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Diagnostic criteria for Ménière’s disease

Definite Ménière’s disease:
A. Two or more spontaneous episodes of vertigo lasting 

20 minutes to 12h
B. Audiometrically documented low to medium 

frequencies SNHL in the affected ear on at least one 
occasion before, during or after one of the episodes of 
vertigo

C. Fluctuating aural symptoms (hearing, tinnitus or 
fullness) in the affected ear

D. Other causes excluded

Lopez-Escamez JA, Carey J, Chung W-H, Goebel JA, Magnusson M, Mandalà M, et 
al. Diagnostic criteria for Menière's disease. J Vestib Res. 2015 Jan 1;25(1):1–7. 
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Frejo L et al. Extended phenotype and clinical subgroups in unilateral Meniere disease: 
A cross-sectional study with cluster analysis. Clin Otolaryngol. 2017, 42(6): 1172–80. 
Frejo L et al. Clinical Subgroups in Bilateral Meniere Disease. Front Neurol.2016;7: 182. 
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Phenotype = clinical features

Requena T et al. Genetics of dizziness: cerebellar and vestibular disorders. 
Curr. Opin. Neurol 2014; 27:98-104
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Genome variation and prevalence of 

disease

Gallego-Martinez A, Espinosa-Sanchez JM, López-Escámez JA. Genetic 
contribution to vestibular diseases. J Neurol 2018 Mar 26;265(S1):29–34. 



Familial clustering in MD

Sporadic MD (92%) Familial MD (8%)

Inheritance
Autosomal dominant
Autosomal recessive
Mitochondrial

Requena T Espinosa-Sanchez J, Cabrera S et al. Familial clustering and genetic 
heterogeneity in Meniere's disease. Clin Genet 2014, 85:245-52.



Genetics of Meniere disease
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Phenotype in familial MD

1. Clinical heterogeneity 
2. Small family size
3. Incomplete penetrance (AD, mito)
4. Variable expressivity



Clinical heterogeneity in families

Requena T, Cabrera S, Martín-Sierra C, Price SD, Lysakowski A, Lopez-Escamez JA. Identification
of two novel mutations in FAM136A and DTNA genes in autosomal-dominant familial
Meniere's disease. Human Molecular Genetics. 2015 Feb 14;24(4):1119–26. 
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PRKCB segregates low-frequency 
hearing loss phenotype
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Martín-Sierra C, Gallego-Martinez A, Requena T et al. Variable expressivity and genetic 
heterogeneity involving DPT and SEMA3D genes in autosomal dominant familial Meniere's 
disease. Eur J Hum Genet 2017;25(2):200–7. 
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Exome sequencing studies
6 genes in AD familial Ménière’s disease 

Gene Variant
gnomAD

MAF
Validation studies Reference

COCH Chr14: 25 mutations low Meniere-like HFHL
Robertson Genomics 

1994

DTNA chr18:32462094G>T 3.5x10-5 LCL, novel splice site, rat, 
drosophila

Requena HMG 2015

FAM136A chr2:70527974C>T Not found LCL, gene expression Requena HMG 2015

PRKCB chr16: 23999898 G > T Not found Mouse, Rat, in silico
Martin-Sierra HMG 

2016

DPT Chr7: 84642128 C>T Not found In silico
Martin-Sierra EJHG 

2017

SEMA3D Chr1: 168665849 C>T 2.4x10-5 In silico
Martin-Sierra EJHG 

2017



Sporadic Meniere Disease

Discovery cohort 

681 MD patients (189 

bilateral)

735 controls

Replication cohort 

240 bilateral MD patients

895 Iberian controls

South european

ancestry



Meta-analysis

429 MD bilateral patients

1630 controls

Frejo L, Requena T, Okawa S, Gallego-Martinez A, Martinez-Bueno M, Aran
I, et al. Regulation of Fn14 Receptor and NF-κB Underlies Inflammation in 
Meniere's Disease. Front Immunol. 2017;8:1739. 

rs4947296 CC is the risk genotype in bilateral MD  

Sporadic Meniere Disease



Sporadic Meniere disease 

Panel MDv1: target sequencing 69 genes (N=890)



Burden of missense variants in 12 genes 
(only variants reported in Spanish controls)

Gene
Number

variants

Percentage 

variants 

retained

OR EXAC p corrected OR NFE
p 

corrected
OR CSVS p corrected

GJB2 6 80 0,5 (0,27-0,93) 1.75E-01 3,2 (2,12-4,83) 1.65E-07 2,06 (1,33-3,19) 6.85E-03

SEMA3D 2 50 1,1 (0,76-1,61) 1.00E+00 0,8 (0,53-1,21) 5.70E-01 2,67 (1,94-3,68) 4.06E-09

CLDN14 2 50 4,47 (2,55-7,83) 3.35E-07 23,18 (13,81-38,9) <1.00E-15 4,64 (2,65-8,11) 1.49E-07

SLC26A4 6 40 1,18 (0,72-1,93) 1.00E+00 2,88 (1,89-4,38) 4.88E-06 2,33 (1,51-3,59) 7.37E-04

NFKB1 3 30 1,37 (0,99-1,91) 1.78E-01 1,43 (1,03-1,98) 1.01E-01 2,73 (2,03-3,66) 6.62E-11

ESRRB 3 21 4,41 (3,31-5,89) <1.00E-15 3,39 (2,52-4,55) <1.00E-15 1,84 (1,33-2,54) 6.12E-04

USH1G 5 21 2,51 (1,38-4,56) 1.33E-02 20,27 (12,06-34,06) <1.00E-15 4,67 (2,68-8,17) 3.05E-07

P2RX2 3 14 2,57 (1,93-3,42) 2.61E-10 3,14 (2,38-4,14) <1.00E-15 2,67 (2,01-3,55) 3.36E-11

RDX 2 12 4,49 (3,59-5,61) <1.00E-15 2,69 (2,12-3,4) <1.00E-15 3,33 (2,65-4,2) <1.00E-15

TPRN 3 12 2,24 (1,7-2,96) 4.37E-08 6,55 (5,1-8,4) <1.00E-15 2,95 (2,26-3,86) <1.00E-15

ESPN 2 11 10,69 (9-12,69) <1.00E-15 10,26 (8,64-12,19) <1.00E-15 2,01 (1,64-2,46) 1.85E-11

MYH14 3 6 14,44 (10,42-20,03) <1.00E-15 28,12 (20,38-38,79) <1.00E-15 5,86 (4,16-8,25) <1.00E-15
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X X
MD is not a monogenic disorder

Gallego-Martinez et al. Excess of Rare Missense Variants in Hearing Loss Genes in Sporadic 
Meniere Disease. Front Genet 2019; 10:76. doi: 10.3389/fgene.2019.00076



Common cis-regulatory variants and rare variants in one or more genes will 
contribute to the phenotype in MD.

cv is a common variant 

rv is a rare variant

For a given gene A, the model could be more complex.

Several rare variants will target driver genes (rv z, rv x for gene A; rv y, rv w for 
gene B) and common variants in these genes will explain variable expressivity of 
the MD phenotype (oligogenic multiallelic model).

MD multiallelic model 

Ind 1= cv a + cv c + rv z 

Ind 2= cv b + rv t + rv u

Ind 1= cv a + rv z (gene A)

Ind 2= cv b + rv y (gene B)

Ind 3= cv a + rv x (gene A)

Ind 4= cv b + rv w (gene B)

Gallego-Martinez et al. Excess of Rare Missense Variants in Hearing Loss 
Genes in Sporadic Meniere Disease. Front Genet 2019; 10:76. doi: 
10.3389/fgene.2019.00076
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