Exmo Sr Presidente do Conselho de Administracfio da Fundaciio Bial

E como prazer que venho por este meio apresentar a V* Ex* o Relatério Final de Execugiio
Cientifica e Material do Project) 94/06 refativo e solicitar o envio da tranche final prevista
de 5000 Euros dado que o Saldo actual apés a execucéio das verbas para o segundo ano é é
o valor negativo de - 5227.77 euros (18177.09 de novas despesas para uma entrega de
13050 Euros e um saldo negative anterior de - 50.34 Euros).

Os trabalhos correram da melhor forma e foram alvo de ampla divulgacio.

%ZJ Gl Banco

Com os melhores cumprimentos

Miguel Castelo-Branco
IBILI-Faculdade de Medicina
Azinhaga de Santa Comba

3000-548 Coimbra Portugal

Relatério Final do Projecto Bial
Projecto
Feedback Modulation of Visual Processing by Limbic Circuits: a functional connectivity
approach to visnal face processing

Modulaciio Retroactiva do Processamento Visual Mediada Por Circuitos Limbicos:
conectividade funcional dos circuitos envolvidos no processamento visual de faces

Investigador responsdvel: Miguel Castelo-Branco

Relatério Financeiro — ver pagina 51 e seguintes



Sumarizam-se os principais achievements e apresenta-se um sumaério final

Project 94/06
Summary of achievements
Addressing causality in visnal face processing

We have examined the specificity of face recognition networks in relation to other object
recognition modules in normal subjects, using Event Related Potential and fMRI measures and
techniques to study causality in face processing networks. Response invariance properties of
object processing networks, in particular 3D abstract objects and faces were als tested.

We have also studied oculomotor responses to emotional faces in normal subjects and
Huntington disease (carriers, relative or already with the disease), using calibrated stimuli
modified from the FEEST database.

Perceptual correlates of holistic object processing in normal subjects and neurodevelopmental
are also being studied using “Mooney” and hierarchical stimuli,

To separate automatic from conscious aspects of emotional processing of faces, we used a skin
conductance (SCR) measurement approach, in relation of online rating of arousal and valence of
facial emotions (calibrated in comparison with pictures taken from the International Affective
Picture Scale).

We have addressed a current challenge in cognitive neuroscience by using a novel paradigm that
allowed for an explicit separation of the neural correlates of the sensory, perceptual and motor
components in holistic perceptual decision. This strategy, which was anchored on a well defined
neurochronometry of cognitive processes helped elucidate the contribution of different regions

in the visual stream and insular networks in perceptual decision making. The emergence of
holistic percepts occurred in the absence of change in local saliency cues. This allowed for
assessing mechanisms of global perceptual awareness irrespective of changes in local sensory
evidence.

We have established for the first time a clear and simultaneous separation between sensory,
perceptual and motor components in perceptual decision, thereby validating and extending the
model of Ploran. Besides sensory, decision, accumulator and motor processing areas, our study
identified hybrid areas in the high-level visual cortex that exhibit traits of both sensory
processors and accumulators. We have also found Gamma band neural activity is related to
perceptual “Eureka” effects when observing ambiguous dynamic faces/objects. Qur data also
how a parametric modulation of object-related ERP components by depth range and hence
indicate a clear interaction between the depth of 3D object perception and object-related ERP
signals across dorsal and ventral streams.

Concerning afective processing we have found that duration explains modulations of SCRs
better than awareness levels. This suggests that the SCR is not a specific measure for threat
detection under unaware conditions but that it is dependent on conscious processing and higher
cognitive functions.

Finally, our work suggests further links of the episodic memory system to the default network
and a differential recruitment of striatal circuits and dependence of hippocampal deactivation on
the type of attentional load.

- Skin conductance responses to emotional faces reflect dissociable stimulus duration and
awareness effects.



- We have found that skin conductance responses (SCR) to emotional faces reflect dissociable
stimulus duration and awareness effects. We show that unconditioned emotional faces do not
elicit an automatic response as measured by the SCR, when presented for short durations. This
ahservation challenges the notion that SCR can used as-a measure of subliminal perception n for’
this general category of stimuli. Under these conditions both stimulus awareness and duration of
cognitive processing contribute to modulation of these physiological responses.

The role of subliminal vs. supraliminal processes in face perception, and their relevance to the
expression of autonomic changes reflected in skin conductance (SCR}) responses remain highly
debated. Here we investigated this issue using stimuli displaying neutral, happiness and anger
related features (n = 17 participants). Three perceptual response levels were defined:
unawareness of any content (faces or emotions in faces), detection of faces, and discrimination
of facial emotions. We found that the SCR was predominantly modulated by stimulus duration
irrespective of behaviourally reported arousal. Significant SCRs to emotional versus neutral
faces arose only for the highest duration and was not explained by awareness levels at other
durati ?ns One can concludg that duration effects on SCRs are dissociable from. awareness
levels. These results suggest a strong modulation of SCRs at a supraliminal level in contrast with
unconditioned subliminal responses.

12, 24, 35,
165 or 2000 msec

7000 msec

until response

ITI [12 to 15 sec]
Figure 1 — Task design displaying a stimulus presentation trial. Following a fixation period (500
msec), the target picture was presented between two noise masks (500 msec each). Participants
waited for a 7 seconds blank screen interval until they could rate (valence, arousal) the target
picture. The subsequent trial started after a randomly defined 12 to 15 seconds ITI.
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Figure 2 - Percentage of trials for which the stimulus was fully recognized (‘emotion
discrimination’ level) split by emotion type {happiness, anger, neutral) and stimulus duration
(12, 24, 35, 165 and 2000 msec).
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standard errors of the mean.



- Visunal attention and search mechanisms do not explain impaired emotion recognition in
Huntington Disease: Evidence for a high level mechanism.

Previous studies in patients with amygdala lesions have suggested that deficits in emotion
recognition might be mediated by impaired visual search mechanisms. Here we have
investigated whether attention and search mechanisms also contribute to the selective
impairment in recognition of disgust in Huntington disease (HD). To achieve this goal we first
confirmed and characterized specific emotion recognition deficits in patients in presymptomatic
and symptomatic disease stages. Therefore, 9 symptomatic HD patients, 14 presymptomatic HD
patients and 22 controls were tested with a forced choice emotion recognition task, in which
subjects had to indicate whether a face reflected one of six basic emotions. During this task we
recorded eye movements to understand attention and search mechanisms. In a similar task, we
offered only limited facial information to recognize an emotion (eyes/mouth). The goal of this
task with partially masked faces was to define whether the subject’s performance altered when
forced to look at a specific component of the face. Behavioural results showed no differences in
the ability to recognize emofions between gene carriers and controls. However, an emotion
recognition deficit was found for all 6 basic emotion categories in early stage HD. Patterns of
deficits were similar regardless of whether parts of the faces were masked or not, suggesting that
selective attention to particular face parts is not underlying the deficits. Analysis of eye
movement patterns did indeed confirm that patient and controls used similar scanning strategies.
These results suggest that the emotion recognition deficit is not explained by impairment of
visual attention mechanisms in HD.

a)

Figure 1. Example of the forced-choice emotion recognition task: a) Task design; b)
example of the three experimental conditions (Complete face condition, Eyes-only
condition and Mouth-only condition); c) example of the six basic emotions that were used.



120 -

10.0 &

T T
8.0 T
1
60 _
4. -
20
0‘0 4 i 5 + i M . ha 3
s

o o

Number of correct responses
=

T
E symptomatic HD paltients
presymptomatic HD
patients '
¥ controls

|
Figure 2. Number of correct answers on the FEEST (SE), separated for Gi'oup and as a
function of Emotion.

- 15.0 .
T }
2 i I
g 120 T 5
n
@ f
§ 2.0 1 ¥ symptomatic HD patients
5
& 6.0 .
- presymptomatic HD
b patients
5
g 30 ¥ controls
=
2
0.0 - A
3 A 3 & G 2
2 o ¥ & & &
ARG S P

Figure 3a



15.0

T
2 I
= T |
g 120 T T ;
w
g .
g 2.0 1 B symptomatic HD patients '
5
- 60 .
3 presymptomatic HD |
5 patients
2 30 '
E - " controls -
S [
2
0.0 PR T - E
A X S o < e .
2 Qﬁ‘ > e& & &
& ¢ F F S I
> 5 X > &
¥ \\‘A}QQ ‘_,{b G,Q- |
{
Figure 3b
- o B ' 1
15.0 -
§ T T T |
£ T T |
§ 12.0 i !
g :
g 2.0 B symptomatic HD patients I
: ;
< 60 . . .
r _ presymptomatic HD
5 patients
£
g 390 = controls
E
Z
0.0
s S A & £ e
& > P & & W5
PSS Y S S
> &" @QQ\ ‘Pb L}\-(Q

AN

Figure 3c
Figure 3. Results of the forced-choice emotion recognition task. Number of correct
responses (SE) for a) the Complete face condition; b) Eyes-only condition; ¢) Mouth-only
condition.
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Figure 4. Eye movement results: a) Fixation duration separated for the ROI's Eyes and
Mouth; b) Number of fixations separated for the ROI’s Eyes and Mouth

- Neurochronometry of holistic perceptual decision-making: an fMRI study

A current challenge in cognitive neuroscience is to provide an explicit separation of the neural
correlates of abstract decision variables from sensory and motor components. Here we have
used a visual decision-making paradigm based on the unpredictable detection of ambiguous
two-tone (Mooney) face stimuli for this purpose. In this paradigm local saliency cues remain
unchanged to assess mechanisms of global perceptual awareness. In other words, emerging
percepts are constructed holistically and not by gradual increases in sensory evidence. Our novel
neurochronometric approach enabled an explicit separation between the three cognitive
components in perceptual decision and concomitant validation by model driven and
classification approaches. This strategy allowed for the functional dissection of task related



complexes such as anterior (decision/accumulator) and posterior (pure motor) insular networks
and helped identify a distributed decision-related network in the visual ventral stream.

A Movies 1 to 30

Figure 1

Timeline of the visual recognition task using Mooney stimuli; A - the face rotates from
inverted to upright and the subject presses a button when (and only if) the face is detected; B —
the “white component” of the Mooney face changes colour every TR and the subject indicates
the moment of detection only at the end of the trial by selecting from a list the colour that
corresponds to detection time.
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Chronometry or our decision paradigms and respective predictor timelines used in the GLM for
both tasks (shown before convolution with the hemodynamic response function).
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Figure 3

Activation models for the modules in the decision architecture proposed by Ploran et al. 2007
{sensory processors —panel A, accumulators — panel B and decision/detection areas — panel C).
Different colors correspond to faces detected at different time slots: blue 0-2s; yellow 2-4s; red
4-6s; green 6-8s; purple 8-10s; gray 10-12s; light blue represents unseen faces. Panel D shows
the ideal behavior of motor areas in the color task. In this panel three plots are missing for their
activation is assumed the same as the previous condition. In the simultaneous response task
activation in motor areas is the same (unseparable) as the one for decision/detection areas.
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Plotting of the ideal onset times for the different conditions of a motor area and a sensory
processor. It is easy to see how this feature helps to the distinction between such modules.
However, to reduce this set of values to one dimension only, regression is carried out on the
onset values and the slope of the regression line alone conveys the information. If this parameter
approaches one, this means that the values under study (in this case the onset) increases linearly
with detection time. On the other hand, if the slope is near zero, this means there was no
correlation of these values to the detection time, and thus the area was fairly insensitive to
decision processes, as expected in this case for a sensory processor.
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Contrast a—sensory areas

Figure 5

Distinct functional networks of brain regions are identified with contrasts designed to isolate
processing components in the perceptual decision task. For details on the statistical thresholds
of these maps, see table 2 (warmer colors depict higher p and t values).
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A) Dorsolateral Prefrontal Cortex region (left inset) and its response on both tasks for three
selected conditions corresponding to faces detected in the 0-2s period (blue), 6-8s (red) and 10-
12s (purple) B) Several subregions of the left insular cortex identified with different contrasts
and its responses for both tasks for the same selected conditions. Here we can see the usefulness
of the color task in terms of isolating decision components. While the anterior insula and
DLPFC seem to have sustained activity from decision to response, which is consistent with their
executive functions, mid-insula shows steeper variation and a bi-modal activation, suggesting a
tighter engagement in pure decision processes. Posterior insula dissociable responses in the
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color and response tasks show that it is specifically involved in the motor components of the
decision.
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Figure 7
Event related measures of the decision process for three selected ROIs (foveal confluence -
early retinotopic visual cortex), occipital face area and the fusiform part of the lateral occipital
complex). Curves correspond to faces detected in the 2-4s period (white), 6-8s (dashed grey)
and 10-12s (dark grey). Early visual areas do not modulate with the chronometry of decision.
Ventral stream regions show an increasing difference between curves towards anterior locations,
suggesting their involvement in decision process in a gradual and distributed manner even
beyond face-selective cortex.

- Gamma-band activity is related to moments of perceptual “Eureka” when observing
ambiguous dynamic figures

The relation of gamma band synchrony to holistic perception still remains unclear. This
controversy is due to the fact that most paradigms are based on contrasts between conditions
which are fixed in time and thereby predictable. This raises the question whether reported
differences do reflect genuine perceptual mechanism. To provide a more direct link to emergent
perceptual states we have used a holistic perceptual EEG/ERP paradigm where the moment of
perceptual “discovery” of a global pattern is unpredictable.

We have found that gamma band synchrony increases up to one second before the report of an
emergent percept. This finding cannot be explained by planning of eye movements because it is
replicated by short lived presentation of unexpected global patterns. A final experiment
confirmed that gamma synchrony is not dependent on the fixation of particular object features.
To validate these findings we have used a support vector machine classification approach to
distinguish between perceptual vs.non perceptual states, based on time frequency features.
Classification was successful in more than 95% of the cases.

We conclude that gamma band activity is a signature of unpredictable holistic perceptual states.
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Figure 1 The time-line of one run. For clarity, representative snapshots are represented in separated boxes
(in the experiment movies run continuously and smoothly). Accordingly, only 4 of the total 240 frames
(20 Hz} are shown for each movie — faces rotate from inverted to upright in 12 s movies separated by a 3
s black screen. Subjects were instructed to provide a motor report, when they perceived the face, as
quickly as possible.

Figure 2 — EEG Mooney oddball task with delayed response: meaningful {perceived as faces or
guitars) objects appear unpredictably among noise images. Mooney faces, Mooney guitars and scrambled
versions of them are shown randomly (between frame 10 and 20) at each trial masked backward and
forward by a randomization of itself (each frame 150 ms). Subjects have to report (button press) at the
end of the trial {inter-stimulus interval is 2000 ms) if they see/not see the target. A total 103 face trials and
83 guitars trials are performed (divided in 7 runs) and no Mooney pictures are repeated.
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99 ms with each picture
presented for 33 ms

Figure 3 - EEG Mooney briefly presented stimuli at different delays: Mooney faces were presented

briefly (33 ms) either in the first, second or third frame (120 trials each). The other two frames served as
masks (inverted Mooney stimuli - not recognizable); subjects (7} had to report at the end of the trial if

they had perceived a face.

Figure 4: SFM face example.
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Figure 5 Mooney dynamic behavioral data — distribution of the total number of responses by angle of
rotation. Brighter bars indicate time-window used for analysis.

N a0
= 70 1
Frgll 1]
3 i
e 40 e .1
L 35 — jp— =

-800 -800  -400 =150 0 100 200 300 400 500

Time [ms] Time [ms]

Figure 6 Time frequency plot for a cluster of fifteen posterior channels. A: Responses to Mooney
dynamic stimuli locked to response onset (blue line), baseline corrected for -1800 ms to -900 ms and
normalized for the baseline interval (fixation and stimulus); Activity is larger at the 60 Hz to 75 Hz
frequency band. B: oddball detection of face objects (experiment 2) evoked a similar type of modulations
in particular at 60 Hz; p<2E-10). Colour scale means normalized units.

Frequency [Hz]

Time [ms]

Figure 7 Time frequency plot in the eye movement control experiment confirms perception related
modulation at 60 and 40 Hz; data is shown for trials where the subject was not foveating to particular face
features such as nose, eyes or mouth (baseline correction for -900 ms to -600 ms and normalized for the
baseline interval; blue line depicts moment of button press). Colour scale means normalized units.
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Figure 8 Normalized time-frequency plots in 2D scalp maps — 30 channels. 2D time-frequency is plotted
in four consecutive time windows, for a frequency window of 62-71Hz. Each scalp plot is associated a
time box represented on the time-frequency plot (top panel). Notice that the 2D heads are plotted to the
highest values of gamma activity. Activity is very high not only in occipital electrodes but seems to flow
during the time by the middle to more parieto-frontal areas.
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Figure 9 Phase synchrony of different channels sets, occipito-temporal (OT) and occipito-parietal (OF).
A & B: Mooney dynamic group average, response locked (blue line), with a baseline period set to
stimulus. Notice the high values after -400 ms around 30-45 Hz. It is worth pointing out the short 40 Hz
occipito-temporal (OT) synchronization which may be a signature of recognition within the ventral
stream. C Plot of the synchrony lines for the same frequencies {30-45 Hz) suggests that synchrony is most
prominent around the time of decision (Peak vs valey time windows, p < 0.007). D: Phase synchrony for
task 2. Plot locked to frame face shows two significant (p<3E-08) bands of activity around 40 Hz and 60
Hz. This replicates the findings of task 1.
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Figure 10 Group average ERP for frame face (task 2). Baseline is set to -250 ms to 0 ms. ERP peaks
negative at 250 ms and is consistent across subjects (line points means standard deviation). Source
distribution maps are shown for the different peaks. Activity migrates from occipito-parietal regions to
more inferior temporal regions.
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Figure 11: SFM faces 3-frames & 5-frames EEG time-frequency data locked to the onset of the stimuli

baseline corrected for -500 ms to 0 ms and normalized for the baseline interval. Different plots for
different conditions.

- Category specific human visual responses are parametrically modulated by the depth of
3D object perception

20



To investigate the link between scalp responses and categorical object perception, most studies
have used static object stimuli and many have reported object specific responses, such as the
face-specific N170. It is however unclear how low- and intermediate level visual features
interact with categorical perception. Using structure-from-motion and static luminance-defined
face and chair stimuli we investigated the effect of local stimulus property manipulations on the
ERP signal. SFM object stimuli elicited a novel component at 200-250 ms over parietal and
posterior temporal sites, which differed from a component elicited by motion control stimuli
that contained no object-related cues, but did not differ from a scrambled SFM control stimuli in
which local object features were spared. This suggests that local object-related cues are the main
determinant of this N250 peak. To further explore this hypothesis, we parametrically
manipulated cue complexity of both SFM- and luminance-defined object stimuli. This was done
by ‘flattening’ the 3D stimuli, thereby reducing the richness of local object cues but without
compromising object perception. We show that both the N250 evoked by SFM stimuli as well
as the well known N170 to static faces were sensitive to this manipulation. Importantly, since
this effect did not reflect compromised object perception in low complexity stimuli, this
suggests a strong impact of local stimulus features on the ERP signal. To gain insight info the
neural correlates of object evoked responses, it is important for category specific accounts to
take this novel type of inverse problem, i.e. the interaction between category and local feature
effects, into consideration.
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Stimulus Percept

0% 100 %

Figure 1 Stimuli used in our experiments. A Structure-from-motion face. The percept of a
rotating face emerges from a moving dot pattern (used in Exp.1, 2 & 3) B Static faces with
varying depth/complexity ranges (Exp.3) The 3D structure was manipulated by reducing local
cues and computing views of flattened objects.
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Fig 2. ERP results for 1 sec SFM presentations (Experiment 1). A The P1-N2-N250 pattern is
displayed for the posterior temporal and the parietal cluster. Voltage maps at corresponding time
points are displayed for SFM face and chair elicited ERP signals. Group averaged ERPs showed
no differences between SFM objects and their scrambled counterparts at the N250 peak. The
grey shaded areas indicate the time windows used for peak detection. B Voltage maps of the
time points of interest for SFM faces. Activity in the occipital cortex is followed by more
temporal activation at later time points (200-300 ms).
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Fig 3. ERPs related to complex SFM objects do not differ from their scrambled counterparts but
from simple motion controls. A SFM stimuli in experiment 2 were presented for 160 ms (5
frame condition) and similar to experiment 1, differences at the N250 between objects and
scrambled objects were non-significant in the posterior temporal and the parietal clusters B
Comparing the complex object related ERPs from experiment 2 with the simple motion control
ERPs from experiment 3 revealed significant differences at the N250 peak. The grey shaded
areas indicate the time windows used for peak detection.
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Fig. 4 Depth modulation of ERP signals. A The N250 to SFM faces and chairs is modulated by
the object depth range in both, posterior temporal and parietal cluster. B The N170 to static

faces but not to static chairs is modulated by object depth range in posterior temporal and

parietal cluster. Bar graphs show the mean amplitude of the peaks and error bars display the
SEM. The grey shaded areas indicate the time windows used for peak detection.
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Fig. 5 A Source localization of SFM face stimuli in the early and late time window revealed
dorsal sources at the time point of the earlier peak (170 ms) and additional ventral sources
including the fusiform gyrus at later time points (250 ms). B Single subject data depicting the
activation by SFM face stimuli at 250 ms. Dorsal regions possibly around the motion related
areas V3A and MT as well as ventral temporal regions are involved in the perception of SFM.

Symptom provocation paradigms shed light on the pathophysiology of obsessive
compulsive disorder and on the function of limbic circuits

Introduction:

Cortico-striatal-thalamo-cortical circuits have been implicated in the pathophysiology of
Obsessive-Compulsive Disorder (OCD). Nevertheless recent studies have also provided
divergent evidence for the crucial involvement of other additional brain areas, which may also
be important for understanding the neurobiology basis of OCD [4,5]. The characterization of
abnormal functional loops that may explain the cognitive features of OCD patients under
realistic but controlled anxiety inducing conditions remains a critical research challenge. In this
study, we have used a symptom provocation paradigm to define and characterize in direct
manner the neural circuits that are directly involved in its pathophysiology.

We recruited patients with OCD (n=>5; 3M/2F; X = 34.2 ,SD =+ 5.6), fulfilling DSM-IV criteria.
In this study, we used fMRI to study brain activity during a provocation paradigm, designed to
induce specific obsessive symptoms in a controlled manner. The experiment comprised 30 sec
of “provocation” blocks, 30 sec of an attentional counting task and 6 sec of a response block.
This sequence is repeated 12 times, each run, in a total of 4 runs. Stimulation blocks were
specifically tailored for each patient according their specific obsessions. This design allowed for
isolation of the relevant neural underpinnings irrespective of the sensory modality. Three types
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of ordinal conditions were used: a neutral control condition, stimuli triggering a graded amount
of anxiety (intermediate condition) and strong “provoking” stimuli {triggering high but still
acceptable levels of anxiety, high level condition). In order to measure neural correlates of felt
compulsions, patients were instructed to signal each time they wished to turn off the
“provocation” stimulus. Delivery of stimuli and patients’ motor avoidance responses were
synchronously acquired using video-fMRI system.

The data were pre-processed and analysed using Brainvoyager QX 2.2, including slice-scan-
time corrections, temporal filtering and motion-correction. General Linear Models were run and
statistical thresholds of 0.01 were used (individual data, Bonferroni, corrected; group data,
uncorrected).

Interestingly, we have found that Default Mode Network (DMN) deactivation during symptom
provocation is larger than during performance of a demanding distracting task, in particular in
its anterior component.

Results of GLM analysis are summarized in the table below (see methods for statistical criteria):

Analyzed contrast
Significant Deactivations: anterior orbitofrontal cortex (OFC) and
perigenual cingulate {contrasting with the anterior cingulate proper) and
medial prefrontal cortex. It is worth noting that only the anterior part of
Stimuli provoking the DMN deactivates.
anxiety Significant Activations: putamen, amygdala, insula, parahippocampal
VS gyrTus.

Control condition

Decision/movement to | Significant Activation: ACC (anterior and posterior cingulated cortex),
remove provoking amygdala, putamen, caudate body.

stimulus VS

period symptom relief

Response to remove Significant Activation: anterior ACC, frontal lobe, parahippocampal
provoking stimulus gyrus, hippocampus, insula and caudate body.

VS

response to distractive
task

Conclusions:

The anterior part of DMN deactivates during symptom provocation into a larger extent than
during performance of a demanding distracting task. Areas specifically deactivated for stimuli
provoking anxiety include anterior OFC and perigenual cingulate but not the ACC proper. ACC
was activated upon the subjects’ decision to reject the stimulus and this response was not just
due to general decision mechanisms. Amydgala/insula activation during symptom provocation
was correlated with increases in activity in posterior orbitofrontal/piriform cortex and
dissociated from deactivation in anterior OFC. These results shed new light on the differential
role of cingulate, orbitofrontal and other limbic structures in the pathophysiology of OCD.
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p{Bont) < 0.001

Analyzed contrast. decision/movement to remove
provoking stimuli versus response to distractive task,
significant activation of ACC

- Egocentric and allocentric spatial representations in Williams syndrome: evidence for
dual dorsal and ventral stream impairment

We have found that WS patients are impaired in egocentric and allocentric spatial tasks even
when compared with mental age-matched control participants. These findings are consistent
with a dual impairment of both dorsal and ventral streams in this developmental disorder.

Williams syndrome (WS) is a rare genetic disorder characterized by severe visuospatial deficits
that have been described as resulting from a dorsal visual stream impairment while the ventral
visual stream is relatively spared. Additionally, studies on the neural bases of egocentric and
allocentric spatial representations have suggested that egocentric frame of reference is
represented in the dorsal visual pathway while allocentric spatial representations are dependent
from areas along the ventral visual pathway. In the current study, we explored the dorsal-ventral
dissociation in WS by investigating processing within egocentric and allocentric frames of
reference. A WS group (n = 18) and two typically developing control groups, one matched for
chronological age (n = 20) and other matched for mental age (n = 22) were tested in two
experimental tasks, namely a computerized spatial judgment task and a 3D spatial judgment
task involving higher ecological validity. The results showed that WS patients are impaired
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when asked to perform egocentric and allocentric spatial judgments even when compared with
mental age-matched control participants indicating a presence of a substantial deficit rather than
a developmental delay. The egocentric impairment confirms the dorsal visual stream deficit
previously reported in WS while the difficulties found in performing allocentric spatial
judgments suggest that the ventral visual stream is also affected in this disorder. In sum, the
findings of the present study showed that the dichotomy between a dysfunctional dorsal stream
and a normal functioning ventral stream in WS is not as strict as was previously considered.

1000 ms
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"““--—a______Response
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Response

Figure 1.a) Example of the display used on egocentric and b) allocentric computer task

conditions.
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Figure 2.a) Example of the display used on egocentric and b) allocentric 3D task conditions.
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Figure 3.a) Percentage of error and standard errors of the mean for WS, MA and CA groups as a

function of task difficulty (0.57°, 1.72° 3.02° and 4.23°) on egocentric and b) allocentric tasks.
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Figure 4. Number of errors and standard errors of the mean for WS, MA and CA groups for the

egocentric and allocentric conditions on the 3D spatial judgment task.

- Global and local visual processing in Williams Syndrome: separating cognitive style
from perceptual and constructional deficits

In the current study we investigated the local processing bias in Williams Syndrome in
order to define whether this bias can explain the ability to process global and local information
in perceptual and constructional (drawing) tasks. 18 participants with WS were compared with
20 typically developing participants matched for chronological age (C_CA) and 22 typically
developing participants matched for mental age (C_MA) inferred from IQ standardized
measures {WAIS-III or WISC-III according to the subject’s age). The WS diagnosis was
confirmed using fluorescence in situ hybridization (FISH) analysis.

Procedures: A Preference task (preferred match to sample similarity) and a Performance task

(requiring correct identification of local or global similarity) and a Drawing Task (requiring the
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copy of two figures) were conducted using Navon stimuli, The results of the present study
suggest that the local perceptual bias is not homogeneous across WS subjects, and is in fact
almost dichotomic ,thus reflecting in part the variability described in other studies [2].
Accordingly, in our study we were able to distinguish between two distinct subgroups, who
showed either a clearcut local or global perceptual bias. Surprisingly, we found that education
level and the level of intelligence are important factors in defining the visual processing
preference. Additionally, a distinct perceptual performance pattern also emerged: WS subjects
with a global bias were only impaired in the local task while the others (local) were impaired in
both tasks. Finally, we have independently confirmed a novel deficit in simple constructional
task requiring integration local and global information in a task with constructional

requirements.

The visual cognitive style versus deficit debate in autistic Spectrum disorders ASD: a
comparative approach with other nenrodevelopmental models

In a final study we investigated how subjects with ASD and WS perceive local/global
hierarchical stimuli and test if the putative local processing cognitive style in these disorders has
an impact on deficits in perceptual and constructional (drawing) tasks. A group of 24 ASD and
18 WS patients participated in this study along with 23 typically developing participants
matched for chronological age (C_CA) and 23 typically developing participants matched for
mental age (C_MA) inferred from IQ standardized measures (WISC-III or W AIS-III depending

on subject’s age). Diagnosis of ASD was established using the ADI-R and ADOS test scales.
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Figure 1 Mean percentage of errors on the local and global condition of the Performance

task separated for the different groups of subjects.

- Title:

- Structure from motion perception in healthy ageing and MCI: Studying behaviour and
fMRI activation

Occipital and parietal regions underlying 3D vision are known to be a strong target of pathology
in Alzheimer disease (AD) and Mild Cognitive Impairment {MCI, a condition in between
normal aging and AD). Our previous studies have indicated that 3D structure-from-motion
(SFM) integration is specifically impaired in models of dorsal stream function [1,2]. Here, we
used fMRI to objectively test SFM face perception in young subjects, healthy elderly subjects

and MCI patients. SFM object stimuli have previously been shown to recruit a dorso-ventral
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network [3]. In the present study, we aimed to compare SFM face perception in healthy ageing

and MCT and to study the neural basis underlying perceptual deficits in both groups.

Methods

14 young subjects, 12 elderly subjects and 12 MCI patients underwent structural scanning
(MPRAGE) and event-related fMRI in a 3T Siemens scanner. Motion-defined face stimuli and
scrambled counterparts appeared randomly at different durations (100 ms, 160 ms or 980 ms)
and depth levels (10%, 60%, or 90%), separated by an 8-12s inter-stimulus interval. Participants
discriminated face/scrambled face stimuli by button presses. Patient and controls were
submitted to gold standard neurological/neuropsychological assessment, following Petersen’s
{2001) classification criteria for MCL.

Behavioural results

A d’ performance measure was entered into 2 separate repeated measures ANOV As with
within-subject factors Depth, Duration and between-subject factor Group. In the 1st analysis,
comparisons of SFM performance along healthy ageing (Young vs Elderly) revealed significant
main effects of depth (p<0.001), duration (p<0.001) as well as group (p=.044), indicating
improved performance with higher depth levels and longer durations and better performance in
the younger group. The 2nd analysis, comparing between elderly and MCI subjects, revealed a
main effect of duration (p<0.001) and an interaction between depth and duration (p=.003). Post-
hoc analyses showed a significant main effect of depth only for the longest duration (p<0.001).
Interestingly, healthy elderly and MCI subjects performance only differed in the medium, most
ambiguous duration stimuli (p=.021).

fMRI: Between-group comparisons

While activation associated with correct task performance (correct > incorrect trials) did not
differ between young and elderly group, the MCI group displayed more activation in bilateral
areas in the insular and middle frontal gyrus relative to the elderly control group (p<.005,
uncorrected) (Fig. 1). In an overall activation comparison, this group also showed stronger

activation in a right thalamic region {pulvinar), a bilateral area in the superior temporal lobe and
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the right fusiform gyrus (Fig. 2) (p<.005, uncorrected). A ROI analysis in MT revealed
sensitivity to stimulus depth in all 3 groups however no differences in overall activation
between groups and no interactions between group and within-subject factors.

fMRI: Within-group analysis

Analyses in all 3 groups revealed that MT and FFA were predictive of task performance
showing more activation for correct than incorrect trials. FFA additionally mirrored subject’s
subjective stimulus perception, showing more activation for incorrectly identified scrambled
faces (perceived as faces) than incorrectly identified faces. Contrasts between the highest vs. the
two lower level depth conditions for correct responses showed significant activation in MT.
Results of the present study suggest a decline of the ability to extract object information from
short lived motion cues in healthy and pathological ageing. These findings are mirrored in
differential neural activation patterns including increased right thalamic and frontoinsular
activation in MCI patients. This suggests compensation mechanisms for cortical degeneration in
the thalamus [4] and an additional recruitment of areas involved in attention and executive

control to maintain adequate performance levels.

F L SN, ] - 1 Do’y s A1, d1 PR,

Fig. 1. Difference map between elderly and MCI subjects for
the contrast correct > incorrect trials. In correctly solving the
SFM categorization task, MClI patients display more activation in
the insula and the middle frontal gyrus {bilateral) than healthy
comparison subjects (p=<0.005, uncorrected).
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- Attention dependent default mode hippocampal deactivation and dissociation from basal
ganglia networks

The default mode network (DMN) of the brain, includes the posterior cingulate, inferior
parietal, and medial prefrontal cortex (Raichle et al., 2001, Martuzzi, 2010). These areas
deactivate during any attention-demanding task.

The link with episodic memory is relatively well established for the DMN because it is
activated by episodic memory tasks (unlike in other tasks) and includes brain regions targeted
by Alzheimer’s disease (Greicius et al. 2004; Buckner et al. 2005). Furthermores it may include
bilateral hippocampus clusters (Greicius 2004). However, the rules determining relatedness of
hippocampal activity to the default mode network is still unclear. Here we have analyzed
hippocampal deactivation when comparing the presence/absence of an attentional task versus its
absence (in the presence of the same visual stimulus). Most importantly, we have compared
activity paiterns in hippocampal and striatal regions and dependence of deactivation in the
former on the type attentional load and competition across visual features.

We have compared deactivation patterns during periods of passive observation of moving or
static stimuli alternating with periods where attention is focused either on concurrent motion
(experiment 1) or on nonmotion features (experiment 2) of the same stimuli.
EXPERIMENT 1 (n = 8 subjects). Sixteen-second epochs of plaid stimuli (overlapped gratings)
were combined and presented in a block design manner. There were motion and static blocks
with and without overlaid apparent motion or real motion of a blue square on the static period,
as well as intervening fixation periods. As an attentional task, subjects had to track speed
changes of the apparent or real motion stimulus superimposed on static plaids. Since stimuli
were often moving (or a motion aftereffect was often present in the static stimuli) this particular
experiment implied attention to motion features challenged by the competition of other motion
features.
To match attention versus non attention periods, baseline activity was taken using not only
fixation but alternatively periods of passive observation of plaids (so that deactivation could
readily and specifically be related to reduced recruitment of attention).
EXPERIMENT 2 (n = 8 subjects). Plaid stimuli were identical but subjects now performed
either an angle or a color task. In the angle task, subjects had to report whether the angle of the
fixation cross (changing every 2 s) was larger or smaller than the plaid angle. In the color task,
subjects had to report whether the fixation-cross (changing every 2 s) had the same or different
color from the curve outlining the stimulus aperture. Each task was repeated in eight blocks per
run (total of 24) interleaved in a balanced manner.
Data analysis included preprocessing (slice scan time correction, 3D motion correction, and
spatial and temporal filtering), coregistration and Tailarach transformation of scans. These steps
were performed by BrainVoyager QX (Brain Innovation B.V., Maastricht, The Netherlands)
software. For multiple regression analysis, a general linear model (GLM) was fitted with
predictors for each experimental condition. The overall model fit was assessed by using an F
statistic. Significant differences between the experimental conditions were assessed by using
contrast (t) maps.

The typical default mode network was identified when comparing all viewing
conditions (regardless of whether they were passive or active) against fixation baseline.
To find out whether the observed hippocampal deactivation was related to the type ot attentional
task involved in experiment 1, we then compared only activity in the plaid periods with vs
without the attentional task (focused on superimposed apparent motion or real motion). This
particular experiment implied attention to motion features challenged by the competition of
other motion features. We have found that under these conditions specific bilateral hippocampal
deactivation still occurred (p < 0.001, with Bonferroni correction) concomitantly with a similar
pattern in the default mode network. Interestingly an hippocampal vs. basal ganglia dissociation
was found, with strong activation in the caudate nucleus contrasting with hippocampal
deactivation. Caudate activation is a hallmark of goal directed behavior under conditions of
stringent attentional competition across concurring motion features. This pattern was abolished
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when attentional demands did not involve such competition, as observed in experiment 2 (color
and angle task). In this case, striatal activity shifted to the not goal directed (more driven by
automatic processing) putaminal region and hippocampal deactivation was no longer present.

Conclusions

These results show that the default-mode network includes the hippocampus depending on
whether attentional demands require activation of goal directed behavior caudate networks.
When attentional demands require more automatic processing through putaminal networks, then
no hippocampal deactivation is observed. This work suggests further links of the episodic
memory system to the default network and a differential recruitment of striatal circuits and
dependence of hippocampal deactivation on the type of attentional load.

All stimulus predictors versus fixation

ST LTI

Figure 1
Deactivation of the DMN includes the hippocampus when selective attention is focused on
competing motion features.
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