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Abstract

Background: Rett syndrome (RTT) is an X-linked dominant neurodevelopmental disorder, which is usually caused
by de novo mutations in the MECP2 gene. More than 70% of the disease causing MECP2 mutations are eight
recurrent C to T transitions, which almost exclusively arise on the paternally derived X chromosome. About 10% of
the RTT cases have a C-terminal frameshift deletion in MECP2. Only few RTT families with a segregating MECP2
mutation, which affects female carriers with a phenotype of mental retardation or RTT, have been reported in the
literature. In this study we describe two new RTT families with three and four individuals, respectively, and review
the literature comparing the type of mutations and phenotypes observed in RTT families with those observed in
sporadic cases. Based on these observations we also investigated origin of mutation segregation to further improve
genetic counselling.

Methods: MECP2 mutations were identified by direct sequencing. XCl studies were performed using the X-linked
androgen receptor (AR) locus. The parental origin of de novo MECP2 frameshift mutations was investigated using
intronic SNPs.

Results: In both families a C-terminal frameshift mutation segregates. Clinical features of the mutation carriers vary
from classical RTT to mild mental retardation. XCI profiles of the female carriers correlate to their respective geno-/
phenotypes. The majority of the de novo frameshift mutations occur on the paternally derived X chromosome (7/9
cases), without a paternal age effect.

Conclusions: The present study suggests a correlation between the intrafamilial phenotypic differences observed
in RTT families and their respective XCl pattern in blood, in contrast to sporadic RTT cases where a similar
correlation has not been demonstrated. Furthermore, we found de novo MECP2 frameshift mutations frequently to
be of paternal origin, although not with the same high paternal occurrence as in sporadic cases with Cto T
transitions. This suggests further investigations of more families. This study emphasizes the need for thorough
genetic counselling of families with a newly diagnosed RTT patient.

Background [2]. Since then, more than 200 different MECP2 muta-

Rett syndrome (RTT; MIM# 312750) is an X-linked
dominant neurodevelopmental disorder almost exclu-
sively affecting females. The incidence is about 1 in
10.000 female births [1]. The first loss-of-function muta-
tions in the methyl-CpG-binding protein 2 (MECP2;
MIM# 300005) were reported in RTT patients in 1999
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tions have been identified (RettBASE, http://mecp2.chw.
edu.au). About 70% of reported RTT cases have one of
the eight recurrent single basepair substitutions (mis-
sense or nonsense mutations), all of which are cytosine-
to-thymine (C > T) transitions affecting the cytosine of
the CpG dinucleotides. Small C-terminal deletions, with
one or both breakpoints located within the “deleted
prone region” (DPR) of exon 4, account for 10% of the
cases [3]. The vast majority of RTT cases are sporadic
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(> 99%) and four studies have shown that the eight
common C > T transition mutations arise almost exclu-
sively on the paternally derived X chromosome in spora-
dic cases [4-7]. So far, the parental origin of de novo
frameshift mutations has not been investigated in large
cohorts of RTT cases. Hemizygous males with de novo
or familial MECP2 mutations often have frameshift
mutations caused either by single-nucleotide deletions/
insertions or by small intragenic rearrangements [8,9].

The general knowledge regarding RTT families with
affected females is sparse as only 10 families have been
described in the literature [10-17]. Existence of such
families are usually explained by germline mosaicism or
skewed X chromosome inactivation (XCI) in the carrier
mothers, who are either asymptomatic or have mild
mental retardation (MR). While the eight recurrent C >
T transitions mutations often result in classical or atypi-
cal RTT in sporadic cases, the C-terminal deletions lead
to a broader spectrum of clinical features, from severe
encephalopathy in hemizygous males to hemizygous
females with classical RTT, mild MR and asymptomatic
carriers [18-20].

In this study we describe two new unrelated families
with frameshift mutations within the DPR, showing
large intrafamilial clinical variability, ranging from clas-
sic RTT to mild MR. Furthermore, we compare the type
of mutations observed in RTT families to those of
sporadic cases and we present our study on the parental
origin of de novo MECP2 frameshift mutations in our
RTT cohort.

Family A
Family A, (Figure 1A), consists of a mother (patient I: 1)
and her two daughters (patients II:1 and II:2).

Patient I:1 was married to a man with an IQ of 70 and
have given birth to two affected children. The oldest
daughter was removed to foster care at age 2.5 years,
the youngest daughter immediately after birth. There is
no information available about the childhood of the
mother and her regression status is unknown. She is
cognitively impaired with an IQ of 45. She has attended
a special school for children with learning disabilities.
Today she lives alone in a sheltered housing unit with
daily home care support. She speaks in full meaningful
sentences. She is able to read magazines, to write, to
knit, to bind shoe lashes and to read the clock. She can
manage addition and subtraction of money, but she can-
not administer her own finances. Within the frames of
known routines, she can manage her personal care, but
she cannot initiate or structure activities of daily living
or plan and perform simple sequential actions in unfa-
miliar settings. She is totally dependent on a structured
daily schedule. She is easily stressed by anxiety, which
occasionally requires medication. There has been no
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report of seizures. She is overweight with normal height
and head circumference. She has a high thoracic kypho-
sis and a slight lumbar scoliosis. She walks up and down
the stairs, but the left foot leads downwards. Her hand
muscles are weak and hand movements are ritual. She
cannot perform the finger-to-nose-test. Breathing is
forced and she breathes only through the mouth.
Although she has subtle Rett-like symptoms, she does
not meet the required criteria for RTT [1,21].

Patient II:1 is the oldest daughter. At 17 months of
age her development corresponded to 12-14 months
and her head circumference was below the 1st percen-
tile. She was able to crawl, to walk with slight support
and used her hands with pincer grasp. At 2.5 years of
age she was removed to foster care for 5 years. During
this period she developed stereotypic hand movements
and some regression was noticed. Since 7 years of age
she has been living in institutions for mentally handi-
capped individuals. She has preserved some hand func-
tion, despite her stereotypic hand movements. She has
kyphosis. She walks only a few steps without support,
but walks steadily with support. She speaks no words,
but knows the sign for coffee and can use eye pointing.
She has normal height but she is overweight. She has
been treated with antiepileptic drugs for many years, but
she is now free of seizures, without medication. She has
a normal breathing pattern. She meets all the required
and one of the supportive criteria for classical RTT
[1,21].

Patient II:2 the younger daughter, was placed in an
institution for infants immediately after birth. At 5
months of age she was placed in foster care and she still
lives with the same family. At that time she smiled and
kept eye contact, but she was passive. She learned to sit
at age 8 months and to crawl at age 15 months. She
developed a sort of pincer grasp one year old and
babbled a lot. At this age her head circumference was
below the 2nd percentile. At age 20 months she started
kindergarten and some regression was noticed, but she
had almost full recovery afterwards. At age 2.5 years she
started walking independently and had a vocabulary
with small sentences. Since 4 years of age she has kept
her hands together in front of her, and since 7 years of
age she has been treated for epileptic seizures. At the
age of 12 years scoliosis was registered and she under-
went surgery 3 years later. At present she is able to sit
down, and get up from sitting and lying positions. She
can walk independently with small steps, but she is
more stable when pushing a wheel chair. She can walk
upstairs with support from the banister, but she needs
support on the other side while going downstairs. If in
mood she can take off her jacket. She has hand dys-
praxia. She is growth retarded with microcephaly. She
speaks with a high pitch voice and makes sentences up
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Figure 1 Pedigree of the two families with RTT and the electrophoretograms of the MECP2 frameshift mutations. (A) Family A, the
carrier mother (I:1) and her two affected children, (B) Family B, the mother (I:1) who is an obligate carrier and her four children. * Family
members who have not been tested for the MECP2 mutation in question. (C) Electrophoretograms showing the mutation, ¢.1157_1197del41,
identified in family A (D) Electrophoretograms showing the mutation, ¢.1159_delCCinsT, identified in family B.

1
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D Wild-type MECP2 allele
CTCCCACCCCTGCCCCCACCTCCACCTG

c. 1159_1160delCCinsT

to 5 words. She understands simple messages, but reacts
with a long latency. She meets the necessary criteria for
atypical RTT [1,21].

Family B
Family B, (Figure 1B), consists of a mother (patient I:1)
and her four children (including patient, II:2, II:3, II:4).
Patient I:1 is the mother of 4 children, from two
marriages. Neither of her husbands’ had neurological
handicaps or MR. One of the two daughters (II:2) from
her first marriage is affected, while the other is normal.
From the second marriage both children (patient II:3
and II:4) are affected. There is no information about
her developmental profile in childhood and her regres-
sion status is unknown. She has mild cognitive impair-
ment (IQ: 50-70), but she lives alone without any

social support. She has a normal expressive language
and she takes care of herself in daily living. She can
read magazines and can repeat what she has read. She
handles her own money and does her own shopping.
However, she does not have any deeper economic
insight. She speaks meaningful words and sentences.
She is characterized as clumsy. Her muscle tonus is
normal and there are no abnormal movements of the
hands. Her breathing is forced. No seizures or psychia-
tric symptoms have been reported. Height, weight and
head circumference are normal. She does not have sco-
liosis. She does not meet the required criteria for RTT
[1,21].

Female II:1 is the oldest daughter. There is no infor-
mation available, but apparently she has a normal

phenotype.



Ravn et al. Orphanet Journal of Rare Diseases 2011, 6:58
http://www.ojrd.com/content/6/1/58

Patient II:2, is the oldest affected daughter. She has
not been clinically examined by any of the authors and
the sparse clinical information is derived from the medi-
cal records. Her cognitive impairment and deterioration
of the motor function was first noticed in kindergarten.
Later full recovery was observed. In primary school, she
was diagnosed with MR due to cognitive dysfunction
and marked learning disability and received comprehen-
sive educational support. She has ataxia but she can
walk without support. Her muscle tonus is normal, but
she is clumsy. She has mild thoracic kyphosis. She has
mild hand dyspraxia and a tendency to ritual hand
movements. She also has tendency to teeth grinding and
her breathing is forced. She can speak in short meaning-
ful sentences, however her understanding is limited. No
seizures have been reported. She has an intensive eye
contact and delayed nociception. She fulfils the neces-
sary criteria for atypical RTT [1,21].

Patient II:3 is the youngest family member. During the
first years of life no developmental problems were
noted. When she started school a mild cognitive dys-
function with learning disability became evident. Today
she is still attending the ordinary school system, but
receives special educational support. She speaks in full
meaningful sentences, and understands simple messages.
She is dependent of known routines and can manage
her own personal care. She has no epilepsy and no clini-
cal gastrointestinal symptoms. Her growth has always
been normal. Her head circumference is normal. She
has a normal muscle tone, with no signs of focal neuro-
logical deficits. Her motor abilities are not well coordi-
nated, especially her fine motor skills. There are no
pathological orthopaedic signs and no stereotypies. Her
breathing is somewhat forced. She does not meet any of
the required criteria for RTT [1,21].

Patient II:4 is a boy. He was born to term with nor-
mal weight, height and head circumference. His devel-
opment was apparently normal during the first
months, but stagnated at 7-8 months of age. At age 12
months delayed motor development was noticed. He
could not sit without support, but he could raise his
upper body by support of his arms when lying in
prone position. He had general hypotonia as well as
marked truncal and fine motor ataxia. He was notably
happy and made good emotional contact. At age 20
months he vocalized “mama” and “papa”, he was able
to sit without support, could receive and throw a ball,
and finger feed himself. He had inappropriate scream-
ing spells. The ataxia and hypotonia gradually became
more prominent. The head circumference was below
the 2.5nd percentile. At this age he started having fre-
quent seizures and received antiepileptic medication.
Overall, there was no valid information about regres-
sion. CT and MRI scans of the brain and metabolic
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investigations of organic acids, amino acidopathies and
lysosomal disorders as well as lactate and pyruvate in
blood and cerebrospinal fluid were normal. He had
normal karyotype and genetic test for Angelman syn-
drome was negative. When examined at age 6 years,
his development had stagnated since age 3. He still did
not stand or walk alone, but no loss of acquired motor
skills had been observed. He seemed less active than
before. He had a daily vocabulary of about 5 words,
which he used appropriately. Today he has marked
motor delay with hypotonia, pronounced ataxia and
epilepsy. During the last 2-3 years he has developed
hand wringing and dyspraxia. Furthermore, he has
some respiratory irregularities, marked teeth grinding
and he is growth retarded. Today he presents most of
the clinical signs of RTT[1,21].

Methods

Clinical evaluation

The patients have been clinically evaluated according to
the consensus RTT criteria described in 2001 [1], in
order to compare their clinical profiles with previously
published family members with RTT and further to the
current revised diagnostic criteria from 2010 [21].

Mutation detection and X inactivation studies
The entire coding MECP2 and the flanking intronic
sequences were sequenced as described earlier [22,23].
XCI studies were performed using DNA extracted
from peripheral blood leukocytes by investigation of
the methylation status of the highly polymorphic X-
linked androgen receptor (AR) locus [24]. The XCI
pattern was defined as skewed when the same X chro-
mosome was preferentially inactivated in more than
80% of the cells.

Determination of the parental origin de novo MECP2
frameshift mutations

We selected 24 presumably sporadic RTT patients with
a known MECP2 frameshift mutation caused by either
single-nucleotide deletion/insertion or small intragenic
rearrangement. The introns and the 3’ untranslated
region (3’-UTR) of MECP2 were sequenced to identify
single-nucleotide-polymorphisms (SNPs). Nine cases
were heterozygous for 6 different SNPs localized within
introns 2, 3 and 3° UTR (Table 1). Allele-specific PCR
was possible in 7 cases and haplotyping of the normal
alleles was performed by direct sequencing. In two cases
cloning was necessary due to the location of the muta-
tion. A PCR-fragment spanning both the mutation and
the SNP was cloned into pGEM-T Esay Vector (Pro-
mega) and selected clones were sequenced. By genotyp-
ing the respective SNPs in the parents, parent-of-origin
was determined.
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Table 1 The Parental origin of de novo MECP2 frameshift mutations
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Case no Age of mother® Age of father® MECP2 Intergenic Parental
(Years) (Years) mutation © SNP © origin
RTT22 31 32 c215delC c14614+1737G > A Maternal
RTT55 40 43 c.32_50delins11 c.1461+878G > C Paternal
RTT27 21 25 C. 766_779dup14 c.378-916A > G Paternal
RTT12 19 30 c.808delC €3784266C > T Maternal
RTT1 29 24 c.1150_1187del38 C3784+648A > G Paternal
RTT35 30 32 ¢.1156_1199del44 c378+266C > T Paternal
RTT16 26 28 c. 1157_1197del41 c1461+1737G > A Paternal
RTT31 24 28 c.1164_1204del44 c.378+266C > T Paternal
RTT8 23 27 c.1168_1196del29 c.378+266C > T Paternal

@ The parents’ age at the time of the RTT patient’s birth

B All nucleotides were numbered according to NCBI Reference Sequence: NM_004992.3

Results

Family A

Sequence analysis of the MECP2 gene in the mother
and her two daughters revealed a deletion of 41 base-
pairs (c.1157_1197del41), within the DPR in exon 4
(Figure 1C). This mutation is predicted to result in a
frameshift at codon 386 and subsequent premature
truncation of the MeCP2 protein five amino acids
downstream (p.L386fs). Results from the AR-assay indi-
cated a skewed XCI pattern in the mother (Family A,
I:1), whereas both daughters had random XCI pattern
(IL:1, 1I:2) (Table 2).

Family B

The two maternal half-sisters and the brother had a
novel MECP2 frameshift mutation, ¢.1159 delCCinsT,
located in the DPR (Figure 1D). This mutation is pre-
dicted to result in addition of 21 amino acids followed
by a stop codon (p.P387fs). XCI studies showed random
XCI patterns in the mother (Family B, I:1) and her old-
est affected daughter (II:2), while the second affected
daughter had a skewed XCI pattern (II:3) (Table 2).

Parental origin of the de novo MECP2 frameshift
mutations

The parental origins were determined in 9 cases with
frameshift mutations (Table 1). All five C-terminal fra-
meshift deletions and two mutations generated by small
intragenic rearrangements (c.32_50delins11 and

Table 2 The X chromosome inactivation patterns
obtained from AR assays

AR assay
Family A, 111 A270:A273 (12:88)  Family B, I:1  A271:A277 (51:49)
Family A, II:1  A270:A273 (56:44)  Family B, 11:2  A274:A277 (46:54)
Family A, 1I:2 A270:A273 (63:37) Family B, 1I:3  A269:A271 (20:80)

The alleles (A) are indicated with the size of the PCR fragments in base pair.
The allele sizes in Family B, indicates the presence of a recombination event.
Note that the two half-sisters in family B, does not have the same father.

€.766_779dup14) were of paternal origin. Two mutations
with a deletion of a single cytosine base (c.215delC and
¢.808delC) were of maternal origin. The mothers’ of
these two patients did not carry the respective muta-
tions. The parents’ ages at the time of the patients’ birth
are listed in Table 1.

Discussion

Here we report two new families with frameshift muta-
tions located in the DPR of the MECP2. The phenotypes
of the affected individuals range from classical RTT to
milder cognitive impairment with subtle Rett-like symp-
toms. Thus, some of these family members represent
the clinical link between RTT and asymptomatic carriers
of a MECP2 mutation. In general, the frameshift muta-
tions in the DPR are commonly reported in RTT
patients [19,20]. These patients often fulfil the clinical
criteria for classical RTT or a variant form, although
few cases have been reported with very mild clinical fea-
tures [25]. In the extremely mild cases, like some of the
present cases (family A, patient I:1 and family B, patient
I1:3), the detection of a known MECP2 mutation is
often required to identify the subtle clinical signs as
being RTT-like symptoms. Although no clear correla-
tion is demonstrated between genotype, phenotype and
XCI in sporadic RTT patients, it seems that a correla-
tion exists in families with RTT females, where an
MECP2 mutation is segregating (Table 3). We made a
similar observation in family A, where the mother had a
skewed XCI, most likely in favour of the normal allele,
which could explain her mild cognitive impairment with
subtle Rett-like symptoms, whereas both her daughters
had random XCI pattern and were diagnosed with RTT.
In family B, the mother who was an obligate carrier did
not want to be tested for the mutation. She had random
XCI, which was not in accordance with her obligate car-
rier status or her mild phenotype. A plausible explana-
tion is that the XCI pattern observed in her blood is not
representative for the critical tissue affected in RTT.
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Table 3 Families with RTT in females and MECP2 mutation carrier females without RTT

MECP2 Mutation Phenotype male Phenotype Female Phenotype Mother Rf
Families with RTT in females
p.R106W c.316C > Two half sisters Classic RTT Asympt. mutation negative [15]
T
p.T158M c473C >  Congenital encephalopathy Classic RTT Asympt. mutation carrier, SXCI [14]
T
p.R133C c397C >  RTT variant Classic RTT Mild MR, mutation carrier, [13]
T SXC
p.S134C c401C > RTT variant RTT variant, random XCl Asympt. mutation carrier, SXCI [
G
P.R168X c502C > T Two sisters Classic RTT Asympt. mutation carrier, SXCI [16]
p.V288X c806delG  Congenital encephalopathy Three females Mother; mild MR, SXCI Maternal = Grandmother; Asympt,, [16]
sister; classic RTT Daughter; classic RTT mutation negative, random
Xl
p.G163fs Congenital encephalopathy Classic RTT Asympt. mutation negative [12]
C.488_489del
p.G252fs c.754insC  Congenital encephalopathy Classic RTT Asympt. mutation negative [17]
p.L386fs Two sisters Classic RTT, random XC| RTT Mild MR, mutation carrier, Present
c.1157_1197del41 Variant, random XCl SXCI case
p.P387fs RTT variant Two sisters RTT Variant, random XCI Mild MR,  Mild MR, mutation?, random Present
¢.1159_delCCinsT SXCl Xl case
p.P388fs Two males Uncle and nephew Two females Mother mild MR, SXCI Daughter ~ Grandmother, mild MR, [10]
c.1164_1207del44 RTT variants classic RTT mutation carrier, SXCI
g.58483_65650del; Congenital encephalopathy Classic RTT Mild MR, mutation carrier, [30]
g.65664_66958del SXCl
MECP2 mutation carrier females without RTT
p.T158M c473C > Two brothers Congenital Asympt. mutation carrier, SXCI [31]
T encephalopathy
p.P322S c964C > T RTT variant Mild MR, mutation carrier, [32]
random XCl
p.P380fs Two brothers MR, neurologic Asympt. mutation carrier, XCl 28]
c.1140del86 symptoms, dimorphic features not available
p.P384fs Congenital encephalopathy Asympt. mutation carrier, SXCI [26]
c.1154del32
p.L386fs RTT variant Asympt. mutation carrier, SXCI [27]
c.1158del44

MR, presented with mental retardation; SXCI, Skewed X chromosome inactivation

All nucleotides were numbered according to NCBI Reference Sequence: NM_004992.3

Alternatively, she could be mosaic for the mutation.
Another explanation, which cannot be ruled out without
a mutation analysis, is that she has gonadal mosaicism
and her mild retardation is due to other factors. The
XCI patterns of the two half-sisters were in accordance
with their different clinical presentations as the youngest
sister with extremely mild symptoms had skewed XCI.
The phenotype of the boy has changed with time and at
present he meets most of the criteria for a variant form
of RTT. However, he has a milder phenotype than
expected and does not have neonatal encephalopathy,
which has been reported in male with C-terminal dele-
tions in DPR [26]. The large intrafamilial clinical varia-
bility observed in family B, suggests the presence of
modifying genetic or epigenetic factors, other than XCIL
Four families with deletions in the DPR have pre-
viously been reported [10,26-28]. In three of these

families the mothers were asymptomatic carriers with
skewed XCI pattern presumably in favour of the normal
allele (Table 3). The fourth family included three gen-
erations (3 females and 2 males) with a 1164_1207del44
mutation [10]. The grandmother had learning disability,
the mother had cognitive delay, whereas the grand-
daughter had classical RTT. Both males presented with
RTT-like features including deceleration of head growth
and transient presence of stereotypic hand movements.
The XCI patterns obtained for each of the female family
members correlated with their respective phenotypes
(Table 3).

The present study suggests that there may be a group
of unrecognized asymptomatic or mildly affected
mothers carrying a MECP2 frameshift mutation. Like
the present families, these carrier mothers may not be
recognized until they give birth to children with RTT.
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As summarized in table 3 more than half of the families
with RTT have a frameshift mutation, and a clear corre-
lation exists between the XCI profile in blood and the
phenotypes of the respective family members. It is
known from cases with sporadic RTT, that over 70%
have the C > T transition, (RettBASE, http://mecp2.chw.
edu.au), which are almost exclusively of paternal origin
[4-7] and the blood XCI profiles do not correlate with
their phenotypes [29]. Therefore another segregation
mechanism may exist for MECP2 frameshift mutations,
which can influence a more favourable phenotype, e.g.
XCI, which could explain the over-representation of fra-
meshift mutations in the families with RTT. It was not
possible to determine the parental origin of the muta-
tions in our families. As the parental origin of de novo
frameshift MECP2 mutations are only scarcely reported,
we attempted to determine parental origin of de novo
frameshift mutations in our RTT cohort. Out of 24
sporadic RTT cases with frameshift mutations we could
determine the parental origin in 9. Surprisingly, we
found that the majority of the de novo frameshift muta-
tions occurred on the paternally derived X chromosome
(7/9 cases) without paternal age effect. All five cases
with C-terminal deletions were of paternal origin, which
suggests that the primary mutational event in family A
had occurred on the mother’s paternal X chromosome.
The two mutations with maternal origin were both dele-
tions of a single cytosine (c.215delC and c. 808delC)
predicted to lead to early premature truncation of the
MeCP2. The mothers’ of these patients were both nega-
tive for the respective mutations. Whether single base
pair deletions are more frequently maternally derived is
yet to be investigated. In two previously reported cases
with sporadic RTT, the frameshift mutations (c.806delG
and c.677insA) occurred on the maternally derived X
chromosome [5,7]. Together these results indicate that
frameshift mutations involving only a single base pair
have a tendency to be of maternal origin than first
anticipated, but as listed in Table 3 the familial muta-
tions are not predominated by single base pair deletions
or insertions. The underlying mechanisms for the sex
bias among de novo MECP2 mutations in RTT patients
require further investigation, but the sparse number of
reported males with a pathogenic MECP2 mutation and
families with RTT seem to support ours and others
findings of paternal origin [4-7]. Furthermore, these
findings also indicate that the existence of a large num-
ber of unknown MECP?2 carriers is probably unlikely.
The recurrence risk of RTT is low, but an empirical
estimation should be taken with caution. Based on the
Danish and the Norwegian RTT populations with identi-
fied MECP2 mutations, the incidence of the RTT
families compared to the sporadic cases is approximately
1:150 (unpublished data). As investigation of the
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mothers’ XCI status cannot provide sufficient evidence
to exclude a carrier status due to mosaicism, determina-
tion of the paternal origin of the MECP2 mutation,
when possible, may give further information on whether
a new RTT case is sporadic. The knowledge of rare
mutation events described in the present families under-
lines importance of genetic counselling and discussion
of the possibility of prenatal diagnosis in families with a
proband who has a MECP2 mutation.
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untranslated region

Author details

'Center for Rett syndrome, Kennedy Center, Glostrup, Denmark. Center for
Applied Human Molecular Genetics, Kennedy Center, Glostrup, Denmark.
*Department of Clinical Genetics, University of Copenhagen, Rigshospitalet,
Denmark. 4Departmem of Medical Genetics, Oslo University Hospital HF,
Ulleval Hospital, Oslo, Norway. “Women and Children’s Clinic, Vestre Viken
Hospital Thrust, Norway.

Authors’ contributions

KR drafted the manuscript and was responsible for the molecular genetic
studies and interpretation of data. GR, KF made a substantial contribution to
evaluate the clinical data and finalizing the manuscript and ZT with
finalizing the manuscript. MD, KLE contributed with genetic diagnostic and
interpretation of data. JBN, OHS with clinical information, samples and
patient descriptions. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 9 March 2011 Accepted: 30 August 2011
Published: 30 August 2011

References

1. Hagberg B, Hanefeld F, Percy A, Skjeldal O: An update on clinically
applicable diagnostic criteria in Rett syndrome. Comments to Rett
Syndrome Clinical Criteria Consensus Panel Satellite to European
Paediatric Neurology Society Meeting, Baden Baden, Germany, 11
September 2001. Eur J Paediatr Neurol 2002, 6:293-297.

2. Amir RE, Van den Veyver IB, Wan M, Tran CQ, Francke U, Zoghbi HY: Rett
syndrome is caused by mutations in X-linked MECP2, encoding methyl-
CpG-binding protein 2. Nat Genet 1999, 23:185-188.

3. Chahrour M, Zoghbi HY: The story of Rett syndrome: from clinic to
neurobiology. Neuron 2007, 56:422-437.

4. Archer H, Evans J, Leonard H, Colvin L, Ravine D, Christodoulou J,
Williamson S, Charman T, Bailey ME, Sampson J, et al: Correlation between
clinical severity in patients with Rett syndrome with a p.R168X or p.
T158M MECP2 mutation, and the direction and degree of skewing of X-
chromosome inactivation. J Med Genet 2007, 44:148-152.

5. Girard M, Couvert P, Carrie A, Tardieu M, Chelly J, Beldjord C, Bienvenu T.
Parental origin of de novo MECP2 mutations in Rett syndrome. Eur J
Hum Genet 2001, 9:231-236.

6. Trappe R, Laccone F, Cobilanschi J, Meins M, Huppke P, Hanefeld F,

Engel W: MECP2 mutations in sporadic cases of Rett syndrome are
almost exclusively of paternal origin. Am J Hum Genet 2001, 68:1093-1101.

7. Zhu X, Li M, Pan H, Bao X, Zhang J, Wu X: Analysis of the parental origin
of de novo MECP2 mutations and X chromosome inactivation in 24
sporadic patients with Rett syndrome in China. J Child Neurol 2010,
25:842-848.

8. Schule B, Armstrong DD, Vogel H, Oviedo A, Francke U: Severe congenital
encephalopathy caused by MECP2 null mutations in males: central


http://mecp2.chw.edu.au
http://mecp2.chw.edu.au
http://www.ncbi.nlm.nih.gov/pubmed/12378695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12378695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12378695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12378695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12378695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10508514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10508514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10508514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17988628?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17988628?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16905679?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16905679?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16905679?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16905679?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11313764?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11309679?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11309679?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20207612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20207612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20207612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18477000?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18477000?dopt=Abstract

Ravn et al. Orphanet Journal of Rare Diseases 2011, 6:58
http://www.ojrd.com/content/6/1/58

20.

21.

22.

23.

24

25.

26.

27.

28.

29.

hypoxia and reduced neuronal dendritic structure. Clin Genet 2008,
74:116-126.

Villard L: MECP2 mutations in males. J Med Genet 2007, 44:417-423.
Augenstein K, Lane JB, Horton A, Schanen C, Percy AK: Variable
phenotypic expression of a MECP2 mutation in a family. J Neurodev
Disord 2009, 1:313.

Budden SS, Dorsey HC, Steiner RD: Clinical profile of a male with Rett
syndrome. Brain Dev 2005, 27(Suppl 1):569-571.

Geerdink N, Rotteveel JJ, Lammens M, Sistermans EA, Heikens GT,

Gabreels FJ, Mullaart RA, Hamel BC: MECP2 mutation in a boy with severe
neonatal encephalopathy: clinical, neuropathological and molecular
findings. Neuropediatrics 2002, 33:33-36.

Masuyama T, Matsuo M, Jing JJ, Tabara Y, Kitsuki K, Yamagata H, Kan Y,
Miki T, Ishii K, Kondo I: Classic Rett syndrome in a boy with R133C
mutation of MECP2. Brain Dev 2005, 27:439-442.

Villard L, Kpebe A, Cardoso C, Chelly PJ, Tardieu PM, Fontes M: Two
affected boys in a Rett syndrome family: clinical and molecular findings.
Neurology 2000, 55:1188-1193.

Villard L, Levy N, Xiang F, Kpebe A, Labelle V, Chevillard C, Zhang Z,
Schwartz CE, Tardieu M, Chelly J, et al: Segregation of a totally skewed
pattern of X chromosome inactivation in four familial cases of Rett
syndrome without MECP2 mutation: implications for the disease. J Med
Genet 2001, 38:435-442.

Wan M, Lee SS, Zhang X, Houwink-Manville I, Song HR, Amir RE, Budden S,
Naidu S, Pereira JL, Lo IF, et al: Rett syndrome and beyond: recurrent
spontaneous and familial MECP2 mutations at CpG hotspots. Am J Hum
Genet 1999, 65:1520-1529.

Zeev BB, Yaron Y, Schanen NC, Wolf H, Brandt N, Ginot N, Shomrat R, Orr-
Urtreger A: Rett syndrome: clinical manifestations in males with MECP2
mutations. J Child Neurol 2002, 17:20-24.

Bebbington A, Anderson A, Ravine D, Fyfe S, Pineda M, de KN, Ben-Zeev B,
Yatawara N, Percy A, Kaufmann WE, et al: Investigating genotype-
phenotype relationships in Rett syndrome using an international data
set. Neurology 2008, 70:868-875.

Bebbington A, Percy A, Christodoulou J, Ravine D, Ho G, Jacoby P,
Anderson A, Pineda M, Ben ZB, Bahi-Buisson N, et al: Updating the profile
of C-terminal MECP2 deletions in Rett syndrome. J Med Genet 2010,
47:242-248.

Smeets E, Terhal P, Casaer P, Peters A, Midro A, Schollen E, Van RK, Moog U,

Matthijs G, Herbergs J, et al: Rett syndrome in females with CTS hot spot
deletions: a disorder profile. Am J Med Genet A 2005, 132A:117-120.

Neul JL, Kaufmann WE, Glaze DG, Christodoulou J, Clarke AJ, Bahi-

Buisson N, Leonard H, Bailey ME, Schanen NC, Zappella M, et al: Rett
syndrome: revised diagnostic criteria and nomenclature. Ann Neurol
2010, 68:944-950.

Ravn K, Nielsen JB, Uldall P, Hansen FJ, Schwartz M: No correlation
between phenotype and genotype in boys with a truncating MECP2
mutation. J Med Genet 2003, 40:e5.

Ravn K, Nielsen JB, Schwartz M: Mutations found within exon 1 of MECP2
in Danish patients with Rett syndrome. Clin Genet 2005, 67:532-533.
Allen RC, Zoghbi HY, Moseley AB, Rosenblatt HM, Belmont JW: Methylation
of Hpall and Hhal sites near the polymorphic CAG repeat in the human
androgen-receptor gene correlates with X chromosome inactivation. Am
J Hum Genet 1992, 51:1229-1239.

Huppke P, Maier EM, Warnke A, Brendel C, Laccone F, Gartner J: Very mild
cases of Rett syndrome with skewed X inactivation. J Med Genet 2006,
43:814-816.

Hoffbuhr K, Devaney JM, LaFleur B, Sirianni N, Scacheri C, Giron J,

Schuette J, Innis J, Marino M, Philippart M, et al: MeCP2 mutations in
children with and without the phenotype of Rett syndrome. Neurology
2001, 56:1486-1495.

Dayer AG, Bottani A, Bouchardy |, Fluss J, Antonarakis SE, Haenggeli CA,
Morris MA: MECP2 mutant allele in a boy with Rett syndrome and his
unaffected heterozygous mother. Brain Dev 2007, 29:47-50.

Psoni S, Sofocleous C, Traeger-Synodinos J, Kitsiou-Tzeli S, Kanavakis E,
Fryssira-Kanioura H: Phenotypic and genotypic variability in four males
with MECP2 gene sequence aberrations including a novel deletion.
Pediatr Res 2010, 67:551-556.

Nielsen JB, Henriksen KF, Hansen C, Silahtaroglu A, Schwartz M,
Tommerup N: MECP2 mutations in Danish patients with Rett syndrome:
high frequency of mutations but no consistent correlations with clinical

Page 8 of 8

severity or with the X chromosome inactivation pattern. Fur J Hum Genet
2001, 9:178-184.

30. Hardwick SA, Reuter K, Williamson SL, Vasudevan V, Donald J, Slater K,
Bennetts B, Bebbington A, Leonard H, Williams SR, et al: Delineation of
large deletions of the MECP2 gene in Rett syndrome patients, including
a familial case with a male proband. Eur J Hum Genet 2007, 15:1218-1229.

31, Lundvall M, Samuelsson L, Kyllerman M: Male Rett phenotypes in T158M
and R294X MeCP2-mutations. Neuropediatrics 2006, 37:296-301.

32. Ventura P, Galluzzi R, Bacca SM, Giorda R, Massagli A: A novel familial
MECP2 mutation in a young boy: clinical and molecular findings.
Neurology 2006, 67:867-868.

doi:10.1186/1750-1172-6-58

Cite this article as: Ravn et al: Two new Rett syndrome families and
review of the literature: expanding the knowledge of MECP2 frameshift
mutations. Orphanet Journal of Rare Diseases 2011 6:58.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolMed Central



http://www.ncbi.nlm.nih.gov/pubmed/18477000?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17351020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20151026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20151026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16182490?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16182490?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11930274?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11930274?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11930274?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16122633?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16122633?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11071498?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11071498?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11432961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11432961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11432961?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10577905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10577905?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11913564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11913564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18332345?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18332345?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18332345?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19914908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19914908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15578576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15578576?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21154482?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21154482?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12525553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12525553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12525553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15857422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15857422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1281384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1281384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1281384?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16690727?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16690727?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11402105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11402105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16844334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16844334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20098342?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20098342?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11313756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11313756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11313756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17712354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17712354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17712354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17236109?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17236109?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16966553?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16966553?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Family A
	Family B

	Methods
	Clinical evaluation
	Mutation detection and X inactivation studies
	Determination of the parental origin de novo MECP2 frameshift mutations

	Results
	Family A
	Family B
	Parental origin of the de novo MECP2 frameshift mutations

	Discussion
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


