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ABSTRACT

Autism is a neurodevelopmental disorder of 
unknown origin that manifests in early childhood. 
Autism spectrum disorders (ASDs) refer to a broader 
group of neurobiological conditions, pervasive de-
velopmental disorders. Despite several arguments 
for a strong genetic contribution, the molecular 
basis in most cases remains unexplained. Several 
studies have reported an association between ASDs 
and mutations in the mitochondrial DNA (mtDNA) 
molecule. In order to confirm these causative rela-
tionship, we screened 21 individuals with idiopathic 
ASDs for a number of the most common mtDNA 
mutations. We identified two patients with candi-
date mutations: m.6852G>A that produces an amino 
acid change of glycine to serine in the MT-CO1 gene 
and m.8033A>G (Ile→Val) in the MT-CO2 gene. 
Overall, these findings support the notion that mito-
chondrial mutations are associated with ASDs. Ad-

ditional studies are needed to further define the role of 
mitochondrial defects in the pathogenesis of autism.
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INTRODUCTION

Autism spectrum disorders (ASDs) are a het-
erogeneous group of neurodevelopmental disorders 
characterized by impaired reciprocal social interac-
tion, lack of communication, isolated interests and 
repetitive or stereotyped behaviors [1]. It is now es-
timated that about one out of every 150 children is 
affected with ASDs [2]. Most cases are idiopathic, 
although there is increasing evidence that ASDs 
have an important genetic component with aetio-
logical heterogeneity [3]. Some cases of autism 
have been associated with several different organic 
conditions including mitochondrial dysfunction [4-
6], however, very few individuals with mitochon-
drial DNA (mtDNA) mutations have been found 
[7-10]. Pons et al. [7] reported two ASDs patients 
with the 3243A>G mutation and postulated that 
ASDs, with or without additional neurological fea-
tures, can be an early presentation of the 3243A>G 
mutation and can be a prominent clinical manifesta-
tion of mtDNA depletion. One study of 810 patients 
with ASDs identified two individuals (0.2%) with 
the same mutation (3243A>G) [8]. Graf et al. [9] 
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described a family with different neurological dis-
orders associated with the mtDNA 8363G>A muta-
tion; the phenotype of one child in the family was 
consistent with ASDs. Several variants of probable 
or unclear pathogenicity (3397A>G, 4295A>G, 
3394T>C, 10394C>T, 11809T>C and 11984T>C) 
were detected in 25 ASDs patients [10]. Another 
study of 129 individuals with Asperger syndrome 
and 138 mothers of individuals with Asperger syn-
drome searched for the 3243A>G mutation, but no 
such mutation was found [11]. According to the 
Álvarez-Iglesias et al. “Therefore there is a certain 
amount of evidence that seems to suggest a role of 
mtDNA variants in ASDs; however, this evidence 
is weak and/or has not been replicated yet in dif-
ferent independent cohorts of patients.” [12]. To 
further investigate the hypothesis of an aetiological 
link between ASDs and mitochondrial disorders, we 
screened 21 autistic children for mtDNA mutations.

MATERIALS AND METHODS

Subjects. The patients included in this study 
were 21 autistic children (18 males and 3 females) 
ranged in age from 2 to 11 years. The diagnosis of 
ASDs was made by child neuropsychiatrists based 
on the criteria established in the American Psychi-
atric Association Diagnostic and Statistical Manual 

of Mental Disorders (DSM-IV) [1]. All patients are 
of Bulgarian ethnicity. The children were referred to 
our clinic for genetic and/or metabolic evaluation of 
autism but not specifically for evaluation for mito-
chondrial disease. All patients had an evaluation by 
neurologists, psychologists and clinical geneticists. 
Laboratory tests including standard karyotyping, 
fragile-X molecular testing. Molecular karyotyping 
by microarray comparative genomic hybridization 
was performed. Children with genetic anomalies 
potentially causative of ASDs were excluded from 
the study.

The research protocol was approved by The 
Ethics Committee for Research Investigations to the 
Medical University, Sofia, Bulgaria. Informed con-
sent was obtained from the guardians of all patients.

Methods. Genomic high molecular weight 
DNA samples were extracted from peripheral blood 
lymphocytes, using a GENO-M6 automated system 
(Geno Vision, Geno M™-6; Olerup GmbH, Vienna, 
Austria). Polymerase chain reaction (PCR)-sequenc-
ing based technique(SBT) was used for detection of 
single nucleotide changes along the mtDNA. The 
mitochondrial genome was amplified regionally with 
an approximate fragments length of 1500 bp. Direct 
cycle sequencing with fluorescently labeled and ter-
minating nucleotides was performed (BigDye™ Ter-
minator Cycle sequencing Kit; Applied Biosystems, 

Figure 1. Sequencing-based identification of the complex IV mutation: m.6852G>A, p.(Gly317Ser).
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Foster City, CA, USA). Each DNA sequence variant 
was evaluated for pathogenicity by search in the MI-
TOMAP and mtDB-Human Mitochondrial Genome 
databases [13,14]. The method allowed target iden-
tification of the most common pathogenic mutation 
points via the mitochondrial genome of the patients. 
Moreover it was possible to detect additional vari-
ants through the sequence as polymorphisms, silent 
and non synonymous mutations.

RESULTS

Table 1 summarizes some of the clinical data 
and mtDNA testing results of the ASDs patients in 
the present study. Molecular genetic studies were 
performed by isolation of total DNA from blood 
by standard procedures, screening for the mtDNA 
mutations by PCR-SBT analysis and subsequent 
sequencing of the whole mitochondrial genome. 
Sixteen of the 21 children carried reported poly-
morphisms and/or silent variants and two patients 
carried mtDNA mutations of likely pathogenicity 
(Table 1). In one patient, a G>A transition in pro-
tein-coding regions (COI, subunit of cytochrome c 
oxidase) was detected: m.6852 G>A, p.( Gly317Ser) 
(Figure 1). A candidate mutation m.8033A>G that 
produces an amino acid change p.(Ile 150Val) in the 
mitochondrial gene (MT-CO2) coding for complex 

IV that has not been reported before, was observed 
in one boy with autism, moderate mental retarda-
tion and hypertrichosis (Figure 2). These mutations 
were present in homoplasmy in the patient’s DNA. 
Normal blood lactate levels were found in the two 
children carrying mtDNA mutations.

DISCUSSION

The autism spectrum disorders are clinically 
and etiologically heterogeneous developmental 
disorders of the brain. Many causes of autism have 
been proposed, but understanding of the etiology of 
ASDs is incomplete. The brain is strongly depend-
ent on the ATP production of the mitochondrion, and 
the high energy demands of the brain and nervous 
system make them particularly vulnerable to im-
paired energy production. Recent epidemiological 
studies indicate that the incidence of mitochondrial 
disorders in children with autism could be 550 to 
770 times higher than that of the general population 
[15]. All these facts have led several researchers to 
explore mitochondrial respiratory chain disorders as 
potential risk factors in ASDs. Multiple studies have 
confirmed the role of mitochondrial dysfunctions in 
ASDs [4-6,15,16]. For most individuals with de-
fects of oxidative phosphorylation, the diagnosis 
is made through the determination of the activities 

Figure 2. Sequencing-based identification of the complex IV mutation: m.8033A>G, p.(Ile150Val).
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Table 1. Clinical data and mitochondrial DNA testing results of 21 autistic patients.

Patient
Number

Sex-Age
(y:moths)

Non Synonymous
Mutations

Silent 
Variants Polymorphisms Lactate

(mmol/L)a Clinical Data

1 M-2:7 C7028T; G9055A;
A9494G; T9698C 3.24 Autism, moderate mental 

retardation, strabismus

2 F-3:2 A4188G; C7028T 2.30
Autism, mental retardation, 
dysmorphic face, skin 
hyperpigmentation

3 M-3:4 T3197C; G8581A;
G9477A; G9554A 2.61 Autism, mental retardation

4 M-4:6 7.88 Autism, relative macrocephaly

5 M-4:2 C6371T; C7028T 1.36
Autism, mild mental 
retardation, family history of 
psychiatric disorders

6 M-7:8 C7028T; T9698C;
G9055A 1.99 Autism, cognitive regression

7 M-3:9 A8348G 5.24 Autism, moderate mental 
retardation, hyperactivity

8 M-4:10 G3834A; T8602C 2.94 Autism

9 M-11:0 A476G; A8718G
G8994A 1.03 Autism, moderate mental 

retardation, microcephaly

10 F-6:4 6852G>A (MT-COI gene);
Gly317Ser (complex IV)

6809A>G
(complex I) 2.07 Autism, mild  

mental retardation

11 M-4:10 T3197C; G8994A 2.01 Autism, moderate  
mental retardation

12 M-5:11 G8269A; G8557A;
T4216C; G5460A 1.27 Autism, strabismus

13 M-6:8
6464C>A

(complex I);
7810C>T

(complex II)

T4216C; C7028T;
A12612G 4.82 Autism, dolichocephaly, 

dymorphic face

14 M-5:5 3.11 Autism, borderline intelligence, 
hyper-trichosis

15 F-3:4 T4336C 1.75 Autism, mental retardation, 
dolichocephaly

16 M-6:7 C6371T; A6791G
C7028T; T8503C 2.10 Atypical autism, severe mental 

retardation, dysmorphic face

17 M-2:8 G3591A; A4310G 1.60
Autism, mild mental 
retardation, muscle hypotonic, 
bilateral inguinal hernia

18 M-11:0

8033A>G
(MT-CO2 

gene);
Ile150Val

(complex IV)

1.83
Autism, moderate mental 
retardation, hypertrichosis, 
dysmorphic face

19 M-8:9 1.10 Autism, moderate mental 
retardation, microcephaly

20 M-2:0 A8805G 5.64 Autism, mild  
mental retardation

21 M-2:7 2.66 Autism, mild mental 
retardation, dysmorphic face

a Normal range for blood lactate: 1.10-2.40 mmol/L.
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of the enzyme complexes of the electron transport 
chain but an underlying mitochondrial mutation 
(including mtDNA depletion, mutations and dele-
tions) can rarely be identified [7-10,17]. The present 
study aimed to explore the roles of mtDNA muta-
tions in ASDs and find more evidence to support 
the relationship between these two disorders. In an 
ongoing survey, we screened 21 autistic children for 
mtDNA mutations. Sequencing of mtDNA showed 
a number of polymorphisms and two mutations, 
presented in the homoplasmic state, which have 
never been reported before in autistic patients (Ta-
ble 1). Patient 10 had the G6852A mutation that re-
places glycine with serine in protein-coding regions 
(COI) documented in blood (Figure 1). This muta-
tion was reported previously by Taylor et al. [18]. 
They examined colonic crypt stem cells derived 
from a 75-year-old patient undergoing resection for 
a colonic tumor and found the G6852A mutation in 
the heteroplasmic (60.0%) state. Probably, the vari-
ability of phenotypes associated with this mutation, 
is according to the existence of environmental or 
genetic factors in addition to the mtDNA mutation 
that contribute to the development of clinical pres-
entations. We also identified the p.(Ile→Val) sub-
stitution (m.8033A>G) in protein COII, subunit of 
cytochrome c oxidase (Figure 2) in a patient with 
autism, moderate mental retardation, hypertrichosis 
and dysmorphic face. To the best of our knowledge, 
the same mutation has not been previously observed 
in a patient with autistic or non autistic behavior and 
mitochondrial cytopathies. Hair abnormalities and 
pigmented skin eruptions belong to the broad spec-
trum of presenting symptoms of mitochondrial dis-
ease and 10.0% of the children with mitochondrial 
disorders develop specific cutaneous manifestations 
[19]. Hypertri-chosis is one of the most frequent 
skin disorders associated with mitochondrial dys-
function, however, the relationship between cutane-
ous manifestations in our patient and the A8033G 
mutation is speculative.

The two patients carrying mtDNA mutations 
had normal blood lactate levels (Table 1), however, 
normal lactate levels do not exclude mitochondrial 
disease. Biochemical markers may be abnormal 
only during illness and variations in blood collec-
tion techniques are well known to cause differences 
in lactate values. Only a few studies evaluated autis-
tic children who had a normal lactate for mitochon-

drial disorders [7,9,20,21]. Using only lactate as a 
screening test for mitochondrial dysfunction may 
miss some individuals with mitochondrial diseases.

The phenotypic presentation of mitochondrial 
disorders in ASDs is quite broad. Some investiga-
tors described autistic patients with mitochondrial 
dysfunction as not different from the general ASDs 
population [10,16,22]. Other investigators found 
that children with ASDs and mitochondrial disor-
ders demonstrated significant neurological (devel-
opmental regression, seizures, motor delay) and/
or gastrointestinal (reflux, constipation) problems 
[10,23]. One of our patients (patient 10, Table 1) 
did not have any major clinical features that distin-
guished her from typical autism. The patient with 
the A8033G mutation had a dysmorphic face and 
hypertrichosis and might be classified as having a 
syndromic autism. The substantial clinical hetero-
geneity of individuals with cooccurring autism and 
mtDMA mutations and lack of classical features as-
sociated to mitochondrial diseases constitute a chal-
lenge for clinicians to diagnose these patients.

The presence of mtDNA mutations observed 
in this study, performed on ASDs children, may in-
dicate an etiological role of the mitochondrial dys-
function in autistic patients. The pathogenetic link 
is that all of these mutations impair mitochondrial 
protein synthesis, however, additional studies are 
needed to investigate whether the mitochondrial 
dysfunction in children with autism is primary or 
secondary. A plausible hypothesis is that the mito-
chondrial dysfunction can lead to reduced synaptic 
neurotransmitter release in GABAergic (neurons 
whose primary neurotransmitter is GAMMA-AMI-
NO BUTYRIC) neurons during a specific devel-
opmental period between 12 and 30 months of age 
[24,25]. However, an imbalance in the excitatory 
and inhibitory neurotransmitter systems reported 
in ASDs could also contribute to secondary mito-
chondrial dysfunction through an inhibition of mi-
tochondrial b-oxidation [26]. Mitochondrial dys-
function has been associated with other behavioral 
abnormalities besides autism, such as schizophrenia 
and depression, which are frequent psychiatric con-
ditions in relatives of children with autism [7,27].

Our study has some limitations. First, the num-
ber of individuals in whom mtDNA mutations were 
assessed was relatively small, and further studies in 
a larger sample would be needed to determine the 
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association between ASDs and the results of mtD-
NA analyses reported herein. Second, only a panel 
of the most common mutations in mtDNA has been 
tested and, therefore, a mutation elsewhere in the 
mitochondrial genome cannot be ruled out. Third, 
we tested only blood samples, and lack of detect-
able mutation in one tissue does not exclude the 
presence of a mutation in other tissues. Fourth, the 
fact that diagnosed variants are non synonymous 
and rare does not guarantee their pathogenic status. 
Additional analyses of mtDNA genomes could sup-
ply new findings about the etiological role of rare 
mutations.

CONCLUSIONS

Despite of the mentioned limitations, our study 
suggests that mtDNA mutations may be an addi-
tional patho-genetic factor for a subset of individu-
als with autism. It is important for ASDs children 
with mitochondrial disorders to be identified early 
in life and to start a proper treatment with antioxi-
dants and mitochondrial cofactors. Some ASDs pa-
tients who have a mitochondrial dysfunction can be 
phenotypically indistinguishable from children with 
idiopathic autism. In order to reach an early diagno-
sis, all children with ASDs should be screened for 
mitochondrial disorders. Further studies are needed 
to prove the clinical significance of the present find-
ings and to understand how mitochondrial defects 
may contribute to autism.
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