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1 | INTRODUCTION

We describe the natural history of a 35-year-old man with
progressive intellectual and motor disability, short stature,
epilepsy, sleep, eating, and movement disorders. Exome
sequencing revealed the genetic cause of his symptoms. A
likely pathogenic variant in the MECP2 gene was most prob-
ably the cause for his progressive disorder.

The methyl-CpG-binding protein 2 (MECP2) gene is
mainly known by its variants causing Rett syndrome (MIM
312750) in females. This gene is located in the X chromo-
some, and there are several phenotypic expressions of the
mutations thought to follow X-linked dominant inheritance
with a high rate of early loss in hemizygous male pregnan-
cies. The typical Rett syndrome consists of initially normal
development followed by autistic regression and character-
ized by loss of spoken language and hand use with the devel-
opment of distinctive hand stereotypies. Other characteristic
features include seizures, motor impairment, and intellectual
disability (ID)."
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Exome sequencing revealed the cause of our 35-year-old male patient's progressive
and severe intellectual and motor disability, namely a previously undescribed mis-
sense mutation of MECP2.

intellectual disability, MECP2, movement disorder, progressive disorder

Male patients with MECP2 pathogenic variants show
higher phenotypic variation than previously expected.2 Male
patients can be classified into three categories,the first one
being MECP2-related severe neonatal encephalopathy,3 the
second PPM-X syndrome/pyramidal signs, psychosis/parkin-
sonism, and macro-orchidism syndrome,*™ and the third syn-
dromic/nonsyndromic ID syndromes6’9"13 (Table 1).

We describe a detailed history of a 35-year-old man. After
several and expensive investigations, many of them done
under general anesthesia, clinical exome sequencing revealed
the genetic cause of his multiple disabilities and progressive
disorder.

Clinical data and images are published with the consent of
the patient's mother.

2 | CASE DESCRIPTION

The patient is the only child of a healthy non-consanguineous
couple. The mother has two daughters with another man; one
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TABLE 1 Features in the three phenotypes of MECP2 disorders in
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males compared with the features of our patient

MECP2-related severe neonatal
encephalopathy

Normal birth parameters

Head growth deceleration/microcephaly

Hypotonia and/or feeding difficulties in
infancy

Hypertonia of extremities

Movement disorder, for example,
myoclonus, tremors, and dystonia

Mild cerebral atrophy
Polymicrogyria

Poor head control

Seizures

Severe developmental delay
Irregular breathing/sleep apnea
Gastroesophageal reflux

EEG abnormality

Pyramidal signs, parkinsonism, and
macroorchidism (PPM-X syndrome)
Psychosis

Pyramidal signs
Macroorchidism

Intellectual disability
Parkinsonism

Progressive spasticity

Delayed development

Speech difficulties

Seizures

Bilateral juvenile cataract
Scoliosis or kyphosis

Large ears

Movement disorder

Apraxia

Seizures

Dysmorphic features
Syndromic/nonsyndromic intellectual
disability

Severe intellectual disability
Gait abnormalities

Facial dysmorphism
Behavioral problems
Autistic-like behavior

Seizures

Poor/absent language skills
Hypotonia

Microcephaly

History of regression
Spasticity

Sleep disturbances

Present at
least in (%)
71

94

82.4

52.9
58.8

18
59
35
58.8
82.4
47.1
353
88.2

Present at
least in (%)
67.6
46
19
50
2.7
67.6
54
50
2.7
2.7
10.8
8.1
324
2.7
8.1
54
Present at
least in (%)
90
57
10
40
3
20
47
23
13
17
33
13
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FIGURE 1 Patient at the age of 3 years

half-sister has a mild ID of unknown cause. The patient was
born after an uncomplicated pregnancy by cesarean section.
His birth measurements were normal, weight being 4230 g
(+1.3 SD), height 51 cm (4+0.3 SD), and head circumference
37 cm (4+0.6 SD). At the age of 5 months, a slight systolic
murmur was recorded.

By the age of 1 year 8§ months, the patient could walk
clumsily and he had ataxia. Tendon reflexes were brisk.
He did not speak any words. From the age of 2 years, he
suffered from generalized tonic-clonic seizures. The elec-
troencephalogram showed centro-parietal spikes as well
as and spike-wave bursts suggesting focal epilepsy. After
the initiation of carbamazepine, the seizures ceased. The
etiology of his overall delayed development, ataxia, and
epilepsy remained unknown in spite of a large amount of
examinations. Findings in brain magnetic resonance image
(MRI), single-photon emission computerized tomography,
electroretinography, and visual evoked potential study were
normal. Neither did karyotype, metabolic screening, rectal
biopsy, fragile X studies nor muscle enzyme tests (among
other studies) reveal any abnormal results. The only abnor-
mal finding was bilaterally delayed somato-sensory evoked
potentials.

At the age of 3 years, he could run and climb stairs. He has
no dysmorphic features except a peculiar shape of earlobes
(Figure 1).
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At the age of 6 years, obesity (weight +110%), tendency to
overeat, vomiting, sleep apnea, and pavor nocturnus aroused
a suspicion of Prader-Willi syndrome but genetic testing of
this syndrome was normal.

At the age of 9 years, he could speak single words and
used some sign language in communication.

At the age of 15 years, he acquired the skills of indepen-
dent in toileting and dressing (Figure 2). He biked with a
three-wheeled bicycle, but climbing upstairs had become too
challenging, although according to motor function tests, his
muscle strength was normal. He had slight kyphosis. Brain
MRI was repeated and the brain was normal, but an abnor-
mally thick calvarium was observed.

From the age of 17 years, he experienced a severe de-
cline in motor skills. Ataxia became evident again and within
5 years he lost all motor skills and became spastic resulting
in joint contractures. He underwent an orthopedic procedure
of the knees and an operation of sinus pilonidalis. Epileptic
seizures relapsed, and as a new sign, he developed a move-
ment disorder manifesting as 10 min lasting stiffness attacks,
resembling those observed in Parkinson's disease. In spite of
rapid clinical deterioration, arising the suspicion of a neuro-
degenerative disease, there was no change in the third, up-
dated brain MRI, compared to earlier ones.

At the age of 24 years, he stopped swallowing and lost
weight (Figure 3A,B). Because of underweight, he under-
went gastrostomy and tube nutrition was started. It turned out
to be a pivotal procedure since soon after this operation the
patient's condition ameliorated and he started to eat normally.

His condition has now been stable for over 10 years. At
present, he communicates with gaze and head nodding and
laughs to jokes. His legs do not bear and when sitting he
needs full support. He has several joint contractures, slight
scoliosis, and club-foot (Figure 4A,B). He is seizure free, and
neither are there signs of Parkinsonism. Tendon reflexes are
brisk. He has short stature: his height is 150 cm (=5 SD),
weight 80 kg, and head circumference 59 cm.

Etiological studies were updated. Brain MRI finding, re-
peated for the fourth time, was normal, as earlier. For ge-
netic analyses, DNA was extracted from peripheral blood.
Microarray did not show any clinically relevant copy num-
ber variants. A NGS-based analysis was performed with
Sophia Genetics custom clinical exome solution including
4430 disease-related genes and Illumina sequencing. Over
98% of target regions was covered with 50X. Variant anno-
tation and filtering were performed with Sophia DDM and
visualized with IGV (Broad Institute). The analysis revealed
a novel hemizygous likely pathogenic missense variant in
the MECP2 gene, c.500G>C, p.(Argl67Pro) which has not
been described in databases (gnomAD, ClinVar, LOVD,
HGMD Professional) or in the literature. The variant local-
izes in exon four, changes an evolutionally conserved amino
acid from arginine to proline, and affects the important
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FIGURE 2 Patients at the age of 15 years

methyl-CpG-binding domain of the protein. In silico tools
predict that the variant found in our patient is pathogenic.
Another missense variant, in the same codon (c.499C>T),
has been described earlier, altering arginine to tryptophan,
and it is likely pathogenic in male patients.m’15 Patients with
this alteration have variable phenotypes.

We compared the clinical picture of our patient to the
summary descriptions of MECP2-related severe neonatal en-
cephalopathy, of PPM-X syndrome, and of MECP2-related
syndromic/nonsyndromic ID syndromes designed by Kaur
and Christodoulou'® (Table 1). Our patient shows large over-
lapping with all three phenotypes.

The mother and the half-sister with a mild ID have not
given their consent to genetic testing.

3 | DISCUSSION

Molecular-genetic techniques have revealed the causes of
disabilities of several patients during the recent years. This
is of great importance because the knowledge helps in treat-
ment, rehabilitation as well as in when considering the prog-
nosis for the patient. Genetic causes may be hereditary and
the knowledge enables genetic counseling to the families.
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Knowledge may also relief the parents from useless specula-
tion in cases when the cause is unknown.

Our patient's symptoms include severe intellectual and
motor disability, poor communication, short stature, sleep
disorder, eating disorder, epilepsy, and movement disorder
resembling Parkinsonism. According to a recent review, there
are 183 X-linked ID syndromes and 141 ID genes in the X
chromosome.” One gene may have more than one phenotypic
manifestation depending on the mutation. This is the case
with the MECP2 gene in males.

DNA methylation is the major mechanism of modification
of eukaryotic genomes and plays an essential role in mam-
malian development. MECP2 belongs to a family of nuclear
proteins related by the presence in each of a methyl-CpG-
binding domain (MBD). MECP2 can repress transcription
from methylated gene promoters. It is required for the mat-
uration of neurons and is developmentally regulated. Since
MECP2 is X-linked, it is a subject to X inactivation. MECP2
is essential for embryonic development. MECP2 gene muta-
tions are responsible for most of the cases of Rett syndrome
which is only observed in females. In male embryos, these
mutations were considered to be lethal. However, there have
been clear reports that some pathogenic variants in MECP2
are compatible with life in men and there are at least three
different phenotypes.s""&7 For example, the recurrent muta-
tion p.(Alal40Val) is well known, affecting the methyl-CpG-
binding domain*"’ yielding a slightly less severe phenotype
and carrier mothers have been unaffected (Cohen, 2002).

When evaluating a male patient with an ID and somatic,
neurologic, or behavior manifestations such as in the present
case, a large number of syndromes need to be considered for
differential diagnoses. Family history of our patient suggested
X-chromosomal inheritance due to the mildly affected half-
sister. Physical examination and the natural history suggested

FIGURE 3
24 years

(A, B) Patient at the age of

a progressive, neurodegenerative disease, explaining why
MRI was repeated so many times and metabolic diseases
searched with such a wide variety of laboratory test with-
out success. Fortunately, genetic techniques are extremely
helpful today. Microarray copy number variation is detected

(A)

)]

FIGURE 4 (A, B) Patient at the age of 35 years
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in 15% and pathogenic variants in whole-exome sequencing
(WES) in 40% of ID patients with unknown etiology.18 Due
to its usefulness and high rate of diagnostic yield, WES has
become the primary etiological investigation of syndromic
and nonsyndromic ID."™!? It has been shown to save on aver-
age 3547 dollars in cases where genetic or metabolic etiology
is suspected.19

In our case, clinical exome analysis finally gave the name
for the syndrome of our patient. Many years, many laborious
investigations, and a lot of money had already been used to
find an etiological diagnosis for him. Since the variant of the
MECP?2 gene, that was observed in his DNA, is previously un-
described but changes an evolutionally conserved amino acid
in a functionally important domain (methyl-CpG-binding
domain) of the protein, and since the clinical manifestations
show much overlap with all three the previously reported
male MECP2-induced neurodegenerative conditions, we are
convinced that this variant ¢.500G>C, p.(Argl67Pro) is the
causative genetic alteration in our patient. Confirmation of
inheritance by analyzing the mother's and half-sister's DNA
would have been valuable.

In conclusion, we present the natural history of the
oldest male patient described in the medical literature.
Our 35-year-old patient has a previously undescribed
MECP? likely pathogenic variant. There are now numerous
male patients reported to have MECP2 mutation-caused disor-
ders and thus our paper further confirms this MECP2-related
syndrome in males and extends the phenotypic spectrum.
The clinical spectrum of neurodevelopmental symptoms and
other syndromic features may help clinicians to identify other
patients with similar ID syndrome.
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