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20 J Med Gener 1994;31:20-32

Original articles

Sotos syndrome: a study of the diagnostic
criteria and natural history

Table 1 Conditions in which generalised or regional
overgrowth may be present.

Weaver—Smith syndrome’*
Marshall-Smith syndrome”®
Simpson—Golabi—-Behmel syndrome™®
Ruvalcaba-Myhre-Smith syndrome® "’
Perlman syndrome’’ '?
Beckwith-Wiedemann syndrome’’ '
SanFilippo syndrome"

Proteus syndrome' '’

Marfan syndrome'®

Klinefelter syndrome'®

Trisomy 8 mosaicism®™

Fragile X syndrome®
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20 J Med Gener 1994;31:20-32

Original articles

Sotos syndrome: a study of the diagnostic
criteria and natural history

T R P Cole, H E Hughes

Table 2 Protocol for categorising patients.

First assessment: Second assessment :
facial gestalr alone facial gestalt plus datra*
Group 1 Group 1

Definitely Sotos Definitely Sotos
Group 2 Group 2

Possibly Sotos Possibly Sotos

Group 3 Group 3

Definitely not Sotos Definitely not Sotos

* Data provided on height, head circumference, developmental
milestones, and bone age.
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Original articles

Sotos syndrome: a study of the diagnostic
criteria and natural history

T R P Cole, H E Hughes

Table 3 Patient categories.

Scoring on Rescored with data® ro
gestalr
alone Group 1 Group 2 Group 3
Group 1 41 40 1 —
Group 2 16 — 7 9
Group 3 22 - 3 19
Total 79 40 11 28

* Data provided on height, head circumference, developmental milestones, and bone age.
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Caratteristiche essenziali

(presenti 290%)

Facies tipica
Disabilita intellettiva
I[peraccrescimento

Caratteristiche frequenti(presenti 15%-89%)

Disturbi comportamentali

Eta ossea avanzata

Cardiopatia congenita

Anomalie cerebrali

Iperlassita ligamentosa / piattismo plantare
Preeclampsia materna in gravidanza
Complicanze neonatali

Anomalie renali congenite

Scoliosi

Epilessia/ convulsioni febbrili
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American Journal of Medical Geneties 134A:247-253 (2003)

i alysis of the NSD1 Gene in a Group of
99 Patients With Congenital Overgrowth
M. Cecconi,' F. Forzano,! D. Milani,? S. Cavani,' C. Balde,! A. Selicorni,” C. Pantaleoni,” M. Silengo,* G.B. Ferrero,*

G. Scarano,” M. Della Monica,” R. Fischetto,” P. Grammatico,’ S. Majore,” G. Zampino,” L. Memo,”
E. Lucci Cordisco,' G. Neri,'” M. Pierluigi,' F. Dagna Bricarelli,’ M. Grasso,' and Francesca Faravelli'#

hephienotypic characterization of patients with a Timortas

SD1 genotype suggests that the most consistent finding in
Setas syndrome 15 repres.ented by the typical faclal gesta
(Fig. 2), I Gesocates Lk bla nussPer-of Tdditional
majﬂrcrlterm Inour series, ahm h e 97th centilewas

absent in five mut @

cephaly in two fone age was not
significantly advaneeorthree, and corresponded to chron-

ological age in twd(5/17, 30%). I is of interest to mention that,
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Mutation Analysis of the NSD1 Gene in a Group of
59 Patients With Congenital Overgrowth

M. Cecconi,' F. Forzano,' D. Milani,” S. Cavani,' C. Baldo,' A. Selicorni,” C. Pantaleoni,” M. Silengo,* G.B. Ferrero,*

TABLE III. Clinical Manifestations in Patients With NSD1 Aberrations

Age at last Facial Height Advanced Developmental Orthopedic  Genitourinary MRI
Patient Mutation Sex  control  gestalt =9Tth Macrocephaly bone age delay Seizures Heart defect features abnormalities Other abnormalities
1 4497G = C M 4 years Sotos - + —I+ — - - - np
4 months
2 5500G = C F 9 years Sotos + + + - - ASD - - - VM, HyCC
Chiari I
3 IVE19+ 1delGTAA F 10 years Sotos + + + + — ASD — + — -
4 1697delG M 1year Sotos - - + +f— - ASD - - - -
8 months
5 2386delGAAA F  7years Sotos + + + + + ASD, V3D, Flat feet - - VM
1 month PDA,CoA
6 2386del GAAA M 13 years Sotos + + - +—- + - Flat feet, - - -
scoliosis
7 2407delC M 9 years Sotos + + + +/—- — - — - - VM, HyCC
6 months
8 3062delG M 4 years Sotos + + + + - — Severe pectus + — VM, HyCC
7 months excavatum,
scoliosis
9 4773delTA M 11 years Sotos + + + +/—- - — - - — —
10 TalddelA M 7 years Sotos + + - + - PDA ASD, Bilateral - Inguinal hernia M
5 months right branch tibia vara
block
11 1318C =T F 3 years Sotos + + e - - — - + — np
5 months
12 1894C =T F 7 years Sotos + + - - - — Scoliosis - — -
13 5950C =T F 4 years Sotos - + + + - ASD Abnormal - Hypothyroidism VM
10 months vertebral body
D7
14 1727insA F 6 years Sotos — + + +/— + — Left hand — — VM
6 months post-axial
polydactyly
15 2516-Tdel TGins13 F 8 years Sotos - - + + - ASD Seoliosis - - np
6 months
16 2943-4insT M 2 years Sotos + + —I+ + — - — - - np
17 Deletion M 9 years Sotos - - + + - - - - - HyCC

ASD, atrial septal defect; V8D, ventricular septal defect; PDA, patent ductus arteriosus; CoA, aortic coarctation; np, not performed; VM, ventriculomegaly; HyCC, hypoplastic corpus callosum.
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Am. J. Hum. Genet. 77:193-204, 2005

Genotype-Phenotype Associations in Sotos Syndrome: An Analysis of 266
Individuals with NSD1 Aberrations

We identified 266 individuals with intragenic NSD1 mutations or 5935 microdeletions encompassing NSD1 (referred
to as “NSD1-positive individuals™), through analyses of 530 subjects with diverse phenotypes. Truncating NSD1
mutations occurred throughout the gene, but pathogenic missense mutations occurred only in functional domains

(P<2 =x 107 '). Sotos syndrome was clinically diagnosed in 99% of NSD1-positive individuals, independent of
the molecular anal}'cating that NSD1 aberrations are essentially specific to this condition. Furthermore,
]

our data suggest tha f patients who have been clinically djagagsed with Sotos syndrome have identifiable
NSD1 abnormalities, 0] icare infragenic mutations anre 5935 microdeletions. We reviewed the
clinical phenotypes of 239 NSD¥—pésitive individuals. Facial dysmorpirism, learning disability, and childhood over-
growth were present in 90% of the individuals. However, both the height and head circumference of 10% of the
individuals were within the normal range, indicating that overgrowth is not obligatory for the diagnosis of Sotos
syndrome. A broad spectrum Df asmclamd c]:mcal features was also present, the occurrence of whlch was largely

independent of genotype ideg 'ca] mutatmns had _di pared the
: Gy | re-a+ig F'anenrs

107"} than paticnts wi : ' eletions were also observed
in patients with mutations, and there was no cﬂrre]atmn between deletion size and the clinical phenotype, suggesting
that the deletion of additional genes in patients with 5935 microdeletions has little specific effect on phenotvpe.
We identified only 13 familial cases. The reasons for the low vertical transmission rate are unclear, although familial
cases were more likely than nonfamilial cases (P = .005) to carry missense mutations, suggesting that the underlying
NSD1 mutational mechanism in Sotos syndrome may influence reproductive fitness.
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Tatton-Brown et al.: Sotos Syndrome Genotype-Phenotype Analyses

Table 3

Clinical Features of Patients with Recurrent NSDT Mutations

197

Table 3 (continued)

Mutation

and Patient 1D

Clinical Feature(s)®

Mutation

and Patient 1D

Clinical Feature(s)®

2386-9delGAAA:

COG300
COGS14
COGS2S
3549-50mnsT:
COGO7S

COG095

5279-82de[TCTG:

COG252
COG2ES
COG453
6596delG:
COGLeS

COG2T2
R440X:
COG198

COG494

ReldX:
COG022
COG054

COG154

Rell1X:
COGORR
COG223

AT 4%

Severe LI, seizures, scoliosis, scaphocephaly

Moderate LD, seizures, ASD, V5D, PDA
Muoderate LD, scoliosis

Severe LI, seizures, complex cardiac
anomaly, duplex kidney, hypercalcemia

Muoderate LD, seizures, scoliosis

LI, ASD, scoliosis
Mild LD, conductive hearing loss
Mild LD

Moderate LD, scoliosis, constipation, fixed
flexion deformity of knees
Mild LI, seizures

No LD, bicuspid aortic valve, left
pyelectasia
Moderate LD, strabismus, hyperlaxity,

Frl.‘EL'LlE CXCavam

Mild LD, seizures, ASD
Mild LD, cardiac anomaly, scoliosis,
strabismus

Severe LD, VS, VUR, GOER,
Iar}l'ngomalacia

Mild LD, seizures, V5D
Moderate LI, scoliosis

C1925R:
COG034
COG144

R1952W:
COG3IT1
COG434

R1984():
COG463

COG464
COG490
COGR2E
Y1997 C
COGI33

COG491
R2017W:

COG308

COGS00

V594 3-6delGAGT:

COG134
COG227

Moderate LD, scoliosis
Mild LD, scoliosis, pectus carinatum,
strabizsmus

Mild LD, hemihypertrophy, hepatomegaly
Severe LD, TGA, scoliosis, cutis laxa

Mild LD, seizures, cardiac anomaly, chiari
malformation

Moderate LD, ASD

Muoderate LD, seizures, scoliosis

LD, eryptorchidism, phimosis

Moderate LD, scoliosis, pectus excavatum,
hypospadias
Severe LI

Mild LI, scoliosis, strabismus

Moderate LD, scoliosis, VUR

Moderate LD, VUR

Moderate LD, seizures, scoliosis, inguinal
hernia, scaphocephaly

NoTE—ASD = atrial septal defect; GOR = gastroesophageal re-
flux; PDA = patent ductus arteriosus; PUJ] = pelviureteric junction;
TGA = transposition of the grear arteries; VSD = ventricular septal
defect; VUR = wvesicoureteral reflusc.

* In addition to dysmorphism and overgrowth. LD = learning

disal:ui]:it]f.
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A Clinical Study of Sotos Syndrome Patients
With Review of the Literature

George Leventopoulos, MD, Sophia Kitsiou-Tzeli, MD, PhD, Konstantinos Kritikes, MD,
Stavroula Psoni, MD, Ariadni Mavrow, PhD, Emmanuel Kanavakis, MD, PhD,
and Helen Fryssira, MD, MSc, PhD

Sotos syndrome is characterized by tall stature, ad-
vanced bone age, typical facial abnormalities, and devel-
opmental delay e associated gene is NSDI. The study
involved Who fulfilled the clinical criteria.
Phenotypic claracteristics, central nervous system find-
ings, and cardiovascular and urinary tract abnormalities
were evaluated. MEH "m’ll'ﬁli on the incidence of cardi-
nal clmlml ] ' T UTeE Tite -

Advanced Imne aA0¢

difference T :
Some patients had serious chmml manifestations, such
as congenital heart defects, dysplastic Kidneys, psychosis,
and leukemia. Clinical and laboratory examinations
should be performed to prevent and manage any unusual
medical aspect of the syndrome. Facial gestalt and
macrocephaly, rather than advanced bone age, are the
strongest indications for clinical diagnosis. © 2009 by
Elsevier Inc. All rights reserved.

Pediatr Neurol 2009:;40:357-364.
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Table 2.

Clinical and laboratory findings in 19 patients with Sotos syndrome (present study)

Characteristic

Age*
Sex
Facial feamres
Prominent forehead
Macrocephaly
Dolichoocephaly
Down slant
palpebral fissures
Hypertelonsm,
epicanthus
Pomted chin
High palate
Premature eruption
of weeth
Developmental
Mental retardation
(severne: 10) < 50)
Psychomotor
retard ation
MNeonatal hypotoma
Growth
Birth weight, g
(gestational age, wk)
Somatometric large
Bone ugui
Bram abnormalines, MR
Unnary malformation
Congenital hean
defect®
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European Journal of Human Genetics (2006), 1-8
© 2006 Nature Publishing Group All rights reserved 1018-4813/06 $30.00

&

www.nature.com/ejhg
In association with Orphaﬂet
Sotos syndrome

Sotos syndrome is an autosomal dominant condition characterised by a distinctive facial appearance,
learning disability and overgrowth resulting in tall stature and macrocephaly. In 2002, Sotos syndrome was
shown to be caused by mutations and deletions of NSD1, which encodes a histone methyltransferase
implicated in chromatin regulation. More recently, the NSDT mutational spectrum has been defined, the
phenotype of Sotos syndrome clarified and diagnostic and management guidelines developed.
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Sotos syndrome
@ K Tatton-Brown and N Rahman
2

Sotos syndrome clinically suspected

[
Y Y

Yes Mo

NSD1 mutation analysis

. ,

NSD1 abnormality detected NSD1 abnormality not detected

!

Sotos syndrome facial appearance
Leaming disability

Overgrowth
v L] v v
Sotos syndrome Sotos syndrome is unlikely
Manage as Sotos syndrome Consider other diagnoses

Figure 1 Diagnostic strategy for individuals in which a diagnosis of Sotos syndrome is suspected.
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Table 3 Conditions that may be considered in the differential diagnosis of Sotos syndrome

Inheritance

Condition OMIM# Clinical features pattern Gene
Weaver syndrome 277590 Tall stature, macrocephaly, advanced bone age, Autosomal Unknown
learning disability, broad forehead with macrocephaly, dominant
hypertelorism, ‘stuck-on’ chin, horizontal chin crease,
metaphyseal changes on X-ray
Bannayan-Riley- 153480 Macrocephaly, learning disability, lipomatosis, Autosomal PTEN
Ruvalcaba syndrome haemangiomatosis and pigmented macules on the dominant
shaft of the penis
Beckwith-Wiedemann 130650 Tall stature, abdominal wall defects, macroglossia, ear Imprinted Abnormalities
syndrome lobe creases, helical pits, visceromegaly, of 11p15
hemihypertrophy, neonatal hypoglycaemia, renal region
abnormalities and embryonal tumours
Simpson-Golabi-Behmel 312870 Pre- and post-natal overgrowth, learning disability, X-linked GPC3
syndrome hypertelorism, downslanting palpebral fissures, recessive
epicanthic folds, short nose, macrostomia,
macroglossia, supernumerary nipples
Benign familial 153470 Macrocephaly in an individual who is otherwise Autosomal Unknown
macrocephaly neurologically normal dominant
Fragile X syndrome 309550 Tall stature, macrocephaly, learning disability, X-linked FMR1
prominent forehead, prominent mandible, mid-face recessive
hypoplasia, large ears, large testes
Marfan syndrome 154700 Tall stature, arachnodactyly, pectus deformities of the  Autosomal FBNI1
chest, mitral or aortic regurgitation, ectopic lentis and dominant
mild joint laxity
Marshall-Smith syndrome 602535 Advanced bone age, increased birth length with Unknown Unknown
subsequent failure to thrive, prominent forehead,
prominent eyes, micrognathia and anteverted nares,
broad proximal and middle phalanges
Nevo syndrome 601451 Pre-natal overgrowth, advanced bone age, Autosomal PLOD1
macrocephaly, large extremities, pedal oedema, wrist recessive

drop, contractures and learning disability
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vpe—-phenotype associations
There is no correlation between mutation position and
linical phenotype and the very broad clinical variabili

S0tos Syﬂdrﬂmmt genutype as cases

with id t clinical

mtfagenic mutations and also tend to have less pro-
<;n.Q1ZI'1CEd overgrowth.'” This is likely due to the gE£>
effects of microchromosomal defects that are typically
associated with learning disability and short stature
throughout the genome.? There is no evidence that
deletion of neighbouring genes in 535 microdeletion
cases has any specific effect on phenotype and all features
observed in microdeletion cases have also been reported in

# # # # # # # r?
individuals with intragenic NSDI mutations.'%*




Conclusioni

S. Sotos malattia AD, penetranza 100%

Casi Sporadici, (casi familiari rarissimi)

Mutazioni in NSD1 sono presenti nel 70 - 93% dei pazienti con s. Sotos
NO hot spot di mutazioni

Ad oggi mai riscontrati casi di mosaicismo gonadico; RR < 1%

NO mutazioni NSD1 in pazienti con iperaccrescimento ma senza caratteristiche cliniche
facciali.

Mutazioni in NSD1 in pazienti con tipiche manifestazioni facciali ma senza
iperaccrescimento o macrocefalia.

Mutazioni/microdelezioni nel gene NSD1 sono altamente specifiche del fenotipo Sotos.
Mai riscontrate in iperaccrescimento aspecifico.

Una Check list accurata con rigorosi criteri clinici per I'accesso al test potrebbe fornire
una guida utile per migliorare I'appropriatezza del test genetico.

M. Grasso, E.O. Ospedali Galliera, Genova




Ricerca nelle malattie rare

LA SCALATA VERSD LA CURA

&
4 %

__ CURA O
: o f
| Studi farmacologici IE& {3 -

| Studi funzionali tessuto specifico -l::; | -vl

Riprogrammazione in Cellule staminali [> \

e S—

M. Grasso, E.O. Ospedali Galliera, Genova

Epilessia ereditaria
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