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To the Editor

In contrast to many world populations, in sub-Saharan Africa GJBZ-related nonsyndromic
hearing impairment (NSHI) is rare (1), and little is known about the contribution to hearing
impairment (HI) by other known genes. Targeted genomic enrichment (TGE) and massively
parallel sequencing (MPS), using a platform called OtoSCOPE®, have been shown as an
efficient tool for comprehensive genetic testing for NSHI (2). In this study, we have
investigated the clinical utility of this panel to resolve the genetic causes of autosomal
recessive nonsyndromic hearing impairment (ARNSHI) in familial cases from Cameroon.

The study was approved by the Cameroon National Ethics Committee (REF 123/CNE/SE/
2010), the Human Research Ethics Committee of the University of Cape Town (REF
455/2014), and the University of lowa IRB (approval number 1035709). Patients were
recruited from schools of the deaf in Cameroon (3). Clinical evaluation included a
comprehensive questionnaire (exposure to noise, ototoxic agents, and familial history) and
the diagnosis of sensorineural HI according to the current clinical standards (3). All
probands and affected individuals were examined for syndromic features by a medical
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geneticist, and an ophthalmologist. Families with at least two individuals with ARNSHI who
are negative for pathogenic variants in GJBZand GJB6 were studied.

DNA samples of affected individuals were analyzed at the Molecular Otolaryngology and
Renal Research Laboratories (MORL) at the University of lowa’s Carver College of
Medicine; TGE and MPS were completed as previously described (2). The Exome
Aggregation Consortium (EXAC) database was used to remove high frequency variants (i.e.
minor allele frequency = 0.1%) which were unlikely to be pathogenic and to obtain variant
frequencies in Europeans, Asians and Africans. The conservation and deleteriousness of the
variants were evaluated using the following bioinformatic tools: Likelihood ratio test (LRT),
Mutation Assessor (MA), Mutation Taster (MT), PolyPhen2 (PP2), PROVEAN (PR), and
SIFT (4). Population-specific allele frequencies were obtained by genotyping 250 ethnically
matched Cameroonian control, using direct Sanger sequencing (Applied Biosystems, Foster
City, CA). For the five novel variants identified in Cameroonian families, molecular
modeling was performed using SWISS-MODEL and Phyre2; Specific templates were used
for each protein or domain within which the novel variant lies (Table S1).

A total of 26 individuals from 10 families with congenital ARNSHI were studied. All the
affected individuals had nonsyndromic, pre-lingual, bilaterally symmetric profound
sensorineural HI, with hearing thresholds between 81 and 119 dB (Table S2, Supporting
Information). In seven out of 10 families (70%), 12 putatively pathogenic variants were
identified in six NSHI genes (CHD23, LOXHDI1, MYO7A, SLC26A4, OTOF, and STRC)
(Table 1). Five of the 12 variants (41.6%) have not been previously implicated in HI etiology
whereas the remaining seven variants were shown to be involved in NSHI in populations
outside of sub-Saharan Africa (Table 1). Most of the variants are not present or ultra-rare in
the EXAC database, which has data on 60,706 individuals (Table 1). All identified variants
segregate with the HI phenotype (Fig. S1). In three families (30%), no pathogenic variants
were identified. For each of these five novel variants (Tables S1), molecular modeling
revealed potential disruption of folding or inter-domain binding due to these variants, which
are expected to result in changes to residue interactions within the same protein or with other
proteins (Table S1, Fig. S2) and may explain the protein dysfunction that leads to hearing
impairment.

This report is the first from sub-Saharan Africa to reinforce the value of TGE and MPS to
determine the genetic cause of HI in this population (Table S3) (2, 5). The use of a
comprehensive deafness-specific panel is state of the art and offers high diagnostic high
sensitivity and specificity (5). Nevertheless, with small families, future studies in Cameroon
should consider the use whole exome sequencing, in order to validate the co-segregation of
an allele and a specific phenotype using the logarithm of the odds (LOD) score method. The
absence of pathogenic variants in 30% of families suggests that novel hearing loss genes
may be discovered among Africans, as supported by a recent report describing the lowest
diagnostic rate for ARNSHI in African Americans (5). In aggregate, these results confirm
the efficiency of comprehensive genetic testing in defining the causes of NSHI in Cameroon
and highlight the value of African populations for the identification of novels genes
associated with NSHI.
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Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The research was funded by the Medical Research Counsel, and the National Research Foundation, and the
National Health laboratory Services (NHLS), South Africa, to A. W; the NIH-National Institute of Deafness and
other Communication Disorders grants R01 DC011651 and R01 DC003594 to S. M. L and grants RO1 DC003544,
R01 DC002842 and R01 DC012049 to R. J. H. S.

References

1. Bosch J, Noubiap JJ, Dandara C, et al. Sequencing of GJB2in Cameroonians and Black South
Africans and comparison to 1000 Genomes Project Data Support Need to Revise Strategy for
Discovery of Nonsyndromic Deafness Genes in Africans. OMICS. 2014; 18:705-710. [PubMed:
25162826]

2. Shearer AE, DeLuca AP, Hildebrand MS, et al. Comprehensive genetic testing for hereditary
hearing loss using massively parallel sequencing. Proc Natl Acad Sci U S A. 2010; 107:21104—
21109. [PubMed: 21078986]

3. Wonkam A, Noubiap JJ, Djomou F, Fieggen K, Njock R, Toure GB. Aetiology of childhood hearing
loss in Cameroon (sub-Saharan Africa). Eur J Med Genet. 2013; 56:20-25. [PubMed: 23085303]

4. Wang K, Li M, Hakonarson H. ANNOVAR: functional annotation of genetic variants from high-
throughput sequencing data. Nucleic Acids Res. 2010; 38:€164. [PubMed: 20601685]

5. Sloan-Heggen CM, Bierer AO, Shearer AE, et al. Comprehensive genetic testing in the clinical
evaluation of 1119 patients with hearing loss. Hum Genet. 2016; 135:441-450. [PubMed:
26969326]

6. Roux AF, Faugére V, Le Guédard S, et al. Survey of the frequency of USH1 gene mutations in a
cohort of Usher patients shows the importance of cadherin 23 and protocadherin 15 genes and
establishes a detection rate of above 90%. J Med Genet. 2006; 43:763-768. [PubMed: 16679490]

7. Yasunaga S, Grati M, Chardenoux S, et al. OTOF encodes multiple long and short isoforms: genetic
evidence that the long ones underlie recessive deafness DFNB9. Am J Hum Genet. 2000; 67:591—
600. [PubMed: 10903124]

8. Shearer AE, Kolbe DL, Azaiez H, et al. Copy number variants are a common cause of non-
syndromic hearing loss. Genome Med. 2014; 6:37. [PubMed: 24963352]

9. Yuan Y, Guo W, Tang J, et al. Molecular epidemiology and functional assessment of novel allelic
variants of SLC26A4 in non-syndromic hearing loss patients with enlarged vestibular aqueduct in
China. PL0S One. 2012; 7:e49984. [PubMed: 23185506]

10. Jiang Y, Huang S, Deng T, et al. Mutation spectrum of common deafness-causing genes in patients
with non-syndromic deafness in the Xiamen Area, China. PLoS One. 2015; 10:e0135088.
[PubMed: 26252218]

11. Ouyang XM, Yan D, Du LL, et al. Characterization of Usher syndrome type | gene mutations in an
Usher syndrome patient population. Hum Genet. 2005; 116:292-299. [PubMed: 15660226]

Clin Genet. Author manuscript; available in PMC 2017 February 24.



Page 4

Lebeko et al.

*sBUIIQIS BJB 1S81 Y} ‘SUISNOI-PUOIBS B € AfILey WOy SfenpiAipul pairedui-BurieaH

q

'§'721220 WN £2HAD ‘9°2T9vyT NN ‘TAHXOT ‘287261 N HO.LO ‘T'T#v000 WN ‘PW9207TS '€:092000 AN ‘VZOAN ”#Umwhmmm

'‘NVIAOHUd ‘dd "“dVAH 2uaydA|od ‘Zdd ‘8|qe|ieA. Jou ‘WN ‘J3)sel UoeIN|A ‘LIA 10SS3ssy UOHBINIAL ‘VIA 118}
onjes pooyia| ‘147 ‘Aouanbaly aja)e Joulw HvIA ‘snobAzowoy ‘woH ‘snobAzouslay ‘18H adAiousb ‘1 9 ‘wniosuod uonehaihibe swoxs ‘Qwx3 ‘uonelieA Jaquinu Adod AND (UBDLY UV paldaye ‘UY

(TT) umou 1N 2000 0 200000 99961v°d 1<0966T"2 V/OAW  WoH ¢ L
(01) umou 141S "dd ‘2dd ‘LN ‘VIN ‘147 0 0 0 Nn9699dsy-d V<D.002°2
(6) umouy L41S '2dd ‘LN LA 0 0 200000 usv095dsyd V<98L9T0 V92075 ®H ) 9
(8) umou WN VN VN W\ WwN AND
(8) umou WN WN WN N N 13p O1-02 218 H 4 S
(2) umouy LN 0 0 0 VN 9<VZ-99L0 4010  WoH € ¥
[3AON 141S "dd ‘Zdd ‘LN ‘YA ‘1d1 0 8000°0 10000 allLzeToudd V<1616€
[3AON L41S "dd ‘2dd ‘LN 'VIA ‘1H1 2000 0 500000 SIHpZTTAIV d V<OTLEED IGHX0T ®H  q° €
[3AON LIS LN ‘1aT 2000 0 0 1y1/06z10N'd 0<102.8
[3nON 14I1S "dd ‘2dd ‘LN ‘VIN ‘147 0 0 0 nogeTzdsyd V<D66€9°0 £ZHAD  BH € 4
(9) umouy 1N 0 0 500000 1pg96TaUd'd  11019p88ss 98852
[3AON 1N 0 0 0 [9pLe6TneTd  DLOISPTT8S 60852  V/OAW  18H € T
PAOU J0 UMOUY  SOlfew ojuioiq AgsnoleRRd  4VIAS0IU0D UeluooBWeD 4V 4V OVX3  dVIA Ife OvX3 el eA a9 19 yv#  Apued

Author Manuscript

T alqel

Author Manuscript

»3d0DS010 Buisn saljiwe) URIUOOIBWED Ul PAILUBPI SIUBLIBA

Author Manuscript

Author Manuscript

Clin Genet. Author manuscript; available in PMC 2017 February 24.



	To the Editor
	References
	Table 1

