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ABSTRACT - Lafora disease (LD) is an autosomal recessive progres-
sive myoclonus epilepsy due to mutations in the EPM2A (laforin) and
EPM2B (malin) genes, with no substantial genotype-phenotype differences
between the two. Founder effects and recurrent mutations are common,
and mostly isolated to specific ethnic groups and/or geographical locations.
Pathologically, LD is characterized by distinctive polyglucosans, which are
formations of abnormal glycogen. Polyglucosans, or Lafora bodies (LB) are
typically found in the brain, periportal hepatocytes of the liver, skeletal and
cardiac myocytes, and in the eccrine duct and apocrine myoepithelial cells
of sweat glands. Mouse models of the disease and other naturally occur-
ring animal models have similar pathology and phenotype. Hypotheses of
LB formation remain controversial, with compelling evidence and caveats
for each hypothesis. However, it is clear that the laforin and malin functions
regulating glycogen structure are key.

With the exception of a few missense mutations LD is clinically homo-
geneous, with onset in adolescence. Symptoms begin with seizures, and
neurological decline follows soon after. The disease course is progres-
sive and fatal, with death occurring within 10 years of onset. Antiepileptic
drugs are mostly non-effective, with none having a major influence on the
progression of cognitive and behavioral symptoms. Diagnosis and genetic
counseling are important aspects of LD, and social support is essential in
disease management.

Future therapeutics for LD will revolve around the pathogenesics of the dis-
ease. Currently, efforts at identifying compounds or approaches to reduce
brain glycogen synthesis appear to be highly promising.

Key words: Lafora, laforin, malin, glycogen phosphatase, ubiquitin, EPM2A,
EPM2B, progressive myoclonus epilepsies

Lafora disease (LD, OMIM# 254780)
is an autosomal recessive progres-
sive myoclonus epilepsy (PME)
(Minassian et al., 2016), first
described in 1911. It is particularly

frequent in Mediterranean coun-
tries (Spain, Italy, France), Northern
Africa, the Middle East, and in some
regions of Southern India where a
high rate of consanguinity is present
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(Minassian, 2001; Striano et al., 2008). It can, neverthe-
less, be found in any population (Traoré et al., 2009),
and particularly, as expected, with consanguinity.

LD classically starts in adolescence in otherwise neu-
rologically normal individuals, usually with action and
stimulus-sensitive myoclonus, as well as tonic-clonic,
absence, atonic, and visual seizures. Neuropsychiatric
symptoms, such as behavioural changes, depression
and apathy, are also often present. Initial symptoms
are followed by rapidly progressing dementia, refrac-
tory status epilepticus, psychosis, cerebellar ataxia,
dysarthria, mutism, and respiratory failure which lead
to death within about a decade (Minassian, 2001;
Striano et al., 2008). LD is caused by mutations in
the EPM2A or EPM2B (NHLRCT) genes, encoding the
laforin dual specificity phosphatase and the malin
ubiquitin E3 ligase, respectively, both involved in a
complex and yet very incompletely understood path-
way regulating glycogen metabolism (Minassian et al.,,
1998; Chan et al., 2003a, 2003b). To date, an additional
gene, PRDMS, the mutation of which causes a variant
of early childhood-onset phenotype in a single family,
has been reported (Turnbull et al., 2012).

A distinctive pathology characterizes LD. Cells of var-
ious types exhibit dense accumulations of malformed
and insoluble glycogen molecules, known as polyglu-
cosans, which differ from normal glycogen due to the
fact that they lack the symmetric branching that allows
glycogen to be soluble. These polyglucosan accumula-
tions are called Lafora bodies (LBs) and are profuse in
all brain regions and in the majority of neurons, specifi-
callyintheircell bodies and dendrites (Minassian, 2001;
Striano et al., 2008). Neuronal LBs localize in perikarya
and dendrites but not in axons, possibly explaining the
cortical hyperexcitability seen in LD. The neuropathol-
ogy of LD patients and LD animal models is described
in greater detail below.

Clinical features and diagnosis

The first symptoms of LD appear during late childhood
or adolescence (range: 8-19 years; peak: 14-16 years).
Characteristically, focal visual seizures are early mani-
festations and presentas transient blindness, or simple
or complex visual hallucinations. However, general-
ized seizure types, e.g. tonic-clonic, absence, or drop
attacks, as well as myoclonus, occur soon after. The lat-
ter typically occurs at rest and increases with emotion,
action, or photic stimulation. In many cases, the dis-
ease shows an insidious near-simultaneous, or closely
consecutive, appearance of headaches, difficulties at
school, myoclonic jerks, generalized seizures, and
visual hallucinations (Minassian, 2001; Franceschetti et
al., 2006; Striano et al., 2008). It is notable that not all
visual hallucinations are epileptic in Lafora patients,
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as some respond initially to antipsychotic, rather than
antiepileptic, medications (Andrade et al., 2005).

EEG abnormalities often precede clinical symptoms
and initially consist of almost normal or slowed back-
ground (figure TA) and generalized or focal paroxysmal
activity (figure 1B), typically not accentuated by sleep.
In particular, the occipital discharges on EEG, arising
from a slowed posterior dominant rhythm are, in the
proper clinical context, highly suggestive of the dis-
ease. Within a few years, a slowing of background
activity becomes evident with frequent, superimposed
bursts of diffuse epileptic discharges (figure 1C). In
addition, positive or negative myoclonus (figure 1D)
and marked photosensitivity (figure 1E) are prominent
features.

Brain MRI is usually unremarkable at onset. In two
reported cases (Jennesson et al., 2010), [18]fluo-
rodeoxyglucose positron emission tomography (FDG-
PET) revealed posterior hypometabolism early during
the evolution of the disease. Electrophysiological
investigations (to examine jerk-locked averaging,
somatosensory evoked potentials, C-reflex, and visual
evoked potentials) can reveal aberrant integration of
somatosensory stimuli and cortical hyperexcitability
(i.e. giant evoked potentials). Visual evoked potentials
may show increased latencies or absence of response.
Other findings obtained by transcranial magnetic
stimulation indicate a complex circuitry dysfunction,
possibly involving both excitatory and inhibitory sys-
tems (Canafoglia et al., 2010). A skin biopsy shows
the presence of the characteristic periodic acid-Schiff
(PAS)-positive glycogen-like intracellular inclusion
bodies in the myoepithelial cells of the secretory acini
of the apocrine sweat glands and in the eccrine and
apocrine sweat duct cells (Andrade et al., 2003; Lohi et
al., 2007). Electron microscopy confirms the presence
of fibrillary accumulations, typical of polyglucosans.
This diagnostic approach offers limited invasiveness
and high sensitivity. Interpretation of the biopsy, how-
ever, requires expertise in distinguishing LB from
normal polysaccharide contents of apocrine sweat
glands, without which false-positive diagnosis is com-
mon. Genetictesting is crucial to confirm the diagnosis
as it reveals mutations in the EPM2A or EPM2B gene
in more than 95 per cent of patients (Minassian, 2001;
Ganesh et al., 2006; Striano et al., 2008).

In the years following onset, symptoms of LD progress
towards intractable action-sensitive and stimulus-
sensitive myoclonus, refractory seizures, psychosis,
ataxia, and dysarthria. As the disease progresses, the
myoclonus remains asymmetric and segmental but
becomes almost constant, and massive myoclonic
jerks appear. At this stage, brain MRI may reveal
mild cerebellar or cortical atrophy. Moreover, brain
TH MR spectroscopy shows metabolic changes of
the cerebellum, basal ganglia, and frontal cerebral
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Figure 1. Progression of electroencephalographic (EEG) changes in a patient with Lafora disease. (A) At the time of disease onset (age
17 years), normal to slightly slowed background activity. (B) Two years later (age 19 years) EEG demonstrates asymmetric generalized
spikes and polyspikes, maximum over the anterior regions on a slowed background. (C) At age 20 years, the occurrence of fast (4-6
cycles per second) spike-waves was concomitant with head drops. During the final stages of the disease, EEG recordings show long
bursts of diffuse spike-waves and fast polyspikes associated with major volleys or massive myoclonic jerks (D), dramatically enhanced
by photic stimulation at low frequency (E). Modified from Striano et al., 2008.

cortex (Villanueva et al., 2006; Pichiecchio et al,
2008). Subsequently, a rapidly progressive dementia
with apraxia and visual loss soon appears. Speech
becomes extremely difficult, and ataxia makes walking
impossible. For many years, the patient struggles to
maintain normal contact, with communication inter-
rupted by extremely frequent myoclonic absence
seizures (Minassian, 2001; Striano et al., 2008). Patients
finally become totally disabled and bed-bound. Death
usually occurs within 10 years from the onset, often
during status epilepticus with aspiration pneumonia.

Differential diagnosis

At onset, LD may present with a clinical picture
resembling an idiopathic generalized epilepsy, such
as juvenile myoclonic epilepsy (Janz syndrome). In
the early stages, drug resistance and a slow back-
ground with early disrupted sleep patterns should lead
to a suspicion of LD. In some patients, the diagno-
sis is reached only after substantial follow-up of the
patient. However, the main differential diagnosis con-
cerns four other forms of PME: Unverricht-Lundborg
disease (EPMT1), the neuronal ceroid lipofuscinoses,
myoclonic epilepsy with ragged red fibers (MERRF),
and sialidosis (Berkovic et al., 1986; Minassian, 2001;
Striano et al., 2008) (table 1). PMEs are a group of
inherited neurodegenerative disorders characterized
by progressively worsening myoclonus and epilepsy,

variable neurological dysfunction (ataxia, dementia),
and possible associated signs and symptoms. LD is one
of the main teenage-onset PMEs. Age at onset, present-
ing symptoms, occurrence of occipital seizures, and
the progressive and rapid course, together with the
EEG features, are suggestive of LD, but the diagnosis is
definitively confirmed by skin biopsy or genetic anal-
ysis. Unverricht-Lundborg disease (EPM1), caused by
mutations of the cystatin B gene, is the closest differ-
ential. The age at onsetis similar to that of LD. However,
characteristically, action myoclonus and tonic-clonic
seizures are more easily controlled. There is no spe-
cific pathology. Finally, cognitive impairment is not a
distinctive symptom of Unverricht-Lundborg disease
and is usually mild (Minassian, 2001; Striano et al., 2008).
Neuronal ceroid lipofuscinoses are heterogeneous
conditions characterized by ceroid-lipofuscin lysoso-
mal storage occurring in different organs, including
the central nervous system and skin (Nascimento et
al., 2016). All NCLs exhibit ceroid lipofuscin accumu-
lation, apart from LB, in various organs, including the
skin. Most NCLs present in early childhood. A juve-
nile form of NCL (Batten’s disease, involving the CLN3
gene) may have onset late enough to overlap with that
of LD, but this form has a prolonged initial period
of visual loss, resulting from retinal degeneration and
mild seizures, which LD patients typically do not have.
Some cases of the infantile form (Santavuori-Haltia dis-
ease, involving the CLNT gene) present late as a result
of particular mutations, and there is a very rare form of
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Table 1. Distinguishing features of some of the more common inherited progressive myoclonus epilepsies.

Progressive Inheritance  Onset Suggestive clinical signs  Pathologic features Gene(s)
myoclonic epilepsy (years)
Unverricht-Lundborg AR 6-15 Slow progression; mild None CSTB
disease (EPM1) and late cerebellar
impairment; late or
absent dementia
Lafora disease (EPM2) AR 6-19 Visual symptoms Polyglucosan inclusions ~ EPM2A
(Lafora bodies) EPM2B
Myoclonic epilepsy Maternal Any age Lactic acidosis Ragged red fibres MTTK
with red ragged (tRNALys)
fibres (MERRF)
Neuronal ceroid AR, AD Variable Macular degeneration Lipopigment deposits; CLN1-CLN9
lipofuscinoses and visual impairment granular osmiophilic,
(NCLs) (except adult form) curvilinear or
fingerprints inclusions
Sialidoses AR 8-15 Gradual cerebellar Urinary NEU
impairment; cherry-red oligosaccharides, PPGB
spot maculopathy fibroblast
neuraminidase deficit

AD: autosomal dominant; AR: autosomal recessive. Modified from Striano et al. (2008).

adult-onset NCL (Kufs disease; gene unknown), how-
ever, these diseases are excluded by the presence of
LB. Mitochondriopathies, such as MERRF and MELAS,
usually exhibit maternal mtDNA transmission. Clinical
presentation may be heterogeneous and includes a
wide range of associated symptoms, such as deafness,
low stature, myopathy, lactic acidosis and optic atro-
phy, with variable prognosis. Sialidosis is an extremely
rare lysosomal disease with cherry red spot macu-
lopathy and elevated urine oligosaccharides (Berkovic
et al., 1986).

Prognosis and evolution

The prognosis of LD is invariably progressive and
fatal, leading to death 5-10 years after clinical onset.
Genotype-phenotype correlations do not reveal sub-
stantial differences between patients carrying EPM2A
and EPM2B mutations, but a few specific EPM2B muta-
tions appear to correlate with a late onset and slow
progressing LD (Minassian, 2001; Boccella et al., 2003;
Franceschetti et al, 2006; Striano et al, 2008). At
present, LD treatment remains palliative, with the
best current therapies having limited success in the
modulation of symptoms. Commonly used antiepilep-
tic therapy for the management of myoclonus may
improve symptoms during the early stages of the

disease (Minassian, 2001; Striano et al., 2008). Hope-
fully, the work of many investigators, who are putting
a massive effort into elucidating the pathophysiology,
will result in focused treatments to control the deteri-
oration of this otherwise devastating condition.

Epidemiology of Lafora disease
and its genetic correlations

LD is a rare orphan disease. Based on all published
reports of LD mutations, we estimate an overall fre-
quency of ~four cases per million individuals in
the world. Over 250 patients and/or families have
been described with LD (figure 2A). Of these, 42
per cent are caused by mutations in EPM2A and 58
per cent by EPM2B mutations (figure 2B). The ratio
of EPM2A to EPM2B cases varies with population,
with some regions having many more EPM2A cases
than EPM2B, and vice versa, and this is, remarkably,
not solely due to founder mutations (Gomez-Garre
et al., 2000; Franceschetti et al., 2006). The most com-
mon EPM2A mutation is the R241X mutation, which
accounts for approximately 17 percent of EPM2A-
mediated LD. Large deletions make up 10-15 percent
of EPM2A mutations, with the remainder ranging
from those causing approximately eight percent of
EPM2A-mediated cases of LD (i.e. R171H) to orphan
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Figure 2. Number (A) and percentage (B) of EPM2A and EPM2B cases according to ethnicity/country, known to us at the time this article
was prepared. Only ethnicities/countries with more than one case are shown here.

mutations spread across the gene (figure 3A). For
EPM2B, the two most common mutations are the
missense mutation P69A and the frameshift muta-
tion G158fs16 which affect ~15 and ~eight per
cent of EPM2B-mediated LD, respectively. As with
EPM2A, the remaining EPM2B mutations span the
gene (figure 3B) and are rare, though some mutations
(i.e. C26S and D146N) are more frequently observed.
Because deletions can be overlooked using conven-
tional sequencing techniques, it is critical to consider

deletion/duplication analysis in any suspected LD
patients in whom initial sequencing of EPM2A and
EPM2B reveals no change.

Founder effects and recurrent mutations

Certain mutations appear to be specific to particu-
lar ethnic groups and/or geographical locations. For
example, LD affects French Canadians from a geo-
graphically isolated area of eastern Quebec with an

S42

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



Lafora disease

v

\AZ

Exon 1 H Exon2

H Exon 3 | Exon 4 |

DSP

<» EI DK CHE3 D

Figure 3. Location and relative frequency of EPM2A (A) and EPM2B (B) mutations; dotted lines indicate deletion mutations. Locations

are approximated across each gene.

unusually high frequency, which is likely to be due
to the ancestral EPM2B C26S mutation (Chan et al,,
2003a, 2003b). One study has been published on LD
in Oman, in which all cases in five separate, unrelated
families resulted from a single ancestral mutational
event in EPM2B (Turnbull et al., 2008). Interestingly, the
EPM2A R241X mutation commonly found in individu-
als of Spanish descent resulted from both recurrent
events and founder effects (Gomez-Garre et al., 2000;
Ganesh et al., 2002a). At least five unique haplotypes
are associated with this mutation, indicating that a
minimum of five separate mutational events have led
to the prevalence of the R241X mutation. Accord-
ingly, EPM2A-mediated LD is more common than
EPM2B-mediated LD in Spain. The second most com-
mon mutation in EPM2B, the missense P69A mutation,

appears to have occurred from multiple mutational
events similar to the EPM2A R241X mutation (Gomez-
Abad et al., 2005). Only one common haplotype was
found among eight patients analyzed with P69A muta-
tions, strongly indicative of a recurrent event.

Phenotypic hetero- and homogeneity

Clinically, LD is a fairly homogenous disease with
onset in adolescence and neurological decline soon
after, but the timing and severity of symptoms can be
variable, even within families. Both phenotypic het-
erogeneity and homogeneity have been noted in LD
(see below) and with the large number of mutations
in both EPM2A and EPM2B, genotype-phenotype cor-
relations have been difficult to ascertain. Nonetheless,
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some associations between the two have been made.
Gomez-Abad et al. identified three Arabic families
with a complete deletion of the EPM2A gene (Gomez-
Abad et al., 2007). Haplotype analysis and breakpoint
mapping established a shared haplotype among the
patients, suggesting a common ancestral origin for
this mutation. Of the seven confirmed LD patients
in the pedigrees, there was great variability in both
disease onset and severity of symptoms, which was
unexpected, due to the founder effect of the mutation.
Clearly, even with the same ancestral mutation, pheno-
typic heterogeneity is common. This has been shown
with other ancestral founder mutations, including the
recurrent R241X EPM2A mutation (Gomez-Garre et
al., 2000; Ganesh et al., 2002a). However, in a genetic
isolate, the same ancestral founder mutation within
a population resulted in phenotypic homogeneity
(Turnbull et al., 2008). The uniformity of environmental
and genetic background reinforces the idea that other
genetic and/or environmental modifiers may influence
the phenotypic spectrum in LD. Indeed, this has been
shown within one family; an EPM2B patient harbouring
a coding variant for the PPP1R3C gene, which encodes
protein targeting to glycogen (PTG), exhibited a milder
course of LD (Guerrero et al.,, 2011). The resulting
conclusion from reports of both clinical homogeneity
and heterogeneity in LD is that even among families,
the disease course may or may not be identical and
each LD patient is just as likely to have a clinically
diverse, rather than classic, disease course.

Genotype-phenotype correlations

‘Atypical’ LD with early-onset childhood learning dis-
abilities has been reported (Ganesh et al., 2002a;
Annesi et al., 2004). Here, the authors showed a sig-
nificant association with exon 1 mutations in EPM2A,
linked to the development of learning disabilities prior
to the onset of classic neurological symptoms of LD.
Exon 4 mutations were mainly associated with classic
LD with no childhood-onset educational difficulties.
The authors suggest that exon 1 mutations can result
in the complete loss of laforin function, whereas exon
4 mutations may preserve some of its functionality.
However, other studies have not shown the same asso-
ciation, even with patients with the same or similar
mutations in exon 1. Atypical LD with childhood learn-
ing difficulties, as observed by Ganesh etal.and Annesi
et al., may prove to be a sub-syndrome of LD or could
be due to as-yet-unknown geneticand/or environmen-
tal modifying factors (Lesca et al., 2010).

One study identified a family with two siblings with
LD, one of whom presented with severe liver fail-
ure as an initial symptom (Gomez-Garre et al., 2007).
Liver function in the sibling was abnormal, although
the patient remained asymptomatic. Upon further

follow-up, both developed classic LD, and mutation
screening revealed a homozygous EPM2A R241X muta-
tion in both siblings. Interestingly, the liver disease
resembled type IV glycogen storage disease (GSD; due
to GBE1 deficiency). The two diseases (type IV GSD and
LD) share very similar features, namely the presence of
polyglucosan bodies. This suggests a role for modifier
genesin LD and the authors propose that these defects
may lie in the same metabolic pathway, i.e. the glyco-
gen metabolic pathway. The EPM2A R241X mutationisa
prevalent mutation, and no other cases of hepatic fail-
ure have been identified in patients with this mutation.
It is likely that other modifying factors led to this pre-
sentation, but the similarity to type IV GSD is intriguing
and, as the authors of the study mention, certain mod-
ifiers may influence the severity of non-neurological
symptoms in LD.

Some studies have indicated that patients with malin-
mediated LD have a slightly milder disease course than
patients with laforin-mediated LD (Baykan et al., 2005;
Gomez-Abad et al., 2005; Singh et al., 2006). However,
others found no change in severity between the two
(Franceschetti et al., 2006; Lohi et al., 2007; Traore, 2009;
Lesca et al., 2010; Brackmann et al., 2011). Conclusive
evidence involving large-scale comparisons is lacking,
but it is clear that there exists one relatively common,
milder, EPM2B mutation, which may be skewing the
comparative results in some analyses. Patients with
either heterozygous or homozygous D146N mutation
in EPM2B, in all cases in our experience and in the
literature, have an atypical milder LD consisting of a
later onset of symptoms, longer disease course, and
extended preservation of daily living activities (Chan
et al., 2003b; Baykan et al., 2005, Gomez-Abad et al.,
2005; Francheschetti, 2006; Couarch et al., 2011). It is
likely that at least some of the functionality of malin
is preserved in patients with D146N mutations, as it
has been demonstrated that the mutation preserves
both the E3 ubiquitin ligase activity and a weak inter-
action with laforin (Solaz-Fuster et al., 2008). Clinical
heterogeneity is common in LD, even among patients
with allelic homogeneity and while it is true that cer-
tain mutations, such as D146N, cause a milder disease
course, most cases of malin-mediated LD have a dev-
astating disease course which is comparable to that of
laforin-mediated LD.

The pathology of Lafora disease
and Lafora disease animal models

The primary morphological change in LD is the depo-
sition of polyglucosans, which consists of discrete
deposits of fibrillary polysaccharides composed of
poorly-branched glucose polymers (LBs). They are typ-
ically found in the brain, in the periportal hepatocytes
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Figure 4. Lafora disease in human brain. (A) Haematoxylin and eosin (H&E)-stained section of brain obtained from an LD patient at
autopsy. Arrows indicate perikaryal LBs. Note the outer pale layer and the basophilic core. (B) Diastase-digested periodic acid Schiff
(PASD) section of the substantia nigra from the same patient. Note the intense staining of the perikaryl LBs (arrows) and the ‘dust-like’
LBs (arrowheads). (C) PASD-stained cerebral cortex. Note the presence of numerous ‘dust-like’ LBs (arrowheads). (D) Low-power
electron micrograph of a perikaryl LB. Electron dense core is the equivalent of the basophilic core seen in H&E-stained material. (E)
Higher power of (D). As well as the filamentous polyglucosans, aggregates of ‘glycogen-like’ material were frequently seen asterisks.
(F) Electron micrograph of a dendritic LB. Note the synaptic density (arrow). (G) Electron micrograph of a tannic acid-stained LB. Note

the presence of glycogen particles at the periphery (arrows).

of the liver, skeletal and cardiac myocytes, and in the
eccrine duct and apocrine myoepithelial cells of the
sweat glands (Sakai et al., 1970; Carpenter & Karpati,
1981a; Shirozu et al., 1985; Barbieri et al., 1987).

In the brain, the largest LBs tend to have two lay-
ers of various proportions in haemotoxylin and eosin
(H & E)-stained preparations, the outer layer being

pale and the core basophilic (figure 4A). These large
bodies are usually found in neuronal perikarya. The
ratio of perikaryal LBs to neurons is highest in the
substantia nigra, followed by the dentate nucleus
and some thalamic nuclei (figure 4B). They are rare
or absent in the anterior part of the spinal cord.
In the cerebral cortex, perikaryal LBs are rather
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scant, but a periodic acid Schiff (PAS) stain reveals
numerous small LBs in the cortical neuropil (figure 4C),
the majority being found in dendrites. These are com-
monly referred to as ‘dust-like’ in appearance. The
PAS-positive material found in both perikaryal and
‘dust-like’ LBs, as well as LBs found in other tissues,
are diastase-resistant, hence for all diagnoses of sus-
pect LD patients, diastase-treated PAS (PASD) staining
playsanintegral role in the identification of the disease
in both surgical biopsy and autopsy materials. Some
patchy neuronal loss may be presentin the later stages
of the disease, but thisis nota prominentfeature (Sakai
et al., 1970; Carpenter & Karpati, 1981a).

Electron microscopy confirms the presence of fib-
rillary accumulations typical of polyglucosans within
the LBs. Using electron tomography, we were recently
able to identify an ordered structure where individual
polyglucosan fibrils bifurcate at a regular periodic-
ity, ranging from 50-125 nm, depending on the tissue
of origin (unpublished observation). This is especially
true of the perikaryal and ‘dust-like’ LBs found in the
brain, in skeletal muscle myocytes, and all of the LBs
in affected sweat glands. Along with the filaments,
there is often poorly-defined granular material within
the LB itself. In two extremely well preserved brain
biopsy specimens, we observed “glycogen-like” parti-
cles in the dendritic cytoplasm and the perykaryon of
neurons in both perikaryal and ‘dust-like’ LBs (unpub-
lished data) (figure 4D-G). Glycogen is rarely found
in neurons because the sugars are rapidly metabo-
lized. In skeletal muscle and cardiac myocytes, the
fibrillary polysaccharide accumulates in membrane-
bound spaces which are not lysosomal (Yokoi et al.,
1975; Carpenter & Karpati, 1981a; Barbieri et al., 1987).
There is variation in the morphology of the enclosed
material, including some granular material, but the
majority is fibrillar. Skeletal muscle can be used as
a source for morphological diagnosis, but it is far
from ideal, since the degree of involvement varies,
and not all muscle fibre types are involved (Neville
et al.,, 1974; Turnbull et al., 2011a) (figure 5A, B). This
has been clearly demonstrated in a laforin knockout
mouse model, and retrospective studies on human
muscle biopsies are currently underway. Similar to the
mouse, preliminary data suggestthathumans doin fact
produce LBs in type Il fibres (Turnbull et al., 2011a).
Hepatic insufficiency is an early event in rare LD
patients (Nishimura et al., 1980; Tomimatsu et al., 1985;
Gomez-Garre et al., 2007). In the liver, PASD stain-
ing shows deposits of large portions of PASD-positive
material in many of the periportal hepatocytes, con-
fining the nucleus and other organelles to one side of
the cell. Liver biopsy has been used for diagnosis, but
the pathology is not specific to LD alone (Nishimura
et al., 1980). Electron microscopy of periportal hepato-
cytes with LBs reveals lakes of loosely packed fibrillar

material with some glycogen particles and/or rosettes
within the LB. Although a few organelles such as mito-
chondria and peroxisomes can be found in the LB, the
majority of the smaller organelles are confined to a
thin layer of cytoplasm which is continuous with the
thicker side of the cell which contains the nucleus, the
majority of the endoplasmic reticulum, and the Golgi
(figure 5C, D).

The occurrence of LBs in the sweat glands has become
the gold standard in the pathological diagnosis of LD
(Carpenter & Karpati, 1981b; Andrade et al., 2003). Skin
isthe mostaccessible of the affected tissues and biopsy
procedures are the least invasive. LBs can be found in
the eccrine duct cells, close to the secretory coil or
close to the surface. They are extremely PASD-positive
and are roughly the size of the cell nucleus. Under
the electron microscope, LBs are almost ‘starch-like’ in
appearance, however, this is not a diagnostic feature.
The eccrine myoepithelial cells rarely contain LBs. The
apocrine myoepithelial cells, in contrast, contain LBs
in almost all cases. The apocrine secretory (luminal)
cells never contain LBs, but do contain PASD-positive
inclusions which can be misleading (Andrade et al.,
2003) (figure 6).

A third gene (PRDMS) has recently been discovered in
a single family. As with EPM2A and EPM2B mutations,
the patients have a progressive myoclonus epilepsy
which is similar to typical LD, but also exhibit signifi-
cantdifferences (Turnbull etal., 2012). The sweat glands
in these patients contain no LBs. At present, we have
not been able to study the brain of these patients for
lack of material. Absence of LBs in the sweat glands of
these patients could influence the current diagnostic
algorithm. If a patient has all the clinical manifestations
of LD, a new gene defect is detected, and there are no
LBs found in the sweat glands in the skin biopsy, the
physician should consider an open muscle biopsy, as
LBs are readily found in the muscle.

In order to further our knowledge of LD, it is nec-
essary to study animal models of this disease which
could lead to breakthroughs in the understanding of
the pathogenesis, which may subsequently lead to
potential therapies. Polyglucosan storage disease with
myoclonic epilepsy has been known to exist in animals
since it was reported in a beagle in the early 1920s.
Although it has only been reported in several breeds
of dogs and other species of the Canidae class, as
well as cockatiels, pigs and cattle, it has probably been
overlooked in many other species, since it is rare for
animals to be subjected to post mortem examination,
especially non-domesticated animals. The most widely
studied of these naturally occurring animal models is
the pure bred dog. As these animals are bred from a
limited gene pool, the potential for consanguinity is
greatly increased. Fortunately, breeders are regulated
by kennel clubs and in order for these dogs to be

S46

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



9%

#*

4

!
Rerae ‘.."La.m MOS0
. \ &" . 2 ’
L " 7 >,

Lafora disease

Figure 5. Lafora disease in human muscle, liver, and heart. (A) PASD-stained formalin-fixed muscle biopsy from a patient. Two of
the fibres contain LBs. (B) Electron micrograph of an LB in muscle. Note that it is membrane-bound and contains both fibrillar and
granular material. (C) PASD-stained hepatic periportal region of an LD patient at autopsy. Arrows indicate hepatocytes containing LBs.
(D) Electron micrograph of a LB in liver from biopsy material. Note the thin cytoplasm and the predominately granular, with some
filamentous, material forming the LB. (E) Low power of a PASD-stained heart from a LD patient at autopsy. Note the numerous LDs. (F)
Higher magnification of (E). LBs occupied a high percentage of the sarcoplasm of the cardiac myocyte.

sold as pure bred, evidence of a known lineage and a
stringent medical examination must first be sub-
mitted to these organizations, prior to a certificate
being issued. As the majority of these animals are

sold as companion animals, the dogs are routinely
examined by qualified veterinarians and sometimes,
although rarely, LD is detected in these dogs. LD
in dogs can occur spontaneously in any breed of
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Figure 6. Lafora disease in human sweat glands. (A) PASD staining of LBs in ductile cells in eccrine sweat glands. (B) PASD staining
of LBs in the myoepithelial cells of apocrine sweat glands (arrows). (C) Electron micrograph of an LB from a ductile cell in an eccrine
sweat gland. (D) Electron micrograph of an LB in a myoepithelial cell from an eccrine sweat gland.

dog, but it particularly affects miniature wire-haired
dachshunds, basset hounds, and beagles (Kaiser et al.,
1991; Gredal et al., 2003; Lohi et al., 2005). The disease
does not present in dogs until at least five years age
(35 in human years).

Myoclonus is the dominant feature of the canine
disease and this can be induced by flashing lights,
sudden sounds, and movement. Generalized or com-
plex partial seizures can be seen in some dogs. The
disease progresses over many years and gradually
other neurological deficits, such as ataxia, blindness,
and dementia, occur. Unlike humans, affected animals
have a near-normal life expectancy, though as quality of
life diminishes, the owner may be forced to euthanize
the animal.

Pathological examination of these dogs revealed dis-
tribution and frequency of LBs in the brain identical
to that found in the human disease (Lohi et al., 2005).
As with humans, the liver contains LBs only in peri-
portal hepatocytes. Both cardiac and skeletal myocytes
contain LBs. Dogs do not have sweat glands in the

skin, except in the footpads, where both apocrine and
merocrine sweat glands are present; the LBs are identi-
cal in size and structure to those of the human disease.
They are found in the apocrine myoepithelial cells
and in the merocrine ductile and myoepithelial cells
(figure 7).

With the identification of two genes (EPM2A [laforin]
and EPM2B [malin]) responsible for LD, it was only
logical that transgenic mice technology be utilized to
develop murine models of the disease, in order to fur-
ther advance our knowledge of LD.

The first of the animal models developed was a
laforin-deficient murine mutant (Ganesh et al., 2002b).
This was achieved by deleting the dual-specificity
phosphatase domain of the EPM2A gene. These null
mutants developed LBs in the brain, specifically in
the hippocampus, cerebellum, cortex, and brainstem.
Neuronal degeneration was observed in younger
mice, but the same phenomenon was observed in
age-matched wild-type littermates, which is sugges-
tive of neuronal remodelling during development.
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Figure 7. Canine Lafora disease. (A) PASD-stained brain from a miniature wire-haired dachshund. Numerous perikaryl and ‘dust-like’
LBs are seen. (B) Dendritic LB. Note the filamentous polyglucosans. Arrow indicates the synaptic density. (C) PASD staining of a liver
from an affected dog. A cluster of hepatocytes containing LBs is seen in the portal tract. Arrow indicates a bile duct. (D) Low-power
electron micrograph of a hepatocyte containing an LB (LB). Note how the majority of the cytoplasm has been pressed to the periphery
of the cell. (E) PASD-stained sweat gland from the footpad of an affected dog. Note (arrows) the numerous LBs confined to the
myoepithelial cells. (F) Electron micrograph of an LB in a myoepithelial cell.

The onset of LB accumulation occurred at two months.
The highest number of perikaryal LBs was found
in the molecular layer of the cerebral cortex and,
as with humans, perikaryal LBs had two layers of

Lafora disease

& i

various proportions; the outer layer being pale
and the core basophilic. ‘Ground glass’ LBs were
found throughout. Mild focal neuronal degenerative
changes were detected primarily in the Purkinje cells
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of the cerebellum and were particularly present in the
later stages of the disease. Ultrastructural examination
of these tissues revealed prominent LBs in many of the
neurons in all of the affected areas. As with dogs, mice
have no sweat glands in the skin, exceptin the footpads
where LBs were found. LBs were also found in skeletal
and cardiac myocytes. No LBs were detected in the liver
using either PASD staining or electron microscopy,
although they were reported to be present using an
antibody against polyglucosan bodies.

A transgenic mouse was generated which overex-
pressed myc-tagged inactivated laforin, in order to trap
the substrate of laforin (Chan et al., 2004). Myc-laforin
was expressed 150-fold higher than endogenous
laforin. LBs were formed in the neuronal perikarya and
dendrites, liver, sweat glands in the footpad, and skele-
tal and cardiac myocytes. In the liver, hepatocytes with
LBs were found in discrete clusters throughout zones 2
and 3. Using an antibody against myc with immunper-
oxidase staining or immunogold labelling, we were
able to determine both the cellular and subcellular dis-
tribution of myc-laforin. Particularly striking was the
staining of the LBs in cerebellar Purkinje cell somas
and dendrites and stellate neurons, as well as the
presence of discrete punctate structures consistent
with LBs throughout the molecular layer of the cor-
tex, and in some hippocampal and cerebral neurons.
Overall, however, LBs in the brain in this model were
much lower in number than in the knockout mouse
mentioned above.

In addition, a malin knockout mouse was developed.
The malin exon was removed by in vivo recombina-
tion and an embryonic stem cell line (ESL) was created.
The ESL was aggregated and a chimeric mouse was
generated. These were bred into a C57B6 background
and the malin null mouse line was established from
the resultant heterozygous mice (Turnbull et al., 2010).
These mice, like the laforin knockout mice, devel-
oped LBs in the brain at around two months. These
null mutants developed LBs in the brain in the hip-
pocampus, cerebellum, cortex, and brain stem. As
was the case for the laforin-deficient mouse, the LBs
consisted of two populations. The perikaryal LBs con-
sisted of two layers; the outer layer being pale and
mildly eosinophilic and the core basophilic. These
were found primarily in the cell bodies of neurons
in the cerebral cortex molecular layer. “Dust-like” LBs
were found throughout the grey matter. LBs were
also found in the sweat glands of the footpads and
in skeletal muscle and cardiac myocytes. Unlike the
laforin knockout or mutant laforin mice, malin null
mice had LBs in some of the periportal hepatocytes.
Not unlike the human or canine liver LBs, they occu-
pied the centre of the cells, pressing the nuclei and
the majority of cytoplasm to one side, as well as the
periphery of the cell. Under the electron microscope,

the LBs formed lakes which consisted of clusters of
‘glycogen-like’ particles and fibrillar material. Other
groups have also generated malin knockout animals
with similar results. Pathological sample images from
the third mouse model mentioned above are pre-
sented in figures 8, 9 and 10.

One of the most exciting developments in the
study of LD using transgenic mice is the use of
double knockouts. In LD, glycogen synthase (GS)
over-activity is considered one of the primary cul-
prits for the formation of polyglucosans (Vilchez,
2007). It has been hypothesized that the reduction
in GS activity might prevent polyglucosan formation.
Laforin-deficient mice were bred with mice deficient
in PTG, a protein involved in activating GS, resulting
in LD mice lacking the GS-activating effect of PTG. The
resultant double knockout (DKO) mice have almost no
polyglucosan or neurodegeneration, and no seizures
(Turnbull et al., 2011b). The development of this DKO
mouse demonstrates the importance of using this
approach to create strategies for therapeutic interven-
tions which ultimately may result in a cure for this
devastating disease. Due to the inability to use this
approach in humans, results from this and knockouts
of other glycolytic pathway constituents in other DKO
mice are likely to reveal molecules which, when inac-
tivated or eliminated, lead to the control or cure of
LD. Once these molecules have been identified, the
development of small molecule antagonists against
GS, its activators, and potential GS up-regulators will
be developed as potential therapies for human LD.

Pathogenesis of Lafora disease

Normal glycogen remains soluble in the cell due
to its highly organized structure, whereas polyglu-
osans precipitate in the cell due to disturbances in
the structure of the carbohydrate, and aggregate into
LB (Tagliabracci et al., 2008). LBs are very similar in
morphology to polyglucosan bodies seen in glycogen-
branching enzyme deficiency, differing only in their
cellular location. In both LD and glycogen-branching
enzyme deficiency, polyglucosans form in neurons. In
LD, they are exclusively seen in the cell bodies and
dendrites. In glycogen-branching enzyme deficiency,
they are seen inaxons. The two diseases have markedly
dissimilar clinical symptoms, which is most likely to
be due to this difference in polyglucosan localiza-
tion. LD is a progressive myoclonus epilepsy, whereas
glycogen-branching enzyme deficiency patients suffer
from an adult-onset motor neuron disease, similar to
that seen in amyotrophic lateral sclerosis (ALS) (Bruno
et al., 1993).

EPM2A encodes a protein named laforin which con-
tains a dual specificity phosphatase domain and a
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Figure8. Laforadisease in the brain of amouse model. (A) PASD-stained cortex from a malin-deficient mouse. Both perikaryal and ‘dust-
like’ LBs are seen. (B) Electron micrograph of ajuxtanuclear LB (LB) fromalaforin knockout mouse. (C) Electron micrograph of adendritic
LB (LB) from a laforin-deficient mouse. Note central location of the polyglucosans within the dendrite. Arrow indicates the synaptic
density. (D) Electron micrograph of an LB from a malin-deficient mouse. Polyglucosans appear thicker and more electron opaque.
(E) Electron micrograph of a perikaryal LB from a myc-tagged mutant laforin over-expressing mouse, which has been immunogold
labelled for myc. Gold label is confined to the LB. (F) Electron micrograph of an LB from the same mouse line as (D). Gold label is

confined to the LB.

carbohydrate binding motif (Minassian et al., 1998).
The second LD gene, EPM2B, encodes malin, an E3
ubiquitin ligase (Chan et al., 2004). Over a decade
has passed since the second causative LD gene was

identified. Since then, a number of hypotheses have
been put forward as to the function of both malin and
laforin in the pathogenesis of LD. The next decade will,
most likely, unravel the complete pathway leading to

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

S51



J. Turnbull, et al.

o i & 25, P £ g TR % 5 3|

Figure 9. Lafora disease in the liver of a mouse model. (A) Low power of myc immunoperoxidase-stained liver from a myc-tagged
mutant laforin over-expressing mouse. Hepatocytes with LBs were only found in zone 2 or 3. (B) Toluidine blue stained section of
a portal tract from a malin-deficient mouse. Arrows indicate hepatocytes containing LBs. (C) Electron micrograph of a LB (LB) from
a myc-tagged mutant laforin over-expressing mouse hepatocyte. Note how the cytoplasm has been pressed to one side. Note the
predominately granular nature of the LB. (D) Electron micrograph of a LB from a myc-tagged mutant laforin over-expressing mouse
hepatocyte that has been immunogold labelled with an antibody against myc. Label is confined to the LB. (E) Low-power electron
micrograph of a malin-deficient periportal hepatocyte containing an LB. (F) Higher power of (E) showing that the LB contains both
granular and filamentous material (LB).
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Figure 10. Lafora disease in the heart and skeletal muscle of a mouse model. (A) PASD-staining of a laforin-deficient mouse heart.
LBs were detected in some of the cardiac myocytes. (B) PASD-staining of malin-deficient mouse skeletal muscle. Numerous LBs were
detected in some of the muscle cells. (C) Electron micrograph of LBs in laforin-deficient mouse skeletal muscle. (D) Equivalent field
in a malin-deficient mouse muscle. Note the overall electron opaque filamentous appearance of the LBs.

LD and provide the knowledge which is necessary for
finding a cure for this devastating disease.

LD has been speculated to be caused by defects in
the clearance system(s) of the cell, similar to diseases
such as Parkinson’s and Alzheimer’s. The presence
of large inclusions and LBs, along with the finding
that LBs contain a minor component of protein(s),
suggested a defect in either autophagic processes
and/or protein clearance. In keeping with this line
of thought, defects in both autophagy and protein
clearance have been reported in both Epm2a-/- and
Epm2b-/- mice (Garyali et al., 2009; Aguado et al., 2010;
Knecht et al., 2010; Puri & Ganesh, 2010; Rao et al.,
2010; Criado et al., 2011; Puri et al., 2012). Unexpect-
edly, the autophagic dysfunction in Epm2b-/- mice is
different to that of Epm2a-/- mice, resulting from an
mTor-independent pathway (Criado et al., 2011). This
suggests that if autophagic dysfunction is, indeed, at
least partly causative of LD, mutations in malin and
laforin may have separate and dissimilar disease mech-
anisms, which would be surprising, given the highly

similar phenotypic outcomes in both laforin- and
malin-deficient LD.

Malin has been reported to ubiquitinate a number
of proteins, including laforin (Gentry et al., 2005),
glycogen-debranching enzyme (Cheng et al., 2007),
PTG/GS (Vilchez, 2007; Solaz-Fuster et al., 2008; Worby
et al., 2008), neuronatin (Sharma et al., 2011), AMPK
(Moreno et al., 2010), and dishevelled2 (Sharma et al.,,
2012). However, only laforin and GS have been clearly
shown to be increased in Epm2b-/- mice (Tagliabracci
et al., 2007, 2008; DePaoli-Roach et al., 2010; Turnbull
et al., 2010; Valles-Ortega et al., 2011), indicative of in
vivo action of malin on laforin. Additionally, no changes
affecting the ubiquitin-proteasomal system were seen
in Epm2b-/- mice (Criado, 2011), while these defects
have been seen in a number of laforin-deficient mod-
els. It therefore appears that these protein clearance
defects are a secondary consequence of LB forma-
tion, which is supported by recent studies showing
that removal of the major polyglucosan component of
LB by downregulation of glycogen synthesis results in
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near-complete disease resolution (Turnbull et al., 2011;
Duran et al., 2014).

A major prevailing hypothesis over the years in LD
research has focused on the balance between glyco-
gen synthesis and glycogen branching (Lohi et al.,
2006). Normally, GS synthesizes glycogen while the
branching enzyme promotes the extension of the
growing chain. This balance results in a soluble,
highly ordered glycogen molecule. When this bal-
ance is disturbed in the direction of synthesis (i.e.
when branching enzyme is deficient), polyglucosans
form, as is seen in patients with glycogen-branching
enzyme deficiency. The similarities between LBs
and the accumulations seen in glycogen-branching
enzyme deficiency, as well as data showing that
over-expression of GS can also cause polyglucosan
accumulation (Raben et al., 2001), make this an appeal-
ing and logical hypothesis. More substance was added
to this proposal that there is a misbalance between
synthesis and branching, when Fernandez-Sanchez
and colleagues demonstrated an interaction between
laforin and PTG, a glycogen-targeting subunit of pro-
tein phosphatase-1 (PP1) (Fernandez-Sanchez et al.,
2003). PTG directs PP1 to the glycogen-metabolizing
enzymes, activating GS while inhibiting glycogen
phosphorylase, and thus leading to a net increase in
glycogen synthesis (Printen et al., 1997). In addition to
its interaction with PTG, laforin has also been shown to
interact with other regulatory subunits of PP1, includ-
ing GL and R6, members of the same family as PTG.
Subsequent studies have confirmed the PTG interac-
tion using cell over-expression systems in vitro, but no
in vivo interaction studies have been reported, which
is likely to be due to a lack of a suitable antibody to
PTG. Interestingly, some disease-causing mutations in
laforin specifically affect its interaction with PTG, indi-
cating that disruption of this interaction is pathogenic.
Dysregulation of PTG has been hypothesized to cause
LD, primarily based on results from in vitro studies. Ele-
gantwork by Vilchezand colleagues showed that malin
and laforin act together to control levels of glycogen
synthesis by targeting PTG and/or GS for proteasomal
degradation (Vilchez, 2007; Solar-Fuster, 2008; Worby
et al., 2008). When either laforin or malin is missing,
levels of PTG, an indirect activator of GS, increase,
causing GS over-activation. In this hypothesis, over-
active GSwould cause an imbalance between glycogen
branching and extension, leading to the formation
of LBs. Results from studies using animal models of
LD showed no increases in PTG levels or GS activ-
ity, indicating that dysregulation of PTG may not be
causative of LD (DePaoli-Roach et al., 2010; Turnbull et
al., 2010; Valles-Ortega et al., 2011). Nonetheless, the
large amount of in vitro data, along with a study show-
ing that removal of PTG from laforin-deficient mice
resulted in a dramatic reduction in LB and a cure for

LD in the mouse, strongly supports the conclusion that
PTG and laforin interact, and that both are involved in
the same metabolic pathway.

The beginnings of an attractive hypothesis emerged
from the laboratory of Jack Dixon when they reported
that laforin was a carbohydrate phosphatase which
could dephosphorylate amylopectin, a plant carbohy-
drate (Worby et al., 2006). Following this, Tagliabracci
and colleagues expanded on this work in a series
of elegant experiments. First, they demonstrated that
laforin could indeed dephosphorylate glycogen and,
most importantly, that glycogen phosphate levels were
present at a much higher level than normal in mice
lacking laforin (Tagliabracci et al., 2007, 2008). The cova-
lently bound phosphate on glycogen was shown to be
present at all available glucose carbons of glycogen,
i.e. C2, C3 and Cé6 (Tagliabracci et al., 2011; Nitschke
et al., 2013). Precisely where the phosphate on glyco-
genoriginates and how itresultsin glycogen becoming
polyglucosan remains unknown. It was shown that
laforin removes these phosphates during glycogen
degradation (Irmia, 2015). This emerging phosphate
hypothesis is compelling, but fails to identify a role
for malin in LD. At 12 months of age, laforin-deficient
mice have a4.2-fold increase in muscle glycogen phos-
phate, whereas malin-deficient mice present a more
modest increase of 2.8-fold over normal wild-type lev-
els (Tagliabracci et al., 2008; Tiberia et al., 2012). The
lack of acomparable phosphate increase in malin defi-
ciency when laforin deficiency and malin deficiency
are clinically equivalent raises the likelihood of other
mechanisms at play in malin-deficient LD. Based on
our most recent results from malin-deficient mice,
we showed that absence of malin leads to increased
laforin, as an initial step prior to any LB formation, and
then progressive accumulation of laforin in glycogen.
We also found that the gradual accumulation of laforin
in glycogen renders the latter progressively less solu-
ble. In related work, we showed that over-expressing
laforin in cell culture leads to a conversion of glycogen
to polyglucosan masses. This phenomenon continues
to occur when laforin mutants, which bind glycogen
but are phosphatase-inactive, are used. This no longer
occurs when laforin mutants which cannot bind glyco-
gen are used. Collectively, these results suggest that
malin functions to regulate the quantity of laforin, and
excess laforin on glycogen is detrimental to glycogen,
leading to glycogen conversion to polyglucosan and
LB (Tiberia et al., 2012).

The last decade has brought about a number of break-
throughs in the understanding of LD pathogenesis,
though a clear picture has not yet formed. Each new
hypothesis has come with its own weaknesses. The
two main hypotheses of LB formation centre round
the synthesis of glycogen and its structure. Com-
pelling evidence has been presented for both, though
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each has their own caveats. Tiberia and colleagues
attempted to propose a unifying hypothesis (Tiberia
et al., 2012). Firstly, they considered laforin’s role as
a glycogen phosphatase, which removes phosphate
from glycogen allowing it to remain soluble in the cell.
Secondly, malin acts on laforin, and is likely also to
act on other glycogen metabolic enzymes, to remove
them from the glycogen molecule. If laforin is miss-
ing, phosphate accumulates and causes glycogen to
become structurally abnormal and precipitate. If malin
is missing, laforin remains “stuck” to glycogen, again
disturbing the precise structure of glycogen and caus-
ing it to precipitate. This hypothesis answers a number
of outstanding questions in LD research, foremost
addressing the role of malin in LD. Here, malin has two
roles; the first to control cytosolicamounts of laforin to
keep it from inadvertently ‘clogging up’ the structure
of glycogen, and second, to remove laforin (and prob-
ably other proteins, such as GS) from glycogen itself
after laforin has removed the specific phosphate. Gen-
try and colleagues (Gentry et al., 2005) had previously
speculated that malin may play a role in the regula-
tion of laforin levels, but the actual mechanism behind
this was unknown. In this hypothesis, both laforin defi-
ciency and malin deficiency lead to LB formation by
means of foreign matter on the glycogen molecule
itself (phosphate and protein, respectively). While this
theory appeared to bring together disparate aspects
of LD research, most recent results once again raised a
new and serious challenge. It was shown that express-
ing a phosphatase-inactive laforin in laforin knockout
mice can fully rescue LD in these mice (Gayarre et al.,
2014). This finding puts back into question the role
of phosphate in polyglucosan formation, causing the
field to be re-examined once more. The field has, how-
ever, been very rich in results since the genes for this
disease were identified. It is hoped that a few new
breakthroughs will lead to a comprehensive under-
standing of this deadly disease.

Disease management and therapy

Lafora disease (LD) is a devastating condition, with
severely limited life expectancy and therapeutic
options which continue to be limited. Its striking clin-
ical and EEG features may lead to early diagnosis, but
because it remains uncommon, few clinicians gain sig-
nificant experience of this condition, and diagnosis
is often delayed. Moreover, LD is a recessively inher-
ited condition, with founder effects and increased
prevalence associated with inbreeding, and thus LD
is unevenly distributed across the world, which con-
tributes to ‘knowledge gaps’ about the condition.

We will try here to delineate the practical steps that
we recommend in the management of patients with

Lafora disease

LD. Itis clear, in our eyes, that there is an intermediary
stage: the clinical diagnosis of LD is now compara-
tively easy to confirm. Efficient anticonvulsants can be
used to alleviate the burden of the attacks, but better
insights into the mechanisms underlying the produc-
tion of LBs and the progression of clinical symptoms
have not yet produced ground-breaking therapeutic
advances. Thus, dealing with LD patients and their fam-
ilies is not an easy task, because there is little hope to
offer and the genetic nature of the condition raises
many questions within the affected families.

Management: diagnosis and genetic counselling

Given the severity of the prognosis, a biological confir-
mation of the diagnosis of LD is necessary; this used to
be made based on typical pathological findings (from
a skin, muscle, or liver biopsy), but nowadays relies
on genetics. Genetic screening, which remains costly,
should be justified by solid clinical and EEG evidence,
and should be performed together with a variety of
tests, while screening for all possible genetic mech-
anisms in a poorly-assessed case with epilepsy and
myoclonus.

The diagnosisof LD is based on three levels of evidence
(figure 11):

— The clinical evidence is a compound of history-
taking (family background, circumstances, aspects and
progression of seizures and myoclonus, and visual
agnosia) and examination (including cognitive and
psychological assessment, exclusion of associated
symptoms such as sensory deficits, and video doc-
umentation of myoclonus and general behaviour).
The most common clinical situation is one where
idiopathic generalized epilepsy (IGE) or even juve-
nile myoclonic epilepsy (JME) has been diagnosed,
with a re-assessment of the patient’s situation because
of a very unusual evolution which tends towards
worsening; the clinical work-up should help exclude
the possibility of aggravation of IGE by inappropri-
ate antiepileptic drugs (AEDs), which may result in a
pseudo-PME.

— Complementary evidence is based on a thor-
ough evaluation of the EEG, polygraphic EEG, and
video-EEG (with an assessment of progression of
changes over time). Neurophysiology may also help
distinguish between LD and other adolescent-onset
PMEs, e.g. Unverricht-Lundborg disease, in which
the EEG changes are less pronounced, or juvenile
ceroid-lipofuscinosis, in which prominent single-flash
responses on the EEG are found. Other procedures
may also help in the differential diagnosis (neu-
roimaging/MRI is not informative in LD). Pathological
demonstration of LBs in sweat gland duct cells on axil-
lary skin biopsy (or, less commonly, on liver or muscle
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Figure 11. Management of patients with LD: diagnosis.

biopsy) used to be the definitive diagnostic tool, but
requires a highly trained pathologist; it may still ren-
der services as a supplementary element in favour of
a diagnosis of LD when genetic testing is not available,
or not entirely conclusive.

— The confirmation of diagnosis is nowadays provided
by the demonstration of a pathogenic mutation in both
alleles of one of the EPM2 genes, with presence of
heterozygous mutations in each of the clinically unaf-
fected parents.

The diagnosis of LD can be made, or suspected, in vari-
ous clinical settings, with, in our opinion, three typical
situations:

At an advanced stage of the condition, in very typical
patients and/or families who were not diagnosed ear-
lier due to a lack of local expertise resulting from the
rarity of LD in some settings, or due to the absence of
molecular biological tools, e.g. in rural Africa (Traoré
et al., 2009). In such cases, genetic testing will show
the genetic subtype, and contribute to the worldwide
‘map’ of mutations found in EPM2A and EPM2B.

A PME or LD should enter the differential diagno-
sis for any adolescent with a diagnosis of IGE, JME,
or photosensitive epilepsy with not only failure to
respond to AEDs, but also a condition that appears
to worsen. In such patients, a thorough re-evaluation
of the clinical data shows that the patient has resting
and action myoclonus, often well-controlled/masked

by medication, such as valproate (VPA), or, charac-
teristically, negative myoclonus (Genton et al., 2012),
visual agnosia, and prominent, specific EEG changes.
The search for a mutation in the known LD genes is
warranted to confirm the diagnosis.

In other radically different situations within the con-
text of a family with a confirmed diagnosis of LD in
one of its members. Although LD is highly unlikely
in asymptomatic adults, such adults will want to
know whether they carry a heterozygous mutation;
in younger asymptomatic siblings, LD may still man-
ifest, and the emergence of “preventive” treatment
strategies may render the identification of the muta-
tion usefulin this context. As the pathogenic mutations
have already been characterized in the proband, the
cost of the investigations for other family members will
be lower, and the importance of detecting preclinical
cases will also be known.

It is evident that the diagnosis of LD should not be
given to the family before a final and definitive confir-
mation, however, once it is confirmed, it should not
be kept from the caregivers. Presenting the diagnosis
to patients themselves is not advisable, as there is lit-
tle hope to offer. Moreover, they may be too young
or affected to understand the implications; at an early
stage, some may still be able to understand and gain
access, e.g. on the internet, to detailed information
on LD, which might cause severe depression. In our
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experience, a diagnosis of ‘severe, drug-resistant
epilepsy’ will satisfy the patient’s curiosity and still
offer some hope and areason for accepting help. How-
ever, if significant progress occurs in the near future,
this global attitude may have to change, for example, in
order to accept pathogenetically-founded therapies.
The consequences of a diagnosis of LD for the family
of the proband should not be underestimated. Time
should be devoted to the change expected for patients
and their families (see below), but also to counselling
regarding the following topics:

— The legitimate feelings of guilt and resentment must
be alleviated with a few simple statements, that the
inheritance is bilateral (i.e. the disease does not come
specifically from the father or from the mother, but
from both sides), that the disease results from a very
uncommon co-occurrence of abnormal genes (even
in consanguineous marriages), and that persons with
a single abnormal gene will not have the disease.

— The main concern is the possible occurrence of
LD in other family members. The risk can be practi-
cally excluded in older, fully asymptomatic siblings, but
cannot be excluded in younger asymptomatic siblings
nor, a fortiori, in as yet unborn siblings, if the parents
are young enough to have other children. Whether
siblings, especially younger ones, should be subject
to molecular screening is still debatable. There is no
reliable, recommended treatment, in pre-symptomatic
LD cases, to prevent or delay the appearance and
progression of symptoms. However, new perspectives
are opening up with new possible treatments. Knowl-
edge of the type of causative mutation that affects the
proband allows precise counselling in this matter. Hav-
ing provided all the relevant information, the clinician
in charge of the patient will come to an agreement
with the family and obtain their informed consent for
all the procedures performed on non-affected fam-
ily members. If the family shows reluctance towards
genetic testing, a simple EEG recording for a younger
sibling may provide information on the potential risk
of LD, as EEG changes may precede the first clini-
cal symptoms by many years (Van Heycoptenhamm
& De Jager, 1963). Concerning future pregnancies
for the parents of a patient with LD, the risks are
known (LD: %; transmission of one pathogenic gene:
Y5, no risk: %), and prenatal screening can also be
proposed.

— The risk of carrying an abnormal gene and transmit-
ting the condition to other generations is also a major
concern in families with LD. We have no experience
of patients with LD having children. Their siblings or
parents (when they plan to have children with another
spouse), as well as other family members, may benefit
from molecular screening in order to assess the pres-
ence or absence of the pathogenic gene(s) found in
the proband.

Lafora disease

An important aspect of diagnosis and genetic coun-
selling is financial; insurance and conditions of
reimbursement (or, more basically, the availability
for procedures, tests, and medications) differ greatly
between countries and social systems. Families should
always be informed aboutthe costs involved; searching
for a mutation is expensive, but the simple screen-
ing for a known mutation is less costly. Similarly,
the regulations covering genetic diagnosis, screen-
ing, and counselling may differ between countries,
and clinicians should always conform to local laws.
Obtaining informed consent for the successive steps
of diagnostic and screening procedures is a minimum
requirement.

Management: treatment and social support

In this article, new therapeutic proposals are not dis-
cussed since these are covered in detail in the last
article (Minassian, 2016). We shall focus on the med-
ical and social measures that are available for the
care of present-day LD patients (figure 12). It is clear
that health systems vary greatly between countries,
particularly between affluent and less developed soci-
eties. Moreover, in many developed countries, health
coverage is not equal; some patients (e.g. public sec-
tor employees and their families) may benefit from a
whole range of possibilities, while others (e.g. those
informally employed in the private sector) do not. It
is also clear that patients with LD should benefit from
the maximum possible help provided by the available
health system. LD is a rare condition which cannot be
considered as a public health problem (as costs are lim-
ited by the small number of affected persons), butit has
major consequences for patients and caregivers, and
society should show solidarity and provide all available
support.

With regards to treatment, AEDs only have a par-
tial effect on myoclonus and seizures, and there are
none that have a major influence on the progression
of cognitive and behavioral symptoms. Patients typi-
cally receive an AED, usually valproic acid, after the
first generalized tonic-clonic seizure (GTCS). This is
usually effective in suppressing, for some time, most
GTCS, the symptoms associated with photic sensi-
tivity, and some of the myoclonus. There are two
unusual effects, which should lead to an early diag-
nosis of LD: first, the EEG shows rapidly increasing,
permanent interictal changes, including focal occipital
spikes, despite the apparent clinical remission; sec-
ond, the patients develop negative myoclonus, which
becomes prominent before the more characteristic
myoclonic jerks. Other AEDs are used during this
stage: lamotrigine (LTG) is not very advisable in the
context of a myoclonic epilepsy, but may help tran-
siently; phenobarbital (PB) and primidone (PRM) are
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Figure 12. Management of patients with LD: medical and social treatment.

effective, but are often used at high doses and their
cognitive effects are added to those of the condi-
tion; and levetiracetam (LEV) is increasingly used early
for adolescents with IGE, hence in LD cases, even
before confirmation of the diagnosis. Other helpful
drugsinclude topiramate (TPM) and zonisamide (ZNS),
which both have marked antimyoclonic effects in
some patients. Additional relief can be obtained, often
transiently, with ethosuximide, felbamate, methsux-
imide, and benzodiazepines (BZD). The latter (usually
clobazam, clonazepam, and diazepam) should be used
with care since there is a marked initial effect followed
by quick tolerance. Finally, there have been two recent
single case reports of rather dramatic beneficial effects
of perampanel (Schorlemmer et al., 2013; Dirani et al.,
2014), and a larger study is presently underway.

With such asevere condition, the paradoxical aggravat-
ing effect of some AEDs may be difficult to pinpoint.
There is no evidence that carbamazepine (CBZ), oxcar-
bazepine (OXC), phenytoin (PHT), eslicarbazepine,
gabapentin, pregabalin, vigabatrin, or lacosamide are
of any benefit. Often, withdrawal of one of these
AEDs (especially CBZ or OXC) will bring some relief.
However, we have experienced cases in which sta-
tus epilepticus responds well to phenytoin loading.
Phenytoin should not, however, be kept as mainte-
nance medication subsequent to arresting the status.
With the progression of LD, AED treatment progresses
to polytherapy, with a combination of several of the
drugs quoted above (with the exclusion of LTG);

the commonly used combinations are VPA+TPM or
ZNS or LEV, with an additional BZD, a 3- to 5-drug
combination being fairly common; one can switch
between BZD when tolerance occurs. In case of severe,
transient aggravation, with serial seizures or status
epilepticus, there should be no abrupt changes to
the usual regimen (except for the interruption of
a potentially aggravating AED), and IV BZD should
be used, as well as, for a limited period, IV PB or
PHT. In our recent experience, the final progression
of the disease no longer includes refractory status
epilepticus, but more commonly involves non-specific
complications, infectious or otherwise, in bedridden
and demented patients. Thus, despite their lack of
influence on the overall evolution of the disease, mod-
ern AEDs have partly changed the outcome, which is
apparently no longeraccompanied by severe, formerly
oftenterminal, episodes of refractory convulsive status
epilepticus.

In LD, social supportis at least as important as medical
treatment. Psychological support can be provided by
patient organisations and there are several which are
specifically devoted to LD (table 2). Individual patients
should also receive professional psychological sup-
port during the early stages of the condition. Physical
therapy aims at maintaining a good overall muscular
condition and at preserving ambulation, for as long as
possible.

At the onset of seizures, patients are usually in sec-
ondary school and experiencing increasing difficulties
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Table 2. Some web-based family support organizations

Name Site/address

Service

Association France-Lafora
16, rue Amaudrut
F- 53000 Laval

http://www.Lafora.org

Patient organisation
Promotes self-help and research
Collects funds for research

A.LLA. Associazione ltaliana Lafora

http://www.Lafora.it

Patient organisation

Promotes exchanges between families
Identifies centres for diagnosis and
treatment

Collects funds for research

Chelsea’s Hope
Lafora Children Research Fund

http://www.chelseashope.org

Family-based organisation
Connects families with LD worldwide
Collects funds for research

with academic requirements. In order to enable them
to maintain social contacts, itis best to maintain school-
ing for as long as possible, while negotiating with
teachers about academic performance. However, this
cannot be kept up for extensive periods. Some fam-
ilies will choose to keep patients at home with the
best possible environment; this often requires adap-
tive measures, avoiding the use of stairs, setting up the
patient close to the bathroom, and providing 24-hour
presence at home with the help of a health profes-
sional to check medications. Other families will seek
a specialized institution where patients are kept with
other epilepsy patients in the same age group, with
some amount of education and social activities. Re-
evaluation at the specialized neurological department
can be organized at 6- or 12-month intervals, with acute
admissions in the event of complications, often due
to intercurrent diseases (e.g. febrile infections) and/or
worsening of epilepsy.

The latter period is characterized by increasing depen-
dency as the patient becomes wheelchair bound and,
later, bedridden. According to local availability and the
wishes and capacities of the caregivers, the patient
is maintained at home, institutionalized or hospital-
ized. There should always be a connection between
the reference specialized epilepsy team and the local
caregiving structure.

Conclusion

For patients with LD, the present state of possibilities
includes a logical, effective approach to diagnosis, and
the rational use of all available tools to help both the
patients and their families. We hope that the manage-
ment of LD patients will undergo a profound change
in the near future, when effective, pathogenetically-
oriented treatments become available.

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

Aguado C, Sarkar S, Korolchuk VI, et al. Laforin, the most com-
mon protein mutated in Lafora disease, regulates autophagy.
Hum Mol Genet 2010; 19: 2867-76.

Andrade DM, Ackerley CA, Minett TS, et al. Skin biopsy in
Lafora disease: genotype-phenotype correlations and dia-
gnostic pitfalls. Neurology 2003; 61: 611-4.

Andrade DM, del Campo JM, Moro E, Minassian BA.
Nonepileptic visual hallucinations in Lafora disease. Neurol-
ogy 2005; 64:1311-2.

Annesi G, Sofia V, Gambardella A, et al. A novel exon 1 muta-
tion in a patient with atypical Lafora progressive myoclonus
epilepsy seen as childhood-onset cognitive deficit. Epilepsia
2004; 45:294-5.

Barbieri F, Santangelo R, Gasparo-Rippa P, Santoro M. Biopsy
findings (cerebral cortex, muscle, skin) in Lafora disease. Acta
Neurol 1987;9: 81-94.

Baykan B, Striano P, Gionotti S, et al. Late-onset and slow-
progressing Lafora disease in four siblings with, EPM2B
mutation. Epilepsia 2005; 46: 1695-7.

Berkovic SF, AndermannF, Carpenter S, Wolfe LS. Progressive
myoclonus epilepsies: specific causes and diagnosis. N Engl
] Med 1986; 315:296-305.

Boccella P, Striano P, Zara F, et al. Bioptically demonstrated
Lafora disease without EPM2A mutation: a clinical and neu-
rophysiological study of two sisters. Clin Neurol Neurosurg
2003; 106: 55-9.

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

S59


http://www.lafora.org/
http://www.lafora.it/
http://www.chelseashope.org/
http://www.ncbi.nlm.nih.gov/pubmed?term=Laforin, the most common protein mutated in Lafora disease, regulates autophagy
http://www.ncbi.nlm.nih.gov/pubmed?term=Skin biopsy in Lafora disease: genotype-phenotype correlations and diagnostic pitfalls
http://www.ncbi.nlm.nih.gov/pubmed?term=Nonepileptic visual hallucinations in Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=A novel exon 1 mutation in a patient with atypical Lafora progressive myoclonus epilepsy seen as childhood-onset cognitive deficit
http://www.ncbi.nlm.nih.gov/pubmed?term=Biopsy findings (cerebral cortex, muscle, skin) in Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Late-onset and slow-progressing Lafora disease in four siblings with, EPM2B mutation
http://www.ncbi.nlm.nih.gov/pubmed?term=Progressive myoclonus epilepsies: specific causes and diagnosis
http://www.ncbi.nlm.nih.gov/pubmed?term=Bioptically demonstrated Lafora disease without EPM2A mutation: a clinical and neurophysiological study of two sisters

J. Turnbull, et al.

Brackmann FA, Kiefer A, Agaimy A, Gencik M, Trollmann
R. Rapidly progressive phenotype of Lafora disease associ-
ated with a novel NHLRCT mutation. Pediatr Neurol 2011; 44:
475-7.

Bruno C, Servidei S, Shanske S, et al. Glycogen branching
enzyme deficiency in adult polyglucosan body disease. Ann
Neurol 1993; 33: 88-93.

Canafoglia L, Ciano C, Visani E, et al. Short and long interval
cortical inhibition in patients with Unverricht-Lundborg and
Lafora body disease. Epilepsy Res 2010; 89:232-7.

Carpenter S, Karpati G. Ultrastructural findings in Lafora dis-
ease. Ann Neurol 1981a;10: 63-4.

Carpenter S, Karpati G. Sweat gland duct cells in Lafora
disease: diagnosis by skin biopsy. Neurology 1981b;131:
1564-8.

Chan EM, Bulman DE, Paterson AD, et al. Genetic mapping of
a new Lafora progressive myoclonus epilepsy locus (EPM2B)
on 6p22. ] Med Genet 2003a; 40: 671-5.

Chan EM, Young EJ, lanzano L, etal. Mutations in
NHLRC1 cause progressive myoclonus epilepsy. Nat Genet
2003b; 35:125-7.

Chan EM, Ackerley CA, Lohi H, et al. Laforin preferentially
binds the neurotoxic starch-like polyglucosans, which form
in its absence in progressive myoclonus epilepsy. Hum Mol
Genet 2004; 13: 1117-29.

Cheng A, Zhang M, Gentry MS, et al. A role for AGL ubiquiti-
nation in the glycogen storage disorders of Lafora and Cori’s
disease. Genes Dev 2007; 21: 2399-409.

Couarch P, Vernia S, Gourfinkel-An |, et al. Lafora progres-
sive myoclonus epilepsy: NHLRCT mutations affect glycogen
metabolism. | Mol Med (Berl) 2011; 89: 915-25.

Criado O, Aguado C, Gayarre ], etal. Lafora bodies
and neurological defects in malin-deficient mice corre-
late with impaired autophagy. Hum Mol Genet 2011;21:
1521-33.

DePaoli-Roach AA, Tagliabracci VS, Segvich DM, etal.
Genetic depletion of the malin E3 ubiquitin ligase in mice
leads to Lafora bodies and the accumulation of insoluble
laforin. J Biol Chem 2010; 285: 25372-81.

Dirani M, Nasreddine W, Abdulla F, Beydoun A. Seizure
control and improvement of neurological dysfunction in
Lafora disease with perampanel. Epilepsy Behav Case Rep
2014; 29: 164-6.

Duran J, Gruart A, Garcia-Rocha M, Delgado-Garcia JM,
GuinovartJJ. Glycogen accumulation underlies neurodegen-
eration and autophagy impairment in Lafora disease. Hum
Mol Genet 2014; 23:3147-56.

Fernandez-Sanchez ME, Criado-Garcia O, Heath KE, etal.
Laforin, the dual-phosphatase responsible for Lafora dis-
ease, interacts with R5 (P.T.G), a regulatory subunit of protein
phosphatase-1 that enhances glycogen accumulation. Hum
Mol Genet 2003; 12:3161-71.

Franceschetti S, Gambardella A, Canafoglia L, et al. Clinical
and genetic findings in 26 Italian patients with Lafora disease.
Epilepsia 2006; 47: 640-3.

Ganesh S, Delgado-Escueta AV, Suzuki T, et al. Genotype-
phenotype correlations for EPM2A mutations in Lafora’s
progressive myoclonus epilepsy: exon 1T mutations associate
with an early-onset cognitive deficit subphenotype. Hum Mol
Genet 2002a; 11:1263-71.

Ganesh S, Delgado-Escueta AV, Sakamoto T, et al. Targeted
disruption of the Epm2a gene causes formation of Lafora
inclusion bodies, neurodegeneration, ataxia, myoclonus
epilepsy and impaired behavioral response in mice. Hum Mol
Genet 2002b; 11: 1251-62.

Ganesh S, Puri R, Singh S, Mittal S, Dubey D. Recent advances
in the molecular basis of Lafora’s progressive myoclonus
epilepsy. ] Hum Genet 2006; 51: 1-8.

Garyali P, Siwach P, Singh PK, et al. The malin-laforin complex
suppresses the cellular toxicity of misfolded proteins by pro-
moting their degradation through the ubiquitin-proteasome
system. Hum Mol Genet 2009; 18: 688-700.

Gayarre ], Duran-Trio L, Criado Garcia O, et al. The phos-
phatase activity of laforin is dispensable to rescue Epm2a-/-
mice from Lafora disease. Brain 2014; 37:806-18.

Genton P, Delgado Escueta A, Serratosa JM, Michelucci
R, Bureau M. Progressive myoclonus epilepies. In: Bureau
M, Genton P, Delgado Escueta A, et al, eds. Epileptic syn-
dromes in infancy, childhood and adolescence, 5th ed..
Montrouge: John Libbey Eurotext, 2012, p. 575-606.

Gentry MS, Worby CA, Dixon JE. Insights into Lafora disease:
malin is an E3 ubiquitin ligase that ubiquitinates and pro-
motes the degradation of laforin. Proc Nat/ Acad Sci U S A
2005; 102: 8501-6.

Gomez-Abad C, Gomez-Garre P, Gutiérrez-Delicado E, et al.
Lafora disease due to EPM2B mutations: a clinical and genetic
study. Neurology 2005; 64: 982-6.

Gomez-Abad C, Afawi Z, Korczyn AD, et al. Founder effect
with variable age at onset in Arab families with Lafora disease
and EPM2A mutation. Epilepsia 2007; 48: 1011-4.

Gomez-Garre P, Sanz Y, Rodriguez De Cordoba SR, Serratosa
JM. Mutational spectrum of the EPM2A gene in progressive
myoclonus epilepsy of Lafora: high degree of allelic het-
erogeneity and prevalence of deletions. Eur | Hum Genet
2000; 8: 946-54.

Gomez-Garre P, Gutiérrez-Delcado E, Gomez-Abad C, et al.
Hepatic disease as the first manifestation of progressive
myoclonus epilepsy of Lafora. Neurology 2007; 68: 1369-73.

Gredal H, Berendt M, Leifsson PS. Progressive myoclonus
epilepsy in a beagle. ] Small Anim Pract 2003; 44: 511-4.

Guerrero R, Vernia S, Sanz R, etal. A PTG variant con-
tributes to a milder phenotype in Lafora disease. PLoS One
2011; 6: €21294.

Jennesson M, Milh M, Villeneuve N, et al. Posterior glucose
hypometabolism in Lafora disease: early and late, FDG-PET
assessment. Epilepsia 2010;51:708-11.

Kaiser E, Krauser K, Schwartz-Porsche D. Lafora disease
(progressive myoclonic epilepsy) in the Bassett hound-
possibility of early diagnosis using muscle biopsy? Tierarzt/
Prax 1991; 19: 290-5.

S60

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


http://www.ncbi.nlm.nih.gov/pubmed?term=Rapidly progressive phenotype of Lafora disease associated with a novel NHLRC1 mutation
http://www.ncbi.nlm.nih.gov/pubmed?term=Glycogen branching enzyme deficiency in adult polyglucosan body disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Short and long interval cortical inhibition in patients with Unverricht-Lundborg and Lafora body disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Ultrastructural findings in Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Sweat gland duct cells in Lafora disease: diagnosis by skin biopsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Genetic mapping of a new Lafora progressive myoclonus epilepsy locus (EPM2B) on 6p22
http://www.ncbi.nlm.nih.gov/pubmed?term=Mutations in NHLRC1 cause progressive myoclonus epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Laforin preferentially binds the neurotoxic starch-like polyglucosans, which form in its absence in progressive myoclonus epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=A role for AGL ubiquitination in the glycogen storage disorders of Lafora and Cori{'}s disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Lafora progressive myoclonus epilepsy: NHLRC1 mutations affect glycogen metabolism
http://www.ncbi.nlm.nih.gov/pubmed?term=Lafora bodies and neurological defects in malin-deficient mice correlate with impaired autophagy
http://www.ncbi.nlm.nih.gov/pubmed?term=Genetic depletion of the malin E3 ubiquitin ligase in mice leads to Lafora bodies and the accumulation of insoluble laforin
http://www.ncbi.nlm.nih.gov/pubmed?term=Seizure control and improvement of neurological dysfunction in Lafora disease with perampanel
http://www.ncbi.nlm.nih.gov/pubmed?term=Glycogen accumulation underlies neurodegeneration and autophagy impairment in Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Laforin, the dual-phosphatase responsible for Lafora disease, interacts with R5 (P.T.G), a regulatory subunit of protein phosphatase-1 that enhances glycogen accumulation
http://www.ncbi.nlm.nih.gov/pubmed?term=Clinical and genetic findings in 26 Italian patients with Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Genotype-phenotype correlations for EPM2A mutations in Lafora{'}s progressive myoclonus epilepsy: exon 1 mutations associate with an early-onset cognitive deficit subphenotype
http://www.ncbi.nlm.nih.gov/pubmed?term=Targeted disruption of the Epm2a gene causes formation of Lafora inclusion bodies, neurodegeneration, ataxia, myoclonus epilepsy and impaired behavioral response in mice
http://www.ncbi.nlm.nih.gov/pubmed?term=Recent advances in the molecular basis of Lafora{'}s progressive myoclonus epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=The malin-laforin complex suppresses the cellular toxicity of misfolded proteins by promoting their degradation through the ubiquitin-proteasome system
http://www.ncbi.nlm.nih.gov/pubmed?term=The phosphatase activity of laforin is dispensable to rescue Epm2a-/- mice from Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Insights into Lafora disease: malin is an E3 ubiquitin ligase that ubiquitinates and promotes the degradation of laforin
http://www.ncbi.nlm.nih.gov/pubmed?term=Lafora disease due to EPM2B mutations: a clinical and genetic study
http://www.ncbi.nlm.nih.gov/pubmed?term=Founder effect with variable age at onset in Arab families with Lafora disease and EPM2A mutation
http://www.ncbi.nlm.nih.gov/pubmed?term=Mutational spectrum of the EPM2A gene in progressive myoclonus epilepsy of Lafora: high degree of allelic heterogeneity and prevalence of deletions
http://www.ncbi.nlm.nih.gov/pubmed?term=Hepatic disease as the first manifestation of progressive myoclonus epilepsy of Lafora
http://www.ncbi.nlm.nih.gov/pubmed?term=Progressive myoclonus epilepsy in a beagle
http://www.ncbi.nlm.nih.gov/pubmed?term=A PTG variant contributes to a milder phenotype in Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Posterior glucose hypometabolism in Lafora disease: early and late, FDG-PET assessment
http://www.ncbi.nlm.nih.gov/pubmed?term=Lafora disease (progressive myoclonic epilepsy) in the Bassett hound-possibility of early diagnosis using muscle biopsy?

Knecht E, Aguado C, Sarkar S, et al. Impaired autophagy in
Lafora disease. Autophagy 2010; 6: 991-3.

Lesca G, Boutry-Kryza N, de Touffol B, et al. Novel mutations
in EPM2A and NHLRC17 widen the spectrum of Lafora disease.
Epilepsia 2010; 51:1691-8.

Lohi H, Young EJ, Fitzmaurice SN, et al. Expanded repeat in
canine epilepsy. Science 2005; 307: 81.

Lohi H, Chan EM, Scherer SW, Minassian BA. On the
road to tractability: the current biochemical understanding
of progressive myoclonus epilepsies. Adv Neurol 2006; 97:
399-415.

Lohi H, Turnbull J, Zhao XC, et al. Genetic diagnosis in Lafora
disease: genotype-phenotype correlations and diagnostic
pitfalls. Neurology 2007; 68: 996-1001.

Minassian BA. Lafora’s disease: towards a clinical, pathologic,
and molecular synthesis. Pediatr Neurol 2001; 25:21-9.

Minassian BA. Post-modern therapy approaches for
the progressive myoclonus epilepsy. Epileptic Disord
2016; 18(Suppl.2): S54-S58.

Minassian BA, Lee JR, Herbrick JA, etal. Mutations in
a gene encoding a novel protein tyrosine phosphatase
cause progressive myoclonus epilepsy. Nat Genet 1998; 20:
171-4.

Minassian BA, Striano P, Avanzini G. Progressive Myoclonus
Epilepsies:  State-of-the-Art.  Epileptic  Disord  2016;
18(Suppl. 2): S1-S158.

Moreno D, Towler MC, Hardie DG, Knecht E, Sanz P.
The laforin-malin complex, involved in Lafora disease, pro-
motes the incorporation of K63-linked ubiquitin chains into
AMP-activated protein kinase beta subunits. Mol Biol Cell
2010; 21: 78-88.

Nascimento FA, Andrade DM. Myoclonus epilepsy and ataxia
due to potassium channel (MEAK) is caused by heterozygous
KCN1 mutations. Epileptic Disord 2016; 18(Suppl.2): XX-XX.

Neville HE, Brooke MH, Austin JH. Studies in myoclonus
epilepsy (Lafora body form) I.V. Skeletal muscle abnormal-
ities. Arch Neurol 1974; 30: 466-74.

Nishimura RN, Ishak KG, Reddick R, Porter R, James S, Bar-
ranger JA. Lafora disease: diagnosis by liver biopsy. Ann
Neurol 1980; 8: 409-15.

Nitschke F, Wang P, Schmieder P, et al. Hyperphosphoryla-
tion of glucosyl C6 carbons and altered structure of glycogen
in the neurodegenerative epilepsy Lafora disease. Cell Metab
2013;17:756-67.

Pichiecchio A, Veggiotti P, Cardinali S, Longaretti F, Poloni
GU, Uggetti C. Lafora disease: spectroscopy study corre-
lated with neuropsychological findings. Eur | Paediatr Neurol
2008; 12:342-7.

Printen JA, Brady MJ, Saltiel AR. PTG, a protein phosphatase 1-
binding protein with a role in glycogen metabolism. Science
1997;275:1475-8.

Puri R, Ganesh S. Laforin in autophagy: a possible link
between carbohydrate and protein in Lafora disease?
Autophagy 2010; 6: 1229-31.

Lafora disease

Puri R, Suzuki T, Yamakawa K, Ganesh S. Dysfunctions
in endosomal-lysosomal and autophagy pathways underlie
neuropathology in a mouse model for Lafora disease. Hum
Mol Genet 2012;21:175-84.

Raben N, Danon M, Lu N, et al. Surprises of genetic engi-
neering: a possible model of polyglucosan body disease.
Neurology 2001; 56: 1739-45.

Rao SN, Maity R, Sharma J, et al. Sequestration of chaper-
ones and proteasome into Lafora bodies and proteasomal
dysfunction induced by Lafora disease-associated mutations
of malin. Hum Mol Genet 2010; 19: 4726-34.

Sakai M, Austin ], Witmer F, Trueb L. Studies in myoclonus
epilepsy (Laforabody form). L.I. Polyglucosans in the systemic
deposits of myoclonus epilepsy and in corpora amylacea.
Neurology 1970; 20: 160-76.

Schorlemmer K, Bauer S, Belke M, etal. Sustained
seizure remission on perampanel in progressive myoclonic
epilepsy (Lafora disease). Epilepsy Behav Case Rep 2013;1:
118-21.

Sharma J, Rao SN, Shankar SK, Satishchandra P, Jana NR.
Lafora disease ubiquitin ligase malin promotes proteasomal
degradation of neuronatin and regulates glycogen synthesis.
Neurobiol Dis 2011; 44:133-41.

Sharma ], Mulherkar S, Mukherjee D, Jana NR. Malin
regulates Wnt signalling pathway through degradation of
dishevelled 2. ] Biol Chem 2012;287: 6830-9.

Shirozu M, Hashimoto M, Tomimatsu M, Nakazawa Y, Anraku
S,Nagata M. Lafora disease diagnosed by skin biopsy. Kurume
Med ] 1985; 32:311-3.

Singh S, Sethi |, Francheschetti S, etal. Novel NHLRC1
mutations and genotype-phenotype correlations in patients
with Lafora’s progressive myoclonic epilepsy. | Med Genet
2006; 43: e48.

Solaz-Fuster MC, Gimeno-Alcahiz JV, Fernandez-Sanchez
ME, et al. Regulation of glycogen synthesis by the laforin-
malin complex is modulated by the AMP-activated
protein kinase pathway. Hum Mol Genet 2008;17:
667-78.

Striano P, Zara F, Turnbull J, etal. Typical progression of
myoclonic epilepsy of the Lafora type, a case report. Nat Clin
Pract Neurol 2008; 4: 106-11.

Tagliabracci VS, TurnbullJ, Wang W, et al. Laforinis a glycogen
phosphatase, deficiency of which leads to elevated phos-
phorylation of glycogen in vivo. Proc Natl Acad Sci U S A
2007;104: 19262-6.

Tagliabracci VS, Girard JM, Segvich D, etal. Abnormal
metabolism of glycogen phosphate as a cause for Lafora dis-
ease. J Biol Chem 2008; 283:33816-25.

Tagliabracci VS, Heiss C, Karthik C, et al. Phosphate incor-
poration during glycogen synthesis and Lafora disease. Cell
Metab 2011;13:274-82.

Tiberia E, Turnbull J, Wang T, etal. Increased laforin and
laforin binding to glycogen underlie Lafora body forma-
tion in malin-deficient Lafora disease. | Biol Chem 2012;287:
25650-9.

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

S61


http://www.ncbi.nlm.nih.gov/pubmed?term=Impaired autophagy in Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Novel mutations in EPM2A and NHLRC1 widen the spectrum of Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Expanded repeat in canine epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=On the road to tractability: the current biochemical understanding of progressive myoclonus epilepsies
http://www.ncbi.nlm.nih.gov/pubmed?term=Genetic diagnosis in Lafora disease: genotype-phenotype correlations and diagnostic pitfalls
http://www.ncbi.nlm.nih.gov/pubmed?term=Lafora{'}s disease: towards a clinical, pathologic, and molecular synthesis
http://www.ncbi.nlm.nih.gov/pubmed?term=Post-modern therapy approaches for the progressive myoclonus epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Mutations in a gene encoding a novel protein tyrosine phosphatase cause progressive myoclonus epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Progressive Myoclonus Epilepsies: State-of-the-Art
http://www.ncbi.nlm.nih.gov/pubmed?term=The laforin-malin complex, involved in Lafora disease, promotes the incorporation of K63-linked ubiquitin chains into AMP-activated protein kinase beta subunits
http://www.ncbi.nlm.nih.gov/pubmed?term=Myoclonus epilepsy and ataxia due to potassium channel (MEAK) is caused by heterozygous KCN1 mutations
http://www.ncbi.nlm.nih.gov/pubmed?term=Studies in myoclonus epilepsy (Lafora body form) I.V. Skeletal muscle abnormalities
http://www.ncbi.nlm.nih.gov/pubmed?term=Lafora disease: diagnosis by liver biopsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Hyperphosphorylation of glucosyl C6 carbons and altered structure of glycogen in the neurodegenerative epilepsy Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Lafora disease: spectroscopy study correlated with neuropsychological findings
http://www.ncbi.nlm.nih.gov/pubmed?term=PTG, a protein phosphatase 1-binding protein with a role in glycogen metabolism
http://www.ncbi.nlm.nih.gov/pubmed?term=Laforin in autophagy: a possible link between carbohydrate and protein in Lafora disease?
http://www.ncbi.nlm.nih.gov/pubmed?term=Dysfunctions in endosomal-lysosomal and autophagy pathways underlie neuropathology in a mouse model for Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Surprises of genetic engineering: a possible model of polyglucosan body disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Sequestration of chaperones and proteasome into Lafora bodies and proteasomal dysfunction induced by Lafora disease-associated mutations of malin
http://www.ncbi.nlm.nih.gov/pubmed?term=Studies in myoclonus epilepsy (Lafora body form). I.I. Polyglucosans in the systemic deposits of myoclonus epilepsy and in corpora amylacea
http://www.ncbi.nlm.nih.gov/pubmed?term=Sustained seizure remission on perampanel in progressive myoclonic epilepsy (Lafora disease)
http://www.ncbi.nlm.nih.gov/pubmed?term=Lafora disease ubiquitin ligase malin promotes proteasomal degradation of neuronatin and regulates glycogen synthesis
http://www.ncbi.nlm.nih.gov/pubmed?term=Malin regulates Wnt signalling pathway through degradation of dishevelled 2
http://www.ncbi.nlm.nih.gov/pubmed?term=Lafora disease diagnosed by skin biopsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Novel NHLRC1 mutations and genotype-phenotype correlations in patients with Lafora{'}s progressive myoclonic epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Regulation of glycogen synthesis by the laforin-malin complex is modulated by the AMP-activated protein kinase pathway
http://www.ncbi.nlm.nih.gov/pubmed?term=Typical progression of myoclonic epilepsy of the Lafora type, a case report
http://www.ncbi.nlm.nih.gov/pubmed?term=Laforin is a glycogen phosphatase, deficiency of which leads to elevated phosphorylation of glycogen in vivo
http://www.ncbi.nlm.nih.gov/pubmed?term=Abnormal metabolism of glycogen phosphate as a cause for Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Phosphate incorporation during glycogen synthesis and Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Increased laforin and laforin binding to glycogen underlie Lafora body formation in malin-deficient Lafora disease

J. Turnbull, et al.

Tomimatsu M, Nakamura]J, InoueY, KojimaH, Anraku S, Noda
T. Lafora disease diagnosed by liver biopsy. Kurume Med J
1985; 32:307-9.

Traoré M, Landouré G, Motley W, et al. Novel mutation in the
NHLRCT gene in a Malian family with a severe phenotype of
Lafora disease. Neurogenetics 2009; 10: 319-23.

Turnbull ], Kumar S, Ren ZP, etal. Lafora progressive
myoclonus epilepsy: disease course homogeneity in a
genetic isolate. / Child Neurol 2008; 23: 240-2.

Turnbull J, Wang P, Girard JM, et al. Glycogen hyperphos-
phorylation underlies Lafora body formation. Ann Neurol
2010; 68: 925-33.

Turnbull ], Girard JM, Pencea N, et al. Lafora bodies in skeletal
muscle are fiber type specific. Neurology 2011a; 76: 1674-6.

Turnbull J, DePaoli-Roach AA, Zhao X, et al. PTG depletion
removes Laforabodies and rescues the fatal epilepsy of Lafora
disease. PLoS Genet 2011b; 7: €1002037.

Turnbull J, Girard JM, Lohi H, et al. Early-onset Lafora body
disease. Brain 2012; 135:2684-98.

Valles-Ortega J, Duran J, Garcia-Rocha M, et al. Neurodegen-
eration and functional impairments associated with glycogen
synthase accumulation in a mouse model of Lafora disease.
EMBO Mol Med 2011; 3:667-81.

Van Heycoptenhamm MW, De Jager H. Progressive
myoclonus epilepsy with Lafora bodies. Clinical-pathological
features. Epilepsia 1963; 4: 95-119.

Villanueva V, Alvarez-Linera J, Gémez-Garre P, Gutiérrez
J, Serratosa JM. MRI volumetry and proton MR spec-
troscopy of the brain in Lafora disease. Epilepsia 2006;47:
788-92.

Worby CA, Gentry MS, Dixon JE. Laforin, a dual specificity
phosphatase that dephosphorylates complex carbohydrates.
J Biol Chem 2006; 281:30412-8.

Worby CA, Gentry MS, Dixon JE. Malin decreases glycogen
accumulation by promoting the degradation of pro-
tein targeting to glycogen (PTG). J Biol Chem 2008;283:
4069-76.

Yokoi S, AiharaY, Maeda S. The myocardium in Lafora disease.
Acta Neuropathol 1975; 33: 343-9.

S62

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


http://www.ncbi.nlm.nih.gov/pubmed?term=Lafora disease diagnosed by liver biopsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Novel mutation in the NHLRC1 gene in a Malian family with a severe phenotype of Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Lafora progressive myoclonus epilepsy: disease course homogeneity in a genetic isolate
http://www.ncbi.nlm.nih.gov/pubmed?term=Glycogen hyperphosphorylation underlies Lafora body formation
http://www.ncbi.nlm.nih.gov/pubmed?term=Lafora bodies in skeletal muscle are fiber type specific
http://www.ncbi.nlm.nih.gov/pubmed?term=PTG depletion removes Lafora bodies and rescues the fatal epilepsy of Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Early-onset Lafora body disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Neurodegeneration and functional impairments associated with glycogen synthase accumulation in a mouse model of Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Progressive myoclonus epilepsy with Lafora bodies. Clinical-pathological features
http://www.ncbi.nlm.nih.gov/pubmed?term=MRI volumetry and proton MR spectroscopy of the brain in Lafora disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Laforin, a dual specificity phosphatase that dephosphorylates complex carbohydrates
http://www.ncbi.nlm.nih.gov/pubmed?term=Malin decreases glycogen accumulation by promoting the degradation of protein targeting to glycogen (PTG)
http://www.ncbi.nlm.nih.gov/pubmed?term=The myocardium in Lafora disease


<<
  /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


