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ABSTRACT. Smith-Magenis syndrome (SMS) is a multiple congenital anomalies and mental retardation
syndrome associated with an interstitial deletion of chromosome 17 band p11.2. The incidence of this
microdeletion syndrome is estimated to be 1 in 25,000 individuals. Persons with SMS have a distinctive
neurobehavioral phenotype that is characterized by aggressive and self-injurious behaviors and significant
sleep disturbances. From December 1990 through September 1999, 58 persons with SMS were enrolled in a
5-day multidisciplinary clinical protocol. Developmental assessments consisting of cognitive level and adaptive
behavior were completed in 57 persons. Most patients functioned in the mild-to-moderate range of mental
retardation. In addition, we report that patients with SMS have low adaptive functioning with relative strengths
in socialization and relative weakness in daily living skills. These data were analyzed in light of the molecular
extent of the microdeletion within 17p11.2. We found that the level of cognitive and adaptive functioning does
depend on deletion size, and that a small percentage of SMS patients have cognitive function in the borderline
range. J Dev Behav Pediatr 27:188—192, 2006. Index terms: chromosome 17, microdeletion syndrome,
mental retardation, adaptive behavior.

Smith-Magenis syndrome (SMS) comprises a constella-
tion of various physical, behavioral, and cognitive features.
Initially reported in 1986,"* the incidence of SMS is now
estimated to be 1 of 25,000.°* Although most SMS
patients harbor a common 3.7-Mb interstitial deletion of
17p11.2,>° 9 individuals with SMS and mutations in RA/I
(retinoic acid—induced 1)—a gene within the SMS critical
region—have been identified (Fig. 1).”°

Distinct physical characteristics in SMS involve multiple
organ systems. Specific craniofacial anomalies include brac-
hycephaly, broad face, midface hypoplasia, prognathism, and
an everted upper lip.'®!" Skeletal findings include short
hands, short stature, and scoliosis.'®'? Ophthalmologic
manifestations are also present in most patients, specifically,
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strabismus, myopia, and iris abnormalities.!>!* Hearing loss
is documented in nearly 70% of 6patients and may be sen-
sorineural, conductive, or mixed.” Electroencephalographic
abnormalities are observed in approximately 50% of patients,
whereas only 20% are affected with a seizure disorder.%!>
Structural abnormalities of the cardiac and genitourinary/
renal systems can occur in deletion patients but have not
been described in patients with RAI/ mutations.””

The neurobehavioral abnormalities in SMS are among
the most striking features of this disorder and are present in
patients having both deletion and RA/I point muta-
tions.>7-19:16.17 Tndividuals with SMS demonstrate an array
of disruptive behaviors, including hyperactivity, distractibil-
ity, temper tantrums, and attention-seeking behavior. Self-
injurious and aggressive behaviors are also features of SMS
and include biting, headbanging, skin picking, and slap-
ping.>'%!"18 The most striking self-injurious behaviors
associated with SMS are onychotillomania (picking/pulling
fingers and toenails) and polyembolokoilamania (insertion
of foreign objects into various body orifices).> A positive
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FIGURE 1. Diagram of the proximal short arm of chromosome 17. The centromere, telomere, SMS-REPs, and RA/71 gene are shown. The
common deletion, which is observed in approximately 75% of SMS deletion patients, is approximately 3.7 Mb. Approximately 15% of SMS
deletion patients have deletion sizes either larger or smaller than 3.7 Mb. Not all of these are of the same size as depicted in this figure, yet all
SMS deletions encompass RA/1. Cen indicates centromere; tel, telomere.

behavior that seems unique to SMS is an expression of
happiness referred to as self-hugging or the ‘‘spasmodic
upper body squeeze.”’"”

All patients with SMS demonstrate significant sleep
disturbances. Families report prolonged nocturnal awaken-
ing and increased daytime sleepiness.” Objective abnor-
malities include abnormal sleep stage distribution,
decreased sleep time, and an abnormal circadian rhythm
of melatonin.'®?® Although the literature supports
that sleep disturbances are generally associated with
behavior difficulties,?! objective data regarding SMS,
sleep, and behavior correlates are lacking.

Few reports in the medical literature describe the cognitive
abilities in SMS. Furthermore, these reports are limited by
sample size and lack of molecular data. Initial SMS cohort
studies of 29 patients documented moderate mental retarda-
tion (MR) in most patients.'® Dykens et al** examined 10
patients with SMS (deletion 17p11.2) and confirmed a
mean intelligence quotient (IQ) in the moderate MR range.
A larger cohort of SMS deletion patients (19 adults and 29
children) reported by Udwin et al*® also noted that most
patients tested in the moderate MR range.

Fifty-eight patients with SMS were admitted to the
General Clinical Research Center at Texas Children’s
Hospital for clinical assessment. Cognitive and adaptive
profiles were completed for 57 subjects. These data are
analyzed in light of the molecular extent of the micro-
deletion within 17p11.2.

METHODS
Patient Ascertainment

From December 1990 to September 1999, 58 persons
with Smith-Magenis syndrome (SMS) (57% female; mean
age, 9 years; age range, 1 year 6 months to 31 years) were
enrolled in the multidisciplinary clinical study of SMS
through the General Clinical Research Center at Texas
Children’s Hospital under a protocol approved by the

Baylor College of Medicine Institutional Review Board.
All 58 patients were ascertained by abnormal chromosome
analysis with del(17)(p11.2p11.2), which was performed
for developmental delay and/or mental retardation (MR).
Informed consent was obtained from the parent or legal
guardian of the patient.

Cytogenetic and Molecular Analysis

Each patient had an interstitial deletion within 17p11.2
detected by G-banded chromosome analysis. The deletion
size was determined by fluorescent in situ hybridization
and pulsed-field gel electrophoresis and was reported
previously.® Of the 51 patients in whom the molecular
extent of the deletion could be determined, 76% harbored
the same-sized (common) deletion.® The deletion size of
the patient who could not complete the study was
undetermined.

Cognitive Assessment

The Cognitive Adaptive Test/Clinical Linguistic and
Auditory Milestone Scale®* was administered by a devel-
opmental pediatrician to determine a developmental
quotient (DQ) in visual-motor problem-solving (Cognitive
Adaptive Test DQ) and language skills (Clinical Linguistic
Auditory Milestone Scale DQ) in individuals whose
developmental age was less than 3 years. Gross motor
development was assessed with the Revised Gesell Devel-
opmental Schedules gross motor portion.>> Psychoeduca-
tional testing was administered by a clinical psychologist
and included determination of cognitive ability by McCar-
thy Scales of Children’s Abilities (MSCA),*® Stanford-
Binet Intelligence Scales, Fourth Edition (SBIS-IV),*’
Wechsler Intelligence Scales for Children III (WISC-
I1),*® or Wechsler Adult Intelligence Scales—Revised
(WAIS-R).? Intelligence testing was determined based
on developmental age. If the developmental age of the
patient was below 2 years, a Bayley Scale of Infant Devel-
opment, Second Edition (BSID-II)*® was administered
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Table 1. 1Q or DQ Score Distribution
n Mean SD Min Max
1Q/DQ 55 50.33 12.91 19 78
Verbal 1Q 44 54.52 10.49 44 84
Performance 1Q 44 53.89 10.14 38 76

(n = 12/57). The primary caregivers (parent or guardian)
were administered the Vineland Adaptive Behavior Scale,
Interview Edition (VABS)*' by a clinical psychologist
through a semistructured interview. The VABS identifies
capability among specific areas of adaptability.

RESULTS

Fifty-seven Smith-Magenis syndrome (SMS) patients
completed the neurodevelopmental and cognitive evalua-
tions and/or adaptive behavioral assessments. Fifty-four
percent were female (n=31/57). The age range was 1 year 6
months to 29 years, with median of 8.5 years.

Neurodevelopmental Assessment

Fifty-eight patients underwent a comprehensive history
and physical examination by a developmental pediatrician
and a clinical geneticist, including investigation of behav-
ior problems and developmental history. Fifty-seven were
able to complete the formal developmental and/or adaptive
behavior assessments. Language delays were reported in
84% (n = 48/57). Children with visual-motor problem-
solving delays comprised 72% (n = 41/57). In the area of
gross motor skills, 61% (n = 35/57) of the children
exhibited delays based on parent history or observation
by the physician.

Intellectual Assessment

Participants were evaluated using standardized measures
to assess cognitive/developmental skills. The Bayley Scale
of Infant Development, Second Edition (BSID-II) was used
to assess cognitive skills in children who were either
between the ages of birth and 2% years or those who were
unable to complete a more age-appropriate measure.
Twelve children received the BSID-II. The MCSA was
used for 13 children who were too old to complete the
BSID-II but were too young to complete the Wechsler
Intelligence Scales for Children IIT (WISC-III). The SBIS-
IV was used for 7 children who were too old to complete
the MCSA but who were too low-functioning to complete
the WISC-III. The WISC-III was completed for 20 children,
and the WAIS-R was completed for the 4 adults who
participated in the study. Standard intelligence quotient (IQ)
scores are used when possible. For children who received an
intelligence test beyond the normative age range of the test,
a developmental quotient (DQ) was calculated. Chronolog-
ical age was used as a covariate in all analyses.

Table 1 reflects the distribution of 1Q/DQ scores for the
sample. The average 1Q score fell within the moderate range
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of mental retardation (MR), with scores ranging between
the profound range of MR and the borderline range.
For those participants (n = 44) who received the MCSA,
SBIS-IV, WISC-III, or the WAIS-R, a repeated measures
analysis of variance was used to assess any differences
between Verbal I1Q and Performance 1Q. The results did not
reveal any statistically significant differences (p = .598).

Adaptive Behavior Assessment

The parents of 50 participants were interviewed using
the standardized administration of the Vineland Adaptive
Behavior Scale, Interview Edition (VABS), which assesses
the ability of a child to perform activities of daily living
required for personal and social competence. For children
younger than 6 years, it yields standard scores in 4
domains, including communication, daily living skills,
socialization, and motor skills. For children older than 6
years, the motor skills domain is not assessed.

Table 2 reflects the scores of children from the VABS.
Generally, children were found to be functioning in the
moderate deficits range of the low adaptive level.
Repeated measures analyses of variance were conducted
to determine whether there were significant differences in
Vineland standard scores across the domains of commu-
nication, daily living skills, and socialization. A main
effect of domain was observed (F,45 =17.75, p <.001).
A Bonferroni post hoc test was subsequently conducted,
and daily living skills were a relative weakness compared
with communication and socialization skills. A second
analysis was conducted using only 22 children who were
younger than 6 years to consider the motor skills domain
of adaptive behavior. A main effect for domain was found
(F3.19 = 7.66, p < .001). Results of a Bonferroni post hoc
test revealed that the domains of daily living skills and
motor skills were relative weaknesses compared with the
domains of communication and socialization.

Deletion Size, Cognitive Skills, and Adaptive
Behavior

Molecular analyses were performed to determine the
size of the deletion of 17p11.2. The deletion size was
determined for 51 participants and is published.®>*** Two
participants did not complete evaluations for cognitive and
adaptive behavior and were subsequently excluded from
analyses. The psychologists who were conducting the
assessments were blinded to deletion size. One child who
was found to have a complex chromosomal rearrangement
resulting in deletion 17p11.2 was eliminated from the

Table 2. Standard Scores from the Vineland Adaptive Behavior
Scales, Interview Edition

Subtest n Mean SD Min  Max
Communication 50 5412 1574 <20 73
Daily living skills 50 4758 17.10 <20 76
Socialization 50 56.73 15.82 <20 89

Adaptive behavior composite 50 48.30 13.58 <20 73
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Table 3. 1Q or DQ Scores by Deletion Size

Deletion Size n Mean SD Min Max
A. 1Q or DQ scores
Common 37 52.62 13.03 21 78
Small 6 51.67 4.76 48 61
Large 5 30.60 10.50 19 44
B. Vineland composite scores
Common 37 48.00 14.36 20 73
Small 6 50.00 10.43 34 60
Large 5 41.80 14.77 20 57

DQ indicates developmental quotient.

statistical analysis. Table 3A reflects the 1Q/DQ scores of
participants as broken down by deletion size. Data were
normally distributed. The results revealed that children
with large deletions were significantly more likely to have
lower 1Q scores compared with those with small deletions
or common deletions (F>47 = 7.89, p = .001, adjusted
R* = 22). When examining differences in VABS scores
(Table 3B), the results revealed that individuals with large
deletions were significantly more likely to have lower
adaptive behavior composite scores than those with either
small or common deletions (F, 47 = 4.67, p = .01, adjusted
R* = 48).

DISCUSSION

Our study represents the first report of the cognitive and
adaptive behavior profiles of a cohort of 57 Smith-Magenis
syndrome (SMS) patients with deletion 17pl11.2 in the
context of their deletion size. The findings extend previous
research and provide important information regarding the
prognosis of patients as a result of their deletion size. First,
our results demonstrate that, although the clinical pheno-
type can be variable in SMS, at least some of these
phenotypic differences (e.g., cognition and adaptive func-
tion) are related to differences in the size of chromosomal
deletion of the patient.

Specifically, in this study, individuals with deletions
larger than the 3.7-Mb common deletion had lower levels
of cognition (in the severe-to-profound range of mental
retardation [MR]) compared with individuals with either
small or common deletions. Interestingly, 1 of these
5 patients (Patient 1153) has an uncommon but recurrent
5-Mb deletion.>* It is important to note that these differ-
ences are completely independent of chronological age.
Similar differences were noted for adaptive behavior, with
individuals with larger deletions exhibiting significantly
lower scores compared with individuals with small or
common deletions. Thus, our results indicate that overall,
individuals with larger deletions, including 1 patient who
has the uncommon but recurrent 5-Mb deletion,>? have a
more severe phenotype and a poorer prognosis compared
with their counterparts. These data demonstrate the need
for further analysis of SMS patients with common-sized
deletions in comparison with those patients with either
larger or smaller deletions or patients with SMS due to
RAIl point mutations, to determine the significance of
these findings with regard to prognosis and defining future
expectations. Although maladaptive behaviors were not

examined in this study, previous studies have found
attention-seeking behavior, hostility, and impulsivity in
patients with SMS.>' These behaviors can be more
common in individuals with severe to profound MR. It
therefore will be important to determine whether
individuals with SMS who have larger deletions also
exhibit higher levels of problem behaviors. Since there
have been abnormalities in sleep associated with
behavior problems,?! a correlation with severity of
impulsivity, hyperactivity, and inattention in SMS patients
would also be warranted in future studies of SMS patients.

As is consistent with previous research, our findings
demonstrate that most individuals with SMS are functioning
in the moderate range of MR.'%** In addition, our study is
the first to report borderline cognition in 4 individuals with
SMS (all 4 of whom had a common deletion). Strengths
and weaknesses in specific subtests could not be examined
because a number of different instruments were used to
assess cognition in the present study. No overall differences
were found in the verbal and nonverbal reasoning abilities
of participants in this study. In future research, it will be
important to examine subtest strengths and weaknesses in a
population of SMS children that is matched for chrono-
logical and developmental age to ascertain how the profiles
of children with SMS differ from those children with other
genetic disorders such as Prader-Willi syndrome, fragile X
syndrome, and Williams syndrome.

Regarding the adaptive behavior profiles of the patients in
this study, individuals with SMS have relative strengths in
the areas of communication and socialization compared with
self-help skills or motor skills. These findings were in con-
trast to a previous study by Dykens et al, who did not
demonstrate any differences across the domains of adaptive
behavior.?? It is possible that some of the problematic be-
haviors (e.g., nocturnal enuresis and encopresis) that have
been reported in previous studies of SMS?! are adversely
impacting their activities of daily living. Previous reports
show that adults with SMS continue to live either in their
parents’ homes or residential facilities, and of those in resi-
dential facilities, most depend on the staff for personal care.*

Our study provides some support for earlier findings of
moderate MR in SMS'%** and complements these findings
with data on adaptive functioning in individuals with SMS.
Although the common mechanism of SMS yields a deletion
of 17pl11.2, recent reports suggest that RA// haploinsuffi-
ciency due to deletion or point mutation is sufficient to
cause the cognitive and neurobehavioral impairments in
this disorder in both humans’® and mice.>**5 Further
clinical investigation of individuals with RAI!/ point
mutations is required to determine if there is a difference
between the cognitive and behavioral profiles of patients
with deletion versus RAIl point mutations.

Acknowledgments. This work was supported in part by Grant K08
HDO01149 to L.P. and Grant POl HD39420 to J.R.L. from the National
Institutes of Child Health and Human Development, Grant HD2406407
from the Baylor College of Medicine Mental Retardation Research
Center, and Grant MOIRR00188 from the Texas Children’s Hospital
GCRC. We thank the patients and their families for participation, the
physicians and psychologists of the Meyer Center for Developmental
Pediatrics, and the nursing staff of the General Clinical Research Center.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



192

MADDURI ET AL

JDBP/June, Vol. 27, No. 3

REFERENCES

Smith ACM, McGavran L, Robinson J, et al. Interstitial deletion
of (17)(p11.2p11.2) in nine patients. Am J Med Genet. 1986;24:
393-414.

Stratton RF, Dobyns WB, Greenberg F, et al. Interstitial deletion
of (17)(p11.2p11.2): report of six additional patients with a new
chromosome deletion syndrome. Am J Med Genet. 1986;24:
421-432.

Greenberg F, Guzzetta V, Montes de Oca-Luna R, et al. Molecular
analysis of the Smith-Magenis syndrome: a possible contiguous
gene syndrome associated with del(17)(p11.2). Am J Hum Genet.
1991;49:1207-1218.

Chen K-S, Potocki L, Lupski JR. The Smith-Magenis syndrome
[del(17)p11.2]: clinical review and molecular advances. Ment
Retard Dev Disabil Res Rev. 1996;2:122-129.

Chen K-S, Manian P, Koeuth T, et al. Homologous recombination
of a flanking repeat gene cluster is a mechanism for a common
contiguous gene deletion syndrome. Nat Genet. 1997;17:159-162.
Potocki L, Shaw CJ, Stankiewicz P, et al. Variability in clinical
phenotype despite common chromosomal deletion in Smith-Magenis
syndrome [del(17)(p11.2p11.2)]. Genet Med. 2003;5:430-434.
Slager RE, Newton TL, Vlangos CN, et al. Mutations in RAIl
associated with Smith-Magenis syndrome. Nat Genet. 2003;33:1-3.
Bi W, Saifi GM, Shaw CJ, et al. Mutations of RAIl, a PHD-
containing protein in nondeletion patients with Smith-Magenis
syndrome. Hum Genet. 2004;115:515-524.

Girirajan S, Elsas LJ, Devriendt K. RAII variations in Smith-
Magenis syndrome patients without 17pll1.2 deletions. J Med
Genet. 2005;42:820-828.

Greenberg F, Lewis RA, Potocki L, et al. Multi-disciplinary clinical
study of Smith-Magenis syndrome (deletion 17p11.2). Am J Med
Genet. 1996;62:247-254.

Allanson JE, Greenberg F, Smith ACM. The face of Smith-Magenis
syndrome: a subjective and objective study. J Med Genet. 1999;
36:394-397.

Schlesinger AE, Potocki L, Poznanski AK, et al. The hand in Smith-
Magenis syndrome (deletion 17p11.2): evaluation by metacarpopha-
langeal pattern profile analysis. Pediatr Radiol. 2003;33:173-176.
Finucane BM, Jaeger ER, Kurtz MB, et al. Eye abnormalities in the
Smith-Magenis contiguous gene deletion syndrome. Am J Med
Genet. 1993;45:443-446.

Chen RM, Lupski JR, Greenberg F, et al. Ophthalmologic
manifestations of Smith-Magenis syndrome. Ophthalmology.
1996;103:1084—-1091.

Goldman L, Potocki L, Walz K, et al. Epilepsy and chromosomal
rearrangements in Smith-Magenis syndrome [del(17)(p11.2p11.2)].
J Child Neurol. 2006;21:93-98.

Potocki L, Glaze D, Tan D-X, et al. Circadian rhythm abnormalities
of melatonin in Smith-Magenis syndrome. J Med Genet. 2000;37:
428-433.

Smith ACM, Dykens E, Greenberg F. Behavioral phenotype of
Smith-Magenis syndrome (del 17p11.2). Am J Med Genet. 1998;81:
179-185.

Finucane B, Dirrigl KH, Simon EW. Characterization of self-

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

injurious behaviors in children and adults with Smith-Magenis
syndrome. Am J Ment Retard. 2001;106:52-58.

Finucane BM, Konar D, Hass-Givler B, et al. The spasmodic upper-
body squeeze: a characteristic behavior in Smith-Magenis syn-
drome. Dev Med Child Neurol. 1994;36:78-83.

De Leersnyder H, de Blois MC, Claustrat B, et al. Inversion of the
circadian rhythm of melatonin in the Smith-Magenis syndrome. J
Pediatr. 2001;139:111-116.

Dykens EM, Smith ACM. Distinctiveness and correlates of
maladaptive behaviour in children and adolescents with Smith-
Magenis syndrome. J Intellect Disabil Res. 1998;42:481-489.
Dykens EM, Finucane BM, Gayley C. Brief report: cognitive and
behavioral profiles in persons with Smith-Magenis syndrome. J
Autism Dev Disord. 1997;27:203-210.

Udwin O, Webber C, Horn 1. Abilities and attainment in Smith-
Magenis syndrome. Dev Med Child Neurol. 2001;43:823—-828.
Accardo PJ, Capute AJ. The Capute Scales: Cognitive Adaptive
Test/Clinical Linguistic and Auditory Milestone Scale. Baltimore,
MD: Paul H. Brookes Publishing; 2005.

Knobloch J, Stevens F, Malone AF. Manual of Developmental
Diagnosis. Hagerstown, MD: Harper & Row; 1980.

McCarthy D. McCarthy Scales of Children’s Abilities Manual. San
Antonio, TX: The Psychological Corporation, Harcourt Brace and
Company; 1972.

Thorndike RL, Hagen EP, Sattler JM. The Stanford-Binet Intelli-
gence Scale, Fourth Edition Guide for Administering and Scoring.
Chicago, IL: The Riverside Publishing; 1986.

Wechsler D. Wechsler Intelligence Scale for Children, Third Edition
Manual. San Antonio, TX: The Psychological Corporation, Harcourt
Brace, Jovanovich; 1991.

Wechsler D. Wechsler Adult Intelligence Scales, Revised Manual.
San Antonio, TX: The Psychological Corporation, Harcourt Brace,
Jovanovich; 1981.

Bayley N. Bayley Scales of Infant Development, 2nd ed. San
Antonio, TX: The Psychological Corporation, Harcourt Brace and
Company; 1993.

Sparrow SS, Balla DA, Cicchetti DV. Vineland Adaptive Behavior
Scales, Interview Edition, Survey Form Manual. Circle Pines, MN:
American Guidance Service; 1984.

Shaw CJ, Withers MA, Lupski JR. Uncommon deletions of the
Smith-Magenis syndrome region can be recurrent when alternate
low-copy repeats act as homologous recombination substrates. Am J
Hum Genet. 2004;75:75-81.

Stankiewicz P, Shaw CJ, Dapper JD, et al. Genome architecture
catalyzes nonrecurrent chromosomal rearrangements. Am J Hum
Genet. 2003:1101-1116.

Walz K, Spencer C, Kaasik K, et al. Behavioral characterization of
mouse models for Smith-Magenis syndrome and dup(17)(p11.2p11.2).
Hum Mol Genet. 2004;13:367-378.

Bi W, Ohyama T, Nakamura H, et al. Inactivation of RA/I in mice
recapitulates phenotypes observed in chromosome engineered
mouse models for Smith-Magenis syndrome. Hum Mol Genet.
2005;14:983-995.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



