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A new homozygous missense mutation in SLCI0A7 involved in syndromic AL

L LVANOVSKL, 5.5. CARAFEL, A FRASULDA I L, 5. RUSA | O, L. MATALUNGA |, S.
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E. VERGAELEN

Lmmuno-psychiatry in the 22q11.2 deletion syhdrome: Pro-inflammatory cy'rokmes and the
association with psychosis
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ASSOCIATED ANUMALILES IN CASES WITH
ANORECTAL ANOMALIES

Claude Stoll’, Yves Alembik’, Béatrice Dott!, Marie-Paule Roth!

'Laboratoire de Genethue Médicale, Faculté de Médecine, 11 rue Humann, 67085
Sirasbourg cedex, France

- Email for correspondence: cstoll@unistra. fr

Auoroctal ancimalics URA) arc common Congoiital anomalics, Tho chology of ARA is
unclear and its pathogenesis is controversial. Cases with ARA often have other non-ARA
associated congenital anomalies. The purpose of this study was to assess the prevalence and
the types ot these assomated anomalies m a detmed popuiation. i'he associated anomales m
cases with ARA were collected in all livebirths, stillbirths and terminations of pregnancy
during 29 years in 387,067 consecutive births in the area covered by our population-based
reglstIy ot congenital malformations. Uf the 2U2 cases with AKA, representmg a prevalence
of 5.21 per 10 ,000, 100 (49.5%) had associated anomahes There were 7 (3.3%) cases with
chromosomal abnormalities, and 31 (15.3%) nonchromosomal recognized dysmorphic

conditions inciudmng 1/ cases with VACIEKL association, SIXEY TWo (3U./%) oi-tne cases

had non syndromic multiple congenital anomalies (MCA). Anomalies in the urogenital, the

musculoskeletal, the cardiovascular, the digestive, and the central nervous systems were the

- InOSt common other anomailes mn the cases with MCA. lhe anomalies associated with ARA

could be cIa531ﬁed into a recognizable malformation syndrome or pattern in 38 out of the 100
cases (38 %) with associated anomalies, This study included special strengths: each affected
chld was examined by a geneticist, all elective termmations were ascertmned, and the
surveillance for anomalies was continued until 2 years of age. In conclusion the overal]
prevalence of associated anomalies, which was close to one in two cases, emphasizes the need

tor a routine Screening tor other ariomalles I cases with AKA,




FURTHER DELINEATION OF THE AARSKOG-SCOTT SYNDROME PHENOTYPE IN A SERIES OF 79 MALE PATIENTS
WITH A FGD1 MUTATION: RECOMMENDATIONS FOR DIAGNOSIS AND MANAGEMENT '
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CH de Chambéry, France, 21, Département de Génétique Médicale, CHU de Marseflle, France,

Email for correspondence: mederic.jeanne@gmail.com

Aarskog-Scott syndrome (ASS), also called facio-genital dysplasia is a rare X-linked disorder first reported by
Aarskog In 1970. Further cases were reported by Scott in 1971, leading to the name of the syndrome. It is

anomalies. In 1994, causative mutations were identified in the FGDi gene mapping at Xq11.2, which codes for
a GTP-binding protein that stimulates the GDP-GTP exchange of the Rho GTPase Cde42, Since the first
descriptions, many other cases have been reported with a wide clinical heterogeneity. In particular, the

description of the neurodevelopmental phenotype varies widely in the literature. However, these descriptions
mostly occurred before the avallability of molecular analysis.

In order to better delineate tha phenotypic spectrum of ASS caused by FGD1 mutations, and to try to define
specific clinical criteria for FGD1 molecular testing and to help FGD1 variant interpretation, we reviewed the
clinical features in a large cohort of male patients with a FGDI mutation, A clinical guestionnaire based on
literature data was send to the referring physicians in order to coliect relevant information. Mbrphofogical

features were reviewed by dysmorphology experts and skeletal radiographs were reviewed by the team of the

devslopmental course, Our results also refine the prevaience of morphoiogical features and confirm the
association of rare features with ASS, We also report new features of the ASS, in particular, specific and
sensitive radiological features which have not been previously described.

Finally, considering the current high throughput sequencing strategy of gene analyses and the considerable
. development of retro-phenotyping, we propose specific criterfa, not only for molesular confirmation but also
adapted for the interpretation of FGD1 variants. We also Propose recommendations for management of ASS,

.
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UPDATE AND EXPANDED CLINICAL SPECTRUM OF NONMUSCLE
- - ACTINOPATHIES |

Nataiiya Di DONATG® indra NIEHAUS', Sharissa L LATHAR', Maruei H. TAFT,
Kamer TEZCAN®, Brian CHUNG?, Luitgard GRAUL-NEUMANN®, Nadja EHMKES,
Sara CATHEY® Michel L. LYONS® Kerstin BECKER, Laura GIELDON'. Evelin
SCHROCK', Andreas RUMP! Michael HEIDE®, Dietmar J. MANSTEIN?

1: Instifute for Clinical Genetics, T Dresden, Dresden, Germany 2: Institute for Biophysical
Chemistry, Hannover Medical Schood, Hannover, German y 3: Kaiser Permanente Sacramento Medical
Center, Sacramento, CA, USA 4- Department of Paediatrics and Adolescent Medicine, The University

of Hong Kong, HKSAR 5 Institute of Medical and Human Genefics, Charité-Universitatsmedizin
Beriin, Berfin, German y 6: Greenwood Genetic Center, Greenwoad, 8C, USA 7: Medical Genetfics _
Centsr, Munich, Germany 8- Max Planck Institute of Molecular Cejj Biology and Genetics, Dresden,
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Six human genes are known to encode for six highly conserved actin isoforms
(>93% similarity), which are produced in a time- and tissue-specific manner.
Mutations in all six genes can cause distinct human diseases. Pathologies associated

ACTB and ACTG1 encoding. for nonmuscle actin isoforms have been associated with
Baraitser-Winter Cerebrofrontofacial syndrome (BWCFF), a well-defined disorder
with recognizable facial features, developmental disability, neuronal migration
defects, hearing loss, ocular colobomas, heart and renal defects, and progressive
muscle wasting. Mutations in ACTG1 can also lead to non-syndromic hearing loss

with ACTB mutations including intellectual disability due to ACTB haploinsufficiency,
Becker's Nevus syndrome due to low-grade mosaic ACTB hotspot mutations,
dystonia-deafness syndrome, and newly  described ACTB-associated
Thrombocytopenia and Microcephaiy syndrome defined by us. :

Here we analyzed systematically the genotype-phenotype correlation of more than
100 published and unpublished patients with ACTR and ACTG?Y variants.
Surprisingly, we identifiad two novel recurrent missense mutations associated with
either non-syndromic intellectyal disability or syndromic neurodevelopmental
disorder, both conditions have not been known before. These phenotypes are not
overlapping with previously described conditions. Regarding brain maiformations

I addition, we analyzed the cytoskeletal phenoiype in patient-derived fibroblasts.
We observed that changes in the actin filament organization are specific to the
clinical presentation of the patients and have distinct features depending on which

Further studies using patients’ derived brain organoids demonstrated Clearly a
defect in the formation of the neuroectoderm with premature neuronal differentiation,

indicating that actin mutations interrupt multiple developmental steps and not only
neurconal migration:




DE NOVO AND INHERITED LOSS-OF-FUNCTION VARIANTS IN TLKZ: CLINICAL AND
GENOTYPE-PHENOTYPE EVALUATION OF A DISTINCT NEURODEVELOPMENTAL DISORDER

Margot R.F. Reiinders’, Kerry A. Miller*, Mohsan Alvi®, Connie TRM Stumpel®, Christoffer
Nellaker™>®, Han G. Brunner’, Andrew O.M. Wilkie®®*
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Next-generation sequencing is a powerful tool for the discovery of genes related to
SVt arnr{n\rnlnpmnn+f\l Alemrd v H\lf‘\l"\o) Llnw'-.i tism ranart the idnntifiratinn Af A Adicdinmetd
nourcdovolopmental dicordars (MDD}, Harn won ronart tho idontificatinn of o dickinet

syndrome due to de novo or inherited heterozygous mutations in Tousled-like kinase 2
(TLK2) in 38 unrelated individuals and two affected mothers, using whole-exome and whole-

genome sequencing technologies, matchmaker databases, and international collaborations.

Affected individuals had a consistent phenotype, characterized by mild-borderline -
neurodevelopmental delay {86%), behavioral disorders {68%), severe gastro-intestinal
problems {63%), and facial dysmorphism including blepharophimosis {82%), telecanthus
(74%), prominent nasal bridge (68%), broad nasal tip (66%), thin vermition of the upper lip
(62%), and upslanting paipebrai fissures (55%). Analysis of cell fines from three affecied
individuals showed that mutations act through a loss-of-function mechanism in at least two
case subjects. Genotype-phenotype analysis and comparison of computationally modeled
faces showed that phenotypes of these and other individuals with loss-of-function variants
significantly overlapped with phenotypes of individuals with other variant types (missense
and C-terminal truncating). This suggests that haploinsufficiency of TLK2 is the most likely
undertying disease mechanism, feading to a consistent neurodevelopmental phenotype. This
work illustrates the power of international data sharing, by the identification of 40
individuais trom 2b difterent centers in / different countries, allowing the wentification,
clinical defineation, and genotype-phenotype evaluation of a distinct NDD caused by
mutations in TLK2,
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LITHUANIAN COBORT OF 3-M SYNDROME
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3-M syndrome (OMIM 273750) is an autosomal recessive disorder, characterized by pre- and
postnatal growth retardation, short stature and dysmorphic features. The prevalence of 3-M
syndrome is unknown, and about 100 individuals with this condition have been described in
the medical literature worldwide. Pathogenic variants in CUL7 gene account for the majority
of cases of 3-M syndrome. There are curtently 63 CUL7 gene mutations causing 3-M
syndrome published in the Human Gene Mutation Database (HGMD). Pathogenic variants in
OBSLI and CCDC8 genes have also been identified as disease causing in patients with this
condition, a

Here we report four Tithvanian patients with homozygous NM_001168370.1:¢.3293T>G
(NP_001161842.1:p.L1098R) mutation (HGMD:CM053193) and one patient with compound
heterozygous NM_001168370.1:¢.3293T>G (NP_001161842.1:p.L1098R) and
NM._001168370.1:¢.3316C>T (NP_001 161842.1:p.R1106X) (novel) mutations in exon 16 of
CUL7 (cullin 7 gene), accounting for their phenotypic presentation of 3-M syndrome. Both -
mutations identified in the DOC (Skp1-Fbx29 binding) functional domain.

3-M syndrome seems to present with a relatively simiiar phenotype. Dysmorphic features,
meluding triangular face, broad prominent forehead, flat nasal bridge, long philtrum, short
thorax (commonly with pectus excavatum/carinatum), present in the reporied Lithuanian
patients are distinct for this condition. Short stature and proximal limb shortening as well as
other skeletal anomalies are also associated with this condition. The similarities in phenotype
are thought to be due to the fact that interactions hetween OBSI1/CUT7 and ORSII/CCDCR
proteins are required to maintain CUL7-SCF E3 ligase activity which is thought to be
responsible for the pathogenicity of the condition. ’ |
NM_001168370.1:¢.3293T>G variant is not detected in the Lithuanian population group with
the minor allele frequency in the ExAC data of 0.0002/25. All of the patients claim to be

unrelated but the common nature of the disease causing mutation in them led us to speculate

about the potential founder's effect. However, furiher work is needed to confirm such
hypothesis.
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Neurodevelopmental disorder with dysmorphic facies and distal limb anomalies (NEDDFI,
OMIM 617755) was recently shown to result from haploinsufficiency of BPTF encoding the
largest subunit of a nucleosome remodeling factor (NURF), a member of ISW] chromatin
remodeling complex. We have observed similar phenotypic features in a 35-year-old male
- with Russell-Silver syndrome-like features and a de novo apparently balanced chromosomal
translocation (1;17)(q24:3;q24.2), reported in 1993 (PMID:8403458). FISH with BAC and
fosmid clones and WGS revealed that the 17q24.2 ‘breakpoint maps at chr17:65,944 420.-
65,955,659 (hgl19) and disrupts the dosage sensitive BPTF (pLI=1.00). The 1g24.3 breakpoint
was mapped at chrl:172,228,441-172,234,934 (hgl9) 172,228,441-172,234,934 disrupting the
brain specific gene DNA3 predicted to tolerate loss-of-function (pLI=0.03). No non-
‘polymorphic CNVs were identified by CMA. Phenotypic analyses performed according to the
Munich Dysmorphology Databasc (MDDB) mcthodology rovealed  short stature,
hemihypotrophy, microcephaly, triangular shape of asymmetric face, prominent forehead,
hypertelorism, protruding eyeballs, broad palpebral fissures, divergent strabismus, long eye
lashes, long nasal bridge, short philtrum, thin lips, microretrogenia, scoliosis of neck, thoracic
and lumbal parts of spine. Limb anomalies include bilateral Sth finger clinodactyly, short
phalanges broad big first toes. More asymmetric face, more cis-frontal profile, nose, maxilla
and mandible distorted into right side of triangular face, changes of localization of ears in
comparison to eyes lines, natrowing maxillar and mandible arcus, teeth anodontia, deepening
scoliosis of spine were found at age of 34 years old. Intellectnal disability, speech delay,
muscle hypotonia, and the defect of phonemic audition have improved over the course of 25
years of observations, Our results expand the clinical spectrum of human disorders caused by
ablation of chromatin remodeling complexes '
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RANBPZ-related autosomal dominant necfotizing encephaititis: a familial case
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Autosomal Dominant Acute Necrotizing Encephalopathy (ADANE), a condifion described by
Nellson atalin 20094 characierized by occumence of acute encephalitis during childhood,
usually in the context of a viral infection. In many instances, coma and multifocal cavitation of
the brain, particularly thalami, are paramount features. Acute episode is complicated by

- seizures and death in a number of cases. In others, partial recovery with subsequent

cogriitive and motor impairment is described. No more than sixly patients have been
described until now, mostly of sporadic occurrence. Heterozygous mutations of RANBP? are
at cause. This gene encodes g E3-SUMO ligase of major importance for proper sumoylafion
OF Protems. Fainomecnanism oi ine Gisease remanns li-aenned. Unty a nimed. numper ot
familial cases have been reported. Singularly, in the unique farge family hitherto described,
appmximately 80% of heterozygous relatives of index patients remained symptom-free. Such
a low penefrance is rare among autosomal dominant conditions. It points o a role for
environmental or epigenetic factors acting in addition o RANBP2 mutation that remains a

PETSGUISIES 10 I9GSnng 1he Giseass. W oot G RANGERES WG v SovEISty aficuiou
children aged 6'and 9 years at the time of presentation developed balance probiems and
frontal syridrome after recovering prolonged coma during their acute encephalitis episode .
Heterozygosity for the common ¢.1 754C>T (p.Thr585Met) RANBP2 sequence alteration
was identified in both cousins. In checking the status of relatives, g asymptomatic cariers
were diagnosed. Of note, 4 histories of meningifis in infancy were noted in relatives that were

not available for testing. Further studies are required to elucidate the underpinning
mechanisms.
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Haploinsufficiency of HNRNPK, which encodes the heterogeneous nuclear ribonucleoprotein
K has recently been identified as cause of a multiple malformation syndrome (Au-Kline
syndrome, MIM #616580). Major findings include muscular hypotonia, psychomotor
developmental defay, intellectual disability, cardiac, urogenital and skeletal abnormalities
“and a characteristic facial gestalt which shows some overlap with, but is distinct from Kabuki
syndrome, _
To date, a total of 13 patients with this disorder have been described in the literature. 12 of
them have typical loss-of-function variants (9 patients have stop, frameshift or splice
mutations in HNANFPK, 3 have microdeletions of 9q21.37 inciuding HNRNPK) and a singie

patient carries a de nove missense variant in HNRNPK. While recurrent clinical features in

patients with HNRNPK loss-of-function variants already have been delineated, the
phenotypic consequences of missense variants still remain to be defined.

We describe a further patient with a de novo missense variant in HNRNPK and typical
features of Au-Kiine syndrome. The girl, who is now 8 years oid, has moderate giobai
developmental delay, marked speech delay, muscular hypotonia, cleft palate, a branchiaf
cyst, hydronephrosis, vesicoureteral reflux, uterus duplex, vertebral segmentation anomalies
of the cervical spine and facial dysmorphism (long, narrow face, metopic ridging, long
palpebral fissures, bilateral ptosis, shallow orbits, full cheeks, accentuated cupid’s bow,
Gown-turned corners of the mouth and dysplastc ears). Basad on phenctypic similarities
with the patient published by Dentici et al. (2017) Au-Kline syndrome was suspected. Sanger
sequencing of the HNRNPK gene revealed 3 previously undescribed de novo missense variant
€.146T>C [p.(Leu4SPro); NM_0021404]. This variant affects a moderately conserved amino
acid (down to Danio rerio), is predicted to be pathogenic by several in silico prediction tools
and locates to KH1, the first of three highly conservad K-homology RNA-hinding (KH)
domains which ensure sequence-specific RNA and DNA hinding of HNRNPK,

Our findings suggest that missense variants in. HNRNPK may lead to the characteristic
clinically recognizable phenotype of Au-Kline syndrome,

A i
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Parry-Romberg syndrome is a rare and poorly understood craniofacial disorder occurring in
.children and young adults and characterized by slow and progressive atrophy, usually
unilateral, of facial tissues including muscles, bones and skin. The skin ovetlying affected
areas may present hyperpigmentation or hypopigmentation patches, and facial hair on the |
affected side may turn white and fall out. Neurologic and ophthalmologic manifestations can
also occur. The etiology of this condition is not known. Possible factors that are involved in
the pathogenesis are, among others, trauma, viral infections, heredity, endocrine disturbances,
and autoimmunity. Females are more commonly affected than males.

The index patient of the nragent venort is a yoamg onl horn st term from heglthy unrelated
Congolese parents, with weight 3280 g. She was the oldest child of three siblings.

Pregnancy and delivery were uneventful. She was referred at age of 11 years to genetic clinics
for progressive upper lip narrowing observed since four months on right side. In addition, the
parents had observed at the age of 4 years patches of skin hypopigmentation. There was no
history of seizures or severe facial pain. On clinic examination, growth parameters were
normai: weight 55.4 kg (P95), height i5icm (¥75-F90) and head circumference 5Zcm. We
noticed on the right side thinning and narrowing of hemiface, involving jaw, upper lip and
chin, and resulting in mild retraction of the angle of the mouth. She presented patches of
hypopigmented skin on hemiface and scapula with, additionally, a tuft of hypopigmented
frontal hair. The search for antinuclear factor was negative. No additional anomaly was
revealed on CT gean, : :

The main clinical features in this case are similar to those previously observed by our team in
a Caucasian patient from Belgium, who presented on the left side hemifacial atrophy, with
thinned and narrowed lip and jaw, and hair hypopigmentation. They are also consistent with
the classical description of this syndrome in the literature.

The present case represents the first instance of Parry-Romberg syndrome ever reported in a
Centrai Affican patient. The observed ciinical presentation does not show notabie differences
from the characteristic features reported in the literature. We consider therefore that Parry-
Romberg syndrome is a cosmopolite condition with similar clinical presentation in different
ethnicities. :
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We report the case of 3 25 month old patient, prenatally suspected of FFS. Family history
was unremarkable, except a mother surgery during infancy for right lower limb varus
deformity (?). There is neither history of maternal: prenatal or gestational diabetes, nor
teratogen exposure or infection during pregnancy. The second trimester US assessment
showed bilateral femoral hypoplasia, with femoral growth measurement estimated at % of
normal rate {10 mm), with bilateral clubfeet .A 29 Gw bone CT scan confirmed the
extremely poor femoral growth and normal subsequent growth, and showed abnormal
sacral vertebrae, sacral deviation, and unusual position of the femoral heads. Array-CGH
showed a maternally transmitted 1331 variant of unknown significance (VUS). He was born

at 39 GW; Apgar score was 8/10, BW was 2.550 kg and HW : 36 cm. Lower limb examination .

confirmed the hilateral femoral hypoplasia and cub feet, and showed Il 11| right syndactyly;
upper extremities showed ungueal hypoplasia, V bilateral clinodactyly, 11 right
camptodactyly, and a proximal bitaterai insertion of thumbs, Facial gestalt was noted with
upslanted palpebral fissures, retrognathia and a posterior cleft palate. At 26 month old,
neurological development is considered as normal. He is followed on a regulfar 2 months
hasis by the orthopedic team.

Femoral hypoplasia —unusual facies syndrome (femoral facial syndrome, FFS- OMIM

134780),first defined by Daent! et al in 1975 is a rare, sporadic multiple congenital anomaly

syndrome comprising bilateral femoral hypoplasia and characteristic facial features. Other

- features, such as upper extremities and shoulder griddle affection, genitary anomalies,
cardiac anomalies and CNS malformations are more variable. The vast majority of cases are

sporadic and approximately 1/3 of those with the syndrome are examples of diabetic

embryopathy. The genetics basis of this phenotype remains unknown.




Cabezas syndrome: report of 2 patients
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introduction '

Cabezas syndrome, first described in 2000, is characterized by intellectual disabhility
{ID}, seizures, gait abnormalities, tremor, macrocephaly, short stature, obesity,
hypogonadism, and various dysmorphic features. It is an x-linked condition caused by
loss of function variants in CUL4B. This gene encodes a scaffold protein that organizes
a cullin-RING ubiquitin ligase {E3) complex in ubiquitylation.

Clinical Reports :

Patient 1 is a 15-year-old boy, 2™ child of non-consanguineous healthy Portuguese
parents, who was referred because of severe ID with absent speech, behavioral
problems, epilepsy, tremor and ataxia. His height was 166 cm (P30), weight 47.8 kg
{P10) and OFC 55 cm (P50). He had peculiar facial features, a marfanoid habitus with
joint hyperlaxity, keratosis pilaris and muscular atrophy. A commercial nonspecific

4,813 genes NGS panel (Trusight One, Humina) was performed. The diagnosis of

Cabezas syndrome was established after identification of a CUL4b hemizygous variant
€.2370dup (p.Arg791*), neither described in the literature nor present in various
databases. It is inherited from his healthy carrier mother.

Patient 2 is a 21-year-old male, 2" child of non-consanguineous healthy parents of
Italian and Belgian origin, who was initially referred at the age of 6 months for failure
to thrive and subsequently followed over the years for severe with ID and almost
absent speech. He also developed intention tremor, but no history of severe

~ behavioral problems or epilepsy. At last physical examination height was 160 c¢m (P3),

weight 55.8 kg (P5), and OFC 59 cm {>P99). Most striking in his face was a macrostomia
with upturned corners of the mouth ("Pitt-Hopkins-like”). After many different genetic
analyses in the past, exome sequencing and bioinformatic analysis of a panel of 1,066
ID genes finally revealed a hemizygous de novo deletion affecting a spiice donor site,
€.1795+4_1795+7del in CUL4B. This variant is neither present in the literature nor in
the publicly available databases. RNA studies on a lympoblastoid cell line showed
skipping of exon 14 during splicing, leading 1o a deletion of 35 residues
(p.Ala564_Tyr598del).

Discussion S
The diagnosis of Cabezas syndrome is very difficult to suspect or make on clinical

-grounds, as many features such as absent speech, behavior problems, short stature,

obesity are non-specific and common to 3 large number of ID entities. Targeted high.
throughput NGS in such undiagnosed 1D cases plays a crucial role for an appropriate
diagnosis, allowing for an accurate genetic counseling and follow-up.
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Variations in genes encoding the enzymes responsible for the synthesis of the linker region of
proteoglycans may result in recessive conditions kmown as “linkeropathies”. In particular, variants i the
B4GALT7 and B3GALT6 genes are the cause of a combined skeletal and connective tissue phenotype.
B4GALT7 variants canse a typical facial gestalt, short stature, radioulnar synostosis, osteopenia, and jomt
laxity (OMIM #130070). B3GALT6 variants cause both spondyloepimetaphyseal dysplasia (SEMD) with
joint hypermobility (SEMDJLI1 or SEMDIL Beighton type, OMIM #271640) and a severe EDS-like
disorder (OMIM #615349), Affected patients generally present clinical features of connective tissue
weakness in infancy, and subsequently develop signs of skeletal dysplasia. Some patients develop life-
threatening complications, such as an aortic dilatation, aneurysms and cervical spine instability.

We present the clinical features of 3 patients, one with B4GALT7-related “progeroid EDS”, the second one
with a severe B3GALTG-related SEMD-J L, and the third one with a B3GALTS. -suggestive phenotype
(molecular analysis ongoing).

Patient 1 had short stature with prenatal onset, rounded face, blue sclora, miid proptosis, myopia,
mesomelic short upper limbs, bowed radius and ulna, radio-ulnar synostosis, ulnar deviation of fingers, 2nd
finger camptodactyly and clinodactyly, congenital hip dislocation, soft, doughy and hyper-extensible skin,
joint hypermobility particularly evident in the hands (Beighton score: 5 points), atrial septal defect and
hypotonia. Compound heterozygosity for B4GALT7 variants ¢.277_278insC/p.His93Profs*73 (matemally
inherited) and ¢.628C> T, pHis210Tyr (patemnally inherited).

Patient 2 had short stature (<<3rd centile), progressive in childhood, high forehead. blue-gray sclera, sparse
thin hair, severe scoliosis, osteopenia, hip dysplasia, extreme joint laxity in the hands, with soft and doughy
skin, long slender fingers, with ulnar deviation, Feet: toes overlapping, valgus first toe, with recurrent
luxations on the left, extremely soft skin with evident venons reticulum. He also had bilateral megaureter,
mild dilation of the aortic bulb, mild mitral valve prolapse and development delay. The variants
¢.525T>A/p Ser309Thr (maternal) and ¢.353delA/p. Aspl18Alafs*160 (paternal) were identified in the
B3GALT6 gene. '

The third patient had short stature (<<3rd centile), progressive in childhood, high forehead, sparse thin hair,

light blue-gray sclera, misaligned teeth, severe scoliosis, osteopenia, extreme joint laxity in the hands, with
soft and doughy skin, long slender fingers, with slight ulnar deviation. Feet: talipes, hypoplastic toe nails,
extremely soft skin with easy bruising. He also had hypotonia and development delay. Molecular analysis
is ongong, '

The two phenotypes related to B4GALT7 and B3GALTE are stmilar, with short stature, hypotonia and joint
laxity, skeletal features, and a suggestive face with prominent forehead, thin soft tissue tissue, bulging eyes
and often sparse hair. The most outstanding feature is the combination of severe connective tissue
involvement accompanied by progressive skeletal dysplasia. The extreme laxity of distal joints and the soft,
doughy skin on the hands and feet are rarely seen in other EDS types (except in EDS VIA) and are a good
clue to the diagnosis, that can be supported by skeletal radiographs and by molecular analysis. Accurate
diagnosis will help in excluding other causes of peripheral hypotonia, such as neuromuscular disordérs, and
allow for physiotherapeutic interventions. ‘
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Noonan syndrome is one of the most common monogenic disorders and characterized
by distinct craniofacial anomalies, short stature, cardiac anomalies, ectodermal
abnormalities and learning difficulties of variable degree. It is caused by mutations in
various components or regulators of the RAS-MAPK pathway. More than 15 genes have
been found to be mutated in Noonan syndrome and related disorders. LZTR1 is one of
the most recently discovered gene for Noonan syndrome (Yamamoto et al, J Med Genet
2015). Following the first description of heterozygous de nove mutations in sporadic
cases or families with segrégation of the mutation and disease in an autesomal dominant
manner, it has now become evident that an autosomal recessive form of LZTR1-related
Noonan syndrome does also exist (Johnston et al., Genet Med 2018). _
We present genotype and phenotype data on a large cohort of patients with LZTR1-
related Noonan syndrome collected by our Eurcpean Consortium. We found that
dominant mutations arc exclusively missense changes clustering at certain sites of the
protein with many of the variants observed in unrelated families being recurrent.
Recessive mutations instead are distributed over the entire gene and may also include
nonsense, frameshift and splice mutations. It has been proposed that the latter cause
loss-of-function, while the dominantly acting changes confer dominant negative effects,
Phenotypically, patients with LZTR1 mutations are generally indistinguishable from
individuals with Noonan syndrome of other genetic etiologies but very mild clinical
expression of the disease was observed in some mutation carriers from families with a
dominant inheritance pattern. Hypertrophic cardiomyopathy was present in about half
of patients with LZTR1-related Noonan syndrome, Our data suggest that L.ZTR1 belongs
to the five most frequently mutated genes in Noonan syndrome (after PTPN11, SOS1,
RAF1, and RIT1). The co-existence of dominant and recessive inheritance as weil as the

- variability in clinical expression make appropriate genetic counseling particularly

challenging in LZTR1 mutation-positive families,




Is RASAZ really associated with RASopathies?

Salima E] Chehadeh', Héléne Cave?, Romain Favre®, Yline Capri*, Alain Verloes®.

" Service de génétique médicale, institut de génétique médicale d’Alsace (IGMA), Centre de
Référence Maladies Rares «Anomalies du développement et syndromes malformatifsy,
Lentre de Rererence Maladies Rares « Ues deficiences Inteileciuclies de causes rares »,
Hépitaux Universitaires de Strasbourg, Hépital de Hautepierre, Strasbourg, France

“ Laboratoire de Biologie Moléculaire, Hopital Robert Debré, Paris, France

Service de gynécologie obstéfrique, Hobpitaux universitaires de strasbourg, Strasbourg,
France '

*Service de Génétique Clinique, Hépital Robert Debré, Paris, France
Lorresponding author saiima.eichehaden@cnru-strasbourg.tr

RASopathies or RAS/mitogen-activated protein kinase {MAPK) syndromes, including Noonan
syndrome  (NS), ‘are a group of phenotypically overlapping syndromes caused by
germline mutations that encode components of the RAS/MAPK signaling pathway. Recently, through
Ure use uf wivie cauie seyUEILIE anud Laigeied béquci|53|15 Ui seiecied goiies i wlunis of paiei-
negative RASopathy patients, novel gene variants, including in RASAZ (RasGAP protein Ras p21
protein activator), a member of the mammalian RAS-GAP family, have been shown to be associated
with RASopathies, further expanding the disease entity. However, the involvement of RASAZ in NS,
which functional role has not yet been fully elucidated, may be questionable because of the
Uescription Ot pattents carrying variations of this gene put Naving a pnenotype not suggestive of NS
or very mildly. We report on a 1 vear-old female patient who presented prenatally with a nucha)
translucency, unilateral hydrothorax and an atrioventricular septal defect. She is tall {height + 2 SDS)
and has no tybical morphological sign of NS currently. Her mother is healthy, tall {height 1.74 m), has
an atrial septal defect detected during her pregnancy, and a phenotype mildly suggestive of Noonan-
Itke syndrome. |he halr—brotner of the mother (rather side), who 1s 15-years old, has an atriai septai
defect and clinical signs mildly evocative of Noonan-like syndrome but is also very tall {1.97 m), which
is atypical in RASopathies’ spectrum. The propositus and her mother carry a novel heterozygous
variant in RASAZ2 {c.1885C>T). The uncle and the grandfather of the propositus, will soon be tested
for this variant and heir results will be of importance for its interpretation in this family, which
phenotype IS not very suggestive of NS,
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PIGT-CDG, a disorder of the glycosylphosphatidylinositol anchor:
description of thirteen novel patients and expansion of the clinica
- characteristics. '
Allan Bayat1 Alexej Knaus 2, Elena Gardella*4,Usha Kini 5, Rikke S. Mgller 3.4
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PIGT-CDG, an autosomal recessive syndromic form of a glycosylphosphatidylinosito! biosynthesis defect
{GPIBD) with intellectual disability, has been described in several families with epileptic encephalopathy, but
the full phenotypic range of this condition and the associated biochemical alterations remain unknown. PIGT
encodes phosphatidylinositol-glycan biosynthesis class T, a subunit of the heteropentameric transamidase
complex that facilitates the transfer of proteins to the GP! anchor. The GPI anchor links proteins to the cell
membrane in alf fissues. ' '

We describe thirteen nové! patlents from eight unrelated families with homozygous {NM_015937.5: ¢.550GA
{p.Glu184Lys), ¢.709G>C (p.GIu237GIn), and c.1079G>T {p.Gly360Val)} or cornpound Eeterozygous {c.494-2A
and ¢.1582G>A (p.Val528Met), ¢.1472T>A {p.Leud91HIs) and ¢.1484+2T>A, and ¢,1582G>A {p.Val528Met) and
¢.1730dupt fp.teuS?SThrfs*SS}} ﬁathogenicvariants in PIGT of which three mutations are novel {c.494-245G,
¢.14727>A (p.Leud91His), and c. 1484+2T>A). All patients had hypotonia, severe global developmental delay
and epilepsy. Epilépsy onset ranged from first day of life to two years of age, and the severity of the seizure
disorder varied from treatable seizures to severe neonatal onset epileptic encephalopathies. Abnormal body-
hair distribution was observed in eight out of the thirteen patients. in addition, ccngeﬂité# fractures .were found
in one patient. In this study we provide a datailed descﬁption of the phenotype of PIGT-CDG and expand the -
known phenotype of this disease. Furthermore, we investigate the onset and severity of the epilepsy
determined by the different genatic subtypes. Based on previously reported cases and our novel findings we
conclude that the missense variant c.1582G>A seems to he associated with a milder phenatype i.e, treatabls
epilepsy.




4Y,XXXXY SYNDRUME: I'HRER EXTRA X CHRUMUSUMES LEADING 10 THREE
CLASSICAL SIGNS: MENTAL RETARDATION, HYPOGONADISM AND RADIOULNAR
SYNOSTOSIS

1 " . 3
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2.Department of Pediatrics, Northwest Clinfes, Alkmaar, the Netherlands
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49, XXXXY syndromie is a rare sex chromosome aneuploidy occurring in 1:80.000 — 1:100.000
maie births. The clinical phenotype is characterized by short stature, tacial dysmorphism
(hypertelorism, epicanthal folds, upslanting palpebral fissures), microorchidism and
micropenis. Congenital malformations associated with 49,XXXXY syndrome are congenital
heart malformations, radioulnar synostosis, cleft palate, hip dysplasia and renal dysplasia.
The major endacrine issue of this aneuploidy is hynergonadotronic hvnngonadism.
Developmental delays are common in infancy and early childhood with speech delays
(especially in expressive language) present in almost all patients,

The 49,XXXXY syndrome is thought to arise from maternall non-disjunction during both

The 49,XXX}_(Y syndrome differs from the Klinefelter syndrome {47,XXY) with regards io "

intelligence quotient (1Q) scores (mean values in patients with 49,XXXY = 20-60 vs 89-102 in _

patients with 47,XXY)} and to the different prevalence of congenital malformations {in
49, XKXXKY 50-100%; in 47,XXY + 18%). in fact each additional X chromosome confers a higher
risk of congenital maiformations.

We present two boys with 49, XXXXY syndrome iltustrating the phenotype.

Referenges:

- Mazzilli R, Delfiono M, Benedetti F et al. Testosterone replacement in 49, XXXXY
syndrome: andrological, metabolic and neurological aspects. |
Endocrinol Diabetes Metab Case Rep 2016; 2016:150114.

- Maqdasy S, Bogenmann 1, Satisse-Ugnier et al. Leydig cell tumor in a patient with
49,XXXXY karyotype: a review of literature. ' '

Reproductive Biology and Endocrinology 2015;13: 72

- Tartaglia N, Ayari N, Howell S, D’Epagnier, Zeitler P, 48,XXYY, 48XXXY and 49,XXXXY
syndromes: not just variants of Klinefelter syndrome,
Acta Paediatrica 2011; 100; 851-860.
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The {not so) complex genetics of Joubert syndrome _
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1 Department of Pediatrics, University of Washington, Seattle, USA

2 Institute of Medical Genetics, University of Zurich, Schlieren, Switzerland

loubert syndrome (IBTS) represents an iconic cifiopathy: while it is defined by a characteristic
CNS malformation {the Molar Tooth Signj, 60% of patients display additional typical ciliopathy
phenotypes (fibro-cystic ranal disease, retinal dystropt ¥, pelydactyly, skeletal dysplasial in
variable combinations, leading to prominent phenotypic variability. Moreover, JBTS also
Hlustrates the extremely high genetic heterogeneity seen in ciliopathies, with >30 assaciated
causative genes. Together, this phenotypic variability and genetic heterogeneity have led to
propose non-Mendelian inheritance mechanisms grouped under the term “oligogenicity” for
ciliopathies, including for 18T5. ' '

In this work, we took a systematic approach to evaluate various “oligogenic” scen‘arios,
including digenicity, tri-allelism and genetic modifiers. We analysed one of the largest JBTS
cohorts available, comparing the identifiad variants in known JBTS genes in affacted individuals
to in-house sequenced contrals, to control data from 900 exomes from the UK1958 birth cohort
and to large databases such as ExAC,

Based on ExAC allels frequencies, we calculated that the likelihood of harboring rare predictad-
deleterious variants (RDVs) in any 2 of 25 JBTS genes is 9%. In accordance with this, we
identified RDVs in 32 IBTS genes in 4 and 8% of the studied control populations. In fact, the
frequency of RDVs in controi populations was higher than predicted by Hardy-Weinberg
equilibrium based on estimated disease prevalence. Indeed, the distribution/type of RDVs in
controls differed significantly from the causal alleles in affected individuals. Nevertheless, we
found no recognizable association pattern between combined heterozygous RDVs or genes in
affected individuals to support digenicity. We did not identify any unaffected siblings harboring
bi-alielic RDVs in one JBTS gene, as would be expected for tri-allelism, Therefore, we found little
support for non-Mendelian mechanisms such as digenicity or tri-allelism as clinically refevant
inheritance modes in JBTS. On the other hand, we observed high rates of phenotypic

‘discordance even among individuals sharing the same causal alleles, supporting the existence of

genetic modifiers. However, the presence of RDVs in JBTS genes in addition to the causal bi-
allelic mutations did not correlate with disease severity, ilfustraiing the difficulty in identifying
such modifiers. :

Conclusion: joubert syndrome remains a recessive disorder for clinical counselling purposes,
even though oligogenicity can only be excluded ance the genatic cause has heen identified in all
affected individuals. Single heterozygous variants in Joubert genes remain of unclear clinical
significance and may indicate a second hit in the same gene that was missed. Genetic modifiers
iikely explain in part the phenotypic variability but their identification remains elusive,




Neurodevelopmental risk copy number variants in adults with intellectual disabilities and
comorbid psychiatric disorders
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Copy number variations are established risk factors for neurodevelopmental disorders such

e femboallnrboiml dimahilis, Anila L B LYol SR Lt v S | PRV R J T | PV DU I mhearnina
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and bipolar disorder. Most studies of CNVs are focussed on single disorder populations
and/or pediatric patients. The role of CNVs in aduits with intellectual disabilities and
psychiatric comorbidities are less well characterised.

The GENM!D (GENetics of Mental disorders in lntellectual Disablllty) consortium is

England UK A totai of 599 adufts wnth mtellectual dssablhtles and one or more comorbld
psychiatric diagnoses and/or significant challenging behaviours were recruited.

The aim was to determine: (a) the frequency of known neurodevelopmental disorder risk
CNVs compared with large population cohorts including healthy controls, adults with
intellectual disabilitv, autism and/or schizophrenia (b} the overal rate of nathogemc CNVs ()
the relationship between pathogenic CNVs, level of intellectual disability and comorbid
psychiatric diagnoses and (d) fikely pathogenic CRVs affecting neurodevelopmentst
candidate genes. The yield of pathogenic CNVs was high (13%), Focusing on established
neurodevelopmental risk loci we find a significant higher frequency in individuals with
intellectual disability and comorbid psychiatric disorder (1 (10%) compared with healthy
controls (1.2%), schizophrenia (3.1%) and intellectual disability/autism spectrum disorders
(6.5%). _

Conclusion: there is a high rate of pathogenic CNVs in adults with intellectual disabilities and
comorbid psychiatric disorders. This had clinical implications for the use of genetic
investigations in psychiatric and/or intellectually disabled patients.




AUTS2 SYNDROME: A SEVERE CASE ASSOCIATED WITH A N OVEL IN-FRAME
DELETION RESTRICTS THE MINIMAL CRITICAL REGION OF THE DISEASE
TO A HISTIDINE-RICH MOTIF
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‘AUTS2 syndrome’ is a rare genetic disease mainly characterized by neurodevelopmental
delay with variable ID, dysmorphic facial features, microcephaly, feeding difficulties and
behavioral issues (usually autism spectrim disorder). It is caused by heterozygous defects in
the AUTS}? gene (MIM# 607270:; location 7q11.22), and has usually been associated with

Aalatinme mundtring o _!org—rn Anrfinn ar tha anfira mana and mnara raralsr with inframanin Tnoe nf
'hb‘ltﬁul‘l;'l.:'w lla."l.titl.ub G -mav IJ\.PL TENLSEL NI WAL WEIWLL W c—'l&%’: LT ltanod Am‘-’,l.j LA A.:.J-t&\v?c‘-’&ﬂ’h‘ AN s Z g
function variants. :

AUTS2 encodes a component of the Poiycomb group muitiprotein complex and has a key roie
in promoting gene expression programs for brain development, While the 5° portion is poorly
conserved, the 3’ portion has been shown o originate an alternative franscript (exons 9-19)
with specific nuclear functions. Accordingly, individuals harboring deletions limited to the

proximal exons psually show a milder phengotype,

We report a 4-year-old child with severe ID, delayed psychomotor development, hypotonia,
behavioral problems and facial dysmorphism. Speech was highly impaired and he underwent

surgery for Chiari type I malformation. Whole exome sequencing revealed a novel, in-frame,
Ao trmarva Aalatine AP A Laan seden crthicn Ao (1 Af ATT’T’(“’): 1\31\'{ 9155’?9.33'1593 léﬁﬁr‘ln‘l

S nove weessn of 24 baso pairs within cxon 9 of 4D 5 26d¢],
NP._056385.1:p.His535_Thr542del. Both clinical and molecular findings were consistent with-
a diagnosis of AUTS2 syndrome.

Compared to other cases, our patient displayed a severe phenotype, with marked ID, absent
language and brain abnormalities at the MRI (Chiari type I malformation and slightly
dysmorphic corpus callosum). Notably, head circumference 75%.9gh centile) did not entail
microcephaly, but CT scan showed a peculiar shape of the skull, ___ —
with prominent bilateral parietal bossing, craniosynostosis and

large anterior fontanelle. o
- As expected on the basis of the in-frame nature of the variant,
mRNA analysis -on patient’s skin: fibroblasts demonstrated a -
stable mutant transcript, thus not subjected to degradation.
- According to the literature, our patient carrics a unique in-frame °
variant removing only eight amino acid residues and perturtbinga |
histidine-rich domain, possibly preventing AUTS2 transit or
localization within. nuclear speckles. Qur findings imply this .
motif may represent the minimal critical region for the full and
more severe expression of the AUTS2 syndrome.




DISSECTING TSC2-MUTATED RENAL AND HEPATIC ANGIOMYOLIPOMAS IN
AN INDIVIDUAL WITH ARID1B-ASSOCIATED INTELLECTUAL DISABILITY
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Several subunits of the SWI/SNF chromatin remodeling complex are implicated in
both cancer and neurodeveiopmental disorders (NDD). Though there is no ciinicaj
evidence for an increased tumor risk in individuals with NDDs due to germline
mutations in most of these genes so far, this has been repeatedly proposed and
discussed. A young woman with NDD due to a de novo mutation in ARID18 now

presented with a large renal (>19 cm in diameter) and muitiple hepatic
angiomyalinomas (AM! s) hut no ather signs of tuberous sclarnsis.

We analyzed tumor and healthy tissue samples with exome and panei sequencing.
Additionally to the previously known, germline ARID18 variant we identified a post-
zygotic fruncating TSC2 variant in both renal and hepatic AMLs but not in any of the
~ healthy tissues. We did not detect any further, obvious tumor driver events. The
identification of a passenger variani in SIPA7L3 in both AMLs poinis o a comimon
clonal origin. Metastasis of the renal AML into the liver is unlikely on the basis of
discordant histopathological features. Our findings therefore point to very low-grade
mosaicism for the TSC2 variant, possibly in a yet unknown. mesenchymal precursor
cell that expanded clonaily during tumor development. A possible contribution of the
germline ARIDIR variant tn the tumorigenasis remains unclear but cannot ba
excluded given the absence of any other evident tumor drivers in the AMLs.

This unique case highlights the blurred line between tumor genetics and post-zygotic
events that can complicate exact molecylar diagnoses in patients with rare
manifestations. it also demonstrates the relevance of multiple disorders in a single
inaividuai, the chaiienges of detecting iow-grade mosaicisms, and the importance of
proper diagnosis for treatment and surveillance. '
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Whole Genome Sequencing identifies a de nove 2.1 Mb balanced paracentric Inversion
disrupting FOXP1 and leading to severe intellectual disability with autistic featuras
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The FOXP1 gene, focated on chromosome 3p13, encodes the Forkhead-box protein P1, one ‘

of the four forkhead transeription factors which repress transcription by forming active
homo- and heterodimers and regulate distinct patterns of gene expression crucial for
embryozenesis and normal development. FOXP1 mutations, mostly truncating, have been
described in patients with mild to moderate intelfectual disability {ID), autism spectrum
disorder {ASD), and speech and fanguage impairment {MiM #613670). -

Here, we report a patient with severe ID, ASD, seizures in whom a small de novo
heterozygous balanced inversion of 2.1 Mb located at 3p14.1p13 and disrupting the genes
FAM19A4 and FOXP1, was identified by Whole Genomic Sequencing (WGS). This patient aiso
had very unusual vascular anomalies which have not been described in the clinical spectrum
of FOXP1 mutations. _

We show that the neurodevelopmental phenotype observed in the patient most likely
results from FOXP1 haploinsufficiency as this heterozygous inversion leads to a 60 to 85
percent decrease of FOXP1 mRNA ievels and to the complete absence of FOXP1 fuli-length
protein. The role of FOXP1 haploinsufficiency or of FAM19A4 disruption in the occurrence of
the vascular-anomalies-of the patient remains unsolved at the moment.

In conclusion, this report, in addition to expanding the molecular spectrum of FOXP1
mutations, emphasizes the emerging role of WGS in identifying small balanced chromosomal
rearrangements responsible for neurcdevelopmental discrders and not detected by
conventional cytogenetics. ' '
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MULTIPLE DE NOVO MUTATIONS /N CIS IN THE DNMT3A GENE IN A BOY WITH TATTON-BROWN
SYNDROME
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The index is the only child of healthy, unrelated parents. There was one miscarriage. Family history is

negative with regard to developmental disorders, At the time of conception, maternal age was 29
yrs, paternal age 30 yrs,

e = A .

P LyHalivy Was Uneventiui, a

rid hie was born at gestational ag
5090g, length 53cm and head circumference 36.8 cm.

He has congenital interstitial lung diseaseé. A suspected diagnosis of neuro-endocrine cell hyperplasia
could not be confirmed on a lung biopsy. He is on nocturnal oxygen supply. There was a small ASDI.

] His development was defayed, and he was diagnosed with autism spectrum disorder and intellectual

dicahility Ha fallmware tnnarial erhnaal far childran with mararats intallartiinl dicakilitg
SRSy DS ARECNS SPELRL ECno2l Tor children with moderats areSn ot clsabiiihy,
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Clinical examination at age 9.5 years revealed weight p90, length p90-97, head circumference pa7.

The overgrowth syndrome and facial characteristics evoked the diagnosis of DNMT3A-related
overgrowth syndrome.. '

Molecular testing by means of Sanger sequencing and NGS in white blood cells confirmed this
diagnosis. He carries a predicted splice mutation 3’ of exon 11 (1429+2) in 50% of the reads,
predicting a loss-of-function of the gene. A splice defect was demonstrated on mRNA level. In
addition, we detected mosaicism for three additional variants in white blood cells: exon 16
Val470Phe (1864G>T) in 30% of the reads, exon 16 Val470lle (1864G>A) in 15% of the reads and
exon 11 {le622Phe (1408A>T) in 30% of the reads. These variants are absent from the population
databases and were not detected in the parents, meaning they arose de novo in the index patient.

We hypothesized that his interstitial lung disease niight be related to a biallelic mutation of the
DNMT3A gene in a proportion of cells, Mutations analysis in urinary cells, buccal mucosa and DNA
extracted from the lung biopsy revealed the same mutations, to the same degree of mosaicism as
observed in the white blood cells. mMRNA analysis reveaied that all variants are in cis, located on the
same {paternal) allele. S : :

Given the loss of function effect of the splice mutation, present in all cells, it is unlikely that the
phenotype of this boy is influenced by the additional variants, if they should have a functional effect..

However, in the iiterature, oniy very few cases are reported with a simiiar compiex pattern of
mutations. We will discuss the different possible explanations.
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- NGS sequencing in prenatal setting:
some examples of unexpected variant association
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Next-generation sequencing (NGS) has considerably incresead the diagnostic yield of
individuals with genetic diseases, However, it strongly relies on phenotypical data to
reach a correct diagnosis. In such a context fetal pathology remains a great challenge, the
vews Deing evaiuabie vnly Dy uludsounds. As puysical waits Of diflerent SYHUFOILIES
may overlap during fetal life, the research of specific diagnostic handles is rather
puzzling, Moreover, the prenatal genotypic variability has not been fully explored yet,

A

- making variants interpretation more difficult. A multidisciplinar approach involving

gynaecclogist, fetal pathologist and radiclogist is then recommended to improve the
n}'mnnfvpir'n] ﬂnqrripﬁnn and ennnnart Aata analueic Nn tha athar hand a oona_drivan
i o . Fy o ¢ L g

approach may turn out to be rather efficient when considering the time constraint
typical of pregnancy, fertility or newborns with severe distress, :

We present a'selection of fetal cases firstly referred for uitrasound abnomaiities, Ag first-
tier diagnostic mean we performed array-CGH on fetal DNA, which in these families turn
out to be normal or not contributive. Whole exome sequencing was then carried out in
the trio, considering only variants in OMIM genes. For each family we discuss the results,
the pregnancy management and clinical actionability of the findings.




DIAGNOSTIC INVESTIGATIONS USING NEXT GENERATION SEQUENCING: LESSONS LEARNT
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Within the last decade, the use of next genération sequencing (NGS) has undergone an
exponential growth. The current study is meant to highlight a few peculiar cases where the
emphasis is put on the combination of NGS data analysis and a thorough clinical genetic
examination. '

Patient 1 was referred for evaluation of developmental delay and behavioral problems. After
routine diagnostics, a whole-exome sequencing (WES) trio analysis revealed no de novo
pathogenic variants. However, a maternally inherited nonsense variant was identified and
ultimately interpreted as the causal variant with reduced penetrance in the mother.

Patient 2 was referred for genetic evaluation of developmental delay, suspicion of seizures
and dysmarphic features. The clinical presentation raised the impression of Carnelia de
Lange syndrome, but the eventual WES analysis resulted in a completely different diagnosis,
with important implications for treatment. '

Patient 3 was a pregnant fady with fetal anomalies detected by ultrasound. Routine analysis
of amniotic fluid through a SNP-array was normal. Subsequent WES analysis initially yielded
no mutations. However, specific re-analysis of the data did reveal the cause of the
anomalies, with important consequences for the recurrence risk.

In conclusion, this study confirms the genetic diagnosis in the three cases, but — more
importantly — highlights the challenging (re-)interpretation of NGS and clinical data,
sometimes leading to rather unexpected results. -
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SURPRISING TWIST IN A LONG-LASTING UNKNOWN CASE WITH SYNDROMIC
‘ PRIMARY MICROCEPHALY

Paranchai Boonsawat, Reza Asadollahi, Pascal Joset, Katharina Steindi, Anita Rauch

ute of Medical Genetics, Universi f of Zurich, Schlieren-Zurich Switzerlagnd
] i ’y Ly

Emaii for correspondence: anita.rauch@medgen.uzh.ch

We followed a 15 vears old boy with primary microcephaly (-3.9 SDS at
birth), cerebellar hypoplasia, progressive bilateral atrophy of optical
nerves, growth retardation, moderate inteliectual disability, faciai
anomalies and bilateral hearing loss who developed distal spasticity and
steroid resistant focal segmental glomerulosclerosis. A variety of genetic
tests including high-resolution chromosormal miicroarray studies and trio
whole exome sequencing did not reveal an obvious disease cause. After -

observation of a very similar case we were able to diagnose both, although

with different disease mechanisms,




FINAL DESTINATION FOR A LUNG-LASTING UNKNUWN CASE WITH PERU-LIKE
PHENOTYE
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This 10.5-year-old female is the only child of healthy unrelated parents. She was born at

worm after uneventful pregnancy with birth measurements within the normal range. At
age 2.5 months she presented with epileptic encephalopathy unresponsive to .
anticonvulsant treatment. Her cognitive and motor development was severely delayed
and she developed quadriplegic hypotonic-ataxic cerebral palsy. Her head growth
decelerated and her head circumference was below 3rd percentile at age 10 months.
Facial dysmrophism included a round face, sparse eye lashes, deep-set eyes with mildly
upslanting palpebral fissures and mild telecanthus, short nose, anteverted nares, short
mouth, thin lips, and large ears with attached ear lobes. She had a high and narrow
palate, a wide mammillary distance, tapering fingers with joint laxity and edemas of the
skull, hand and feet. The initial MR] at age 4 months showed widened subarachnoid
Spaces bifronto-temporal and was considered to reflect beginning microcephaly.
Repeated cranial MR] at the age S years showed cerebral and cerebellar atrophy more
pronounced than previously. A clinical diagnosis of PEHO syndrome was considered,
- Chromosomal microarray analysis revealed a de novo 372 kb deletion affecting the
coding region of DNM3 in 1q24.3, which was initially classified as VOUS. Recently trio-
whole exome sequencing was performed and solved




FOLLOW-UP OF FORMER PRESENTATIONS:
LOOKING FOR THE WRONG PATIENTS AND THE WRONG GENE
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In 2011 at this meeting, we called for patients similar to our case of a 12-year old male,
referred because of autism spectrum disorder, sleeping problems, dysmorphic featurcs
‘and mild mental retardation. His clinical features were suggestive of Smith-Magenis
syndrome. In 2012 we presented him at this meeting as one of three examples of small
deletions that pointed to the involvement of (part of) a specific gene. In the two cases
this information helped to interpret the clinical problems, in the former case we had
high hopes to have found a candidate gene for Smith-Magenis (like) syndrome. However,
we could not confirm this finding in other patients and eventually decided to wait for

niput from next generation sequencing,

Unexpectedly, this case was linked to one of the patients that we presented at this
meeting in 2013. That presentation regarded two cases with a non-Kabuki syndrome
phenotype in association with missense mutations in exon 48 of the MLLZ gene, now

known as KMT2D. The cases were thought to represent a new genetically allelic
condition. '

Both patients turned out haploinsufficient for the same gene. Two series of patients with
mutations in this genc have recently been described. Although the paticnts share

phenotypic features, the diagnosis is probably mainly made after whole exome

sequencing. In the past few months, two other patients have been diagnosed in our
centre, ' .




CEREBRAL PALSY DUE TO PERIVENTRICULAR LEUKOMALACIA, OR
SYNDROMIC?A PATIENT WITH DESMOSTEROLOSIS ' |
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Introduction '
Desmosterolosis is an inhorn error of metabolism in which desmosterol cannot be degraded
due to a deficiency of the enzyme 24-dehydrocholesterol reductase. Desmosterolosis occurs
due to mutations in the DHCR24 gene (1p32.3) encoding 3-beta-hydroxysterol delta-24-
reductase. This enzyme catalyzes the conversion of desmosterol (the cholesterol precursor) to
cholesterol, which is highly involved in embryonic development and morphogenesis. Reduced

missense mutation in the DHCRI4 gene,

Patient description _
Our patient is a 6-year-old girl born from consanginous parents after a full-term pregnancy
without perinatal complications and a good start. She presented at our clinic because her

developed short stature (length -2.3 SD), a valgus position of the right hip (with trouble
walking), a psvchomotor d evelopmental delay, obesity and strabismus of the left eve, The
patient was initially misdiagnosed to have cerebral palsy due to periventricular leukomalacia
obtained due to perinatal asphyxia.

Laboratory results -

Molecular testing using whole genome sequencing showed a novel homozygous missense
mutation in the DHCR24 gene (c.1424A>G, p. (Tyrd475Cys)). Biochemical testing in blood of
ite paiieni showed u severe inicrease in desimosierof: 434 pg/mL {nomn G-7 ug/mL),
Discussion ' '

[




UNDELECLED GLYCUGEN SIUKAGE DISEASE AS A CAUSE FUK SUDDLEN
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CASE REPORT AND REVIEW OF THE LITERATURE
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We report the case of an § year old girl, who suddenly died with no obvious
cause 1dentitied by autopsy. Pregnancy had been unremarkable. At J months ot
age she was hospitalized due to acute respiratory distress syndrome and was
found to have muscular hypotonia. Neuropediatric examinations at 7 months
lead to the suspicion of a mitochondrial depletion syndrome, but molecular
testing revealed no causative mutation. At the age of 6 vears. a developmental
- delay was obvious, especially regarding speech development, but also attention
and fine motor skills were affected. She visited school and received continuous
help for her learning difficulties. At age 8 years and 3 months, she suddenly
collapsed during a family celebration and died. Prior to this event, she had felt

~eranline a2 Al nud cnsnnnimn had tn o anseer Toase lane din Hlan cereer $e anliAnl
TYAWAUDLL WAL USUUL, U DUV ULLY LiGa 10 GULE J VL VAR QUL LV YYAY W SV,

Since no obvious cause of death had been identified upon autopsy, molecular
testing initially focussed on cardiac arrhythmias, but revealed normal results.
Consanguinity of the parents prompted us to analyse a clinical exome for
homozygous mutations in genes with likely effects on cardiac and muscular
function. We detected a homozygous (71S/ trameshitt mutation, which we
regard: as disease causing in this patient. We will discuss this case with respect

‘ - to the literature.




Ar4B1 MUTATIONS CAN INDUCE HIFPUCAMPAL HYPEKSENSITIVITY iU
. FEBRILE SEIZURES
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Lhe A~48! gene located on chripis.Z encodes Ior a subunit of a heterotetramenc adapter-
like complex 4, involved in targeting protems from the trans-Golgi network to the endosomal-
lysosomal system. To date, 25 patients from 19 families were reported with pathogenic
homozygous or compound heterozygous variants in 4AP4BJ. Psychomotor delay, hypotonia,
febrile seizures prior age 1, then progressive hereditary spastic paraplegia with loss of the
ahility to wnll alone’ after age 4 and ultimately moderate intellectnal dicability, are the key
features of this rare neurodevelopmental disease. Brain imaging usually shows thin corpus
caltosum, delayed myelinisation and ventriculomegaly. '

Here, we report a boy with an evocative clinical course: severe neurodevelopmental delay,
febrile seizures beginning at 9 months of age followed by the occurrence of a spastic
paraplegia at age 8. Using multi-gene panel sequencing, we identified 2 new nonsense
homozygote vanant ¢ Y85A>1 (p-Lys329%) m exon > of Ar451{ confirming our cihmical
diagnosis. Surprisingly, repeated brain MRI showed an obvious bilateral hippocampal mesial
sclerosis that appeared between age 4 and 6, Nothing was known about association between
AP4BI mutation and hippocampal mesial. sclerosis. Most reported patients had febrile
seizures (12/25 patients), some evolving in partial or generalized tonico-clonic or myoclonic
epilensy. Claccical fehrile caimirae including those acsociated with Diravet cyndrome do not
induce hippocampal mesial sclerosis. Up to now, no molecular causes have been related to
hippocampal mesial sclerosis. Our patient developed an obvious hippecampal mesial sclerosis

over time suggesting a high sensitivity of hippocampus to febrile seizures in a context of
- AP4BI mutation. This suggests that AP4B/ mutations can induce hippocampal
hypersensitivity to febrile seizures and cause hippocampal mesial sclerosis.
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Loss-ot-tunction variants in PLK4, encoding a Key regulator of centriole
duplication, cause autosomal recessive microcephaly and chorioretinopathy
2 (MCCRP2). Currently, only 13 cases from six families have been reported
harboring four recessive variants, F ollowing whole-exome sequencing
analysis in 61 microcephalic cases, we identified novel causative PILK4
variants in two aborted sib fetuses and an additional unrelated child. In the
two fetuses, we found a nonsense variant and a serine substitution in
compound heterozygous (CH) state, which the latter likely creates an
additional phosphorylation site in the phosphodegron element of PLK4,
leading io reduced proiein level via dcceleraied auiodesiruciion. Auivupsy
examination of the fetuses revealed white matter neuronal heterotopia and

- cerebellar vermis h

ypoplasia in one, and absence of corpus callosum in the
" other, apart from facial dysmorphism and microcephaly. Additional
physical anomalies included 2-lohed right lung and accessory spleen, which
have not been previously reported in MCCRP2, Furthermore, we identified
{likely) pathogenic CH variants in the unrelated child, presenting with
primary microcephaly, facial dysmorphism and moderate speech delay,
Brain MRI showed simplified cortical gyri, dysplastic corpus callosum, and
novel finding of large cerebellum-braia stem relative to the supra tentoria
region. Considering our cases and those previously reported, we
consistently observed simplified gyri, abnormal corpus callosum and

neuronal heterotopia, suggesting the importance of PLK4 in the regulation

‘of neuronal migration. Moreover, we reporta novel MRI finding as well as

additional organ anomaties in MCCRFZ, and describe the first deleterious
missense variant located in the phosphodegron element outside the main
PLK4 domains.
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1he SPELLLL protein piays a roie in adnerens junctions nvoived i cell adhesion, actin cyioskeieton
organization, microtubule stabilization, spindle organization and cytokinesis. It modulates PI3K-AKT
signaling and controls cranial neural crest cell delamination during facial morphogenesis. SPECC1I,
causative variants were first identified in individuals with oblique facial clefts. Recently, causative variants
* in SPECCI1L were reported in a pedigree reported in 1988 as Opitz GBBB syndrome. Six families with
SPECC1L variants have been reported sofar. We report. here eight further pedigrees with SPECC1L
variante including 2 thras-ganaratian family and a furtherindividual nfa previmuely nublichad famihr
We discuss the nosology of Teebi and GBBRB, and show that SPECC1L syndrome is cinically like Teebi
syndrome. Although the phenotype of individuals with SPECC1L mutations shows overlap with Opitz
syndrome in its craniofacial anomalies, the canonical laryngeal malformations and male genital anomaljes
are not observed. Instead, individuals with SPECCL1 variants ‘have branchial fistulae, omphalocele,
diaphragmatic hernias, and uterus didelphis. We also point to the clinical overlap of SPECC1L syndrome
with mild Baraitser-Winter craniofrontofacial syndrome: they share similar dysmorphic features (wide,
short nose with a large up, clefi Up ana palate, blepharoptosis, metopic ridging and retrognatniaj,
although intellectual disability, neuronal migration defect, and muscular problems remain largely specific
to Baraitser-Winter syndrome.
In conclusion, we suggest that patients with pathogenic variants in SPECC1L should not be described as

“dominant (or type 2) Opitz GBEB syndrome”, as they lack certain key features of GBBB, and instead
should be referred to as “Teebi or SPECC1L-related syndrome”.

[
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A chnical classinication ror Cuus Laxa synaromes, supported by Electron
Microscopy
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Background
Cutis laxa (CL) syndromes are 2 heterogeneous group of multisystem disorders that share a looss, redundant skin

as a common feature reflecting elastic fiber (EF) deficiency. The pathogenesis of each of the CL subtypes is

different but affects elastogenesis. Hower}er, light microscopy of the dermis is non-discriminative and the

renenfly ahaarved vast malernlar hefemgﬂneify mitipates the alinical validity and nracticality of the corrent

classification, based on the mode of inheritance and systemic involvement.

. Aims

We aim to classify the CL subtypes by means of a simple flowchart and to evaluate correlations between EF
ultrastructural morphology (as evaluated by transmission electron microscopy)-and clinical preserrtatzon

Resulis

Following literature review, we developed a 7-step flowchart to classify the CL subtypes. As a proof of
principle, we systematically evaluated 86 CL patients from our in-house database and could allocate 95% of
patients to the right gene. We performed transmission electron microscopy in skin blopmes of all CL subtypes
and fonnd diseriminative and snecific findings that eorrelate with the main nreqen‘rmo symntoms {emnhveems

arterial tortuosity, skeletal defects/mental disability with or without intrauterine growth retardation/cataract).

Moreover EF ultrastuctural morphology reflects the mvolved molecular pathogenesrs and provides new insights
in elastic fiber biogenesis.

Conclusion

vur novel nosology of the UL syndromes provides 4 praciical approach [o the broad ditferential dragnosis or CL

- syndromes. The classification forms a basis to integrate the clinical presentation with the pathogenesis and

ultrastructural EF defects and might bode for new management guidelines and therapeutic approaches (Grant
Reference BOF0IN04516).
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Kabuki syndrome (KS) was first described as a distinct syndrome by Niikawa et al [1981] and Kuroki et al
[1981], and has over the course of time become a well-recognized multiple congenital anomaly/intellectual
disability syndrome. Hailmarks in clinical recognition in an individual are/were early hypotonia, developmental

. delay/intellectual disability and facial features with long palpebral fissures and eversion of the lateral lower
eyelid. ’
In 2010 heterozygous. pathogenic variants in KM7T2D (NM_003482.3; previously known as MLL2) were reported
as a cause of KS. Two years later KDM64 (NM_001291415.1) was identified as a second gene.

The Maastricht UMC is recognized national Expertise Center for Kabuki syndrome.

Gver the fast couple of years part of our rosearch focuscd on growth and the cffoct of Growth Hormone (GH)
treatment. We studied the linear growth in as much male and female individuals with the syndrome, Postnatal
growth retardation was a cfinfcal feature in most cases, Studying the body proportions in K8 reveaied thar these
children had larger heads and longer arms proportional to their trunks and longer upper arms proportional to their
tibia length and feet. Sitting height versus height was equal to the normal population.

We also looked at growth hormone stimulation tests in relation to the 1GE-1 values. Twenty-eight percent of the
- K8 children had a fack of GH response, but none of these children had an abnormal IGF-1 level. Although, GHD
in K5 is described in the literature, this seems not to be the main course of the short stature,

The growth resﬁonse after one~year GH treatment in prepubertal K§ children showed an increase in height
standard deviation score (SDS) for the whole group from -2.40 to -1.69 (P<0.05). The mean IGF-I SD§

increased from -0.70 (& 1.07) to 1,41 (2 0.91) (P<0.05) after 12 months. These results justified GH treatment in
KS children,

Observing the metabolic effects of GH treatment, energy expenditure and body composition was measured. The
Total Energy Expenditure (TEE) showed a significant increase (P<0.01) already afier 6 weeks of treatment. -
Similar increases were also evident with the fat free mass rising from 15.9 (26.4) kg to 17.1 (&5.8) kg (P = 0.01).
Children with a reduced GH secretion during GH stimulation tests had the highest increase in TEE. Conchiding,
our study shows that GH treatment in KS children significantly improves height, body composition and energy
expenditure,

Baseline metabolic profiles demonstrate no cardiometabolic abnormalities in these children. During GH
treatment this metabolic profile remained normal and showed positively influences on lipid and (apo)lipoprotein.

We saw no important side effect of the treatment and conclude that the treatment is save.

Follow up studies are pending, and further strdies will be continued.

REUE—
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DE NOVO MISSENSE VARIANTS IN RHOBTB2 CAUSE A DEVELOPMENTAL AND
EPILEPTIC ENCEPHALOPATHY IN HUMANS, AND ALTERED LEVELS CAUSE
, NEUROLOGICAL DEFECTS IN DROSOPHILA
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While the role of typical Rho GTPases and other Rho-linked proteins in Synaptic
plasticity and cognitive function is widely acknowledged, the role of atypical
RhoGTPases such as RHOBTB2 in neurodevelopment has barely been characterized.

We now identified de novo missense variants clustering in the BTB-domain encoding
region. of RHOBTB2 in ten individuals with a developmental and epileptic
encephalopathy, characterized by early onset epilepsy, severe inteilectual disability,

postnatal microcephaly, movement disorders and in several individuals by (post-ictal}

hemiparesis and secondary MRI anomalies. ' :

RHOBTB?2 interacts with a cullin-dependent ubiquitin ligase complex and thus regulates

auto-ubiquitination and recruits other Substrates to the complex. Though direct
intcraction of mutant RHOBTE2 with CUL3 did not appcar to be impaired by co-

immunoprecipitation, we observed increased levels of mutant RHOBTB2 compared to

wildtype 24 hours after transfection of HEK293 cells. Abolishing this effect by adding a

proteasome inhibitor indicates decreased degradation of mutant RHOBTBZ in the

proteasome, probably due to impaired ubiguitination.

Similarly, elevated levels of the Drosophila ortholog RhoBTB in vivo were associated

with seizure susceptibility and severe locomotor defects, while knockdown of RhoBTB

resulted in no or only very mild phenotypes. Knockdown of RhoBTB in the Drosophila

dendritic arborization neurons, however, resulted in a significantly decreased number of

dendrites, thus suggesting a role of RhoBTB in dendritic development.

We establish missense variants in the BTB domain encoding region of RHOBTB2 as

Causative for a developmental and epileptic encephalopathy and . elucidate the role of

atypical RhoGTPase RhoBTB in Drosophila neurological function and possibly for

dendrite development, |




A new homozygous missense mutation in SLC1047 involved in Syndromic Al
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Enamel formation requires a complex and sensitive process involving a fine regulation of
gene expression, where the mutation in a number of genes can lead to enamel defects,
Amelogenesis imperfecta (AD) is a heterogeneous group of rare inherited disease presenting
with defects in dental enamel. More than 30 genes have been reported to be mvolved in Al
and new genes are continuously beitg discovered (dmith et ai. 2017). AT can be an isolateq
finding or occur in association with other clinical anomalies as part of a syndrome, Whole-

presented with an intrauterine growth retardation, proportionate dwarfism, macrocephaly,
blue sclerae, and hypoplastic Al We identified 2 homozygous missense mutation in exon 11
of SLCI0A7 (NM_001300842.2- c908C&et: T pPro303Teu) segregating with the disease
phenotype. We confirmed by in situ hybridization on mouse embryos that Slc/0a7 transcripts
were expressed in the epithelial part of the developing tooth, in bones undergoing ossification,
and in vertebrae. We show that patient phenotypes could be related to an ectopic calcium
distribution in cells. We also demonstrated by western blot analysis that SLCI10A7 is
overexpressed in patient fibroblasts compared to controls. Splice, stop, and missense
muiations in exons 3 and 4 of ihe SLCiG47 gene were recentiy described o cause a similar

skeletal phenotype (Ashikov et al., 2018, Dubail et al, 2018) . We reported the case of 3
patient with the first identified Slcl0a7 missense mutation occurring at the end of the protein,
Our results show a milder phenotype compared to previously described syndromic Al when
this gene is mutated. Tn conclusion, those findings are important to highlight that the
Phenotype resulting from a mutation in SLC1047 could vary in sevetity depending on the type

and the position of the mutation. This information will improve diagnosis of patients affected
by this syndrome.

Ashikov, A, Abu Bakar, N., Wen, X.-Y., Niemeijer, M., Rodrigues Pinto Osorio, G., Brand-Arzamendi, K, et
al (2018). Integrating glysomics and genomics uncovers SLOT0AT 2 ceeential factor for bone mineralization by
regulating post-Golgi protein transport and glycosylation. Hum. Mol Genet doi:10.1093/hmg/ddy213,
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Cormier-Daire, V. (2018) SLC10A7 mutations cause a skelets! dysplasia with amelogenesis imperfecta mediated
by GAG biosynthesis defects. Accepted, Nature communication,

Smith CEL, Poulter JA, Antanaviciute A, Kirkham J, Brookes $J, Inglehearn C¥, Mighell AJ. 2017

Amelogenesis imperfecta; genes, protems, and pathways. Front Physiol. 8:435.

et aim




THE FIRST CASE OF PAPILLARY THYROID CARCINOMA IN A PATIENT WITH
' SYNDROMIC FORM OF PRIMORDIAL DWARFISM
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Dr Alsazia M Money (Alsazia — the Italian word for Alsace, former region in Eastern France)
is an anagram of a rare form of autosomal recessive microcephalic primordial dwarfism.' To
date, no more than 15 cases have been reported, the majority of them of Saudi Arabian origin.

Tha nnnditian 10 aharantariead her alvirt ctnfirrn intallantinl Adicnhilitr and dictinnt Avrarm i n
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facial features (coarse face, short down-slanting palpebral fissures, thick everted lips,
micrognathia, and microcephaly). Other reported features include skeletal findings (e.g.
scoliosis), involuntary hand movements, hypersensitivity to stimuli and behavioral problems,
such as anxiety. '

The third child of non-consanguineous Italian parents presented with low birth weight and
cryptorchidism. At the age of 9 months, he developed a tremor of the hands and feet, which
remains present to date. He presented coarse face, delayed psychomotor development
(autonomous walking at 2 years, poorly developed language), intellectual disability,
behavioral disturbances and short stature. His final height and weight are well below 3°
centile. :

At 4o non Af T8 wranen ha wamnn neveendad ne Lae snss aeer thaereet nnrnde aean TTITN
£33 BV LS WL 1o YWULG, LW VYo UPVIGue Uil Lox POPLLLLY MEFIVIM VULV (3 L

Whole exome sequencing and subsequent segregation analysis revealed two variants in

compound heterozygosity in the 7PRAL (anagram!) gene:. paternally inherited

¢.[892 895dupAGCA] p.(Ser299Lysf5#4), and maternally inherited
[1087_1091delCATAA](His363Argfs*4). None of the variants have been reported to date.

In accordance with early development of PTC in our patient, a Chinese group recently
published an article in which they reported significantly downregulated expression levels of
7PRAL (anagram!) in a series of PTC tissues and cell lines.?

Litearsture  Our patient -

Motor deveiopmental delay 14/14 +
1] 14/14 +
Shart stature 13114 +
Microcephaly T4 -
Low weight 13/13 +
Facial features :
Triangufar face i1/:5 %
Prominert fochead 14/14
- Deep-seated eyes 13/13 +
M Narrow palpebral fissures 9/13
s Sparse eyebrows 10/12
. Broad nose iaf14 +
3 Low-set ears 7/13 +
A Wide mouth 13713 +
bt Full lips 5/13 ¥
: Widely spaced teath 10713 - +
b Malar hypaplasia 11/13 I
= o Strabismus 4/12
:4,, S Scoliosis 31z . *

References :  1:10.1002humu.22175 2 - 10.3883/mmr 201 5.8856 -
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