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INTRODUCTION 

 
Aminoglycosides are widely used for efficient treatment of gram-negative bacterial infections. However, even since the 
discovery of streptomycin it is known that the major side effect of aminoglycosides is the irreversible ototoxicity [Nguyen T. et 
al., 2019], variable cochlea-toxicity leading to permanent hearing loss and vestibulotoxicity resulting in dizziness and ataxia 
[Gao Z. et al. 2017]. Significant progress has been made in understanding aminoglycoside ototoxicity, which seems to be 
mediated by the disruption of mitochondrial protein synthesis and the formation of free radicals. As previously reported, 
individuals bearing mitochondrial DNA mutations in the 12S rRNA gene, are more prone to aminoglycoside-induced ototoxicity. 
It is speculated that these mutations cause human mitochondrial ribosomes to more closely resemble bacterial ribosomes and 
enable a stronger aminoglycoside interaction [Foster J et al. 2017]. Understanding the mechanism of ototoxicity induced by 
aminoglycosides will be helpful for developing a new therapeutic methods to protect hearing [Fu X et al. 2021].  
Hot spot regions for deafness mutations are the MTRNR1 gene, encoding the 12S rRNA and the MTTS1 gene, encoding the 
tRNA for Ser(UCN). Nucleotide changes are observed with a variable frequency among different populations of deaf persons. 
Among them, homoplasmic m.1555A>G and m.1494C>T mutations at the highly conserved decoding region of the 12S rRNA 
have been the most commonly reported variants identified among cases of aminoglycoside ototoxicity and late-onset hearing 
loss [Maeda Y. et al. 2020]. 

AIM OF THE STUDY 

The aim of this study was to determine the presence and 
frequency of the mtDNA mutations as a cause of deafness 
among 150 Macedonian patients with nonsyndromic hearing 
loss. 
 

MATERIAL AND METHODS 

A total of 150 Macedonian individuals diagnosed with non-
syndromic sensorineural hearing impairment at the 
Othorinolarynology clinic, Medical faculty, Skopje, 
participated in this investigation. A comprehensive history 
and physical examination were performed.  

In order to determine the five most common mitochondrial 
mutations associated with deafness:  

[NC_012920.1:m.827A>G (rs28358569);  

NC_012920.1:m.961delinsCn (rs1556422499); 
NC_012920.1:m.1095T>C (rs267606618); 
NC_012920.1:m.1494C>T (rs267606619) and 
NC_012920.1:m.1555A>G (rs267606617)]  

a SNaPshot method was designed (Figure 1).  

Additionally, among 10 patients with only one GJB2 mutation, 
the most common cause of congenital non-syndromic hearing 
loss, the MTRNR1 gene was sequenced, in order to detect 
other variants that as a modifier could influence the 
pathologic effect of the GJB2 mutation.  

For analysis of MTRNR1 gene direct Sanger Sequencing 
method using BigDye Termination Sequencing kit v1.1 
(Thermo Fisher Scientific) was performed on ABI 3500 
Genetic Analyzer. 

  

RESULTS AND  DISCUSSION 

The mutational screening revealed that the two most 
commonly reported deafness-associated mutations, 
m.1555A>G and m.1494C>T were not found among analyzed 
patients. The presence of one potentially pathogenic 
substitution m.T961G in one and the m.G709A polymorphism 
in two patients were detected (Figure 2A & 2B, Table 1).  

An unpublished variant NC_012920.1:m1303G>A was found 
in one patient with only one GJB2 mutation and the 
pathological effect of this variant should be further analyzed 
(Figure 2C). 
  

CONCLUSION 

Our result suggests that mitochondrial DNA mutations do not 
represent a substantial risk factor for aminoglycoside-induced 
deafness in the Macedonian population. 
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Figure 2.  Sequence analysis  identifying  (A) m.T961G;   (B) m.G709A  and (C)  
m.G1303A nucleotide change in the MTRNR1 gene among Macedonian hearing 
loss patients with only one GJB2 variant. 

(A)Representative pattern of wild-type alleles;  

(B)Capillary electrophoresis identifying  a T>G nucleotide change at  position 961.  

Figure 1. SNaPshot analysis of the five most common MTRNR1 gene mutations  
(NC_012920.1: m.827A>G; m.961delinsCn; m.1095T>C; m.1494C>T and 
m.1555A>G), associated with  aminoglycoside induced deafness. Five sets of 

SNaPshot extension primers were used, with m.961delT+C(n) and m.A827G in 

reverse orientation(*). 

Table 1.  Variants in the mitochondrial MTRNR1 gene identified among 150 
Macedonian hearing loss patients 

Position 

NC_012920.1 

Replacement No. of 

subjects 

Conservation 

(H/B/M/X)* 

Frequency Previously  

reported 

m.709 G to A 2 G/A/A/- 0.013 Yes 

m.827 A to G / A/A/A/A 0 Yes 

m.961 T to G 1 T/T/A/A 0.0067 Yes 

m.1095 T to C / T/T/T/T 0 Yes 

m.1303 G to A 1 G/G/G/- 0.0067 No 

m.1494 C to T / C/C/T/T 0 Yes 

m.1555 A to G / A/A/A/A 0 Yes 

* Human (H), Bovine (B), Mouse (M), Xenopus laevis (X) 


