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Association of mitochondrial 
polymorphism m.709G>A with 
Behçet’s disease

The involvement of nuclear genes in Behçet’s disease (BD) risk 
has been investigated, but the role of the mitochondrial DNA 
(mtDNA) has been completely neglected. Mitochondria are the 
main intracellular source of reactive oxygen species produced 
during normal aerobic metabolism via the electron transport 
chain and since mitochondrial dysfunction may underlie a 
multitude of clinical features in multifactorial and multisys-
temic diseases such as BD, we assessed whether mtDNA single 

nucleotide polymorphisms (SNPs) and haplogroups confer sus-
ceptibility to BD.

A total of 615 patients and 434 controls from Iran were 
enrolled in this study. BD diagnosis was made according to 
the revised International Criteria for Behçet’s Disease1 (ICBD 
cases). A total of 494 patients also fulfi lled the International 
Study Group2 criteria for diagnosis of BD (ISG cases). We geno-
typed 19 mtDNA SNPs which are suffi cient for classifying our 
Iranian cohort into their most prevalent haplogroups: West 
Eurasian R0, H, V, J, T, U, K, N1, N1e’I, I, X and W haplogroups; 
Eastern Eurasian macrohaplogroup M, D, N (except for hap-
logroups N1, N1e’I, I, W and X) and R (lineages except R0, JT 
and UK) haplogroups; and African L haplogroup (fi gure 1).3–6 
Using a panel of 89 autosomal ancestry informative markers, 
no evidence of population admixture was found in our cohort 
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of the haplogroups tested showed an association with BD 
risk.

Our fi ndings link the mtDNA m.709G>A non-coding variant 
in the 12S rRNA (MT-RNR1) locus with risk for BD. Consistent 
with the multisystemic nature and the gene–environmental inter-
action of BD, ribosomal RNAs are among the very few genes 
present in all cells. 12S rRNA is a 959-nucleotide molecule partici-
pating in the assembly of amino acids into functional proteins. 
Mutations in MT-RNR1 are known to cause maternally inherited 
non-syndromic and antibiotic-induced deafness. Further investi-
gation is required to determine if m.709G>A contributes to BD 
susceptibility by impairing the ability of mitochondria to pro-
duce proteins and enhancing oxidative stress or through another 
mechanism. Increased oxidative stress and impaired antioxidant 
defence system observed in blood of patients with BD9 10 may 
signifi cantly contribute to the disease pathophysiology.

Interestingly, we found a stronger association of mtDNA SNP 
m.709G>A with BD in the subset of samples fulfi lling the more 
specifi c ISG criteria than in the entire dataset of BD cases, sup-
porting the notion that the ISG subset may be a genetically more 
homogeneous group of cases.

Figure 1 Characterisation and association of the investigated mitochondrial markers and haplogroups. Each haplogroup was determined by the 
combination of alleles in bold, and the alleles not in bold aided in the phylogenetic assignment. The polymorphisms are named after their base pair 
position and alleles. The type of the variant is indicated as ‘ncod’ for non-coding single nucleotide polymorphisms (SNPs), ‘syn’ for synonymous SNPs, 
and the amino acid substitution is also shown for non-synonymous SNPs. The haplogroup frequencies in controls and the SNP frequencies of the 
derived allele (second allele in the SNP ID) are indicated. The results of mitochondrial SNP association testing with Behçet’s disease risk using the 
ICBD cases or ISG cases are shown. Unadjusted and gender-adjusted p values are presented and signifi cant p values (<0.05) are highlighted in bold. 
ORs and 95% CIs are shown only for allele A of m.709G>A. ICBD, International Criteria for Behçet’s Disease; ISG, International Study Group Behçet’s 
Disease.

(data not shown). Extensive genotyping quality control checks 
were implemented.

The associations with BD risk were assessed using 
Pearson’s χ2 tests and logistic regression analyses with gender 
as a covariate. Each haplogroup was compared with all other 
haplogroups pooled together. Results were considered sig-
nifi cant below the conventional level of p=0.05. Since some 
of the markers are in linkage disequilibrium and the haplo-
group comparisons are not independent, we did not perform 
corrections for multiple testing and uncorrected p values are 
reported.

The general characteristics (table 1) and the observed hap-
logroup frequencies (figure 1) in our cohort are in agreement 
with those previously reported in the Iranian population.7 8 
In the ICBD dataset, m.709G>A (A allele in 14.5% of con-
trols, 19.6% of ICBD cases) was significantly associated 
with BD prior (p=0.038) and marginally after adjustment for 
gender (p=0.053). In ISG cases, m.709G>A was also the only 
marker associated with BD prior (p=0.007, A allele in 21.4% 
of ISG cases) and after adjustment for gender (p=0.013). 
This marker does not define any haplogroup by itself. None 
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This study links for the fi rst time the mtDNA with BD suscep-
tibility and suggests that, in addition to multiple nuclear genes 
and environmental contributions, BD risk might also be gov-
erned by mitochondrial genomic background. This preliminary 
association warrants further validation and investigation in BD 
and in other rheumatic diseases.
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Table 1 General characteristics of the study sample

Characteristic Controls ICBD cases ISG cases

N 434 615 494
Gender, n/N (% males) 407/434 (93.8) 498/615 (81.0) 409/494 (82.8)
Mean age at examination, years±SD 41.4±11.6 38.7±10.4 39.2±10.7
Mean age at diagnosis, years±SD – 31.5±8.5 31.9±8.9
Oral aphtosis, n/N (%) 92/434 (21.2) 607/615 (98.7) 494/494 (100)
Genital aphtosis, n/N (%) 0/434 (0.0) 372/615 (60.5) 343/494 (69.4)
Skin lesions, n/N (%) 364/615 (59.2) 357/494 (72.3)
 Pseudofolliculitis 290/615 (47.2) 286/494 (57.9)
 Erythema nodosum 133/615 (21.6) 129/494 (26.1)
 Skin aphtosis 18/615 (2.9) 17/494 (3.4)
Ophthalmological manifestations, n/N (%) 399/615 (64.9) 312/494 (63.2)
 Anterior uveitis 290/615 (47.2) 221/494 (44.7)
 Posterior uveitis 341/615 (55.4) 264/494 (53.4)
 Retinal vasculitis 235/615 (38.2) 192/494 (38.9)
Joint manifestations, n/N (%) 205/615 (33.3) 175/494 (35.4)
 Arthralgia 84/615 (13.7) 66/494 (13.4)
 Arthritis 133/615 (21.6) 120/494 (24.3)
 Ankylosing spondylitis 12/615 (2.0) 8/494 (1.6)
Neurological manifestations, n/N (%) 38/615 (6.2) 33/494 (6.7)
Vascular involvement, n/N (%) 38/615 (6.2) 33/494 (6.7)
Gastrointestinal manifestations, n/N (%) 17/615 (2.8) 16/494 (3.2)
Epididymitis, n/N (%) 21/498 (4.2) 18/409 (4.4)
Cardiac involvement, n/N (%) 4/615 (0.7) 4/494 (0.8)
Pleuropulmonary involvement, n/N (%) 5/615 (0.8) 5/494 (1.0)
Pathergy phenomenon, n/N (%) 281/603 (46.6) 275/483 (56.9)
Family history of Behçet’s disease, n/N (%)  52/586 (8.9) 40/468 (8.5)

ICBD, International Criteria for Behçet’s Disease; ISG, International Study Group Behçet’s Disease.
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