Otology

Check for
updates

Korean J Otorhinolaryngol-Head Neck Surg 2024,67(4):206-13 / elSSN 2092-6529

https://doi.org/10.3342/kjorl-hns.2023.00591

Association Study of CACNA1E Gene Polymorphisms
and Sudden Sensorineural Hearing Loss

Jun Wan Park

, Jae Seok Park

, and Sung Il Nam

Department of Otorhinolaryngology, Keimyung University School of Medicine, Daegu, Korea

S W3} CACNALE $-47 gelar|oigiel

Received  May 31, 2023
Revised July 7,2023
Accepted  July 17,2023

Address for correspondence

Sung Il Nam, MD, PhD

Department of Otorhinolaryngology,
Keimyung University

School of Medicine,

1035 Dalgubeol-daero, Dalseo-gu,
Daegu 42601, Korea

Tel +82-53-258-7905

Fax +82-53-258-4540

E-mail entnamsi@dsmc.or.kr

Enpg 4o Lo HeAR

LA =]

Fubo A 30 dB o] 217 &0l 3d ool o] A&E= A
1=}

WS 498 Tk

e
N

A7

Background and Objectives The present study aimed to investigate whether single nucleo-
tide polymorphisms (SNPs) in calcium voltage-gated channel subunit alphalE (CACNAIE)
are associated with sudden sensorineural hearing loss (SSNHL).

Subjects and Method Eighty-one Korean SSNHL patients and 455 healthy subjects were
selected from a single tertiary hospital. Human genomic DNA extracted from the peripheral
blood samples and five exon regions of SNPs in CACNAIE were genotyped by direct se-
quencing.

Results In rs357737760, the A/T genotype was present with significantly higher frequency
among the SSNHL patients than the T/T (p=0.0003) genotype. In rs34488539, the C/T geno-
type was present with significantly higher frequency among SSNHL patients than the C/C
genotype (p=0.0003). In rs4652678, the C/T genotype was present with significantly higher
frequency among the SSNHL patients than the T/T genotype (codominant model, p=0.0079)
(dominant model, p=0.0027) (overdominant model, p=0.0021). In rs199930, the C/T genotype
was present with significantly higher frequency among the SSNHL patients than the C/C gen-
otype (codominant model, p=0.0081) (dominant model, p=0.0028) (overdominant model,
p=0.0022). In rs704326, the A/A genotype was present with significantly lower frequency
among the SSNHL patients than the G/G genotype (codominant model, p=0.0003) (recessive
model, p=0.0001).

Conclusion We found rs35737760, rs344488539, rs4652678 and rs199930 SNPs of CAC-
NAIE to be highly associated with SSNHL. Only rs704326 SNP of CACNALIE is found with
low association with SSNHL. Korean J Otorhinolaryngol-Head Neck Surg 2024;67(4):206-13

Keywords Genetic disease; Hearing loss, sudden; Polymorphism, genetic;
R-type calcium channels.
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This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.
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A8 A 2] deoxyribo nucleic acid (DNA) &
thakAle] HHS: ethylenediaminetetra—acetic acid (EDTA)
AT AEL 3tk Human genomic DNA F+3&2 A
& 1 mLE NucleoSpin 96 Blood (Macherey—Nagel, Diren,
Germany)& ©]-&sto] =330tk =3 DNA= A%<
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Astgict SNP A& 9] Fryte] SHol4= SNP 34&
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cy)7t 1%5 d+= 5719 SNPE AHsto] 2 A7Re] BAo A
A=) SNPO] &7} Z17+9] primer+= Table 10 A2

ElFisH
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25 uLe & PCR A}5317]A Gene-~AmpPCR system 9600
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o] 27102 CACNAIE®] THH& SE313ch PCR 4He &
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Table 1. Each primers of the single nucleotide polymorphisms (SNPs)

SNP Primer Sequence

rs35737760 Sense GCCGTIGGGGGGTICCCTCAAGGGGGA
Antisense GGAGGGGACCGATCCAGIGCCCTIGG

rs34488539 Sense GGATCCGGAGGGCCTGCCACTACAT
Antisense GTGAACCTGCGCTACTITGAGATGT

rs4652678 Sense GTTITAGAGGCAACTATGTAGATCA
Antisense GAGAAAAACAAGATGGAGGTIGAAGG

rs199930 Sense CCGCACCATCAGGGCAGAACGAGAA
Antisense GAACGCTGCGGCACCGATCTGGCCT

rs704326 Sense CGTTCTTGGAACTGTCCGTICATCGG
Antisense GGGGTCCATACAAGCCAACTGGAAT

9] B4 o 2HE CACNAIE $A49] 1535737760 912]9]
T/A TFA, 1534488539 91X19] C/T thgA, rsd652678 $14]
O T/C tF87, 15199930 $1219] C/T thgd, 18]l 1704326
A1} G/A 3= AT

AR EA A ZF FARF T sigehe Wt (w2
(AA), 1 (GA), n GO 7Hst=dl, u (AALH L GAE &
AslA| 7}gsH= < dominant model, u (AG)2} 1 (GG)E

A3 5} recessive modelo]™ AJ7HA| Bto] 2% th
73 codominant model (233w g)o] Hct, & <
ToAE o]e} 22 7S A-85qlth

=
[e)

=
=
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Table 2. Characteristics of subjects (sex and age)

Variables Control (n=455) Case (n=81)

Sex

Male 210 (46.1) 37 (45.6)

Female 245 (53.9) 44 (54.4)
Age (years) 54.9+4.98 50.02+4.02
Time of onset for sudden hearing loss

Before 7 days 57 (70.3)

After 7 days 24 (29.7)
Tinnitus

Positive 57 (70.3)

Negative 24 (29.7)
Vertigo

Positive 6(7.4)

Negative 75(92.6)
Recover

Good recovery 42 (51.9)

Poor recovery 39 (48.1)

Data are presented as n (%) or mean +standard deviation

CACNAIE §-AA} rs35737760 SNP2] -§-4A}3 =}
S 3

CACNAIE 3%} 1535737760 SNPo|A] B4 W4 3
At ARt 2re] A E ARk HlE &
Es SAACR o3t 2tolE BtH(p<0.05) (Table 3).
CACNAIE §3A}F 1535737760 912]9] 4230 w2
ZM](odds ratio)x= 4.7 (95% confidence interval [CI]: 2.13-
10.38) 2. = LRSI tH(Table 4).

CACNAIE &%} 1535737760 SNP2| §-#A}5 ol wp=
B B S A a4 Arots SAFCE {9
gk Zpol= Ho|R] ¢FttH(p>0.05) (Table 5).

CACNAIE %7} rs34488539 SNP9] 5341331}
EukA] L]
=22 0 Yo

CACNAIE 842} 1$34488539 SNPo|A] 4] &4 3



Table 3. Genotype frequencies of sudden sensorineural hearing
loss (SSNHL) and controls analyzed
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Table 5. Related information, distribution of severity classification,
and recovery outcome by groups of rs35737760 genotype (sub-
group patients, n=81)

SSNHL group Control group
(n=81) (n=455) p value® 535737760 Genotype

1535737760 0.0003 Related information T (n=69) AT (n=12) p valve

T 69 (85.2) 438 (96.3) Age of oneset, yr 0.569

TA 12 (14.8) 17 (3.7) 1-15 6(8.6) 0(0.0)
rs34488539 0.0003 16—59 37 (53.6) 7 (58.3)

CcC 69 (85.2) 438 (96.3) >60 26 (37.6) 5(41.6)

CT 12 (14.8) 17 (3.7) Time of oneset 0.3225
154652678 0.0079 Before 7 days 50 (72.4) 7 (58.3)

T 68 (84.0) 430 (94.5) After 7 days 19 (27.5)  5(41.6)

CT 13(16.1) 25 (5.5) Patients with vertigo 6 (8.6) 0(0.0)
rs199930 n=453 0.0079 Patients with tinnitus 48 (69.5) 9 (75.0)

CcC 68 (84.0) 427 (94.3) Initial measurement

CT 13(16.1) 26 (5.7) Severity grade of hearing loss 0.3225
rs704326 n=454 0.0003 Grade 1: <40 dB 15(21.7) 2(16.6)

GG 30 (37.0) 127 (28.0) Grade 2: 40—-59 dB 20 (28.9) 5(41.6)

GA 46 (56.8) 216 (47.6) Grade 3: 60-89 dB 19(27.5) 3(25.0)

AA 5(6.2) 111 (24.4) Grade 4: >90 dB 15(21.7)  2(16.6)
Data are presented as n (%). *logistic regression analyses Good recovery 36 (52.1) 6(50.00 0.88%94

Poor recovery 33(47.8)  6(50.0)

Table 4. Odds ratios for sudden sensorineural hearing loss risk
by CACNA1E (rs35737760, rs34488539, rs4652678, rs199930)

Model of Codominant genetic model
inheritance /T A/T p value
rs35737760 1 4.70(2.13-10.38)  0.0003
c/C C/T

rs34488539 1 4.70 (2.13-10.38) 0.0003
/T (72}

rs4652678 1 3.34 (1.62-6.89) 0.0079
Cc/C C/T

rs199930 1 3.33(1.61-6.87) 0.0081

At ARt 2re] A 9 ARk HlE &
Ze SAACR [FO3t AtolE HAAth(p<0.05) (Table 3).
CACNAILE 547} 1534488539 912]9] 94230 w2 w
ZHH)= 47 (95% CI: 2.13-10.38) 2 e THTable 4).

CACNAIE $A=} 1534488539 SNPQ| G230 w2
Y B S HY a4 Arots SAFCE {9
2k 2pol= Hoz] 2 SktH(p>0.05) (Table 6).

CACNAIE §-3%} rs4652678 SNP9] -¢-AA}3 =}
=34 3

CACNAIE 542} 154652678 SNPo Al S3H4 W 3z}
b ARt 7He] SAREE 9 ARk HlE Ea
= BAHCE {3t ZJolE EHH(p<0.05) (Table 3).
CACNAIE 347} 14652678 $12]19] S-HA18o] w2 wx}

Data are presented as n (%)

Table 6. Related information, distribution of severity classification,
and recovery outcome by groups of rs34488539 genotype (sub-
group patients, n=81)

rs34488539 Genotype
Related information CC (n=69) CT (n=12) p valve
Age of oneset, yr 0.569
1-15 6(8.7) 0(0.0)
16-59 37(53.6)  7(583)
>60 26 (37.7) 5(41.6)
Time of oneset 0.3225
Before 7 days 50 (72.4) 7 (58.3)
After 7 days 19 (27.5)  5(41.6)
Patients with vertigo 6(8.6) 0(0.0)
Patients with tinnitus 48 (69.5)  9(75.0)
Initial measurement
Severity grade of hearing loss 0.3225
Grade 1: <40 dB 15(21.7) 2(16.7)
Grade 2: 40-59 dB 20(29.00 5(41.6)
Grade 3: 60—89 dB 19 (27.6)  3(25.0)
Grade 4: >90 dB 1521.7)  2016.7)
Good recovery 36(52.1)  6(50.0) 0.8894
Poor recovery 33(47.8)  6(50.0)

Data are presented as n (%)

H]+= codominant genetic modelo|A] T-allelex 7|&0 2
3.34 (95% CI: 1.62-6.89)= YE}FTHTable 4).

CACNAIE 4%} 154652678 SNP2] -4-AAlgo] th2 =
Wy 3 SAbte) Y A Aot SAFCRE [ogt
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Aol= Holz] ¢rektH(p>0.05) (Table 7).

CACNAIE 337} 1199930 SNP2| -3-44- 3}
S 3
CACNAIE S22} 15199930 SNPollA Sk Wt sk
Tt AR 7he] AR W g RARke] Bl i
= TAALCE fo3t ApolE HATH(p<0.05) (Table 3).
CACNAIE 3737} 15199930 $J#19] 573 }gof u}2 1w}
H]:= codominant genetic modelol|A] T-allelex 7|22
3.33 (95% CI: 1.61-6.87) 2.2 LEFHTHTable 4).
CACNAIE A%} 15199930 SNPQ] GAA | g =
I W SR HY a4 AEots AR R o3t
atol= Ho|z| oFekth(p>0.05) (Table 8).

CACNAIE 5-AA} rs704326 SNPQ] 5-%A 1}
= 3

CACNAIE §787} 15704326 SNPOA S14 w3 3ha
T AR 7o) AR W g RARke] Bl i
= TAALCE fo3t ApolE HAtH(p<0.05) (Table 3).
CACNAIE 34} 15704326 91219] F-A2 ol uh& wat
H]:= codominant genetic modelo|A] T-allelex 7|22
AG A2 0.89 95% CI: 0.53-149)=, AA FAAE
0.19 (95% CI: 0.07-0.52)2 UEFEO ™, recessive genetic

Table 7. Related information, distribution of severity classification,
and recovery outcome by groups of rs4652678 genotype (sub-
group patients, n=81)

model°l A= GG/GA 7ol Bls) AA 48] 74
S-of] WA= 0.21 (95% CI: 0.08-0.53)2 LFERHTE Dom-
inant, overdominant genetic modelol| A= EAA S & -9
Tk Aakg Holx] gk th(Table 9).

CACNAIE $-747} 15704326 SNP2] G-A418o] 2 &
gy Y SAbte) Y A Aot SAHCRE [ogt
Apo]= Kol ¢Ftth(Table 10).

I

QIzbe] FAAL oF 10007he] @714 B B B
7] eFg o] Uofubis Ao el glow, o 3008t 7l
sl okl ol EAska gl Ao WA itk ol=
218} 917k % ol A= Thopat o] Lhehb Hel, s
A3H0] Wel o] ofzlat S ok S0 el 4
N2 $I3) st

N

o
1o
o
p

=

7 S84 W B3 1 UAS 3] S8l BAYESH
A HE Tl oy SR gYdr] tEgAde] AL
dck Nam 5472 1] @50-3-3f 24et e 714 in-
terleukin (IL)-4 484 F3A2] @7 tFg/d2 ma-
trix metalloproteinase—1 &-A%}9] T chalAd w3t &
g 9] SRR 7ol Sl Ao R K sttt

—
3

o] Qo= methylenetetrahydrofolate reductase,” 1L-1 B,

Table 8. Related information, distribution of severity classification,
and recovery outcome by groups of rs199930 genotype (sub-
group patients, n=81)

rs4652678 Genotype rs199930 Genotype
Related information CC (n=68) CT (n=13) p value Related information CC (n=68) CT (n=13) p value
Age of oneset, yr 0.5232 Age of oneset, yr 0.5232
1-15 6(8.8) 0 (0.0) 1-15 6 (8.8) 0 (0.0)
16—59 36 (52.9) 8 (61.5) 16—59 36 (52.9) 8 (61.5)
>60 26 (38.2) 5(38.4) >60 26 (38.2) 5(38.4)
Time of oneset 0.101 Time of oneset 0.101
Before 7 days 50 (73.5) 7 (53.8) Before 7 days 50 (73.5) 7 (53.8)
After 7 days 18 (26.4) 6 (46.1) After 7 days 18 (26.4) 6 (46.1)
Patients with vertigo 6(8.8) 0 (0.0) Patients with vertigo 6 (8.8) 0 (0.0
Patients with tinnitus 47 (69.1) 10 (76.9) Patients with tinnitus 47 (69.1) 10 (76.9)
Initial measurement Initial measurement
Severity grade of hearing loss 0.8852 Severity grade of hearing loss 0.8852
Grade 1: <40 dB 14 (20.6)  3(23.1) Grade 1: <40 dB 14 (20.6)  3(23.1)
Grade 2: 40—59 dB 20 (29.4) 5(38.4) Grade 2: 40—59 dB 20 (29.4) 5(38.4)
Grade 3: 60-89 dB 19(27.9)  3(23.1) Grade 3: 60-89 dB 19.(27.9)  3(23.1)
Grade 4: >90 dB 15(22.1)  2(15.4) Grade 4: >90 dB 15(22.1)  2(15.4)
Good recovery 35 (51.4) 7 (53.8) 0.8752 Good recovery 35 (51.4) 7 (53.8) 0.8752
Poor recovery 33 (48.5) 6 (46.1) Poor recovery 33 (48.5) 6 (46.1)

Data are presented as n (%)

210
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Table 9. Odds ratios for sudden sensorineural hearing loss risk by CACNA1E (rs704326)

Model of inheritance 1704326 p value
G/G A/G A/A
Codominant genetic model 1 0.89 (0.53—1.49) 0.19 (0.07-0.52) 0.0003
G/G A/G—A/A
Dominant genetic model 1 0.66 (0.04—1.09) 0.11
G/G-A/G A/A
Recessive genetic model 1 0.21 (0.08-0.53) 0.0001
G/G-A/A A/G
Overdominant genetic model 1 1.42 (0.88—-2.29) 0.15

Table 10. Related information, distribution of severity classifica-
tion, and recovery outcome by groups of rs704326 genotype
(subgroup patients, n=81)

rs704326 Genotype
Related information (nezgo) (ncz;:\(,) (::A;)

Age of oneset, yr

1-15 133 47 1(2.0

1659 19 (63.3) 24 (52.2) 1 (20.0)

>60 10 (33.3) 18(39.1) 3 (40.0)
Time of oneset

Before 7 days 19 (63.3) 36 (78.2) 2 (40.0)

After 7 days 11 (36.6) 10 (21.7) 3 (60.0)
Patients with vertigo 3(10.00 3(6.5 01(0.0
Patients with tinnitus 23 (76.6) 30 (65.2) 4 (80.0)
Initial measurement
Severity grade of hearing loss

Grade 1: <40 dB 5(16.6) 10(21.7) 2 (40.0)

Grade 2: 40-59 dB 2 (40.0) 13(28.3) 0(0.0)

Grade 3: 60—89 dB 10 (33.3) 11(23.9) 1 (20.0)

Grade 4: >90 dB 3(10.0) 12(26.1) 2 (40.0)
Good recovery 19 (63.3) 22 (47.8) 1 (20.0)
Poor recovery 11 (36.6) 24 (52.1) 4 (80.0)

Data are presented as n (%)
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A, proteoglycan Brevian®|2}+= E210] presynaptic voltage
—5H .%.’\‘ % X—]7]7H /\]_‘Eii tﬂ7:]
3l glutamate HES A= 2L ¥tk Zamponi S
o k=2 Ca,l.3°] $l+= AP A+ bradycardiatt F-AH,
W So] BuErh Uemactomari 502 58 A3o)A
L-type VGCC blocker (diltiazem verapamil, nicardipine,
nlmodlplne)E /\]._9_27]- q-o] /kl—o 1:4 H]—O]—_Q__O_ B
skeick Lundt 5202 52— %%‘iﬁsolated patch clamp) &1
FollAl Ca2.3 R-8 VGCCo| Yool A 7P 2o
SrgEo] A AEAgeeE o R Ca2.3 R-329] FAAF 7%
2 ogto] Qltkal AAJekGleh 1efal, Ca2.3+/+ 2,
Ca,2.3+/- o|g3- &7} Ca2.3 null E¢IH0](Ca2.3-/-)E
Ao ® FAuERES-E SAsH=T, Ca2.3+/- vk
2ol e A7} F7FSE HH Ca2.3-/- vh-2olA= |
37} TR oot

o|e} Zo| oY =i eS & W dgol ZduAdol A
ol qloA Fa3t FFE=

AEZY ZdHole s ZAst=
o] =& Fo 2 ofAXRLE % R-type calcium chan—
nel &2 (Ca,2.3-& VGCC alpha-1 subunit®] pore= 45}
o] Zr o] 2o] N Y& S0l £ QL X E Al
o] U5 3sl= CACNAIE FAAE A3 #waiido] &=
= AU AAFREE

CACNAIE gene} #AEo] dA71A] chS53} -2 A+
Eo] HuEch McNaughton £ chlorpromazine 2F

9] voltage dependent calcium channel, human aplha-le

gated calcium channel&

lo

[e2

www.kjorlorg 211



Korean J Otorhinolaryngol-Head Neck Surg 1 2024;67(4):206-13

subunitZ AJA|5t= HE BHlstYth Holmokvist 57
CACNAIE®] rs679931 TT type mutation®] Q<& EH|=
=9 type 2 P9 9194E =lckar B arstgl) Suzuki
E2.0 Juvenile myoclonic epilepsyZt T#EE EFHC12] o
ToflAl, Cal2. 394 Z 13L;<ﬂo] SNX-482% &3l AlZIAPE o
A=le AL gelst%a, Nyholt 577 CACNAIES}F mi-
graine©| %zﬂxj'__ frofgt dabt Qe YT
A7IA] AAE =T Y] B2 s 5 FEAZ
o TAE 7|H O 2 vholg|A 7 %
A ol oututA R Qls) WhAYEH of

&
Jo
o
_—>E
e
1o
b

E A &4 5 %P‘@‘HIQ—OJ 717N E Q
1ol Hake W fua

9] 7Hs/dol & Ao ® Azt FA7A] FY chan-
nelo] gt ot 2%

e“é s

o)A candidate protective variant

+ ofz] FlE|R|= ekgpeh”

E o3l CACNAIES} EAAse] AAykAde vwst
A AFE3t vlaLste, 1"0 S G dTde
et = 24 onf7t Qlok CACNAIES = & A9
Azl thA7ER 9] A R7] ok ol W2 SNPs7t
Hob Qo ng 27AR] Aol XdYElojof 3 Ao g A
Zke|m, 3F% o] SNPs d-E0| 3} W8 o Ul
Aot o g2 ojojd Ao & oA 12|al FEgt 71-
= ZRIsp| flste] FefekAQl o 22 A4tE 714
© 2 FQashzct

AZA o7 7v7t 1535737760014 AT S-4AE 0],

rs344885390) A= CT A0, 15465267891 4= CT &
ARFFo], 151999300 A= CT S-AA g o] BHkA WA s}
o 32 AW 7= AS FERISHITH(p<0.05). 15704326
oA AA FRAEo] S8 WY dRfel W ANdS
7= A& ZRlsHthp<0.05).

o]Z F3to] CACNAIES] oAl 7j9] ol
7] thgAdo] S W TRlo] Sl AR A7t

Acknowledgments

The authors would like to thank Prof. Dong Hoon Shin for his
help with this research.

Author Contribution

Conceptualization: Jun Wan Park, Sung Il Nam. Data curation:
Jun Wan Park, Jae Seok Park. Formal analysis: Jun Wan Park, Sung
I1 Nam. Methodology: Sung Il Nam. Project administration: Sung I1
Nam. Resources: Jun Wan Park, Sung Il Nam. Supervision: Sung I1
Nam. Validation: Sung Il Nam. Visualization: Jun Wan Park, Jae
Seok Park. Writing—original draft: Jun Wan Park, Jae Seok Park.
Writing—review & editing: Sung Il Nam.

212

ORCIDs

Jun Wan Park https://orcid.org/0009-0004-5413-4335
Jae Seok Park https://orcid.org/0000-0001-8687-1744
Sung Il Nam https://orcid.org/0000-0002-4871-1755

REFERENCES

1) Haberkamp TJ, Tanyeri HM. Management of idiopathic sudden
sensorineural hearing loss. Am J Otol 1999;20(5):587-92; discussion
593-5.

2) Schreiber BE, Agrup C, Haskard DO, Luxon LM. Sudden
sensorineural hearing loss. Lancet 2010;375(9721):1203-11.

3) Kang WS, Kim YH, Park KH, Seo MW, Son EJ, Yoo SY, et al.
Treatment strategy for sudden sensorineural hearing loss. Korean J
Otorhinolaryngol-Head Neck Surg 2011;54(10):675-82.

4) Nam SI, Ha E, Jung KH, Baik HH, Yoon SH, Park HJ, et al. IL4
receptor polymorphism is associated with increased risk of sudden
deafness in Korean population. Life Sci 2006;78(6):664-7.

5) Nam SI, Yu GI, Kim HJ, Park KO, Chung JH, Ha E, et al. A
polymorphism at -1607 2G in the matrix metalloproteinase-1
(MMP-1) increased risk of sudden deafness in Korean population
but not at —=519A/G in MMP-1. Laryngoscope 2011;121(1):171-5.

6) Uchida Y, Sugiura S, Ando F, Shimokata H, Nakashima T.
Association of the C677T polymorphism in the
methylenetetrahydrofolate reductase gene with sudden
sensorineural hearing loss. Laryngoscope 2010;120(4):791-5.

7) Um JY, Jang CH, Kim HL, Cho YB, Park J, Lee SJ, et al.
Proinflammatory cytokine IL-1 B polymorphisms in sudden
sensorineural hearing loss. Immunopharmacol Immunotoxicol
2013;35(1):52-6.

8) Liu B, Feng WJ, Peng XX, Yang J. [A meta-analysis of prothrombin
G20210A polymorphism and its risk for sudden sensorineural
hearing loss]. Chinese J Otorhinolaryngol Head Neck Surg 2013;
48(5):417-21. Chinese

9) Nishio N, Teranishi M, Uchida Y, Sugiura S, Ando F, Shimokata H,
et al. Polymorphisms in genes encoding aquaporins 4 and 5 and
estrogen receptor o in patients with Méniére’s disease and sudden
sensorineural hearing loss. Life Sci 2013;92(10):541-6.

10) Uchida Y, Teranishi M, Nishio N, Sugiura S, Hiramatsu M, Suzuki
H, et al. Endothelin-1 gene polymorphism in sudden sensorineural
hearing loss. Laryngoscope 2013;123(11):E59-65.

11) Joiner ML, Lee A. Voltage-gated Ca,l channels in disorders of
vision and hearing. Curr Mol Pharmacol 2015;8(2):143-8.

12) Platzer J, Engel J, Schrott-Fischer A, Stephan K, Bova S, Chen H,
et al. Congenital deafness and sinoatrial node dysfunction in mice
lacking class D L-type Ca” channels. Cell 2000;102(1):89-97.

13) Sin JH, Shafeeq H, Levy ZD. Nimodipine for the treatment of
otolaryngic indications. Am J Health Syst Pharm 2018;75(18):1369-
77.

14) Fell B, Eckrich S, Blum K, Eckrich T, Hecker D, Obermair GJ, et al.
0202 controls the function and trans-synaptic coupling of Ca,1.3
channels in mouse inner hair cells and is essential for normal
hearing. J Neurosci 2016;36(43):11024-36.

15) Waka N, Knipper M, Engel J. Localization of the calcium channel
subunits Cavl.2 (alC) and Cav2.3 (alE) in the mouse organ of
Corti. Histol Histopathol 2003;18(4):1115-23.

16) Garza-Lopez E, Lopez JA, Hagen J, Sheffer R, Meiner V, Lee A.
Role of a conserved glutamine in the function of voltage-gated Ca™
channels revealed by a mutation in human CACNAI1D. J Biol
Chem 2018;293(37):14444-54.

17) Huang CH, Moser T. Ca”" regulates the kinetics of synaptic vesicle
fusion at the afferent inner hair cell synapse. Front Cell Neurosci
2018;12:364.

18) Coate TM, Conant K. Brevican “nets” voltage-gated calcium



channels at the hair cell ribbon synapse. BMC Biol 2018;16(1):105.

19) Zamponi GW, Striessnig J, Koschak A, Dolphin AC. The
physiology, pathology, and pharmacology of voltage-gated calcium
channels and their future therapeutic potential. Pharmacol Rev
2015;67(4):821-70.

20) Uemaetomari I, Tabuchi K, Nakamagoe M, Tanaka S, Murashita H,
Hara A. L-type voltage-gated calcium channel is involved in the
pathogenesis of acoustic injury in the cochlea. Tohoku J Exp Med
2009;218(1):41-7.

21) Lundt A, So6s J, Seidel R, Henseler C, Miiller R, Raj Ginde V, et
al. Functional implications of Cav2.3 R-type voltage-gated calcium
channels in the murine auditory system - novel vistas from brainstem-
evoked response audiometry. Eur J Neurosci 2020;51(7):1583-604.

22) McNaughton NC, Green PJ, Randall AD. Inhibition of human alE
subunit-mediated Ca”" channels by the antipsychotic agent
chlorpromazine. Acta Physiol Scand 2001;173(4):401-8.

23) Holmkvist J, Tojjar D, Almgren P, Lyssenko V, Lindgren CM,
Isomaa B, et al. Polymorphisms in the gene encoding the voltage-
dependent Ca™ channel Cav2.3 (CACNAIE) are associated with
type 2 diabetes and impaired insulin secretion. Diabetologia 2007;

CACNA1E Polymorphism in Sudden Deafness I Park JW, et al.

50(12):2467-75.

24) Suzuki T, Delgado-Escueta AV, Aguan K, Alonso ME, Shi J, Hara
Y, et al. Mutations in EFHCI cause juvenile myoclonic epilepsy.
Nat Genet 2004;36(8):842-9.

25) Nyholt DR, LaForge KS, Kallela M, Alakurtti K, Anttila V,
Farkkild M, et al. A high-density association screen of 155 ion
transport genes for involvement with common migraine. Hum Mol
Genet 2008;17(21):3318-31.

26) Khetarpal U, Nadol JB Jr, Glynn RJ. Idiopathic sudden sensorineural
hearing loss and postnatal viral labyrinthitis: A statistical
comparison of temporal bone findings. Ann Otol Rhinol Laryngol
1990;99(12):969-76.

27) Zadeh MH, Storper IS, Spitzer JB. Diagnosis and treatment of
sudden-onset sensorineural hearing loss: A study of 51 patients.
Otolaryngol Head Neck Surg 2003;128(1):92-8.

28) Schuknecht HF. Pathology of the ear. 2nd ed. Philadelphia, PA: Lea
& Febiger;1993. p.181-2.

29) Butler JM, Hall N, Narendran N, Yang YC, Paraoan L. Identification
of candidate protective variants for common diseases and evaluation
of their protective potential. BMC Genomics 2017;18(1):575.

www.kjorl.org 213



