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DEFINING THE SOCIAL PHENOTYPE IN WILLIAM SYNDROME
(U. Bellugi, A. Jarvinen-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); ¢) 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.




Genes, neural systems, and social behavior: Autonomic correlates of
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AUTONOMIC CORRELATES OF PROCESSING UPRIGHT AND INVERTED AFFECTIVE FACES IN WILLIAMS
SYNDROME
(A. Jarvinen-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




Williams Syndrome
Bridging Cognition, Brain & Gene

Genes, Neural Systems, and Social Behavior
Neural activity to positive and negative emotional expressions in Williams syndrome

D. L. Mills, A. Yami2, A. Hood?, E. Sheehan', A. Galaburda?, A. L. Reiss*, J. R. Korenberg®, and U. Bellugi?

1Emory University*, 2The Salk Institute for Biological Studies,, Beth-Israel Deaconess Hospital, 4Stanford University 5Cedars-Sinai Medical Center, UCLA

Participants Results - N17 sults- N2 DISCUSSION
WS TD DD

Williams Syndrome (ws) is a
neurodevelopmental disorder caused by
the deletion of approximately 25 genes on
chromosome 7. The typical WS socio-

gnitive pl ype is ized by
i i drive and ion to
faces, with relative strengths in face

and

and p
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
i ifying gatively 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
& 5 o 5 2
expressions in WS.

In this study we tested the hypothesis that
brain activity to positive emotional
expressions would be enhanced

ividuals with WS, whereas brain

Participants  n=26 n=25 n=11

Sex 12M,14F  11M,13F  5M,5F

Mean age 30 30 34
AgeRange  17-48y 18-48y 19-55y

65 106
70 108
65 103

FISH analyses confirmed a full deletion of the band
7q11.23 on Chromosome 7 for all WS participants
(Korenberg, et al. 2001).

Developmentally Delayed (DD) participants
included two individuals with Down syndrome and
nine _ indivi with mental ion and
developmental delay without a known etiology.

The N170 component is typically larger to faces
than non-face stimuli.

In the figures below, ERPs to happy faces are
depicted by blue lines, to neutral expressions by
black lines, and to scrambled faces by green
lines. Negative voltage is plotted up.

For adults with WS,
e the N170 was
symmetrical, was
larger to faces than
scrambled faces
(p=.03), and did not
differ by emotion

Lef Temporo-occiptal Right Temporo-occipital
&

For TD adults, the
N170 was larger over
the right than left
hemisphere (p=.02),
was larger to faces
than scrambled
faces (p=.002), and
did not differ by
emotion.

In our previous studies the N2 to faces was larger
in WS than TD or adults with autism. The findings
were interpreted as showing increased attention
to faces in WS. We hypothesized that for
individuals with WS the N2 amplitude would be
reduced to fearful expressions and larger to
happy faces relative to neutral expressions.

For adults with WS, the

N200 was symmetrical and
smaller to fearful than happy

(p=.02) or neutral

expressions (p=.01) over the

left hemisphere.

™ For TD adults, the N200
e was larger over the left
than the right, but did not

A/ o differ in amplitude by
oV - - emotion. The N200 was

The N170 is a face sensitive component
most likely generated in the fusiform
gyrus. The N170 was larger to faces
than scrambled faces for the TD and WS
groups but not for the DD adults. The
results also showed that the typical
right greater than left N170 asymmetry
was apparent only for the TD adults.
This suggests that in spite of increased
interest and experience with faces,
individuals with WS do not show a
normal pattern of right hemisphere
specialization for faces.

The amplitude of the N200 differed by
group in responsiveness to emotional
expressions. As predicted for the
participants with WS, the N200 was
smaller in amplitude to fearful than
neutral or happy expressions. In
contrast, the DD controls showed
increased neural activity to fearful
expressions. The atypical pattern
observed in WS is not due to retardation
alone of the i
between the WS and IQ matched DD
groups.

ity to fearful expressions would be

a larger to faces than
attenuated.

Sorambled faces. !!gdun?ed activity to fearful ex_pressions

in i with WS is with
previous behavioral, MRI and fMRI data.
These data are consistent with previous

EEG was recorded from 64 channels using an EGI
sensor net with a bandpass of .1 to 100 Hz. ERPs were
averaged separately to pictures of happy, fearful, and symmetrical, but did
neutral and to § not significantly differ
faces. o for faces and

For DD adults like

WS, the N170 was
Left Temporo-occipital - Right Temporo-occipital

P of the yg! to
scrambled faces ?W, - 4 fearful expressions in WS (Myer-
(p=.2), or emotional Lindenberg, et al., 2005, Mobbs et al.
expression. 2004).
For DD adults, like WS, the
N200 was symmetrical. In
oo contrast to WS, the N200
was larger to fearful
(p=.001) than to neutral
faces. The N200 did not
differ for happy vs. neutral
or scrambled faces.

Each picture was presented for 1750 milliseconds. A
fixation cross was shown during the interstimulus
interval (IS1). The duration of the ISI was jittered with a
mean of 1000 ms plus or minus 200 ms. The subject’s
task was to press a button as quickly and accurately
as possible to determine If the photograph was of a
male or female.

The predicted greater activity to happy
vs. neutral expressions was not
observed for the WS group. This
suggests that the social phenotype
observed in WS may not be due to
itivity to positive i

The N170 tended to be larger for the WS than

e . - other groups, but only approached significance

T::ms":“l::; (r‘:glrf'isa‘leed/ h:flf é‘;?ale";'_ff"e"‘ (p=.06). However, there was significant group x

Pl grapi 2 xa): Group: % correct Std. Dev emotion interaction (p=.03). For happy faces,
50 faces with happy expression the N170 was larger for WS than TD adults over
50 faces with a fearful expression ws 89 18.91 the left i ; for fearful i the
50 faces with a neutral expression ™ 98 411 N170 was larger for WS than DD individuals. In
50 scrambled faces 3 spite of apparent group differences in

100 faces of each expression were rated by DD 89 9.46 amplitude on the plots, there were no

40 Emory undergraduate students on a Likert- o significant differences for neutral or scrambled

type scale for each emotional category. Only The TD group performed significantly better than faces.

the best exemplars of each category were the TD and DD groups. There were no other

used as stimuli. group differences.

Funding for this research was
provided by the NIH Grant P01
HD033113 from NIH/NICHD.
Ursula Bellugi Program Project
The results are consistent with the hypothesis that Director; Mills Pl Project Il (ERP).
individuals with WS show reduced activity to fearful
expressions independent of 1Q effects.
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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 gender-
matched typically developing adult controls (TD), and age, gender, and 1Q-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).
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Williams Syndrome
Bridging Cognition, Brain & Gene

696.8/P16

Introduction

Williams syndrome (WS)

* A neurogenetic disorder resulting from a ~1.6Mb
chromosomal microdeletion (~28 genes) at band 7q11.23 (1)

* A multisystem disorder characterized by aberrant
development of the brain and a unique profile of cognitive
and behavioral features ()

Cognitive & behavioral profile in WS

= ‘overly friendly’, increased interest in social interactions

= 1Q typically in Mild to Moderate range of mental retardation
= major deficits in spatial processing

= relative strengths in language and face processing

= increased use of affective prosody and social language in
narratives

Neur ical abnor in WS .4

= overall brain volume decreased by about 10%, particularly
attributable to reductions in parietal and occipital lobe
volumes

» regions with relatively increased gray matter volume:
ventral prefrontal cortex, superior temporal gyrus, amygdala
and posterior vermis of the cerebellum

= decreased parieto-occipital lobe volumes relative to frontal
volumes, thought to lead to a more flat bending angle of the
corpus callosum and cerebrum compared to typical

Two key brain networks involved in regulating social
behavior &

1. Ventral circuit monitoring social cognition includes:
= amygdala, anterior cingulate, superior temporal gyrus
and mediodorsal nucleus of the thalamus

= social information processed in the amygdala is
transferred to the orbitofrontal cortex where social
responses and behaviors are selected

N

. Striatal-thalamocortical loop:
= prefrontal regions- the orbxtal and lateral cortex and
anterior cingulate

= in charge of behavioral inhibition and includes prefrontal
regions: the orbital and lateral cortex and anterior
cingulate

Purpose of the present study

= Employ signal detection method (QROC) to identify brain
regions most strongly associated with WS vs typically
developing controls (TD) (/)

= Evaluate the relationship between these brain regions, and
a salient feature of the WS social phenotype: the atypically
high use of social and affective language (social engagement
devices, SED) in narratives

Abbreviations used:

PFC: prefrontal cortex

QROC: quality receiver operating characteristic curve
SED: social engagement devices

STG: superior temporal gyrus

TD: typically developing controls

VAPFC: ventral anterior prefrontal cortex

WS: Williams syndrome

GENES, NEURAL SYSTEMS and SOCIAL BEHAVIOR:
Association between Cerebral Shape and Social Use of Language in
Williams Syndrome

Yvonne M. Searcy,’ Doron Gothelf, '? Judy Reilly,* Ursula Bellugi,’ Tope Lanre-Amos,” Debra Mills,? Julie R Korenberg,® Albert Galaburda,® Allan L Reiss’

! Behavioral Neurogenetics Center, Department of Child Psychiatry, Schneider Children’s Medical Center of Israel, Petah Tiqwa, Israel; 2 Sackler Faculty of Medicine, Tel Aviv University, Ramat Aviv, Israel; * The Salk Institute for
i Biological Studies, La Jolla, CA; * San Diego State University and Universit¢ de Poitiers-CNRS, France; * Cedars-Sinai Medical Center, Medical Genetics Institute, Division of Neurogenetics and UCLA Departments of Human Genetics

and Pediatrics: ¢ Beth-Isracl Deaconess Medical Center and Harvard Medical School, Boston, MA; 7 Center for Interdisciplinary Brain Sciences Rescarch, Department of Psychiatry and Behavioral Sciences,
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Methods
Pa pants
Evaluative Language Subset
ws ™ ws ™
n-4l =40 n=2 =12

GENDER 19M,22F 16M,24F 15M, 12 F 2M,10F
AGE years M (SD)  29.4 (9.0) 27.5(7.4) 28.1(10.0) 26.0(7.0)
Age range (years) 12.4 - 50.4 18.2-49.2 12.4-50.4 18.5-41.5

Verbal 1Q 72.0 (7.5) ~100.0 (10.0)
Performance 1Q 67.5 (8.7) ~100.0 (10.0)

72.7 (8.1) 102.4 (10.8)
66.6 (9.4) 104.5 (13.2)

Materials & Procedures

MRI
« Participants were scanned with a General Electric 1.5 Tesla Signa Scanner.
Sagittal brain images were acquired with a three-dimensional (3D)
volumetric radio frequency spoiled gradient echo pulse sequence Using the
following scan parameters: repetition time, 24 ms; echo time, 6 ms; fiip
angle, 45°; slice thickness, 1.2 mm; field of view, 24 cm; and matrix size,
256 x 192 for 124 contiguous slices

«Data processing steps following a protocol including removal of non-brain
tissues from the images, correction of eqmpment related image artifacts,
and of tissi (grey, white, CSF) (8

Figure 1:

a- subdivisions of the prefrontal cortex:
D = dorsal, MS = middle-superior,
MI = middle-inferior, VA = ventrai-anterior

b- The bending angle of the corpus callosum:
the angle created by lines connecting the most
anterior and posterior points of the corpus
callosum with the midiine

en
Angle

Social Language

« Participants were presented with the 24-page
wordless picture book “Frog, where are you?” (),
and asked to tell the story to the experimenter

« Stories were transcribed and coded for evaluative language (10):
elements within the story that convey the narrator’s perspective on events

« cognitive inferen: about the characters and their

motivations e.g. “The boy was happy to see his frog”

« social engagement devices (SED): phrases that add interest,
serving to attract and maintain the listener’s attention: e.g. sound
effects, intensifiers (very, so, “The boy was rea...ly sad"); and character
speech (“The boy said, ‘Oh, little froooggie...”); “All of the sudden...

+ SED scores reflect the proportion of SED to the total use of evaluation
devices

More about “the frog story” and the use of social evaluation devices in WS:

The extensive use of social devices to
engage the listener is a consistent
finding, and is a central feature of the
unique social behavior of individuals
with WS,

9 Figure 2: 1. Mastery of morpho-syntax in narratives of children with WS and TD (1a), and use
of social evaluation in narratives of children with WS and TD (1b). 1c. The specificity of evaluative
language in WS. WS exhibit greater use of social language than TD, those with early focal lesions
(FL), language impairment (L1), and high functioning autism (HFA). 1d. Excessive social affective
evaluation in WS across languages and cultures, underscoring a genetic predisposition for use.
social language in WS-

Results

The Quality Receiver Operating Characteristic Curve (QROC) analysis

N=81
41(50.6 %) with WS

vAPFC<22 76 VAPFC 22276
=46 N=35
12 wnh ws 29 with WS
(26.1 %) (82.9 %)

3 Bending ang le <109° Bendngangle=108° | 2
N=36 N=10

6 with WS
(16.7 %)

6 with WS
(60.0%)

Figure 3:

+ The QROC was applied to identify the brain regions that most sensitively
and specifically distinguished WS from controls. Brain regions included in
this analysis have been reported to be abnormal in subjects with WS .

« Gray matter volumes included in the QROC analysis: ventral and dorsal
anterior prefrontal regions, dorsal-anterior cingulate, parietal and occipital
lobes, superior temporal gyrus, cerebellum, amygdala, hippocampus, and
thalamus. The bending angle of the corpus callosum also was included (11

*The end result of the QROC parttion yielded three groups:
(1) VAPFC 2 22.76 cm?, 82.9% wi
+(2) VAPFC < 22.76 cm? and hendmg ang\e > 109°, 60.0% with WS;
+(3) VAPFC < 22.76 cm? and bending angle < 109°, only 16.7% with WS.

+Tha comibinatian of lafge or amall VAPFC aid large bending angle
had 85.4% %
from controls.

Association between social evaluation device scores
and VAPFC size

Proportion of social engagement devi

SmavAPC  Largevarc

Voniral anteriorprfrontl corex (VAPC)Volume

Figure 4:

The WS subgroup with large VAPFC had significantly higher SED
scores than the subgroup with small VAPFC (0.68 + 0.16 vs. 0.51 +
0.15,t = -02.5, P < 0.05). There was also a significant positive correlation
between adjusted VAPFC volume and SED scores of the WS group (r =
0.50, P < .01).

- Linear regression indicated that only adjusted VAPFC volume
significantly predicted SED scores (b = 0.52, r2 change = 0.28, P =
0.01), whereas amygdala volume (b = -0.19, P = 0.32) and STG volume (b
= 0.08, P = 0.67) did not.

« There were no significant correlations between VAPC volume and other
aspects of the WS phenotype such as VIQ (r = 0.10, P = 0.63) or
PIQ (r = 0.33, P = 0.09

Discussion

Brain regions that distii il 'y

» We utilized a signal detection method (QROC) that has rarely
been used in imaging studies. QROC was instrumental in the
identification of specific brain measures that are most closely
associated with WS.

« Using the QROC we identified the VAPFC, and consequently
elucidate its association with the use of social language in WS.

» The VAPFC, as well as the bending angle of the corpus
collusum, are strong distinguishing characteristics of
individuals with WS.

The i i brain and

» The orbitofrontal cortex, which partially overlaps with the
VAPFC region defined here, is a pivotal part of the ventral
circuit that monitors social cognition and regulates emotional
states and behavior.

« The abnormal morphology of the VAPFC may be associated
with enhanced use of social language in individuals with WS.

» Thus our results associating the VAPFC with abnormal social
use of language in WS provide support for the important role
of prefrontal cortex abnormalities to the social phenotype in
WSs.

Genes to Brain to Behavior

« Our findings support that aberrant neurodevelopment of the
ventral anterior region of the prefrontal cortex is an important
factor contributing to the unique cerebral morphology of
individuals with WS, as a consequence of haploinsufficiency of
genes from the deleted region.
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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).
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The Mirror Neuron System And

“Hypersociability” In Williams Syndrome
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Staking Feature of Willlams syndrome (WS)
K:mnforemasdvesodablltyandempaﬁwforoﬁ\ers
[1], but still controversial [2].

Neural Systems Subsecving Empathy and Socal
Coanition mPFc,tanmoralpole(TP). posterior STG,
and the Mirror Neuron System (MNS) induding the IFG
and rostral IPL [3,4]

Gonl of Study To investigate these brain systems in a
meta-analysis of 4 fMRI studies related to social cues
(face, gaze and affect processing).

. , 3ge=30.9412.0, F:M=30:6, FSIQ: 65.6+11.3
+CONTROLS: n=37, age33.1+10.5, F:M=28:9, FSIQ: 117.1+11.0
fMRI Tasks
1. Matching emotions of faces (block), 2. Matching gender of neutral
faces (block), 3. Matching gender of faces with emotions (event-
M,a.xmgmmmmamam

)

V""\’ ta Collection, Pr ing & Analys
LMTAMLS&WGE,TR&M 2
PREPROCESSING: (Slice-time correction), realignment,
nomaiization and smoothing (Bmm-FWHM). 3. INDIVIDUAL SJ
STATS: Fixed effects GLM comparing all face stimull to resting or
scrambled faces. 4. GROUP STATS: Random effects GLM within and
bmmaﬁeds(p-ﬂ.mwmmd).

ITDErs i

WSvs.C‘nmb:alPs>01

Regressing out IQ did not change the results

Perspective
taking
13.4(1.9)

17.1(1.3)

12X 5]

Personal
disress

15.5(3.1)
11.8(1.9)

Empathic
| concem
21.3(1.8)
20.7(1.7)

Fantasy

WS (n=10)
Controls
{n=10)

12.7(3.0)
16.6(2.4)

MNS & '‘Social Brain’ Networks In WS And Controls

Amyg

Controls Activate

Lo b‘,*k*.nu‘ More

Controlling for 1. age, gender and task performance, and 2.
voocel-based graymatherrru'phand:rystmed slmlhrresmts.

Different In Cond
Higher empahysmresaseodﬂd positively with activation in:

CONTROLS anterior MNS and ‘social brain’ regions
(mPFC, IFG/PCG/insula, STG)
WILLIAMS more posterior regions (IPL, occipital, thalamus)

696.3

Email: fumiko@stanford.edu

- Brain regions associated with the
MNS and the Social Brain are
dysfunctional in WS ‘compared to
healthy controls’.

-IPL in face of

hyperactivation
anterior/limbic hypoactivation in WS
suggest a disconnect between these
systems (see SFN Poster 696.4 & [6]

for right SLF/AF DTI dysfunction in
WS).

- Results from correlating empathy
scores and brain activation suggest
the reliance of visual-spatial and
perceptual processing in WS.

ONGOING ANALYSES

1. Confirm analyses in native space.

1.Functional connectivity.

[1] Meyer-Lindenburg A & Mervis CB. Nat Rev
Neuroscl 2006

[2] Laws G & Bishop D. 2004
[3] Rizzolattl G & Craighero L. Ann Rev Neuroscl
2004

[4] Iacoboni M & Dapretto M. Nat Rev Neurosc
2006

[5] Davis MH. ] Personality & Soc Psych 1963
[6] Hoeft et al. J Neurosdl 2007
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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




White matter abnormalities in Williams Syndrome as Measured
by Diffussion Tensor Imaging (DTI)

Reiss, AL, Bamea-Golary, N.!, Haas, B.W.!, Golarai, G.!, Ng, D.!, Karchemskiy, A.!, Galaburda, A.2, Korenberg, J.3, Mills, D.4, Bellugi, U.5, Hoeft, F.!
| CIBSR, Stanford Univ., Palo Alto, CA; ? Dept. of Neurology, BIDMC, HarvartY$illg, 2, Boston, MA; * Dept. of Pediatric and Human Genet., UCLA, Los Angeles CA;
* Psychology, Emory Univ., Atlanta, GA; 3 Lab. Cogn. Neurosci., The Salk Inst., La Jolla, CA [published in Hoeft et al. J Neurosci 2007)
TION RESULTS CONCLUSIONS

“Williams syndrome is a genetic disorder associated with deficits
in visuospatial processing, [1].

=The (right > left) Superior Longitudinal Fasciculus (SLF) is
reiated (o the dorsal stream and is important for visuospatial
attention / processing.

*SLF connects the posterior parietal cortex (PPC) and the
posterior lateral prefrontal cortices (PFC) [2).

* Diffusion Tensor Imaging (DTI) provides the ability to assess
whils matter integrity in pathways within the brain(3 4].

*We predicied that Williams subjects exhibit aberrant whits
matter integrity in the (right) SLF but not in the Inferior
Longitudinal Fasciculus (ILF).

METHODS

Participanis

* 10 Willlams (WMS): 6 males, 10 Typically Developing (TD): 7 males
and 10 Developmentally Delayed (DD): 3 males.

+Age (WMS): M= 2828, SD = 7.5; (TD): M= 278, SD= 0.5, (DD): M=
232,8D=55.

+IQ (WMS): M= 85.4, SD = 10.6, (TD): M = 1143, SD = 12.8, (DD) M =

7114, 8D0=162.

Imaging Parameters

¢ 3T Sigas LX Scanser

W3=>T0

A. WMS vs. Controls: TBSS

w3 =>DD

~Data provide a neural corraiate to the link
between visuospatial dysfunction in WMS with
structural abnormality within the Rt SLF.

* Increased FA may be indicative of reduced
branching of this pathway.

= Future directions: investigate how specific
genes (partial deletions) affect SLF white matter
integrity.

REFERENCES
A., Mervis, C. B., (2006).
380-303.

3] Tuch D.S., Saiat, D.H., Wisco, J.J., Zaleta,
AN, Hevelone, H.D., Rosas, H.D. (2005). Proc
Nat! Acad Sci USA 102: 12212-12217 .

[4] Wakana S, Jiang H., Nagae-Postscher, LM.,
;I:"HP-B-.UM.‘-M.M
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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




Genes, neural systems, and social behavior: Genetic origins of sociability in

Williams syndrome
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Boston, MA; 4Psychiatry and Behavioral Sci.,.Stanford Univ. Sch. of Med., Stanford, CA; 5Psychology, Emory Univ., Atlanta, GA

Abstract Goal - "Re Summary

Genetic contributions to human cognition and behavior are intuitively clear but »
fiendishly difficut to define. The genetic deletion of about 25 genes in Wiliams 10 understand the neural pathways underlying 3 4 1. M enaloned geneic; ciical, peclionsetii anblyein
;’:‘:’“&":s‘(e"fss)':m"ﬁ'; e o e v o i;‘::m ooy, Social behavior in WS, togidentfy genes I. Subject " of a large cohort of WS persons reveals 1-2% with smaller
increased gaze and attention to strangers (see Bellugi et al, this symposium). To ~ responsible for the variability and to evaluate - using high resolution_oligonucieotide arrays, deletions.
narr:;l, the gene(s) respudﬂslhls (\1 ws bgna:arwwse impau):o asratlesneal and  primate models. Studies such as this with . ‘confnsion, - m b i:::: :n;sqm?:én o . Develup:\enl of hiloraz:hi?adl:;igh n_as’unu:iof:‘ :?’\r;seﬁc .
applied genomic maps and reagents spanning the WS region to analyze a large G z 7 i = approaches reveal and validate an infant wit anda
cohort of families, to define a region commonly deleted. This provided the basis aFYF?'Ca! deletions Jhelp to 5'55991 and reveal 2 = - b \ small deletion.
L estatistiog fhe wadation i oogrition end behwvior tploel of W8 wib 0 distinctive behaviors. These will allow us to K Vorntng o Gl ol I = . Longitudinal psychometric and clinical analysis reveals
ti tion: riur to : . . 1 . ! e . " " " A
e e o e T FEoure? o nfer anatomi @nd physioogicinterconneciions , B || e
current work, we report genetic, developmental, physical, cognive and and to understand the molecular basis of e e : =5 Genotype uhenolypeap _
behavioral data to show that an individual deleted for il of the typical WS genes . A e > a
except for the telomeric region, shows less hypersociability and less prolonged human cognition'and behavior. T“n:df“:“"y":' “”m‘* 5889 Z
: Foigtrs Introduction T O e
through age 4 4/12 y, with normal informed consent for genetic,
developmental milestones but the small size and supravalvular sortic stenosis  Wiliams syndrome (WS) provides a remarkable model for studying clinical ‘and neuropsychologic ey ————
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The Noldus observer was used to code toddlers in free play situations either with their mothers or with a novel adult (the experimenter). Coding was done by two
undergraduates blind 1o the study goals and unfamiliar with WS. These raters were trained on videotapes of typically developing todders until their inter-rater reliabilty was
‘consistently > 0.85. Behaviors rated are noted below.

Gaze location (looking, Play style (symbolic piay, non-specific)
« Interactive behaviors (imitating, offering, pointing, rejecting, requesting, Physical location (far away, near, touching)

Expression in WS /

- Doyle et al, 2003
showing, vocalising, sign gestures) Affect (neutral affect, negative affect, positive ffect) PR nd Richard Brawerman Chair in Molecular Genetics at Ceders Sinal
. Inmnm type (dyadic, triadic joint, mediated joint, non-social) Change in Proximity (approach, withdraw) Modlul Center.
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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




