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ABSTRACT – Aims. Unverricht-Lundborg disease (ULD), an autosomal
recessive progressive myoclonus epilepsy, is due to an expansion, or
less commonly a mutation, of the cystatin B (CSTB) gene. We report
a clinical and molecular study of a Tunisian ULD family with five
affected members presenting with a juvenile myoclonic epilepsy (JME)-like
phenotype.
Methods. The expansion of dodecamers was detected by a deamina-
tion/PCR assay. The expression profiles of CSTB and other candidate
modifying genes, cathepsin B and cystatin C, were established by quantita-
tive RT-PCR, and their respective transcription levels were compared with
those from patients with a classic picture of ULD.
Results. Three patients had a fixed phenotype mimicking JME after 29
years of evolution. Only a discrete dysarthria was noticed in the two other
patients. No correlation was observed between transcription level and
severity of disease.
Conclusion. Genetic screening should be performed in patients with a JME-
like phenotype, when careful examination reveals discrete atypical signs
of JME. This particular phenotype may be due to modifying genes and/or
gene-environment interactions which require further clarification.

Key words: Unverricht-Lundborg disease, juvenile myoclonic epilepsy,
cystatin B, cathepsin B, cystatin C
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nverricht-Lundborg disease (ULD) is the classic
nd most common progressive myoclonus epilepsy
PME) worldwide (Gargouri-Berrechid et al., 2016). This
utosomal recessive (AR) neurodegenerative disease
revails in Scandinavian countries and in the Mediter-
anean basin, particularly in the Maghreb (Gouider et
l., 1998). ULD is caused by an expansion, or less com-
only a mutation, affecting the gene encoding cystatin
(CSTB), including “CCCCGCCCCGCG” dodecamer

epeats localized on chromosome 21q22.3 (Gouider et
l., 1998; Genton, 2006; Joensuu et al., 2008; Gargouri-
errechid et al., 2016). Onset occurs in late childhood
r adolescence, with either myoclonus or generalized

onic-clonic seizures (GTCS). During the first five to ten
ears, myoclonus becomes more severe and disabling,
nd cerebellar signs develop. The outcome depends
n the severity of action myoclonus. This is very vari-
ble even in the same family, ranging from minimal
mpairment to severe handicap in wheelchair-bound
r even bedridden patients (Crespel et al., 2016). In
ome cases, the myoclonus is so mild that it leads
o a marked delay in the diagnosis or a misdiagnosis
f focal epilepsy or juvenile myoclonic epilepsy (JME)

Kälviäinen et al., 2008; Amroma et al., 2014). Various
actors, including some candidate genes, have been
uggested to modulate neurodegeneration and con-
equently the clinical expression of ULD.

e identified a large ULD Tunisian family including
ve patients, all presenting with a phenotype mimick-

ng JME after a mean duration of 29.6 years. We discuss
he clinical, biological, and therapeutic peculiarities
f this phenotype. Moreover, we screened CSTB,
athepsin B (CTSB), and cystatin C (CST3) genes as
odifying genes that may account for this particular

henotype and compared their transcription levels
ith those of another family presenting with a typical
henotype of ULD.

aterials and methods

linical study

amily 1 (figure 1) was ascertained through a proband
ollowed in the neurology department of Razi hospital
Tunis, Tunisia). EEG recordings were performed for
hree affected members at the initial assessment,
hen once a year during the follow-up period. The
nified Myoclonus Rating Scale (UMRS)-simplified
as used to evaluate the severity of the myoclonus.
60

uring follow-up, affected members had a thorough
eurological examination every three to six months.
he mean follow-up period was 12 years. A detailed
enealogy was drawn up, including consanguinity

oops. Blood samples were obtained from five affected
ndividuals and their close relatives. All participants
r their guardians provided informed consent.

h
r
a
o
b
i
o

amily 2 (figure 2), included four patients with a typical
henotype of ULD. The clinical data are presented in

able 1.

enetic analysis

lood samples were obtained from five affected indi-
iduals and their close relatives. All participants or their
uardians provided informed consent.

olecular diagnosis
he expansion of the dodecamer was detected by a
eamination/PCR assay (Weinhaeusel et al., 2003). PCR
as preceded by the deamination of genomic DNA,

onverting unmethylated cytosine to adenine. The
CR products were loaded onto a 3,730 sequencing
pparatus (Applied Biosystem) and fragments were
ized by Gene Scan software using 500 and 1,000-bp
adders.

uantitative RT-PCR of CSTB, CTSB and CST3
lood samples from Family 1 (V36, V17, VI1 and V21)
nd Family 2 (VI1, VI2, VI6 and V9) were collected in
AX gene Blood RNA tubes (QIAGEN). Total RNA was
xtracted using the MagNaPure apparatus (Roche).
DNA synthesis was performed with 100-ng total RNA
sing the “Super Script III First-Strand Synthesis Super
ix for qRT-PCR” kit (Invitrogen). Quantitative RT-PCR
as performed with Quanti Fast Probe Assays (Qia-
en). Levels of messenger RNA expression relative to
he ACTB gene encoding actin were obtained from a
tandard curve.

esults

henotype

amily 1 resided in a village in which consanguineous
arriages were common. Figure 1 shows multiple

omplex consanguinity loops, highly suggestive of
utosomal recessive inheritance. Five affected individ-
als from three different sibships were identified. The
ge at onset was homogeneous, ranging from eight
o 13 years. Myoclonus predominating at awakening
as the earliest manifestation present at the onset of

he disease. GTCS occurred in all patients later. Both
yoclonus and seizures were controlled by low doses

f valproate and clonazepam. All examined patients
Epileptic Disord, Vol. 21, No. 4, August 2019

ad peri-oral reflex myoclonus (PORM), which was cor-
elated to epileptic discharges on EEG (Patients V13
nd VI1) (figure 3). However, no action myoclonus
r fine “postural tremor” were observed. No cere-
ellar signs were noticed except discrete dysarthria

n two patients (V38 and VI1) after a mean duration
f 29.6 years. None of the patients had particular
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sychiatric symptoms. EEG showed well organized
ackground with no epileptic discharges and no effect

rom intermittent photic stimulation (V13, V17 and
I1). Three affected patients (V13, V17 and VI1) had
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omatosensory evoked potentials (SEPs) and corti-
al reflexes (C-reflexes). All evaluated patients had
ormal SEPs and negative C-reflexes. All patients
ere high-functioning and independent. No major
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Table 1. Clinical characteristics of affected members (Family 1 and 2).

Patient Family 1 Family 2

V13 VI1 V17 V38 V36 VI1 VI2 VI5 VI6

Sex M F F F M F F M M

Year of birth 1977 1984 1984 1960 1972 1970 1972 1978 1984

Age at onset 10 12 8 13 12 11 11 12 10

Disease duration (years) 29 20 24 43 32 35 33 26 22

First symptom My My My My My My GTCS My My

GTCS + + + + + + + + +

Cerebellar signs - +a - +a - + + + +

IQ 75 94 84 NE NE <40 72 74 <40

Antiepileptic drugs VPA
CZP

VPA
CZP

VPA
CZP

PB - PB
CZP

VPA
PB
CZP

VPA
PB

VPA
PB
CZP

Action myoclonus rate/5
(simplified UMRS)

0 0 0 0 0 4 3 3 2

IQ: intellectual quotient; My: myoclonus; VPA: valproate; CZP: clonazepam; PB: phenobarbital; NE: not evaluated; aminor dysarthria
revealed at clinical examination.

FP2-F8
F8-T4
T4-T6
T6-O2
FP2-F4
F4-C4
C4-P4
P4-O2
Fz-Cz
Cz-Pz
FP1-F7
F7-T3
T3-T5
T5-O1
FP1-F3
F3-C3
C3-P3
P3-O1
SLI
ECG
EMG1
EMG2
EMG3
EMG4

Figure 3. EEG showing generalized epileptic discharges.
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Figure 4. Expression profiles of CSTB, CTSB and CST3 genes. The
level of transcripts of CSTB (blue), CTSB (red) and CST3 (green)
was measured by quantitative RT-PCR (q-RT-PCR) in leukocytes
from patients and the carrier of Family 1 (Fam1-V.17, V21, VI1 and
V21) or 2 (Fam2- VI1, VI2, VI6 and V9) and compared to those of
controls. Relative expression (RE) of the sample gene was calcu-
lated using the ��CT method using the formula RE = 2��CT,
w
s
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m
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d
p
s
T

ognitive decline was noted, with normal or subnormal
ntellect.
amily 2 included four patients with a typical pheno-
ype of ULD. Figure 2 also shows multiple complex
onsanguinity loops. Mean age at onset was 11 years,
ainly with myoclonus. Later on, all of the patients

eveloped GTCS, evident cerebellar signs, and cogni-
ive impairment. Five patients (VI1, VI2, VI4, VI5 and
I6) had neurophysiological assessment showing nor-
al SEPs and negative C-reflexes in all of them. The

linical data are summarised in table 1.

enetic analysis

n Family 1, the five affected individuals carried two
xpanded dodecamer repeats of the same size, esti-
ated at 58 +/- 1 dodecamers in the promoter region

f the CSTB gene, confirming the diagnosis of ULD. In
amily 2, with a typical phenotype of ULD (see table 1),
wo expanded alleles of 55 and 57 +/- 1 dodecamers
ere measured in the four patients (figure 2).

ranscriptional assays

he expression studies of cystatin B (CSTB gene),
athepsin B (CTSB gene), and cystatin C (CST3 gene)
re presented in figure 4. Based on Q-RT PCR, we
valuated the transcription level of CSTB, CTSB and
ST3 genes in lymphocytes from the two families:
atients V36, V17 and VI1 and the carrier father V21 in
amily 1, and Patients VI1, VI2 and VI6 and their carrier
other V9 in Family 2. For the CSTB gene, all patients

xpressed a low level of transcript (<10%), with
ery similar levels, however, heterozygous carriers
xpressed a decreased level compared to controls
about 57% for V21 and 80% for V2). For CTSB, the
ranscription level was very variable between family

embers, but appeared to remain above the control
evel in homozygotes as well as heterozygotes; the
atio of patient/control CTSB ranged from 1.1 to
.78. In contrast, the level of CTS3 was decreased in
atients VI1 (Family 1) and VI2, VI6 and the carrier V9
Family 2). However, no significant differences could
e observed in the transcription level of the three
enes between the two families (CSTB: p=0.18; CTSB:
=0.4; CST3: p=0.2; Wilcoxon rank sum test).
pileptic Disord, Vol. 21, No. 4, August 2019

iscussion

n the present report, we describe a unique ULD
amily with a particular JME-like phenotype. Since
ew isolated cases have been reported with a mild
henotype (Amroma et al., 2014), we present this
tudy of a large family with a JME-like phenotype. This

g
e
e
p
s
f
s

here CT = PCR cycle in which the sample fluorescent inten-
ity exceeds that of background, �CT sample = CT sample - CT
CTB sample, �CT control = CT control - CT ACTB control, and
�CT = �CT sample - �CT control. For each tested individual,

he experiment was performed in triplicate. The 2�Ct ratio for
ample:control for each gene is indicated on the y axis.

ME phenotype is suspected to be a familial trait and
enetically determined.
he proband (V13) of Family 1 had a fixed phenotype
imicking idiopathic generalized epilepsy. After 29

ears of evolution, the patient never developed action
yoclonus or cerebellar dysfunction and his intellect

emained normal. Thus, a diagnosis of JME was first
onsidered. In addition, two other patients remained
ree of cerebellar signs. Seizures and myoclonus
ere easily controlled by low doses of valproate and

lonazepam. These characteristics matched with JME
Kasteleijn-Nolst Trenité et al., 2013). However, the
ysarthria, although discrete, in two affected females
ut the diagnosis of JME into question and genetic
creening confirmed the diagnosis of ULD.
he severity of ULD is now known to be hetero-
363

eneous. In a recent Italian study by Canafoglia
t al., the authors identified younger age at onset,
arly severe myoclonus, and seizure persistence as
ossible predictors of a more severe outcome. They
peculated on the genetic determinants of these
actors but also greater hyperexcitability respon-
ible for increasing cell damage due to reduced
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ystatin B activity (Canafoglia et al., 2017). None
f these early predicting prognostic factors were

ound in our ULD family with JME phenotype. In
ther studies, it has been previously reported that
ome ULD patients show a self-limited clinical course
Magaudda et al., 2006; Kobayashi et al., 2011). More-
ver, the severity and progression of ULD can vary

rom one case to another even within the same
amily (Gouider et al., 1998; Crespel et al., 2016).
owever, in this family, the phenotype was essen-

ially homogeneous in all affected members and
ery unusual in terms of clinical presentation, phar-
acosensitivity, and evolution. The absence of any

erebellar signs in 3/5 patients after a mean disease
uration of 29.6 years represented one of the main
linical peculiarities of this family. The high pharma-
osensitivity of myoclonus and the absence of action
yoclonus represented the second discrepancy with
LD diagnosis and were the main reasons for the

bsence of notable functional disability. Concerning
ORM, in contrast to PME, these were rare, more
ifficult to provoke, and epileptic, more consistent
ith JME (Mayer et al., 2006). In addition, none of our
LD patients with a JME phenotype or a typical ULD

orm who had SEPs and C-reflex assessment showed
europhysiological features suggesting cortical hyper-
xcitability. In previous reports, 10 to 20% of patients
ith JME showed giant SEPs (Salas-Puig et al., 1992),
ut not all ULD patients are reported to have them (70

o 80%) (Hainque et al., 2018). Hence, neurophysiolog-
cal examination could contribute to the distinction
etween JME and ULD. This clinical presentation
ould be more frequent in Tunisia than in European
ountries since it was shown that the course of the
isease is more severe in Northern Europe than in
aghreb (Gargouri-Berrechid et al., 2016). In addition,

aura Mumoli and colleagues showed an absence of
utation associated with ULD in 33 unrelated patients
ith JME from Italy (Mumoli et al., 2015).
he size of repeats in Family 1 was within the classic
ange and even larger than that of Family 2, which does
ot account for the very mild phenotype. However, it
as already been shown that disease severity is not
elated to the number of dodecamers, suggesting that
ther factors determine disease evolution (Lalioti et
l., 1998). We firstly hypothesized that such factors may
nfluence the level of CSTB mRNA, however, the level
f CSTB transcripts was remarkably decreased in all
atients of Family 1 as well as Family 2, with no corre-
64

ation between functional disability and CSTB mRNA
evel (figure 4). By studying the progression of neu-
onal death in CSTB-deficient mice, two proteins were
hown to influence neurodegeneration mediated by
STB deficiency: cathepsin B (CTSB) and cystatin C

CST3). Lehtinen and colleagues showed that cys-
atin B-deficient neurons were rescued from oxidative

R

A
L
L
e
e

tress-induced death by a concurrent decrease in
athepsin B levels (Lehtinen et al., 2009; Polajnar et al.,
013). CTSB level was slightly increased in patients of
oth families, as already reported (Rinne et al., 2002).
aur and colleagues showed that cystatin C was neuro-
rotective in vivo (Kaur et al; 2011). The CST3 transcript

evel was not increased in patients of both families.
n conclusion, we did not observe any differences in
he transcription level of both genes in leukocytes
etween patients from Family 1 and 2. Although these
xpression studies were not performed in neural cells,
he results support the hypothesis that the JME-like
henotype in Family 1 is due to genetic factors other

han CSTB itself, CTSB or CST3, which were the most
bvious candidates for modifying genes.

n the current study, none of the ULD patients with
JME phenotype were tested for mutation in genes

hat are suspected to be involved in JME. In a recent
unisian study, the authors pointed out the involve-
ent of specific genes including CACNA1H and MAST4

n JME (Landoulsi et al., 2018). However, specific
enetic variants that may influence JME susceptibil-

ty remain undetermined despite intense research
Santos et al., 2017). The “borderline” phenotypes
resented in this report may contribute to a better
nderstanding of JME genetics in the future.

onclusion

he phenotype of patients in Family 1, caused by classic
LD mutation, is closer to JME than PME even after a

ong disease duration. Screening should be performed
or this ULD mutation in patients with the JME-like phe-
otype, especially when careful examination reveals
iscrete atypical signs of JME. This particular pheno-

ype may result from either genetic or environmental
actors that influence the effect of the causal recessive

utation during the course of the disease. The identi-
cation of these factors will be of great interest and will

ikely open new therapeutic avenues in the future. �
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Salas-Puig J, Tuñon A, Diaz M, Lahoz CH. Somatosensory
evoked potentials in juvenile myoclonic epilepsy. Epilepsia
1992; 33: 527-30.

Santos BPD, Marinho CRM, Marques TEBS, et al. Genetic sus-
ceptibility in juvenile myoclonic epilepsy: systematic review
of genetic association studies. PLoS One 2017; 12: e0179629.

Weinhaeusel A, Morris MA, Antonarakis SE, Haas OA. DNA
deamination enables direct PCR amplification of the cystatin
B (CSTB) gene-associated dodecamer repeat expansion in
myoclonus epilepsy type Unverricht-Lundborg. Hum Mutat
2003; 22: 404-8.
pileptic Disord, Vol. 21, No. 4, August 2019

(2) Does the number of dodecamers within the cystatin
phenotype?

(3) What are the most suggestive features of myoclonus i

Note: Reading the manuscript provides an answer to all q
website, www.epilepticdisorders.com, under the section
365

B (CSTB) gene determine the severity of the ULD

n ULD relative to JME?

uestions. Correct answers may be accessed on the
“The EpiCentre”.

http://www.ncbi.nlm.nih.gov/pubmed?term=Variable course of Unverricht-Lundborg disease: early prognostic factors
http://www.ncbi.nlm.nih.gov/pubmed?term=Unverricht-Lundborg disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Long-term evolution of EEG in Unverricht-Lundborg disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Unverricht-Lundborg disease (PME1)
http://www.ncbi.nlm.nih.gov/pubmed?term=A clinical and neurophysiological motor signature of Unverricht-Lundborg disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Molecular background of EPM1-Unverricht-Lundborg disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Clinical picture of EPM1-Unverricht Lundborg disease
http://www.ncbi.nlm.nih.gov/pubmed?term=Consensus on diagnosis and management of JME: from founder{'}s observations to current trends
http://www.ncbi.nlm.nih.gov/pubmed?term=Protective mechanisms by cystatin C in neurodegenerative diseases
http://www.ncbi.nlm.nih.gov/pubmed?term=Decreased cortical excitability in Unverricht-Lundborg disease in the long-term follow-up: a consecutive SEP study
http://www.ncbi.nlm.nih.gov/pubmed?term=Clinical and genetic study of Tunisian families with genetic generalized epilepsy: contribution of CACNA1H and MAST4 genes
http://www.ncbi.nlm.nih.gov/pubmed?term=Cystatin B deficiency sensitizes neurons to oxidative stress in progressive myoclonus epilepsy, EPM1
http://www.ncbi.nlm.nih.gov/pubmed?term=Unverricht-Lundborg disease, a condition with self-limited progression: long-term follow-up of 20 patients
http://www.ncbi.nlm.nih.gov/pubmed?term=Perioral reflex myoclonias: a controlled study in patients with JME and focal epilepsies
http://www.ncbi.nlm.nih.gov/pubmed?term=No evidence of a role for cystatin B gene in juvenile myoclonic epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Influence of partial unfolding and aggregation of human stefin B (cystatin B) EPM1 mutants G50E and Q71P on selective cleavages by cathepsins B and S
http://www.ncbi.nlm.nih.gov/pubmed?term=Reduced cystatin B activity correlates with enhanced cathepsin activity in progressive myoclonus epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Somatosensory evoked potentials in juvenile myoclonic epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Genetic susceptibility in juvenile myoclonic epilepsy: systematic review of genetic association studies
http://www.ncbi.nlm.nih.gov/pubmed?term=DNA deamination enables direct PCR amplification of the cystatin B (CSTB) gene-associated dodecamer repeat expansion in myoclonus epilepsy type Unverricht-Lundborg


<<
  /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


