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Meniere’s disease (MD) as an inner ear disor-
der including such symptoms as recurrent ver-
tigo attacks, tinnitus, fluctuating or progressive 
sensorineural hearing loss, and aural fullness. 
The latter is associated with an accumulation of 
endolymph forming endolymphatic hydrops. Fur-
ther symptoms as nausea and vomiting seem to 
be a consequence of primary alterations [1, 2]. 
Migraine attacks observed in a subset of patients 
are classified as accompanying but separate 
condition. Altogether, patients present a clinical 
heterogeneity and not necessarily all particu-
lar symptoms are detected at diagnosis. Further, 
it has been noticed that first three symptoms 
are currently present in 40% of the patients only. 
It means a full manifestation of all symptoms is 
a subject of disease evolution and requires more 
time [3]. To facilitate diagnosis the American 
Academy of Otolaryngology – Head and Neck Sur-
gery has proposed the guidelines widely accepted 

[1]. Though MD remains in the frame of interest of 
otolaryngology, neurotology and neurology.

There are many different options of MD tre-
atment which should be used in a determined 
order. The first line of treatment should always be 
medical conservative treatment including modifi-
cation of the lifestyle (well sleeping, decreasing 
stress, avoiding coffeine, alcohol and tobacco 
and adopt a low salt diet), vestibular rehabilita-
tion, psychotherapy, pharmacotherapy (diure-
tic and betahistine) and pressure pulse therapy 
(Meniett® system). After this treatment 80% of 
patients are cured or in remission. The second 
line is intratympanic injections with steroid or 
with gentamicin. The third line is surgical tre-
atment (endolymphatic sac surgery, vestibular 
neurectomy and labyrinthectomy), however endo-
lymphatic sac surgery should be indicated before 
intratympanic gentamicin in cases with efficient 
hearing [4].

AbstrAct

Meniere’s disease (MD) as an inner ear disorder including such symptoms as recurrent vertigo attacks, 
tinnitus, fluctuating or progressive sensorineural hearing loss. Its relatively frequent familial incidence 
implicates a genetic background. An autosomal dominant inheritance was commonly observed with a few 
exceptions. It was established that Meniere’s disease is not a monogenic disorder. Instead a group of genes 
of genomic and mitochondrial genes was established as determinants of hearing loss. Another group of 
genes was associated with inner ear (vestibulum, labyrinth, endolymph) alterations followed by dizziness 
and tinnitus. Altogether, many studies suggest a multigenic interaction to predispose to develop Meniere’s 
disease.
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Although it has been described first in the mid-
dle XIXth MD poses still a serious medical prob-
lem for two reasons. First, the progressing MD 
contributes to serious health, psychological and 
social problems. Secondly, the disease affects 
a relatively high number of subjects. Epidemio-
logic studies have shown a range of prevalence 
from 17 (Western Europe) to 513 (Finland) cases 
per 100 000 individuals. Primarily it is detected 
in Caucasians and Eurasians. Diagnosis of MD is 
slightly more frequent in female population [2, 5].

Pathology of MD is not fully recognized yet 
that means a single or multiple casual factors 
have not been identified. Nevertheless it con-
cerns inner ear with ion disequilibrium of endo-
lymphatic fluid. An accompanying statement on 
disturbed ion homeostasis derived from dysfun-
ction of ionic transport cannot serve as a definiti-
ve explanation of molecular pathology [6].

Hence further studies went in two directions 
aiming for a genetic background or immune dere-
gulation in MD. We are aiming at presentation of 
genetic findings explaining predisposition and 
manifestation of MD. Clinical observations have 
shown a strong familial association of MD attri-
buted up to 20% of patients. Pedigree analysis in 
families of MD carriers indicates an autosomal 
dominant inheritance with a reduced penetrance 
and anticipation [7].

Taking into account the above findings an 
attention was paid first on the already known 
genes attributed to individual symptoms assem-
bling together Meniere’s disease. Genes determi-
ning hearing loss provided themselves a broad 
spectrum of targeted investigations. Within this 
field vestibular disorders were found to be asso-
ciated with the following loci: DFNA9, DFNA11, 
DFNA15, DFNA28 and DFNB102/103. Abbrevia-
tion DFNA is coming from deafness and the letter 
A denominates autosomal dominant tract when 
the letter B is attributed to autosomal recessive 
tract. The genes coded by the listed loci are as 
follows: COCH, MYO7A, POU4F3, GRHL2 and GLIC5 
and all of them are associated with non-syndro-
mic hearing loss [8]. Such attribution of genes to 
the symptoms of MD were first done by linkage 
analysis [9]. According to another publication [10] 
other mutations of the mentioned genes can be 
also extended onto vestibular dysfunction. The 
study was performed in a large Swedish fami-
ly using whole-exome and targeted sequencing 

techniques. COCH gene attracted more attention. 
An early study of Fransen et al. [11] investigating 
a large Belgium family, localized DFNA9 locus 
on chromosome 14 narrowing COCH (Coagula-
tion Factor C Homolog, coded protein: cochlin) 
gene to 14q12-13. Gene mutation P51S (Pro-Ser) 
was found responsible for progressive autoso-
mal dominant sensorineural hearing loss. Simi-
lar phenotype effect was established in Ameri-
can family carrying novel heterozygous missen-
se mutation c.362>T>C, p.F121S0 [12]. All found 
COCH mutations were detected in exons 4, 5 and 
12. The study of Gallant et al [13] done on large 
3 generations American family with MD brought 
the discovery of another mutation located in 11th 
exon. This finding reinforced the need for genetic 
examination of the whole structure of COCH.

A specific position is taken by SLC44A2 
(chromosome locus 19p13.1) which product is 
a membrane transporter protein. It has a strong 
role in choline transport and uptake in inner ear. 
The research group of Tom Carey [14] has found 
disequilibrium at polymorphic loci rs2288904 
with rs3087969 responsible for hearing loss. 
The defect is registered as DFNB68 that means, 
contrary to majority of genes responsible for hea-
ring loss in MD,.it is inherited on the autosomal 
recessive way. SLC44A2 polymorphism seems 
also to be responsible for severity of Meniere’s 
disease [14].

Our own study on hearing loss was done on 
250 unrelated Polish subjects including a sub-
group of MD patients. A sensitivity to amino-
glycoside drugs was established with muta-
tions of mitochondrial 12S rRNA gene. Mutations 
m.1555 A>G, m.988 G>C and m.1453 A>G were 
found in all studied MD patients [15]. Our findings 
are consistent with the study on deafness-asso-
ciated mutations by Qian and Guan [16].

Independently on hearing loss genetic stu-
dies on MD were focused on tinnitus, dizziness 
and motion sickness [6, 8, 10]. Initial studies per-
formed on 5 generations Swedish family affected 
by MD done by genome wide linkage scan (GWAS) 
indicated chromosome locus 12p12.3 [17]. Later on 
it was shown that a finding is not having a gene-
ral character as the familial MD studied in Finland 
was not linked to this region [18]. Further studies 
indicated that in very close region there is loca-
ted KCNA1 gene (12p13) encoding protein connec-
ted with a voltage-gated potassium channel [19]. 



160 Journal of Medical Science 2018;87(3)

Another genes also connected with ion homeosta-
sis, aquaporin water channels (AQP-1), potassium 
channel (KCNE1 and KCNE3) and Na+-K+ pump 
activity (ADD1) are under investigative attention 
[18]. It is necessary to add that a recent meta-
-analysis concluded that neither of KCNE variants 
is significantly associated with MD [20].

Looking for a background of pathology in MD 
some studies deal with immune system. There 
were published reports on association of MD with 
certain major histocompatibility complex (HLA) 
genes, namely MICA-STR A.4 and HLA-DRB1 [21, 
22]. Also PTPN22 (1p32; protein product: prote-
in tyrosine phosphatase) as an integral part of 
immune stem could contribute to bilateral MD 
in east in southern European population [23]. It 
seems that immunologic hypothesis of MD inci-
dence is not having a sufficient experimental 
support.

The reviewed list of the established or requi-
ring further studies genes is not full. At this point 
a leading position in the field of laboratory headed 
by Jose A. Lopez-Escamez (Granada, Spain) is to 
be mentioned. In any case, it has become cle-
ar that Meniere’s disease is not derived from 
a single mutated gene. A combination of genes 
responsible for hearing loss [12, 14, 15], dizziness 
[8, 10, 19] and tinnitus [24] forms a landscape for 
genetic background of Meniere’s disease. A hete-
rogeneous nature of genetic background makes 
the studies difficult to perform and complicates 
an interpretation of results [8, 25, 26].

Acknowledgements

conflict of interest statement
The authors declare no conflict of interest.

Funding sources
There are no sources of funding to declare.

references
Syed I, Aldren C. Meniere’s disease: an evidence 1. 
based approach to assessment and management. Int 
J Clinic Practice. 2012 Febr;66(2):166–170.
Sajjadi H, Paparella MM. Meniere’s disease. Lancet. 2. 
2008 Aug;372(9636):406–414.
Pender DJ. The progressive nature of Meniere’s dis-3. 
ease: Stress projections and lesion analysis. Otology 
Neurotol. 2018 Feb;39(2):221–226.
Nevoux J, Barbara M, Dorhhoffer J, Gibson W, Kitaha-4. 
ra T, Darrouzet V. International consensus (ICON on 
treatment of Meniere’s disease. Eur Ann Otorhonol-
aryngol. Head Neck Dis. 2018 Feb;135(1S):S29–S32.

Bruderer SG, Bodmer D, Stohler NA, Jick SS, Mei-5. 
er CR. Population-based study on the epidemiol-
ogy of Meniere’s disease. Audio Neurootol. 2017 
Sept;22(2):74–82.
Teggi R, Zagato L, Delli Carpini S, Citterio L, Cassan-6. 
dro C, Albera R et al. Genetics of ion homeostasis in 
Menière’s disease. Eur Arch Otorhinolaryngol. 2017 
Feb;274 (2):757–763.
Arweiler‑Harbeck D, Horsthemke B, Jahnke K, Hen-7. 
nies HC. Genetic aspects of familial Meniere’s dis-
ease. Otology Neurotol. 2011 June;32(4):695–700.
Frejo L, Giegling I, Teggi R, Lopes-Escamez JA, Rujes-8. 
cu S. Genetics of vestibular disorders: pathophysio-
logical insights. J Neurol. 2016 Apr;263(Suppl 1):S45–
S53.
Frykholm C, Larsen HC, Dahl N, Klar J, Rask‑Andersen 9. 
H, Friberg U. Familial Meniere’s disease in five gener-
ations. Otology Neurotol. 2006 Aug;27(5):681–686.
Requena T, Espinoza-Sanchez JM, Lopez-Escamez 10. 
JA. Genetics of dizziness: cerebellar and vestibular 
disorders. Current Opin Neurol. 2014 Feb;27(1):98–
104.
Fransen E, Verstreken M, Verhagen IIM, Wuyts FL, 11. 
Huygen PLM, D’Haesse et al. High prevalence of 
symtoms of Meniere’s disease in three families with 
a mutation in the COCH gene. Human Molec Genet 
1999 Aug;8(8):1425–29.
Hildebrand MS, Gandolfo L, Shearer AE, Webster JA, 12. 
Jenen M, Kimberling WJ et al. A novel mutation in 
COCH – implications for genotype-phenotype cor-
relations in DFNA9 hearing loss. Laryngoscope. 2010 
Dec;120(12):2489–93. doi: 10.1002/lary.21159.
Gallant E, Francey L, Fetting H, Kaur M, Hakonarson 13. 
H, Clark D et al. Novel COCH mutation in a family with 
autosomal domoinant late onset sensorineural heat-
ing impairment. Am J Otolaryngol Head Neck Surg. 
2013 May;34(3)230–235.
Nair TS, Kommareddi TK, Gallano MM, Miller DM, 14. 
Kakakraparthi BN, Telian SA et al. SLC44A2 single 
nucleotide polymorphisms, isoforms, and expres-
sion: Association with severity of Meniere’s disease? 
Genomics. 2016 Dec;108(5–6):201–208.
Rydzanicz M, Wróbel M, Pollak A, Gawęcki W, Brauze 15. 
D, Kostrzewska‑Poczekaj M et al. Mutation analysis of 
mitochondrial gene in Polish patients with non-syn-
dromic and aminoglycoside-induced hearing loss. 
Bioch Bioph Res Commun. 2010 April;395(1):116–121.
Qian Y, Guan MX. Interaction of aminoglycosides with 16. 
humn mitochondrial 12S rRNA carrying the deaf-
ness-associated mutation. Antimicrob Agents Chem-
other. 2009 Nov;53(11):4612–18.
Klar J, Frykhol C, Friberg U, Dahl N. A Meniere’s disease 17. 
gene linked to chromosome 12p12.3. Am J Med Genet 
B Neuropsychiatr Genet. 2006 Jul;141B(5):463–7.
Hietikko E, Kotimäki J, Kental E, Klockars T, Sor-18. 
ri M, Männikö M. Finnish familial Meniere disease is 
not linked to chromosome 12p12.3, and anticipation 
cosegregation with migraine are not common find-
ings. Genetics Med. 2011 May;13(5):415–20.
Hietikko E, Kotimäki J, Okuloff A, Sorri M, Män-19. 
nikö M. A replication study on proposed candidate 
genes in Ménière’s disease, and a review of the cur-



161Genetic background of Meniere’s disease

rent status of genetic studies. Int J Audiol. 2012 
Nov;51(11):841–5.
Li YJ, Jin ZG, Xu XR. Variants in the KCNE1 or 20. 
KCNE3 gen.e and risk of Meniere’s disease. 
A meta-analysis. J Vestib Res 2016;25(5–6):211–8.
Gazquez I, Moreno A, Aran I, Soto-Varela A, Santos 21. 
S, perez-Garrigues et al. MICA-Str A.4 is associated 
with slower hearing loss progression in patients with 
Ménière’s disease. Otology Otolaryng Neurotol. 2012 
Feb;33(2):223–229.
Lopez-Escamez JA, Vilcher JR, Soto-Varela A, 22. 
Santos-Perez S, Perez-Garrigues K, Aran I et al. 
HLA-DRB1*1101 allele may be associated with bilat-
eral Meniere’s disease in southern European popula-
tion. Otol Neurotol 2007 Oct;28(7):891–5.
Lopez-Escamez JA, Saenz-Lopez P, Acosta L, Moreno 23. 
A, Gasquez I ,Perez-Garrigues H et al. Association of 
the functional polymorshism pf PTPN22 encoding 
a lymphoid protein phosphatase in bilateral Meniere’s 
disease. Laryngoscope. 2010 Jan;120(1):103–107.
Lopez-Escamez JA, Bibas T, Cima RFF, Van de Hey-24. 
ning P, Knipper M, Mazurek B et al. Genetics of Tin-
nitus: An emerging area for molecular diagnosis and 
drug development. Front Neurosci. 2016 Aug;10:art 
377.
Requena T, Espinoza-Sanchez JM, Cabrera S, Trini-25. 
dad G, Soto-Varela A, Santos-Perez S et al. Famil-
ial clustering and genetic heterogeneity in Meniere’s 
disease. Clin Genet. 2013 Mar;85(3):245–52.

correspondence address:
Krzysztof Szyfter

Institute of Human Genetics
Polish Academy of Sciences

ul. Strzeszyńska 32, 60‑479 Poznań
email: szyfkris@man.poznan.pl,

phone: +48 616579220, fax: +48 618233235

Martin-Sierra C, Gallego-Martinez A, Requena T, Fre-26. 
jo L, Batuecas-Caletrio A, Lopez-Escamez JA. Varia-
ble expressitivity and genetic heterogeneity involv-
ing DPT and SEMA3D genes in autosomal dominant 
familial Meniere’s disease. Eur J Human Genet. 2017 
Feb;25(2):200–207.
Gawęcki W, Szyfter W, Łączkowska‑Przybylska J, 27. 
Szyfter-Harrris J. The long-term results of treatment of 
Menieres disease with intratympanic injections of gen-
tamycin. Otolaryngol Pol. 2012 Jan-Feb;66(1):20–26.

Acceptance for editing: 2018-06-30 
Acceptance for publication: 2018-07-02


