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Abstract

Sotos syndrome is an overgrowth condition characterized by cardinal features including excessive
growth during childhood, macrocephaly, distinctive facial gestalt and various degrees of learning
difficulty, and associated with variable minor features. The exact prevalence remains unknown but
hundreds of cases have been reported. The diagnosis is usually suspected after birth because of
excessive height and occipitofrontal circumference (OFC), advanced bone age, neonatal
complications including hypotonia and feeding difficulties, and facial gestalt. Other inconstant clinical
abnormalities include scoliosis, cardiac and genitourinary anomalies, seizures and brisk deep tendon
reflexes. Variable delays in cognitive and motor development are also observed. The syndrome may
also be associated with an increased risk of tumors. Mutations and deletions of the NSD/ gene
(located at chromosome 5g35 and coding for a histone methyltransferase implicated in
transcriptional regulation) are responsible for more than 75% of cases. FISH analysis, MLPA or
multiplex quantitative PCR allow the detection of total/partial NSD/ deletions, and direct
sequencing allows detection of NSD | mutations. The large majority of NSD | abnormalities occur
de novo and there are very few familial cases. Although most cases are sporadic, several reports of
autosomal dominant inheritance have been described. Germline mosaicism has never been
reported and the recurrence risk for normal parents is very low (<1%). The main differential
diagnoses are Weaver syndrome, Beckwith-Wiedeman syndrome, Fragile X syndrome, Simpson-
Golabi-Behmel syndrome and 22qter deletion syndrome. Management is multidisciplinary. During
the neonatal period, therapies are mostly symptomatic, including phototherapy in case of jaundice,
treatment of the feeding difficulties and gastroesophageal reflux, and detection and treatment of
hypoglycemia. General pediatric follow-up is important during the first years of life to allow
detection and management of clinical complications such as scoliosis and febrile seizures. An
adequate psychological and educational program with speech therapy and motor stimulation plays
an important role in the global development of the patients. Final body height is difficult to predict
but growth tends to normalize after puberty.

Disease name and synonyms Definition

Sotos syndrome (OMIM 117550)

Sotos syndrome is a childhood overgrowth condition,

first described in 1964 by Sotos et al [1], though the first
Cerebral Gigantism syndrome patient described may have been reported
The four major diagnostic criteria were established in

in 1931 [2].
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1994 by Cole and Hughes [3], based on the systematic
assessment of 41 typical cases: overgrowth with advanced
bone age, macrocephaly, characteristic facial appearance,
and learning difficulties. These clinical criteria remained
the cornerstone for the diagnosis of Sotos until 2002. The
recent identification of NSD1 mutations and deletions [4]
has allowed re-evaluation of the features of this condition
[5-9]. In 2005, Tatton-Brown and the Childhood Over-
growth Collaboration Consortium reviewed the clinical
features of 239 Sotos cases with NSD1 abnormalities.
They confirmed that overgrowth (including height and
occipito-frontal circumference), dysmorphism and learn-
ing disability were present in 90% of these NSD1-positive
individuals, with a wide spectrum of associated features
including macrocephaly, advanced bone age, neonatal
jaundice and hypotonia, seizures, scoliosis, cardiac
defects and genitourinary anomalies [10].

Epidemiology

Sotos syndrome is probably one of the most common
overgrowth conditions, after the Beckwith-Wiedemann
syndrome. The exact birth prevalence remains unknown.
Hundreds of cases are reported. The literature on Sotos
syndrome, before the identification of the NSD1 gene
responsibility, has to be read carefully since it is mixed
with publications that evidently do not deal with the
Sotos syndrome.

Clinical description

For forty years, the diagnosis of Sotos syndrome has been
based on the subjective evaluation of clinical features.
However, although the combination of craniofacial fea-
tures may be distinctive, the other components are non-
specific. This lack of specific clinical features was often the
center of nosologic discussion [3,11]. Recently, Tatton-
Brown and Rahman analyzed helpfully the clinical fea-
tures of a large series of more that two hundred Sotos syn-
drome cases with proven abnormalities in NSD1 [10,12].

Generally, pregnancy is described as normal; however,
toxemia or pre-eclampsia is mentioned in several cases
[11]. Mean gestational age is normal (39 weeks) but the
infants are large for their gestational age. According to
Cole and Hughes [3], birth length, weight, and occipito-
frontal circumference (OFC) are respectively 3.2, 1.0, and
1.8 standard deviations above the mean. Length is likely
more increased than weight. Indeed, the birth weight of
76% of the 107 Sotos cases reported by Tatton-Brown was
less than the 98th centile and the mean birth weight centile
was 75%-91st [12]. In the neonatal period, many infants
experience early feeding difficulties (40% required tube
feeding [3]), variable degree of congenital hypotonia,
jaundice by hyperbilirubinemia or hypoglycemia.
Throughout childhood, the advance growth is particularly
pronounced in the first year of life, after which it stabilizes
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with a height consistently above the 97th centile between
age 2 and 6 years. This childhood overgrowth may be
absent (90% of the affected individuals have height and/
or head circumference >2SD above the mean in Tatton-
Brown series [10]). Growth in height and weight tends to
normalize at puberty, probably because of the epiphysal
fusion. Final height is, in the majority of cases, within the
high normal range [13], particularly in females, in whom
the growth pattern correlates well with the presence of
advanced bone age and early puberty. Macrocephaly and
large hands and feet are also consistent features [1]. Crani-
ostenosis by premature fusion of lambdoid, sagittal and
coronal sutures has been reported [11]. The reported inci-
dence of advanced bone age in Sotos cases varies from
74% to 100% of cases, and this variability is probably
related to the frequency, timing and method of assess-
ment. This feature is present in 76% of the NSD1-positive
individuals [10]. Bone age is often described as dyshar-
monic with the phalangeal age being in advance in com-
parison with the carpal age. X-rays of the hand are also
useful for metacarpophalangeal profiles, which have been
reported to produce patterns that evokes Sotos syndrome
[14].

The overall craniofacial features are distinctive, especially
between one and six years of age. In infancy, the face is
round with disproportionate prominence of forehead and
become longer in adolescence, with prominence of the
pointed chin. Macrodolichocephaly, receding hairline,
apparent hypertelorism with down slanting palpebral fis-
sures, prominent jaw, malar flushing, anteverted nostrils,
mild micrognathia, high arched palate and large ears are
commonly identified. OFC is between the 98t and 99.6th
centile in infancy, childhood and adulthood, and is below
the 91t centile in only 7% of the series of Tatton-Brown
[10], 60% having an OFC greater than the 99.6t percen-
tile.

Most patients have a non progressive neurological dys-
function manifested by clumsiness and poor coordina-
tion. Cole and Hughes [3] reported a mean
developmental/intelligence quotient (DQ/IQ) of 78
Sotos cases with a range 40-129 (n = 23) and, recently, de
Boer et al [15] found that the mean IQ, in 21 individuals
with NSD1 gene alterations was 76 (range 47-105). Delay
in expressive language and motor development during the
infancy is particularly common. The degree of learning
disability appears extremely variable. Among the 239
NSD1-positive individuals in Tatton-Brown series [10],
97% presented learning difficulties. Delay in walking
until after 15 months of age and speech delay until after
2.5 years are usual. Recently was reported a family with
segregation of a NSD1 mutation with significant over-
growth but without mental deficiency [16]. Seizures are
found in about 50% of patients, but in half the cases, they
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are febrile. Attention deficit and placid behavior may also
be a component [17,18]. Psychiatric manifestations
including social inhibition or psychosis have been also
noticed [19,20]. Dilatation of the cerebral ventricles is
common. Other non-specific neurological abnormalities
include absent corpus callosum, prominent cortical sulci,
cavum septum pellucidum and cavum velum interpositi
[17]. Minor neuroimaging anomalies are frequently
found in Sotos syndrome: prominence of the trigone in
90% of cases, prominence of the occipital horns in 75%
and ventriculomegaly in 63% of cases [21,22]. Brisk deep
tendon reflexes (sometimes even with a few beats of
clonus) are often observed.

Variable degrees of scoliosis are present in 30% of the
NSD1-positive cases [10]. Genu valga or vara, congenitally
dislocated hips, propensity to fracturing with minimal
trauma are often reported; one case of cervical instability
has been reported [11,23]. Finger nails are usually deep
and brittle. The incidence of congenital heart defects in
Sotos syndrome is approximately 8% in the series of Cole
and Hughes [3], but 21% in the series of Tatton-Brown
[10]. The most common defects are septal defects and pat-
ent arterial duct. One patient is reported with Wolff-Par-
kinson-White pattern [24]. Recurrent upper respiratory
infections and otitis media are frequent, leading to some
degree of conductive hearing loss. Constipation is com-
mon and may request investigation. Genitourinary anom-
alies including renal anatomical anomalies (bifid, duplex
or absent kidneys, vesico-ureteric reflux, pelvo-ureteric
junction obstruction), cystic kidneys and genital anoma-
lies such as hypospadius and cryptorchidism [25], are
present in 15% of children with NSD1 abnormalities [10].

Overgrowth syndromes are often associated with neo-
plasms (Beckwith-Wiedemann syndrome with over-
expression of IGF-2 and Simpson-Golabi-Behmel with
GPC3 mutations [26]). Initial reports suggested a neo-
plasm frequency of 7% in Sotos patients [27]. In a survey
of 224 patients with Sotos syndrome, however, the malig-
nancy risk was found lower than 2.2% [28]. Cohen
reviewed the reported neoplasias critically and suggested
a tumor frequency in patients with Sotos syndrome of
about 3.9% (more than in the general population) [29].
Sotos cases with NSD1 anomalies have been reported
with small cell lung cancer [12], ganglioglioma, neurob-
lastoma in two cases [7,30], and acute myelocytic leuke-
mia [31]. In the large series of Tatton-Brown, three
saccrococcygeal teratomas, one presacral ganglioneuroma
one neuroblastoma and one acute lymphocytic leukemia
occurred in children with confirmed NSD1 mutation [12].
Thus, the risk of tumors in childhood appears low but the
relative risk of sacrocoggygeal teratomas and neuroblast-
oma may be increased [10,32].
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Laboratory findings

No biochemical or endocrinological markers have been
documented in patients with Sotos syndrome and/or
NSD1 aberrations, especially endocrine and paracrine sys-
tems [33,34].

Etiology
Although most cases are sporadic, autosomal dominant
inheritance has been reported in several cases [35,36].

The report of a child with Sotos syndrome and a
t(5;8)(g35;q24.1) translocation [37], has led to identifica-
tion of the NSD1 gene, which was disrupted by the 5q35
breakpoint (Nuclear receptor SET domain containing pro-
tein) [4]. NSD1 intragenic mutations cause 60% to 80%
of Sotos syndromes cases in Europe and USA, whereas
535 microdeletions encompassing NSD1 cause ~ 10% of
cases [5-9,38]. In contrast, NSD1 microdeletions are the
primary cause of Sotos syndrome in Japan, accounting for
over 50% of cases [39-41]. Recently, partial NSD1 dele-
tions were detected in Sotos cases without NSD1 muta-
tion or 5935 microdeletion [42]. The systematic NSD1
gene screening in a large series of provisional diagnosis of
Sotos and "Sotos-like" syndrome allows to indicate that
NSD1 is mostly found in Sotos patients. NSD1 abnormal-
ities rarely occur in other childhood overgrowth pheno-
types [5-7,43,44]. It is so far unknown whether NSD1
anomalies are involved in other entities. Current studies
are focused on the identification of hotspots for NSD1
mutations or micro deletions and to establish a genotype-
phenotype correlation. Truncating NSDI1 mutations
occured throughout the gene, but pathogenic missense
mutations occurred only in functional domains [10,45].
To date, no hypermethylation or sequence abnormalities
in the promotor region have been detected in Sotos
patients [46].

The functions of the NSD1 gene have not been fully estab-
lished. The gene contains 23 exons and encodes a protein
of 2696 amino acids. The protein is a transcriptional inter-
mediary factor and may act as either a nuclear receptor co-
repressor or co-activator by interacting with the holo- or
apoforms respectively, of the ligand binding domain of
different subsets of nuclear hormone receptors. NSD1
expression in human tissue has been detected in fetal/
adult brain, kidney, skeletal, muscle, spleen, lung and thy-
mus [3]. The protein contains multiples functional
domains, including the SET (Su [VAR]3-9, E [Z], tritho-
rax) domain (initially identified in Drosophila genes as
involved in chromatine-mediated regulation during
development) and a SET associated Cys-rich (SAC)
domain adjacent to the SET domain [47]. The combina-
tion of SAC and SET domains is present in proteins that
function as histone-methyltransferase suggesting that
NSD1 may be involved in histone modification and the
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establishment and maintenance of chromatin states.
NSD1 contains also five plant homeodomains (PHD).
The PHD domain is a zinc finger-like motif that occurs
predominantly in proteins that functions at the chroma-
tin level. NSD1 contains two PWWP (Proline-tryp-
tophane- tryptophane-proline) domains. Their role has
not been established but they are presumably involved in
protein-protein interactions. Finally, NSD1 contains two
distinct nuclear receptor interaction domains [4].

Rare cases of Sotos syndrome have been reported in asso-
ciation with other chromosomal abnormalities: appar-
ently balanced t(3;6) (p21;p21), deletion 15q12, 45, XY,
t(15q;15q) robertsonien translocation [48,49].

Seven to 35% of Sotos patients of the reported series do
not have any NSDI1 anomalies. In these patients, the
involvement of the NSD2 and NSD3 genes has been
already excluded by sequencing [50].

Diagnosis methods

Diagnosis is based on clinical exam and radiographic
bone age (cf. clinical description). The clinical diagnosis
can be confirmed by FISH analysis or, if available, by
MLPA (Multiplex Ligation Dependent Probe Amplifica-
tion), a simple and reliable technique to detect 5q35
microdeletion and partial NSD1 deletions (both account
for approximately 15% of the Sotos cases in West Europe
[51]); DNA analysis by sequencing will let to look for
NSD1 mutations.

In patients without NSD1 anomalies, cytogenetic studies
as high resolution karyotyping and comparative genomic
hybridization on microarray techniques may be useful.

Differential diagnosis

Sotos syndrome belongs to a group of overgrowth syn-
dromes that have some clinical features in common such
as pre- and/or postnatal overgrowth and/or advanced
bone age. Many of these syndromes, however, can be eas-
ily excluded on the bases of other major clinical features.
The entities that should be considered in the general dif-
ferential diagnosis of Sotos syndrome are: Weaver syn-
drome; Beckwith-Wiedemann syndrome; Perlman
syndrome; Simpson-Golabi-Behmel syndrome; Fragile X
syndrome; Bannayan-Zonana syndrome; PTEN muta-
tions; Trisomy 15q26-qter; Nevo syndrome; Neurofi-
bromatosis I; Marshall syndrome; Marfan syndrome;
Homocystinuria; Acromegaly.

Genetic counseling

Sotos syndrome is caused by hemizygous mutations in an
autosomal non-imprinted gene. The mental difficulties in
Sotos syndrome are usually in the mild-to-moderate
range, and are not sufficient to account for the extreme
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paucity of familial Sotos cases. Fifteen familial cases of
Sotos syndrome have been reported with NSD1 muta-
tions [10,52,53]. It has been suggested that this lack of
family cases is associated with an underlying defect in fer-
tility associated with NSD1 mutations. A three generation
family with NSD1 mutation has been reported [16].

Chromosome analysis of both parent needs to be per-
formed when a deletion of NSD1 is detected in the
affected child. The recurrence risk for a family with an
affected child is very low (<1%). Germline mosaicism has
never been reported.

The identification of NSD1 has been a major step in the
history of Sotos syndrome and has opened a new area in
the elucidation of this condition. The evaluation of the
tumor frequency in patients with NSD1 anomalies will be
important to further define the tumor risk in patients with
Sotos syndrome.

Management and outcome

In the neonatal period, phototherapy is often required
because of jaundice. Sucking and swallowing difficulties
need adjustments of baby food. Alternate methods of
feeding may need to be considered such as the use of a
nasogastric tube. Another common problem is gastro-
esophageal reflux which causes heartburn, vomiting,
esophageal irritation and respiratory problems. Treat-
ments may include adaptations such as eating upright and
elevating the head of the bed, medications and, in rare
cases, surgery. Oral-motor treatment plan may be a part of
the child's therapy program.

Initial systematic screening include renal, cardiac and
orthopedic clinical examination and investigations. Scol-
iosis and vesico-ureteral reflux have to be detected early.

In infancy and the early years, general and specialized
pediatrics follow-up, every one or two year, is still impor-
tant because of the possible clinical events, including con-
stipation, respiratory infections, seizures and because of
the possible increased risk of tumors. Anesthesia may
require special precautions [54].

Early in the childhood, programs including infant stimu-
lation, occupational therapy, speech therapy, and adap-
tive physical education play a significant role in the
nurturing of a child with Sotos syndrome. Later, some
children participate in regular classrooms with support
and some others are enrolled in classes for appropriate
education.

As mentioned previously, some Sotos patients develop
behavior problems during the school age years. As a
result, parents and school staff may have to spend signifi-
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cant amount of time and attention dealing with these
problems because they can interfere with learning, social
interaction and family functioning. A psychologist may
work with parents and teachers to develop appropriate
and effective methods.

Final body height is difficult to predict but growth in
height tends to normalize after puberty.

References

2.

3.

Sotos JF, Dodge PR, Muirhead D, Crawford D, Talbot NB: Cerebral
gigantism in childhood. N Engl | Med 1964, 271:109-116.
Schlesinger B: Gigantism (acromegalic in type). Proc R Soc Med
1931, 24:1352-1353.

Cole TRP, Hughes HE: Sotos syndrome: a study of the diagnos-
tic criteria and natural history. | Med Genet 1994, 31:20-32.
Kurotaki N, Imaizumi K, Harada N, Masuno M, Kondoh T, Nagai T,
Ohashi H, Naritomi K, Tsukahara M, Makita Y, Sugimoto T, Sonoda
T, Hasegawa T, Chinene Y, Tomita Ha Ha, Kinoshita A, Mizuguchi T,
Yoshiura Ki K, Ohta T, Kishino T, Fukushima Y, Niikawa N, Mat-
sumoyo N: Haploinsufficiency of NSDI causes Sotos syn-
drome. Nat Genet 2002, 30:365-366.

Douglas ], Hanks S, Temple K, Davies S, Murray A, Upadhayaya M,
Tomkins S, Hughes HE, Cole TRP, Rahman N: NSDI mutations
are the major cause of Sotos syndrome and occur in some
cases of Weaver syndrome but are rare in other overgrowth
phenotypes. Am | Hum Genet 2003, 72:132-143.

Rio M, Clech L, Amiel J, Faivre L, Lyonnet S, Le Merrer M, Odent S,
Lacombe D, Edery P, Brauner R, Raoul O, Gosset P, Prieur M, Veke-
mans M, Munnich A, Colleaux L, Cormier-Daire V: Spectrum of
NSDI mutations in Sotos and Weaver syndromes. | Med
Genet 2003, 40:436-440.

Turkmen S, Gillessen-Kaesbach G, Meinecke P, Albrecht B, Neumann
LM, Hesse V, Palanduz S, Balg S, Majewski F, Fuchs S, Zschieschang P,
Greiwe M, Mennicke K, Kreuz FR, Dehmel HJ, Rodeck B, Kunze J,
Tinschert S, Mundlos S, Horn D: Mutations in NSD1 are respon-
sible for Sotos syndrome, but are not a frequent finding in
other overgrowth phenotypes. Eur | Med Genet 2003,
11:858-865.

Raca G, Waggoner D), Kamimura |: Mutation analysis of the
NSDI gene - genetic testing for Sotos syndrome. Am | Hum
Genet 2003, 73(suppl):242.

Cecconi M, Forzano F, Milani D, Cavani S, Baldo C, Selicorni A, Pan-
taleoni C, Silengo M, Ferrero GB, Scarano G, Della Monica M, Fis-
chetto R, Grammatico P, Majore S, Zampino G, Memo L, Cordisco
EL, Neri G, Pierluigi M, Bricarelli FD, Grasso M, Faravelli F: Mutation
analysis of the NSDI gene in a group of 59 patients with con-
genital overgrowth. Am | Med Genet 2005, 134:247-253.
Tatton-Brown K, Douglas ], Coleman K, Baujat G, Cole TR, Das S,
Horn D, Hughes HE, Temple IK, Faravelli F, Waggoner D, Turkmen
S, Cormier-Daire V, Irrthum A, Rahman N, Childhood Overgrowth
Collaboration: Genotype-phenotype associations in Sotos syn-
drome: an analysis of 266 individuals with NSD1 aberrations.
Am | Hum Genet 2005, 77:193-204.

Opitz |, Weaver D, Reynolds J: The syndromes of Sotos and
Weaver: Reports and Review. Am | Med Genet 1998,
179:294-304.

Tatton-Brown K, Rahman N: Clinical features of NSD I -positive
Sotos syndrome. Clin Dysmorphol 2004, 13:199-204.

Agwu JC, Shaw NJ, Kirk J, Chapman S, Ravine D, Cole TR: Growth
in Sotos syndrome. Arch Dis Child 1999, 80:339-342.

Dijkstra PF, Cole TRP, Oorthuys JW, Venema HW, Oosting J,
Nocker RE: Metacarpophalangeal pattern profile analysis in
Sotos and Marfan syndrome. Am | Med Genet 1994, 51:55-60.
De Boer L, Kant SG, Karperien M, Van Beers L, Tjon J, Vink GR, van
Tol D, Dauwerse H, le Cessie S, Beemer FA, van der Burgt |, Hamel
BC, Hennekam RC, Kuhnle U, Mathijssen IB, Veenstra-Knol HE,
Stumpel CT, Breuning MH, Wit |M: Psychosocial, cognitive, and
motor dysfunctioning in patients with suspected Sotos syn-
drome: a comparaison Genotype-Phenotype Correlation in
Patients suspected of having Sotos syndrome. Horm Res 2004,
62:197-207.

20.

21.

22.
23.
24.

25.

26.

27.

28.
29.
30.

31

32.

33.

34.

35.
36.

37.

38.
39.

http://www.OJRD.com/content/2/1/36

van Haelst MM, Hoogeboom |}, Baujat G, Bruggenwirth HT, Van de
Laar |, Coleman K, Rahman N, Niermeijer MF, Drop SL, Scambler P}:
Familial gigantism caused by an NSDI mutation. Am | Med
Genet 2005, 139:40-44.

Cohen MM: Mental deficiency, alterations in performance,
and CNS abnormalities in overgrowth syndromes. Am | Med
Genet 2003, 117:49-56.

Sarimski K: Behavioural and emotional characteristics in chil-
dren with Sotos syndrome and learning disabilities. Dev Med
Child Neurol 2003, 45:172-178.

Ruggieri VL, Arberas CL: Behavioural phenotypes. Biologically
determined neuropsychological patterns. Rev Neurol 2003,
37:239-253.

Compton MT, Celentina M, Price B, Furman AC: A case of Sotos
syndrome (cerebral gigantism) and psychosis. Psychopathogy
2004, 37:190-193.

Shaefer GB, Bodensteiner B, Buehler BA, Lin A, Cole TR: The neu-
roimaging findings in Sotos syndrome. Am | Med Genet 1997,
68:571-576.

Aoki N, Oikawa A, Sakai T: Serial neuroimaging findings in
Sotos syndrome. Am | Med Genet 1997, 68:462-465.

Carlo W, Dormans JP: Cervical instability in Sotos syndrome: a
case report. Spine 2004, 29:153-156.

Sharma PP, Vidaillet H, Dietz J: Patient with Sotos syndrome,
Wolff-Parkinson-White pattern on electrocardiogram, and
two right-sided accessory bypass tracts. Am | Med Genet 2003,
116A:372-375.

Cole TRP: Congenital urological anomalies in Sotos syn-
drome. Br ] Urol 1996, 78:156.

Lapunzina P: Risk of tumorigenesis in overgrowth syndromes:
a comprehensive review. Am | Med Genet C Semin Med Genet
2005, 137:53-71.

Wit JM, Beemer FA, Barth PG, Oorthuys JW, Dijkstra PF, Van den
Brande JL, Leschot NJ: Cerebral gigantism (Sotos syndrome):
compiled data on 22 cases. Eur | Pediatr 1985, 144:131-140.
Hersh JH, Cole TRP, Bloom A, Bertolone §J, Hughes HE: Risk of
malignancy in Sotos syndrome. | Pediatr 1992, 120:572-574.
Cohen MM: Tumors and nontumors in Sotos syndrome. Am |
Med Genet 1999, 84:173-175.

Deardorff MA, Maisembacher M, Zackai EH: Ganglioglioma in a
Sotos syndrome patient with an NSDI deletion. Am | Med
Genet 2004, 9:28.

Al-Mulla N, Belgaumi AF, Teebi A: Cancer in Sotos syndrome:
report of a patient with acute myelocytic leukemia and
review of the literature. | Pediatr Hematol Oncol 2004, 26:204-208.
Gracia Bouthelier R, Lapunzina P: Follow-up and risk of tumors in
overgrowth syndromes. | Pediatr Endocrinol Metab 2005,
18(Suppl 1):1227-1235.

De Boer L, Hoogerbrugge CM, Van Doorn |, Van Buul-Offers SC,
Karperien M, Wit JM: Plasma insulin-like growth factors (IGFs),
IGF-Binding proteins (IGFBPs), acid-labile subunit (ALS)
and IGFBP-3 proteolysis in individuals with clinical charac-
teristics of Sotos syndrome. | Pediatr Endocrinol Metab 2004,
17:615-627.

De Boer L, Van Duyvenvoorde HA, Willemstein-Van Hove EC,
Hoogerbrugge CM, Maassen )A, Karperien M, Wit JM: Mutations in
the NSDI gene in patients with Sotos syndrome associate
with endocrine and paracrine alterations in the IGF system.
Eur | Endocrinol 2004, 151:333-341.

Winship I: Sotos syndrome — autosomal dominance inherit-
ance substanciated. Clin Genet 1985, 28:243-246.

Chen CP, Lin SP, Chang TY, Chiu NC, Shih SL, Lin CJ, Wang W, Hsu
HC: Perinatal imaging findings of inherited Sotos syndrome.
Prenat Diagn 2002, 22:887-892.

Imaizumi K, Kimura J, Matsuo M, Kurosawa K, Masuno M, Niikawa N,
Kuroki Y: Sotos syndrome associated with a de novo balanced
reciprocal translocation t(5;8)(q35;q24.1). Am | Med Genet
2002, 107:58-60.

Visser R, Matsumoto N: Genetics of Sotos syndrome. Curr Opin
Pediatr 2003, 15:598-606.

Nagai T, Matsumoto N, Kurotaki N, Harada N, Niikawa N, Ogata
Imaizumi K, Kurosawa K, Kondoh T, Ohashi H, Tsukahara M, Makita
Y, Sugimoto T, Sonoda T, Yokoyama T, Uetake K, Sakazume S, Fuku-
shima Y, Naritomi K: Sotos syndrome and haploinsufficiency of
NSDI: clinical features of intragenic mutations and submi-
croscopic deletions. | Med Genet 2003, 40:285-289.

Page 5 of 6

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14148233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14148233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7512144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7512144
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11896389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11896389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12464997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12464997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12464997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12807965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12807965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15942875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15942875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15365454
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15365454
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10086939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10086939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8030671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8030671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15452385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15452385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15452385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12613773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12613773
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12938056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12938056
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9021022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9021022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8795429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8795429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16010678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16010678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4043122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4043122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1552397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1552397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10323746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15125616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15125616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15125616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16398453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16398453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15198293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15198293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15198293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15362962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15362962
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4064361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4064361
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12378571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11807869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11807869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14631206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12676901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12676901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12676901

Orphanet Journal of Rare Diseases 2007, 2:36

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Tatton-Brown K, Douglas J, Coleman K, Baujat G, Chandler K, Clarke
A, Collins A, Davies S, Faravelli F, Firth H, Garrett C, Hughes H, Kerr
B, Liebelt J, Reardon W, Schaefer GB, Splitt M, Temple IK, Waggoner
D, Weaver DD, Wilson L, Cole T, Cormier-Daire V, Irrthum A, Rah-
man N: Childhood Overgrowth Collaboration. Multiple
mechanisms are implicated in the generation of 5q35 micro-
deletions in Sotos syndrome. | Med Genet 2005, 42:307-313.
Kurotaki N, Harada N, Shimokawa O, Miyake N, Kawame H, Uetake
K, Makita Y, Kondoh T, Ogata T, Hasegawa T, Nagai T, Ozaki T,
Touyama M, Shenhav R, Ohashi H, Medne L, Shiihara T, Ohtsu S, Kato
Z, Okamoto N, Nishimoto J, Lev D, Miyoshi Y, Ishikiriyama S, Sonoda
T, Sakazume S, Fukushima Y, Kurosawa K, Cheng JF, Yoshiura K, Ohta
T, Kishino T, Niikawa N, Matsumoto N: Fifty microdeletions
among | 12 cases of Sotos syndrome: low copy repeats possi-
bly mediate the common deletion. Hum Mutat 2003,
22:378-387.

Douglas ], Tatton-Brown K, Coleman K, Guerrero S, Berg ], Cole TR,
Fitzpatrick D, Gillerot Y, Hughes HE, Pilz D, Raymond FL, Temple IK,
Irrthum A, Schouten JP, Rahman N: Partial NSD| deletions cause
5% of Sotos syndrome and are readily identifiable by multi-
plex ligation dependent probe amplification. | Med Genet 2005,
42:e5.

Baujat G, Rio M, Rossignol S, Sanlaville D, Lyonnet S, Le Merrer M,
Munnich A, Gicquel C, Cormier-Daire V, Colleaux L: Paradoxical
NSDI mutations in Beckwith-Wiedemann syndrome and
I1pl5 anomalies in Sotos syndrome. Am | Hum Genet 2004,
74:715-720.

Baujat G, Rio M, Rossignol S, Sanlaville D, Lyonnet S, Le Merrer M,
Munnich A, Gicquel C, Colleaux L, Cormier-Daire V: Clinical and
molecular overlap in overgrowth syndromes. Am | Med Genet
C Semin Med Genet 2005, 137:4-11.

Faravelli F: NSD | mutations in Sotos syndrome. Am | Med Genet
C Semin Med Genet 2005, 137:24-31.

Visser R, Hasegawa T, Niikawa N, Matsumoto N: Analysis of the
NSDI promoter region in patients with a Sotos syndrome
phenotype. | Hum Genet 2006, 51:15-20.

Rayasam GV, Wendling O, Angrand PO, Mark M, Niederreither K,
Song L, Lerouge T, Hager GL, Chambon P, Losson R: NSDI is
essential for early post-implantation development and has a
catalytically active SET domain. EMBO | 2003, 22:3153-3163.
Schrander-Stumpel CT, Fryns JP, Hamers GG: Sotos syndrome
and de novo balanced autosomal translocation
(t(3;6)(p21;p21)). Clin Genet 1990, 37:226-229.

Wajntal A, Moretti-Ferreira D, De Souza DH, Koiffmann CP:
Cytogenetic evidence of involvement of chromosome
regions 15q12 and 12ql5 in conditions with associated over-
growth. DNA Cell Biol 1993, 12:227-231.

Douglas ], Coleman K, Tatton-Brown K, Hughes HE, Temple IK, Cole
TR, Rahman N, Childhood Overgrowth Collaboration: Evaluation
of NSD2 and NSD3 in overgrowth syndromes. Eur | Hum Genet
2005, 13:150-153.

Douglas J, Tatton-Brown K, Coleman K, Guerrero S, Berg ], Cole TR,
Fitzpatrick D, Gillerot Y, Hughes HE, Pilz D, Raymond FL, Temple IK,
Irrthum A, Schouten )P, Rahman N: Partial NSD1 deletions cause
5% of Sotos syndrome and are readily identifiable by multi-
plex ligation dependent probe amplification. | Med Genet 2005,
42:e56.

Hoglund P, Kurotaki N, Kytola S, Miyake N, Somer M, Matsumoto N:
Familial Sotos syndrome is caused by a novel | bp deletion
of the NSD| gene. | Med Genet 2003, 40:51-54.

Tei S, Tsuneishi S, Matsuo M: The first Japanese familial Sotos
syndrome with a novel mutation of the NSDI gene. Kobe |
Med Sci 2006, 52:1-8.

Adhami EJ, Cancio-Babu CV: Anaesthesia in a child with Sotos
syndrome. Paediatr Anaesth 2003, 13:835-840.

http://www.OJRD.com/content/2/1/36

Publish with Bio Med Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and published immediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 6 of 6

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15805156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15805156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15805156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14517949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14517949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14517949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15635067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15635067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15635067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14997421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14997421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14997421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16010674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16010674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16010675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16252063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16252063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16252063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12805229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12805229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12805229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2323093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2323093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2323093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8466645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8466645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8466645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15483650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15483650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16140999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16140999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16140999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12525543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12525543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12525543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16547423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16547423
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14617129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14617129
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Disease name and synonyms
	Definition
	Epidemiology
	Clinical description
	Laboratory findings

	Etiology
	Diagnosis methods
	Differential diagnosis
	Genetic counseling
	Management and outcome
	References

