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[ Abstract ]

leading morbidity among all the disabling diseases. Many factors could lead to deafness, among which genetic factors account

Background As a common disease causing human health impairment and disability, deafness has a

for about 60%. Gene screening and pedigree analysis can be used to determine whether one has hereditary deafness, so as to
provide corresponding genetic counseling services for hereditary deafness patients to stop the transmission of deafness from
one generation to the next. Objective To investigate the hearing loss status and prevalence of mutations in genes associated
with deafness in deafness patients from Shandong, to identify pathogenic causes of hearing impairment. Methods Our study
included a total of 5 664 hearing—impaired patients with a hearing disability certificate or a diagnosis of hearing loss, who
participated in the genetic testing program for hereditary hearing loss in Shandong Province from 2016 to 2020. Hearing loss
was tested by pure—tone audiometry. Genetic testing was carried out with DNA microarray to detect mutations at 15 loci in four
common hereditary deafness—related genes. Results Among the 5 664 cases, 3 891 had grade 1 (mild ) hearing disability,
1 463 had grade 2 ( moderate ) hearing disability, 188 had grade 3 (severe ) hearing disability, 73 had grade 4 ( profound )
hearing disability, and the remaining 49 consisting of 38 cases of microtia and 11 cases of external auditory canal closure. In
terms of deafness—related gene mutations, 2 503 cases were detected with mutations, 1227 of them (21.66% ) carrying GJB2
gene mutations, 975 (17.21% ) carrying SLC26A4 gene mutations, 97 (1.71% ) carrying mitochondrial 12S rRNA gene
mutations, 158 (2.79% ) carrying GJB3 gene mutations, and 46 (0.81% ) carrying double heterozygous mutations. Both GJB2
and SLC26A4 gene mutations were hotspot mutations in patients with grades 1-4 hearing disability. The prevalence of mutations in
GJB2 and SLC26A4 genes was higher in those with grade 1 hearing disability than in those with grade 2 hearing disability( P<0.05 ).
Conclusion  Of four common genes related to hereditary deafness, mutations in GJB2 and SLC26A4 genes have been found to be
major hotspot mutations in these participants from Shandong. Further research needs to be carried out in many unknown areas for
deafness—related genes. Besides, marriage and childbirth guidance for individuals of different genotypes could reduce the vertical
transmission of deafness in deaf—to—deaf marriages and subsequently control the birth of new hearing—impaired children in the
region.

[ Key words ]

Hearing disorders; Deafness; Genetic testing; Hearing tests; Genetic counseling
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R 15664 PINTIIFRFEF I GIB2 JEF AT (n=5 664 )
Table 1 Genetic testing for GJB2 gene mutations in 5 664 hearing—

impaired patients

LN g AR B AR (% )
235delC iy 463 8.17
299_300delAT 45 43 0.76
176del 16 4li 4 1 0.02
235delC/299_300delAT & & 444 136 2.40
176del16/235delC E 474 43 0.76
176del16/299_300del AT & 45244 2 0.04
35delG/235delC B A 244 3 0.05
235delC 2445 401 7.08
299_300del AT Z&45 103 1.82
176del16 244 28 0.49
35delG 4y 4 0.07
At 1227 21.66

F2 5664 FINT I SLC26A4 SEHAGITEN (n=5 664 )
Table 2 Genetic testing for SLC26A4 gene mutations in 5 664 hearing—

impaired patients

HE IR GEAESTY Bk AR (%)
IVST-2A>G 4lify 227 4.01
2168A>G 4lify 23 0.41
1174AST 44 7 0.12
1226G>A 4li%y 5 0.09
1229C>T 4lify 4 0.07
1975G> 4iidy 3 0.05
2027T>A #lify 4 0.07
IVS7-2A>G/2168A>C B &Z4& 83 147
IVST-2A>G/1226G>A B4 244 8 0.14
IVS7-2A>G/1229C>T B4 244 11 0.19
IVST-2A>G/1174AST E 4204 5 0.09
IVS7-2A5G/1975G>C HA 24 4 0.07
IVS7-2A>G/IVS15+5G>A HA A 5 0.09
IVST-2A>G 244 R02TT>A B &4 6 0.11
1226G>A1229C> EA4A 2 0.04
1220CST/T4AST E ARG 2 0.04
1226G>AR2027T>A B A4 1 0.02
2168ASG/1T4AST A4 1 0.02
2168A>G/IVSI5+5G>A BAZA 1 0.02
2027T>ANIVS15+5G>A BE44 2 0.04
IVST-2A5G 2443 417 7.36
2168A>G 244 92 1.62
1226G>A 44 12 0.21
1229C>T 244y 15 0.26
1174AST 244 11 0.19
1975G>C 24 8 0.14
2027T>A ,Zrhg 9 0.16
IVS15+5G>A 2% 7 0.12

A1t 975 17.21
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F3 5664 FI07 )RR HAWSEDIAEIRFA (n=5 664 )
Table 3 Genetic testing for mutations in mitochondrial 12S TRNA gene, GJB2+ SLC26A4 genes, and GJB3 gene in 5 664 hearing—impaired patients

RASKEH FEH AESRY N i RAMERHR (%)
2Rk 12STRNA 1555A>G 5t 54 L71
1494C>T HJf5 9
1555 A>G Sk 29
1494C>T 55 5
GIB2+ SLC26A4 235delC 442875 | TVST-2A>G 28 57 7 0.81
235delC 442878 . TVST-2A>C 28537 9
235delC 28 A RAE . 2168A>G A4 R7E 2
235delC 22578 . 11T4AST ZRE 7% 1
299_300del AT Zi5 5875 | IVST-2A>G A5 587% 1
299_300del AT 245575 | IVST-2A>G A3 7% 1
176del16 ZL &7 . TVST-2A>G J4A 5878 1
IVS7T-2A>G 42875 | 235delC 452875 2
IVST-2A>G 42875 | 235delC 2252878 6
IVST-2A>G 22578 . 299_300del AT 7245 7878 | 2
IVST-2A>G F+ 52875 | 235delC 22 A 2875 12
IVST-2A>G Ze B 5%78 | 235delC 2445878 . 1555A>G )5 2
GJB3 538C>T 4 A3 5878 158 2.79
EH 3161 55.81

R4 AR B LT 7 9 h A A 17 Ol
Table 4 Number of hearing—impaired patients carrying mutations in
each of the four common genes related to hereditary deafness or double

heterozygous mutations by the grade of hearing disability

EHRAHR Wh—g W% W= Wihug At
GIB2 1179 48 0 1227
SLC26A4 879 96 0 975
12rRNA 97 0 0 0 97
GIB3 35 33 81 9 158
LB R 578 46 0 0 0 46
4t 2236 177 81 9 2503

FS5 GIB2, SLC26A4 HEPIESBHITS— . ZHMi (n (%) )
Table 5 Prevalence of GJB2 and SLC26A4 gene mutations in hearing—
impaired patients by the grade of hearing disability

BEH Tk W g —4% Wr 1~

GJB2 1227 1179 (96.09 ) 48 (3.91)
SLC26A4 975 879 (90.15) 96 (9.85)

x i 31.303

PAH <0.05
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