2 34 2 B A 1 SR 0 R0 R
P A A i A, P2 R R, B
FRRBFMANERSE . H PR KIS A&t
PR ] 9 B AN A AR, T T OF S A R 4545
ST L BRI, Chen 2517 Fil FIHE WL3h & 11
ISA A NEH I A A ML, 72 ik 7 22 53 42K

75 V1) JUAS R (6 0 5 o A i b 5% %, iR Pl B S i T2k
BN S5H . X 265 40 HURE 40 B 2 KR BN
P M T 40 L s TR 2, AL T L 36 36 7 0 L 11
PRARIEIA, Li 2518 Rl Kempfle 2507 43 50 il P b 22
RAEA L BEPEME | B KA Lin-28 [
T A TG P 2 R AN, o A S R R
BEUiE o 22 5 o 2296, Mattei 27 JF % T 84S = 4k
TR ML 5 3% R IIRAS T N BT . ol
PRONE B PN B 2 7 1045 AN B BEIE ™ A R 1 B 4
T, T L33 2 5 40 L AT T A TR A AR BT
KMT R E PRGN B0 % H R
O P R B e b R A (B A S
RN ) , o0 & S M G T RE AN, ZR B R
G5 Ao N B IERE fh 22 X 4% F AL T — AN D H
SEERFFE X TR EE RS % B L IR R N Ak
FERTIAYT BA TE S L. HS5 M iPSCs T3d it
PEERRAE Y AT 4 E . Shi 27" I Matsuoka 2511
W 1T RIS E Bl 235 8 200 F1 POUAFT 5452 A bR
O TS I A S B, Herget 2677 i it
AM1 44 JEREFISE 0 BB, AT B4 WL S 30
REHEATYS 2 KT, 2457 iPSCs 5 5 19 B 40 M RE 40
i 22 32 30 1T 6 400 M e Y i R B A
DRI G 7 B A v 1 7 2 DA A ok HL B 3
W N B RIS BN

2 T A iPSCs #HITR B &R EUHRILHEIT R

iPSCs 7RV 2 0F 70t 4R AL T FZ A9 141
RO R LG/ BUREEL , 2R 3% S 5L 1Y iPSCss i B VA
TSRS 58 B DR 1 7 LA, 38 S 40 b ] 2 5
Biis 2 2 iPSCs BRI T B TR ERE S
R T RA DS A0 M AN R L R B s TR T
AR (18 S/ D ENE S L s a1 o et
JREAE B IR R A R 1L 9 S iPSCs 41 i
¥k, %54 CRISPR/ Cas9 #1i] 4B 45 AR 7 36 o] i T
AR S AT R e B B3R . Tang 25758
o SR SRR T RS, T TR 2 R
IR 3 HEDR G S5 0T I3 B AR G 1 iPSCs 4R
MZR . Pk P o2 SR TR 11 3 JE IR B
S S I R R A 5 - A R 1 P i R
FERREAR, A Ca®* B F AR, IRA S8 T N
HAHa i P8 720 Tang 25 il F#E4 L 3h & 11 74
L [ 5705 (1 H R B TR, T T AL 5%
AR I iPSCs 2 it 22 LA M —4HIEH A & ol ad F X

.43 .



r ] - 5 AR TR AR A 3

F3E

ANFIZH B iPSCs I RIS, ZBL T B 41 M FE 4
M AFBHRERESNZE R M, a1
CRISPR/Cas9 FiAR L IF X #5845 fifi 48 447 WL 3 &
7A GEAR ) iPSCs T 4 LA 40 L 1) T 25 2 M D) g 4%
DMK 487 T WLsh 11 74 FERAE ST IR EF B4l
SR E AR . Chen 4517l FI 20l i 7 vk, 2
ST AT LB AR 154 S5 iPSCs 4 &R, i —
AR T LS [ 15A St ) H- B A0S AR LF B i
KEXTEE ., Chen 255 FI T 1 451 58 A LI 25 1k 0
IR PRI 21 21 21 A 28 740 S5 5 1 1 2T 4 4 e i 1 T
iPSCs ZH Itk . MfiT38 3k 5 | A s I JC 9 [m] 540
1 (atonal homolog 1, Atohl) JH T+ X1 A5 HF
X3 TS G R T AR s A e 74 B
fIZeik , I LSS 40 My 2 30 SS9 Ak . 1
{8 % 5 S UKl B P9 B4 B A s R o, P AR R Y
HAE A A AR B 5 1IE % AL B
KBEFIY . Koehler 25" 37 CRISPR/Cas9 % AR 7
Atohl FE R 1) 2% |F % 15 7 4b 46 A 2A-eGFP, #4 4
Atohl-2A-eGFP il 7= . REF B AL H, HHE
bR & an POU4 KRG 3 FIRi B H
XTI B A M AT S G £, NITUE ] 13X A2
EMRRRYE. PR LB E R BRI S
IE BN MAR L H A B A I A IR B 28
ar B A BT N A B A R RRAE , AR S | 3T
FE Z AMIAE . 38 AT 43 B B Y e 525, R 5T AT BA
SEREHIIRER | Atohl FEHITE B0 A& & AR BBy
FIRIE O, ME7s NN B & & HLST A G 7 R
BEPRHE T T H

3 FI A iPSCs 172545zt

H AT,/ USRS B2 25 W i 58 i B st 51
B B R s R s RS AT
bR 7L 20 A A 6 I ) I Il PR S 4 A A
SELATF 2549570 AR AR BB iPSCs A A 1Y
AN B 28 B AT A AR 25 R - 65, 3
VAL 25 )7 SOR R P 5 w88 S s e e
Kurihara 2% | Fi| iPSCs 15 5431k H EF 03 122 4o 22
RN P AR B, A B2 i T 2
o785 THT BV A0 o I I T T 25 4 B 2 PRI
B, TE A AT ] T 25 4% k. Daniszewski 25 il
Fang 251 J1 % iPSCs [ 83537 R4, SeBLR LB 40
MO PER R 254 AT BRICAL 25 Wi e . =4
T REAE AR P A R BE O Y T g R

AP TRT A e = I AL 4L A 1) S . Vatine 25 5% ]
T B AR iPSCs 477 45 Y 1L Fiki J57 B A5 24, 7 1L
B B SRR B R A A, G A
MR FREREE . Chadly 2™ ot i o &, T A
SR RE T 20 15 U7 58 1 28 TERE 40 L £ AL, 312 25 4
TR —M . HEIIR A O A HA iPSCs &
PRI b B L4 ol i) IR dIR G
TENH RS BT B R 0B R . SR B
5 25 W) eI ], 3 s S kR e

4 RE

iPSCs AR st i B2 BT 4R 41 1 8 2 A A
B, A B SE R F 5 0 6 R ALl gt -
SCs £ AR, B8 B IR A B A 38 12 78 B 2% 19 i BEHL
i I A S AT A R . AR, HET
iPSCs WFFEATS 1A M 1 22 Pk A, £ 1 an g D8 1k 23 1 75
Z R SORS vEHUL H R 25 A A RE , LA S AT i
PEE R MG AT TRCRAE . AN A iEAL i AR
WEARRBIE ST A L 2 AR ok e R A S B 7 1) o RO, A
AR T A SO B . i iPSCs FOR, e AITAT
PSS f 5 i 573 i S i AR TR B e A RIR 7
M IR AN TR . Bl WEFE IR A iPSCs %
ARSI R RS T W T A, S B E AR T
JiHR .

S 3k

[1] Huddle MG, Goman AM, Kernizan FC, et al. The economic im-
pact of adult hearing loss: A systematic review[ J]. JAMA Otolary-
ngol Head Neck Surg, 2017, 143(10) : 1040 - 1048.

[2] Jacob S, Johansson C, Fridberger A. Noise-induced alterations in
cochlear mechanics, electromotility, and cochlear amplification
[J]. Pflug Arch Eur J Phy, 2013, 465(6) : 907 —917.

R EL, BN, B, S5, L RtE RIS BE A A L 2 A R O
210 SFHAR T T]. BRI 22K, 2022, 13(6) : 1020 -
1027.

(3]

[4] Lesica NA. Why do hearing aids fail to restore normal auditory
perception? [J]. Trends Neurosci, 2018, 41(4) . 174 - 185.
Qi J, TaN F, Zhang L, et al. AAV-Mediated gene therapy re-

Adv Sci,

(5]
stores hearing in patients with DFNB9 deafness [ ] ].
2024, 11(11) : €2306788.

[6] LvJ, Wang H, Cheng X, et al. AAV1-hOTOF gene therapy for

autosomal recessive deafness 9; A single-arm trial [ J].

2024, 403(10441) : 2317 -2325.

Ohlemiller KK, Jones SM, Johnson KR. Application of mouse

Lancet,

[7]

models to research in hearing and balance[J]. Jaro, 2016, 17

.44 .



WAL, %S 2R T A IRTE R L VEH 2 BT 5 T R Fo M

[10]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

[22]

(6): 493 —523.

Fujioka M, Akiyama T, Hosoya M, et al. A phase 1/1la double
blind single institute trial of low dose sirolimus for Pendred syn-
drome/DFNB4[ J]. Med, 2020, 99(19) : e19763.

Braganca J, Lopes JA, Mendes-Silva L, et al. Induced pluripotent
stem cells, a giant leap for mankind therapeutic applications[ J].
World J Stem Cells, 2019, 11(7) : 421 -430.

Bhargava A, Sandoval Castellanos AM, Shah S, et al. An insight
into the iPSCs-derived two-dimensional culture and three-dimen-
sional organoid models for neurodegenerative disorders[ J]. Inter-
face Focus, 2022, 12(5) : 20220040.

Duff C, Baruteau J. Modelling urea cycle disorders using iPSCs
[J]. NPJ Regen Med, 2022, 7(1): 56.

Marei HE, Khan MUA, Hasan A. Potential use of iPSCs for di-
sease modeling, drug screening, and cell-based therapy for Alzhei-
mer’ s disease[ J]. Cell Mol Biol Lett, 2023, 28(1) ; 98.

Ray A, Joshi JM, Sundaravadivelu PK, et al. An overview on
promising somatic cell sources utilized for the efficient generation
of induced pluripotent stem cells[ J]. Stem Cell Rev Rep, 2021,
17(6) : 1954 - 1974.

Gunewardene N, Bergen NV, Crombie D, et al. Directing human
induced pluripotent stem cells into a neurosensory lineage for audi-
tory neuron replacement[ J]. BioResearch open access, 2014, 3
(4):162 -175.

Matsuoka AJ, Morrissey ZD, Zhang C, et al. Directed differentia-
tion of human embryonic stem cells toward placode-derived spiral
ganglion-like sensory neurons[ J]. Stem Cells Transl Med, 2017,
6(3): 923 -936.

Koehler KR, Nie J, Longworth-Mills E, et al. Generation of inner
ear organoids containing functional hair cells from human pluripo-
tent stem cells[ J]. Nat. Biotechnol, 2017, 35(6) : 583 —589.
Chen JR, Tang ZH, Zheng J, et al. Effects of genetic correction
on the from iPSCs with
MYO15A mutation[ J]. Cell Death Differ, 2016, 23(8) . 1347 -
1357.

differentiation of hair cell-like cells

Li X, BiZ, Sun Y, et al. In vivo ectopic Ngnl and Neurodl con-
vert neonatal cochlear glial cells into spiral ganglion neurons[ J].
FASEB J, 2020, 34(3) . 4764 —4782.

Kempfle JS, Luu NC, Petrillo M, et al. Lin28 reprograms inner
ear glia to a neuronal fate[ J]. Stem Cells, 2020, 38(7) : 890 -
903.

Mattei C, Lim R, Drury H, et al. Generation of vestibular tissue-
like organoids from human pluripotent stem cells using the rotary
cell culture system[ J]. Front Cell Dev Biol, 2019, 7. 25.

Shi F, Corrales CE, Liberman MC, et al. BMP4 induction of sen-
sory neurons from human embryonic stem cells and reinnervation of
sensory epithelium[ J]. Eur J Neurosci, 2007, 26(11) : 3016 -
3023.

Herget M, Scheibinger M, Guo Z, et al. A simple method for pu-
rification of vestibular hair cells and non-sensory cells, and appli-
cation for proteomic analysis [ J]. PloS One, 2013, 8 (6):
€66026.

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

. 45 .

Moore ST, Nakamura T, Nie J, et al. Generating high-fidelity co-
chlear organoids from human pluripotent stem cells[ J]. Cell Stem
Cell, 2023, 30(7): 950 -961. €7.

Dong Y, Peng T, Wu W, et al. Efficient introduction of an iso-
genic homozygous mutation to induced pluripotent stem cells from a
hereditary hearing loss family using CRISPR/Cas9 and single-
stranded donor oligonucleotides [ J]. J Int Med Res, 2019, 47
(4): 1717 - 1730.

Menendez L, Trecek T, Gopalakrishnan S, et al. Generation of
inner ear hair cells by direct lineage conversion of primary somatic
cells[J]. eLife, 2020, 9. e55249.

Cai CY, Meng FL, Rao L, et al. [ Induced pluripotent stem cell
technology and its application in disease research | [ J]. Hereditas,
2020, 42(11): 1042 -1061.

X2, RN, k. CRISPR/ Cas $8 1) 4 §5 HOAR A8 3515 14
HZWPE B 0 RIS (1. v Il B 5 WA e S8 A0 R 2
2016,22(3): 179 -182.

Tang PC, Alex AL, Nie J, et al. Defective tmprss3-associated hair
cell degeneration in inner ear organoids[ J]. Stem cell reports,
2019, 13(1): 147 - 162.

Tang ZH, Chen JR, Zheng J, et al. Genetic correction of induced
pluripotent stem cells from a deaf patient with MYO7A mutation
results in morphologic and functional recovery of the derived hair
cell-like cells[ J]. Stem Cells Transl Med, 2016, 5(5): 561 —
571.

Chen YC, Tsai CL., Wei YH, et al. ATOHI1/RFX1/RFX3 tran-
scription factors facilitate the differentiation and characterisation of
inner ear hair cell-like cells from patient-specific induced pluripo-
tent stem cells harbouring A8344G mutation of mitochondrial DNA
[J]. Cell Death Dis, 2018, 9(4) . 437.

Ingham NJ, Pearson SA, Vancollie VE, et al. Mouse screen re-
veals multiple new genes underlying mouse and human hearing loss
[J].PLoS Biol, 2019, 17(4) : €3000194.

Choo DI, Tawfik KO, Martin DM, et al. Inner ear manifestations
in CHARGE ; Abnormalities, treatments, animal models, and pro-
gress toward treatments in auditory and vestibular structures|[ J].
Am ] Med Genet C, 2017, 175(4) : 439 -449.

Romano DR, Hashino E, Nelson RF. Deafness-in-a-dish; Mode-
ling hereditary deafness with inner ear organoids[ J]. J Hum Gen-
et, 2022, 141(3 -4) ;. 347 -362.

Chowdhury S, Owens KN, Herr RJ, et al. Phenotypic optimization
of urea-thiophene carboxamides to yield potent, well tolerated, and
orally active protective agents against aminoglycoside-induced hea-
ring loss[ J].J Med Chem, 2018, 61(1) . 84 -97.

Bergman JE, Davies C, Denton AJ, et al. Advancements in stem
cell technology and organoids for the restoration of sensorineural
hearing loss[ J].J Am Acad Audiol, 2021, 32(10) : 636 —645.

Atkins JT, George GC, Hess K, et al. Pre-clinical animal models
are poor predictors of human toxicities in phase 1 oncology clinical
trials[ J]. BJC, 2020, 123(10) : 1496 -1501.

Stojkovic M, Han D, Jeong M, et al. Human induced pluripotent

stem cells and CRISPR/Cas-mediated targeted genome editing:



r ] - 5 AR TR AR A 3

F3E

Platforms to tackle sensorineural hearing loss [ J]. Stem Cells,
2021, 39(6) : 673 —696.

[38] Kurihara S, Fujioka M, Hirabayashi M, et al. Otic Organoids
containing spiral ganglion neuron-like cells derived from human-in-
duced pluripotent stem cells as a model of drug-induced neuropathy
[1]. Stem Cells Transl Med, 2022, 11(3) ; 282 —296.

[39] Daniszewski M, Crombie DE, Henderson R, et al. Automated cell
culture systems and their applications to human pluripotent stem
cell studies[J]. SLAS Technol, 2018, 23(4) ; 315 —325.

[40] Fang Y, Eglen RM. Three-dimensional cell cultures in drug dis-
covery and development [ J ]. SLAS Discovery, 2017, 22 (5):
456 -472.

[41] Kusumoto D, Yuasa S, Fukuda K. Induced pluripotent stem cell-
based drug screening by use of artificial intelligence [ J]. Pharm
Rev, 2022, 15(5) : 562.

[42] Lancaster MA, Knoblich JA. Organogenesis in a dish: Modeling
development and disease using organoid technologies [ J]. Sci-
ence, 2014, 345(6194) . 1247125.

[43] Vatine GD, Barrile R, Workman MJ, et al. Human iPSC-derived
blood-brain barrier chips enable disease modeling and personalized
medicine applications[ J]. Cell Stem Cell, 2019, 24(6) : 995 -
1005. 6.

[44] Chadly DM, Oleksijew AM, Coots KS, et al. Full factorial mi-

. 46 -

crofluidic designs and devices for parallelizing human pluripotent
stem cell differentiation [ J ]. SLAS technology, 2019, 24 (1)
41 -54.

[45] Schutgens F, Clevers H. Human Organoids; Tools for understan-
ding biology and treating diseases[ J]. Annu Rev Pathol, 2020,
15: 211 -234.

[46] Kim JA, Hong S, Rhee WJ. Microfluidic three-dimensional cell
culture of stem cells for high-throughput analysis[ J]. World J Stem
Cells, 2019, 11(10) ; 803 - 816.

[47] Nishiga Y, Drainas AP, Baron M, et al. Radiotherapy in combi-
nation with CD47 blockade elicits a macrophage-mediated abscopal
effect[ J]. Nat Cancer, 2022, 3(11): 1351 —1366.

(Uit A 3912024 12 - 17)

AR3C5| SR AL, BB, DBk, 55 1 S 2R T A e 8t %
PEFFFOT P AR [T ] o [ 5 S W o PR AR 2k s, 2025, 31
(6) :42 -46. DOI:10. 11798/j. issn. 1007 — 1520. 202524534

Cite this article as:FENG Zhili, CHENG Siyuan, MA Lu,et al. Ap-
plication of induced pluripotent stem cells in the study of hereditary
deafness[ J]. Chin J Otorhinolaryngol Skull Base Surg, 2025,31(6) :
42 -46. DOI:10. 11798/j. issn. 1007 - 1520. 202524534



