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Mestrado Integrado em Psicologia da Universidade do Minho
Existem diferengas estruturais nos cérebros sociais em pacientes com Sindrome de
Williams?
Dalila Morais Teixeira
Adriana Sampaio
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RESUMO

A Teoria da Mente (ToM) é um processo crucial da cogni¢do social e refere-se a
capacidade de fazer predicGes acerca das aces das pessoas com base nos seus estados mentais,
que representam a base da comunicacdo e interaccdo social humana. A caracteristica mais
relevante dos pacientes com Sindrome de Williams (WS) é a hipersociabilidade, que tem sido
relatada em &reas como o pSTS(Sulco Temporal Superior posterior), TPJ(Juncdo Temporo-
Parietal) e sub-regides do CC(Cértex Cingulado).

O objetivo principal é avaliar volumes e assimetria do pSTS, TPJ e volumes das sub-
regibes do CC no sindrome de Williams (WS) e no grupo controlo emparelhado por sexo e
idade.

As imagens de ressonancia magnética (N=34; 17 WS e 17 Controlos) foram exploradas,
de forma a medir o volume da substéncia cinzenta total, substancia branca total, e do liquido
encefalorraquidiano nas areas corticais mencionadas anteriormente.

Verificou-se um volume inferior intracraniano e nas areas pSTS, TPJ esquerdo,
Anterorostral, Anterodorsal e pCC (Cortex Cingulado Posterior) nos pacientes com WS, em
comparagdo com os controlos.

Os resultados mostram que os WS apresentam uma simetria hemisférica, reflectindo-se na
baixa capacidade de atribuir estados mentais e dificuldades em controlar a ansiedade emocional

nas interacOes sociais.

Palavras-chave: Teoria da Mente (ToM); sociabilidade; Sindrome de Williams; MRI estrutural
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ABSTRACT

Theory of Mind (ToM), a crucial process of social cognition, refers to making predictions
about people’s actions based on their mental states, representing the basis of human social
communication and interaction. The most relevant feature of Williams Syndrome (WS) patients
is the hypersociability, which has been implicated with specific neural signatures involving the
posterior Superior Temporal Sulcus (pSTS), Temporo-Parietal Junction (TPJ) and subregions of
Cingulate Cortex (CC).

The main goal is to evaluate volumes and asymmetry of pSTS, TPJ and volumes of
subregions of CC in WS and in a typically developing age and sex matched group.

The acquired images from magnetic resonance imaging (N=34; 17 WS and 17 Controls)
have been explored, in order to measure the whole gray matter, white matter, and cerebrospinal
fluid volumes in the previous reported brain areas.

It has been verified a reduced intracranial volume and in the left pSTS, TPJ,
Anterorostral, Anterodorsal and Posterior Cingulate Cortex in WS patients, compared with
controls.

The results showed that WS present a high symmetry pattern, reflecting their poor ability

to attribute mental states and difficulties in emotional control anxiety in social interactions.

Keywords: Theory of Mind (ToM); sociability; Williams syndrome; structural MRI
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Introduction

Brothers (1990) described “the social brain” as the higher cognitive and affective systems
in the brain that evolved as a result of increasingly complex social selective pressures. These
systems underlie our ability to function as highly social animals and provide the substrate for
intact social cognition, social behavior and affective responsiveness.

Social cognition refers to the processes that subserves behavior in response to
conspecifics (other individuals of the same species), and, in particular, to those higher cognitive
processes subserving the extremely diverse and flexible social behaviors that are seen in primates
(Adolphs, 1999). From infancy, humans display early signs of social cognition (Kovacs et al.,
2010; Striano and Reid, 2006). In fact, it is the social brain that allows us to interact with other
people. As with all our interactions with the world, we can do much better if we can predict what
is going to happen next in the social environment. The better we can predict what someone is
going to do next, the more successful our interactions with that person will be (Frith, 2007a).

Perhaps the most important attribute of the social brain is that it allows us to make

predictions about people's actions on the basis of their mental states. This assumption that
behavior is caused by mental states has been called taking an ‘intentional stance’ (Dennett, 1987)
or “having a theory of mind” (Premack & Woodruff, 1978a). One type of causality is the link
between intentions and actions. Understanding that intentions cause actions and inferring
intentions from actions might be a precursor to understanding the minds of others (Theory of
Mind or ”mentalizing”; Leslie, 1994; Premack and Woodruff, 1978b).
Theory of Mind (ToM), the ability to attribute mental states to others is an important process in
social cognition and thus forms the very basis of social interaction and communication (Burns,
2006). ToM involves activation of a widespread neural network comprising the medial prefrontal
cortex (mPFC), the Posterior Cingulate Cortex (PCC)/ precuneus region (PC), as well as the
middle temporal lobes (MT), superior temporal sulcus (STS), and the temporo-parietal junction
(TPJ) (Saxe et al., 2004; Amodio and Frith, 2006; Saxe, 2006). In fact, several functional
neuroimaging studies using a wide variety of mentalising tasks, evidenced that the process of
mental state attribution has been associated with a network of brain regions that include the
medial prefrontal cortex (mPFC), temporoparietal junction (TPJ), posterior Superior Temporal
Sulcus (pSTS) and anterior temporal cortex (ATC) (Frith and Frith, 2003; Blakemore, 2012).


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1919402/#bib17
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1919402/#bib58

In fact, convergent evidence suggests therefore four specific brain regions, which are considered
to have a role in social cognition: the posterior Superior Temporal Sulcus (pSTS) and the
adjacent temporo-parietal junction (TPJ), the amygdala, the temporal poles, and the medial
prefrontal cortex (MPFC) and the adjacent anterior cingulate cortex (ACC) (Frith, 2007b). In
some studies, higher activity in more posterior regions, such as the pSTS/TPJ (Blakemore et al.,
2007), and in the ATC (Burnett et al., 2009), was observed in adults as compared to adolescents.
According to Gallagher and Frith (2003a) and Abu-Akel (2003), theory of mind can be connected
to the anterior paracingulate cortex, the anterior cingulate gyrus, the ventral and medial prefrontal
cortex, the inferolateral frontal cortex, the superior temporal sulcus, the temporal poles, and the
amygdala too besides the orbitofrontal cortex.

Structural studies using voxel-based morphometry, have been reporting additional evidence that
theory of mind was correlated with the volumes of the frontal and the temporal lobes (Lewis et
al., 2011) have been reported.

Additionally, a correlation between social network size and mentalizing ability with gray
matter density in the amygdala, ventromedial prefrontal cortex, anterior cingulate cortex (ACC),
and in the temporal lobe, including the superior temporal sulcus (STS), in healthy subjects with
larger social networks (Bickart et al., 2011; Kanai et al., 2012; Lewis et al., 2011). It is not just
gray matter in STS, amygdala, and dorsal and anterior prefrontal cortex that is correlated with
social network size but also its activity, measured with functional MRI (fMRI) (Sallet et al.,
2011a; Bickart et al., 2012).

Curiously, spontaneous coupling of activity between STS and dorsal prefrontal cortex and
ACC has been described as increased with social group size (Sallet et al., 2011b; Mars et al.,
2012). Activity in these areas, and interactions between them, may be occurring more frequently
when animals are in larger social groups because they have to make and adjust more predictions
about what their cage mates, and groups of their cage mates, will do (Rushworth et al., 2013).

The STS has also consistently been described in ToM studies and this region therefore
seems to be involved in the initial analysis of social cues and the detection of intentional activity.
Specifically, the pSTS region plays an important role in the perception of social acts (Vander
Wyk et al.,2009) and it was also found, that the right STS is significantly deeper on the right
posterior segment as compared to the left (Barrick et al., 2005, Ochiai et al., 2004a, Van Essen,
2005 and Watkins et al., 2001) in human healthy brains. This difference is due to the deeper


http://www.sciencedirect.com/science/article/pii/S1053811911006240#bb0010
http://www.sciencedirect.com/science/article/pii/S1053811911006240#bb0160
http://www.sciencedirect.com/science/article/pii/S1053811911006240#bb0205
http://www.sciencedirect.com/science/article/pii/S1053811911006240#bb0205
http://www.sciencedirect.com/science/article/pii/S1053811911006240#bb0225

development of the posterior sulcal root on the right (Ochiali et al., 2004b). A larger right volume
in the depth of the STS might favor right hemispheric regions involved in theory of mind, voice
perception, biological motion perception and visual processing (Glasel, 2011).

Brain regions near the temporo-parietal junction (TPJ), have been also implicated in a

broad range of social cognition tasks (Allison et al., 2000; Gallagher and Frith, 2003b; Green and
Haidt, 2003). Theory of mind tasks, which ask subjects to reason about the intentions and beliefs
of others, activate medial prefrontal cortex and the TPJ (Adolphs, 2009). It is suggested that the
TPJ is activated specifically in situations when one is inferring the mental states of others, rather
than just information known about another (Saxe and Kanwisher, 2003a).
The TPJ, identified by responses to (false) belief stories, may play a broad role in social and even
moral cognition (Moll 2002; Greene & Haidt, 2003a; Frith & Frith, 1999). The role of the TPJ in
understanding other people appears to be specific to reasoning about the content of mental states
(Saxe and Kanwisher, 2003).

Lesion (Samson et al., 2004; Apperly et al., 2007, Smith et al., 2013) and stimulation
(transcranial magnetic stimulation — TMS and transcranial Direct Current Stimulation - tDCS)
(Young et al, 2010; Santiesteban et al., 2012) studies provided further evidence suggesting that
for social function is associated with the TPJ, but more generally, findings are highly dependent
on spatial location. As described above, the best evidence for social function in the TPJ region
comes from neuroimaging studies (Carrington and Bailey, 2009).

In accordance, neuroimaging research in social neuroscience suggests that the right TPJ
(rTPJ) encodes imagined goals of others’ actions (Hamilton and Grafton, 2008) and contributes
to social cognition by specifically representing others’ mental states such as thoughts and
intentions (i.e., theory of mind, Saxe and Wexler, 2005) while left TPJ (ITPJ) seems to be
associated with a broader range of tasks including mental states (false belief) as well as non-
mental entities (false signs), as also left TPJ is necessary for the representation of mental states
(Perner et al., 2006)

Finally, the cingulate cortex, including both anterior and posterior sectors (as well as the
posteriorly adjacent retrosplenial cortex), is also described as playings a key role in emotion and
in social behavior (Devinsky et al., 1995; Maddock, 1999)

The cingulate gyrus is a cortical area of mixed cytoarchitectonics that links to the limbic

system and neocortex (Mesulam, 2000). The subcomponents of the cingulate gyrus serve a range
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of functions, including emotional, cognitive and attentional, nociceptive, and motor processing
(Drevets, 2000; Mesulam, 2001). Grossly, the anterior cingulate cortex (ACC) is differentiated
from the posterior cingulate cortex (PCC) on the basis of cytoarchitecture, projection patterns,
and functions (Vogt, 2008). For example, the anterior cingulate gyrus is activated by emotional
stimuli, whereas the posterior cingulate gyrus is activated by both emotional and non-emotional
stimuli and plays an important role in memory access and visuospatial orientation (Vogt et al.,
1992a). Within the ACC, further parcellation can be made on the basis of functional and
anatomical studies (Bush et al, 2000a). The rostral area of the ACC (the affective subregion) is
connected to the nucleus accumbens, amygdala, insula, hippocampus, and orbitofrontal cortex
and assesses the salience of emotional and motivational information regulating emotional
responses (Bush et al, 2000b). The caudal (dorsal) area of the ACC (the cognitive subregion) has
strong reciprocal interconnections with the lateral prefrontal cortex, parietal cortex, and premotor
and supplementary motor areas (Devinsky et al., 1995) and modulates attention and executive
functions, error detection, and working memory (Vogt et al., 1992b; Bush et al., 1999; Whalen et
al., 1998). The portion of the ACC located inferior to the genu of the corpus callosum (subgenual
subregion) has extensive connections to structures implicated in emotional behavior, mood, and
autonomic responses to stressors and is the region used for deep-brain stimulation for treatment-
resistant depression (Mayberg et al., 2003).

Many studies have shown that ACC responds to a variety of cognitive and affective ToM
tasks (Chiu et al., 2008; Lombardo et al., 2009; Stuss et al., 2001; V6llm et al., 2006;Young et al.,
2007). However, there is evidence suggesting that the ventral ACC (VACC) is involved in the
emotional aspects of self-reflection (Moran et al., 2006; van der Meer et al., 2010), and that the
dorsal ACC (dACC) is preferentially involved in processing cognitive ToM (Sommer et al.,
2007).

Taking into account this three main areas role in social cognition, it is important to
research these regions with key roles in social cognition, in populations with pro-social
behavioral profiles, as patients with Williams Syndrome.

Williams syndrome(WS) is a neurodevelopmental disorder caused by a microdeletion of
~26 genes on chromosome 7g11.23 (Hillier et al., 2003; Osborne, 2012). This syndrome, which
has a prevalence of 1/7,500 (Stremme et al., 2002), is associated with a recognizable pattern of

physical characteristics, including a specific set of facial features, heart disease (most commonly
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supravalvar aortic stenosis), connective tissue abnormalities, failure to thrive, and growth
deficiency (Morris, 2006). The WS cognitive profile is characterized by deficits in visuospatial,
motor and visuomotor abilities and relative strengths in face and object recognition, verbal short-
term memory, expressive language and music processing skills (Morris, 2010; Dykens et al.,
2005; Mobbs et al., 2007a; Tsai et al., 2008; Hocking et al., 2011).

WS profile is marked by overfriendliness, disinhibition and hypersociability, and are often
impulsive (Bellugi et al., 1999; Klein-Tasman & Mervis 2003). Social behavior in WS may
involve interaction of several factors including social cognition and social desire, regulation of
emotions and disinhibition (Bellugi et al., 2007; Porter et al., 2007). The etiology of WS
hypersociability is still unknown, however several studies have providing important informations
regarding the neural and genetic mechanisms underlying WS social phenotype (Capitéo et al.,
2011).

The cognitive/behavioral phenotype has also been associated with several neuroanatomic
changes, including volumetric and morphological changes, as well as abnormal asymmetry
patterns (Sampaio et al., 2008a; Holinger et al., 2005). Importantly, brain alterations in
individuals with WS, demonstrated a smaller overall brain volume (by 11-13%) and a smaller
size of particular sub regions of the cerebral cortex, cerebellar cortex, and subcortical structures
(Reiss et al., 2000; Eckert et al., 2005; Thompson et al., 2005). It was also observed differences
in gray matter distribution (particularly in the left hemisphere) white matter abnormalities, as
reduction in subcortical white matter (18%) (Hoeft et al., 2007; Marenco et al., 2007).

The anomalous brain structure in WS is largely consistent with the atypical social
cognition and social behavior profile that characterizes the syndrome. Specifically, the cingulate,
OFC, MPFC, insula, as well as the amygdala, are regions of the limbic system, which subserve
functions related to emotion regulation, for example, heightened arousal, anxiety, enhanced
emotional reactivity, and social impulsivity (Price, 1999a). Reiss et al. (2004b) observed in
patients with WS, an increased volume and graymatter density in the anterior cingulate of
participants with WS. However, volume increases were limited to the dorsal anterior (cognitive)
segment, whereas increased density occurred within the ventral anterior (emotion-related) region
(Bush et al., 2000c).

12
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Williams syndrome patients show difficulties in higher order social-cognitive functions,
manifested by atypical non-verbal communication, imagination, and problems in understanding
the mental states of others (i.e., theory of mind) (Haas & Reiss, 2012).

This leads to a reduced ability to understand the mental states of others with emotional
area preserved (Porter et al., 2007a).

While ToM and intellecttual abilities are often commensurate, dissociations occur within
certain disorders. For example, people with autism or schizophrenia typically display deficits in
their understanding of mental states such as intentions, thoughts and beliefs beyond their general
level of intellectual functioning not surprisingly, their day-to-day social functioning is also
impaired. ToM and intellectual abilities may also dissociate in people with Williams syndrome.
Unlike people with autism or schizophrenia, people with Williams syndrome (WS) are
sometimes said to show strengths in their day-to-day social functions, so one might expect that
ToM abilities in WS are above their general intellectual abilities(Porter, 2007b).

The hypotheses for each ROI are:

1) Is rpSTS a region in WS that is involved in the analysis of the social cues and in the
ability of inferring predictions in larger social groups?

2) Is the rTPJ in WS that encodes imagined goals of others’ actions?

3) Is the Anterrostral in WS capable of regulating emotional responses?

4) Is the Anterodorsal area in WS capable of establishing reciprocal interconnections
between emotion and action?

5) Is the Subgenual implicated in regulation of emotional behavior?

6) Is the Posterior CC in WS capable of modulate attention to emotional stimulus?

The current study is the first to provide a detailed characterization of Cingulate Cortex
(CC) using an automatic gray matter segmentation plus it’s posterior manual correction in 3D
Slicer in WS.

Therefore, the main goal of this research study is to evaluate the volume and asymmetry
of the pSTS, TPJ and subregions of CC in WS (N=17) and in a typically developing group

(N=17) matched on age and sex.

13



Materials and Methods

Participants

Study participants included 17subjects (7 males and 10 females), diagnosed with WS
(19,24 £ 6,037; age range: 11 to 32 years) and 17 healthy controls individually matched for sex,
and age (7 males and 10 females) (20,53 * 6,424; age range: 11 to 32 years). Mean full scale 1Q
was (50,12 £ 6,754) for WS and (110,13 + 11,495) for controls.

Participants with WS were recruited at the Genetic Medical Institute (Portugal) and the
Genomic Foundation in Galicia (Spain). WS diagnoses were made by fluorescent in situ
hybridization for confirmation of elastin gene deletion (Ewart et al. 1993).

Controls were typically developing individuals without evidence of psychiatric,
neurological disorder or cognitive impairment. Each participant gave written informed consent
for their participation in the study via consent forms, after a complete description of the study.

All participants were right-handed, determined through clinical interview.

Neurocognitive assessment

To assess general cognitive functioning, participants 8-16 years of age were administered
the Wechsler Intelligence Scale for Children-Third Edition (WISC-II1) (Wechsler 1991, 1997),
while subjects over 16 years old were administered the Wechsler Adult Intelligence Scale- Third
Edition (WAIS-III).

MRI Acquisition and Processing

MRI images were obtained on a 1.5-T General Electric system (GE Medical Systems).
The scans acquisition protocol consisted of contiguous 1.5-mm coronal T1 (Spoiled gradient -
SPGR) slices of the whole brain and an axial PD/T2 sequence (proton density and T2-weighted).
The parameters used were: echo time: 5.0 msec, repetition time 35 msec, flip angle 45°,
acquisition matrix 256x192, voxel dimensions: 9375x0.9374x1.5mm.

Image Processing

Cortical reconstruction was performed with the Freesurfer 5.3 image analysis suite along
with APARC Atlas (Fischl et al., 2002), which is documented and freely available for download

online (http://surfer.nmr.mgh.harvard.edu/). The utilization of this software for the analysis of

14



MRI structural images is an application well developed and largely wide used in the literature
(Klauschen et al. 2009; Reuter et al. 2012).

In the automatic reconstruction process of structural images it can occur some mistakes, being at
this way necessary the manual verification of these same errors. The steps for verification
includes: verification of the co-sign in the Tailarach template (template based on the distance of
the posterior and anterior commissure), verification of the skull remove (because it can occur
errors at the remotion of the cerebral tissue or in the no- totally remove of the brain), errors in the
boundaries definition of the cortical and sub-cortical surfaces. For correction, it’s necessary to
remove or enhance voxels manually.

After this steps for the reconstruction verification, it was possible to obtain the images already
processed (with the contrasts corrected, aligned by the Tailarach template and with the skull
removed) for this work.

Then, each cortical structure (except for Subgenual subregion) reconstruction obtained was
manually corrected by using 3D slicer version 4.3.1. The subgenual subregion of ACC was
manually segmented (Koo et al., 2008) using the 3D Slicer Software in the realigned images. It
was used the label zero (0) to erase and the label one (1) to paint effect to add labels. From 3D
slicer it has been extracted the measurements of grey matter volume (mm3) for each region of
interest plus the gray matter, white matter and CSF (mm3) of each brain for TIV calculation.

Regions of Interest

In this work it has been extracted from FreeSurfer six labels, each one correspondent to
each ROI in my study involved in Theory of Mind. Then, as described these were all manually
corrected by using 3D Slicer except the subgenual subregion that was manually segmented by

using the same tool.

posterior Superior Temporal Sulcus
The posterior Superior Temporal Sulcus label was extracted from the files
rh.pSTS.ANNOT and Ih.pSTS.Annot. Kathryn Mills et al.(2013), was created the pSTS region by

extending the Desikan-Killiany Atlas defined bank STS (Fischl et al., 2004; Desikan et al., 2006)
to the border of the TPJ.
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Temporo-Parietal Junction

The Temporo-Parietal junction label was extracted from the files rh.TPJp. ANNOT and
Ih.TPJp.ANNOT. It was used the border coordinates of a functional subdivision generated in a
previous study (Mars et al., 2012).

Subregions of the Cingulate Cortex

1) Anterrostral: the affective subregion (anterorostral) (Bush et al., 2000a) was bounded
anteriorly by the cingulate sulcus and posteriorly above the corpus callosum by a line (Crespo-
Facorro et al., 1999) passing through the most anterior point of the inner surface of the genu of
the corpus callosum, and anterior to the subgenual division below the corpus callosum. This

region was extracted from the label 2023.

2) Anterodorsal: the cognitive subregion (anterodorsal) (Bush et al., 2000b) is defined as the
remaining ACC between the affective subregion and posterior cingulate gyrus. This region was
extracted from the label 2002.

3) Subgenual: the subgenual subregion (Drevets et al., 1997) was segmented by using the
following boundaries defined as the cingulate area under the corpus callosum bounded anteriorly
by the line passing through the anterior margin of the genu of corpus callosum and posteriorly 1

section anterior to the internal capsule that divides the striatum.

4) Posterior CC: the posterior cingulate extends to the line passing through the most posterior

end of the corpus callosum (Noga et al., 1995). This region was extracted from the label 2026.

A relative measure of pSTS, TPJ and all four subregions of CC were computed as the
ratio between cortical volume and total gray matter volume. Asymmetry index of pSTS and TPJ
were computed according to the following expression: (L—R)/0.5 (L+R), where L and R refer to
left and right hemispheres.
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Data Analysis

All volumetric data met the criteria for the use of parametric tests, including normality
(Kolmogorov-Smirnov and Shapiro-Wilk tests) and variance homogeneity (Levene test). A
repeated-measure analysis of variance (Mixed ANOVA) was used to determine pSTS and TPJ
absolute, relative volumes differences between the WS and control subjects. Thus, diagnosis (WS
and controls) was used as the between- subject factor and hemispheric side (left vs. right) as the
within factor. If a main effect for group was found, then a Post Hoc t-test was used to test the
mean difference between groups. A Post Hoc t-test it was also used to test the mean difference in
relative volumes of CC subregions between groups as also the asymmetry in pSTS and TPJ. A p

value less than 0.05 was assumed to denote a significant difference.

Results

Overall Intracranial VVolume

WS participants showed absolute values of gray matter [t(32)= -2.582, p= 0.015], white
matter [t(32)= -5,030, p=0,000], and CSF [t(32)= -3.477, p=0.001] volumes that were
significantly reduced compared with controls. As a consequence, TIV was significantly reduced
in the clinical group [t(32) = -4.998, p=0.000] (Table 2).

When relative volume was estimated (ie, ratio between tissue volume and TIV), no
significant differences were found for CSF volume [t(32)= -1.358, p=0.184]. However, gray
matter volume [t(32)=2.358, p=0.025] was significantly increased and white matter volume
[t(32)=-2.329, p=0.026] was significantly reduced (Table 2).

posterior Superior Temporal Sulcus

Repeated-measures analysis of variance of absolute volumes revealed a significant
difference, showing main effect of side (left vs. right) [F(1,32) = 9.090, p=0.005)], and a
marginal interaction between side and diagnosis [F(1,32) = 3.396, p= 0.075)]. No diagnosis
effect was found [F(1,32) = 2.577 , p=0.118)].
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Post Hoc t-test showed that absolute pSTS volumes (Table 3) were significantly reduced
in WS in the left hemisphere [t(32) = —2.425, p=0.021] when comparing with control group, than
in the right hemisphere [t(32) = -0.270, p= 0.789].

However when relative volumes of pSTS were computed (ratio between pSTS volume
and total gray matter volume) (Table 3), a main effect of side [F(1,32) = 9.650, p = 0.004)] was
found. An interaction between side and diagnosis was not found [F(1,32) = 2.555, p = 0.120)].
No diagnosis effect was found [F (1,32) = 0.545, p = 0.466)]. Indeed, t tests yielded no statistical
significant difference between the 2 groups, for either right hemisphere [t(32) = 1.630, p = 0.113]
or left hemisphere [t(32) = —0.403, p = 0.690] (Table 3).

The cortical asymmetry between left-right pSTS (Table 4) was no significant [t(32) =
—1.572, p = 0.126] between groups.

Temporo-Parietal Junction

Repeated-measures analysis of variance of absolute volumes revealed no significant
difference in effect of side (left vs. right) [F(1,32) = 0.076, p = 0.785)], diagnosis [F(1,32)
2.883, p = 0.099)], neither in interaction between side and diagnosis [F(1,32) = 1.357, p
0.253)].

Post Hoc t-test showed that absolute TPJ volumes(Table 3) were significantly reduced in
WS in the left hemisphere [t(32) = —2.151, p= 0.039] but not in the right hemisphere [t(32)= -
0.902, p=0.374].

Relative volumes of TPJ were computed (ratio between TPJ volume and total gray matter

volume). It was not found a side effect [F(1,32) = 0.071, p = 0.791)] neither an interaction
between side and diagnosis [F(1,32) = 0.939, p = 0.340)]. No diagnosis effect was found [F
(1,32) =0.032, p = 0.859)]. Indeed, t tests yielded no statistical significant difference between the
2 groups, for either right hemisphere [t(32) = 0.433, p = 0.668] or left hemisphere [t(32) =
—0.762, p = 0.451] (Table 3).

The cortical asymmetry between left-right TPJ (Table 4). was no significant [t(32) =
—1.168, p = 0.252] (Table 4).
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Cingulate Cortex

Anterorostral subregion

T-test showed that absolute Anterorostral volumes were significantly reduced in WS,
when comparing with control group, [t(32) = -3,412, p=0,002]. Relative volume revealed group
differences [t(32)=-2,041, p=0,050] (Table 3) in WS participants.

Anterodorsal subregion

T-test showed that absolute Anterodorsal volumes were significantly reduced in WS,
when comparing with control group, [t(32) = —2,595, p=0,014]. No group differences were
observed for Anterodorsal relative volume [t(32)= -1,349, p=0,187] (Table 3).

Subgenual subregion

T-test showed that were no statistical significant differences in absolute Subgenual
volumes [t(32) = —0,296, p=0,769]. It was not observed any group differences in subgenual
relative volume [t(32)= 0,426, p= 0,673] (Table 3).

Posterior Cingulate Cortex

T-test showed that absolute Posterior CC volumes were significantly reduced in WS,
when comparing with control group, [t(32) =—3,115, p=0,004]. No group differences in Posterior
Cingulate Cortex relative volumes were found [t(32)=-1,483, p= 0,148] (Table 3).

Discussion

This study provides an insight as to how altered or delayed brain cortical structures
contributes from atypical social behavior in WS.
The main goal of this study was to assess structural alterations in three of the main

brain regions involved in social cognition — pSTS, TPJ and CC in Williams syndrome.
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The present study confirms an overall reduction in brain volumes in WS patients, including a
reduction in overall gray matter, white matter, and CSF compared with typically developmental
controls. Most importantly, this reduction was found to be disproportionate. That is, when
relative volumes were computed, the WS patients showed a gray matter volume increase, in
parallel with a decrease in white matter volumes although it wasn’t observed any difference in
CSF volumes in WS patients. These facts are in accordance with previous studies related by
Reiss et al. (2000; 2004a) and Sampaio et al.(2008b).

A volumetric reduction in the left pSTS in the WS group was evidenced, which suggest
that the ability of perception the acts of other’s including the intentions that are intrinsic to them,
is weak. However the preservation of rpSTS is consistent with evidence of the relationship
between the observed (mental states) and the structure of the surrounding environment involved
in the representation of observed intentional actions is affected (Saxe et al.,2004)

The relative preservation of right TPJ in WS participants, reported in the current study
predicts the need to think about thoughts. This combines with the reduced ability to understand
the mental states of others (Santos and Deruelle, 2009) in WS. However it was observed a
volumetric decrease in left TPJ, which suggests that this area is poor when implicated in
processing representations that refers to the presence of persons in relational contexts in general
(Takahashi et al.,2008).

Patients with WS present reduced volumes in anterorostral and the anterodorsal
subregions of the Anterior Cingulate Cortex volumes. These data suggest that WS might not
have the capacity of regulating emotional responses. Specifically, during intense emotional states
it might exist a reciprocal suppression of the cognitive subregion, which corresponds to previous
data where refer enhanced emotional reactivity in this patients (Price, 1999b).The Posterior
Cingulate Cortex is also reduced in WS, which is possibly related to difficulties in memory at
accessing to emotional stimulus.

When compared with relative volumes of each Cingulate Cortex, only the anterorostral
subregion has shown a marginal group effect, which suggests that this specific subregion in WS
is associated with difficulties poor in regulating emotional responses. This subregion is activated
during emotional processing in normal healthy volunteers and symptom provocation studies in a

number of psychiatric disorders as anxiety (Drevets et al., 1997; Whalen et al., 1998; Bush et al.,
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1998). This is consistent with data showing increased anxiety and social impulsivity levels in
WS.

In conclusion, the present study reveals that WS show a high symmetry brain, where the
rpSTS and rTPJ are relatively preserved, suggesting that these regions may be partially
associated with the ability to attribute mental states to others. Reduced volumes in the IpSTS,
ITPJ, anterrostral, anterodorsal and Posterior Cingulate Cortex are consistent with the hypothesis
that WS present difficulties in control their emotions and anxiety which leads to the difficulty in
maintain a social interaction without be “too” spontaneous. This provides evidence for deficits in

inhibitory capacity. The link between intentions and actions is at this way maintained.

Future Directions

Future studies are needed to more closely evaluate the implications of structural brain
anomalies in WS at this specifically area (social brain). It will be interesting to made a structural
and functional MRI in the field of auditory processing, related to social interactions in WS. It will
be also interesting to compare these results with other studies in other neurodevelopmental
disorders group, such as ADHD, Down Syndrome and Fragile X syndrome.
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List of Tables

Table 1.
WS (N=17) TD Group (N=17)
M SD M SD
Age 19,24 6,037 20,53 6,424
Full scale 1Q 50,12 1,091 110,13 11,495
Mdn Mdn
Level of Education 9 11
Sex
Male 7 7
Female 10 10

IQ indicates intelligence quotient; Mdn, median; WS, Williams syndrome; TD, Typically

Developing
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Table 2.

Volume mm® WS (N=17)

TD Group (N=17)

M SD M SD t(32) p
TIV 1234,028 110,011 1451,010 141,183 -4,998 0,000
Gray Matter
Absolute 744,309 90,679 823,412 87,905 -2,582 0,015
Relative 0,603 0,046 0,568 0,039 2,358 0,025
White Matter
Absolute 371,486 52,791 475,277 66,725 -5,030 0,000
Relative 0,301 0,037 0,327 0,025 -2,329 0,026
CSF
Absolute 118,233 25,187 152,321 31,612 -3,477 0,001
Relative 0,096 0,019 0,105 0,021 -1,358 0,184

CSF indicates cerebrospinal fluid; TIV, total intracranial volume; WS, Williams syndrome
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Table 3.

Volume mm?® WS (N=17) TD Group (N=17)
M SD M SD t(32) P
rh_pSTS
Absolute 1,814 0,377 1,844 0,246 -0,270 0,789
Relative 0,002 0,000 0,002 0,000 1,630 0,113
lh_pSTS
Absolute 1,885 0,253 2,138 0,348 -2,425 0,021*
Relative 0,002 0,000 0,002 0,000 -0,403 0,690
rh_TPJ
Absolute 1,601 0,323 1,721 0,439 -0,902 0,374
Relative 0,002 0,000 0,002 0,000 0,433 0,668
lh_TPJ
Absolute 1,548 0,282 1,809 0,410 -2,151 0,039*
Relative 0,002 0,000 0,002 0,000 -0,762 0,451
Anterorostral
Absolute 1,466 0,354 1,898 0,384 -3,412 0,002*
Relative 1,466 0,354 1,898 0,384 -2,041 0,050*
Anterodorsal
Absolute 1,892 433 2,330 0,545 -2,595 0,014*
Relative 0,002 0,000 0,003 0,001 -1,349 0,187
Subgenual
Absolute 0,375 0,156 0,394 0,217 -0,296 0,769
Relative 0,000 0,000 0,000 0,000 0,426 0,673
PosteriorCC
Absolute 2,736 0,539 3,316 0,546 -3,115 0,004*
Relative 0,004 0,001 0,004 0,001 -1,483 0,148
p<0,005*
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Table 4.

Assymetry WS (N=17)
M SD
Left-right
assymetry in 0,049 0,204
pSTS
Left-right
asymmetry in -0,030 0,200

TPJ

TD Group (N=17)

M

0,143

0,054

SD

0,139

0,220

t(32)

-1,572

-1,168

p

0,126

0,252

Left-right asymmetry in pSTS and in TPJ
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List of Figures

Figure 1. In the left side is the IpSTS and in the right the rpSTS.

Figure 2. On the sagittal view of the cingulate gyrus, the subgenual subdivision is red; the
affective subdivision, purple; the cognitive, light violet, blue; and the posterior division, white.
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Figure 3. In the left side is the ITPJ and in the right the rTPJ
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