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To the editor:

Lamb—Shaffer syndrome (LAMSHF) is a neurodevelopmental disorder caused by heterozygous loss
of function genetic alterations in SOX5, which result in haploinsufficiency (Lamb et al., 2012;
Zawerton et al., 2019a). SOX5 maps on chromosome 12p12.1 and is part of a multigenic family
encoding for transcription factors that contain a high-mobility-group (HMG) domain, like that of
SRY protein (Schepers et al., 2002). It is now recognized that the SOX family plays pivotal roles in
many developmental and pathological processes by governing cell type-specific genetic programs,
which drive many crucial biological processes, including sex determination, neurogenesis, and
skeletogenesis (Kamachi and Kondoh, 2013). In humans, pathogenic variants in several SOX genes
were shown to cause developmental disorders (reviewed in Angelozzi and Lefebvre, 2019). Besides
SOX35, specific neurodevelopmental diseases were recently associated with pathogenic variants in

SOX4 and SOX11 (Hempel et al., 2016; Zawerton et al., 2019b).

Clinically, LAMSHF syndrome is mainly characterized by developmental delay, speech delay,
intellectual disability, and behavioral disturbances, with other corroborating features such as
ophthalmologic and skeletal abnormalities (Zawerton et al., 2019a). The clinical spectrum is broad,
without clear genotype-phenotype correlations. Different types of SOX5 alterations were described,
including intragenic deletions, larger 12p12 deletions, reciprocal translocation with breakpoint
within SOX3, truncating variants, and missense variants which clustered in the HMG domain (Lamb

et al., 2012; Nesbitt et al., 2015; Fukushi et al., 2018; Zawerton et al., 2019a).

We report clinical and molecular data of six individuals from four families, carrying SOX5
alterations. Written informed consent for genetic studies and for inclusion in the study was obtained
from parents/guardians according to local ethic agreements. The data that support the findings of

this study are available from the corresponding author upon reasonable request.



Four subjects (Ia, Ib, II and III) harbored a SOX5 deletion detected by chromosomal microarray
analysis (SurePrint G3 ISCA v2 CGH 8x60K, Agilent Technologies) (Table 1). These deletions
range in size from around 50 to 300 kb and involve different breakpoints; they are restricted to
distinct segments of SOX5 always including the HMG DNA-binding domain. The deletion
identified in patient III was de novo, while for patient II we could only exclude maternal
transmission; the father was reported healthy but he was not available for the test. qQPCR analysis of
patient Ic (father of Ia and Ib) suggested a possible mosaicism for the deletion, with copy number
ratio between test and reference DNAs of about 0.8. The DNA of patient Ic was further analyzed
through array-CGH: the average log2ratio value of the altered oligonucleotides in SOX5 region
allowed to estimate a 35% of cells with the deletion, according to the formula proposed by Valli et
al. (2011). Only DNA from peripheral blood was tested. Finally, we found the ¢.1672C>T:
p-Arg558Cys (NM_006940.6) heterozygous missense variant in patient [V by clinical exome
sequencing (SOPHiA exome solution, 4,490 genes, February 2020), performed after chromosomal
microarray analysis. The variant was de novo and absent in gnomAD (ver2.1.1). The arginine 558 is
located in the HMG domain and affects a residue which is highly evolutionary conserved in SOX3,
not only in vertebrate orthologs but also in distantly related species such as D.melanogaster and
C.elegans, and in human SOX protein paralogs. The variant is reported in ClinVar database

(https://www.ncbi.nlm.nih.gov/clinvar; code VCV000806852.4, likely pathogenic). Furthermore,

both SRY (p.Arg62Gly and p.Arg62Pro) and SOX10 (p.Argl06Trp) variants in residues equivalent
to the one affected in this subject were shown to cause disease (Affara et al., 1993; Buonocore et al.,
2019; Chaoui et al., 2011). Overall, using ACMG criteria, we classified the ¢.1672C>T:

p-Arg558Cys variant as likely pathogenic (Richards et al., 2015).

Clinical features of our cases are summarized in Table 1. Patients Ia and Ib are adult brothers with
overlapping phenotype. Patient [a was born at term after a pregnancy complicated by the threat of

premature birth at the 6 month. Biometric measurements at birth and in the first year of life were


https://www.ncbi.nlm.nih.gov/clinvar

normal; afterwards he presented a growth delay. He suffered several episodes of febrile seizures up
to the age of 3 years, and he undertook pharmacological therapy; EEG highlighted multifocal
discharges in Rolandic, parietal and temporal regions, associated with frequent paroxysmal
phenomena. Brain MRI did not reveal any anomalies. He showed a global developmental delay:
autonomous walking was acquired after 5 years of age and he had a gait disturbance. Speech delay
was severe and the language remained remarkably simple. He showed behavioral problems with
episodes of aggression/temper tantrums; at the last examination (age 35 years), despite having
reached primary autonomies, he presented severe intellectual disability with behavioral disturbances
that worsened over time. His adult stature was 160 cm (-2.3 SD), well below his target height of
173 cm. Facial dysmorphic features also changed over the years (Figure 1): as a child, he had
triangular face, thin nose and lips, narrow palate, prominent upper central incisors; at the last
clinical evaluation, he showed relative microcephaly (52.2 cm, -2.0 SD), broad forehead, triangular
face, strabismus, very narrow palate, gingival overgrowth with upper arch teeth protrusion, thin

upper and full lower lip, prominent chin and protruding ears.

Patient Ib never came personally to our attention. The clinical course was reported as similar to his
older brother. Pregnancy and birth were uneventful and he had no growth delay. According to
medical records, he presented with absence-type epilepsy for which he undertook pharmacological
therapy, with good control of seizures; EEG highlighted bi-central predominantly multifocal
anomalies and widespread sleep-activated anomalies; brain MRI revealed areas of altered white
matter intensity of uncertain interpretation. He had strabismus. Developmental delay was severe:
autonomous walking was acquired at 19 months of age and broad-based gait and motor stereotypies
were reported during childhood. Language remained poor, he showed severe behavioral problems
which worsened over time with increasingly frequent outburst of aggression and, at the age of 30,
was in an Institution for persons with intellectual disability. Facial features were evaluated thanks to

the pictures provided by his family: when he was a child, he had a thin nose and upper lip, wide



open mouth, prominent upper central incisors and protruding ears; at the age of 30, he had
microcephaly, high forehead, gingival overgrowth with upper arch teeth protrusion, prominent chin

and protruding ears.

Their father (patient Ic), 65 years, was born at term after an uneventful pregnancy, main stages of
psychomotor development were reached with mild delay; he dropped out of school when he was
only 8 years old. He showed severe psychiatric problems; specifically, mild intellectual disability
with dysthymic and personality disorder and behavioral problems were diagnosed. He never had
seizures. Over the years, he was hospitalized several times for psychotic episodes and aggressive
behavior. He left the family and was a homeless man for some years; currently, he is in the care of
Social Services. At clinical evaluation, his height was normal (178 cm) and he had no significant

facial dysmorphism.

Patient I1, a 15-year-old girl from Romania, was born preterm (34™ week of gestation) with a birth
weight of 2200 g. As a newborn, she was hospitalized due to poor growth and feeding difficulties
for one month. Main stages of psychomotor development were reached with delay: autonomous
walking was possible at the age of 2 years, sphincter control after 3 years; she presented with
speech delay and subsequent evidence of language dyspraxia. At 3-4 years, she showed critical
episodes of doubtful nature, characterized by labial cyanosis and impaired state of consciousness.
She came to Italy at the age of 7 years. Mild intellectual disability, speech disorder and attention
deficit hyperactivity disorder were diagnosed. She also showed behavioral problems characterized
by motor restlessness, oppositional behavior, poor tolerance to frustrations and outbursts of
aggression. EEG and brain-MRI did not reveal significant anomalies. She also showed mild
hypotonia, hypermetropic astigmatism, scoliosis and hypothyroidism. At clinical evaluation, she

had normal height and no significant facial dysmorphism.



Patient III, a 27-year-old man, was born at 36 weeks of gestation due to untimely rupture of the
membranes and had a neonatal distress. He showed epilepsy for which he undertook
pharmacological therapy; EEG highlighted short diffuse discharges of SW complexes, better
represented on the right regions; brain-CT revealed mild asymmetry of the occipital horns. Main
stages of psychomotor development have been reached with delay and at last examination he
showed moderate intellectual disability. At clinical evaluation, he had short stature (160 cm), right-
angle scoliosis, hypertrichosis and peculiar craniofacial features such as microcephaly, wide upper

central incisors, low anterior hairline, bilateral ptosis, synophris, strabismus.

Patient IV, a 3-year-old child, was born at term after an unremarkable pregnancy. Biometric
measurements at birth were normal and no neonatal issues were reported. He showed a global
developmental delay: sitting position was acquired at 14 months, autonomous walking at 24
months, and the language at the last evaluation (3 years and 6 months) had not yet been acquired.
Brain-MRI revealed thinning of corpus callosum. At the last clinical evaluation, he presented with a
height of 101 cm (72 centile, +0.57 SDS), weight of 17 Kg (80'" centile, +0.84 SDS), OFC 48 cm
(10™ centile, -1.26 SDS), ear length 6 cm (>+2 SDS) and some peculiar craniofacial features such

as bitemporal narrowing, strabismus, macrotia, tubular nose with bifid tip and micrognathia.

Limited information is often available on adult patients with rare disorders. We note that epilepsy is
common in LAMSHF syndrome, but generally drug-responsive, and adult patients tend to be
seizure-free. On the contrary, behavioral abnormalities (including an aggressive behavior) are
common and worsen over time, often leading to a loss of independence. A timely social
intervention is thus warranted. Facial dysmorphisms also evolve over time, as we observed in
siblings Ia and Ib, for which we were able to collect photos from early childhood to adulthood
(Figure 1): both had a triangular face as children, with thin nose and lips, large upper central
incisors and protruding ears, while facial features tend to become coarser in time and they

developed microcephaly with high and broad forehead, gingival overgrowth with upper arch teeth



protrusion, prominent chin. Our study also allowed the delineation of extra-neurological features,
which are common but heterogeneous. Three patients had scoliosis and three had growth
retardation, which is usually mild, although two of these patients had short stature in adulthood.
Ophthalmological abnormalities are common (strabismus, pale papilla, hypermetropic astigmatism),

as already reported.

The clinical spectrum of LAMSHF syndrome is wide, without clear genotype-phenotype
correlation; the genetic background and/or environmental factors are likely to modulate the
penetrance and degree of disease severity. Even patients with recurrent variants exhibited clinical
variability, but this is not unexpected, given that haploinsufficiency is the accepted pathogenic
mechanism. Patients with missense variants in the HMG-domain tended to have milder language
deficits (Zawerton et al., 2019a), however, the number of affected individuals did not allow to draw
firm conclusions. We report one single patient with an HMG-domain missense variant, who was
non-verbal at the time of the last evaluation (three and a half years old). Further factors to consider
in clinical variability are coinheritance of a distinct genetic defect (Quintela et al., 2015), and
mosaicism, which is relatively frequent in LAMSHF syndrome (at least 14% in Zawerton et al.,
2019a) and can be identified in unaffected parents or in patients with less penetrant disease. Most
individuals with LAMSHF syndrome harbor SOX5 de novo variants searched in blood, which does
not exclude mosaicism in other tissues. It would be interesting to compare the clinical severity in
children of mosaic parents versus patients with de novo variants, but a large patient cohort would be
needed. Nevertheless, mosaicism is likely underestimated (Liu et al., 2020) and represents a big
issue for genetic counseling and mental health as it is nicely illustrated in family 1 in the present
study. Severe intellectual disability was present in two brothers born to apparently healthy parents;
at closer inspection, the father was reported to suffer serious psychiatric health issues from
childhood and was found to carry the SOX5 deletion in a mosaic state. Improvement of genetic

methodologies for the detection of mosaic variants will likely allow the identification of mutations



causing seemingly sporadic mental disorders, which could be limited to brain (Yourov et al., 2018),

or involve the germinal line with a risk of transmission (Breuss et al., 2020).

In conclusion, LAMSHF syndrome is a rare and recently described condition which, however, will
likely be diagnosed with increasing frequency thanks to the improvement of molecular analysis
techniques and their widespread application to patients with neurodevelopmental disorders. Many
deletions are small and involve SOX5 only. Clinical relevance can still be difficult to define for
small copy number variants (Magini et al., 2019), and we note that the deletion in patient III was
identified before SOX5 was established as a gene associated to neurodevelopmental disorder, and
was initially classified as likely benign. At the same time, the spectrum and relevance of SOX5
variants, especially if they fall outside the HMG domain, is still uncertain. The description of new
patients is fundamental to increase our knowledge of these disorders, to precisely define molecular
characteristics and clinical phenotype, the evolution over time, comorbidities, and possible

genotype-phenotype correlations.
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TABLE 1
Ethnic
Sex ..
origin
la M Ita
Ib M Ita
Ic M Ita
11 F Rom
11T M Ita
v M Ita

Age at last
examination

(yrs)

35

(30)

65

27

Variant
type

Del

Del

Del

Del

Del

Variant coordinates
(hg19)

chr12:23,589,160-
23,738,179

chr12:23,589,160-
23,738,179

chr12:23,589,160-
23,738,179

chr12:23,685,603-
23,738,179

chr12:23,685,603-
23,979,812

c.1672C>T
(p-Arg558Cys)

Inheritance

Paternal
mosaic

Paternal
mosaic

Mosaic

UK (mother
not deleted)

DN

DN

ID (level)

Yes
(severe)

Yes
(severe)

Yes (mild)

Yes (mild)

Yes
(moderate)

Yes (NA)

Genotype, phenotypic and demographic information for individuals I-IV

Behavioral
abnormalities

Seizures

No

Other
neurologic
features

Gait
disturbance

Gait
disturbance

No

Hypotonia

Brain
findings

None

Areas of
altered
white
matter

intensity

NP

None

Mild
asimmetry
of
occipital
horns

Thinning
of corpus
callosum

Dysmorphic
features

Microcephaly,
triangular face,
broad forehead,
protruding ears,
high and narrow

palate, large
upper central
incisors

Wide open
mouth, large
upper central

incisors,
protruding ears

No

No

Microcephaly,
wide upper
central incisors,
low anterior
hairline, bilateral
ptosis, synophris

Microcephaly,
bitemporal
narrowing,

macrotia, tubular
nose with bifid
tip, micrognathia

Ocular features

Strabismus

Strabismus

No

Hypermetropic
astigmatism

Strabismus,
pale papilla

Strabismus

Abbreviations: M: male; F: female; Ita: Italian; Rom: Romanian; Del: deletion; Mis: missense; ID: intellectual disability; UK: unknown; DN: de novo; NP: not performed; NA: not available

Skeletal
features

Scoliosis

No

Scoliosis

Scoliosis

Other

Mitral valve
prolapse, short
stature

No

Hypothyroidis
m, growth
delay

Short stature,
hypertrichosis



Figure 1. Progression of facial phenotype in patient IA (upper row) and IB (lower row) from
childhood to adulthood [Color figure can be viewed at wileyonlinelibrary.com]




