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DEFINING THE SOCIAL PHENOTYPE IN WILLIAM SYNDROME
(U. Bellugi, A. Järvinen-Pasley, J. Reilly, Y.M. Searcy, K.J. Hill, A. Galaburda, A.L. Reiss, & J.R. Korenberg)

Williams Syndrome (WS) is a rare, genetic disorder, caused by a hemideletion of about 25 genes on chromosome 7q11.23, resulting in an
unusual social phenotype. Individuals with WS are overly-friendly, engage in interactions freely (sometimes irrepressibly) with strangers, and yet
display other non-social anxieties. In this poster, we provide an overview of the social phenotype of WS.
I. Converging behavioral measures: a) Parental questionnaires: WS are rated high on overall sociability, tendency to approach strangers, lack of
shyness, empathy; b) Social use of language: WS exhibit higher than normal use of affective evaluative language for initiating and maintaining
social contexts (Reilly et al); c) Experimental paradigm: WS indicate higher than normal willingness to approach and interact with strangers; d)
Affective prosody: WS measure higher than normal on computer-based analysis; e) Computer-based ethogram of non-verbal social behaviors:
WS are significantly higher than contrast groups on duration and frequency of eye contact, interpersonal proximity, initiation of social contacts.
Together these results indicate an unusual but consistent social phenotype, including strong affiliative drive. In this poster symposium, overall,
converging results for a social phenotype of WS are presented in the context of brain imaging and molecular genetics from a multi-disciplinary
program project.
II. Neurophysiological findings. Mills shows that during face processing, WS exhibit an unusual lelectrophysiological (ERP) ‘signature’ that may
index their increased attention to faces; and furthermorethat WS and Autism show contrasting ERP activity during face processing. New ERP
studies are presented to positive and negative emotional facial expressions in WS (Mills et al, this symposium). III. High resolution brain
imaging studies. Reiss et al found relative enlargement in the amygdala and ventralanterior orbital frontal cortex (PFC) (Reiss et al 2004). We
now report a positive association of PFC with the use of hypersocial language (Searcy et al, this symposium). Moreover, fMRI studies of face
and gaze processing suggest increased activation in the “mirror neuron” system in WS (Hoeft et al, this symposium). IV. Molecular genetic
findings. Importantly, Korenberg reports for the first time molecular genetic clues to the consistent hypersocial behavior, brain structure and
function in WS, implicating specific genes within the WS syndrome region (Korenberg et al). (See other symposium submissions titled: Genes,
Neural Systems, and Social Behavior). Supported in part by HD33113.
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AUTONOMIC CORRELATES OF PROCESSING UPRIGHT AND INVERTED AFFECTIVE FACES IN WILLIAMS
SYNDROME
(A. Järvinen-Pasley, N. Tsuchiya, M.K. Leonard, A. Yam, K.J. Hill, A. Galaburda, D. Mills, A.L. Reiss, J.R. Korenberg, & U. Bellugi)

Williams syndrome (WS) is a neurogenetic disorder caused by a hemizygous deletion of approximately 25 genes on chromosome
7q11.23. Behaviorally, WS is associated with heightened appetitive social drive (e.g., tendency to indiscriminately approach strangers),
a preference for viewing and increased skill in identifying faces, and language features that increase the likelihood of social interaction
with others (e.g., Bellugi et al, 2007; Meyer-Lindenberg et al, 2006). Neuroanatomical data indicate relative enlargement in the
amygdala and prefrontal cortical structures (Reiss et al, 2004). Almost nothing is known about autonomic nervous system function in
WS. In typical development, different temperament profiles have been linked to distinct patterns of autonomic responding that reflect
individual differences in cortical arousal, thereby regulating social and emotional behavior (Eysenck, 1967, 1981). It may therefore be
hypothesized that individuals with WS show similar autonomic responding to extroverts with regard to social stimuli, manifested as
smaller skin conductance responses (SCRs), lower heart rate (HR) reactivity, lower overall skin conductance level, and faster
electrodermal habituation, compared to introverts. We examined autonomic responses (SCR, HR) of 9 individuals with WS, 10
typically developing controls (TD), and 5 individuals with a partial WS deletion (PWS), to 92 upright and inverted affective and neutral
faces (Ekman & Friesen, 1976). The experimental groups exhibited significantly different patterns of autonomic reactivity across the
upright and inverted stimuli, with individuals with WS uniquely showing a greater SCR to the upright than the inverted faces. Whereas
individuals with WS, relative to both TD and PWS, showed the greatest magnitude of SCR to the upright face and the lowest magnitude
of SCR to the inverted face, those with TD and PWS showed the opposite pattern, with the PWS group presenting the most dramatic
contrast to the WS group. There was a trend toward a main effect of affect category, and no significant between-group differences were
found in baseline skin conductance level or HR reactivity. This pattern suggests atypical organization of autonomic function in WS,
with increased responsiveness to upright faces, and decreased responsiveness to inverted faces. Marked differences between the WS
and PWS groups show that the atypical pattern observed in WS is not due to intellectual impairment alone.
Supported in part by HD33113
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NEURAL ACTIVITY TO POSITIVE AND NEGATIVE EMOTIONAL EXPRESSIONS IN WILLIAMS SYNDROME
(D. Mills, A. Yam, A. Hood, E. Sheenan, A. Galaburda, A.L. Reiss, J.R. Korenberg, & U. Bellugi)

Williams Syndrome (WS) is a neurodevelopmental disorder caused by the deletion of approximately 25 genes on chromosome 7. The
typical WS socio-cognitive phenotype is characterized by increased affiliative drive and attention to faces, relative strengths in face
recognition and language processing, and relative deficits in spatial processing. People with WS are often described as “hypersocial”,
empathetic, and show increased responsiveness to others in distress. Behavioral evidence suggests that people with WS are less
accurate at identifying negatively valenced facial expressions such as fear; and fMRI studies have shown decreased activation of the
amygdala in response to fearful expressions. Yet, there is very little known about the neural mechanisms underlying processing of
different emotional expressions in WS. The present study used the event-related potential (ERP) technique to examine neural activity
to pictures of faces displaying happy, fearful and neutral expressions and to scrambled faces, in adults with WS, age- and gendermatched typically developing adult controls (TD), and age, gender, and IQ-matched developmentally delayed controls (DD). The
task required participants to sort face stimuli by gender with a button press. The results showed that a negative going component at
200 ms, N200, was larger to neutral than to scrambled faces for the TD and WS groups. The opposite pattern was observed for the
DD controls. For the happy vs. fear comparison, the N200 did not differ by emotional expression for the TD participants. However
the N200 was larger to both happy and neutral than to fearful expressions for individuals with WS. The reduced activity to fearful
expressions is consistent with previous research based on behavioral, MRI and fMRI data. In stark contrast, the DD controls showed
increased neural activity to fearful expressions. Our working hypothesis is that abnormal responsiveness to the fearful stimuli may be
related to abnormal amygdala function to faces in WS. The N170 component has been shown to be larger to faces than other stimuli.
For all groups the N170 was larger to faces than to scrambled faces. Emotional expression modulated the amplitude of the N170 for
both the TD and DD control groups, but not for the WS participants. This pattern suggests atypical organization of emotional
processing in WS, with decreased responsiveness to fearful expressions, and increased responsiveness to positive expressions.
Moreover, the atypical pattern observed in WS is not due to retardation alone as evidenced by the marked differences between the
WS and DD groups. (See also other symposium submissions titled: Genes, Neural Systems, and Social Behavior).
Supported in part by HD33113
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ASSOCIATION BETWEEN CEREBRAL SHAPE AND SOCIAL USE OF LANGUAGE IN WILLIAMS SYNDROME
(Y.M. Searcy, D. Gothelf, J. Reilly, U. Bellugi, T. Larne-Amos, D. Mills, J.R. Korenberg, A. Galaburda, & A. Reiss)

Williams syndrome is a neurogenetic disorder resulting from a hemizygous microdeletion at band 7q11.23. It is characterized by
aberrant development of the brain and a unique profile of cognitive and behavioral features. We sought to identify the
neuroanatomical abnormalities that are most strongly associated with Williams syndrome employing signal detection methodology.
Once identified with a Quality Receiver Operating Characteristic Curve, we hypothesized that brain regions distinguishing subjects
with Williams syndrome from controls would be linked to the social phenotype of individuals with this disorder. Forty-one
adolescents and young adults with Williams syndrome and 40 typically developing controls matched for age and gender were
studied. The Quality Receiver Operating Characteristic Curve identified a combination of an enlarged ventral anterior prefrontal
cortex and large bending angle of the corpus callosum to distinguish between Williams syndrome and controls with a sensitivity of
85.4% and specificity of 75.0%. Within the Williams syndrome group, bending angle significantly correlated with ventral anterior
prefrontal cortex size but not with other morphometric brain measures. Ventral anterior prefrontal size in subjects with Williams
syndrome was positively associated with the use of social engagement devices in a narrative task assessing the use of social and
affective language. Our findings suggest that aberrant morphology of the ventral anterior prefrontal cortex is a pivotal contributing
factor to the abnormal size and shape of the cerebral cortex and to the social-linguistic phenotype of individuals with Williams
syndrome. (See also other symposium submissions titled: Genes, Neural Systems, and Social Behavior).
Supported in part by HD33113
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THE MIRROR NEURON SYSTEM REFLECTS HYPERSOCIABILITY IN WILLIAMS SYNDROME
(F. Hoeft, D. Ng, A. Karchemskiy, N. Kobayashi, J.C. Bavinger, A. Galaburda, D. Mills, J.R. Korenberg, U. Bellugi, & A.L.
Reiss)

Williams syndrome (WS) is a neurodevelopmental disorder caused by a hemizygous deletion of approximately 25 genes on
chromosome 7q11.23. One striking feature of the syndrome that distinguishes it from other disorders is excessive sociability and
empathy for others (Meyer-Lindenberg et al. Nature Reviews Neuroscience 2006). The mirror neuron system (MNS) including
the inferior frontal and inferior parietal regions, and the superior temporal region which provides visual input to the MNS, have
been linked to empathy and socialization (Rizzolatti and Craighero, Annual Review of Neuroscience, 2004). It may therefore be
hypothesized that individuals with WS show greater recruitment of regions implicated in the MNS, especially during processing
of facial stimuli that convey social cues. In this preliminary study, we pooled previously collected functional magnetic resonance
imaging (fMRI) data from 4 studies of affect and gaze processing. We compared 43 WS and 38 typically developing (TD)
individuals. Relative to TD individuals the WS group showed increased activation in the left inferior frontal, bilateral rostral
inferior parietal and right superior temporal regions during the perception of affective and gaze facial stimuli. On the other hand,
compared to WS, the TD group showed increased activation in the right inferior frontal region only. This study shows promising
initial results suggesting putative neural systems associated with excessive sociability in WS. Future studies using tasks that more
effectively target the mirror neuron system as well as examination of associations between brain activation in these regions and
behavioral measures of empathy are warranted. (See also other symposium submissions titled: Genes, Neural Systems, and Social
Behavior). Supported in part by HD33113
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WHITE MATTER ABNORMALITIES IN WILLIAM SYNDROME AS MEASURED BY DIFFUSION TENSOR
IMAGING (DTI)
(A.L. Reiss, N. Barnea-Golary, B. Haas, G. Golarai, D. Ng, A. Karchemskiy, A. Galaburda, J.R. Korenberg, U. Bellugi, & F.
Hoeft)

Williams syndrome (WS) is a neurodevelopmental disorder caused by a hemizygous deletion of approximately 25 genes on
chromosome 7q11.23. One of the characteristic features of the syndrome is severe visuospatial construction deficits with
relatively good face and object processing skills as well as overly-social behavior. Associated functional and gray matter
abnormalities have been reported in the dorsal visual pathway with an intact ventral visual pathway. Whether there are associated
abnormalities in white matter integrity is unknown. Here we examined 10 individuals with WS compared with 10 typically
developing (TD) and 10 developmentally delayed (DD) controls using diffusion tensor imaging (DTI).
Three DTI analysis methods were used to ensure the reliability of the results: (1) voxel-based analysis using tract-based spatial
statistics (TBSS), (2) tractography using DtiStudio, and (3) Reproducible Objective Quantification Scheme (ROQS). Highly
convergent results were generated using these independent analytical methods. Significantly “greater” fractional anisotrophy
(FA) was observed in theright superior longitudinal fasciculus (SLF) in individuals with WS compared to both control groups but
not in the left SLF. Greater FA in the right SLF was associated with worse visuospatial skills in subjectswith WS indicating that
the findings are clinically relevant. The right inferior LF (ILF) were significantly different from the TDs and DDs in TBSS and
ROQS but not fiber-tracking, which could be related to the superior face processing skills in WS. While the exact mechanism of
the increased FA is unclear, the results indicate that individuals with WS show abnormalities in white matter regions associated
with visuospatial skills, as consistent with their behavioral profile/phenotype. (See also other symposium submissions titled:
Genes, Neural Systems, and Social Behavior). Supported in part by HD33113
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GENETIC ORIGINS OF SOCIABILITY IN WILLIAMS SYNDROME
(J.R. Korenberg, U. Bellugi, X.N. Chen, l. Salandanani, T. Tirosh-Wagner, A. Galaburda, L. Reiss, D. Mills, & T. Doyle)

Genetic contributions to human cognition and behavior are intuitively clear but fiendishly difficult to define. The genetic
deletion of about 25 genes in Williams syndrome (WS) provides a unique model to relate the role of single genes or gene
clusters to the shift in social behavior described as hypersociability, increased gaze and attention to strangers (see Bellugi et
al, this symposium). To narrow the gene(s) responsible for WS behavior, we initially established and applied genomic maps
and reagents spanning the WS region to analyze a large cohort of families, to define a region commonly deleted. This
provided the basis for establishing the variation in cognition and behavior typical of WS with full deletions. Rare individuals
with smaller deletions provide the opportunity to ask whether a subset of genes may contribute to a subset of WS features. In
the current work, we report genetic, developmental, physical, cognitive and behavioral data to show that an individual deleted
for all of the typical WS genes except for the telomeric region, shows less hypersociability and less prolonged eye contact
than typical WS. The individual was ascertained at 14 months as atypical for WS, and was studied through age 4 4/12 y, with
normal developmental milestones but the small size and supravalvular aortic stenosis seen in WS. Genetic analyses included
breakpoint determination using high resolution oligonucleotide arrays, confirmation by multicolor fluorescence hybridization
with a panel of 45 BACs, somatic cell hybrids, and quantitative gene expression in LB cell lines using qRT-PCR of 12 WS
genes. Deletion retained FKBP6-region distal to CYLN2. Social behavior was evaluated using the SISQ (Salk Institute
Sociability Questionnaire) at 2 7/12 y, #5889 differed from WS (p < 0.05) and was in the normal range for Global Sociability
and Approach Strangers. Further analyses utilized an computer based ethogram in which behavior was evaluated in a free
play situation with a novel adult. In contrast to a WS cohort, #5889 was less likely to prolong eye contact and less likely to
spend time close to the novel adult, and less likely to engage in social interaction. These results suggest genes distal to
CYLN2 contribute to WS behavior as measured in #5889 and provide the basis to reason from molecular genetics and cellular
detail to the brain networks modulating human social behavior. (See also other symposium submissions titled: Genes, Neural
Systems, and Social Behavior). Supported in part by HD33113

