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Figure 2. Analysis of phosphorylation status, degradation, and effect on downstream signaling in RAF1 mutants identified in this study.
A: Phospharylation status of wild-type (WT) RAF1 and mutants. Expression levels of RAF1 proteins and their phosphorylation levels were
detected with different antibodies indicated in the figure. Transfection efficiency was measured using antineomycin phosphotransferase Il
(o-Neo) antibody. The arrow indicates the serine-phosphorylated expressed RAF1. B: Phosphorylation of $259 was confirmed by
immunoprecipitation. Myc-tagged RAF1 was immunoprecipitated using anti-Myc antibody and the phosphorylation of $258 was determined.
C: Time course experiments of WT RAF1 and p.S427G. The RAF1 protein was detected using anti-Myc antibody (clone 4A6; Millipore). FBS, fetal
bovine serum. D: ELK transactivation in WT and mutants. Results are expressed as the means and standard deviations of mean values from
triplicate samples. A significant increase in relative luciferase activity (RLA} was observed in cells transfected with p.S257L, p. N262K, and
p.S421G, but not in cells transfected with p.H103Q or p.R19H. WT, wild-type; *P<0.01 by Student's f-test.

p-N262K/S621A mutants did not bind 14-3-3, suggesting that the
decreased phosphorylation of $259 prevented 14-3-3 binding. A
similar result was obtained in the coimmunoprecipitation study
using anti-FLAG antibody (Fig. 3D). These results showed that
mutants in the CR2 domain impaired phosphorylation of $259,
abrogated the binding to 14-3-3 and resulted in a partial
activation of ERK.

Discussion

In this study, we identified eight different RAFI mutations in 18
patients: p.5257L in 11 patients and p.R191], p.S259F, p.P261A,
p-P261L, p.N262K, p.5427G, and p.L613V in one patient each.
Sixteen patients were diagnosed as having NS, although we were
not able to reevaluate 2 patients with Costello syndrome.
Examination of detailed clinical manifestations in the present
study and past studies showed that patients with RAFI mutations
were associated with hypertrophic cardiomyopathy, arrhythmia,
and mental retardation. Results from previous studies and the
present study showed 41/52 (79%) mutations to be located in the
CR2 domain (Fig. 3E). We first demonstrated that mutations in
the CR2 domain had impaired phosphorylation of $259. This
caused the impaired binding of RAF1 to 14-3-3, resulting in a
partial activation of downstream ERK. These results suggest that
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dephosphorylation of $259 is the primary mechanism of
activation of mutant RAF1 located in the CR2 domain.
Phosphorylation of $259 and subsequent binding to 14-3-3
have been shown to be important for suppression of RAF1 activity
[Dhillon et al, 2007]. Light et al. [2002] examined the
phosphorylation status at $259 in the p.S257L mutant. Their
experiment showed that phosphorylation of $259 still existed in
the p.S257L mutant. The mutant was not able to bind 14-3-3
{Light et al, 2002]. In contrast, our functional studies demon-
strated that all four mutants located in the CR2 domain (p.S257L,
p-5259F, p.P261A, and p.N262K) impaired phosphorylation of
5259 and that two of them impaired binding of 14-3-3. Impaired
binding to 14-3-3 was also shown in p.P261S mutant [Pandit
et al,, 2007]. The reason for the difference on 5259 phosphoryla-
tion between the result by Light et al. [2002] and ours is unclear.
Enhanced kinase activities of mutants, including p.S257L,
p.P2613, p.P261A, and p.V263A, were demonstrated in a previous
study [Razzaque et al., 2007). Phosphorylation levels at $338 in
p-S257L and p.N262K were not enhanced compared to that in WT
RAF1 (Fig. 2A), suggesting that the activation mechanism in these
mutants is different from that of the normal state upon RAS-GTP
binding. Indeed, ERK activation was partial compared with that in
cells after EGF treatment (Fig. 3A). These results suggest that the
conformational change around $259 due to amino acid changes
results in the decreased phosphorylation of $259 and that mutant
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Figure 3. Phosphorylation of $259, binding to 14-3-3 and ERK activation of mutants located in the CR2 domain. A: Phosphorylation status of

WT and mutants located in the CR2 domain. Phosphorylation of S259 was not observed in cells expressing p.S2571, p.S259F, p.P261A, and
p.N262K. In order to examine the level of full activation of ERK, mock-transfected cells were treated with 10 ng/ml EGF. ERK activation was
observed in cells expressing p.S257L, p.S259F, p.P261A, and p.N262K, but was weaker than those in cells expressing p.54276G and EGF-treated
cells. The arrow indicates the serine-phosphorylated expressed RAF1. B: Epitope mapping of the anti-pRAF1 {S259) antibody using a solid-phase
immunoassay. The antibody was able to recognize peptides with S257L or N262K mutations when $253 was phosphorylated, but was not able to
recognize peptides without Ser259 phosphorylation. Results are expressed as the means and standard deviations of mean values from triplicate
samples. C: Binding of RAF-1 to 14-3-3C. HEK293 cells were transfected with constructs harboring FLAG-tagged 14-3-3 and one construct of
pUSE WT, p.S257L/p.S621A, or p.N262K/ p.S621A. Immunoprecipitation was performed using anti-Myc antibody, and 14-3-3 binding was
determined by anti-FLAG antibody {upper panel). Phosphorylation of S259 and RAF1 expression were determined in cell lysates used for the
immunoprecipitation (lower panel). The arrow indicates the band for 14-3-3. D: Binding of 14-3-3( to RAF-1. Immunoprecipitation was performed
using anti-FLAG antibody and RAF1 binding was examined using anti-RAF1 antibedy {upper panel). The binding of 14-3-3 to endogenous RAF1
was scarcely observed (lane 1, pUSE). Phosphorylation of S$258 and RAF! expression were determined Using cell lysates used for the
immunoprecipitation {lower panel). E: Domain organization and the distribution of mutations in RAF1 protein. The three regions conserved in all
RAF proteins (conserved region [CR] 1, CR2, and CR3) are shown in pink. Mutations identified in this study are shown above the bar and those
reported before (Ko et al. 2008; Pandit et al. 2007; Razzaque et al. 2007] are shown below the bar. Green squares indicate families with NS.
Orange squares indicate patients with LEOPARD syndrome and the yellow square indicates a patient with hypertrophic cardiomyopathy.

RAF-1 then dissociates from 14-3-3; the substrate would thus be
targeted to the catalytic domain in the CR3 domain (Fig. 4).

To highlight the clinical pictures of patients with RAFI
mutations, clinical manifestations in 52 patients with RAFI
mutations [Ko et al., 2008; Pandit et al., 2007; Razzaque et al,
20071, 172 patients with PTPN1] mutatiornis {Jongmans et al., 2005;
Musante et al., 2003; Tartaglia et al., 2002; Zenker et al., 2004], 73
patients with SOSI mutations [Ferrero et al., 2008; Narumi et al.,
2008; Roberts et al,, 2007; Tartaglia et al, 2007; Zenker et al,
2007a) and 18 patients with KRAS mutations [Carta et al,, 2006;
Ko et al., 2008; Lo et al., 2008; Schubbert et al., 2006; Zenker et al.,
2007b] are summarized in Table 3. The frequency of perinatal
abnormalities was similar between patients with RAFI and SOSI.
In contrast, the description of perinatal abnormalities was rare in
patients with PTPN1I and KRAS mautations. Growth failure and
mental retardation were observed in 100 and 94% of NS with

KRAS mutations, respectively. Growth failure and mental
retardation were observed in 87 and 56% of patients with RAFI
mutations, respectively. In contrast, those manifestations were less
frequent (63 and 43%) in patients with PTPN1] mutations. The
frequency of mental retardation was lowest in patients with SOS1
mutations (18%). We were unable to compare gene-specific
features in craniofacial characteristics because such details were
not described in the previous reports. As for skeletal character-
istics, short stature was frequently manifested in patients with
RAF1 mutations (82%) followed by KRAS mutation-positive
patients (71%). The association of short stature was lower in
PTPN11 mutation-positive and SOSI mutation-positive patients
(56 and 38%, respectively). It is noteworthy that the association of
hypertrophic cardiomyopathy was specifically high (73%) in RAF1
mutation-positive patients. In contrast, hypertrophic cardiomyo-
pathy was observed in 20% of clinically diagnosed Noonan
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14-3-3. B: In growth-factor stimulation, the GTP-bound RAS binds to the CR1 domain of RAF1, which displaces 14-3-3. $259 is dephosphorylated
by protein phosphatase 1 (PP1) and/or protein phosphatase 2A {PP2A). After RAF1 is recruited to the plasma membrane, phosphorylation of
$338, Y341, T491, and S494 accurs. The phosphorylation of these residues is thought to be important for the full activation of RAF1. C: Mutants

whose amino acid changes are located in the CR2 domain. It has been re
PP1 and/or PP2A. Amino acid changes in the CR2 domain would cause s

ported that 5258 was phosphorylated by Akt and dephosphorylated by

tructural changes in the CR2 domain, leading to the access of PP2A to

S259. Alternatively, Akt kinase would not be able to phosphorylate $259. $259 is dephosphorylated without stimulation and substrate(s) would be
able to enter the kinase domain, leading to a partial activation. RBD, RAS-binding domain; CRD, cysteine-rich domain; KD, kinase domain; IH,
isoform-specific hinge segment region. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.)]

patients [van der Burgt 2007] and in 7, 10, and 17% of patients
with PTPN11, SOS1, and KRAS mutations, respectively. These
results strongly suggest that patients with RAFI mutations have a
significantly higher risk of hypertrophic cardiomyopathy. Mitral
valve abnormality and arrhythmia were also frequently observed
in patients with RAFI mutations (27 and 56%, respectively). In
summary, these results highlight specific manifestations of
patients with RAF1 mutations: high frequency of hypertrophic
cardiomyopathy, septal defects of the heart, short stature, and less
frequent PS (Supp. Fig. S1). The high frequency of heart defects
would be associated with a high risk of sudden death in RAFI
mutation-positive patients.

The present study is the first to identify p.S427G in a patient with
NS. The same mutation has been reported in a patient with therapy-
related acute myeloid leukemia [Zebisch et al., 2006]. The patient
reported by Zebisch et al. {2006] first developed immature teratoma,
yolk sack tumor, and embryonal testicular carcinoma. Thirty-five
months after tumor resection and chemotherapy, the patient
developed acute myeloid leukemia. Molecular analysis of RAFI
revealed the de novo p.5427G mutation in leukemia cells and DNA
from buccal epithelial cells [Zebisch et al., 2006]. Whether or not the
patient had an NS phenotype was not mentioned. RAFI mutations
have been rarely reported in malignant tumors. As far as we could
determine, only six mutations, including p.P207S, p.V226l,
p-Q335H, p.S427G, p.J448V, and p.E478K, have been identified in
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tumors and therapy-related leukemias [Pandit et al., 2007; Razzaque
et al, 2007]. A previous study as well as our results showed that
P-5427G mutant has transformation capacity [Zebisch et al., 2009],
is resistant to apoptosis when introduced into NIH3T3 cells
[Zebisch et al., 2009] and activates ERK and ELK transcription,
suggesting that p.S427G is a gain-of-function mutation. We
identified p.8427G in a familial case of NS. The mother and boy
have not yet developed malignant tumors. Although no NS patients
with RAF! mutations have developed malignant tumors, careful
observation might be prudent in RAFI mutation-positive children,

We identified two novel mutations, p.R1911 and p-N262K.
p-R1911 is located in the CR1, and arginine at amino acid position
191 is evolutionally conserved [Mercer and Pritchard, 2003].
Activation of ERK was not observed in cells expressing p.R191L
ELK transactivation was rather decreased; parental samples were not
available. There is a possibility that this change is a polymorphism.

In conclusion, we identified RAFI mutations in 18 patients and
detailed clinical manifestations in mutation-positive patients were
examined. Our analysis of patients with mutations in RAFI,
PTPNI1, SOS1, and KRAS showed hypertrophic cardiomyopathy
and short stature to be frequently observed in patients with RAFI
mutations. Functional analysis revealed that dephosphorylation of
5259 would be the essential mechanism for ERK activation
in RAFl mutations. Despite recent progress in molecular
characterization of NS and related disorders, genetic causes in



Table 3. Clinical Manifestations in NS Patients with BAF1, PTPN11, SOS1, and KRAS Mutations

RAF1* (%) PTPN11® (%) SOSI1¢ (%) KRAS® (%)

Total patients 52 172 73 18
Perinatal abnormality

Polyhydramnios 12/34 (35) ND 9/16 (56} 2

Fetal macrosomia 11/31 (35) ND 9/15 (60} ND
Growth and development

Failure to thrive in infancy 13/15 (87) 35/56 (63) ND 3/3 (100)

Mental retardation 25/45 (56) 71/164 (43) 12/67 (18)° 16/17 (94)F
Outcome

Died 6/28 (21) ND ND ND
Craniofacial characteristics

Relative macrocephaly 32/38 (84) ND 9/21 (43)° 9/11 (82)

Hypertelorism 34/36 (94) 15/28 (54)° 5/6 (83) 12/12 (100)

Downslanting palpebral fissures 29/37 (78) 19/28 (68) 20122 (91) 9/12 (75)

Ptosis 28/37 (76) 18/29 (62) 19/24 (79) 10/15 (67)

Epicanthal folds 24/35 (69) 15/28 (54) ND 2/9 (22)°

Low set ears 32/36 (89) 56/64 (88) 20/22 (91) 7/10 (70)
Skeletal characteristics

Short stature 41/50 (82) 97/172 (56)° 22/58 (38)° 12/17 (71)

Short neck 35/46 (76) 15/29 (52)° 17122 (77) 9/10 (90)

Webbing of neck 38/46 (83) 36/122 (30)° 3/6 (50) 7114 (50)°
Cardiac defects

Hypertrophic cardiomyopathy 37/51 (73) 10/135 (7)¢ 7173 (10)¢ 3/18 (17)°

Septal defect 22/52 (42) 41/170 (24)° 17/73 (23)° 5/18 (28)

Atrial septal defect 16/51 (31) 4/18 (22)

Ventricular septal defect 6/52 (12) 1/18 (6)

Pulmonic stenosis 11/50 (22) 125/i71 (73)( 53/73 (73)f 7/18 (39)

Patent ductus arteriosus 2/20 (10) ND ND 118 {6)

Mitral valve anomaly 13/49 (27) ND ND 3/18 (17)

Arrhythmia 14/25 (56) ND ND ND
Skeletal/extremity deformity

Cubitus valgus 9/31(29) 14/61 (23) 1/6 (17) 2/2 (100}

Pectus deformity 25/44 (57) 108/171 (63) 38/56 (68) 13/16 (81)
Skin/hair anomaly

Curly hair 14/41 (34) ND 15/22 (68)" 1/12 (8)

Hyperelastic skin 12/33 (36) ND 1/6 (17) 3/12 (25)

Café au lait spots 3/34 (9} ND 16 (17) /9 (11)

Lentigines 3/35 (9) ND ND ND

Naevus 12/37 (32) ND ND ND
Genitalia

Cryptorchidism 13/23 (57) 75/138 (54) 22/39 (56) 4/11 (36)
Blood test abnormality

Coagulation defects 3715 (20) 46/90 (51) 14/66 (21) 2/9 (22)

ND, not described.
*{Ko et al., 2008; Pandit et al., 2007; Razzaque et al,, 2007]; and this study.

®{Jongmans et al., 2005; Musante et al,, 2003; Tartaglia et al., 2002; Zenker et al., 2004}.

“[Ferrero et al., 2008; Ko et al., 2008; Narumi et al., 2008; Roberts et al,, 2007; Tartaglia et al.,, 2007; Zenker et al,, 2007a).

d[Carta et al., 2006; Ko et al,, 2008; Lo et al., 2008; Schubbert et al., 2006; Zenker et al., 2007b].

“The frequency of the manifestation in patients with the gene was significantly lower compared with that observed in RAFI-positive patients (P <0.05 by Fisher’s exact test).
The frequency of the manifestation in patients with the gene was significantly higher compared with that observed in RAFI-positive patients (P <0.05 by Fisher’s exact test).

approximately 30% of NS and related disorders remain unknown.
Presently unknown genetic causes for mutation-negative NS and
related disorders remain to be identified in molecules in future
studies.
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A Long-Term Follow-Up Study

Naomi Hino-Fukuyo, MD, Kazuhiro Haginoya, MD, Mitsugu Uematsu, MD,
Tojo Nakayama, MD, Atsuo Kikuchi, MD, Shigeo Kure, MD,
Fumiaki Kamada, MD, Yu Abe, MD, Natsuko Arai, MD, Noriko Togashi, MD,

Akira Onuma, MD, and Shigeru Tsuchiya, MD

Smith-Magenis syndrome is characterized by multiple
congenital anomalies and mental retardation caused by
the heterozygous deletion of chromosomal region 17p11.2.
We present a long-term follow-up study of a girl
with Smith-Magenis syndrome and West syndrome. West
syndrome became apparent at 7 months of age. Since
then, mental retardation, particularly in terms of language
development, became increasingly more obvious. The
patient’s spasms and hypsarrhythmia disappeared after a
course of adrenocorticotropic hormone therapy, but focal
seizures reappeared at the age of 3 years and 3 months. Her

craniofacial dysmorphia and mental retardation became
increasingly evident compared to her condition at the onset
of West syndrome. Chromosome analysis detected the char-
acteristic 17p deletion, which was then confirmed via fluores-
cent in situ hybridization analysis. This is the second report of
a patient with Smith-Magenis syndrome and West syndrome;
taken together, these results suggest that Smith-Magenis
syndrome may be a further cause of West syndrome.

Keywords: Smith-Magenis syndrome; West syridrome;
epilepsy; chromosomal abnormality

mith-Magenis syndrome is characterized by multiple

congenital anomalies and mental retardation

presenting with a distinct phenotype.’ This syn-
drome is associated with either an interstitial deletion of
chromosomal region 17p11.2, which contains the retinoic
acid-induced 1 gene, or a mutation of retinoic acid-
induced 1 gene.>* The Smith-Magenis syndrome pheno-
type includes distinctive craniofacial and skeletal featiires,
infantile hypotonia, significant expressive language delay,
cognitive and mental retardation, stereotypies,
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neurobehavioral problems, and sleep disorder because of
abnormal melatonin secretion.”>” First described by Smith
et al® in 1982, this syndrome occurs in all ethnic groups
with an overall estimated frequency of 1/25000.%

Epileptic seizures occur in 11% to 30% of individuals
with Smith-Magenis syndrome."®!' Electroencephalo-
graphic abnormalities have been documented in approxi-
mately 25% of patients, even in the absence of a clinical
history of seizures in 1 series.'"!

West syndrome is an age-dependent epileptic syndrome
that occurs in infancy. West syndrome is characterized
by clustering epileptic spasms, electroencephalographic
hypsarrhythmia, and arrested psychomotor development.
A previous report described a 9-month-old girl with
Smith-Magenis syndrome associated with West syn-
drome,'? but the neurological and epileptological descrip-
tions of the patient were sparse. Here, we report a new
patient with Smith-Magenis syndrome afflicted by West
syndrome, for whom electroencephalographic and neurolo-
gical follow-up were performed.

Case

A 5-year-old girl had been born to nonconsanguineous
healthy parents after 37 weeks of gestation. No family
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Figure 1. Interictal electroencephalography showing hypsarrhythmia at 7 months of age.

history of neurological conditions was apparent and the
patient has no siblings. The neonatal period was
unremarkable. The patient had a birth weight of 2106 g
(2.2 SD), a body length of 42 c¢m (-3.5 SD), and a head
circumference of 29.5 cm (-2.7 SD). Psychomotor devel-
opment was normal until the first seizure episode occur-
ring at 7 months of age. Because the patient exhibited
brief spasms in clusters, and interictal electroencephalo-
graphy showed hypsarrhythmia (Figure 1), she was
diagnosed with West syndrome and admitted to Tohoku
University Hospital. A mild developmental delay was
apparent on admission (eg, she was unable to sit up at the
time of examination). Neurological examinations were
unremarkable except for mild hypotonia. Laboratory
examinations, including a full blood count, routine blood
chemistry, urinalysis, amino acids, blood levels of lactate
and pyruvate, and urine organic acids were within normal
ranges. Brainstem auditory evoked potentials and visual
evoked potentials were normal. Routine cerebrospinal
fluid examination was negative. G-banding cytogenetic
analysis showed a normal 46, XX karyotype. Magnetic
resonance imaging revealed a small T2 high-intensity
lesion of unknown etiology at the posterior lateral
aspect of the left lateral ventricle (Figure 2A). Retinal
observation was normal. Spasms were refractory to

pyridoxine and valproic acid. After 4 days of adrenocorti-
cotropic hormone (ACTH) therapy, spasms disappeared;
electroencephalography showed no hypsarrhythmia but
focal spikes were apparent in the left frontal to central
areas, which resolved after replacing valproic acid with
nitrazepam.

The patient was monitored as a patient with crypto-
genic West syndrome receiving nitrazepam. Her develop-
ment delay, particularly in language development,
became increasingly obvious despite complete seizure
control. In the following months, the patient acquired
some motor skills, such as the ability to sit on her ewn
at 1 year and the ability to walk on her own at 2 years and
3 months of age. However, she had uttered no meaningful
word at 3 years of age.

At 3 years and 3 months of age, the patient had a relapse
of bilateral or hemifacial clonic seizures that appeared
around her mouth without disturbance of consciousness
and occasionally developed into secondarily generalized sei-
zures. Seizures usually occurred on awakening 1 to 3 times
per month. Interictal electroencephalography showed inde-
pendent spikes in the right mid-temporal area and left cen-
tral to parietal area. At this time, a second chromosomal
analysis was performed because of obvious mental retarda-
tion and peculiar facial features. Chromosomal analysis
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Figure 2.  Brain magnetic resonance imaging at 7 months of age and 5 years of age. T2-weighted brain magnetic resonance imaging at 7 months (A)
revealed a small lesion of unknown etiology (arrow) at the posterior lateral aspect of the left lateral ventricle, which remained unchanged at 5 years of
age (B). An enlargement of the lateral ventricle on both sides was also apparent.

revealed the characteristic 17p deletion commonly seen in
Smith-Magenis syndrome, which was later confirmed by
fluorescent in situ hybridization. The probe we used con-
tains serine hydroxymethyltransferase gene, topoisomerase
III gene, flightless II gene, and lethal giant larvae homolog
1 gene.

The patient’s seizures became more frequent at 4 years
and 3 months of age. Seizures began with facial twitching,
followed by generalized tonic seizure with severe cyanosis.
Interictal electroencephalography showed spikes and
sharp waves in the right frontal area. The seizures were
finally controlled by nitrazepam, zonisamide, phenobarbi-
tal, and clobazam. After 10 months, the patient developed
head-drop seizure in clusters and head dropping followed
by bilateral tonic seizure. Interictal electroencephalogra-
phy showed multifocal spikes in the bilateral frontal area,
anterior-temporal area, right posterior-temporal area, and
mid-frontal area. Ictal electroencephalography corre-
sponding to single head-drop seizures showed diffuse slow
waves, followed by low-amplitude diffuse fast waves with
focal spikes in the left mid-temporal area (Figure 3A),
whereas ictal electroencephalography corresponding to
head dropping followed by bilateral tonic seizures showed
diffuse suppression with fast waves built up to spike bursts
without any lateralization (Figure 3B). Simultaneous sur-
face electromyography showed cessation of neck muscle
activity during head dropping, which was considered to
be an atonic seizure of focal origin, although her ictal elec-
troencephalography showed no localized findings. Various
antiepileptic drugs including phenytoin, topiramate, and
ethosuximide were ineffective in controlling her seizures.

At present, the patient is of relatively small stature with
a height of 102 cm (~1.5 SD), a weight of 15 kg (—1.2 SD),

and a head circumference of 47.8 cm (~1.5SD). A com-
plete evaluation of the heart was normal. She exhibits bra-
chycephaly, midfacial hypoplasia, a prominent forehead,
upslanted palpebral fissures, narrow-spaced eyes, a broad
nose with a depressed root, short and stubby hands, and
clinodactyly of the fifth fingers (Figure 4). The small
lesion of unknown etiology at the posterior lateral aspect
of the left lateral ventricle of T2-weighted brain magnetic
resonance imaging at 5 years of age (Figure 2B) remained
unchanged. An enlargement of the lateral ventricle on
both sides was also apparent. She showed gopd motor
milestones in comparison to language development. At 5
years and 2 months age, the patient’s developmental quo-
tients for language and gross motor development were 11
and 65, respectively, based on the Enjoji scale of infant
development. Behavioral disturbances, including temper
tantrums, attention deficit, self-injury, and hyperactivity,
have also gradually become evident. She also exhibits a
sleep disorder characterized by early morning waking and
fragmented and shortened total sleep cycle.

Discussion

Here, we report a case of Smith-Magenis syndrome asso-
ciated with West syndrome, for which we have performed
a long-term electroencephalographic follow-up. The diag-
nosis of Smith-Magenis syndrome is based on the clinical
recognition of a unique phenotype involving physical,
developmental, and behavioral aspects. Infants are
described as “cherubic” with a Down syndrome-like
appearance. However, many of the features of Smith-
Magenis syndrome may be relatively subtle in infancy and
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Figure 3. Ictal electroencephalography and surface electromyography of a single head-drop seizure (arrow) (A) and head dropping followed by
bilateral tonic seizure (arrow) (B). Delt, deltoid muscle; Lt, left; Rt, right; trap, trapezius muscle.

early childhood and become more recognizable with  G-banded cytogenetic analysis, provided the resolution is

advancing age. Most children are diagnosed in mid-  adequate (550 band or higher), or fluorescent in situ
childhood when the features of the disorder are most  hybridization analysis. These analyses are performed to
recognizable and striking. detect the characteristic 3.5-Mb interstitial deletion of

The diagnosis of Smith-Magenis syndrome is based =~ chromosomal region 17p11.2, which contains the crucial
on clinical findings and can be confirmed via routine  retinoic acid-induced 1 gene. All 17pl11.2 deletions
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Figure 4. Facial features and fingers of the patient at 4 years of age. Brachycephaly, midfacial hypoplasia, a prominent forehead, upslanted palpebral
fissures, narrow-spaced eyes, a broad nose with a depressed root, short and stubby hands, and clinodactyly of the fifth fingers are apparent.

associated with Smith-Magenis syndrome include a dele-
tion of retinoic acid-induced 1.'* Alternatively, some indi-
viduals develop Smith-Magenis syndrome as a result of
mutation, rather than deletion, of the retinoic acid-
induced 1 gene, which can be detected via direct sequen-
cing. Other affected individuals have atypical (smaller or
larger) deletions involving 17p11.2."* Studies indicate that
approximately 90% of cases have a fluorescent in situ
hybridization-detectable deletion, with approximately 70%
of cases exhibiting the characteristic 3.5-Mb deletion, ®'*
the remaining 30% shows atypical deletions. In the present
case, chromosomal analysis performed early in childhood was
normal, which we assume to have been the result of labora-
tory error, and a second chromosomal analysis revealed the
17p deletion, which was then confirmed via fluorescent in
situ hybridization analysis.

Among 60 previously reported cases of Smith-Magenis
syndrome, 18% (11/60) exhibited seizures, and abnormal
epileptiform electroencephalography activity recorded via
prolonged video-electroencephalography was identified in
30% of patients.'® Parents reported initial seizure phe-
nomena suggestive of either absence or partial seizures
(7/11), generalized convulsions indicative of generalized
tonic-clonic seizures (4/11), and drop attacks (2/11),
which are considered to be atonic seizure.'® Generalized
epileptiform patterns were the most common (73%).'°
Therefore, cortical hyperexcitability and epilepsy may rep-
resent an important component of the Smith-Magenis
clinical phenotype.'® According to a previous report,
Smith-Magenis syndrome is not characterized by any
single seizure type or electroencephalographic pattern,
although complex partial seizures are most common.!!

No ictal events, however, have been analyzed thus far via
video-electroencephalography. The present patient most
likely progressed from West syndrome to focal epilepsy
with multifocal spike discharges.

Pediatric neurologists should be aware of this under-
diagnosed syndrome as a further cause of West syndrome,
although the pathophysiological contributions of Smith-
Magenis-related gene deletions in West syndrome remain
to be elucidated.
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