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Studying rare neurogenetic conditions:
a window for the exploration of the genetic bases 
of psychiatric disorders

Neurogenetic 
conditions Psychiatric disorders

Down Syndrome and Alzheimer Disease
Prader-Willi Syndrome and hyperphagia

Shank 3 and autism
22q11.2DS and schizophrenia

...



22q11.2 microdeletion (22q11.2DS)

www.VCFSEF.org

Karayiorgou et al., 2010

• Prevalence: 1/4000 live birth
• In 90% of cases: de novo microdeletion
• Physical phenotype

• Conotruncal cardiac defects
• Velopharyngeal insufficiency and/or
  submucous cleft palate
• Immune deficits
• ...

• Cognitive phenotype
• borderline intellectual functioning (mIQ = 70)

http://www.VCFSEF.org
http://www.VCFSEF.org


22q11.2 microdeletion (22q11.2DS)

Am. J Psychiatry (2014), 171 (6)

(percentages taken from Mc Guffin et al, 1995) 

(percentages taken from Mc Guffin et al, 1995) 

Risk of schizophrenia based on familial history

22q11.2DS
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2010-2014
1st funding period

2014-2018
2nd funding period

Objectives

Contributing to the development of a 
Swiss network of excellence in 

psychiatric research

Identifying biological bases of certain 
psychiatric disorders

Bringing together fundamental and 
clinical research

Setting up translational studies between 
human cohorts and animal models

2001 2003 2005 2007 2009 2011 2013 2015 2017

The Geneva 22q11.2DS longitudinal study



2010-2014
1st funding period

2014-2018
2nd funding period

2001 2003 2005 2007 2009 2011 2013 2015 2017

The Geneva 22q11.2DS longitudinal study

The 22q11.2DS project within 
SYNAPSY

Clinical research (patients with 22q11.2DS)
- Stephan Eliez
- Christoph Michel

Fundamental research (LgDel+/- mice)
- Pico Caroni
- Stylianos Antonarakis
- Olaf Blanke
- Alan Carleton
- Christoph Michel
- Kathrin Hess Bellwald



Example of an ongoing translational project
P.I. Stephan Eliez and Francesco Papaleo (IIT, Genova)

Sannino et al., 2014, Cerebral cortex

In mice...
Increased prefrontal and postero-parieto-temporal gray-matter 

volume in male but not female COMT knockout mice

CURRENT GOAL:
replicate the finding that 

the level of COMT activity 
modulates brain volume 

in LgDel+/- mice



Example of an ongoing translational project
P.I. Stephan Eliez and Francesco Papaleo (IIT, Genova)

In mice...

FrA= Associative frontal cortex  
M1= Primary motor cortex 
GC= Cingulate gyrus 
RS= Retrosplenial cortex 
Thal= Thalamus 

Decreased grey matter volume in COMT -/- female mice



In humans...

Example of an ongoing translational project
P.I. Stephan Eliez and Francesco Papaleo (IIT, Genova)

Decreased cortical thickness in Met carriers (low enzyme activity & increased 
dopamine level) in frontal and parietal regions only in POST PUBERTY

Current work of Marica Padula, 
Ph.D. Student
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Differences are mainly driven by females



Studying the cognitive mechanisms associated with 
negative symptoms in 22q11.2DS

Maude Schneider, Ph.D.
(Maude.Schneider@unige.ch)

mailto:Maude.Schneider@unige.ch
mailto:Maude.Schneider@unige.ch


A few words about my carrer path 
2004-2009

Bsc. and Msc. in Psychology at the University of Geneva

Internship at the psychiatric hospital in Lausanne
Unit specialized in early phases of psychosis
Nightwatch in a center specialized in rehabilitation of young 
adults with psychosis

Introduction to cognitive psychopathology 
Prof. M. Van der Linden

2009-2014

Master thesis with Prof. S. Eliez and M. Debbané on 22q11.2DS

Ph.D. in Psychology under the mentorship of Prof. M. Van der Linden and Prof. S. Eliez

Clinical training in psychotherapy for children and adolescents at the Geneva outpatient
state service (Office Médico-Pédagogique) 



Building research objectives...

Cognitive psychopathology
Psychosis/
22q11.2DS

Clinical research

Studying the cognitive bases of negative symptoms 
in adolescents and young adults with 22q11.2DS

Rehabilitation



Defining the clinical phenotype

Positive symptoms
(e.g. hallucinations, 

delusions)

Negative 
symptoms

(e.g. apathy, blunted 
affect)

Disorganization 
symptoms

(e.g.disorganized 
speech) 

Decreased emotional expressiveness
Decreased motivation and pleasure Schneider et al. (2012) 

Psychiatry Research

Negative symptoms are present in the 
majority of adolescents and young adults 

with 22q11.2DS

Two distinct but correlated symptomatic 
dimensions

Strong association with daily-life functioning



Focus of cognitive psychopathology

Cognitive deficits
Inability to perform a given cognitive 
function (irrespective of context)

Cognitive biases
Preferential processing of a certain 
type of information at the cost of 
others

Dysfunctional beliefs
Particular ways of «reading» oneself, 
others, and the environment

Psychopathological 
manifestations

Daily-life
impairments



Cognitive deficits associated with 
negative symptoms in 22q11.2DS

• Negative symptoms are a complex set of symptoms

• Their clinical expression is likely to result from different cognitive
   deficits and vary from one patient to another

--> impact for clinical interventions!
--> importance of focusing on deficits that have a significant impact
      on daily-life functioning

Deficit 1

Deficit 2

Deficit 3

Symptom



Other Other

15’ 127’ 38’ 44’ 487’ 5’ 61’ 220’ ...

Multitasking = organization and accomplishment of several inter-related tasks in a given time
Multitasking characterizes many daily-life situations (e.g. cooking a meal) and cannot be 
examined using traditional neuropsychological tasks

Multitasking evaluation for adolescents
«You invite school friends at home to prepare a history project 
for school.You have to accomplish three tasks in 30 minutes:

- prepare sandwiches and hot tea
- set the table ready

- prepare a folder with a chapter from a history book.»

Cognitive deficits associated with 
negative symptoms in 22q11.2DS

Schneider et al. (in press) AJIDD

Investigation of multitasking abilities using an ecological paradigm



1. Performance
    - Increased number of ignored actions

- Increased tendency to forget ongoing instructions

2. Sequencing
    - Lower number of sequences (i.e. less «switching» between activities)

 - Higher percentage of sequences allocated to «other» (i.e. non goal
   directed) activities

In comparison with typically developing controls, adolescents with 
22q11.2DS are characterized by:

Indicators of inefficient planning abilities
Indicator of prospective memory deficits
Indicator of source switching deficits

Cognitive deficits associated with 
negative symptoms in 22q11.2DS

Schneider et al. (in press) AJIDD

Variables associated with the severity of negative 
symptoms & functional alterations



Putative mechanism

Planning & 
source 

switching 
deficits

Multitasking 
impairments 

Daily-life 
impairments in 
g.-d. activities

Reduced 
motivation & 
pleasure to 

perform g.-d. 
activities

Cognitive deficits associated with 
negative symptoms in 22q11.2DS



Focus of cognitive psychopathology

Cognitive deficits
Inability to perform a given cognitive 
function (irrespective of context)

Cognitive biases
Preferential processing of a certain 
type of information at the cost of 
others

Dysfunctional beliefs
Particular ways of «reading» oneself, 
others, and the environment

Psychopathological 
manifestations

Daily-life
impairments



Dysfunctional beliefs associated with 
negative symptoms in 22q11.2DS

Beck et al. (2009)

Dysfunctional performance beliefs
- Overly generalized negative conclusions regarding one’s own task performance
- «If I fail partly, it is as bad as being a complete failure»
- Associated with cognitive deficits and past experiences of failures
- Vulnerability for the development/maintenance of negative symptoms
  → negative symptoms = unadaptive way of avoiding future negative experiences
      (e.g. social withdrawal)
- Other types of dysfunctional beliefs not associated with negative symptoms
  (e.g. excessive need for approval)

Dysfunctional performance 
beliefs

Excessive need for approval

Negative symptoms

**

n.s.
Schneider et al. (2015) 

Early Intervention in Psychiatry



In comparison with typically developing controls, adolescents 
with 22q11.2DS have lower level of activation in the caudate 
nucleus, the ACC, and the anterior prefrontal cortex during 
the self condition when contrasted over rest.

What about the brain?

Schneider et al. (2012) 
Developmental Cognitive Neurosciences

I am...

Sylvie is...

Harry 
Potter is...

Co
nd

itio
ns

Generous
1 = yes, 2 = no

Arrogant
1 = yes, 2 = no

Sincere
1 = yes, 2 = no

Examining self- and other-
representation in the brain

fMRI paradigm

Adolescents with 22q11.2DS are characterized by :
- difficulties in building an accurate representation of 

themselves
- atypical activation of the reward system during self-

related processing

According to some authors (e.g. Nelson et al., 2009), 
this represents characteristics of schizophrenia which are 

associated with social dysfunctions



Towards research-based intervention techniques
A Skype-based social skills training for adolescents and young adults with 
22q11.2DS
P.I. Bronwyn Glaser & Maude Schneider
- adapted from the SOSTA-FRA curriculum (Freitag et al., 2013, Trials)
- up to 4 participants / group
- 3 month program (12 sessions)
- 1 hour / session
- Content structured in three parts

- good communication (e.g. initiating a discussion in different contexts)
- emotions (e.g. recognizing emotions in oneself and others)
- «complex» social skills (e.g. perspective taking, training for job interviews)



What was this all for?

From a research point of view…
  - Clearer description of negative symptomatology in 22q11.2DS
  - Better understanding of cognitive risk factors for negative symptoms

From a clinical point of view…
  - Implications of our findings for clinical interventions in patients with negative
    symptoms
        - Cognitive remediation (e.g. social cognition)
        - Cognitive interventions (e.g. Goal management training)

From a personal point of view…
  - Coherence: bringing together clinical concerns and research hypotheses
  - Self-confidence: article writing, oral presentations, etc…
  - Structure: formulating hypotheses, running structured interviews, etc…



What’s next?

FROM GENEVA 
TO

LEUVEN
(Prof. I. Myin-Germeys)

Ecological psychology:
Experience sampling 
methodology (ESM)

Focus on psychosis



From neuroimaging in 22q11DS 
to early development in autism

Marie Schaer, M.D. Ph.D.
(Marie.Schaer@unige.ch)

mailto:Maude.Schneider@unige.ch
mailto:Maude.Schneider@unige.ch


Career Path

2005

2008

2013

PhD in neurosciences

Clinical training

Started clinical research projects as a main investigator
Left abroad to gain experience (Stanford University & UC Davis)

Medical Diploma

MD-PhD



PhD in neurosciences: cortical morphology in 22q11DS
Advisors: Prof. Stephan Eliez (Child Psychiatry, Geneva) & Prof. Jean-Philippe Thiran (Signal 

Processing Laboratory, Swiss Federal Institute of Technology, Lausanne)

What can be learnt from brain structure in 22q11DS?

Cortical folding (gyrification),
a marker of early brain development

Cortical thickness,
an index of brain development

Schaer et al, IEE TMI 2008
http://surfer.nmr.mgh.harvard.edu/fswiki/LGI 

Fischl et al., PNAS 2009
http://surfer.nmr.mgh.harvard.edu/ 

http://surfer.nmr.mgh.harvard.edu/fswiki/LGI
http://surfer.nmr.mgh.harvard.edu/fswiki/LGI
http://surfer.nmr.mgh.harvard.edu/fswiki/LGI
http://surfer.nmr.mgh.harvard.edu/fswiki/LGI


Cortical folding (Gyrification) 

‣ Studying the patterns of cortical folding in grown-up children / 
adults reveal information on the early developmental processes

25 days

35 days

40 days
50 days

100 days

6 months

7 months 8 months

9 months



Measuring gyrification

‣ Sulcal morphometry
þ interpretability
ý one sulcus at a time

‣ Curvature-based
þ resolution
ý interpretability

‣ Surface-based (Gyrification Index; Zilles et al, 1988)
þ interpretability
ý resolution

Kochunov et al, 2005

Luders et al, 2006

Sallet et al, 2003



The local Gyrification Index

http://surfer.nmr.mgh.harvard.edu/fswiki/LGI
Schaer, Bach Cuadra, Tamarit, Lazeyras, Eliez, Thiran (2008) A surface-based approach to 
quantify local cortical gyrification, IEEE Transactions on Medical Imaging 27(2):161-170
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Altered gyrification pointing to early developmental disruption

Congenital heart disease affects local gyrification in 22q11.2
deletion syndrome
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22q11.2 deletion syndrome (22q11.2DS) is a common genetic condition associ-
ated with cognitive and learning impairments. In this study, we applied a three-
dimensional method for quantifying gyrification at thousands of points over the
cortical surface to imaging data from 44 children, adolescents, and young adults
with 22q11.2DS (17 males, 27 females; mean age 17y 2mo [SD 9y 1mo], range
6–37y), and 53 healthy participants (21 males, 32 females; mean age 15y 4mo
[SD 8y 6mo]; range 6–40y). Several clusters of reduced gyrification were
observed, further substantiating the pattern of cerebral alterations presented by
children with the syndrome. Comparisons within 22q11.2DS demonstrated an
effect of congenital heart disease (CHD) on cortical gyrification, with reduced
gyrification at the parieto-temporo-occipital junction in patients with CHD, as
compared with patients without CHD. Reductions in gyrification can resemble
mild polymicrogyria, suggesting early abnormal neuronal proliferation or migra-
tion and providing support for an effect of hemodynamic factors on brain devel-
opment in 22q11.2DS. The results also shed light on the pathophysiology of
acquired brain injury in other populations with CHD.

22q11.2 deletion syndrome (22q11.2DS) is a neurogenetic
disorder affecting 1 in 5000 live births.1 Children with
22q11.2DS typically present with impairment in domains
such as memory and attention, as well as fine motor skills
and visuospatial abilities.2 Previous attempts at delineating
the cortical correlates responsible for cognitive deficits in
children and adolescents with the 22q11.2DS have consis-
tently identified reductions in cortical grey matter,2–4

detecting some of the regions that are most altered in the
syndrome (e.g. the parietal lobe). However, volumetric
alterations are a product of changes to either cortical thick-
ness or area, the latter of which is dependent on the degree
of folding. Therefore, new three-dimensional methods that
measure thickness and gyrification may contribute more

detailed information on the etiopathogenesis of cortical
alterations.

While cortical thickness is particularly informative about
the dynamics of cortical maturation,5 changes in cortical
morphology may help to elucidate early developmental
processes. For example, enlarged Sylvian fissures in chil-
dren with 22q11.2DS can result from abnormal opercular
development during embryogenesis.6 In a previous study
using a two-dimensional method, we identified a reduced
gyrification index in the frontal and parietal lobes,7 sug-
gesting a simplified gyral pattern and decreased surface
area in these regions. However, two-dimensional methods
are not optimal for quantifying complex cortical convolu-
tions. More recently, we tested a new three-dimensional

ª The Authors. Journal compilation ª Mac Keith Press 2009
DOI: 10.1111/j.1469-8749.2009.03281.x 1
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Cortical folding in Broca’s area relates to obstetric
complications in schizophrenia patients and healthy
controls

U. K. Haukvik1,2*, M. Schaer3, R. Nesvåg1,2, T. McNeil4,5, C. B. Hartberg1,2, E. G. Jönsson6, S. Eliez3

and I. Agartz1,6,7

1 Department of Clinical Medicine, section Vinderen, University of Oslo, Norway
2 Department of Psychiatry, Diakonhjemmet Hospital, Oslo, Norway
3 Office Médico-Pédagogique, Department of Psychiatry, Geneva University School of Medicine, Geneva, Switzerland
4 Department of Psychiatric Epidemiology, Lund University Hospital USiL, Lund, Sweden
5 School of Psychiatry and Clinical Neurosciences, University of Western Australia, Perth, Australia
6 Department of Clinical Neuroscience, HUBIN project, Karolinska Institutet and Hospital, Stockholm, Sweden
7 Department of Psychiatric Research, Diakonhjemmet Hospital, Oslo, Norway

Background. The increased occurrence of obstetric complications (OCs) in patients with schizophrenia suggests that

alterations in neurodevelopment may be of importance to the aetiology of the illness. Abnormal cortical folding

may reflect subtle deviation from normal neurodevelopment during the foetal or neonatal period. In the present

study, we hypothesized that OCs would be related to cortical folding abnormalities in schizophrenia patients

corresponding to areas where patients with schizophrenia display altered cortical folding when compared with

healthy controls.

Method. In total, 54 schizophrenia patients and 54 healthy control subjects underwent clinical examination and

magnetic resonance image scanning on a 1.5 T scanner. Information on OCs was collected from original birth records.

An automated algorithm was used to calculate a three-dimensional local gyrification index (lGI) at numerous points

across the cortical mantle.

Results. In both schizophrenia patients and healthy controls, an increasing number of OCs was significantly related

to lower lGI in the left pars triangularis (p<0.0005) in Broca’s area. For five other anatomical cortical parcellations in

the left hemisphere, a similar trend was demonstrated. No significant relationships between OCs and lGI were found

in the right hemisphere and there were no significant case–control differences in lGI.

Conclusions. The reduced cortical folding in the left pars triangularis, associated with OCs in both patients and

control subjects suggests that the cortical effect of OCs is caused by factors shared by schizophrenia patients and

healthy controls rather than factors related to schizophrenia alone.

Received 31 October 2010 ; Revised 20 September 2011 ; Accepted 23 September 2011

Key words : Broca’s area, gyrification, MRI, neurodevelopment, obstetric complications, schizophrenia.

Introduction

The increased prevalence of pre- and perinatal com-
plications in schizophrenia patients is supportive of
a neurodevelopmental origin of the illness (Lewis
& Murray, 1987 ; Weinberger, 1987 ; Marenco &
Weinberger, 2000). Subtle deviances from normal
brain development may be reflected in altered brain
morphology (Fatemi & Folsom, 2009). In schizophrenia

patients, smaller hippocampi, larger ventricles and
reduced cortical thickness and volume have relatively
consistently been reported (Honea et al. 2005 ; Steen
et al. 2006 ; Glahn et al. 2008). In animal models, various
obstetric complications (OCs) have been demonstrated
to cause both brain morphological alterations and
behavioural aberrances that parallel those observed
in schizophrenia (for review, see Boksa, 2004). In
magnetic resonance imaging (MRI) studies of schizo-
phrenia patients, OCs have been related to smaller
hippocampi (van Erp et al. 2002 ; Schulze et al. 2003 ;
Ebner et al. 2008), larger lateral ventricles (McNeil et al.
2000 ; Falkai et al. 2003) and reduced cortical volume
(Cannon et al. 2002). Taken together, these findings
suggest that early somatic trauma such as OCs may

* Address for correspondence : U. K. Haukvik MD, PhD,

Department of Clinical Medicine, University of Oslo, P.O. Box 85

Vinderen, N-0319 Oslo, Norway.

(Email : unn.haukvik@medisin.uio.no)

Psychological Medicine, Page 1 of 9. f Cambridge University Press 2011
doi:10.1017/S0033291711002315
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significant after Bonferroni correction (Supplementary
Table S1). Five other parcellations in the left hemi-
sphere (fusiform, lateral occipital, parahippocampal,
rostral middle frontal and pars opercularis) displayed
a similar relationship to OCs (Fig. 1), equally in both
groups, but these findings did not remain significant
after Bonferroni adjustment for multiple testing
(Supplementary Table S1). There was no diagnosisr
OCs interaction effect (data not shown). There were
no significant relationships between OCs and lGI
in the right hemisphere (Supplementary Table S1).
Current antipsychotic medication (standardized as
Haloperidol equivalent dosages) did not have a stat-
istically significant effect on lGI and neither did the
use of typical versus atypical antipsychotic medication
(data not shown). From the vertex-wise analyses,
no significant relationships between lGI and OCs re-
mained after adjustment for multiple comparisons
using FDR (see Supplementary Information and Sup-
plementary Fig. S2 for uncorrected results).

Discussion

This is the first scientific study to investigate the re-
lationship between OCs and a 3D lGI in schizophrenia.
The main finding was that increasing number of OCs

in a dose–response fashion was significantly related to
lower lGI in the left pars triangularis in both schizo-
phrenia patients and healthy control subjects. A simi-
lar trend, also for both groups, was demonstrated in
five other parcellations in the left hemisphere, whereas
no relationship between OCs and lGI was demon-
strated in the right hemisphere.

Effects of OCs on cortical folding

Studies of gyrification in premature infants have
demonstrated increased temporal gyrification bilater-
ally as compared with term infants (Kesler et al. 2006)
and higher sulcation index (a measure of cortical
folding), when related to brain surface, in preterm
intra-uterine growth restriction infants compared with
‘normal ’ preterm infants (Dubois et al. 2008). Although
the present subject sample included three subjects
born prematurely, the results are not directly compar-
able, as the range of obstetric severity is much larger in
the present sample. However, previous findings sug-
gest that gyrification deviances may be related to ad-
verse conditions during foetal brain development.

Only one previous study has investigated the effect
of OCs on gyrification in schizophrenia (Falkai et al.
2007). From the 2D GI in six coronal MRI sections
(three in the frontal and three in the parietal lobe),
Falkai and colleagues did not find any relationship
between OCs and gyrification in schizophrenia
patients. The methodological differences may explain
why the results in the present study differ from those
of Falkai and colleagues. In the present study, the 3D
surface-based approach allowed searching for mul-
tiple local alterations in gyrification across the whole
cortical mantle. It is worth noting that the same defi-
nition and categorization of OCs were applied, OCs
being scored with the McNeil–Sjöström scale in both
studies. This increases the comparability of the studies
and furthermore supports the present use of a surface-
based local gyrification method to investigate cortical
folding patterns.

Smaller prefrontal and temporal cortical volumes
have been reported in schizophrenia patients with a
history of foetal hypoxia (Cannon et al. 2002). Both
cortical folding patterns and cortical thickness affect
cortical volume, but their relationship is uncertain.
We have previously investigated the present subject
sample for association between OCs and cortical
thickness and found no association in schizophrenia
patients or in healthy controls (Haukvik et al. 2009)
for the entire cortex, or for frontotemporal regions
specifically. Moreover, Schaer et al. (2009) have re-
ported that congenital heart disease (presumed to
cause lower oxygen delivery to the brain) in patients
with 22q11 deletion syndrome was related to altered

Lateral

Medial

Ventral

– 0.005 – 0.010 – 0.015 – 0.020

Fig. 1. The effect of increasing number of obstetric

complications (OCs) on average local gyrification in

pre-defined cortical areas in the left hemisphere significant

at p<0.05, from the linear regression model with age,

diagnosis, gender and continuous OCs. The red area remains

significant after Bonferroni correction for multiple tests.

The colour map represents B values for OCs, with the

corresponding p values listed in Supplementary Table S1.
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p=0.069), when covarying for age and sex. Vertex-wise
analyses showed clusters of decreased lGI in the CHD
group at the parieto-temporo-occipital junction bilater-
ally, as well as smaller parietal clusters (Fig. 2, right
panel). Mean lGI values for the corresponding clusters
are presented in Table II.

To identify whether gyral anomalies were associated
with alterations to cortical thickness, we further explored
differences in cortical thickness between patients with and
without CHD using two different methods. First, using
vertex-by-vertex whole-brain statistical analyses, we did
not observe regional differences in cortical thickness

Table I: Mean local gyrification index (lGI) values for clusters demonstrating significant reduction in patients with 22q11.2DS compared with the
non-affected group

Area

(mm2) Comparison Patients F

Mean Right lGI 2.481 (0.120) 2.322 (0.092) 51.2a

Right pre- and post-central gyri, extending into the

supramarginal gyrus and PTO junction

7763.7 2.945 (0.169) 2.728 (0.119) 71.835a

Right posterior cingulate gyrus 6217.8 2.313 (0.173) 1.994 (0.125) 133.990a

Right orbitofrontal cortex 1972.8 1.644 (0.078) 1.544 (0.784) 39.252a

Right superior temporal gyrus (anterior part) 1035.7 3.323 (0.273) 3.089 (0.234) 20.548a

Right middle frontal gyrus 572.4 2.709 (0.201) 2.461 (0.175) 45.841a

Mean Left lGI 2.475 (0.134) 2.319 (0.106) 38.9a

Left posterior cingulate gyrus extending into the occipital pole 7921.3 2.463 (0.231) 2.151 (0.141) 68.439a

Left pre- and post-central gyrus extending into the superior

frontal gyrus

6626.5 2.854 (0.218) 2.662 (0.145) 27.214a

Left PTO junction 1229.7 2.828 (0.193) 2.637 (0.131) 29.800a

Left medial frontal gyrus (rostral part) 1175.8 1.620 (0.082) 1.522 (0.992) 30.520a

Left middle frontal gyrus 840.4 2.485 (0.199) 2.268 (0.159) 33.594a

Left orbitofrontal cortex 594.9 2.107 (0.194) 1.960 (0.154) 15.475a

ap<0.001. PTO, parieto-temporo-occipital.

Reduced gyrification in 22q11.2DS
Effect of CHD with in 22q11.2DS
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Figure 2: Statistical maps of the vertex-by-vertex local gyrification index (lGI) comparisons (colorbar shows p values). Left panel shows regions of
decreased lGI in patients with 22q11.2DS compared with the comparison groups (FDR<0.01). No region of increased lGI was observed in 22q11.2DS
compared with comparison groups. A detailed description of the clusters is provided in Table I. The right panel illustrates reduced lGI in the congen-
tial heart disease (CHD) compared to no-CHD subgroups (p<0.01). The cluster at the right parieto-temporo-occipital junction was more significant
than the left one, and survived correction for multiple comparisons using FDR<0.05. No cluster of increased lGI value was observed in the subgroup
with CHD compared with the subgroup without. Details of the mean lGI values per cluster are available in Table II. FDR, false discovery rate.

Gyrification and CHD in 22q11.2DS Marie Schaer et al. 5



Cortical thickness in 22q11DS

-0.02 mm/year

-0.05 mm/year

years old

Rate of cortical thinning per year

Controls 22q11DS

398 MR images: 209 from 137 typically developing individuals and 189 from 94 individuals affected with 22q11DS

Capturing movies of cortical thickness changes



Side projects during my PhD

Katz, Liu, Schaer, Parker, Epps, Ottet, Buckmaster, Bammer, Moseley, 
Schatzberg, Eliez, Lyons (2009) Prefrontal plasticity and stress 
inoculation-induced resilience, Dev Neurosci, 31(4):293-9 

Squirrel monkeys

Fetal brain imaging

Ferrario, Bach Cuadra, Schaer, Houhou, Zosso, Eliez, 
Guibaud, Thiran (2008), Brain surface segmentation of 
magnetic resonance images of the fetus, EUSIPCO 

    SH. Woodward, M. Schaer, DG Kaloupek, L. Cediel, S. Eliez 
(2009), Cerebral cortical volume is globally and regionally 
smaller in combat-related posttraumatic stress disorder, 
Archives of General Psychiatry, 66(12):1373-82

Other neurodevelopmental & 
neurodegenerative conditions
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(b) FGMM (c) MRF (d) Contours of the fetal brain.

Figure 1: Steps of the brain segmentation. The two tissues Brain (B) and Non-brain (NB) are represented by the
labels: B1, dark blue, B2, light blue, NB2, orange, and NB1, red. Transition label is in yellow.

A new label map is found through Maximum a pos-
teriori (MAP) of Eq. 3, that is equivalent to:

x̂ = arg min
∀x∈L

(U(x))). (6)

This optimization problem is computationally infeasi-
ble but locally optimal solutions can be computed by
iterative optimization techniques [22].

The energy function can be defined as follows:

U(x) =
∑

∀i∈S

(
Vi(xi) +

∑

j∈Ni

Vij(xi, xj),
)

, (7)

where Vi(xi) is an external field that weights the relative
importance of the different classes present in the image
and Vij models the interaction between neighbors [20].
Here, Vi(xi) = 0 and

Vij (xi, xj) =
δ0(xi, xj)

d(i, j)
, (8)

which δ0(xi, xj) = −1 if xi = xj and 0 otherwise, en-
courages voxels to be classified like the majority of its
neighbors, weighted by the Euclidean distance between
neighbors d(i, j).

Here, δ1 and δ2 will be used instead. We define δ1 to
correct peripheral errors by associating voxels B near a
voxel outside intracranial cavity (0 value) as NB:

δ1(xi, xj) =
{

−3, if xj = 0 and xi = NB
0, otherwise. (9)

This simply means that brain tissue cannot directly
touch the skull. This model is used once to correct pe-
ripheral voxel incorrectly classified. A second model to
distribute voxels classified as transition label T is then
used:

δ2(xi, xj) =






−3, if xj = 0 and xi = NB
−3, if xj = NB1 and xi = NB
−2, if xj = NB2 and xi = NB2

−1, if xj = T and xi = T
−2, if xj = B2 and xi = B2

−3, if xj = B1 and xi = B
0, otherwise.

(10)

This model classifies the voxels like the majority of its
neighbors, but in order to suppress the T class, less
weight is given to the T neighbors. Since there is more
certainty that NB1 and B1 are part of tissue NB or B
then NB2 and B2, they have a bigger influence.

Figure 1 illustrates the process of the brain segmen-
tation using FGMM and MRF, and merging the labels
B1, B2 and NB1, NB2 that allow us to obtain the con-
tours of the brain of a 27 weeks old fetus.

2.4 Surface reconstruction
In this section we construct the 3D brain surface that
combines the contours obtained from Ls, Lc and La. To
this end, probability maps are constructed by:

P (i) =
{ 1

2+2d2 , if i inside C
1 − 1

2+2d2 , otherwise, (11)

where d is the Euclidean distance to the brain contour
C and i is a voxel location. Probability maps are used
instead of Label maps, which allows to combine them
by linear interpolation. To combine the 3 probability
volumes, the three image volumes must be aligned first.
Thus, inter-volume registration is needed to compensate
for different position of the fetus across axial, coronal
and sagittal acquisitions. To this end, by maximization
of mutual information, 3D rigid registration (3 rotation
and 3 translations) is computed on the gray level images
(implemented in ITK [15]). Then, the rigid transforma-
tion is applied using tri-linear interpolation on the prob-
ability maps. By applying a threshold to the resulting
distance map at 0.5 we obtain the brain surface.

2.5 Extended MRF Neighborhood
Instead of combining the 3 acquisitions in a final step
only, we propose to profit from all 3 acquisition volumes
within the MRF framework. We add up to 9 neigh-
bors per volume, for instance from La and Lc, to the 26
neighbors of Ls. To implement such extended neighbor-
hood, rigid transformation is applied to labeled images.
Once a point to point correspondence is obtained, the
corresponding voxel within the complementary volumes
and its 8 neighbors are considered for the MRF energy
computation. It might occur that no information is con-
tained in some of the extended neighbors. The scheme
of extended neighborhood is represented in Fig. 2.

!2=0.104), being smaller in subjects with PTSD (350 744
vs 368 896 mm3). Cortical volume also tended to be
smaller in subjects with lifetime alcohol abuse/
dependence (F1,92 = 3.59; P = .06) but exhibited no
PTSD" lifetime alcohol abuse/dependence interaction
(F#1). The PTSD contrast was sharpened by adjust-
ment for stature and cerebral white matter volume
(F1,90=14.40; P# .001; partial !2=0.138), while effects of
lifetime alcohol abuse/dependence (F1,90=3.04; P=.09) and
the PTSD" lifetime alcohol abuse/dependence interac-
tion (F#1) remained insignificant. Parcellated cortical
volume exhibited a significant multivariate effect of PTSD
(Wilks $=0.61; F18,75=2.69; P=.002; partial !2=0.39).
There were no multivariate effects of lifetime alcohol
abuse/dependence (Wilks $=0.83; F18,75=0.86; P=.63) or
the PTSD" lifetime alcohol abuse/dependence interac-
tion (Wilks $=0.85; F18,75=0.75; P=.75). The multivar-
iate effect of PTSD (Wilks $=0.58; F18,73=2.95; P# .001;
partial !2=0.42), lifetime alcohol abuse/dependence
(Wilks $=0.81; F18,73=0.96; P=.25), and their interaction
(Wilks $=0.85; F18,73=0.73; P=.33) was not substantially
modified by adjustment for stature and cerebral white
matter volume. Parcels meeting the Bonferroni-corrected
significance criterion were, in order of effect size, the
parahippocampal gyrus (P# .001; partial !2=0.181; ap-
proximating Brodmann area 36), superior temporal cor-
tex (P=.001; partial !2=0.121; encompassing Brodmann
areas 22, 41, and 42), lateral division of the orbital frontal
cortex, (P=.002; partial !2=0.103; lateral aspect of Brod-
mann area 11), and pars orbitalis of the inferior frontal
gyrus (P=.002; partial !2=0.101; approximating Brod-
mann area 47). All effects were in the direction of smaller
cortical volumes in subjects with PTSD (Figure 1 and
Figure2) and (Table2). The associations of PTSD with
smaller volumes at the parahippocampal gyrus (P# .001;
partial !2=0.192), superior temporal cortex (P# .001; par-
tial !2=0.148), lateral division of the orbital frontal cor-
tex (P=.001; partial !2=0.112), and pars orbitalis of the

inferior frontal gyrus (P=.002; partial !2=0.098) all re-
mained significant after adjustment for stature and ce-
rebral white matter volume.

Planned comparisons at parcels corresponding to the
rostral and caudal ACC (generally corresponding to pre-
genual and dorsal subregions of ACC, respectively) both
found significant but relatively modest effects of PTSD
(rostral division: F1,92=4.83; P=.03; partial !2=0.050; cau-
dal division: F1,92=6.55; P=.01; partial !2=0.066). Find-
ings at both the rostral and caudal ACC remained sig-
nificant after adjustment for stature and cerebral white
matter volume (rostral division: F1,90=4.85; P=.03; par-
tial !2=0.051; caudal division: F1,90=6.26; P=.01; par-
tial !2=0.065). A planned comparison of cortical vol-
ume at the superior temporal cortex was moot.

CORTICAL THICKNESS

Weighted mean cortical thickness calculated over the
whole brain was analyzed with univariate analysis of vari-
ance covarying for age and found to be significantly lower
in subjects with PTSD than in subjects without PTSD
(2.384 mm vs 2.428 mm, respectively; F1,92=4.69; P=.03;
!2=0.049). There were no effects of lifetime alcohol abuse/

Lateral Medial

Ventral

η2 > 0.100 η2 > 0.150 η2 > 0.200

Figure 1. Effect sizes of posttraumatic stress disorder (PTSD) diagnosis at
parcels where statistically significant parcellated. Left lateral, medial, and
inferior views of average parcellations of subjects with PTSD and subjects
without PTSD with color encoding PTSD diagnosis effect sizes (!2) on
cortical volume in those regions for which the probability of type I error was
%#.0028. The presentation of the right hemisphere is arbitrary because
statistics were limited to cortical volumes summed over both hemispheres
(see text). Only 3 colored regions are obvious because the latter 2 are
adjacent to one another and produced nearly equivalent effect sizes.
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Figure 2. Scatterplots depicting the between-group and within-group
distributions underlying findings of regionally smaller cortical volume at the
parahippocampal gyrus, superior temporal cortex, lateral division of the
orbital frontal cortex, and pars orbitalis of the inferior frontal gyrus.
Least-squares means are indicated by vertical bars. PTSD indicates
posttraumatic stress disorder.
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Career Path

2005

2008

2013

PhD in neurosciences

Started clinical research projects as a main investigator
Left abroad to gain experience (Stanford University & UC Davis)

Medical Diploma

MD-PhD

Clinical training

‣ Pre-requisites for the title of 
specialist in Child & Adolescent 
Psychiatry, including adult 
psychiatry and somatic medicine

‣ Critical to gain the required clinical 
experience to ask relevant research 
questions, and to get access to 
patients 



Combining research & clinical work

‣Validate biomarkers to aid early diagnosis of autism, to 
be able to intervene earlier

‣Measure how early intensive intervention improves trajectories 
of development in preschool children with autism

‣ Help defining subgroups of children with 
different responses to therapeutic interventions

Starting as a main investigator, supported by the Swiss National Funds & the Fondation Pôle Autisme 

National Center of Competence in Research



A longitudinal research protocol

Social orienting
Joint attention

Standardized behavioral assessments and specifically-designed eye-tracking and EEG paradigms
Preference for biological vs non-biological motion
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The figure aside shows that the 
toddlers who demonstrated a 
visual preference for dynamic 
geometric objects compared 
to biological motion were 
exclusively toddlers with ASD.  
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ADOS  Repetitive Behaviors Score

Preferential interest 
for geometric objects

This “particularly social” toddler 
with ASD was diagnosed with 
severe autism at 11 months of 
age and already benefitted from 
10 months of specific social 
enrichment.  At the time of 
evaluation, he did not meet the
full criteria for autism diagnosis
but only for autism spectrum 
disorder.  This case report lends 
support to the fact that socially 
enriched therapies can help to 
interest  children in people and 
lower the severity of their 
communication impairments. 

Although very preliminary and 
based on the limited sample size 
collected to date, we are convinced  
that these results are highly  
promising to uncover the
mechanisms by which the 
severity of symptoms can be 
lowered in children diagnosed 
with autism. 

Sample of the video stimuli, shown to
children using the eye-tracking device
for a total duration of 2 minutes. 

However,  one toddler with ASD 
had a strong preference for 
biological motion. To further
understand this phenomenon, we 
examined whether this  high 
interest in people was related to 
the severity of autistic symptoms 
in this patient.

For that purpose, we examined
the relationship between the 
visual preference for biological
motion and the ADOS score at
different domains.

As shown aside,  the only toddler 
with ASD with high interest for 
biological motion was also the 
one with lower impairment in 
communication and lower severity 
in the ADOS reciprocical social 
interaction domain.

The tight relationship between
symptom severity and interest 
for geometric object may however 
not to hold true for all domains, as 
the visual preference seems less 
predictive of the severity of 
repetitive behaviors.
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Progressive construction of 
interpersonal skills and empathy

Collaboration with K. Hamlin, University of British Columbia

Neural bases of biological motion processing

Development of moral judgment

Understanding of goal-oriented 
actions and intentions

Representation of other’s beliefs 
(theory of mind)

National Center of Competence in Research

Schaer, Franchini & Eliez, Swiss Archives of Neurology and Psychiatry 2014; 165(8):277-89



Measuring social orienting with eye-tracking

Typically developing male, aged 25 months

Male with ASD at diagnosis, aged 28 months

National Center of Competence in Research



Measuring social orienting with eye-tracking
Preference for biological vs non-biological motion
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The figure aside shows that the 
toddlers who demonstrated a 
visual preference for dynamic 
geometric objects compared 
to biological motion were 
exclusively toddlers with ASD.  
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This “particularly social” toddler 
with ASD was diagnosed with 
severe autism at 11 months of 
age and already benefitted from 
10 months of specific social 
enrichment.  At the time of 
evaluation, he did not meet the
full criteria for autism diagnosis
but only for autism spectrum 
disorder.  This case report lends 
support to the fact that socially 
enriched therapies can help to 
interest  children in people and 
lower the severity of their 
communication impairments. 

Although very preliminary and 
based on the limited sample size 
collected to date, we are convinced  
that these results are highly  
promising to uncover the
mechanisms by which the 
severity of symptoms can be 
lowered in children diagnosed 
with autism. 

Sample of the video stimuli, shown to
children using the eye-tracking device
for a total duration of 2 minutes. 

However,  one toddler with ASD 
had a strong preference for 
biological motion. To further
understand this phenomenon, we 
examined whether this  high 
interest in people was related to 
the severity of autistic symptoms 
in this patient.

For that purpose, we examined
the relationship between the 
visual preference for biological
motion and the ADOS score at
different domains.

As shown aside,  the only toddler 
with ASD with high interest for 
biological motion was also the 
one with lower impairment in 
communication and lower severity 
in the ADOS reciprocical social 
interaction domain.

The tight relationship between
symptom severity and interest 
for geometric object may however 
not to hold true for all domains, as 
the visual preference seems less 
predictive of the severity of 
repetitive behaviors.
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Combining EEG & eye-tracking to understand autism

Eye-gaze data

Real-time source localization 
using high-resolution EEG

EGI EEG system with 128 channels
synchronized at the ms with a Tobii TX300 system

Christoph Michel, Tonia Rihs, Reem Jan

National Center of Competence in Research



What’s next?
Child friendly scanning environment at 

the MIND Institute (UC Davis)
‣ Assess the feasibility of MRI in our cohort 
of children with ASD

‣  Use multimodal integration tolls, to 
delineate trajectories of brain systems 
involved with social processing

Morphometry of the social brain

Example of cortical reconstructions 
in a 18 months old child Maturation of the DMN

Collaboration with C. Nordahl, UC Davis



A few suggestions

‣ For the PhD: 
‣ Carefully select your advisor, and a place where you 

can both acquire skills and be relatively 
independent

‣ Remember that the PhD is a uniquely protected 
period to be academically productive

‣ During your clinical years:
‣ Try not to loose contact with research
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