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ABSTRACT - Mitochondrial disorders is a group of clinical entities asso-
ciated with abnormalities of the mitochondrial respiratory chain (MRC),
which carries out the oxidative phosphorylation (OXPHOS) of ADP into
ATP. As the MRC is the result of genetic complementation between two
separate genomes, nuclear and mitochondrial, OXPHOS failure can derive
from mutations in either nuclear-encoded, or mitochondrial-encoded,
genes. Epilepsy is a relatively common feature of mitochondrial disease,
especially in early-onset encephalopathies of infants and children. How-
ever, the two most common entities associated with epilepsy include
MERRF, for Myoclonic Epilepsy with Ragged Red Fibers, and AHS, or
Alpers-Huttenlocher syndrome, also known as hepatopathic poliodystro-
phy. Whilst MERRF is a maternally inherited condition caused by mtDNA
mutations, particularly the 8344A>G substitution in the gene encoding mt-
tRNADS, AHS is typically caused by recessive mutations in POLG, encoding
the catalytic subunit of polymerase gamma, the only mtDNA polymerase
in humans. AHS is the most severe, early-onset, invariably fatal syndrome
within a disease spectrum, which also include other epileptogenic enti-
ties, all due to POLG mutations and including Spino-cerebellar Ataxia
and Epilepsy (SCAE). This review reports the main clinical, neuroimaging,
biochemical, and molecular features of epilepsy-related mitochondrial syn-
drome, particularly MERRF and AHS.
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The term ‘mitochondrial disorders’
is, to a large extent, applied to the
clinical syndromes associated with
abnormalities of the common final
pathway of mitochondrial energy
metabolism, i.e. oxidative phospho-
rylation (OXPHOS). OXPHOS takes
place in the inner mitochondrial
membrane involving five enzymatic
complexes which form the mito-
chondrial respiratory chain (MRC).
From a genetic perspective, the
MRC is unique since it is encoded

by two complementary separate
genetic systems: the nuclear and the
mitochondrial genomes. Because of
this dual genetic control, OXPHOS
disorders may be due to mutations
in mitochondrial deoxyribonucleic
acid (mtDNA) or nuclear DNA genes
encoding either structural compo-
nents of the MRC complexes or
factors controlling their expression,
assembly, function and turnover
(Smeitink et al., 2001). Mitochon-
dria contain the only extra-nuclear
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source of DNA in animal cells (Nass, 1966). MtDNA is a
circular, double stranded, 16,569 base-pair molecule of
DNA which encodes 37 genes, including 13 polypep-
tides essential for the formation and function of four
of the five MRC complexes, namely complex 1, I,
IV and V, two ribosomal RNAs (12S and 16S rRNA),
and 22 transfer RNAs (tRNA) (Anderson et al., 1981).
All other OXPHOS-related proteins, including most
of the MRC subunits, MRC assembly factors, factors
necessary for mtDNA maintenance and expression,
etc., are synthesized in the cytosol and are specifically
targeted, sorted and imported to their final mito-
chondrial location (Mokranjac & Neupert, 2005). The
mitochondrial genome has unique features that dis-
tinguish it from the nuclear genome; for instance,
in sexuate organisms, mtDNA is strictly maternally
inherited and present in several hundred to several
thousand copies within a single cell, the number vary-
ing amongst different cell types, mostly based on the
energy demand of each tissue and organ (Taylor &
Turnbull, 2005). The mtDNA genes have no introns,
hardly any non-coding intervening regions, and for
most cases the termination codons are completed by
post-transcriptional polyadenylation (Anderson et al.,
1981). The genetic code of mtDNA differs between
many species, including humans, such that genomes
between species may be reciprocally untranslatable;
this partly explains why mtDNA is translated in situ by
protein synthesis machinery that is completely inde-
pendent from that operating in the cytosol for the
translation of nuclear genes. In human mtDNA, the dis-
placement loop (D-loop) is the only major non-coding
region of the molecule which is formed by the dis-
placement of the two DNA strands by a third DNA
strand, the so-called 7S DNA.

An important contribution to the elucidation of the
molecular basis of mitochondrial disorders has come
from the discovery of an impressive, ever-expanding
number of pathogenic mutations in mtDNA. In cases
in which a mtDNA mutation is not found, mitochon-
drial disease is defined by the detection of a specific
biochemical defect in OXPHQOS, or the observation
of typical morphological clues, or a combination of
the two. In many instances, pathogenic mtDNA muta-
tions can coexist alongside non-mutated mtDNA in the
same cell, tissue and organism, a condition known as
heteroplasmy (Hayashi et al., 1991; Larsson & Clayton,
1995). The percentage of pathogenic heteroplasmy
dictates the phenotype, according to a ‘threshold
effect’, i.e. a critical amount below which mutations
do not manifest any clinical or biochemical pheno-
type. This threshold level varies from tissue to tissue
and depends on the intrinsic pathogenicity of each
mutation but, in general, ranges from 50-60 per cent
(DiMauro, et al., 1985; Rosing et al., 1985; Mita et
al.,, 1990; Hayashi et al., 1991; Moraes et al., 1992;
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Shoubridge, 1994; Traff et al., 1995; Parikh et al., 2008)
for the most severe mutations, to more than 90 percent
for the mildest mutations. A paradigmatic example
is the m.8993T>G mutation associated with NARP
(neuropathy, ataxia, retinitis pigmentosa) syndrome
(DiMauro, et al., 1985). The relationship between the
mutation load and clinical severity was first docu-
mented by Tatuch et al, who showed that around
70 percent heteroplasmy in skeletal muscle results in
adult-onset of a slowly progressive syndrome corre-
sponding to the acronymic features of NARP, whereas
higher degrees of heteroplasmy (around 90 percent)
cause severe, early-onset, maternally inherited Leigh
syndrome (MILS) (Rosing et al., 1985).

MtDNA disease has an extremely variable phenotype
and can present at any age (Traff et al., 1995). The clini-
cal features usually affect tissues characterized by high
metabolic demand, such as the central nervous sys-
tem, the skeletal muscle, or the heart. However, other
tissues are frequently involved, such as the B cells in
the pancreas (leading to diabetes), the hair cells of
the cochlea (causing deafness), or the renal tubules
(leading to kidney dysfunction).

While epilepsy is a recurrent manifestation of mito-
chondrial disease, its exact prevalence is not known. In
contrast, 35-60 per cent of individuals with refractory
seizures display biochemical evidence of mitochon-
drial dysfunction (Parikh etal., 2008). A few studies have
systematically examined the epileptic manifestations
of mitochondrial disease (Khurana et al., 2008; Lee et
al., 2008; El Sabbagh et al., 2010). Although seizures may
be the presenting symptom at onset (Hayashi et al.,
1991; Canafoglia et al., 2001), in more than 80 percent
of cases, the first seizure is preceded by some other
symptoms (El Sabbagh et al., 2010), including, for exam-
ple, failure to thrive, developmental delay, ataxia, or
evidence of multi-organ involvement. In children with
respiratory chain disorders, different seizure types can
occur in as many as 60 percent of cases (El Sabbagh
et al., 2010). Whilst clinical identification of mito-
chondrial epilepsy may be difficult, one of the most
common forms is myoclonic epilepsy, either as typical
MERRF syndrome (myoclonic epilepsy with ragged red
fibres) or within the context of other, complex epileptic
manifestations.

Clinical manifestations

In 1921, Ramsay Hunt described six patients with
a disorder characterized by ataxia, myoclonus, and
epilepsy, which he called ‘dyssynergia cerebellaris
myoclonica’ (Hunt, 1921). Over 50 years then passed
before Tsairis et al. linked this entity to mitochondrial
abnormalities in the skeletal muscle in one fam-
ily, hallmarked by the presence of ragged-red fibres
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Figure 1. Muscle biopsy of a MERRF patient presenting with COX deficient (A) and intense SDH-positive (B) RRF. (C) Neck lipomain a
67-year-old MERRF patient. (D) Lys tRNA highlighting the most frequent mutations associated with MERRF or MERF-Like syndrome.

(Tsairis et al., 1973). This family was described in great
detail, leading to the term ‘classic MERRF’ in 1989
(Lombes et al., 1989). MERRF was one of the three
major, multisystem syndromes first classified as ‘mito-
chondrial encephalomyopathy’ (DiMauro et al., 1985).
MERRF has two other historical distinctions:

— it was the first well-defined human disease in
which maternal inheritance was clearly demonstrated,
thus suggesting a mitochondrial DNA defect (mtDNA)
(Rosing et al., 1985);

— the first mitochondrial encephalomyopathy in which
a molecular mtDNA defect was actually identified.

It is also one of the most common and clini-
cally better defined mitochondrial syndromes. MERRF
is, in fact, a multi-system disorder, hallmarked by
myoclonus, episodes of generalized epilepsy, progres-
sive ataxia, and ragged-red fibres (RRF) with partial
deficiency of cytochrome c oxidase (COX) (19-20-
21) (figure 1 A, B). Although the onset is usually in
childhood, early development is normal and adult
onset is not uncommon. Besides the defining crite-
ria, common clinical manifestations include hearing

loss, peripheral neuropathy, cognitive decay and even-
tually dementia, short stature, exercise intolerance,
and optic atrophy and ataxia. Less common clinical
signs (seen in < 50 percent of the patients) include
cardiomyopathy, pigmentary retinopathy, pyramidal
signs, ophthalmoparesis, and the appearance of mul-
tiple lipomas, particularly in the neck and upper trunk
(figure 1C). As is usually the case with mitochondrial
encephalomyopathies, maternal family members may
be symptomatic, oligosymptomatic, or asymptomatic.
While several heteroplasmic point mutations, mostly
affecting the gene encoding mt-tRNAYS, are respon-
sible for MERRF, by far the most frequent MERRF
mutation is the m.8344A>G substitution in the T-
U-C loop of mt-tRNAYS (figure 1D). A few unusual
clinical presentations, characterized by overlapping
symptoms between MERRF and MELAS (mitochondrial
encephalomyopathy with lactic acidosis and stroke-
like episodes), have been reported either as isolated
cases or, more often, in pedigrees in which typical
MERRF patients were also present. Several studies
have reported in detail the wide spectrum of clinical
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presentations associated with the m.8334A>G muta-
tion (Berkovicetal., 1991; Hammans et al., 1993; Silvestri
etal., 1993; Howell et al., 1996; Mancuso et al., 2013), but
certain features and variants deserve special attention.
For instance, peripheral neuropathy is not uncommon
in MERRF, being usually sensory-motor and contribut-
ing to the onset and progression of gait ataxia. At
least one case has been reported to be characterized
by predominant motor symptoms, thus phenocopying
Charcot-Marie-Tooth disease (Howell et al., 1996).

In 1975, long before the molecular defects of MERRF
became known, Karl Ekbom (Ekbom, 1975) described
multiple lipomas in association with hereditary ataxia,
photomyoclonus and skeletal deformities in a family
in which the 8344A>G mutation was later documented
(Berkovic et al., 1991; Traff et al., 1995). These tumours,
varying in size from small subcutaneous nodules to
disfiguring masses, are usually located in the nape
of the neck and the shoulder area. They have been
reported in numerous patients with the 8344A>G
mutation (Larsson et al., 1992, Holme et al., 1993;
Calabresi et al., 1994, Naumann et al., 1995; Austin
et al.,, 1998). Maternal inheritance was evident in a
large family (Rosing et al., 1985) which was again con-
firmed to harbour the m.8344A>G substitution in the
mt-tRNALys gene (Shoffner et al., 1990). Not only was
this the first molecular defect to be reported for a
mitochondrial encephalomyopathy, but also the first
to be identified for a specific form of epilepsy. The
m.8344A>G mutation is present in about 90 percent
of MERRF patients. Two additional mutations have
been associated with MERRF, both affecting the mt-
tRNAYS gene. The first mutation, m.8356T>C, was
discovered simultaneously in an American family with
typical MERRF (Silvestri et al., 1992), and in an ltalian
family in which typical MERRF symptoms coexisted
with stroke-like episodes and migraines, thus jus-
tifying the definition as a “MERRF/MELAS” overlap
syndrome (Zeviani et al., 1993). A common clinical
feature of both families was hyperthyroidism, which
is rather unusual in mitochondrial diseases and may,
therefore, be related to this specific mutation. A third
family with the same mutation was later reported in
Japan; the proband had typical MERRF, but a mater-
nal aunt had stroke-like episodes, another example of
MERRF/MELAS overlap (Sano et al., 1996).

The second mutation, m.8363G>A, was first identified
in two unrelated American families with maternally
inherited cardiomyopathy, which was severe enough
to cause early death in several members of one
family (Santorelli et al., 1996). Although cardiomy-
opathy dominated the clinical picture, additional
signs included encephalomyopathy, neurosensory
hearing loss, progressive external ophthalmoparesis,
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intellectual disability, limb weakness, and peripheral
neuropathy, variably affecting members of both fami-
lies. Interestingly, cerebellar symptoms were frequent,
including ataxia, dysmetria, slurred speech, and gait
instability. Interestingly, one proband had ‘horse col-
lar’ lipomas. The same mutation was later identified in
two unrelated Japanese patients with typical MERREF,
one of whom also presented cardiomyopathy (Ozawa
et al., 1997). Recently a new mutation, m.3291T>C, has
been associated with MERRF/MELAS syndrome in a 19-
year-old Chinese man (Liu et al., 2014).

The m.8344A>G mutation is virtually always hetero-
plasmic, and the mutation threshold for typical MERRF
is usually high or very high (i.e. affecting about 60-
90 per cent of total mtDNA), which suggests that this
mutation is relatively benign (Shoffner et al., 1990). As
mentioned earlier, the three mutations associated with
MERREF all affect highly conserved nucleotides in the
mt-tRNAYS gene. The m.8344A>G and the m.8356T>C
mutations are located in the T-W-C loop, while the
m.8363G>A mutation is located in the aminoacyl
acceptor stem of the putative cloverleaf (secondary)
structure of the mt-tRNALYs transcript (Santorelli et
al., 1996). A single patient with typical MERRF symp-
toms, i.e. myoclonus, seizures, ataxia, and RRF, but, in
addition, peripheral neuropathy, dementia, and neu-
roradiological evidence of mild cerebral and severe
cerebellar atrophy, had no mutation in the tRNALS
gene, but rather multiple mtDNA deletions in mus-
cle, suggesting impairment in a nuclear gene product
controlling mtDNA integrity, such as POLG.

Laboratory tests

Patients with typical MERRF have elevated blood lac-
tate and pyruvate at rest, both increasing abnormally
upon moderate exercise. CSF protein levels are often
increased, but rarely exceed 100 mg%. Electromyo-
graphy and nerve conduction studies are usually
compatible with a predominantly myopathic pattern,
except when motor peripheral neuropathy is clearly
present. Electroencephalography is typically charac-
terized by generalized spike and wave discharges with
background slowing, butfocal epileptiform discharges
may also be seen (figure 2).

A CT or MRI scan may show brain atrophy and
basal ganglia calcifications. Phosphorus magnetic res-
onance spectroscopy of the gastrocnemius muscle
in eight patients (only three of whom showed signs
of myopathy) revealed mitochondrial dysfunction in
all, as evidenced by increased relative intracellular
inorganic phosphate (Pi) concentration and decreased
phosphocreatine to Pi ratio (Rahman, 2012). However,
no mitochondrial dysfunction was seen in the brain
using the same technique.
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Figure 2. EEG in adult patients with MERRF. (A, B) Generalized spike and waves, as well as myoclonus, during SLI. (C, D) Paroxysmal
activity in the temporal region in both hemispheres with right prevalence.

By definition, the muscle biopsy shows RRF using
modified Gomori trichrome stain in typical patients
(Wolf et al., 2009). These fibres also react intensely to
the succinate dehydrogenase (SDH)-specific stain, a
more sensitive indicator of excessive mitochondrial
proliferation. Both RRF and some non-RRF fail to stain
histochemically to COX. Muscle biopsies from MERRF
patients can also show strongly SDH-reactive blood
vessels (SSVs), similar to those characteristically seen
in the muscles of patients with MELAS (Harding, 1990),
again emphasizing the concept that the two disease
entities may overlap to some extent. However, in
contrast to MELAS SSVs, which stain positive for COX,
MERRF SSVs are uniformly COX-negative (Lamantea
et al., 2002). MRC activities in muscle extracts usually
show defects in mtDNA-dependent complexes, par-
ticularly COX (Lombes et al., 1989; Silvestri et al., 1993).

Neuronal loss and gliosis predominate in the brains
of MERRF patients, preferentially involving the cere-
bellum, the brainstem, and the spinal cord. In the
cerebellum, neuronal loss is particularly severe in
the dentate nucleus, an observation originally made
by Ramsay Hunt, who described ‘primary atrophy
of the dentate system’ in patients with ‘dyssynergia
cerebellaris myoclonica’ (Hunt, 1921). The inferior
olivary nucleus of the medulla oblongata is the most
severely affected structure in the brainstem, followed
by the red nucleus and the substantia nigra in the
mesencephalon. In the spinal cord, severe cell loss
has been observed in the thoracic nucleus of Clarke,
while milder involvement has been detected in the
anterior and posterior horns of the spinal cord.
Demyelination preferentially affects the superior
cerebellar peduncles and the posterior columns and

S98

Epileptic Disord, Vol. 18, Supplement 2, September 2016



lateral spinocerebellar tracts of the spinal cord, while
the pyramidal system is usually spared or mildly
affected.

Private mtDNA mutations
and myoclonic epilepsy

Although MERRF is one of the most common mito-
chondrial encephalomyopathies, a substantial fraction
of paediatric patients with myoclonic epilepsy and
MRC defects fails to show MERRF mutations (El
Sabbagh et al., 2010). In this group, severe myoclonus
may be preceded by other seizure types, such as
erratic myoclonus, focal motor seizures, myoclonic
absences, or tonic seizures, but becomes predominant
during the disease course. Occasionally, the disease
may evolve into recurrent myoclonic status epilepti-
cus. In the report by El Shabbagh et al. on 56 paediatric
patients (EI Sabbagh et al., 2010), only one showed
photosensitivity, with spikes induced by intermittent
light stimulation. Brain MRI showed hyper-intense sig-
nals on T2/FLAIR (fluid-attenuated inversion recovery)
sequences of the basal ganglia (n = 8) and/or den-
tate nuclei (n = 3), and cerebellar atrophy (n =5). The
basal ganglia were involved irrespective of the age at
onset, while cerebellar involvement was present only
in patients with early-onset epilepsy, i.e. within the first
decade of life. Myoclonic seizures were drug-resistant.
Six patients died from global neurological failure lead-
ing to comatose status. Biochemically, eight patients
had complex | deficiency, three complex V, two com-
plex IV, one complex Il, and four showed multiple
defects. In 45 percent of the cases, a mtDNA mutation
was identified; in MT-ATP6 (n = 3), MT-ND3 (n = 2), MT-
TK (n =1), MT-ND5 (n = 1), and MT-TLT (n = 1). mtDNA
depletion in muscles is only rarely associated with pro-
gressive myoclonic epilepsy (Rahman, 2012; Minassian
et al., 2016).

Alpers-Huttenlocher syndrome

The second most common form of mitochondrial
myoclonic epilepsy is Alpers-Huttenlocher syndrome
(AHS) (OMIM #203700). AHS is clinically characterized
by psychomotor retardation, intractable epilepsy, and
liver failure. The onset is in infancy or early childhood,
often with seizures and/or hypotonia. Status epilepti-
cus is common and most patients die from refractory
seizures and liver failure before the age of 3 (Luoma
et al., 2004). Liver dysfunction can be present at the
onset of the neurological symptomatology, or may
manifest following treatment with sodium valproate
for the control of seizures. Individuals with AHS

Myoclonus epilepsy in mitochondrial disorders

typically present with focal myoclonic and complex
seizures. Epilepsia partialis continua is also frequently
seen and may lead to fatal status epilepticus.

The electroencephalogram at onset may point towards
the diagnosis, particularly when characterized by uni-
lateral occipital, rhythmic, high-amplitude slow activity
with superimposed (poly)spikes, frequently evolving
into generalized discharges (Wolf et al., 2009).

Other clinical features include global developmental
delay and regression, progressive microcephaly, cor-
tical visual impairment with abnormal visual-evoked
potentials, and, importantly, evidence of progres-
sive liver failure, heralded by elevated levels of liver
enzymes in the blood and hepatomegaly, followed by
overt liver cirrhosis. Brain MRI may be normal in the
initial stage of disease, or show non-specific changes,
such as progressive cerebral atrophy.

AHS was firstly diagnosed as a neuropathological
entity defined by the presence of extensive necro-
tizing poliodystrophy; histological features include
spongiosis, neuronal loss and astrocytosis affecting
the cerebral cortex, particularly the calcarine cortex,
which explains the cortical visual loss in this condi-
tion (Luoma et al.,, 2004; Van Goethem et al., 2004;
Davidzon etal., 2005). Liver histology in AHS may reveal
steatosis, hepatocyte loss, bile duct proliferation and
fibrosis, evolving into frank cirrhosis (Harding, 1990).
By and large, AHS is associated with a few recessive
mutations in the POLG gene, encoding the catalytic,
large subunit of mtDNA polymerase (polymerase
gamma). More than 150 mutations have been reported
in the POLG gene, constituting a major cause of mito-
chondrial disease. Mutations in this gene are also
the most frequent cause of autosomal dominant pro-
gressive external ophthalmoplegia (ad-PEO). In adPEO
due to POLG mutation, distinct features also include
severe dysphagia and dysphonia and, occasionally,
extra-pyramidal signs, e.g. parkinsonism, cerebellar
dysfunction, or chorea (Luoma et al., 2004). Reces-
sive mutations of POLG may also be responsible for
autosomal recessive cases (Lamantea et al., 2002) or
apparently sporadic PEO cases characterised by mul-
tiple mtDNA deletions (Agostino et al., 2003), with or
without additional findings, including parkinsonism,
severe peripheral neuropathy, endocrine failure, or
psychotic depression (Van Goethem et al., 2003).

In addition, recessive POLG mutations are responsible
for a wide spectrum of syndromes of increasing sever-
ity and precocity, including juvenile sensory ataxic
neuropathy, dysarthria, ophthalmoplegia, SANDO
(Horvath et al.,, 2006), childhood cerebellar ataxia
and epilepsy, SCAE, and possibly infantile AHS, all
characterized by exquisite sensitivity of the liver to
valproate-associated damage.
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As mentioned above, liver failure occurs sponta-
neously in AHS, due to severe, liver-specific mtDNA
depletion.

The molecular basis of this clinical heterogeneity can
be explained, in part, by the structural and func-
tional complexity of the enzyme. Pol-yA, the 145 kDa
catalytic subunit encoded by POLG, comprises an
N-terminal exonuclease domain, with predominantly
proofreading functions, and a polymerase domain,
which performs the template-directed synthesis of
the nascent mtDNA strands. The 2 most prevalent
mutations in AHS, but also in SANDO and SCAE, are
p.A467T and p.W748S, which are present at a fre-
quency of approximately 1 percentin the Scandinavian
population (Horvath et al., 2006). Rapid molecular diag-
nosis of AHS syndrome may therefore be achieved
by screening these selected ‘common’ mutations
in DNA extracted from blood, however, in several
cases, sequence analysis of all exons and exon-intron
boundaries is required to identify causative POLGT
mutations. Liver biopsy of AHS patients shows severe
mtDNA depletion while multiple mtDNA deletions are
the molecular hallmark in muscle for adPEO or arPEO
patients.

Recently, the combination of early encephalopathy,
epilepsy, hepatopathy, and sensory axonal neuropa-
thy was found in patients with recessive mutations
in the mtDNA helicase, Twinkle (PEOT), which co-
functions with Pol-y in mtDNA replication (Saneto &
Naviaux, 2010; Lonnqyvist et al., 2009). As is the case for
POLG-associated AHS, patients with recessive muta-
tions in Twinkle also display mtDNA depletion in the
liver.

Therapy

There is no specific therapy for MERRF or other
mitochondrial encephalomyopathies associated with
myoclonic epilepsy. Patients are empirically treated
with ““cocktails’ of vitamins and cofactors, includ-
ing idebenone at high dosage (150 mg x3 daily) and
L-carnitine (1 g daily) (Farge et al., 2007). Myoclonus can
be controlled with clonazepam (0.5-1 mg three times
a day) or zonisamide. As with all mitochondrial dis-
eases, valproate has to be used with caution and always
in combination with L-carnitine because of its well-
documented inhibition of carnitine uptake (DiMauro
et al., 2000). Hepatic impairment in AHS, SANDO or
SCAE may be precipitated by valproate, leading to
fulminant liver failure. These conditions, therefore,
represent an absolute contra-indication for the use of
valproate to control seizures (Tein et al.,, 1993). Lac-
tic acidosis can be controlled by bicarbonate which,
however, has only a transient buffering effect and may
exacerbate the cerebral symptoms. Levetiracetam is

the first choice of treatment for myoclonus in MERRF
and lamotrigine may exert a neuroprotective effect
(Lagrue et al., 2007). O

Disclosures

None of the authors have any conflict of interest to disclose.

The present manuscript is part of a Epileptic Disorders/
Mariani Foundation supplement on Progressive Myoclonus
Epilepsies, downloadable as a whole by visiting www.
epilepticdisorders.com.

References

Agostino A, Valletta L, Chinnery PF, et al. Mutations of ANTT,
Twinkle, and POLGT1 in sporadic progressive external oph-
thalmoplegia (PEO). Neurology 2003; 60: 1354-6.

Anderson S, Bankier AT, Barrell BG, etal. Sequence and
organization of the human mitochondrial genome. Nature
1981; 290: 457-65.

Austin SA, Vriesendorp FJ, Thandroyen FT, Hecht JT, Jones
OT, Johns DR. Expanding phenotype of the 8334 trans-
fer tRNA lysine mitochondrial DNA mutation. Neurology
1998; 51: 1447-50.

BerkovicS, Shoubridge E, AndermannF, Carpenter S. Clinical
spectrum of mitochondrial, DNA, mutations at base pair 8344.
Lancet 1991; 338:457.

Calabresi PA, Silvestri G, DiMauro S, Griggs RC. Ekbom’s syn-
drome: lipomas, ataxia, and neuropathy with MERRF. Muscle
Nerve 1994; 17:943-5.

Canafoglia L, Franceschetti S, Antozzi C, et al. Epileptic phe-
notypes associated with mitochondrial disorders. Neurology
2001; 56: 1340-6.

Davidzon G, Mancuso M, Ferraris S, et al. POLG mutations
and Alpers syndrome. Ann Neurol 2005; 57:921-3.

DiMauro S, Bonilla E, Zeviani M, Nakagawa M, DeVivo DC.
Mitochondrial myopathies. Ann Neurol 1985;17:521-38.

DiMauro S, Hirano M, Schon EA. Mitochondrial
encephalomyopathies: therapeutic approaches. Neurol
Sci 2000; 21: S901-8.

Ekbom K. Hereditary ataxia, photomyoclonus, skeletal defor-
mities and lipoma. Acta Neurol Scandinav 1975; 51: 393-404.

El Sabbagh S, Lebre AS, Bahi-Buisson N, et al. Epileptic pheno-
types in children with respiratory chain disorders. Epilepsia
2010; 51: 1225-35.

Farge G, Pham XH, Holmlund T, et al. The accessory sub-
unit B of DNA polymerase gamma is required required
for mitochondrial replisome function. Nucleic Acids Res
2007;35:902-11.

Hammans SR, Sweeney MG, Brockington M, et al. The mito-
chondrial DNA transfer RNALys A->G(8344): mutation and
the syndrome of myoclonic epilepsy with ragged red fibers
(MERRF). Brain 1993;116: 617-32.

S100

Epileptic Disord, Vol. 18, Supplement 2, September 2016


http://www.ncbi.nlm.nih.gov/pubmed?term=Mutations of ANT1, Twinkle, and POLG1 in sporadic progressive external ophthalmoplegia (PEO)
http://www.ncbi.nlm.nih.gov/pubmed?term=Sequence and organization of the human mitochondrial genome
http://www.ncbi.nlm.nih.gov/pubmed?term=Expanding phenotype of the 8334 transfer tRNA lysine mitochondrial DNA mutation
http://www.ncbi.nlm.nih.gov/pubmed?term=Clinical spectrum of mitochondrial, DNA, mutations at base pair 8344
http://www.ncbi.nlm.nih.gov/pubmed?term=Ekbom{'}s syndrome: lipomas, ataxia, and neuropathy with MERRF
http://www.ncbi.nlm.nih.gov/pubmed?term=Epileptic phenotypes associated with mitochondrial disorders
http://www.ncbi.nlm.nih.gov/pubmed?term=POLG mutations and Alpers syndrome
http://www.ncbi.nlm.nih.gov/pubmed?term=Mitochondrial myopathies
http://www.ncbi.nlm.nih.gov/pubmed?term=Mitochondrial encephalomyopathies: therapeutic approaches
http://www.ncbi.nlm.nih.gov/pubmed?term=Hereditary ataxia, photomyoclonus, skeletal deformities and lipoma
http://www.ncbi.nlm.nih.gov/pubmed?term=Epileptic phenotypes in children with respiratory chain disorders
http://www.ncbi.nlm.nih.gov/pubmed?term=The accessory subunit B of DNA polymerase gamma is required required for mitochondrial replisome function
http://www.ncbi.nlm.nih.gov/pubmed?term=The mitochondrial DNA transfer RNALys A->G(8344): mutation and the syndrome of myoclonic epilepsy with ragged red fibers (MERRF)

Harding BN. Progressive neuronal degeneration of
childhood with liver disease (Alpers-Huttenlocher
syndrome): a personal review. |/ Child Neurol 1990;5:
273-87.

Hayashi J, Ohta S, Kikuchi A, et al. Introduction of disease
related mitochondrial DNA deletions into Hela cells lack-
ing mitochondrial DNA results in mitochondrial dysfunction.
Proc Nat! Acad Sci 1991; 88: 10614-8.

Holme E, Larsson NG, Oldfors A, Tulinius M, Sahlin P, Sten-
man G. Multiple symmetric lipomas with high levels of
mtDNA with the tRNALys A>G(8344): mutation as the only
manifestation of disease in a carrier of myoclonus epilepsy
and ragged-red fibers (MERRF) syndrome. Am | Hum Genet
1993;52:551-6.

Horvath R, Hudson G, Ferrari G, et al. Phenotypic spectrum
associated with mutations of the mitochondrial polymerase
gamma gene. Brain 2006; 129: 1674-84.

Howell N, Kubacka I, Smith R, Frerman F, Parks JK, Parker WD.
Association of the mitochondrial 8344 MERRF mutation with
maternally inherited spinocerebellar degeneration and Leigh
disease. Neurology 1996; 46: 219-22.

Hunt JR. Dyssynergia cerebellaris myoclonica - primary
atrophy of the dentate system: a contribution to the pathol-
ogy and symptomatology of the cerebellum. Brain 1921; 44:
490-538.

Khurana DS, Salganicoff L, Melvin JJ, etal. Epilepsy and
respiratory chain defects in children with mitochondrial
encephalopathies. Neuropediatrics 2008; 39: 8-13.

Lagrue E, Chalon S, Bodard S, Saliba E, Gressens P, Castelnau
P. Lamotrigine is neuroprotective in the energy deficiency
model of MPTP intoxicated mice. Pediatr Res 2007;62:
14-9.

Lamantea E, Tiranti V, Bordoni A, et al. Mutations of mito-
chondrial DNA polymerase gamma A are a frequent cause of
autosomal dominant or recessive progressive external oph-
thalmoplegia. Ann Neurol 2002;52:211-9.

Larsson NG, Clayton DA. Molecular genetic aspects of
human mitochondrial disorders. Ann Rev Genet 1995;29:
151-78.

Larsson NG, Tulinius MH, Holme E, etal. Segregation and
manifestations of the mtDNA tRNALys A->G(8344): mutation
of myoclonus epilepsy and ragged-red fibers (MERRF) syn-
drome. Am | Hum Genet 1992;51:1201-12.

Lee YM, Kang HC, Lee ]S, et al. Mitochondrial respiratory
chain defects: underlying etiology in various epileptic condi-
tions. Epilepsia 2008; 49: 685-90.

Liu K, Zhao H, Ji K, Yan C. CMERRF/MELAS overlap syndrome
due to the m.3291T>C mutation. Metab Brain Dis 2014;29:
139-44.

Lombes A, Mendell JR, Nakase H, et al. Myoclonic epilepsy
and ragged-red fibers with cytochrome oxidase deficiency:
neuropathology, biochemistry, and molecular genetics. Ann
Neurol 1989; 26: 20-33.

Lonnqvist T, Paetau A, Valanne L, etal. Recessive twin-
kle mutations cause severe epileptic encephalopathy. Brain
2009; 132: 1553-62.

Myoclonus epilepsy in mitochondrial disorders

Luoma P, Melberg A, Rinne JO, etal. Parkinsonism, pre-
mature menopause, and mitochondrial DNA polymerase
gamma mutations: clinical and molecular genetic study.
Lancet 2004; 364: 875-82.

Mancuso M, Orsucci D, Angelini C, et al. Phenotypic het-
erogeneity of the 8344A>G mtDNA “MERRF” mutation.
Neurology 2013; 80: 2049-54.

Minassian BA, Striano P, Avanzini G. Progressive Myoclonus
Epilepsies: State-of-the-Art. Epileptic Disord 2016;18(Suppl.
2): S1-158.

Mita S, Rizzuto R, Moraes CT, et al. Recombination via flank-
ing direct repeats is a major cause of large-scale deletions of
human mitochondrial DNA. Nucleic Acids Res 1990; 18:561-7.

Mokranjac D, Neupert W. Protein import into mitochondria.
Biochem Soc Trans 2005; 33:1019-23.

Moraes CT, Ricci E, Petruzzella V, et al. Molecular analysis
of the muscle pathology associated with mitochondrial DNA
deletions. Nat Genet 1992; 1: 359-67.

Nass MM. The circularity of mitochondrial DNA. Proc Nat/
Acad Sci 1966; 56: 1215-22.

Naumann M, Reiners K, Gold R, et al. Mitochondrial dysfunc-
tion in adult-onset myopathies with structural abnormalities.
Acta Neuropath 1995; 89:152-7.

Ozawa M, Nishino I, Horai S, Nonaka I, Goto Y-1. Myoclonus
epilepsy associated with ragged-red fibers: a G-to-A muta-
tion at nucleotide pair 8363 in mitochondrial tRNA(Lys) in two
families. Muscle Nerve 1997;20:271-8.

Parikh S, Cohen BH, Gupta A, Lachhwani DK, Wyllie E, Kota-
gal P. Metabolic testing in the pediatric epilepsy unit. Pediatr
Neurol 2008; 38: 191-5.

Rahman S. Mitochondrial disease and epilepsy. Dev Med
Child Neurol 2012; 54: 397-406.

Rosing HS, Hopkins LC, Wallace DC, Epstein CM, Weiden-
heim K. Maternally inherited mitochondrial myopathy and
myoclonic epilepsy. Ann Neurol 1985; 17:228-37.

Saneto RP, Naviaux RK. Polymerase gamma disease through
the ages. Dev Disabil Res Rev 2010; 16: 163-74.

Sano M, Ozawa M, Shiota S, Momose Y, Uchigata M, Goto
Y. The T-C(8356) mitochondrial DNA mutation in a Japanese
family. / Neurol 1996; 243: 441-4.

Santorelli FM, Mak S-C, El-Schahawi M, et al. Maternally
inherited cardiomyopathy and hearing loss associated with
a novel mutation in the mitochondrial DNA tRNA(Lys) gene
(G8363 A). Am | Hum Genet 1996; 58: 933-9.

Shoffner JM, Lott MT, Lezza A, Seibel P, Ballinger SW, Wal-
lace DC. Myoclonic epilepsy and ragged-red fiber disease
(MERRF) is associated with a mitochondrial DNA tRNA(Lys)
mutation. Cell 1990; 61:931-7.

Shoubridge EA. Mitochondrial DNA diseases: histological
and cellular studies. J Bioenerg Biomembr 1994; 26: 301-10.

Silvestri G, Moraes CT, Shanske S, Oh SJ, DiMauro SA.
New mtDNA mutation in the tRNA(Lys) gene associated with
myoclonic epilepsy and ragged-red fibers (MERRF). Am J Hum
Genet 1992;51:1213-7.

Epileptic Disord, Vol. 18, Supplement 2, September 2016

S101


http://www.ncbi.nlm.nih.gov/pubmed?term=Progressive neuronal degeneration of childhood with liver disease (Alpers-Huttenlocher syndrome): a personal review
http://www.ncbi.nlm.nih.gov/pubmed?term=Introduction of disease related mitochondrial DNA deletions into HeLa cells lacking mitochondrial DNA results in mitochondrial dysfunction
http://www.ncbi.nlm.nih.gov/pubmed?term=Multiple symmetric lipomas with high levels of mtDNA with the tRNALys A>G(8344): mutation as the only manifestation of disease in a carrier of myoclonus epilepsy and ragged-red fibers (MERRF) syndrome
http://www.ncbi.nlm.nih.gov/pubmed?term=Phenotypic spectrum associated with mutations of the mitochondrial polymerase gamma gene
http://www.ncbi.nlm.nih.gov/pubmed?term=Association of the mitochondrial 8344 MERRF mutation with maternally inherited spinocerebellar degeneration and Leigh disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Dyssynergia cerebellaris myoclonica - primary atrophy of the dentate system: a contribution to the pathology and symptomatology of the cerebellum
http://www.ncbi.nlm.nih.gov/pubmed?term=Epilepsy and respiratory chain defects in children with mitochondrial encephalopathies
http://www.ncbi.nlm.nih.gov/pubmed?term=Lamotrigine is neuroprotective in the energy deficiency model of MPTP intoxicated mice
http://www.ncbi.nlm.nih.gov/pubmed?term=Mutations of mitochondrial DNA polymerase gamma A are a frequent cause of autosomal dominant or recessive progressive external ophthalmoplegia
http://www.ncbi.nlm.nih.gov/pubmed?term=Molecular genetic aspects of human mitochondrial disorders
http://www.ncbi.nlm.nih.gov/pubmed?term=Segregation and manifestations of the mtDNA tRNALys A->G(8344): mutation of myoclonus epilepsy and ragged-red fibers (MERRF) syndrome
http://www.ncbi.nlm.nih.gov/pubmed?term=Mitochondrial respiratory chain defects: underlying etiology in various epileptic conditions
http://www.ncbi.nlm.nih.gov/pubmed?term=CMERRF/MELAS overlap syndrome due to the m.3291T>C mutation
http://www.ncbi.nlm.nih.gov/pubmed?term=Myoclonic epilepsy and ragged-red fibers with cytochrome oxidase deficiency: neuropathology, biochemistry, and molecular genetics
http://www.ncbi.nlm.nih.gov/pubmed?term=Recessive twinkle mutations cause severe epileptic encephalopathy
http://www.ncbi.nlm.nih.gov/pubmed?term=Parkinsonism, premature menopause, and mitochondrial DNA polymerase gamma mutations: clinical and molecular genetic study
http://www.ncbi.nlm.nih.gov/pubmed?term=Phenotypic heterogeneity of the 8344A>G mtDNA ``MERRF'' mutation
http://www.ncbi.nlm.nih.gov/pubmed?term=Progressive Myoclonus Epilepsies: State-of-the-Art
http://www.ncbi.nlm.nih.gov/pubmed?term=Recombination via flanking direct repeats is a major cause of large-scale deletions of human mitochondrial DNA
http://www.ncbi.nlm.nih.gov/pubmed?term=Protein import into mitochondria
http://www.ncbi.nlm.nih.gov/pubmed?term=Molecular analysis of the muscle pathology associated with mitochondrial DNA deletions
http://www.ncbi.nlm.nih.gov/pubmed?term=The circularity of mitochondrial DNA
http://www.ncbi.nlm.nih.gov/pubmed?term=Mitochondrial dysfunction in adult-onset myopathies with structural abnormalities
http://www.ncbi.nlm.nih.gov/pubmed?term=Myoclonus epilepsy associated with ragged-red fibers: a G-to-A mutation at nucleotide pair 8363 in mitochondrial tRNA(Lys) in two families
http://www.ncbi.nlm.nih.gov/pubmed?term=Metabolic testing in the pediatric epilepsy unit
http://www.ncbi.nlm.nih.gov/pubmed?term=Mitochondrial disease and epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Maternally inherited mitochondrial myopathy and myoclonic epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Polymerase gamma disease through the ages
http://www.ncbi.nlm.nih.gov/pubmed?term=The T-C(8356) mitochondrial DNA mutation in a Japanese family
http://www.ncbi.nlm.nih.gov/pubmed?term=Maternally inherited cardiomyopathy and hearing loss associated with a novel mutation in the mitochondrial DNA tRNA(Lys) gene (G8363 A)
http://www.ncbi.nlm.nih.gov/pubmed?term=Myoclonic epilepsy and ragged-red fiber disease (MERRF) is associated with a mitochondrial DNA tRNA(Lys) mutation
http://www.ncbi.nlm.nih.gov/pubmed?term=Mitochondrial DNA diseases: histological and cellular studies
http://www.ncbi.nlm.nih.gov/pubmed?term=New mtDNA mutation in the tRNA(Lys) gene associated with myoclonic epilepsy and ragged-red fibers (MERRF)

C. Lamperti, M. Zeviani

Silvestri G, Ciafaloni E, Santorelli F, etal. Clinical fea-
tures associated with the AZAG transition at nucleotide
8344 of mtDNA (“MERRF mutation”). Neurology 1993;43:
1200-6.

Smeitink J, van den Heuvel L, DiMauro S. The genetics
and pathology of oxidative phosphorylation. Nat Rev Genet
2001; 2: 342-52.

Taylor RW, Turnbull DM. Mitochondrial DNA mutations in
human disease. Nat Rev Genet 2005; 6: 389-402.

Tein I, DiMauro S, Xie Z-W, De Vivo DC. Valproic acid impairs
carnitine uptake in cultured human skin fibroblasts. An in
vitro model for pathogenesis of valproic acid-associated car-
nitine deficiency. Pediat Res 1993; 34:281-7.

Traff ], Holme E, Nilsson BY. Ekbom’s syndrome of photomy-
oclonus, cerebellar ataxia and cervical lipoma is associated
with tRNA(Lys) A8344 G mutation in mitochondrial DNA Acta
Neurol Scand 1995;92:394-7.

Tsairis P, Engel WK, Kark P. Familial myoclonic epilepsy
syndrome associated with skeletal muscle mitochondrial
abnormalities. Neurology 1973;23: 408.

Van Goethem G, Martin JJ, Dermaut B, et al. POLG mutations
presenting with sensory and ataxic neuropathy in compound
heterozygotepatients with progressive external ophthalmo-
plegia. Neuromuscul Disord 2003;13:133-42.

Van Goethem G, Luoma P, Rantamaki M, et al. POLG muta-
tions in neurodegenerative disorders with ataxia but no
muscle involvement. Neurology 2004; 63: 1251-7.

Wolf NI, Rahman S, Schmitt B, et al. Status epilepticus in chil-
dren with Alpers’ disease caused by POLG1 mutations: EEG
and MRI features. Epilepsia 2009; 50: 1596-607.

Zeviani M, Muntoni F, Savarese N, etal. A MERRF/MELAS
overlap syndrome associated with a new point mutation in
the mitochondrial DNA tRNA(Lys) gene. Eur | Hum Genet
1993; 1: 80-7.

S$102

Epileptic Disord, Vol. 18, Supplement 2, September 2016


http://www.ncbi.nlm.nih.gov/pubmed?term=Clinical features associated with the AOT1AE G transition at nucleotide 8344 of mtDNA (``MERRF mutation'')
http://www.ncbi.nlm.nih.gov/pubmed?term=The genetics and pathology of oxidative phosphorylation
http://www.ncbi.nlm.nih.gov/pubmed?term=Mitochondrial DNA mutations in human disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Valproic acid impairs carnitine uptake in cultured human skin fibroblasts. An in vitro model for pathogenesis of valproic acid-associated carnitine deficiency
http://www.ncbi.nlm.nih.gov/pubmed?term=Familial myoclonic epilepsy syndrome associated with skeletal muscle mitochondrial abnormalities
http://www.ncbi.nlm.nih.gov/pubmed?term=POLG mutations presenting with sensory and ataxic neuropathy in compound heterozygotepatients with progressive external ophthalmoplegia
http://www.ncbi.nlm.nih.gov/pubmed?term=POLG mutations in neurodegenerative disorders with ataxia but no muscle involvement
http://www.ncbi.nlm.nih.gov/pubmed?term=Status epilepticus in children with Alpers' disease caused by POLG1 mutations: EEG and MRI features
http://www.ncbi.nlm.nih.gov/pubmed?term=A MERRF/MELAS overlap syndrome associated with a new point mutation in the mitochondrial DNA tRNA(Lys) gene


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


