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Abstract — Assessment of pathogenicity of novel variants is 
a primary task for molecular diagnostics of hereditary diseases,
and comprehensive evidences, including functional in vitro
studies, are necessary to support their involving in pathology. 
Mutations in the GJB2 gene encoding transmembrane protein 
Cx26 are the common cause for hearing loss worldwide. About 
400 pathogenic and also not yet classified variants with 
ambiguous functional significance are described in the GJB2
gene sequence. In this study, for the first time, the panel of 
transgenic HeLa cell lines stably expressing of different GJB2 
variants was generated for subsequent comparative analysis of 
structure and functioning of the Cx26 protein. This panel was 
successfully applied for confirmation of the pathogenicity of 
novel GJB2 missense variant c.516G>C (p.Trp172Cys) found 
with high frequency in deaf patients from Southern Siberia.
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expression of the GJB2 variants using the Sleeping Beauty 
transposase system [4]. 

Complex assessment according to [1] was applied for the 
establishment of the pathogenicity of novel GJB2 missence 
variant c.516G>C (p.Trp172Сys). Genetic analysis was 
performed in the group of deaf patients (182 Tuvinians, 74 
Altaians) and in the ethnically matched control samples (157 
Tuvinians, 218 Altanians). Two-tailed Fisher’s exact test with 
significance level of p<0.05 was applied to compare the allele 
frequencies between patients and controls. Several prediction 
tools (PolyPhen2, PROVEAN, PANTHER, MutationTaster, 
FATHMM etc.) were applied for in silico analysis. We also 
carried out comparative functional in vitro study of c.516G>C 
(p.Trp172Сys) and other GJB2 variants. Cellular localization 
of different forms of protein Cx26 was investigated by 
immunocytochemistry (ICC) using primary antibodies 
against the C-terminus of Cx26 (#51-2800, Thermo Fisher 
Scientific) and secondary antibodies conjugated to Alexa 
Fluor Plus 555 (#A32732, Thermo Fisher Scientific). 
Permeability of the Cx26 channels was analyzed by dye (PI, 
propidium iodide) loading assay [5]. 

RESULTS 
Generation of transgenic human cell lines with stable 
expression of mutant GJB2 variants 
For comparative in vitro analysis of functional effects of 
different variants in the GJB2 gene which the most common 
cause for hearing loss in human populations, we generated, 
on the basis of HeLa cell line, the panel of transgenic human 
cell lines with stable expression of several GJB2 variants. 
Current data on the level of endogenous expression of the 
GJB2 gene in HeLa cell line are ambiguous. To avoid any 
endogenous GJB2 expression, we primarily obtained the 
GJB2 knockout HeLa cell line for subsequent establishment 
of transgenic cell lines. Seven transgenic cell lines carrying 
different GJB2 variants were generated: 1) novel missense 
variant c.516G>C (Cx26-p.Trp172Сys) with yet unclear 
functional significance; 2-4) obvious pathogenic deletions 
c.35delG (Cx26-p.Gly12Valfs), c.235delC (Cx26-
p.Leu79Cysfs), c.313_326del14 (Cx26-p.Lys105Glyfs); 5) 
known dominant mutation c.224G>A (Cx26-p.Arg75Gln); 6) 
cis-configuration of two variants c.79G>A (p.Val27Ile) and 
c.341A>G (p.Val27Ile) of unproven pathogenicity (Cx26-
p.[Val27Ile;Glu114Gly]); and 7) wild type of the GJB2
coding region (Cx26-wt). 

Complex assessment of functional significance of novel GJB2 
missence variant c.516G>C (p.Trp172Cys) 
Novel nonsynonymous missence variant c.516G>C 
(p.Trp172Cys) in the GJB2 gene was found with high 
frequency in deaf patients belonging to indigenous peoples of 
Southern Siberia (Tuvinians and Altaians) [6]. Segregation of 
a homozygous or compound heterozygous c.516G>C 
(p.Trp172Cys) with hearing loss was established in analysis 
of pedigrees of deaf patients. Frequency of c.516G>C 
(p.Trp172Cys) was significantly higher in the patient’s 
groups than in the controls (p<0.05). Moreover, c.516G>C 
(p.Trp172Cys) was not found in the world human genomic 
databases (ClinVar, dbSNP138, 1000 Genomes Project, 
Genome Aggregation Database) and most of in silico
programs predicted a likely damaging effect of p.Trp172Cys. 

Pathogenicity of c.516G>C (p.Trp172Cys) was also 
evidenced by our in vitro assessment. ICC showed 
predominantly cytoplasmic localization of mutant protein 
Cx26-p.Trp172Cys in contrast to Cx26-wt and mutants Cx26-
p.Arg75Gln and Cx26-p.[Val27Ile;Glu114Gly] which 
represented distinct conglomerates on cell membrane as 
described in literature [5, 7]. Dye (PI) loading assay revealed 
lower PI loading efficiencies in cells expressing mutant 
Cx26-p.Trp172Cys compared to Cx26-wt while the absence 
of PI loading was shown for other mutant Cx26 variants with 
known pathogenic effects (Cx26-p.Arg75Gln, Cx26-
p.Gly12Valfs, Cx26-p.Leu79Cysfs, Cx26-p.Lys105Glyfs). 
Thus, the pathogenicity of novel GJB2 missense variant 
c.516G>C (p.Trp172Cys) was proven by several lines of 
evidences including comparative in vitro analysis. 

Conclusion 
For the first time, the panel of transgenic HeLa cell lines 

stably expressing of different GJB2 variants was generated 
for subsequent analysis of structure and functioning of Cx26 
protein. The pathogenicity of novel GJB2 missense variant 
c.516G>C (p.Trp172Cys) was proven by several lines of 
evidences including comparative in vitro analysis with using 
constructed panel of transgenic HeLa cell lines. 
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