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INTRODUCTION

Sotos syndrome (SoS) is a well-known overgrowth syndrome with mental retardation,
specific craniofacial features, and advanced bone age. Since NSD/ haploinsufficiency was
proven to be the major cause of SoS in 2002, many intragenic mutations and chromosomal
microdeletions (MDs) involving the entire NSD gene have been described. The sizes of most
SoS MDs are identical and a specific genomic architecture around these MDs was found.
Recently, precise analyses of the low-copy repeats (LCRs) flanking the SoS common deletion
showed that the deletion arises through nonhomologous recombination (NAHR) utilizing the
LCRs, and proved that SoS is a genomic disorder.

SoS (OMIM no. 117550), also known as cerebral gigantism, was originally reported by
Sotos et al. (1) in 1964. SoS is characterized by overgrowth, characteristic craniofacial fea-
tures, developmental delay, and advanced bone age (2). In 2002, NSD/ disruption was found
in a patient with SoS and haploinsufficiency of NSD/ has been shown to be a major cause of
$0S (3). In the Japanese population, about half cases have chromosomal MDs involving the
entire NSD! gene (3,4). The majority of MDs are identical (4) and the NAHR was shown to
be a causative mechanism (5,6}. In this chapter, we focus on recent progress in clinical and
genetic aspects of SoS. The genomic architecture around the common MD will be presented.
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238 Part IV / Genomic Rearrangements and Disease Traits

CLINICAL FEATURES

SoS typically presents with overgrowth, characteristic craniofacial features, developmental
delay, and advanced bone age (2).

Overgrowth: overgrowth usually starts prenatally and can be observed especially in early
infancy (2). However, overgrowth seems to normalize during childhood and may not be found
in adulthood (7-9).

Craniofacial features: macrocephaly, a high hairline with coarse hair growth, high arched
palate, and prominent jaw are common findings. The occipitofrontal circumference is more
than 97th percentile in childhood (2).

Developmental delay: developmental delay is a cardinal symptom and can be attributed to
central nervous system abnormalities (2). Speech delay and abnormal motor development are
commonly observed. Dilatation of cerebral ventricles is sometimes noted. In neuroimaging
studies of 40 SoS patients, prominence of the trigone and the occipital horns was found in 90
and 75%, respectively (10).

Advanced bone age: advanced bone age was observed in 31 of 37 (84%) SoS patients (2)
and does not appear to be associated with abnormalities of collagen metabolism (/7).

Others: cardiac, urogenital, musculoskeletal, and ophthalmologic anomalies have been
observed also{2,72-15). Neoplasms in SoS have been found with a frequency of 2.2-3.9%(16).

DIAGNOSIS OF SOS

SoS has been diagnosed based on clinical manifestations, however, the diagnosis is difficult
when craniofacial features are less remarkable or are similar to those of other overgrowth
syndromes with overlapping phenotypes. Weaver and Beckwith-Wiedemann syndromes asso-
ciated with NSDJ abnormalities showed similar facial features to those of SoS (/7.18). Over-
growth tends to normalize in adulthood (9), thus, the diagnosis is easier in early life (19).
Objective diagnosis of SoS has been substantially improved, since the discovery of NSD/
mutations in SoS (3). The major diagnostic criteria proposed by Cole and Hughes (2) include
pre- and postnatal characteristic overgrowth with advanced bone age, and developmental
delay. However, a recent report by Rio et al. (20) indicated that typical facial appearance and
macrocephaly were consistently recognized but overgrowth or advanced bone age was not
always observed in patients with NSDI mutations. Therefore, the diagnostic criteria for SoS
likely need to be carefully revised after collecting more data on the phenotypic spectrum in SoS
patients with known NSD/ abnormalities. “Sotos-like syndrome” usually has been referred to
a large spectrum of patients that do not fulfill the major criteria for SoS (2,17,20,21).

MOLECUILAR GENETICS

NSDI Structure and Functions

Mouse Nsd! was originally isolated in 1998 as one of the nuclear proteins interacting with
retinoic acid receptors and thyearsoid hormone receptors (22). The human NSD/ was identi-
fied at the 5935 breakpoint of a SoS patient with an apparently balanced translocation
t(5;8)(q35;q24.1) (23.24). NSD1 has an 8088-bp open reading frame consisting of 23 exons
and is translated into a 2696 amino-acid protein. NSD1 protein has at least six functional
domains, a su[var]3-9,enhancer-of-zest,trithorax (SET) domain, two proline-tryptophan-
tryptophan-proline (PWWP) domains, and three plant homeodomain protein-finger (PHD)
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domains with nuclear localization signals. The SET domain of NSD1 showed methyl trans-
ferase activity for Lys36 of histone H3 (H3-K36) and Lys20 of histone H4 (H4-K20), whose
methylation may result in transcriptional silencing of developmentally regulated genes (25).
PHD finger domains are found in a large number of chromatin regulatory factors like CBP/
p300, and chromatin remodeling protein ACF(26). The PWWP domain was initially identified
in the protein encoded by the Wolf-Hirschhorn syndrome candidate gene 1 (WHSCI)(27). The
essential function is still unknown, however, the PWWP domain is often associated with SET
domains and is thought to be an essential for development (28). Thus, these six protein domains
are suggested to regulate chromatin formations and gene transcriptions (23). Homozygous
knockout of Nsd/ inmice led to embryonic death at 10.5 days and gastrulation failure, suggest-
ing that Nsd | may be a protein regulating development especially in an early post-implantation
period (25).

The NSD1 is a portion of a fusion protein in a recurrent translocation t(5;11)(q35;p15.5)
found in childhood acute myeloid leukemia (29-3/). Six non-SoS cases of acute myeloid
leukemia had fusion transcripts of NSD/ and NUP98 (nucleoporin 98 gene) (29-31). SoS has
been suggested to be associated with neoplasms (32). It is also important to address whether
NSDI abnormality in itself can cause tumorigenesis in the near future.

NSDI Mutations

NSD1I mutations in SoS have been reported by several groups (3,4,17,20,33-36). To date,
among a total of 91 point mutations (PM) have been identified in 24 1 patients suspected of SoS.
Seventy-one protein truncation mutations and 20 missense mutations have been reported with
62 being de nove (Fig. 1). Five protein truncation mutations were found in 23 Sotos-like
patients (17,20). Protein truncation mutations are spread throughout the entire NSD/ coding
regions; however, missense mutations cluster at the 3' part of NSD/ where most of the known
functional domains are located. In SoS, six missense mutations have been identified in the SET
domain, three in the PHD domains and three in the PWWP domains.

Thus, among different world populations, NSD/ mutations have been consistently shown
to be the major cause of SoS. Interestingly, the frequency of MDs involving NSD/ is quite
different. In the Japanese population, about half of the cases (49/95) had MDs, whereas
microdeletions are observed in only 11% of cases (13/118) analyzed in European populations
(3.4,17,20,33-36). The reason for this observed difference remains to be elucidated.

Genotype/Phenotype Correlation

Interestingly, some clinical differences between SoS patients with PMs and MDs have been
reported (14,17,20). Nagai et al. (14) compared clinical phenotypes between 5 PM and 21 MD
SoS patients. Both PM and MD cases showed typical craniofacial features. Remarkably, the peak
height at younger than 6 years of age and the intelligence quotient/developmental quotient (1Q/
DQ) in patients older than 6 years were significantly different between PM and MD patients. The
values of the standard deviation (SD) scores were 3.3 (PM) and 2.2 (MD), and IQ/DQ (mean)
were 78 + 12 (PM) and 57 £ 12 (MD), respectively. In addition, MD patients predominantly
showed cardiovascular and urogenital abnormalities, and recurrent convulsions.

Rio et al. (20) compared 16 PM and 6 MD patients. Two MD patients showed typical SoS,
but the other four patients were diagnosed as Sotos-like syndrome because they did not have
overgrowth (height less than +2 SDs), or advanced bone age. Four out of six MD patients had
severe mental retardation with no speech at all. Cardiovascular anomalies were found in three
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