
Recurrent 200-kb deletions of 16p11.2 that include the
SH2B1 gene are associated with developmental delay

and obesity
Ruxandra Bachmann-Gagescu, MD,1,2 Heather C. Mefford, MD, PhD,1 Charles Cowan, MD,3

Gwen M. Glew, MD,3 Anne V. Hing, MD,1 Stephanie Wallace, MD,1 Patricia I. Bader, MD,4

Aline Hamati, MD,5 Pamela J. Reitnauer, MD,6 Rosemarie Smith, MD,7 David W. Stockton, MD,8

Hiltrud Muhle, MD,9 Ingo Helbig, MD,9 Evan E. Eichler, PhD,10 Blake C. Ballif, PhD,11

Jill Rosenfeld, MS,11 and Karen D. Tsuchiya, MD12,13

Purpose: The short arm of chromosome 16 is rich in segmental dupli-
cations, predisposing this region of the genome to a number of recurrent
rearrangements. Genomic imbalances of an approximately 600-kb re-
gion in 16p11.2 (29.5–30.1 Mb) have been associated with autism,
intellectual disability, congenital anomalies, and schizophrenia. How-
ever, a separate, distal 200-kb region in 16p11.2 (28.7–28.9 Mb) that
includes the SH2B1 gene has been recently associated with isolated
obesity. The purpose of this study was to better define the phenotype of
this recurrent SH2B1-containing microdeletion in a cohort of phenotyp-
ically abnormal patients not selected for obesity. Methods: Array
comparative hybridization was performed on a total of 23,084 patients
in a clinical setting for a variety of indications, most commonly devel-
opmental delay. Results: Deletions of the SH2B1-containing region
were identified in 31 patients. The deletion is enriched in the patient
population when compared with controls (P � 0.003), with both inher-
ited and de novo events. Detailed clinical information was available for
six patients, who all had developmental delays of varying severity.

Body mass index was �95th percentile in four of six patients, support-
ing the previously described association with obesity. The reciprocal
duplication, found in 17 patients, does not seem to be significantly
enriched in our patient population compared with controls. Conclu-
sions: Deletions of the 16p11.2 SH2B1-containing region are patho-
genic and are associated with developmental delay in addition to
obesity. Genet Med 2010:12(10):641–647.
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The ability to identify copy number changes using array
comparative genomic hybridization (CGH) or single nucle-

otide polymorphism (SNP) genotyping arrays has facilitated the
identification of several new microdeletion or microduplication
syndromes in recent years, and these techniques are now the
first-line tests for the detection of genomic imbalances. Exam-
ples of recently identified syndromes include 17q21.31, 15q24,
and 17q23.1q23.2 microdeletion syndromes, in which patients
present with recognizable patterns of shared clinical features
including dysmorphic facies, developmental delays, and other
features.1–5 In addition, several recurrent genomic imbalances
that are associated with incomplete penetrance and highly vari-
able expressivity have been identified.6 The 1q21.1 microdele-
tion, for instance, is enriched in patients with developmental
delay or intellectual disability compared with phenotypically
normal controls, but dysmorphic features and congenital anom-
alies are so variable that the deletion cannot be recognized
based on clinical presentation.7,8 Similarly, the 15q13.3 mi-
crodeletion can be associated with intellectual disability, epi-
lepsy, or schizophrenia,9–12 and this deletion is often present in
unaffected parents.

Certain genomic regions are particularly prone to rearrange-
ments leading to copy number changes due to the presence of
flanking segmental duplications. The proximal short arm of
chromosome 16 is one such region, and several distinct, recur-
ring imbalances of 16p have been associated with abnormal
phenotypes (Fig. 1). The largest of these is deletion of 16p11.2–
p12.2, which is associated with common clinical features de-
spite variability in the size of the deletion.13–15 This deletion
ranges from 7 to 9 Mb in length and has a common distal
breakpoint (located �21.4 Mb from the telomere), but incon-
sistent proximal breakpoints. Developmental delays (particu-
larly speech delay), feeding difficulties, recurrent ear infections,
and similar dysmorphic facial features are frequent findings in
patients with this deletion. Duplications and deletions of an
approximately 600-kb region in 16p11.2 (�29.5–30.1 Mb from
the telomere), which partially overlaps the centromeric end of
the 16p11.2p12.2 deletion, have been associated with variable
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phenotypes including autism, intellectual disabilities, behav-
ioral disorders, congenital anomalies, and schizophrenia.16–21 A
520-kb deletion in 16p12.1 (�21.9–22.4 Mb from the telomere)
has been found to be a risk factor for neurodevelopmental
disease, with more severe clinical features in individuals who
carry an additional large copy number change.22 Finally, a
novel, �200-kb region of deletion in 16p11.2 (�28.7–28.5 Mb
from the telomere) has been recently reported in association
with obesity.23 The SH2B1 gene (OMIM #608937), which plays
a role in leptin and insulin signaling, is within the common region
of deletion in these individuals.

We report a larger series of patients with imbalances that
include the SH2B1 gene region in 16p11.2. We found that
deletions in this region were significantly enriched in patients
with abnormal phenotypes referred for array CGH testing, com-
pared with phenotypically normal controls. We observed not
only a high frequency of obesity in individuals with this dele-
tion but also developmental delay or intellectual disability and
other variable phenotypic features.

MATERIALS AND METHODS

Subjects and controls
Subjects included in this study were identified by array CGH

that was performed in a clinical setting at Signature Genomic
Laboratories, Spokane, WA, between November 2007 and De-
cember 2009 or at Seattle Children’s Hospital, Seattle, WA,
between November 2007 and May 2009. Patients with imbal-
ances that include the 200-kb SH2B1 critical region (28.7–28.9
Mb) were identified from all patients tested at the two sites
during these time intervals, regardless of the indication for
testing. Patients with imbalances extending distal to the minimal
200-kb critical region were included; however, patients with
deletions that also extended through the proximal 600-kb crit-
ical region (29.5–30.1 Mb) were not included in our analysis.
Referring physicians of patients with imbalances identified from
Signature Genomic Laboratories were contacted to help coor-
dinate release of additional clinical information for publication.
Clinical information for patients with imbalances identified at
Seattle Children’s Hospital was collected from the hospital’s
electronic medical record. The approval for these projects was
obtained from the Institutional Review Board at Seattle Chil-
dren’s Hospital and from the Institutional Review Board-Spo-

kane. One additional patient was identified in a study of patients
with epilepsy.24 Body mass index (BMI) for age and percentile
was calculated using The Centers for Disease Control and
Prevention BMI calculator (http://apps.nccd.cdc.gov/dnpabmi/)
for child and teen.

For control comparisons, we combined data from three large
published datasets: 2493 controls evaluated using Illumina Hu-
manHap300 (14 probes within the critical region) or HumanHap
550 (18 probes) SNP genotyping arrays25; 3181 controls eval-
uated using Affymetrix 6.0 SNP genotyping arrays (72
probes)12; and 2026 controls evaluated using Illumina Human-
Hap 550 genotyping arrays (18 probes).26

Methods
For the patients evaluated at Signature Genomic Laboratories

and Seattle Children’s Hospital, multiple different array plat-
forms were used. Earlier testing was performed using a bacterial
artificial chromosome microarray (SignatureChipWG™ version
1.0.1 and version 2.0 or SignatureSelect® version 2.0; Sig-
nature Genomic Laboratories, Spokane, WA) as previously
described.27 More recent testing was performed using oligo-
nucleotide-based microarrays containing either 105K- or
135K-features (SignatureChipOS™ version 1.1 manufactured
by Agilent Technologies, Santa Clara, CA; SignatureChipOS™
version 2.0 manufactured by Roche NimbleGen, Inc., Madison,
WI) as previously described.28 All array designs and genomic
coordinates are based on NCBI build 36.1. All deletions were
visualized by fluorescence in situ hybridization using a probe
made from bacterial artificial chromosome RP11–22P6. Visu-
alization of the duplications with this probe, even by interphase
analysis, was not possible because of their size. Analysis of
metaphase cells showed hybridization of the probe to both
homologues of 16p only, consistent with tandem duplication in
all patients, and excluding insertion of the duplicated region
into another region of the genome. For a subset of deletion
cases for which DNA was available, we performed high-
density oligonucleotide array CGH using a custom array
(Agilent Technologies, Santa Clara, CA) with 1980 probes in
the 16p11.2 region (chr16: 28.0 –30.2 Mb; average probe
spacing 1100 bp).

Fig. 1. Genomic context for the 16p11.2 region. An ideogram of chromosome 16 is shown at the top with the
16p11.2–p12.2 region (chr16:21,800,000–30,200,000) shown below in greater detail. Segmental duplications are
represented by orange (�99% sequence similarity), yellow (98–99% similarity), and gray (90–98% similarity) boxes. Red
boxes represent the recurrent deletions that are discussed in the text. Large 16p11.2–p12.2 deletions have the same distal
breakpoint but variable proximal breakpoints, represented by the thinner red bar. Note that each of the recurrent deletion
regions is flanked by segmental duplication blocks, which are thought to facilitate nonallelic homologous recombination.
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RESULTS

Among a total of 23,084 patients analyzed by Signature
Genomic Laboratories or Seattle Children’s Hospital, 48
genomic imbalances in 16p11.2 that include the SH2B1 gene
were identified. We will refer to this region as the 200-kb
SH2B1 region, which is distinct from another previously de-
scribed centromeric 16p11.2 region of imbalance (29.5–30.1
Mb from the telomere) that has been associated with a variety of
phenotypes (Figs. 1 and 2). Imbalances of two different sizes
were included in our study (Fig. 2 and Table 1). The 200-kb

region that encompasses SH2B1, located 28.7–28.9 Mb from the
telomere, was common to all 48 patients (31 with deletions, 29
of which are unrelated, and 17 with duplications). Nine of the
patients (seven unrelated) with a deletion and three with a
duplication had a larger imbalance of �500–600 kb that ex-
tended in the telomeric direction (28.4 –28.9 Mb). Moreover,
patients with imbalances that extended through the entire
proximal 600-kb 16p11.2 (29.5–30.1 Mb) critical region
were not included.

The overall frequency of deletions in our series of patients
with abnormal phenotypes in these two cohorts is 0.13% (0.13%
[29/21,820] at Signature Genomic Laboratories and 0.16%
[2/1,264] at Seattle Children’s Hospital). In contrast, evaluation
of control studies revealed a single 200-kb deletion in 7,700
subjects (0.013%).12,25,26 Therefore, deletions in this region are
significantly enriched in patient populations when compared
with control populations (P � 0.003, Fisher’s exact test). The
calculated frequency for duplications is 0.07% in cases com-
pared with a 0.04% frequency in controls (3/7,700). Therefore,
duplications are not significantly enriched in cases when com-
pared with controls (P � 0.4). Inheritance was determined in 13
patients with deletions and in 5 patients with duplications, with
both inherited and de novo cases observed. Deletions were

Fig. 2. A UCSC genome browser representation of the 16p11.2 region (chr16:28,000,000–30,500,000) and array CGH
data for a subset of patients. Red shading represents the �200-kb SH2B1 critical region, and yellow shading represents
the more proximal 16p11.2 region that has been associated with multiple developmental phenotypes. Segmental
duplications are represented as described earlier. Gene names are in blue. High-density array CGH data are shown for
individuals 1–4, 6, and one patient with an atypical deletion. For each individual, deviations of probe log2 ratios from 0
are depicted by gray and black lines. Those exceeding a threshold of 1.5 SD from the mean probe ratio are colored green
and red to represent relative gains and losses, respectively. Red rectangles represent the minimally deleted regions of the
two sizes of deletions detected in this study; the thin red bar represents variable breakpoint of the larger deletion. The
asterisk (*) represents the atypical proximal breakpoint seen in a single case. Frequency of the �200-kb (SH2B1 critical
region; includes the one atypical deletion) deletions and larger (SH2B1 � distal) deletions in cases and controls (ctrls) are
noted in the Table 1 along with P values.

Table 1 Number of cases and controls with SH2B1
deletions or duplications

Deletions Duplications

Cases Controls P Cases Controls P

SH2B1 CR 22 1 14 3

SH2B1 � distal 9 0 3 0

Total 31 1 0.003 17 3 0.4

Genetics IN Medicine • Volume 12, Number 10, October 2010 16p11.2 SH2B1 deletion

Genetics IN Medicine • Volume 12, Number 10, October 2010 643



paternally inherited in three cases, maternally inherited in five
cases, and de novo in five cases (38%). Duplications were
maternally inherited in four cases and de novo in one case.
Clinical information on parents was not available.

Additional genomic imbalances were present in six patients
with 16p deletions and in six patients with duplications. In two
cases with a 16p11.2 deletion and one additional imbalance, the
second imbalance was known to cause disease: deletion of
15q11.2q13.1 (20,366,669–26,193,909)29 and maternally inher-
ited duplication of 15q11.2q13.1 (22,577,151–26,079,398).30 In
a third case, the second imbalance, duplication of 1q21.1
(genomic coordinates 145,031,795–146,193,043), is sometimes
associated with an abnormal phenotype.7,8 In the remaining
three cases, the second hits were each of uncertain clinical
significance and included deletion of 13q31.3 (92,880,558–
93,044,066); duplication of 1q42 (234,314,080–235,417,931);
and duplication of 9p24.3 (204,166–779,985). Indications for
array CGH testing were variable and did not differ significantly
between deletion cases and duplication cases. The most com-
mon indication given on the test requisition was developmental
delay or mental retardation, followed by congenital anomalies
and dysmorphic features.

Deletions
Additional clinical information was obtained for six patients

with deletions (Table 2): five from Signature Genomic Labora-
tories and Seattle Children’s Hospital and one patient identified
in an epilepsy cohort (Patient 6).24 All patients had develop-
mental delays or intellectual disabilities, regardless of the size
of their deletion. Four of the six patients had a BMI at or above
the 95th percentile. All growth parameters including height,
weight, and BMI were at or above the 95th percentile in three
of these four patients, whereas weight and BMI were above the
95th percentile and height was above the 90th percentile in the
fourth. Besides the common features of developmental delays
and overgrowth or obesity, no other consistent phenotypic find-
ings were observed, although many patients displayed a variety
of congenital anomalies or dysmorphic features (Table 2). Age
at diagnosis of the deletion ranged from 3 to 15 years. None of
these six patients had a second genomic imbalance.

Case reports

Patient 1
According to medical records, this patient carried diagnoses

of autism and schizophrenia. This individual was living in a
foster home due to a difficult social situation and was held back
in school in the third grade. Mild dysmorphic features were
noted, including small palpebral fissures bilaterally (�4 SD).
Bilateral fifth finger clinodactyly was also noted. No congenital
defects were documented. Growth parameters were within nor-
mal limits.

Patient 2
This patient was born at 37 1⁄2 weeks gestation. Parents first

became concerned about language development at the age of 2
years. Significant speech and motor delays were noted. Inde-
pendent walking was achieved at the age of 17 months. Addi-
tional workup included normal fragile X testing and normal
brain magnetic resonance imaging (MRI). There also was a
history of lack of body hair in infancy and sparse coarse hair in
early childhood without abnormality of the nails. Height was
between the 90th and 95th percentile, and weight was above the
95th percentile. BMI for age was above the 99th percentile. The
deletion was inherited from the father, who completed high Ta
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school and some college. No other information is available on
the father.

Patient 3
This patient was born at 36 weeks gestation. Apgar scores

were 4 and 9 at 1 and 5 minutes. A developmental evaluation at
the age of 5 years showed global developmental delays. Gross
motor skills were assessed at the 2nd percentile at that time.
Intellectual disability and mild dysmorphic features including
deep-set eyes and a low anterior hairline were noted. Behavioral
issues including food hoarding and stealing were also noted.
Additional medical problems included precocious puberty,
asthma, Hashimoto thyroiditis and hypothyroidism, and a his-
tory of multiple episodes of otitis media. According to medical
records, there was a diagnosis of bipolar disorder, and the
patient was living in a foster home. All growth parameters were
above the 95th percentile including height, weight, and BMI (46
kg/m2, �99th percentile). Additional genetic testing had in-
cluded methylation study for Prader-Willi that was negative.

Patient 4
This patient was the product of a full-term pregnancy. This

patient initially presented with global developmental delays,
hypotonia, and abnormal body odor. Mild left plagiocephaly
and one anteriorly displaced ear, but no other dysmorphic
features were noted. There was a negative metabolic evaluation
and a normal brain MRI. An echocardiogram did not reveal any
abnormalities. Height, weight, and BMI were in the 25th–50th
percentile.

Patient 5
This patient was born full-term. Speech and social delays

were initially noted at the age of 2 years. By the age of 31⁄2
years, both motor and speech delays and features of autism were
noted. There was a history of recurrent otitis media, but hearing
examination was normal. Growth parameters were always at or
greater than the 95th percentile, and BMI was above the 99th
percentile. There was macrocephaly, with a head circumference
at the 98th percentile. Except for posterior ear pits, no other
dysmorphic features were present. A brain MRI was normal and
PTEN mutation testing was normal.

Patient 6
This patient first experienced afebrile seizures at the age of

11⁄2 years. Febrile and afebrile seizures persisted for many years,
despite treatment with valproic acid. The patient had develop-
mental and speech delay and iris coloboma. Brain MRI, echo-
cardiogram, and renal ultrasound were all normal. Family his-
tory is positive for intellectual disability in the mother and
maternal half brothers, and epilepsy in a paternal half brother.
Array CGH has not been performed on these individuals. Birth
weight and length were at the 50th percentile. BMI was always
at or above the 95th percentile. At the time of the last evalua-
tion, height, weight, and BMI were all at or above the 95th
percentile.

Breakpoint analysis
To determine whether there were significant differences in

breakpoints among cases, we performed high-density oligonu-
cleotide array CGH using a custom array targeted to the 16p11.2
region to refine breakpoints in 20 cases for which there was
sufficient DNA. DNA was available for 16 cases with the
smaller deletion and 4 cases with the larger deletion. In 15 of 16
cases with the �200-kb deletion, both breakpoints lie within the
flanking segment duplications and seem to be identical within

the resolution of the array (Supplemental Digital Content 1,
Figure, http://links.lww.com/GIM/A119). The most likely sub-
strates for nonallelic homologous recombination in these cases are
directly oriented 36-kb duplicated blocks of DNA with �99%
sequence identity. One case seems to have an atypical proximal
breakpoint within unique sequence in the proximal 16p11.2
critical region (Fig. 2, atypical case and Supplemental Digital
Content 1, Figure, http://links.lww.com/GIM/A119). Of the four
cases with larger deletions, all seem to have the same proximal
breakpoint, and there seem to be two similar but variable break-
points within the distal segmental duplication (Supplemental Dig-
ital Content 1, Figure, http://links.lww.com/GIM/A119). None of
the differences in breakpoints correlated with any specific pheno-
typic feature.

Duplications
Additional clinical information was obtained for five patients

with duplications that all involved the smaller 200-kb SH2B1
critical region. Two of these patients carried a diagnosis of
autism spectrum disorder. In one of these patients with a ma-
ternally inherited duplication, height was near the 50th percen-
tile and weight was at the 5th percentile. In the second patient
with autism spectrum disorder, there were additional findings of
seizures and aggressive behavior. Height was near the 75th
percentile, weight was between the 75th and 90th percentile,
and BMI was in the 93rd percentile. Two other patients with
duplications shared similar congenital defects, including cleft
palate and cardiovascular findings (atrial and ventricular septal
defects in one and patent ductus arteriosis, left ventricular
dilation, and patent foramen ovale in the other). One of these
patients also had mild microcephaly, growth delay (weight
�5th percentile and height between the 10th and 15th percen-
tile), and possible expressive language delay, whereas the other
was a newborn with microphthalmia, bilateral optic nerve and
chorioretinal colobomas, iris colobomas, and long fingers and
toes. The duplication was de novo in the latter patient. The fifth
patient with a duplication had attention deficit hyperactivity
disorder, conduct disorder, ataxia, abnormal speech, flat phil-
trum, malar hypoplasia, fifth finger clinodactyly, and mild 2–3
toe syndactyly. Height and weight for this patient were above
the 95th percentile, whereas BMI was at the 92nd percentile.
Thus, although two of these patients were overweight, none of
them were obese, and two had weight at or below the 5th
percentile.

DISCUSSION

Chromosome 16p11.2 is rich in segmental duplications, ac-
counting for the high frequency of recurrent chromosomal im-
balances in this region of the genome. Here, we report recurrent
deletion of a 200-kb region in 16p11.2 that is significantly
enriched in a patient population with a variety of different
clinical findings compared with phenotypically normal controls,
supporting a role for this deletion in the pathogenesis of abnor-
mal phenotypes. In addition, the de novo occurrence of dele-
tions in 40% of patients also suggests pathogenicity. The dele-
tion has a minimal region of overlap of 200 kb at coordinates
28.7–28.9 Mb in these patients and includes the SH2B1 gene
among others. It is distinct from a previously described and
more proximal 600-kb 16p11.2 deletion, located at coordinates
29.5–30.1 Mb, that has been associated with a variety of ab-
normal phenotypic findings, including autism and intellectual
disabilities. We provide detailed clinical information on six
patients with the 200-kb SH2B1-containing deletion.
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There are a few previous reports of patients with 200-kb
SH2B1 deletions. The first reported case, included in a study of
imbalances involving the more proximal 600-kb 16p11.2 re-
gion, was considered an “atypical 16p11.2 deletion.”19 The
patient and his father who also had the deletion had develop-
mental problems and minor dysmorphisms. No growth param-
eters were reported. Two additional patients with 200-kb SH2B1
deletions are described in the Database of Chromosomal
Imbalance and Phenotype in Humans Using Ensembl Re-
sources (DECIPHER; https://decipher.sanger.ac.uk/application/;
DECIPHER cases 249980 and 251199).31 Both have develop-
mental delay and one is obese, whereas the other has dysmor-
phic features, hyperactivity, and seizures.

A recent study identified five patients with SH2B1-containing
deletions among a cohort of 300 Caucasians with severe early-
onset obesity.23 Three of these patients had the 200-kb SH2B1
deletion, whereas two of them had a larger deletion that also
included the more proximal 600-kb 16p11.2 region. The latter
two patients had developmental delay in addition to obesity.
Two more cases with the 200-kb SH2B1 deletions were identi-
fied in a replication cohort of 1062 patients with isolated obe-
sity, and the deletion cosegregated with obesity in one of these
families with available samples. In addition, the frequency of
the deletion in patients with severe obesity was significantly
greater than in controls. On the basis of these findings, the
authors concluded that a significant association exists between
deletions that include SH2B1 and obesity. Supporting this as-
sertion is the fact that disruption of Sh2b1 in mice, which
encodes an adaptor protein involved in leptin and insulin sig-
naling, results in obesity and severe insulin resistance.32 Bo-
chukova et al. also found striking similarities between the
human leptin-receptor-deficient phenotype and the phenotype in
their patients with SH2B1 deletions. Of note, deletions of the
more proximal 600-kb region of 16p11.2 alone have also been
associated with obesity.33

In contrast to the study by Bochukova et al. in which only
patients with severe obesity were studied, the patients presented
here were ascertained for a variety of different abnormal phe-
notypes. We cannot specifically address the frequency of the
deletion in obese individuals because our patient population was
not restricted to this phenotype; however, four of our six pa-
tients with detailed clinical information that allowed us to
calculate BMI were obese. Given that the prevalence of obesity
is 16.4% in the general pediatric population34 and 19.3% in
children with learning disabilities,35 our results support the
previous finding that this deletion plays a role in obesity. Al-
though Bochukova et al. observed severe obesity with excess
weight predominantly due to fat mass, we observed more gen-
eralized overgrowth, with height, weight, and BMI at or above
the 95th percentile in three of six patients. In addition, devel-
opmental delay or intellectual disability was the most common
indication for testing in our patient population. In the obese
patient population, developmental delay was attributed to the
deletions that also included the more proximal 600-kb 16p11.2
region. Most of the patients in our study had only the minimal
200-kb SH2B1-containing deletion, and patients with deletions
that extended through the entire more proximal 16p11.2 deleted
region were specifically excluded here. Therefore, we conclude
that in addition to obesity, deletion of the minimal 200-kb
SH2B1-containing region also predisposes to developmental
delay or intellectual disability. These findings may be due to the
difference in patient populations between the two studies.

In addition to developmental delay and obesity, a variety of
different clinical indications and phenotypic findings were
present less frequently in our patient population. Congenital

anomalies, hypotonia, dysmorphic features, encephalopathy,
and seizures were included in the indication for testing in only
one or two patients each. Without detailed clinical information
on more patients with SH2B1-containing deletions, the true
frequency of these findings is uncertain; however, a number of
other imbalances have been found to be associated with diverse
phenotypes (reviewed in Ref. 6).

Additional genes contained in this 200-kb region include
ATXN2L, TUFM, ATP2A1, RABEP2, CD19, SPNS1, NFATC2IP,
and LAT. There are few published reports that implicate some of
these genes in the etiology of human disease. TUFM (OMIM
#602389) is a mitochondrial elongation factor and one patient
with a homozygous missense mutation leading to infantile en-
cephalopathy has been reported.36 The indication for array CGH
testing in two patients in this study included “encephalopathy.”
One patient was found to have a 16p11.2 deletion and the other
a duplication. Mutations in ATP2A1 (OMIM #108730) have
been identified in two families with autosomal recessive inher-
itance of Brody myopathy (OMIM #601003), an impairment of
muscle relaxation in the setting of exercise. LAT (OMIM
#602354) seems to play a role in T-cell development. CD19
(OMIM #107265) is involved in B-cell signaling, and homozy-
gous mutations have been identified in a few families with
antibody deficiencies. Therefore, based on currently known
functions of these other genes in the region of deletion, it is
unclear how they might contribute to the phenotypes in these
patients.

We note that six of the 31 patients (19.4%) with the 200-kb
SH2B1 16p11.2 deletion also had a second genomic imbalance
that was either clinically significant or of uncertain clinical
significance. The frequency of patients in our series with two
“hits” is therefore similar to that recently reported by Girirajan
et al.22 in a series of patients with deletions of 16p12.1. It is
possible that the combined effect of two genomic imbalances
modifies the phenotype, but we do not currently have enough
information to address this hypothesis. We also identified a
number of patients with a reciprocal SH2B1-containing dupli-
cation; however, the clinical significance of this reciprocal
duplication is harder to assess. The duplication does not seem to
be enriched in patients compared with controls, which makes it
more difficult to assign pathogenicity to this copy number
change. Developmental delay or intellectual disability was not
as frequent when compared with patients with deletions. Con-
genital malformations were present in two of five patients for
whom we had additional clinical information and included a
cleft palate and cardiac defects. Two of the patients also had a
diagnosis of autism spectrum disorder. Speech delays were
present in three of five patients with the duplication. The
DECIPHER database contains two additional patients (cases
2014 and 249152) with this duplication and both had speech and
developmental delays and one had seizures. Given the lack of
enrichment of the duplication in patients compared with normal
controls, and the inconsistent phenotypic presentations, the clin-
ical significance of the duplication remains uncertain.

In conclusion, we have further characterized the phenotypic
features associated with a recurrent 200-kb deletion encompass-
ing the SH2B1 gene. Significant enrichment in a patient popu-
lation when compared with controls supports its pathogenicity
in causing a variety of phenotypes. Our findings also support the
association between the recurrent 200-kb 16p11.2 deletion and
obesity. In addition, we observe developmental delay and var-
ious other neurodevelopmental features in all patients for which
phenotypic information was available.

Bachmann-Gagescu et al. Genetics IN Medicine • Volume 12, Number 10, October 2010

646 © 2010 Lippincott Williams & Wilkins



ACKNOWLEDGMENTS
H.C.M. is the recipient of a Career Award for Medical

Scientists from the Burroughs Wellcome Fund. E.E.E. is an
investigator of the Howard Hughes Medical Institute. R.B.-G. is
supported by NIH Medical Genetic Postdoctoral Fellowship
5T32GM007454.

REFERENCES
1. Ballif BC, Theisen A, Rosenfeld JA, et al. Identification of a recurrent

microdeletion at 17q23.1q23.2 flanked by segmental duplications associated
with heart defects and limb abnormalities. Am J Hum Genet 2010;86:454–
461.

2. Koolen DA, Vissers LE, Pfundt R, et al. A new chromosome 17q21.31
microdeletion syndrome associated with a common inversion polymor-
phism. Nat Genet 2006;38:999–1001.

3. Sharp AJ, Hansen S, Selzer RR, et al. Discovery of previously unidentified
genomic disorders from the duplication architecture of the human genome.
Nat Genet 2006;38:1038–1042.

4. Sharp AJ, Selzer RR, Veltman JA, et al. Characterization of a recurrent
15q24 microdeletion syndrome. Hum Mol Genet 2007;16:567–572.

5. Shaw-Smith C, Pittman AM, Willatt L, et al. Microdeletion encompassing
MAPT at chromosome 17q21.3 is associated with developmental delay and
learning disability. Nat Genet 2006;38:1032–1037.

6. Mefford HC. Genotype to phenotype-discovery and characterization of novel
genomic disorders in a “genotype-first” era. Genet Med 2009;11:836–842.

7. Mefford HC, Sharp AJ, Baker C, et al. Recurrent rearrangements of chro-
mosome 1q21.1 and variable pediatric phenotypes. N Engl J Med 2008;359:
1685–1699.

8. Brunetti-Pierri N, Berg JS, Scaglia F, et al. Recurrent reciprocal 1q21.1
deletions and duplications associated with microcephaly or macrocephaly
and developmental and behavioral abnormalities. Nat Genet 2008;40:1466–
1471.

9. Stefansson H, Rujescu D, Cichon S, et al. Large recurrent microdeletions
associated with schizophrenia. Nature 2008;455:232–236.

10. Sharp AJ, Mefford HC, Li K, et al. A recurrent 15q13.3 microdeletion
syndrome associated with mental retardation and seizures. Nat Genet 2008;
40:322–328.

11. Helbig I, Mefford HC, Sharp AJ, et al. 15q13.3 microdeletions increase risk
of idiopathic generalized epilepsy. Nat Genet 2009;41:160–162.

12. International Schizophrenia Consortium. Rare chromosomal deletions and
duplications increase risk of schizophrenia. Nature 2008;455:237–241.

13. Ballif BC, Hornor SA, Jenkins E, et al. Discovery of a previously unrecog-
nized microdeletion syndrome of 16p11.2-p12.2. Nat Genet 2007;39:1071–
1073.

14. Hempel M, Rivera Brugues N, Wagenstaller J, et al. Microdeletion syn-
drome 16p11.2-p12.2: clinical and molecular characterization. Am J Med
Genet A 2009;149:2106–2112.

15. Battaglia A, Novelli A, Bernardini L, Igliozzi R, Parrini B. Further charac-
terization of the new microdeletion syndrome of 16p11.2-p12.2. Am J Med
Genet A 2009;149:1200–1204.

16. Kumar RA, KaraMohamed S, Sudi J, et al. Recurrent 16p11.2 microdele-
tions in autism. Hum Mol Genet 2008;17:628–638.

17. Weiss LA, Shen Y, Korn JM, et al. Association between microdeletion and
microduplication at 16p11.2 and autism. N Engl J Med 2008;358:667–675.

18. McCarthy SE, Makarov V, Kirov G, et al. Microduplications of 16p11.2 are
associated with schizophrenia. Nat Genet 2009;41:1223–1227.

19. Bijlsma EK, Gijsbers AC, Schuurs-Hoeijmakers JH, et al. Extending the
phenotype of recurrent rearrangements of 16p11.2: deletions in mentally
retarded patients without autism and in normal individuals. Eur J Med Genet
2009;52:77–87.

20. Fernandez BA, Roberts W, Chung B, et al. Phenotypic spectrum associated
with de novo and inherited deletions and duplications at 16p11.2 in indi-
viduals ascertained for diagnosis of autism spectrum disorder. J Med Genet
2009;47:195–203.

21. Rosenfeld JA, Coppinger J, Bejjani BA, et al. Speech delays and behavioural
problems are the predominant features in individuals with developmental
delays and 16p11.2 microdeletions and microduplications. J Neurodevelop
Disord. 2009;2:26–38.

22. Girirajan S, Rosenfeld JA, Cooper GM, et al. A recurrent 16p12.1 microde-
letion supports a two-hit model for severe developmental delay. Nat Genet
2010;42:203–209.

23. Bochukova EG, Huang N, Keogh J, et al. Large, rare chromosomal deletions
associated with severe early-onset obesity. Nature. 2010;463:666–670.

24. Mefford HC, Muhle H, Ostertag P, et al. Genome-wide copy number
variation in epilepsy: novel susceptibility loci in idiopathic generalized and
focal epilepsies. PLoS Genetics. 2010;6:e1000962.

25. Itsara A, Cooper GM, Baker C, et al. Population analysis of large copy
number variants and hotspots of human genetic disease. Am J Hum Genet
2009;84:148–161.

26. Shaikh TH, Gai X, Perin JC, et al. High-resolution mapping and analysis of
copy number variations in the human genome: a data resource for clinical
and research applications. Genome Res. 2009;19:1682–1690.

27. Ballif BC, Theisen A, Coppinger J, et al. Expanding the clinical phenotype
of the 3q29 microdeletion syndrome and characterization of the reciprocal
microduplication. Mol Cytogenet 2008;1:8.

28. Ballif BC, Theisen A, McDonald-McGinn DM, et al. Identification of a
previously unrecognized microdeletion syndrome of 16q11.2q12.2. Clin
Genet 2008;74:469–475.

29. Cassidy SB, Schwartz S. Prader-Willi Syndrome. In: GeneReviews at
GeneTests: Medical Genetics Information Resource, 2009. Available at:
http://genetests.org. Accessed April 12, 2010.

30. Miles JH, McCathren RB. Autism Overview. In: GeneReviews at
GeneTests: Medical Genetics Information Resource, 2005. Available at:
http://genetests.org. Accessed April 12, 2010.

31. Firth HV, Richards SM, Bevan AP, et al. DECIPHER: Database of Chro-
mosomal Imbalance and Phenotype in Humans Using Ensembl Resources.
Am J Hum Genet 2009;84:524–533.

32. Ren D, Zhou Y, Morris D, Li M, Li Z, Rui L. Neuronal SH2B1 is essential
for controlling energy and glucose homeostasis. J Clin Invest 2007;117:397–
406.

33. Walters RG, Jacquemont S, Valsesia A, et al. A new highly penetrant form
of obesity due to deletions on chromosome 16p11.2. Nature. 2010;463:671–
675.

34. Bethell C, Simpson L, Stumbo S, Carle AC, Gombojav N. National, state,
and local disparities in childhood obesity. Health Aff (Millwood) 2010;29:
347–356.

35. Chen AY, Kim SE, Houtrow AJ, Newacheck PW. Prevalence of obesity
among children with chronic conditions. Obesity (Silver Spring) 2010;18:
210–213.

36. Valente L, Tiranti V, Marsano RM, et al. Infantile encephalopathy and
defective mitochondrial DNA translation in patients with mutations of
mitochondrial elongation factors EFG1 and EFTu. Am J Hum Genet 2007;
80:44–58.

Genetics IN Medicine • Volume 12, Number 10, October 2010 16p11.2 SH2B1 deletion

Genetics IN Medicine • Volume 12, Number 10, October 2010 647


