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1. INTRODUCTION

1.1 Introduction into neurogenetics

The field of neurogenetics emerged from advanceslemia molecular
biology, genetics and a desire to understand tiile between genes, behavior, the
brain, and neurological disorders and diseasesfi&ldestarted to expand in the 1960s
through the research of Seymour Benzer, consideyedome to be the father of
neurogenetics (Benzer, 1967). His pioneering worikh wDrosophila helped to
elucidate the link between circadian rhythms andege which lead to further
investigations into other behavior traits (Konopaad Benzer, 1971). Currently
neurogenetic is emerging field that might yieldsaigative connection and provide the
basis of the development of future novel therapgeubdalities.

In this study, | have summarized the genetic ingaibns and the difficulties
of the genetic counselling on family planning irred neurogenetic disorders —
Angelman syndrome, nemaline myopathy and hypergiple presented in three
Hungarian families.

1.2.  Angelman syndrome

Angelman syndrome (OMIM 105830) is a rare neurotbpraental disorder.
Angelman syndrome has been reported throughouivtiiiel among different ethnic
groups. Its prevalence is estimated between 1:1@0@D 1:20000 (Peterses al.,
1995; Steffenburgt al., 1996).

Angelman syndrome is characterized by severe memdlphysical delay,
limited speech, fine tremor, ataxia, excessive Imiogt behavior, fascination with
water, jerky limb movements, seizures, craniofa@hhormalities and unusually
happy sociable behavior characterized by frequpistodes of inappropriate smiling
(Clayton-Smith and Laan, 2003).

Seventy percent of Angelman syndrome cases inestigwith molecular
genetics methods are the result of a small deléticghe 11-13 region of the maternal
chromosome 15. A deletion in the same region ofptiternal chromosome 15 results
in the sister disorder Prader-Willi syndrome. Exsgien of the genes in the 11-13
region is regulated by the imprinting center, whitifierentially silences the paternal
copy of the ubiquitin protein ligase EJNBE3A) gene in the hippocampus and in the
cerebellum.

Other genetic abnormalities resulting in Angelmayndsome include
uniparental disomy (UPD; 5%), mutations of the impng center (5%), mutations of
the UBE3A gene (10%), and other mechanisms (10%; Potals, 2002; Taret al.,
2011).

1.3. Nemaline myopathy

Nemaline myopathy belongs to the group of congkenitepathies, which are
a group of genetic muscle disorders with clinicahthological and molecular
heterogeneity (Nancet al., 2012). Nemaline myopathy is a pathologically well-
defined subgroup of congenital myopathies chariaetgrby the presence of rod-like
structures in the muscle fibers (Wallgren-Pettergah., 2011). Annual incidence has
been estimated at 1:50000 live births in a Finstsialy.

The nemaline myopathy presents a wide range ofcalirvariability and
severity, although generalized hypotonia, muscleknress, feeding difficulties and
delay of motor milestones are almost always pre@®atigren-Pettersost al., 2011).
Its most common form is hemaline myopathy type Biclv is characterized by early
onset muscle weakness, which is most pronouncétkimxial muscles and proximal
limb-girdles. Weakness in facial and bulbar musdesimonly results in dysarthria
(Wallgren-Pettersoret al., 1989). The course of the disease is non-progressiv
slowly progressive and life-expectancy dependshenseverity of respiratory-muscle



weakness. Mechanical ventilation is necessary tones patients and orthopedic
complications are frequent (Wallgren-Pettersoal., 1999).

All molecularly characterized forms of nemaline mgthy are autosomal, but
inheritance can be recessive or dominant, andetmgicases may arise from de novo
dominant mutations (Nortét al., 2011). To date, eight genes have been linkediso th
condition: a-tropomyosin(TPM3 gene, 1g22-g23), nebulin(NEB gene, 2¢g22), skeletal
muscle a-actin (ACTAlgene, 1g42.1), pB-tropomyosin(TPM2 gene, 9p13.2-p13.1),
muscle troponin TYTNNT1gene, 19913.4), cofilin-2 (CFL2 gene, 14g12) and the
recently identifiedKBTBD13 gene, 15022.31gene, andKLHL40 gene,3p22.1 whose
function is still unknown (Labeiit al., 2011).Six of the genes encode components of
skeletal muscle sarcomeric thin filaments.

Its most common form, the nemaline myopathy typis 2 rare autosomal
recessive condition and develops as the consequé#neritations in theNEB gene
(OMIM 256030). TheNEB gene is located at 2922 and encodes nebulin, whiah
actin-binding protein (McElhinnyet al., 2003). It binds approximately 200 actin
monomers (McElhinnt al., 2003). Its length is proportional to thin filamdanhgth
and it acts as a thin filament regulator and infles thin filament length during
sarcomere assembly.

1.4. Hereditary hyperekplexia

Hereditary hyperekplexia also known as Stiff bapgdsome (ORPHA3197)
is an early-onset neurological disorder charaadriny excessive startle responses
with violent jerking to sudden, unexpected auditorytactile stimuli (Kirstein and
Silfverskiold, 1958). The exact prevalence of hdegg hyperekplexia is unknown.
This condition has been identified in more thanfatdilies worldwide (Lapunzinat
al., 2003).

Hereditary hyperekplexia usually develops shorfterabirth: neonates have
prolonged periods of stiffness, clenching fists aaithicks of a high-frequency
trembling (Kirstein and Silfverskiold, 1958; Ryast al., 1992). Hereditary
hyperekplexia can have severe consequences sueshidaen infant death due to
laryngospasm and cardiorespiratory failure (Rglal., 1992). The symptoms tend to
resolve after infancy; however adults may have eased startle-induced falls or
nocturnal muscle jerks (Ryaal., 1992).

Hereditary hyperekplexia has a heterogeneous gebatkground (Harvesgt
al., 2008; Jamest al., 2012). Different mutations in several genes ingdlvin
glycinergic neurotransmission can lead to heregliteyperekplexia, and the disease
exhibits both autosomal recessive and dominantritaimee (Harveyet al., 2008;
Jameset al., 2012). Mutations in the glycine receptor alpha ubwit gene
(GLRALgene, 5032) result in hereditary hyperekplexia type 1 (OMIM#49) and
occur in about 30% of the cases (Rekeal., 1994). Mutations in other genes such as
the glycine receptor beta subunit geGeRB; OMIM614619; Al-Owainet al., 2012),
the glycine transporter solute carrier family 6 rbem 5 gene $C6A5;
OMIM614618; Reest al., 2006), the glycine receptor locator gephyrin géBeHN;
OMIM603930; Reis=t al., 2001) and the postsynaptic glycine enhancer csliyb
gene ARHGEF9; OMIM300429; Harveyet al., 2004) have also been associated with
this clinical condition.

The most common form of hereditary hyperekplexiaaigare autosomal
dominant or autosomal recessive condition and dggelas the consequence of
mutations in theGLRAL gene. TheGLRAL gene is located at 5932 and encodes the
alpha-1 subunit of the glycine receptor, a ligaated chloride channel (Grenningloh
et al., 1990). This inhibitory glycine receptor mediatessisynaptic inhibition in the
spinal cord and other regions of the central nes\gystem (Grenninglodt al., 1990).

1.5 Aims
In this study, my aim was to summarize the genetestigations and the
difficulties of the genetic counselling on familyapning in Hungarian families



affected by three different neurogenetic disorddly: aim was to investigate the
genotype-phenotype correlatian a 16-month-old Hungarian child, in whom the
cytogenetic and molecular genetic analyses revealedelman syndrome and to
investigate the parents and help the family infirfamily planning.

It was also among my goals to investigate the gebetkground in a 4-year-
old Hungarian boy presenting with the clinical dnstological findings of nemaline
myopathy type 2. When | started my investigatidms tother of the affected child
was already expecting her next baby therefore ledito investigate the available
family members and help the parents with prenatagtic diagnostic investigations.

| have also aimed to identify the causative genaicormalities in a 1-year-
old Hungarian child with the clinical symptoms arhditary hyperekplexia type 1 and
to investigate the parents and help the familyithier family planning.

My investigations have great importance for theeetid families since they
help family planning. Hopefully, these findings ficalso provide the basis of future
studies for the development of novel therapeutidatites in neurogenetic disorders.

2. PATIENTS AND METHODS
2.1. Patients

2.1.1. Patient affected by Angelman syndrome

A 16-month-old Hungarian child was referred to genetic counselling unit
with delayed psychomotor and speech development d@ysmorphic features,
including wide nasal bridge, low set ears, thigks)iwide mouth with protuberant
tongue. Tongue thrusts were observed. Head circemte was 47cm (25 percentile).

The affected child was born at term after an ungukfirst pregnancy with
normal weight (3260 g) and head circumference (BB &he Apgar scores were 9, 10
and 10 at 1, 5 and 10 minutes, respectively. Nossif decreased fetal movement,
neonatal hypotonia or feeding difficulties wereorpd.

The investigated patient was the only affected liamiember, all the others
including the patient’'s parents were healthy andwsd no symptoms of the
Angelman syndrome.

2.1.2. Patient affected by nemaline myopathy type 2

The patient, a boy was born at term from the foumleventful pregnancy.
Birth weight was 3450 g and Apgar scores were 9 #dcat 5 and 10 minutes,
respectively. Floppiness and weak cry were notiéGedthe neonatal period.
Generalized hypotonia, weakness and delayed atqgnisif motor milestones were
observed in early childhood. He began to walk vgitipport at the age of 2 years.
Deep tendon reflexes were reduced. There was rictdetion in the tongue. He
suffered also from recurrent respiratory tract étitens. The serum creatine kinase
activity was normal. The optic fundus and brain M¥#re also normal. Tandem mass
spectrometry and urine gas chromatography screestiogged no evidence of inborn
error of metabolism. Nerve conduction velocity wasmal, and electromyography
did not show any abnormalities.

The possibility of a congenital myopathy emerged amuscle biopsy was
performed at the age of 4 years. Severe respiratacy infection and pneumonia led
to respiratory failure later requiring tracheostoaaryd mechanical ventilation. His
condition improved, however he needs ventilatogypsut during sleep. Cardiological
examination did not show any abnormalities. Thdepéis cognitive abilities were
appropriate for his age.

The histological work up of the muscle biopsy tessiollowed standard
procedures. The majority of the muscle fibers wangoplastic or atrophic with large
variation in fiber size. Fiber necrosis, regeneratphagocytosis, or inflammatory cell
infiltration were not noted. Gomori’s trichrome keique detected prominent red-



stained inclusion bodies in the fibers with vaoatiin number and distribution.
Gomori trichrome stained sections showed rod-shapetitles in the fibers.

Electronmicroscopy revealed that the rods appeared electron-dense
structures localized mainly along the thickenedngd. These rod-shaped particles
were identified as nemaline rods/bodies, and tfiesings were consistent with the
diagnosis of nemaline myopathy.

The patient’s parents and his three siblings - bregher and two sisters -
showed no symptoms of nemaline myopathy type 2.

2.1.3. Patient affected by hereditary hyperekplexia

A male neonate was born on term at the 40th weeadesfation by cesarean
section delivery after an uneventful pregnancy. biish weight was 3990 g and
Apgar score was 9/10. At day 1 post-term, he deeslopneumothorax and was
admitted to the perinatal intensive care unit fetrae oxygen and parenteral fluid
therapy. At day 4 post-term, abnormal movementéiness of the muscles and
convulsions were observed, and phenobarbital tiyevegs initiated. Neurological
investigation suggested developmental disturbaat#se basal moving circle. At day
11 post-term, he was hospitalized in a developnher@arology ward. Examination
did not identify hypoxia-induced regulatory abnolities. The observed recurrent
muscular hypertonia was attributed to a suspectsd ¢hannel disorder and
carbamazepine therapy was initiated.

The investigated patient was the only affected iamiember, the patient’s
parents were healthy and showed no symptoms dfateditary hyperekplexia.

2.2. Methods

2.2.1. Cytogenetic analysis of chromosomes

For cytogenetic analysis whole peripheral blood @am of the investigated
individuals were used. Blood samples were colledtedsterile tubes containing
sodium heparin. Whole blood leucocytes separatau fied blood cells were placed
in culture medium supplemented with serum and antigs. Then, mitogen was added
to induce mitosis. The cultures were incubated78C3for 72 hours in amcubator.
The cultures have to be shaken at least twice daflich significantly increases
mitosis. Then, colchicine was added to the cultdess hours before harvesting to
arrest the cells in metaphase. After 72 hours, dietrifuge tubes, in which the
cultures were set were centrifuged at 1000 rpnil@minutes. Then, the supernatant
was discarded and the cells were gently suspemiddeshly prepared potassium
chloride solution and incubated in an incubatoBZC for about 30 minutes. Then
centrifugation was repeated followed by addition3of methanol and acetic acid,
which acted as a fixative. The fixative was wasbatto obtain a clear cell button at
the bottom of the tube. Then, the chromosomes wezpared by dropping the cell
suspension on a clean, grease free slide, whegedrttip was spreaded out and the
chromosomes got fixed on the slides. Once the slidere prepared, standard G-
banding staining technique was carried out andQyimvision imaging system was
used to analysis the staining results.

2.2.2. Chromosome segregation analysis

Genomic DNA was extracted from venous blood sampfdse investigated
individuals. Chromosome 15 segregation analysis vifitragenic and extragenic
markers for the fibrillin gene was performed fok falmily members using amplified
fragment length polymorphism analysis on an ALFesprinstrument (Judge et al.,
2001). To determine the molecular background aaddhurrence risk, primers for the
following microsatellite markers were used in tmalgsis: D15S119, D15S1028 and
MTS2.



2.2.3. Mutation screening in nemaline myopathy

In view of the morphological findings a search vimitiated in collaboration
with the commercial diagnostic company, CentogenehB (Rostock, Germany) to
find the molecular genetic etiology of nemaline pathy in the affected child. Tests
for ACTAL and TPM3 were negative. Eventually tegtthe NEB gene revealed two
previously unreported heterozygous mutations: eetubel (c.24527 24528delCT
p.P8176fsX8179) in exon 174 and a duplication @524 24253dupGTCA
p.T8085fsX8100) in exon 171. These mutations ra@swdt frameshift and a premature
termination codon, respectively, presumably leadiogtruncated nebulin protein.
Further testing of the parents and their unaffectéldiren was carried out hys in the
molecular biology laboratory of the Department ofedital Genetics Institute
(Szeged).

Peripheral blood samples were taken from all ingastd individuals.
Genomic DNA was isolated using a BioRobot EZ1 DSBrik&tation (QIAGEN;
Hilden, Germany). The exon 171 and 174 of the NEBegand the flanking introns
were amplified by PCR reaction using specific prisne

The efficacy of the PCR reaction was checked byeiettrophoresis. PCR
products were sequenced using ABI Prism 7000 SeguBetection System (Life
Technologies Magyarorszag Kft; Budapest).

2.2.4. Mutation screening in hereditary hyperekpleta type 1

Peripheral blood samples were taken from all ingastd individuals.
Genomic DNA was isolated using a BioRobot EZ1 DSBrik&tation (QIAGEN;
Hilden, Germany). The coding regions and the flagkintrons of the GLRA1 gene
were amplified by PCR reaction using specific prsnelhe efficacy of the PCR
reaction was checked by gel electrophoresis. PORugts were sequenced using ABI
Prism 7000 Sequence Detection System (Life Teclymdo Magyarorszag Kift;
Budapest).

3. RESULTS
3.1. Results in Angelman syndrome

3.1.1. Pre-test counselling in Angelman syndrome

A 16-month-old Hungarian child was referred witke ttlinical symptoms of
delayed psychomotor, speech development and dysicdgatures to our institute by
the child neurologist for cytogenetic investigatiohhe aim of the cytogenetic
investigation was to detect any numerical and/oucstiral abnormalities in the
chromosome set of the cells. After the identificatiof the rearrangement of
chromosomes 15 in the patient, further geneticdtigations were performed to detect
the paternal or maternal origin of the alteratidhese investigations included the
analysis of the segregation of chromosome 15.

During pre-test genetic counselling the parentsewieformed about the
purpose of the cytogenetic and genetic studies.pHnents were also informed about
the putative causative alteration of the chromosofrtein the background of Prader-
Willi/Angelman syndrome. The significance of thisvéstigation was to identify the
underlying cytogenetic abnormality, which would osigly support the clinical
diagnosis and would help to estimate the coursetlfagrognosis of the disease. The
parents were also informed about the method oéytegenetic and molecular genetic
investigation and about the time it requires.

Besides these details, the parents were also iefbrabout the legal
regulations on the cytogenetic and genetic invastgs and they gave their written
informed consent before the investigations werdesta



3.1.2. Genetic investigations

Cytogenetic analysis demonstrated a 45,XY,der(2819;9q10) karyotype in
all analyzed cells from the 16-month-old patient. Metaphase cells displayed 45
chromosomes, suggesting a balanced homologousngament of the long arms of
chromosomes 15. The parent’'s karyotype was founbdetmormal, indicating a de
novo chromosome rearrangement in the patient.

Analysis of polymorphic STR markers of the fibnHllL gene, which is located
in 15921.1, revealed that both long arms of therrabé chromosome 15 were
inherited from the father, allowing a diagnosis Arigelman syndrome caused by
paternal UPD. The patient was homozygous at all foc which his father was
heterozygous, indicating that the rearrangementtegsfrom an isochromosome 15q.

3.1.3. Post-test counselling in Angelman syndrome

During the post-test genetic counselling, the pararere informed about the
balanced structural chromosomal rearrangement 484{15;15)(q10;q10) identified
at the affected child. The performed investigatials® revealed that the parents are
not carriers of the balanced translocation of clusomes 15, it emerged de novo in
the infant. In order to prove the causative refegfop between the carrier status of the
balanced translocation and the clinical symptomshefpatient further genetic study
was performed to identify the parental origin ofahosome 15. It was explained in
details for the parents that the paternal origincbfomosome 15 would suggest
Angelman syndrome, while its maternal origin woinldicate Prader-Willi syndrome
and its biparental origin would not likely to cauaey clinical symptoms. The
performed segregation analysis of chromosome 1§estigd paternal origin and thus
Angelman syndrome.

The cytogenetic and genetic finding correlated weith the clinical
symptoms of the affected child such as the deteatgdor anomalies, the
developmental delay in speech and the sleeping ratatity. According to the
literature, Angelman syndrome caused by patern& $Ress severe in its course and
prognosis compared to Angelman syndrome with otlaisative abnormalities. The
importance of the appropriate diet was emphasiaedhke parents, since this form is
associated with increased risk of obesity. Regaréimily planning, the parents were
informed about the very low risk - new mutatiorerajuivalent - of recurrence, since
the identified abnormality emerged novo in the affected child.

3.2. Results in nemaline myopathy

3.2.1. Pre-test counselling in nemaline myopathy

The 4-year-old Hungarian child with nemaline mydyatype 2 and his
family were sent for genetic counselling and thiggnetic and genetic investigations
to our institute by the child neurologist. The aftal child was previously investigated
in abroad (Centogene GmbH Rostock, Germany) andciwopound heterozygous
mutations were identified in thMEB gene (c.24527 24528delCT, p.P8176fsX8179
and ¢.24250_24253dupGTCA, p.T8085fsX8100), whichevamnsidered as causative
abnormalities for nemaline myopathy type 2. He weferred with his family for
genetic counselling and further genetic investayatj since his mother was 9-week-
old pregnhant and was expecting her fifth baby. Bresly the parents and the
clinically unaffected brother and sisters of th&gyd were not investigated.

During pre-test genetic counselling the parentsewiformed about the
purposes of the genetic studies, which were tHeviiihgs: To verify the presence of
the two heterozygous mutations of tNEB gene in the affected child, to identify the
possible carrier status of the parents and thefestatl siblings and to provide the
option of the prenatal diagnostic testing for thhegmant mother. The parents were
also informed about the method of the genetic itgason and about the time it
requires.



Besides these details, the parents were also iefbrabout the legal
regulations on the genetic investigations and tiexe their written informed consent
before the investigations were started.

3.2.2. Genetic investigations

Using direct sequencing the performed genetic iiya&tsons confirmed the
presence of the two compound heterozygous mutationde NEB gene in the
affected child. Further testing of the parents ade@ that the father carries the
deletion and the mother has the heterozygous dujic One of the two sisters of the
patient carries wild type alleles, while anothestesi and the brother are heterozygous
for the duplication. Thus, the clinically unaffedteamily members carry either wild
type alleles or only one of the mutant alleleshasitthe duplication or the deletion.
The patient however is a compound heterozygousecafrboth mutations.

3.2.3. Post-test counselling in nemaline myopathy

During the post-test genetic counselling, the paramre informed about their
carrier status. In details, the performed invesiogs proved the presence of both
previously identified mutation in the affected chdnd revealed that the deletion has
paternal and the duplication has maternal origime Pperformed investigations also
revealed that two of the clinically unaffected gigk are also carrier of the maternal
duplication and none of the clinically unaffectaedliags are carrier of the paternal
deletion.

These results had high impact on family planningces they suggested
autosomal recessive inheritance of the disease@wedd that there is a 25% chance
of expecting an affected child from the 5th pregyaof the mother.

Based on the above findings, chorion villus sangplfetal DNA isolation and
fetal genetic testing were offered for the pregnamsther to detect the two
investigated mutations of theEB gene and to ensure the delivery of a healthy
newborn. However, after detailed discussion with glenetic counsellor and with the
family members and other relatives, the mother riitl chose to undergo prenatal
genetic testing, but referring to social causes sdgpested the termination of
pregnancy before the 12th gestational week.

3.3. Results in hereditary hyperekplexia

3.3.1. Pre-test counselling in hereditary hyperekplxia

A 27-year-old pregnant woman on the 10th gestatioveek arrived for
genetic counselling to assess recurrence risk i&ditary hyperekplexia and discuss
prenatal genetic testing possibilities. She repborde her second child who suffers
from hereditary hyperekplexia. Genetic testing wasperformed previously.

During pre-test genetic counselling the purposethefgenetic studies were
set and were the followings: To identify the cawmgatabnormality of hereditary
hyperekplexia in the affected child, to determinkeritance and recurrence risk with
the identification of the possible paternal origihthe alteration and to provide the
option of the prenatal diagnostic testing for thegmant mother. The mother was also
informed about the method of the genetic investigeand about the time it requires.

Besides these details, the mother was also infoahedt the legal regulations
on the genetic investigations. After discussing tiopic with the whole family, both
parents gave their written informed consents are ghnetic investigations were
initiated.

3.3.2. Genetic investigations

The most common form of hereditary hyperekplexiavetteps as the
consequence of mutations in the GLRAL1 gene. Thexefdirect sequencing of the
coding regions and the flanking introns of the GLIRgene was performed and
revealed a novel heterozygous missense mutatidhl(a/T, p.lle71Phe) in exon 3.



Comparison of GLRA1 protein sequences in the regidbnthe mutation
(p.lle71Phe) from different species indicates thatregion is highly conserved.

Genetic screening of the affected family reveaked the clinically unaffected
parents and the unaffected sister did not carry ntuation, suggesting that the
identified novel sequence alteration is a de noutation in the patient.

3.3.3. Post-test counselling in hereditary hyperekexia

During the post-test genetic counselling, the pararere informed about the
identified novel heterozygous de novo missense tioatén the affected child. It was
emphasized that the parents did not carry the iftkshimutation therefore the risk of
disease recurrence is very low and correlate vighrisk of new mutation appearance
rate. Based on the results prenatal diagnostimtesdr hereditary hyperekplexia is
not required. The results of the performed gertesting suggest autosomal dominant
inheritance, which will be an important issue wiilea affected child will grow up and
will decide family planning.

4. DISCUSSION

4.1. Angelman syndrome

In this study the case of a 16-month-old Hungabay affected by delayed
psychomotor development and dysmorphic featureseported. Cytological and
molecular genetic investigation revealed UPD sugggsa Robertsonian-like
translocation 45,XY,der(15;15)(q10;q10). A similaalanced 15;15 translocation
resulting from paternal UPD in a child with Angelmayndrome was reported by
Freeman et al. (1993). Results from polymorphickaalanalysis for the fibrillin-1
gene, located in 15g21.1, indicated that both apimthe aberrant chromosome 15
were inherited from the father, allowing a diagsasi Angelman syndrome caused by
paternal UPD. DNA polymorphic markers demonstratkdt the patient was
homozygous at all loci for which the father wasehetygous, suggesting that the
structural rearrangement was an isochromosome I reot a Robertsonian
translocation.

The severity of Angelman syndrome varies signifisanThe mildest
symptoms have been reported for mutations of th&3Mgene, whereas the most
severe symptoms are reported for large deletionshoomosome 15 (Bottani et al.,
1994; Tonk et al., 1996; Smith et al., 1997; Pradadl., 1997; Moncla et al., 1999).
Previous studies suggested that patients with Amgelsyndrome caused by UPD
may remain undiagnosed because of their mildeess typical phenotype, leading to
an overall under-diagnosis of the disease (Lods#..e2001; Varela et al., 2004). In
the investigated patient, we observed dysmorphatufes, developmental delay,
speech impairment and sleep disturbances, excessigthing behavior, short
attention span, hand flapping, fascinating withenaand characteristic EEG and MRI
results. The clinical features of our patient anailar to previously published results.
The symptoms of the patient are relatively mild,ichhcorrelates well with the
previous observations that Angelman syndrome ptieith UPD usually have less
severe clinical symptoms.

The patient was diagnosed with Angelman syndronteeatige of 16 months,
earlier than in previous reports of UPD, allowirg tparents to be given a correct
prognosis and an explanation of delayed neurolbgieselopmental as well as the
possibility of early interventional therapy. In dtiloh, the parents were counselled that
the child is at risk for obesity and its associataanplications, which could be
managed with lifestyle adjustments. As the abematvas the result of a de novo
occurrence, the parents were not counselled orrigheof recurrence for further
pregnancies.
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4.2. Nemaline myopathy type 2

Nemaline myopathies are a clinically and molecylagterogeneous group of
congenital myopathies (Wallgren-Pettersson et24l11; Nance et al., 2012). The
combination of characteristic clinical and histdaddgic features are diagnostic for
the disorder in most cases (North et al.,, 2011he Ppresence of red inclusions
detected with Gomori trichrome staining and of sbdped particles in toluidine blue
stained tissue from the patient strongly suggeshatiee myopathy (Wallgren-
Pettersson et al., 2011; Nance et al., 2012). &tiwatural studies reveal nemaline
bodies as electron-dense, rod-shaped structuresadpg as thickened Z-disks
(Wallgren-Pettersson et al., 2011; Nance et all220Muscle imaging by MR can be
helpful to visualize the pattern of selective masalvolvement and guide in localizing
the site of the biopsy (Fischer et al., 2006; Méretial., 2007).

The work up of a case with nemaline myopathy ishier complicated by its
heterogeneous genetic background: eight known tgesgenes have been linked to
this condition and both autosomal dominant and s&ge inheritance has been
observed (Wallgren-Pettersson et al., 1999 and )2(8ikx of these genes encode
proteins associated with sarcomeric thin filamgt&llgren-Pettersson et al., 1999
and 2011). Recessive mutations in the NEB genatédoon chromosome 2g22-23 are
the most commonly recognized cause of the disdameeit et al., 2011). This gene
has 182 exons and missense, nonsense and franmestdftions have been reported
(Wallgren-Pettersson et al., 2002). Hotspots hastebeen found and many patients
proved to be compound heterozygotes for two mutatigithin the gene (Wallgren-
Pettersson et al., 2002). The nebulin protein hagda range of functions, including
thin filament length specification and regulatiodnnauscle contraction (Labeit et al.,
2011).

The clinical, histological and molecular genetindings in our patient are
consistent with the typical congenital form of ndim@a myopathy type 2, caused by
mutations in the NEB gene (Wallgren-Pettersson kbt 2002). Compound
heterozygosity for two novel mutations was found. Z-base deletion
(c.24527_24528delCT, p.P8176fsX8179) was inheffiteth the father and a 4-base
duplication (c.24250_24253dupGTCA, p.T8085fsX81@@m the mother. These
novel mutations led to a translational frameshif a premature termination codon in
the respective translated sequences and thus hpaésy to truncated nebulin protein.

Nemaline myopathy is a debilitating condition andrttier research is
warranted in order to explore the details of thdemwalar pathology of this disorder.
These efforts are complicated by the heterogeniecutar background of the disease
and the fact that certain genes encode very largteips, like nebulin. Molecular
diagnosis however becomes available for more ande npmatients supporting
preimplantation or prenatal diagnosis for subsefjpeagnancies. This case report
extends the genetic profile of nemaline myopathyhwivo previously unreported
mutations in the NEB gene.

4.3. Hereditary hyperekplexia

In this study, a Hungarian family with one affecteadtient with hereditary
hyperekplexia, a potentially fatal neurologicalaler characterized by pronounced
startle responses, was investigated. Abnormal mewgsn stiffness and convulsions
were first noted in the patient at day 4 post-tesmich correlates well with the early-
onset of the disease. The initial severe symptofhthe patient were attenuated by
carbamazepine therapy and physiotherapy and subrsiigdiminished with age.

Hereditary hyperekplexia has been linked to genatierations in genes
involved in an inhibitory neurotransmitter, glycineurotransmission (Harvey et al.,
2008; James et al., 2012). GLRA1 mutations accéemapproximately 30% of all
cases with hereditary hyperekplexia (Rees et 884l Both compound heterozygous
patients and homozygous mutation carriers have desaribed in the literature for
recessive forms of the disease (Humeny et al., 2082heterozygous missense
mutation (c.211A/T, p.lle71Phe) was detected inghtient in exon 3 of the GLRAL
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gene, establishing the diagnosis of hereditary tejmexia type 1 and suggesting that
the mutation is an autosomal dominant form of tiseake. As the non-coding regions
of the GLRAL1 gene were not examined, we cannotuebecthe possibility of second
mutation that represents a recessive form in otiema

The GLRAl1 gene encodes a neurotransmitter-gated mrannel
transmembrane protein with three transmembrane exgmLynch et al., 2004;
Becker et al., 2006). Binding of glycine to its eptor increases the chloride
conductance, produces hyperpolarization and, ttesjnhibition of neuronal firing
(Lynch et al., 2004; Becker et al., 2006). Previstiglies have attributed dominant
forms of hereditary hyperekplexia type 1 to mutagiowithin the pore-lining
transmembrane segment (No.: 2) and adjacent regieasssive forms to mutations
within the other transmembrane segments (No.: 13nénd the null allele of the
GLRAL1 gene to the deletion of exons 1-7 (Lynchle2804; Becker et al., 2006).

The novel heterozygous missense mutation (p.lle&lLRBaported here is
located close to the NH2-terminal of the GLRA1 piotoutside the transmembrane
segments, in a highly conserved region (Figure TRe mutation is located in a
region that is not predicted or known to be a fiomatl domain of the GLRAL protein.
Other missense mutations have been detected iretjisn in patients with hereditary
hyperekplexia type 1 (p.Trp68Cys and p.Arg72His;rudg et al., 2008), and in
spasmodic mouse (p.Ala52Ser; Saul et al., 19948. flihctional analysis performed
on the spasmodic mouse model suggested that tha523er missense mutation
results in reduced glycine sensitivity (Saul et 4P94). Based on these previous
studies, we hypothesize that the reported novesanise mutation detected in our
Hungarian patient might lead to reduced glycinesgity as well.

It is also interesting to note, that previously aepd missense mutations in
this region (human p.Trp68Cys and p.Arg72His andimeup.Ala52Ser) are all
associated with the recessive form of hereditagyehgkplexia type 1, indicating the
possibility that other undetected mutations migtitdbute to the clinical symptoms
of our Hungarian patient.

Having identified the putative causative mutation the affected patient,
clinically unaffected family members were also soed and shown to carry only
wildtype sequence of the GLRAL gene. Our resultgest that this novel missense
sequence change (c.211A/T, p.lle71Phe) identifietthé affected patient is a de novo
mutation. Our results correlate well with the dafathe literature indicating that
approximately 70% of the disease-causing GLRAL trona rise de novo (Kang et
al., 2008).

The consequences of the hereditary hyperekplexia tiy can be severe,
warranting further efforts to elucidate the natusé the disease despite the
complications implicit with the heterogenic genetibackground. With the
identification of the underlying genetic abnormiakt prenatal screening is available
for affected families and allows informed familyaphing. In the future, knowledge of
the genetic causes of this life-threatening diseass also contribute to the
development of novel therapeutic alternatives.

4.4. Difficulties of genetic counselling in neurogeetic disorders

Genetic counselling is primarily dependent uporcigee diagnosis and upon
accurate pedigree. The genetic counsellor alwagd teebe careful with the diagnosis
even if there is a clinical suspicion of certaisatises, the counsellor has to re-assess
the symptoms of the affected patients, consider appearance of the disease
throughout the generations and determine the dessinners of inheritance.

This accuracy of the counsellor is shown in thespnéed first case with
Angelman syndrome, since the correct genetic disigneas established at the age of
16 months. To my knowledge, this is earliest diagubo Angelman syndrome
compared to previous reports of UPD, allowing tla#epts to be given a correct
prognosis and an explanation of delayed neurolbgieselopmental as well as the
possibility of early interventional therapy. In dtitoh, the parents were counselled that
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the child is at risk for obesity and its associateanplications, which could be
managed with lifestyle adjustments. As the abemnatvas the result of a de novo
occurrence, the parents were not counselled orrigkeof recurrence for further
pregnancies.

Even if the diagnosis can suggest a group of mamogeurogenetic diseases,
which occurred in the case of nemaline myopathgldishing the accurate genetic
diagnosis is still difficult. Since mutations inveeal genes can lead to the same
phenotype such as the mutations of the followingegeTPM3, NEB, ACTA1, TPM2
TNNT1, CFL, KBTBD13and KLHL40 can lead to the development of nemaline
myopathy. In this case, after screening severalegemhe causative compound
heterozygous mutations were finally found in theBNBene suggesting nemaline
myopathy type 2. After the causative mutations wdemtified, investigation of the
whole family helped to assess carrier statusegrencbcurrence risk of the disease.

Sometimes the identification of the putative cawsatmutation and
establishing the correct genetic diagnosis aresnotigh for determining the mode of
inheritance and the recurrence risk of the diase@dbées was the case with the
Hungarian family having a child affected by heradit hyperekplexia. With the
identification of the novel missense heterozygougation of the GLRA1 gene, the
established genetic diagnosis was hereditary higpnega type 1. However, this type
of the disease can have autosomal dominant orgigedsheritance as well. In case of
a homozygous mutation the recessive inheritancéesr. In case of a heterozygous
mutation the dominant inheritance can only be sapgpsince there is a chance of an
unidentified second mutation in the uninvestigatemh-coding regions of the GLRAL
gene.

The development of new techniques for antenatal paedatal diagnosis of
chromosomal anomalies, monogenic or multifactodadorders and an increased
ability to recognize carriers of recessive geneaty improve the quality of genetic
diagnosis. The Human Genome Project also helpedisiceveries of candidate genes
and novel gene variations in the background of mgen& diseases such as
neurogenic disorders. There is still a strong netdurther developments, since
several neurogenic disorders have no causativeapgherHopefully in the future
genetic counselling will not only help family plang, but also the initiation of
personalized therapy.

Another important aspect of genetic counsellingrnigathy of the counsellor.
In counselling, simple statements of risk are yamlfficient. Clinical acumen is
required to perceive the unspoken fears and feelwfgguilt, which are usually
associated with inherited disease. Sometimes itedly difficult to eliminate
unwanted and un-appropriate feelings of the pareimtsthe family affected by
nemaline myopathy type 2, the mother was pregnarnhe time of the genetic
counselling and investigations. Even though, thdopmed investigations elucidated
the carrier statuses of the parents, accurategréied the recurrence risk (25%) and
provided the possibility of prenatal screening, thmily decided to terminate the
pregnancy and not to undergo chorionic villus samgpland prenatal screening.
Behind this decision, there are several rationasea and spoken and unspoken
feelings. As a genetic counsellor, | can help tiedvidual or the family with accurate
and detailed informations about the disease, prEignooutcomes, therapeutic
modalities and family planning, but all the coul®mal must accept that the final
decision is made by the patient or the family.

5. SUMMARY

In this study, my aim was to summarize the genetestigations and the
difficulties of the genetic counselling on familyapning in Hungarian families
affected by three different neurogenetic disordeush as Angelman syndrome,
nemaline myopathy and hereditary hyperekplexia.
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Angelman syndrome is a rare neurogenetic disotasrresults in intellectual
and developmental disturbances, seizures, jerkyemewnts and frequent smiling.
Angelman syndrome is caused by two genetic dishudst genes on the maternally
inherited chromosome 15 are deleted or inactivatedwo paternal copies of the
corresponding genes are inherited. The resultshisf $tudy allowed the earliest
reported diagnosis of Angelman syndrome in a 16tmofd child with clinical
symptoms. The patient was referred with minor faaremalies, neurodevelopmental
delay and speech impairment. Cytogenetic resujgesied a de novo Robertsonian-
like translocation involving both g arms of chromoe @ 15:
45,XY,der(15;15)(g10;910). Molecular genetic stedigith polymorphic markers of
the fibrillin-1 gene, located in the 15921.1, rdedahat both arms of the translocated
chromosome were derived from a single paternalnshsmme 15 (isodisomy) and led
to the diagnosis of Angelman syndrome caused by .URBgelman syndrome
resulting from UPD caused by de novo balanced lwaason t(15q;15q) of a single
paternal chromosome has been reported by othepgrdihe detection of this rare
UPD cause of Angelman syndrome contributes to teper understanding of the
phenotype-genotype correlation in Angelman syndréon@on-deletion subclasses.

Nemaline myopathy is a type of the heterogeneowsipgrof congenital
myopathies. Generalized hypotonia, weakness amayekkimotor development are the
main clinical features of the typical congenitalrfio Histopathology shows
characteristic nemaline rods in the muscle biopsytations in at least eight genes
proved to be responsible for this muscle diseasee Hhave investigated a Hungarian
family with a child affected by nemaline myopathype 2 caused by compound
heterozygosity for two novel mutations, a deletaon a duplication in the NEB gene.
The deletion was inherited from the father anddbplication from the mother. Since
nemaline myopathy is a debilitating condition, gt research is warranted in order to
explore the details of the molecular pathology lok tdisorder. These efforts are
complicated by the heterogenic molecular backgroohdhe disease. Molecular
diagnosis however becomes available for more ande nuatients supporting
preimplantation or prenatal diagnosis for subsegumegnancies. Here | report
extends the genetic profile of nemaline myopathyhwwo previously unreported
mutations in the NEB gene.

Hereditary hyperekplexia is a neurological disorciearacterized by excessive
startle responses with violent jerking to noisetauch, stiffening of the trunk and
limbs, clenching fists and attacks of a high-fragre trembling. Hereditary
hyperekplexia has a heterogeneous genetic backgrauith several identified
causative genes and demonstrates both dominantaessive inheritance. Mutations
in the GLRA1 gene occur in about 30% of the casesthis study, | report a
Hungarian pedigree with one affected boy whose abab movements, muscle
stiffness and convulsions were first noted whemwhe 4 days old. Neurological and
electrophysiological investigation suggested thaiadl diagnosis of hereditary
hyperekplexia. Direct sequencing of the codingaegiand the flanking introns of the
GLRA1 gene revealed a novel heterozygous missensgation (c.211A/T,
p.lle71Phe). Genetic screening of the patient'siljamevealed that the clinically
unaffected parents and sister do not carry the tioatguggesting that the identified
sequence change is a de novo mutation. Since hanediyperekplexia can have
severe consequences, including sudden infant ddath to laryngospasm and
cardiorespiratory failure, identification of theusative genetic alteration(s) of the
disease is high priority. Such knowledge is neagska prenatal diagnosis, which
would allow informed family planning and greatergrdal sensitivity to hereditary
hyperekplexia-associated risks.

My investigations have great importance for theect#d families since they
help family planning. Hopefully, these findings ficalso provide the basis of future
studies for the development of novel therapeutidatites in neurogenetic disorders.
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