creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

ATk o] ol T fHAA
SLC26A4 Wo| 3xle] A

Azl A= 9%F

AA et vjstel
S
gAYy



A CH 2t

FOMRSED UINIVERSITY



N-F2}g F=o] olF
SLC26A4 wo] kAo
Hzo|| v x|+ <3k

SR TR
o o 3}
g oA 4



o

O

SLC

2

6A4 Wo] 3t
A2

;on

N

A 'H
]_GLOL;UO§
=1 - = Xﬂ

X

o
g
HJ

12 4

2020 d



AL AL SR AF

BREK] A48 9
BREE] IR )
SRTE o Am 9

AA et o5l

2020 9 12 ¢



el 2

=
HAgUt. B =ES zgate]  olse2A
Agude 5 Qe 722 dAd 2 A4
1

PR TS
Wl olujst 2ol gA=ew, Azl oluE
AFstn dde A2 A2+ A& IS W
F2 £7se A4 wed, Aed wed, 143
gl gAE =Runh wd olmd el
WEE Aelet 22 oA @oxd  AAY
WY BN wEdA gAEdUt. 34 24
ol Faz o]Fol FAl oldm g o]
= =

TEAE FAHE

El

®
g B9gE AFgow I AE EEF A
FA = 7, FEES T

A

A2} =



<ZHH)>

ol
o
g

© ©O© O o O

—

A

=
Fu

X0 AT
TR

—

o
T

0

Mo

W

nzel

o

3

3

wo] A ]

ol
=

4. DNA sequencing

10

11

1. SLC26A4 Wol& ol w

13

0

El

)
T

22
25

27



Y Ak

(B)e] ZHzhe] ol A

ko3
T

o7 = 1A

oL
[e}
el

0 o

1.
HE

TR B
MR

1

12

3 g
A 780

l
- 15

ToR
T
=il



w7 a0}

AEFY4S F&0] o|FHHFHAY SLC26A4 ¥o] FHA}e]
Y WHFd v 9%

SRR

X

Al
AAdsta gt o st}
oA

SLC26A4 wWol=2 3t {4 dd AloA] sy = F4
e otgte 5 A ] 54 T shdelrt. &
A2 ol " d A SLC26A4 =

oFf- ol gA HHW s wA= G dis] ATkl
2008 F-E 20199 7HA] AAMstn AEdEs B
ojH|QISF-To] Wdgt o]FUlHF A SLC26A4 Wo] 3|9

oF 7]=& IeFHor FESY A= Q¥ =0
o

flo
=
Jo
o
o
™
%
)

=

TE =
WAL, AP AYE T 45 AF 9% &S idd
Bxfol A AFFH2 =S HHEAALES 33 o] A3 16%]
AaE o), HFAEe 10.24 + 9.20 Ao, o]F 109Ho]
FA ol At A e wE Az dx9 WIS shift &
Aojste] HY WHEo AxE=ZE ALY F 178709 shiftE
Arkste] w3t A9 FEshA e FAdAe AHgwEe
Hi= o} 250, 500Hzo A 242t HE W5 A7 Hlusty] 98
Auksl FAYAAT My E3 il o] &3 EA]~H
=]

o

o
N olgal RaGAT 9T s +2% we A9
Wl WA ge AdA 1L1gse Fewzel o war
(p=0.001). T3k 2503 500Hz EFoA FabA] b F oA
ugrd Ao va) A aEel 2o} fela ST
(p=0.003, p<0.001). WHE Aefo] F25s HF WE Wi}
A yYebgten (p=0.001), 500HzolA A& WEFe] =77}

AA YERSTE (p<0.001). A Yo7t BS4E e HEe
HE7E A4 et (p<0.001), 250Hzo A 8 H5 9
A717F AA JERST (p=0.046). & FPo| L} MHHe AHe

1



=
=

o

R el 7]

o},

% SLC26A4

3 wEel
Ago] mos)

A A skt webs ol |

AF g olxe

o
G
ar

e

KX

HECRS

- SLC26A4, DFNB4,

al
=

SRS



AF e 0] o|FYFHAAA SLC26AL Wo] Hxpe]
A9 WS nAE 9%

[. A&
SLC26A4 o]z <l f-dA W (MIM 605646) FHAfol| A e =
34 AHHe ofstel oA d4e AN A T U=,
SLC26A4 f7x¢] WolZ HF3F 3219 37~80%A Hilwal
Atz dAA o= ZFAA = AE AHHol grEtxE o]

7bowgern, ZEHZ AN 557

rlo
=
o
Jm
X,
X,
o

riet

syndrome (OMIM  274600) H|Z% 74 [DFNB4  (OMIM
600791102 YelYr = o) T3k A=y 33 (EVA) &
Mondini °]¥/d59 77 &8tE = A7 B2, ol a4
ge ofs) "ol [ th+s, SLC26A4

FAAE FAAA 94 RAFHE wolAw, EVA Bl

v
o
o
(o
of\
o
&
rr
r2
o
o,
o



SLC26A4 ko] wWolA7F gAY, s ¥ Q1 759
HEol} dF 59 fAsE d44d 23S yeRd

s o Erds X3 SLC26A4  HoldlA
FEpse] MAYUSS FE & 5 Arh SLC26A4 A= 95
149713, JHZ# o EAEe A=dege dis
U Al 7=, A=d-S Cl/HCO3™ exchanger®Z4 Wlo]eo] AHAl &=
stet, H=de] V) o2 s W EZE
o G st = 4kl 2EHA(ROS)7F FEE
T Wzl ok A Ao Ft aEo] o WAbe] gdol

ol AuAEzrel i ATt FrhdHel A F
g

i

==

B
N,

rok

=
ROSel ®bgate] &4 ¥=w wkgg &= KCNJ10 AEe] 2ol
AFS TA Ho KT &Fo] d&stA olFo] AA L&A Hth
A4 © 2 = intrastrial space®] WA ¥ (marginal cell)ol]l A W& 3
TRrew K'7F wiEd w ROS7F 'EAsto] KCNJ10 AHEe] Td&
© 5=l doju=t o]FA WHAAE FHEHE K9
#ashAl =W oAl ROS9 Aol #aste] KCNJ10 A el
S 5w = wAZE ool shARE SLC26A4 Knock out "R
qA= WHZFge] FEol Soju K'sks dASA FASH]
gk KT o] 8%l EouAl Ha, o]Z<QIg ROS Ao
Bopxm KCNJ10 Aol that &4 d=m wkgol] 9&& 5 K
<3 % endocochlear potential A9 ¢t A o] FA XA E&}A

Hops,

_4

I



A7 ol

il
(o

N
o)

ﬂ_,mo

3

A A=

g

A

3

48

140]

0

Ho

b

S

Aol A Aol

=
-

o] A7be] u}

d kgl whebs

W

Hi+=

!

ﬂ_,mo

)
X

o
700

\_JXro



!
by

=K

I

1. o1
Aol thae AA

20199 71A]

el 20083+

93

of W

<

‘mo

=

ol
A 60 ] A7t

SLCZ26A4

srolgl

g o] olztefol A

Eis

*%

1619 2] 3ka}F ol A

Ar
B

A}l A

t}. 199 ¢

o

iy
EE

W o
==

g9 HAd =9 =

g

>

171

500 HzellA & &olet=

1o
e

et

]

=
=

#3dd 399
A 10.24 + 9.20A4], ¥4 109)7} o] Ao

=



E L AT o R 3 A A
Total patients 16 Age, years 10.24%9 20
Sex, n(%) Site, n(%)

Male 10(62.5) Right 5(68.8)

Female 6(37.5) Left 11(31.3)
EVA, n(%) Device, n(%)

Bilateral 14(87.5) FLEX24 (Medel) 7(43.8)

Unilateral 2(12.5) ClI422 (Cochlear) 5(31.3)
Cochlear anomaly, n(%) CI24RE(CA) (Cochlear) 2(12.5)

SONATA TI1000
Anomaly 0(0) 1(6.3)
(Medel)

Normal 16(100) Concerto (Medel) 1(6.3)
Follow up

Duration (months) 44.46X24.83 Number of audiogram (n) 6 (3-16)
PTA (dBHL) ore 0ot

Implanted Unimplanted Implanted Unimplanted
p-valu p-valu
mean sd mean sd . mean sd mean sd .

Pre-operati
ve (n=14) 68.21 15.14 54.29 13.99 0.003" 84.29 12.38 65.00 10.74  0.001™
Post-operat
ive; 1st 84.38 9.11 60.94 12.00 0.001" 96.88 10.14 66.25 8.85 <.001"
(n=18)
Post-operat
ive; Last 85.94 7.35 59.06 14.86 <.001" 93.44 5.69 66.88 15.04  0.001°
(n=18)
Hearing
preservation 61.31 88.06 64.74 97.73

(%)

* paired t-test oA p<0.05 & EAZA o= F93}
“* Wilcoxon signed rank test o4 p<0.05 & SAX o2 93
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a9 1 F 4 4% AN FB)
Zhzke] Aol Fepiel W,

ot A= WEe A7(SigFDE vyl 98 fluctuation F&
stable oo wet Z FapgeAe]  shifts: AWEETH F
fluctuation®] s@sh= Z7olA+= shifte]l 1S 538kal, stableol
dFst= FolAE  shiftel 08 Hekch wEbA  fluctuation
AbA el A Sig.FlE shift gke] a1, stable A9 79 Sig.Fl&=
Oo] At} HFHOo=E ¥ o Fes W2 A% A &S A9
Sig.FI Z71¢] zpolulus 98] AS th&3} #o] Aitsksl.

A = Sig. Fl 41— Fig.Fl

unimplante implanted

FEAHES AHEAY HdY EHd® (250HzelA 110 dB HL,
500HzelA 120 dB HL)¥ SA ¥ A2 AX|zke] zolz AlAbslad .

4.DNA sequencing % wWolA|e] 7}
gxle] Hddo A RBC Lysis Solution, Cell Lysis Solution, Protein
Precipitation Solution (iNtRon Biotechnology, Inc., Seongnam, South
Korea)s ©]&3led DNAE FE31%lal SLC26A49] R dEo]
direct sequencing T A} Hol| A= CLC Workbench

(https://www.giagenbioinformatics.com/)¢] Basic Variant Caller&

o8] H7taisit.



https://www.qiagenbioinformatics.com/

o 1) <X

oL
o
1

2 A E
MES WES 2) MBS 278 wastad. AAAE 0%

2
i)
rok

ZAdoly EAS 9 Avtd FA WA 2 (generalized estimating
equation, GEE)& ©°]&% =2Ax8 37 2ds APl

WS Fagxre ks AAsAT. 44k FellM HH

=

lo

HEE =Ao] o]Fo] FHomzg A7t wE 7} a5 Wiz
718kl T} g c.[2168A>G];[2168A>G],
c.[2168A>G];[919-2A>G], ¢.[2168A>G] Y  ¢.[919-2A>G]E

AR E = compound heterozygotes 47FA 2 EF35HA
=

o

WEE TRSH kel A, sl del, E AY, £
=%

B A3 Agre] oy ywHFow AMElEdut FHAR AY
238 (linear mixed—-effects model, LMM)< %3l 2503 500Hzol A
AlZEe]l A atell wE SigFle] A71e] AolE FAsGTE AWA
29l GEE ¢F sd3 803 FWEo] A AREEHATE. At
aE 729 &3 29 (random-effects mode)® A% 1,

Uz FEegre 1y g3 P (fixed-effects modeD)®

B T2 gl BAA

shgla BE FA BAelE SPSS
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1Atk Skarzynski &21& W s ALke A3 2502 500Hze A
= T AY BEES FE 3 AdAM 9 61.31% 9 64.74% L
=3l g2 AddAE Z+7F 88.06%<F 97.73% Atk (G 1)

EE s ol dEFAAE WolAlE M=, c.2168A>G7)
7 we Wi ® YER Al (43.75%), splicing WolAQl .
919-2A>G  (28.13%) 7} FWAz  @gth 39 szt
c.2168A>G9 TEHEA RO, 478 9] A=
c.[2168A>G];[919-2A>G]e
2168A>G T+ 919-2A>GE & 7/I¥ zZte Hold A4 dA Ao (&
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E 2. F34 A

Patient Sex Age Nucleotide Protein change® Location Variant type
change?
c.2168A>G p.His723Arg Exon 19 Missense
! : ° c.2168A>G p.His723Arg Exon 19 Missense
c.919-2A>G Splicing Intron 7 Splicing variant
2 M ! ¢.916dupG p.Val306Glyfs*24 Exon 7 Insertion
c.2168A>G p.His723Arg Exon 19 Missense
’ : ° c.919-2A>G Splicing Intron 7 Splicing variant
c.2168A>G p.His723Arg Exon 19 Missense
! M ’ c.919-2A>G Splicing Intron 7 Splicing variant
c.919-2A>G Splicing Intron 7 Splicing variant
° : e c.2027T>A p.Leu676GIn Exon 17 Missense
c.2168A>G p.His723Arg Exon 19 Missense
: M ! c.919-2A>G Splicing Intron 7 Splicing variant
c.2168A>G p.His723Arg Exon 19 Missense
! M o c.2168A>G p.His723Arg Exon 19 Missense
c.2168A>G p.His723Arg Exon 19 Missense
° M e c.919-2A>G Splicing Intron 7 Splicing variant
c.919-2A>G Splicing Intron 7 Splicing variant
’ ’ ’ c.589G>A p.Gly197Arg Exon 5 Missense
c.2168A>G p.His723Arg Exon 19 Missense
10 : ’ c.2168A>G p.His723Arg Exon 19 Missense
c.2168A>G p.His723Arg Exon 19 Missense
11 F 24
c.1262A>C p.GIn421Pro Missense
c.2168A>G p.His723Arg Exon 19 Missense
12 M 19
c.439A>G p.Metl147Val Exon 5 Missense
c.2168A>G p.His723Arg Exon 19 Missense
9 M ’ c.439A>G p.Metl147Val Exon 5 Missense
c.2168A>G p.His723Arg Exon 19 Missense
H M ° c.412G>C p.Vall38Leu Missense
c.2168A>G p.His723Arg Exon 19 Missense
o M 0 c.439A>G p.Metl147Val Exon 5 Missense
c.919-2A>G Splicing Intron 7 Splicing variant
16 M 32
c.1262A>C p.GIn421Pro Missense

# ¢cDNA variants are numbered according to human cDNA reference sequence NM_000441.2

(SLC26A4); +1 corresponds to the A of ATG translation initiation codon.
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b Protein changes are numbered according to human protein reference sequence

NP_000432.1
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Ankst =4 WAANS o83 ALY 3T RIS F FH

95% confidence interval

Parameters B Exp(B) Lower Upper
P-value
bound bound

Intercept -0.598 0.550 0.047 6.423 0.634
Group; Unimplanted ear

2.415 11.185 2.563 48.802 0.001"
(ref = Implanted ear)
Time (months) -0.016 0.984 0.953 1.017 0.334
c.[919-2A>G]

1.129 3.094 0.730 13.103 0.125
(ref = c.[2168A>G];[2168A>G])
c.[2168A>G]

1.279 3.593 0.746 17.316 0.111
(ref = c.[2168A>G];[2168A>G])
c.[919-2A>G];[2168A>G]

0.111 1.117 0.365 3.418 0.846
(ref = c.[2168A>G];[2168A>G])
Sex; male (ref = female) 1.580 4.854 0.900 26.173 0.066
Age -0.127 0.881 0.821 0.945 <.001"
Residual hearing -0.058 0.944 0.912 0.976 0.001"

P<0.059 FAH frods A

LMME &3 ®4elAs 2503 500Hz RFoA Al7te] we
el A We Aol wEk dfEe] folsiA HEA okt
Tab B pawe M A wEke] AvPh el 2
Al ET A JeERdt (ZH7F p = 0.003 R p <0.001). 500Hz

A= AE Aol =255 WEY A7 Fobalar, 250Hz A=

41
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— - = = 3 o _ v -
E 4 NY EF 2P olgd 3 WBe A/E 24G
95% confidence
interval
Lower Upper P-valu
250Hz B SE t
bound bound e
Intercept 2.477 3.029 0.818 -3.762 8.716 0.421
Group; Unimplanted ear
5.147 1.703 3.023 1.785 8.508 0.003"
(ref = Implanted ear)
Time (months) -0.018 0.032 -0.547 -0.081 0.046 0.585
c.[919-2A>G]
3.681 2.473 1.488 -2.142 9.503 0.179
(ref = c.[2168A>G];[2168A>G])
c.[2168A>G]
3.085 2.644 1.167 -3.414 9.583 0.288
(ref = c.[2168A>G];[2168A>G])
c.[919-2A>G];[2168A>G]
2.158 2.440 0.885 -3.945 8.262 0.413
(ref = c.[2168A>G];[2168A>G])
Sex; male (ref = female) 4.050 2.134 1.898 -0.694 8.794 0.086
Age -0.236 0.100 -2.369 -0.467 -0.005 0.046"
Residual hearing -0.097 0.060 -1.605 -0.215 0.022 0.111
Lower Upper P-valu
500Hz B SE t
bound bound e
Intercept 7.777 2.582 3.012 2.677 12.878 0.003"
Group; Unimplanted ear
10.315 1.754 5.882 6.853 13.777 <.001"
(ref = Implanted ear)
Time (months) -0.021 0.029 -0.713 -0.079 0.037 0.477
c.[919-2A>G]
-0.831 1.812 -0.459 -4.413 2.751 0.647
(ref = ¢.[2168A>G];[2168A>G])
c.[2168A>G]
2.524 1.767 1.429 -0.970 6.018 0.155
(ref = c.[2168A>G];[2168A>G])
c.[919-2A>G];[2168A>G]
-0.829 1.549 -0.535 -3.894 2.236 0.593
(ref = c.[2168A>G];[2168A>G])
Sex; male (ref = female) 1.584 1.680 0.943 -1.734 4.903 0.347
Age -0.139 0.076 -1.830 -0.289 0.011 0.069
Residual hearing -0.226 0.054 -4.210 -0.331 -0.120 <.001"
P<0.05¢] FAA fFrejde EAIE
P~ 2~ s = = o] = P~ O~
T A T AY oAl flEAE Q] s = AHTA
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ABSTRACT

Effect of Cochlear Implantation on Hearing Fluctuation in Patients
With Biallelic SLC26A4 Variants

Gina Na

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Jinsei Jung)

Objectives: To investigate whether cochlear implantation has a protective
or deleterious effect on hearing fluctuation in patients with biallelic
SLC26A4 variants.
Design: Patients with biallelic SLC26A4 variants (N = 16; age =
10.24+9.20 years) who had unilateral cochlear implantation and
consecutive post-surgical, bilateral pure-tone audiograms more than 3
times were selected. The authors retrospectively reviewed the patients’
medical records from 2008 to 2019 obtained from a tertiary medical
center and used the auditory threshold change between tests of each ear
as a marker of hearing fluctuation. They then compared the auditory
threshold changes of the implanted and contralateral ears using logistic
regression with a generalized estimating equation and a linear mixed
model. In total, 178 audiograms were included.
Results: The odds of fluctuating hearing frequency were 11.185-fold
higher in the unimplanted ear compared to the implanted ear (p = 0.001).
At both 250 Hz and 500 Hz, the extent of fluctuation was significantly
increased lower in the unimplanted ear compared to the unimplanted ear
after adjusting for every other effect (p= 0.003, p<0.001, respectively).
Also, the higher the residual hearing was, the lesser the fluctuation
frequency and the extent of the fluctuation at 500 Hz. Age at the
operation affected the fluctuation frequency and the extent of the
fluctuation at 250Hz. Genotype, sex did not affect the magnitude of
fluctuations.
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Conclusions: In patients with biallelic SLC26A4 variants, cochlear
implantation may reduce the frequency and magnitude of hearing
fluctuations.

Key Words : cochlear implantation; DFNB4; hearing fluctuation;
pendrin; SLC26A4
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