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Abstract

In order to describe the physical characteristics, medical complications, and natural history of 

classic 7q11.23 duplication syndrome [hereafter Dup7 (MIM 609757)], reciprocal duplication of 

the region deleted in Williams syndrome [hereafter WS (MIM 194050)], we systematically 

evaluated 53 individuals aged 1.25–21.25 years and 11 affected adult relatives identified in 

cascade testing. In this series, 27% of probands with Dup7 had an affected parent. Seven of the 26 

de novo duplications that were examined for inversions were inverted; in all 7 cases one of the 

parents had the common inversion polymorphism of the WS region. We documented the 

craniofacial features of Dup7: brachycephaly, broad forehead, straight eyebrows, broad nasal tip, 

low insertion of the columella, short philtrum, thin upper lip, minor ear anomalies, and facial 

asymmetry. Approximately 30% of newborns and 50% of older children and adults had 

macrocephaly. Abnormalities were noted on neurological examination in 88.7% of children, while 

81.6% of MRI studies showed structural abnormalities such as decreased cerebral white matter 

volume, cerebellar vermis hypoplasia, and ventriculomegaly. Signs of cerebellar dysfunction were 

found in 62.3%, hypotonia in 58.5%, Developmental Coordination Disorder in 74.2%, and Speech 
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Sound Disorder in 82.6%. Behavior problems included anxiety disorders, ADHD, and 

oppositional disorders. Medical problems included seizures, 19%; growth hormone deficiency, 

9.4%; patent ductus arteriosus, 15%; aortic dilation, 46.2%; chronic constipation, 66%; and 

structural renal anomalies, 18%. We compare these results to the WS phenotype and offer initial 

recommendations for medical evaluation and surveillance of individuals who have Dup7.
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INTRODUCTION

Williams syndrome (WS, MIM 194050) is caused by a 1.5Mb microdeletion of chromosome 

7q11.23 mediated by nonallelic homologous recombination (NAHR). Due to the NAHR 

mechanism, it was known that reciprocal duplication of the WS region must exist, but the 

first case was not reported until 2005 when a boy being tested for 22q11 deletion using real 

time PCR was found to have duplication of the elastin gene; subsequent analysis revealed 

the microduplication of the WS region (7q11.23 duplication syndrome, hereafter Dup7, 

MIM 609757) [Somerville et al., 2005]. Since that time, we have had the opportunity to 

evaluate 64 individuals with classic Dup7 in order to characterize the clinical features, 

medical problems, phenotypic variability, and natural history of the syndrome.

In the past 10 years, 46 children and 15 adults with classic Dup7 have been reported in the 

literature in case reports [Somerville et al., 2005; Kriek et al., 2006; Kirchhoff et al., 2007; 

Depienne et al.,2007; Torniero et al., 2007, 2008; Merritt and Lindor, 2008; Orellana et al., 

2008; Malenfant et al., 2011; Degerliyurt et al., 2012; McGrew et al., 2012; Prontera et al, 

2014; Zarate et al., 2014] or in clinical case series [Berg et al., 2007; van der Aa et al., 2009; 

Dixit et al., 2013; Parrott et al., 2015]. Some of these individuals were identified when 

special populations were screened by microarray for copy number variants (Table I). While 

affected individuals have been identified in populations of persons with autism spectrum 

disorder (ASD), intellectual disability, schizophrenia, and epilepsy, and Dup7 has been 

reported to be a risk factor for both ASD [Sanders et al., 2011] and schizophrenia [Mulle et 

al., 2014], the conclusion of these studies is that Dup7 is not a common cause of any of these 

conditions. Most of the probands reported were identified in the course of routine clinical 

evaluation for developmental delay, dysmorphic features, or behavior problems. Six 

transmitting parents, two affected half siblings, and three affected siblings were identified by 

cascade testing. The prevalence of Dup 7 has been estimated between 1/7,500 – 20,000 [Van 

der Aa et al., 2009; Velleman and Mervis, 2011].

These case reports and clinical case series have provided a preliminary phenotypic 

description of Dup7 and highlighted its variability. Craniofacial features commonly noted in 

the literature include macrocephaly, broad forehead, straight eyebrows, deep set eyes, short 

philtrum, thin upper lip, micrognathia, and minor ear anomalies leading to a recognizable 

facial gestalt [Van der Aa et al., 2009; Dixit et al., 2013]. Various malformations have been 
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reported in single patients including congenital glaucoma, choanal atresia, submucous cleft 

palate, congenital diaphragmatic hernia, vertebral anomalies, and talipes equinovarus. Two 

children have been reported with trigonocephaly, two with exotropia, two with cleft lip and 

palate, and four with cryptorchidism. Abnormal MRI findings were noted in 13 of the 16 

individuals with classic Dup7 for whom MRI results were reported. The MRI abnormalities 

varied and included cerebral atrophy, increased cortical thickness, ventriculomegaly, 

hyperintensities in the white matter, simplified gyral pattern, dilated perivascular spaces, and 

cerebellar vermis hypoplasia [Berg et al. 2007; Depienne et al., 2007; Torniero et al., 2007, 

2008; van der Aa et al., 2009; Orellana et al., 2009; Dixit et al., 2013; Prontera et al., 2014].

Medical problems noted in previous reports include hypotonia (18), seizure disorder (8), 

constipation (3), and short stature (1). Congenital heart disease has been reported in 6 

individuals (4 patent ductus arteriosus, 1 atrial septal defect, 1 supravalvar aortic stenosis 

with post stenotic dilation). Two recent studies drew attention to the occurrence of aortic 

dilation in classic Dup7. Zarate et al. [2014] reported a 2.5-year-old with dilation of the 

ascending aorta. Parrott et al. [2015] described the cardiovascular findings in 8 individuals 

with classic Dup7: one had aortic dilation in infancy and was treated with a beta blocker at 

age 5 years due to worsening dilation. Two children had dilation of the aorta that normalized 

as they got older, one had moderate dilation, and four other individuals (the oldest age 34 

years) had mild aortic dilation.

Developmental delay or intellectual disability, ASD or features of ASD, language delay or 

disorder, and/or severe speech delay have been noted in almost all case reports of individuals 

with Dup7. These important aspects of the phenotype, along with anxiety and behavioral 

problems, were analyzed for a group of 63 children aged 4 – 17 years and 16 toddlers and 

young preschoolers by Mervis et al. [2015]. In both Mervis et al. [2015] and the present 

study, only individuals with classic Dup7 are reported. This decision was made because both 

shorter [Morris et al., 2003] and longer [Stock et al., 2003] deletions of the WS region result 

in phenotypes that differ from classic WS in important ways and therefore it was expected 

that shorter or longer duplications of the WS region would also result in phenotypes that 

include important differences from classic Dup7.

MATERIALS AND METHODS

Participants

Sixty four individuals who had a classic 1.5 Mb microduplication of 7q11.23 participated in 

the study. Group 1 consisted of 53 individuals (28 females, 25 males) aged 1.25 – 21.25 

years (median: 7.09 years, mean: 8.12 years, SD: 4.87 years). Forty eight were probands and 

5 were siblings of probands identified in cascade testing. All probands had had a 

chromosome microarray (using various commercially available platforms) demonstrating a 

classic duplication of the WS region. The classic size of the duplication was confirmed by 

FISH and/or PCR for all participants, including siblings diagnosed in cascade testing. One 

individual (#20) was previously described in a case report [Somerville et al., 2005] and 48 of 

the 53 were included in our article on psychological characteristics of children with classic 

Dup7 [Mervis et al., 2015]. Group 2 was comprised of 11 adult relatives of probands, all 

diagnosed by cascade testing. Four mothers, five fathers, and two grandmothers were 
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identified in nine families. FISH and/or PCR was used to confirm that all individuals in 

Group 2 had a classic duplication. Eight of the 11 were included in the adult group reported 

in Mervis et al. [2015]. Informed consent/assent was obtained from all study participants 

and/or their parents. Research protocols were prospectively reviewed and approved by the 

Institutional Review Boards of the University of Nevada School of Medicine, the University 

of Louisville, and the University of Toronto.

Genetic Studies

FISH or qPCR was used to confirm the classic size of the duplication in all participants. 

Chromosome preparations were made using our laboratory’s variation of standard 

cytogenetic protocols for G-banded staining of metaphase cells. FISH was performed by co-

denaturation of target DNA and our research FISH probe DNAs produced from BACs 

located in the regions of interest. The following probes from 7q11.23 were used: 

RP11-815K3 (815), BCL7 (BCL), RP5-1186P10 (1186), CTB-139P11 (139). 815 and 139 

were used as anchor probes, since both are located outside the Williams syndrome critical 

region. For hybridization, probes were suspended in denHyb-2 hybridization solution 

(Insitus, Albuquerque, NM). Overnight hybridization at 37°C followed co-denaturation of 

the probe and the target metaphases at 77.5°C for 6 minutes. Counterstain was DAPI. 

Observation was performed with a Zeiss Axioscop and documented on a Metasystems 

(Altlussheim, Germany) imaging system. Direct duplication versus inverted duplication was 

determined as previously described [Hobart et al., 2010].

DNA was extracted directly from participant blood samples and the extent of the duplication 

confirmed using real-time PCR with existing validated primer sets as previously described 

[Somerville et al., 2005; Tam et al., 2008]. Wherever possible, parent-of-origin of the 

duplication was determined for each individual using analysis of existing highly 

polymorphic microsatellite markers from the 7q11.23 region in DNA from the participants 

and their parents as described previously [Somerville et al., 2005].

Clinical Assessments

Physical examination of all participants, including documentation of craniofacial features, 

was completed by the same dysmorphologist (C.A.M.), and all available medical records 

were reviewed. Interviews to obtain family, developmental, and medical history were 

conducted. Detailed neurological examinations were completed on Group 1; the adult 

relatives were not assessed because there were too many potentially complicating factors in 

the group (e.g., closed head injury, neurofibromatosis I, untreated hypothyroidism). Children 

aged 5.00 – 17.99 years (N = 31) were evaluated for Developmental Coordination Disorder 

(DCD) using DSM-5 criteria. Diagnosis of DCD was based upon the synthesis of medical 

and developmental history, medical records, neurological examination, and school and 

physical therapy reports. Most of the child participants also were evaluated for Speech 

Sound Disorder (SSD) according to DSM-5 criteria and for anxiety disorders, Attention 

Deficit Hyperactivity Disorder (ADHD), and Oppositional Defiant Disorder (ODD) or 

Disruptive Behavior Disorder – Not Otherwise Specified (DBD-NOS) according to DSM-IV 

criteria as detailed in Mervis et al. [2015]. MRI images were available for 15 participants 
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and CT images were available for one participant; all were reviewed by the same neurologist 

(A.R.P.).

RESULTS

Genetic Studies

Examination of the indications for genetic testing for the probands revealed that the most 

common was developmental delay (21 of 48; 43.8%). The second most common indicator 

was autism spectrum disorder (ASD) (9 of 48; 18.8%). Seven of the nine were later assessed 

for ASD by one of the authors (B.P.K.-T.) using the gold-standard procedure (ADI-R and 

ADOS-2, plus clinical judgment). Four of the seven met criteria for ASD. Other indicators 

listed for at least 10% of the probands were speech and/or language delay/disorder, 

dysmorphic facial features, macrocephaly, and hypotonia. Indicators that were less 

commonly provided but that correspond to phenotypic characteristics of Dup7 were 

hydrocephalus, decreased pain sensitivity, and anxiety. Only one individual was specifically 

evaluated for possible Dup7 (patient #19). This 7-year-old-boy previously had been 

diagnosed with Childhood Apraxia of Speech and his speech therapist referred him to the 

study after attending a presentation regarding Dup7 by one of the authors (S.L.V.).

Twenty of the probands were born in 2005 or later. For this group, age at diagnosis ranged 

from 0.02 years – 5.46 years, with a median of 2.08 years (mean: 2.50 years, SD: 1.58). 

Three children were diagnosed before their first birthday, six as 1-year-olds, five as 2-year-

olds, three as 3-year-olds, and three as 5-year-olds.

Thirty nine of the probands were the only members of their family known to have Dup7. For 

29, both parents were available for testing and the proband’s duplication was determined to 

be de novo. For four probands, only one parent was available for testing; that parent was 

determined not to have Dup7. For the remaining six probands, neither parent was tested; 

four of these probands were adopted. Parent of origin was determined for 15 of the 39; it 

was maternal for eight and paternal for seven. Inversion status was determined for 26 of the 

39. Seven (26.9%) had inverted duplications; in all cases one of the parents had the common 

inversion polymorphism of the WS region (5 maternal 2 paternal). Parent of origin was 

known for only one of the seven children; for this child, the father, who was the parent of 

origin, had an inversion. Nineteen children had direct duplications. In 10 of these cases 

neither parent had an inversion; in the remaining nine cases one or both parents were not 

available for testing.

The remaining 25 individuals were members of nine families. In two families, Dup7 was 

present in at least three generations and in seven families Dup7 was present in at least two 

generations. Five of the families had a direct duplication, three families had an inverted 

duplication (Figure 1), and one family did not have FISH studies performed. In one of the 

families with both grandparents available for testing, the grandfather had the WS region 

inversion polymorphism and the mother with Dup7 had a de novo inverted duplication. 

Therefore, in this series, 27% of probands with Dup7 had an affected parent.
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Four individuals had a copy number variant reported on chromosome microarray in addition 

to the 7q11.23 duplication. Patient #36, a female, had a 10kb deletion of Xq28 disrupting 

IDS, the gene responsible for Hunter syndrome in males. Three other individuals had 

deletions that have not been reported with a phenotype; each deleted a single gene. Patient 

#45 had a 31kb deletion of 4q26 that included ANK2, Patient #25 had a 180 kb deletion of 

10p14 that included CELF2, and patient #41 had a maternally-inherited 70kb deletion of 

3p26.1 that included LRRN1. Siblings #41 and #42 had inherited the 7q11.23 duplication 

from their father, #43. Their mother, who did not have Dup7, did have a history of 

intellectual disability and a seizure disorder and had dysmorphic facial features shared by 

her daughter #42 but not her other daughter #41 (Figure 2). It is possible that patient #42 

who did not inherit the maternal LRRN1 deletion has an autosomal dominant disorder 

inherited from her mother as well as Dup7.

Natural History

Prenatal and Neonatal—Birth records were available for 53 participants. Prenatal 

problems were noted in eight pregnancies: two had oligohydramnios, one had decreased 

fetal movement, two had maternal seizures and prenatal exposure to phenobarbital, and two 

had prenatal exposure to alcohol (timing and amount unspecified). One pregnancy was 

complicated by hyperemesis gravidarum; fetal ventriculomegaly and abnormal kidney were 

noted on prenatal ultrasound at 20 weeks gestation. Microarray obtained on the newborn 

demonstrated Dup7. As indicated in Supplementary Table I, 9 of the 53 (17.0%) were born 

preterm (range: 27 – 36 weeks gestation, median: 34 weeks). Eight children (four preterm, 

four full term) required NICU treatment for respiratory distress. Three term infants, all 

males, had prolonged hospital nursery stays due to feeding difficulty (poor latching on).

Nine newborns (6 males, 3 females) were noted to be large for gestational age, while two (1 

male, 1 female) were small for gestational age. Birth weights were available for 50 

individuals. Median birth weight was at the 75th centile; for three newborns (6.0%) birth 

weight was ≤ 5th centile and for 14 (28.0%) birth weight was ≥ 95th centile. Birth length was 

available for 45 participants. Median birth length was at the 80th centile, with birth length 

for three newborns (6.7%) ≤ 5th centile and for 13 (28.9%) ≥ 95th centile. Head 

circumference measurement was noted in 37 newborns. Median head circumference was at 

the 75th centile with no newborn below the 25th centile; 11 (29.7%) newborns had an OFC ≥ 

95th centile (Supplementary Table I).

Malformations or dysmorphic features were noted in the newborn record in 29 of 53 

participants (54.7%). Four of the infants had multiple congenital anomalies. A 39-week 

gestation male (#29) had right diaphragmatic hernia, cubitus valgus, and postaxial 

polydactyly. A 40-week gestation female (#36) had 11 ribs, unilateral renal agenesis, and 

Mullerian agenesis. A 40-week gestation male (#9) had hydrocephalus, sagittal 

craniosynostosis, ventricular septal defect, bowel malrotation, and hydronephrosis. A 39-

week gestation female (#64) had ventriculomegaly, left renal agenesis and uterus didelphys. 

Macrocephaly was the most common physical anomaly, noted in 11 of the 37 newborns who 

had a head circumference measurement recorded (29.7%). One infant had isolated 

communicating hydrocephalus. Cardiovascular problems included atrial septal defect and 
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ventricular septal defect in one, subvalvar aortic stenosis in one, and patent ductus arteriosus 

in four (two requiring surgical intervention and one treated with prostaglandin). 

Musculoskeletal abnormalities included hemivertebra in one, club foot in three, pectus 

excavatum in one, and sacral dimple in one. Cryptorchidism was found in three, hypospadias 

in one, inguinal hernia in one, hydronephrosis in one, and anterior-placed anus in one. One 

infant had tracheomalacia, two had gastroesophageal reflux, and one had salt wasting 

congenital adrenal hyperplasia. Dysmorphic craniofacial features were noted in eight 

newborns (15.1%): frontal bossing (one), hypertelorism (one), flat midface (one), thin upper 

lip (one), and abnormal ears (four; overfolded helices, low set, posteriorly rotated.)

Craniofacial—Craniofacial features were assessed in both Group 1 and Group 2 (Table II). 

Macrocephaly (OFC ≥ 95th centile) was present in 32 of 64 (50%). The median head 

circumference was at the 90th centile. Features present in more than 50% included 

brachycephaly, broad forehead, straight eyebrows, broad nasal tip, low insertion of the 

columella, short philtrum, thin upper lip, minor ear anomalies, and facial asymmetry. These 

salient features comprise a recognizable facial gestalt (Figures 3–6). Review of family 

photographs indicated that the broad nasal tip, short philtrum, and minor ear anomalies were 

evident in infancy, while the appearance of the columella changed with age (Figure 7). 

Columella abnormalities, evidenced by 50 of 64 patients (78.1%), were noted as follows: 26 

(40.6%) had low insertion of the columella alone, 5 (7.8%) had low hanging columella 

alone, and 19 (29.7%) had both low insertion of the columella and low hanging columella. 

In the individuals > 18 years, 9 of 14 (64.3%) had a low hanging columella as compared to 

15 of the 50 individuals < 18 years (30%).

Neurological, Neurodevelopmental, and Behavioral—Age at attainment of two 

developmental milestones was examined, based on parental report. Parents of 49 of the 51 

individuals who were 21 years or younger and were walking at the time of the study 

indicated that they remembered the age at which their child started to walk independently. 

Median age of independent walking was 1.33 years (mean: 1.48, SD: 0.51), with a range 

from 0.75 – 3.75 years. Two children (one aged 1.25 years, one aged 1.33 years) had not yet 

started to walk. Parents of 48 of the 52 individuals who had started to talk at the time of the 

study indicated that they remembered the age at which their child first produced single 

words. One child (aged 4.75 years) had not yet started to talk. Median age at onset of single 

words was 2.00 years (mean: 2.25 years, SD: 0.99) with a range from 1.00 – > 4.75 years. 

Of the 48 children whose parents recalled both the age at which they started to walk and the 

age at which they started to talk, 39 children walked first, 8 children began to use single 

words first, and 1 child reached both milestones at the same age. Parents also were asked 

how old their child was when he or she was referred for developmental delay; 49 of 53 were 

able to answer this question. Median age at referral for developmental delay was 1.25 years 

(mean: 1.46 years, SD: 1.06), with a range from 0.10 – 5.00 years. One adolescent (aged 

15.28 years) had never been referred for developmental delay. Of the 47 individuals whose 

parents recalled both when they began to use single words and when they were referred for 

developmental delay, 32 were referred before they began to talk, 10 were referred after they 

had begun to talk, and 5 were referred at about the time that they began to talk.
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Neurological problems were common. Seizure disorder was present in 10 of 53 (18.9%). 

One participant died in her sleep at age 15 years, thought to be related to a nocturnal seizure. 

Four children were diagnosed with hydrocephalus. Two had ventriculo-peritoneal shunts 

(one at age 4 months, one at 18 months) and one had a ventriculo-atrial shunt when 

overproduction of CSF resulting in hydrocephalus was diagnosed at age 3 months. One child 

had communicating hydrocephalus that was stable over time. In Group 1, 38 participants had 

neuroimaging studies. MRI or CT images were available for review for 16 participants; all 

but one was abnormal (Table III). Common MRI findings included varying degrees of 

ventriculomegaly, thin corpus callosum, increased extra-axial spaces, white matter 

immaturity and underdevelopment, posterior fossa cysts, and cerebellar vermis hypoplasia. 

Representative MRI findings are illustrated in Figure 8. For the remaining 22 participants 

who had had MRI scans only medical records were available (Table IV). Sixteen were 

reported to be abnormal and 6 normal. Combining the two groups, 31 of 38 studies (81.6%) 

were abnormal.

Abnormalities were noted on neurological examination in 47 of 53 (88.7%) participants in 

Group 1 (Table V). One of the most common findings was hypotonia, present in 31 of 53 

(58.5%). Abnormalities of gait and station suggested cerebellar dysfunction in 33 of 53 

(62.3%). While gait and station tasks such as hopping, balancing, dysmetria and stressed gait 

reach ceiling at age 7 years in typically developing children [Gidley Larson et al., 2007], 14 

of the 27 (51.8%) individuals over age 7 in this series demonstrated deficits. Involuntary 

overflow movements occurring with an intentional movement were common (83% of those 

older than 14 years in the Dup7 group) as compared to the typically developing population 

in which the movements gradually disappear between ages 7 – 14 years, thought to be 

related to maturity of the cortical spinal tracts [Gidley Larson et al., 2007]. Of the 31 

children assessed for Developmental Coordination Disorder, 23 (74.2%) met DSM-5 

diagnostic criteria. The children were often described as clumsy, were slow to develop 

coordinated motor skills, and had difficulty participating in physical activities with peers. Of 

the 46 children we evaluated for Speech Sound Disorder (almost all as part of Mervis et al. 

[2015]), 38 (82.6%) met DSM-5 diagnostic criteria. The affected children had problems with 

articulation and phonology that interfered with verbal communication. All of the children 

except the two youngest, including those who did not have a current SSD diagnosis, were 

receiving or had previously received speech therapy. Excluding two 4-year-old boys with 

ASD and severe developmental delay, mean GCA (similar to IQ) on the Differential Ability 

Scales-II [Elliott, 2007] was 80.54 (SD: 14.93, range: 42 – 107) for the children with SSD 

and 94.50 (SD: 11.90, range: 79 – 118) for the children who did not have SSD.

The parents of the 53 individuals aged 21 years or younger were asked to describe any 

behavioral concerns they had. The most common concern was anxiety, which was raised by 

parents of 38 individuals (71.7%). The most frequently mentioned types were separation 

anxiety (especially for young children) and social anxiety; obsessive compulsive behavior 

was mentioned by parents of five individuals. Of the 46 children whose parents completed 

the Anxiety Disorders Interview Schedule for DSM-IV: Parent [ADIS-P; Silverman and 

Albano, 1996], 7 (15.2%) met criteria for separation anxiety disorder, 22 (47.8%) met 

criteria for social phobia, and 1 (2.2%) met criteria for obsessive compulsive disorder. Most 

of these interviews were conducted as part of Mervis et al. [2015]. Mood swings were 
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mentioned by parents of three individuals. Nine individuals (17.0%) were being treated with 

SSRIs (8 for anxiety, 1 for mood swings). Another frequent concern was attention problems, 

which were mentioned by parents of 17 individuals (32.1%, 13 of whom also had anxiety 

problems or mood swings). Based on the ADIS-P interview, 17 of 46 children (37.0%) met 

criteria for ADHD. Eleven children (18.9%) were medicated for attention problems, 

primarily with stimulants. Parents of seven children (13.2%, five of whom also had attention 

problems) mentioned concerns with aggression or defiance. Based on the ADIS-P interview, 

12 of 46 children (26.1%) met criteria for either ODD or DBD-NOS. Seven individuals 

(13.2%, most of whose parents had not mentioned aggression or defiance) were treated or 

had been treated in the past with atypical antipsychotics, and three children were treated 

with a mood stabilizer (valproic acid). Based on parental report, 10 of the children (18.9%) 

had previously been diagnosed with ASD. Parents of 14 children (26.4%, the oldest of 

whom was 13½ years) indicated that their child had a high pain tolerance. Examples 

provided of situations in which a strong reaction to pain would have been expected but in 

which the child showed little or no reaction included slamming a finger in a car door, 

fracturing a foot or arm, severe lacerations resulting from a fall, and severe suppurative otitis 

media.

The 11 adults in Group 2 were interviewed regarding past school and behavioral history. 

Seven reported difficulties with learning, and four remembered having speech therapy in 

elementary school. Five had dropped out of high school, three had graduated from high 

school, one had graduated from community college with an associate degree, and two had 

graduated from college with a bachelor degree. The two who had a bachelor degree received 

services for students with learning disabilities while in college. Occupations included roofer, 

cook, newspaper deliverer, day care teacher, laborer, computer technician, and homemaker. 

Six noted that they were uncomfortable talking to people. Seven of the adults completed the 

Anxiety Disorders Interview Schedule for DSM-IV [ADIS-IV; Brown et al., 1996] as part of 

the Mervis et al. [2015] study; five (71.4%) met criteria for social phobia. Two reported past 

medical treatment for depression, and two stated that they had been treated for bipolar 

disorder. Three adults reported that they had been in trouble with the law.

Endocrinological—Five children were being treated for growth hormone deficiency 

(9.4%), a problem not previously reported in Dup7. Median height for Group 1 was at the 

50th centile. Nine children (17%) had height ≤ 5th centile and six (11%) had height at the 

95th centile. One child was being treated for hypothyroidism. One teenage girl was being 

evaluated for delayed puberty. One girl was treated for salt wasting congenital adrenal 

hyperplasia. One adult began treatment for hypothyroidism following her research clinic 

visit. One adult had type 2 diabetes mellitus.

Ophthalmological and Otolaryngological—Esotropia was diagnosed in six children 

(11.3%); one was treated surgically. Two children had exotropia. Three of the children had 

hearing loss; two of the three wore hearing aids. Thirteen of the child participants (24.5%) 

had chronic otitis media in early childhood and eight were treated with ventilating tubes. 

Three children had frenulectomy for ankyloglossia. Eight children had tonsillectomy and 

adenoidectomy. One child had obstructive sleep apnea treated with CPAP.

Morris et al. Page 9

Am J Med Genet A. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Cardiovascular—Neonatal diagnoses of cardiovascular problems included septal defects 

in two, subvalvar aortic stenosis in one, and PDA in four. Four additional children were 

diagnosed with PDA between ages 1 and 8 years, for a rate of PDA of 15.1% for Group 1.

Recently, two groups of investigators reported aortic dilation in individuals with Dup7 

[Zarate et al., 2014; Parrott et al., 2015]. At about the same time, we learned that one of the 

participants in Group 2 (patient #55) had just had repair of an aneurysm of the ascending 

aorta (diameter = 5.3cm) and of the abdominal aorta at age 66 years. We then suggested 

echocardiographic evaluation for ascending aorta dilation to the other participants. At the 

time of this report, 26 had echocardiograms (Table VI) and 12 demonstrated aortic dilation 

(46.2%). The age range of the affected individuals was 1.18 – 66 years.

Gastrointestinal—Four children had significant problems with feeding requiring feeding 

via gastrostomy in early childhood; one was still tube fed at age 12 years. Four children had 

gastroesophageal reflux in infancy. Chronic constipation was a significant problem in 35 of 

53 (66.0%) of Group 1. Of those with chronic constipation, 7 (20.0%) had encopresis. Four 

children required hospital admissions for disimpaction and colon clean out. One child had a 

motility study demonstrating slow motility and required a colostomy. Manometry in one 9-

year-old girl was positive for low anal sphincter tone. Ganglion cells were normal in two 

children who had bowel biopsy. Constipation was reported to be a problem in 3 of 11 

(27.3%) adults in Group 2.

Genitourinary—A renal ultrasound had been performed in 22 individuals in Group 1. 

Eighteen (81.8%; 8 girls, 10 boys) had normal studies. Of the remaining individuals, two 

boys had hydronephrosis, one girl had unilateral renal agenesis and Mullerian agenesis, and 

one girl had unilateral renal agenesis and uterus didelphys. One girl was diagnosed with 

delayed bladder emptying. Three boys required orchiopexy and two boys had bilateral 

inguinal herniorraphy. One adult female in Group 2 had unilateral renal agenesis.

Musculoskeletal—Musculoskeletal problems were noted in 15 children (28.3%) 

including hyperextensible joints (five), pectus excavatum (two), lordosis (two), pes planus 

(two), and avascular necrosis of the hip (one). The three children with club feet noted at 

birth were successfully treated with casting.

Integumentary—Of the 47 children < age 14 years at the time of the examination, 21 

(44.7%) had cutis marmorata.

DISCUSSION

Dup7 (MIM 609757) is caused by the reciprocal duplication of the 26 genes that are deleted 

in WS (MIM 194050). As the use of chromosome microarray increases in the evaluation of 

patients with malformations, developmental delay, and/or behavior problems, more 

individuals with Dup7 will be identified. The results of this systematic study (the largest 

case series reported) inform clinicians and families about the variability of the phenotype, 

common medical problems, and the natural history of the syndrome. In the remainder of the 

Discussion, we offer recommendations for health care supervision for individuals with Dup7 
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based on the findings from our case series (Table VII). We also compare and contrast the 

characteristics associated with Dup7 to those associated with WS and briefly discuss future 

research.

Genetics

While the facial phenotype is recognizable, it is likely that most children with Dup7 will be 

diagnosed when evaluated for developmental delay. Diagnosis of a child should prompt 

genetic studies on the parents (FISH, qPCR, MLPA, or chromosome microarray) because 

27% of probands will have an affected parent, who may have a milder phenotype. While 

some parents with Dup7 reported in the literature were said to have a normal phenotype, 

detailed clinical assessment was not performed. In our experience, all of the parents had 

sufficient clinical findings (craniofacial, medical, behavioral, speech, and/or developmental) 

to make a diagnosis of Dup7. WS is also inherited in an autosomal dominant fashion, but 

few affected individuals reproduce, resulting in rare familial cases. As a comparison, in the 

most common autosomal deletion (22q11.2 deletion, MIM 192430) and reciprocal 

duplication (22q11.2 duplication, MIM 608383) syndromes, 10% of individuals with the 

deletion have an affected parent [McDonald-McGinn et al., 2001] while 70% of individuals 

with the duplication have a parent with the duplication, who may have a milder phenotype 

[Wentzel et al., 2008]. Just as in WS, the WS region inversion polymorphism [Hobart et al., 

2010] has now been documented in parents of individuals with Dup7. The current study did 

not have sufficient numbers to determine if the presence of the inversion polymorphism 

increases the chance to have a child with Dup7, but we have previously shown that 

individuals with the inversion polymorphism have a fivefold-increased likelihood of having 

a child with WS [Hobart et al., 2010], and they likely also have an increased chance to have 

a child with Dup7 [Hobart et al, 2010]. It is important that families of a proband be offered 

genetic counseling. Parent of origin has been determined for a small number of individuals 

with de novo Dup7; the numbers of mothers and fathers are near equal, which is expected 

since WS has an equal proportion of maternal and paternal parent of origin [Hobart et al., 

2010].

Neurology, Development, and Behavior

Dup7 has its greatest impact on the neurological system. There are structural and functional 

abnormalities of the central nervous system demonstrated on MRI neuroimaging and 

neurological examination in over 80%. The 5.6% prevalence of hydrocephalus requiring 

shunting as well as the presence of macrocephaly in 50% justifies obtaining MRI of the 

brain for affected individuals at the time of diagnosis. Head circumference should be 

routinely measured, especially in young children. In WS, microcephaly is more common, 

found in one third of affected individuals [Pankau et al., 1994]. The presence of cerebellar 

vermis hypoplasia in Dup7 is interesting in contradistinction to the increased cerebellar 

volume in WS relative to total brain volume [Jones et al., 2002; Prabhakaran et al., 2014] 

and suggests that dosage sensitive gene(s) in the WS region are important in structural 

development of the central nervous system. In WS, the mismatch between reduced posterior 

fossa size coupled with increased cerebellar volume may contribute to Chiari 1 

malformation found in some affected individuals [Pober & Filiano, 1995; Mercuri et al., 

1997]. One brain volumetric study comparing children with WS, children with Dup7, and 
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typically-developing controls showed that relative to total brain volume, the ventricles were 

larger and the cerebellum was smaller in Dup7 compared to both controls and WS 

[Prabhakaran et al., 2014]. The clinical MRI findings in the present study are consistent with 

those observations. Other differences noted in the volumetric study included a larger 

putamen volume and caudate volume in Dup7 relative to total brain volume compared to 

both controls and WS, and smaller hippocampus volume and amygdala volume relative to 

total brain volume in Dup7 compared to WS (but not in comparison to controls) 

[Prabhakaran et al,. 2014]. Future studies comparing brain structure and function of WS and 

Dup7 should employ additional methodologies including voxel based morphometry, 

diffusion tensor imaging, and functional MRI. One functional MRI study in a single 

individual with Dup7 showed lack of normal activation of the emotion processing areas 

(amygdala, orbital frontal cortex) on a facial expression task [Prontera et al., 2014]. Taken 

together, the data suggest that dosage sensitive genes affect brain structure and function as 

they relate to both social phobia (Dup7) and social disinhibition (WS).

The problems of hypotonia and abnormalities of gait and station combine to produce 

Developmental Coordination Disorder in three quarters of children with Dup7. Physical 

therapy assessment is indicated, with therapy provided as necessary. Both Dup7 and WS are 

associated with difficulties with balance: 52% of children aged 5 years or older in this series 

compared to 93% of children with WS [Gagliardi et al., 2007]. One key difference in the 

neurological examination is that 42% of children with WS develop hyperreflexia in the 

lower extremities over time [Morris et al., 1988; Gagliardi et al., 2007], while only two 

individuals with Dup7 (3.8%) had this sign. Mild dysmetria is present in both groups: Dup7, 

11% in this series; WS, 31% [Gagliardi et al., 2007]. Adults with WS frequently have 

cerebellar signs including ataxia, dysmetria, and tremor [Pober & Morris 2007]; a systematic 

study of adults with Dup7 will be required to determine if cerebellar signs persist into 

adulthood. In most children with Dup7 the first noted delayed developmental milestone is 

speech; Speech Sound Disorder is present in 80%. Early speech evaluation and therapy is 

important in Dup7 to improve verbal communication. Because cognitive ability varies 

widely in Dup7, psychological assessment is indicated, even though the median IQ or DQ is 

in the low average range [Mervis et al., 2015].

Families struggle with the maladaptive behavior common in Dup7 that includes disorders of 

attention, anxiety, and opposition. Individuals with Dup 7 should be screened and treated for 

these disorders. Compared to WS in which social disinhibition is common, individuals with 

Dup7 are more likely to have separation anxiety or social phobia [Mervis et al., 2012; 

Mervis et al., 2015], another interesting contrast between the effects of deletion versus 

duplication on the phenotype. Both syndromes are associated with a high rate of specific 

phobia: 53.2% for Dup7 [Mervis et al., 2015] and 53.8% for WS [Leyfer et al., 2006]. 

Medical management of behavior for individuals with comorbid disorders of anxiety and 

attention may be challenging; pediatric psychiatric assessment and treatment may be 

beneficial. Autism spectrum disorders are more common in Dup7 than in the general 

population. In this series, some young children had been diagnosed with autism because they 

had anxiety and delayed speech, but did not meet the criteria for an autism diagnosis when 

assessed by gold standard instruments. Other children did meet criteria for ASD based on 

gold-standard assessment. Careful and systematic differential diagnosis is needed.
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Endocrinological

This study is the first to report growth hormone deficiency in a Dup7 cohort. Because the 

median height in Dup7 is at the 50th centile, a child with Dup7 and short stature should have 

growth hormone studies. There have been rare case reports of growth hormone deficiency in 

WS [e.g., Kuijpers et al., 1999; Xekouki et al., 2005], but growth hormone deficiency was 

not increased in a series of patients with WS [Partsch et al., 1994] even though short stature 

is a common feature.

Cardiovascular

Congenital heart disease is a relatively low frequency finding in Dup7 with PDA being the 

most common anomaly. Of much greater concern is the presence of aortic dilation with a 

prevalence of 46.2% in this series. Individuals with Dup7 should have regular 

echocardiographic measurement of the aorta (aortic root, sinotubular junction, and ascending 

aorta) with calculation of Z scores in order to monitor for potential progression of dilation. 

There have not been sufficient numbers of individuals with Dup7 studied longitudinally to 

know the optimal frequency for monitoring; a prospective longitudinal multi-center study 

would be ideal to provide evidence-based recommendations [Parrott et al., 2015]. The most 

common cardiovascular abnormality in WS is supravalvar aortic stenosis (SVAS) [Morris et 

al., 1988] which is due to deletion of the elastin gene, located in the WS region [Ewart et al., 

1993]. In WS, the SVAS may worsen, especially in the first five years of life, and 20 – 30% 

require corrective surgery [Collins et al., 2010]. It is likely that duplication of ELN, 

encoding the important structural protein elastin, predisposes to aortic dilation in Dup7. No 

histopathologic study of aortic tissue removed during aortic surgery in Dup7 has yet been 

reported; it would be interesting to compare elastic fiber morphology and lamellar unit 

structure of the aorta in the two conditions.

Gastrointestinal and Genitourinary

Chronic constipation was a serious problem in two thirds of children with Dup7 and is likely 

due to a combination of factors such as central hypotonia, slow gut motility, and stool 

withholding related to anxiety. Early aggressive treatment of constipation is warranted, 

because development of encopresis (20%) further compounds the difficulty with peer 

interactions. Chronic constipation is also a problem for ~50% of individuals with WS 

[Morris et al., 1988], with an increased prevalence of diverticulitis [Stagi et al, 2010].

A renal ultrasound is warranted at the time of diagnosis of Dup7 because kidney problems 

(unilateral renal agenesis, hydronephrosis) have been described in 18% of those studied. 

Females with renal malformation or agenesis should have investigation of Mullerian 

structures. Structural abnormalities of the urinary tract are reported in 35 – 50% of 

individuals with WS [Pober et al., 1993; Sforzini et al., 2002].

Future Directions

This study documents the clinical features, medical problems, phenotypic variability, and 

natural history of Dup7. The phenotypic information presented for this relatively large case 

series allows formulation of initial medical recommendations for evaluation and surveillance 

with the goal of improving outcome through early intervention and prevention of possible 
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complications. Additional prospective and longitudinal studies of the Dup7 population will 

be required to refine these recommendations based on evidence. Especially important topics 

for future study include prospective studies regarding aortic dilation and evaluation of 

correlations between central nervous system structure and function compared to 

neurological, developmental, and behavior abnormalities. The present study also serves as a 

baseline to begin to address genotype phenotype correlations by comparing the classic Dup7 

phenotype to the phenotypes associated with specific shorter or longer duplications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
FISH images of a direct duplication and an inverted duplication of the WS region. The left 

image demonstrates a direct duplication. The N indicates the normal, non-duplicated, 

chromosome, with the probe order being yellow-red-green. The yellow is an anchor probe 

(RP11-815K3 (815)), and the red (BCL7 (BCL)) and green (RP5-1186P10 (1186)) probes 

are inside the WS region. The D indicates the duplicated chromosome. The probe order is 

yellow-red-green-red-green, or 815-BCL-1186-BCL-1186. Since the duplicated region, the 

extra red and green signals, is in the same orientation as the original region, the duplicated 

segment has been inserted in the normal orientation. The right image demonstrates an 

inverted duplication. The N indicates the normal chromosome and the D indicates the 

duplicated chromosome. The probe color order is yellow-red-green-green-red, or 815-

BCL-1186-1186-BCL. Since the duplicated segment is in the opposite orientation, green-

red, instead of the normal orientation, red-green, the duplicated segment has been inserted in 

the opposite direction, giving an inverted duplication.
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Figure 2. 
Family with Dup7. The father, patient #43, transmitted the duplication to his daughters, 

patients #41 and 42. The mother of the children had a history of intellectual disability and 

died secondary to complications of a seizure disorder, but did not have Dup7. Patient #42 

(the girl on the left) resembles her mother.
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Figure 3. 
Facial features of Dup7 in young children. Top row left to right: 1.25 years, 1.5 years, 2.17 

years, 2.5 years. Bottom row left to right: 3.9 years, 4.25 years, 4.25 years, 4.29 years.
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Figure 4. 
Facial features of Dup7 in mid childhood. Top row left to right: 5.7 years, 5.91 years, 6.78 

years, 7.09 years, 7.3 years. Bottom row left to right: 7.99 years, 9.75 years, 10 years (front 

and profile), 10.3 years.
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Figure 5. 
Facial features of adolescents with Dup7. Top row left to right: 10.5 years (front and profile), 

11 years (front and profile). Middle row left to right: 12.18 years, 13.25 years, 13.67 years, 

13.99 years. Bottom row left to right: 13.99 years, 15.28 years (front and profile), 18.9 years.
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Figure 6. 
Facial features of adults with Dup7. Top row left to right: 30 years, 31 years (front and 

profile), 33 years. Bottom row left to right: 39 years, 44 years, 49 years, 60 years.
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Figure 7. 
Facial features over time. Top row: a boy at ages 1 day, 4 years, and 5 years. Bottom row: a 

boy at ages 6 months, 7 years, 11.6 years.
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Figure 8. 
Representative brain MRI findings in individuals with Dup7. (A) Sagittal and (B) axial 

images of patient #1 showing thin corpus callosum and white matter, with mildly dilated 

lateral ventricles. (C) Sagittal and (D) axial images of patient #5 showing cerebellar vermis 

hypoplasia, thin corpus callosum and white matter, and increased cortical extra-axial space. 

(E) Sagittal and (F) axial images of patient #9 showing collapsed ventricles status post 

ventricular peritoneal shunting for hydrocephalus, and mildly increased extra-axial space in 

the posterior fossa. (G) Sagittal and (H) axial images of patient #12 showing normal brain 

morphology. (I) Sagittal and (J) axial images of patient #13 showing rounded corpus 

callosum, thin white matter, mild dilation of the lateral ventricles, and mild cerebellar vermis 

hypoplasia. (K) Sagittal and (L) axial images of patient #15 showing rounded corpus 

callosum, moderate dilation of the lateral ventricles, and thin white matter. There is also 
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mild cerebellar tonsillar ectopia. (M) Sagittal and (N) axial images of patient #22 showing 

mild asymmetry of the lateral ventricles, probably due to mildly thin white matter, but 

otherwise normal brain morphology. (O) Sagittal and (P) coronal images of patient #23 

showing increased extra axial spaces around both the cortex and in the posterior fossa. (Q) 

Sagittal and (R) axial images of patient #26, showing cerebellar vermis hypoplasia, and extra 

axial fluid collection in the posterior fossa. (S) Sagittal and (T) axial images of patient #29 

showing mildly thin white matter, mildly dilated lateral ventricles, and cerebellar vermis 

hypoplasia with an extra axial fluid collection in the posterior fossa. (U) Sagittal and (V) 

axial images of patient #56 showing rounded corpus callosum, thin white matter, and 

moderately dilated lateral ventricles. The cerebellar vermis is mildly hypoplastic.
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Table I

Cases of Dup7 Identified When Screening Special Populations for Copy Number Variants

Report Population Screened N Dup7 cases

Depienne et al., 2007 Autism spectrum disorder 206 1

Kirchhoff et al., 2007 Intellectual disability 258 1

Torniero et al., 2008 Epilepsy/neuronal migration defects 134 2

van der Aa et al., 2009 Intellectual disability 300 2

Sanders et al., 2011 Autism spectrum disorder 1,124 4

Malenfant et al., 2011 Autism spectrum disorder 1,142 1

McGrew et al., 2012 Autism spectrum disorder 97 1

Mulle et al., 2014 Schizophrenia Cohort 1

Schizophrenia Cohort 2 (meta-analysis)a
554

14,387
2

11b

a
Samples analyzed only for Dup7.

b
Includes 9 cases of classic Dup7 and 2 cases in which the duplication extended at least 1 Mb beyond the classic telomeric breakpoint.
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Table II

Craniofacial features of Classic Dup7 (N = 64)

Feature N %

Macrocephaly 32 50.0

Microcephaly 2 3.1

Brachycephaly 42 65.6

Dolichocephaly 3 4.7

Plagiocephaly 2 3.1

Normal cranial shape 17 26.6

Broad forehead 40 62.5

High forehead 13 20.3

Straight eyebrows 33 51.6

Deep set eyes 29 45.3

Long eyelashes 29 45.3

Broad nasal tip 49 76.6

Any columella anomaly 50 78.1

Low hanging columella 24 37.5

Low insertion of columella 35 54.7

Short philtrum <3rd% 12 18.8

Short philtrum >3rd%-<25% 25 39.0

Thin upper lip 52 81.3

Diastema 20 31.3

High arched palate 28 43.8

Micrognathia 19 29.7

Ears normal 24 37.5

Ears overfolded helix 27 42.2

Ears lateral protrusion 11 17.2

Ears posterior rotation 7 10.9

Facial asymmetry 54 84.4

Facial asymmetry-right small 31 48.4

Facial asymmetry-left small 23 35.9
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Table VI

Echocardiogram Results

Number Age Echo 1 Echo 1 Result Age Echo 2 Echo 2 Resulta

42 0.2 PDA, subvalvar aortic stenosis 5 trace aortic insufficiency

53 1 VSD, ASD, mitral and tricuspid regurgitation 10 normal

9 1 VSD 11 dilated aortic root and ascending 
aorta (Z = 3.7)

64 1.18 ascending aorta dilation (Z = 5.48) 1.38 ascending aorta dilation (Z = 5.55)

7 2 normal

8 2 aortic dilation (Z = 3) 4 aortic dilation (Z = 2.62)

14 2.66 normal

47 3.8 normal

6 4 PDA, normal aorta

12 4 normal

10 4.8 normal

11 5 mild aortic dilation

41 8 trivial PDA, ascending aorta dilation (Z = 2.2)

13 8 aortic dilation

52 8.5 normal

26 9 normal

27 9 normal

23 11 normal

28 11.5 aortic dilation (Z = 2.09)

32 12 mild tricuspid insufficiency

35 15 aortic dilation

21 17 normal (Z = 1.4)

38 18 ascending aorta dilation (Z = 2.1)

37 20 normal 24 aortic root and ascending aorta 
dilation

54 38 Ascending aorta dilation (4.3cm)

55 66 ascending aorta aneurysm (5.3cm), mitral regurgitation, 
aortic insufficiency

Note: Z scores were not available in all reports. Abbreviations: echo = echocardiogram; PDA = patent ductus arteriosus; VSD = ventricular septal 
defect; ASD = atrial septal defect.

a
For those participants who had two echocardiograms, the second one was done in 2014 specifically to evaluate for aortic dilation.
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Table VII

Suggested Evaluations and Health Surveillance/Treatment for Dup7

System Initial Evaluation Surveillance/Treatment

Genetic Evaluate parents for duplication Provide genetic counseling

Neurological Neurological examination
MRI of the brain
Physical therapy evaluation
Occupational therapy evaluation

Monitor head circumference
Treat seizures
Physical therapy for Developmental Coordination 
Disorder
Occupational therapy if needed

Psychological/Psychiatric Developmental evaluation
Neuropsychological evaluation
Gold-standard autism evaluation

Treat ADHD, Anxiety, ODD
Autism treatment if needed

Speech and Language Speech-language evaluation Speech therapy for Speech Sound Disorder, language 
therapy if language disorder is present

Endocrinological If short stature is present, test for growth hormone 
deficiency

Monitor growth

Cardiovascular Evaluate for PDA
Echocardiogram measurement of the aortic root and 
ascending aorta with calculation of Z scores

Yearly echocardiogram, but more frequently if aortic 
dilation is detected

Gastrointestinal Evaluate for constipation Aggressively treat constipation

Genitourinary Renal ultrasound
Evaluate for cryptorchidism

If renal malformation is present in a female, evaluate 
Mullerian structures

Abbreviations: ADHD = attention deficit hyperactivity disorder; ODD = oppositional defiant disorder; PDA = Patent ductus arteriosus
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