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Genome-Wide Analysis Shows Increased Frequency of
Copy Number Variation Deletions in Dutch
Schizophrenia Patients

Jacobine E. Buizer-Voskamp, Jan-Willem Muntjewerff, Genetic Risk and Outcome in Psychosis (GROUP)
Consortium, Eric Strengman, Chiara Sabatti, Hreinn Stefansson, Jacob A.S. Vorstman, and
Roel A. Ophoff

Background: Since 2008, multiple studles have reported on copy number varlations (CNVs) in schizophrenla. However, many reglons are
unique events with minimal overlap between studies. This makes it difficult to gain a comprehensive overview of all CNVs involved in the
etiology of schizophrenia. We performed a systematic CNV study on the basis of a homogeneous genome-wide dataset aiming at all CNVs
=50 kilobase pair. We complemented this analysis with a review of cytogenetic and chromosomal abnormalities for schizophrenia reported
in the literature with the purpose of combining classical genetic findings and our current understanding of genomic variation,

Methods: We investigated 834 Dutch schizophrenia patients and 672 Dutch control subjects. The CNVs were included if they were detected
by QuantiSNP (http//www.well.ox.ac.uk/QuantiSNP/) as well as PennCNV (http//www.neurogenome.org/cnv/penncnv/) and contain
known protein coding genes. The integrated identification of CNV regions and cytogenetic loci indicates regions of interest (cytogenetic
regions of interest [CROIs]).

Results: In total, 2437 CNVs were identified with an average number of 2.1 CNVs/subject for both cases and control subjects, We observed
significantly more deletions but not duplications in schizophrenia cases versus control subjects. The CNVs identified coincide with loci
previously reported in the literature, confirming well-established schizophrenia CROIs 142 and 22q11.2 as well as indicating a potentially
novel CROI on chromosome 5@35.1.

Conclusions: Chromosomal deletions are more prevalent in schizophrenia patients than in healthy subjects and therefore confer a risk
factor for pathogenicity. The combination of our CNV data with previously reported cytogenetic abnormalities in schizophrenia provides an
overview of potentially interesting regions for positional candidate genes.

BIOL PSYCHIATRY 2011;70:655-662
© 2011 Society of Biological Psychiatry




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

Down Syndrome and Alzheimer Disease
Prader-Willi Syndrome and hyperphagia
Shank 3 and autism
22011.2DS and schizophrenia




220911.2 microdeletion (22911.2DS)

www.VCFSEF.org

Prevalence: 1/4000 live birth
N 90% of cases: de novo microdeletion

Physical phenotype EIIEED

e Conotruncal cardiac defects _ Human 22q12

* \Velopharyngeal insufficiency and/or Karayiorgou et al., 2010
submucous cleft palate

* Immune deficits

Cognitive phenotype

 borderline intellectual functioning (MIQ = 70)
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220911.2 microdeletion (22911.2DS)

FIGURE 2. Prevalence of Schizophrenia Spectrum Disorders and Distribution of Specific Disorders by Age in Participants With
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Objective: (hwomosome 22911.2 dele-
Lhon syndrome is a newrogenetic disorder
associated with high rates of schizophre
nia and other psychiatric conditions. The
authoes report what & 20 their knowlodge

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

the fryt largeacale collaborative study of
rates and sex distributions of psycheatric
disceders from childhood 1o aduthood in
22911.2 deletion yyndrome. The anocia-
tions among psychopathology. insellect,
and funcuioning were examined in 3 sub-
proup of participants,

Method: The 1,402 parnicpams with
229112 deletion wynderome, apes 6-68
years, were assessed for psychiatric dis
orders with valdated diagnostic mstru
ments. Data on intelligence and adaptive
functioning were available for 183 par-
tioparts ages 6 10 24 years,

Results: Attention  deficlt  hyporactivity
dsorder (ADHD] was the most frequent
dnorder in children (37.10% and was
overrepresented in males. Anxiety disor-
ders were more prevalent than mood
disorders at all ages, but espedially in
children and adolescents, Arwicty and
unipofar mood disorders were overrep-
resented in females. Psychotic disorders
were peosent in 41% of adults over age
25 Males cid not predominate in pyy-
chotic or autism spectrum  disorders.
Heerarchical regressions in the subgroup
revealed that daily living skilly were
pregacied by the presence of anwety
disorders. Psychopathology was not as.
sodated with communication or sociali-
2ation skills

Conclusions: To the authors’ knowledge,
this Is the largest study of psychiatric
morbidity in 22011.2 deletion syndrome.
1 validates provioes findings that this
condition is one of the strongest rk
1actors for psychosis. Arndety and devel:
opmental disorders were alo pecvalent.
These resuits highlight the need %0 maon-
fior andd reduce the longtorm burden
ol psychopathology in 22011.2 deletion
wndrome,

22q11.2 Deletion Syndrome”
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(percentages taken from Mc Guffin et al, 1995)




The Geneva 22911.2DS longitudinal study

—

2001 2003 2005 2007 2009 2011 2013 2015 2017
2001-2004 2004-2008 2009-2013 2013-2017
1st funding period 2nd funding period 3rd funding period 4th funding period
- - - -

Neuropsychological
testing

Clinical interviews

Genetic analyses

Eye tracking
Collaboration with
S. Antonarakis

Collaboration with
C. Michel




The Geneva 22g11.2DS longitudinal study

2001 2003 2005 2007 2009 2011 2013 2015 2017
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The Geneva 22911.2DS longitudinal study

2003 2005

2009 2011

2015 2017

2010-2014
1st funding period

’g.y drtsal ik

2014-2018
2nd funding period

‘g.y ot yonch

Objectives

Contributing to the development of a
-(I)ﬂ- Swiss network of excellence in
DLE POLYTECHNIGYE psychiatric research

:%l.‘il:ul! DE LAUSANNE
S -y (J ¢ |dentifying biological bases of certain
H i psychiatric disorders

Bringing together fundamental and

= UNIVERSITE clinical research
DE GENEVE

HUG%® #

Nsitsex Gnvesksie de Gembve Setting up translational studies between
human cohorts and animal models




The Geneva 22911.2DS longitudinal study
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u’ A\ Fundamental research (LgDel+/- mice)
- Pico Caroni
- Stylianos Antonarakis
- Olaf Blanke
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HUGY # - Christoph Michel

5 UNIVERSITE
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- Kathrin Hess Bellwald




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

In mice...

Increased prefrontal and postero-parieto-temporal gray-matter
volume in male but not female COMT knockout mice

P of increased GMV P of decreased GMV
0.05 0.001 0.05 0.001
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@ m '.&i‘ CURRENT GOAL:
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—xample of an ongoing translational project
P |. Stephan Eliez and Francesco Papaleo (IIT, Genova)

In mice...

Decreased grey matter volume in COMT -/- female mice

—_—

mean GM

Q RS GC P
COMT-/- vs +/+ p &
M1 F 0.001

ra

FrA= Associative frontal cortex
M1= Primary motor cortex
GC-= Cingulate gyrus

RS= Retrosplenial cortex
Thal= Thalamus




—xXample of an ongoing translational project
P |. Stephan Eliez and Francesco Papaleo (IIT, Genova)

In humans...

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

Val
B Met

4

(mm)

Cortical thickness

3= T 1 T T
T
2+
14
0 - L] L] L] L] L] L]
\ \ \ N
> > > @
6‘@ & & & oe'o &0&\
e < $ N N &
Q@- \)Q’ QQ' 6\0 & \.K
&) 2 e A3 &2

SN S & Differences are mainly driven by females

Current work of Marica Padula,
Ph.D. Student




Studying the cognitive mechanisms associated with
negative symptoms in 22911.2DS

Maude Schneider, Ph.D.
(Maude.Schneider@unige.ch)
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A few words about my carrer path

2004-2009

UNIVERSITE
DE GENEVE

2009-2014

UNIVERSITE
DE GENEVE

1"y
| REPUBLIQUE
~ ET CANTON
{ DE GENEVE

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

Introduction to cognitive psychopathology
Prof. M. Van der Linden

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

Master thesis with Prof. S. Eliez and M. Debbané on 22g11.2DS

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...

Rehabilitation

Studying the cognitive bases of negative symptoms
In adolescents and young adults with 22g11.2DS




Defining the clinical phenotype

r—— Factor 1 Facior 2 Negative symptoms are present in the
sbri b g majority of adolescents and young adults

PANSS N1 Blunted affect 0.866
PANSS N7 Stereot thinki 0.784 '
SIPS N3 Exprce;esior\p:;iem::onﬁ;?ag 0.776 Wlt h 2 2 q 1 1 . 2 DS

PANSS N2 Emotional withdrawal 0.775

PANSS G7 Motor retardation 0.736

PANSS N5 Difficulty in abstract thinking 0.698

SIPS N4 Experience of emotions and self 0412 I 1 I
i Hhl S s vk Two distinct but correlated symptomatic
SIPS D4 Personal hygiene . .

PANSS G16 Active social avoidance d | m e n S | O n S

SIPS N2 Avolition

PANSS N4 Passive social withdrawal

PANSS N3 Poor rapport

SIPS NG Occupational functioning | Strong association with daily-life functioning

Schneider et al. (2012)

Decreased motivation and pleasure Psychiatry Research




Focus of cognitive psychopathology

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

Cognitive biases

Preferential processing of a certain Daily-life
type of information at the cost of
others

impairments

Dysfunctional beliefs /
Particular ways of «reading» oneself,

others, and the environment




Cognitive deficits associated with
negative symptoms in 22g11.2DS

* 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




Cognitive deficits associated with
negative symptoms in 22g11.2DS

Investigation of multitasking abilities using an ecological paradigm

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.»

Schneider et al. (in press) AJIDD



Cognitive deficits associated with
negative symptoms in 22g11.2DS

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

1. Performance
- Increased number of ignored actions

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

» Variables associated with the severity of negative
symptoms & functional alterations

Bl ndicators of inefficient planning abilities

B Indicator of source switching deficits Schneider et al. (in press) AJIDD



Cognitive deficits associated with
negative symptoms in 22g11.2DS

Putative mechanism

) 4

Reduced
Daily-life motivation &
* impairments in * pleasure to
g.-d. activities perform g.-d.
activities

Planning &
source * Multitasking
switching Impairments
deficits




Focus of cognitive psychopathology

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

Cognitive biases

Preferential processing of a certain Daily-life
type of information at the cost of
others

>
Dysfunctional beliefs /
Particular ways of «reading» oneself,

others, and the environment

impairments




Dysfunctional beliefs associated with
negative symptoms in 22g11.2DS

Dysfunctional performance beliefs
- Overly generalized negative conclusions regarding one’s own task performance
- «|f | 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)
Beck et al. (2009)

Schneider et al. (2015)
Early Intervention in Psychiatry




What about the brain?

Examining self- and other-
representation in the brain

* fMRI paradigm

In comparison with typically developing controls, adolescents
with 22011.2DS have lower level of activation in the caudate
nucleus, the ACC, and the anterior prefrontal cortex during
the self condition when contrasted over rest.

Group comparison Self > Rest

Generous
1=vyes,2=n0

Arrogant

Sylvie is... 1 = yes, 2 = no

Conditions

Harry Sincere
Potter is... 1 =yes,2=n0

Schneider et al. (2012)
Developmental Cognitive Neurosciences




Towards research-based intervention technigues

A Skype-based social skills training for adolescents and young adults with
220911.2DS
P.l. 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 emaotions 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 22g11.2DS
- 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
T0

LEUVEN
(Prof. . Myin-Germeys)

MOROCCO
CN

. CZECH RE

Ny oy

Ecological psychology:
Experience sampling
methodology (ESM)

Focus on psychosis




From neuroimaging in 22g11DS
to early development in autism

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

Medical Diploma

PhD in neurosciences

MD-PhD

Clinical training

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




PhD in neurosciences: cortical morphology in 22g11DS

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 22q11DS7

|I | l \

17 years old girl with 22g11DS 17 years old control girl
\

J

E ifi ~ati Cortical thickness I

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

Schaer et al, IEE TMI 2008 Fischl et al., PNAS 2009
http://surfer.nmr.mgh.harvard.edu/fswiki/LGl 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)
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» Studying the patterns of cortical folding in grown-up children /
adults reveal information on the early developmental processes



Measuring gyrification

> Sulcal morphometry
M interpretability

one sulcus at a time
Kochunov et al, 2005

> Curvature-based
v  resolution
interpretability

> Surface-based (Gyrification Index; Zilles et al, 1988)
v interpretability
resolution

Sallet et al, 2003




The local Gyrification Index

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

Schaer, Bach Cuadra, Tamarit, Lazeyras, Eliez, Thiran (2008) A surface-based approach to
quantify local cortical gyrification, |EEE Transactions on Medical Imaging 27(2):161-170



Altered gyrification pointing to early developmental disruption

DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY ORIGINAL ARTICLE

Congenital heart disease affects local gyrification in 22q11.2
deletion syndrome

MARIE SCHAER mp PHD"2 | BRONWYN GLASER MA" | MERITXELL BACH CUADRA PHD? |
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Reduced gyrification in 22q11.2DS
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Figure 2: Statistical maps of the vertex-by-vertex local gyrification index (/Gl) comparisons (colorbar shows p values). Left panel shows regions of
decreased /Gl in patients with 22q11.2DS compared with the comparison groups (FDR<0.01). No region of increased /Gl 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 /Gl 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 /Gl value was observed in the subgroup

Psychological Medicine, Page 1 of 9. © Cambridge University Press 2011
doi:10.1017/50033291711002315

ORIGINAL ARTICLE

Cortical folding in Broca’s area relates to obstetric
complications in schizophrenia patients and healthy

controls

U. K. Haukvik**, M. Schaer?, R. Nesvag'? T. McNeil*?, C. B. Hartberg'? E. G. Jénsson®, S. Eliez?

1,6,7

and I. Agartz

Lateral

with CHD compared with the subgroup without. Details of the mean /Gl values per cluster are available in Table II. FDR, false discovery rate.
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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.



Cortical thickness in 22g11DS

Capturing movies of cortical thickness changes

Rate of cortical thinning per year
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398 MR images: 209 from 137 typically developing individuals and 189 from 94 individuals affected with 22g11DS



Side projects during my PhD

Other neurodevelopmental &
neurodegenerative conditions

Lateral O Medial

Ventral

n2>0.100 1n2>0.150 12>0.200

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

Fetal brain imaging

Ferrario, Bach Cuadra, Schaer, Houhou, Z0sso, Eliez,
Guibaud, Thiran (2008), Brain surface segmentation of
magnetic resonance images of the fetus, EUSIPCO

Squirrel monkeys

Development of Mechanisms
Regulating Global CNS States
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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




Career Path

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

Medical Diploma

PhD in neurosciences . . . .
Critical to gain the required clinical

MD-PhD experience to ask relevant research
guestions, and to get access to

Clinical training patients

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




- - SYyNQpsy
Combining research & clinical work s e

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

» 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




— SYyNQpsy
A longitudinal research protocol wescra e

Standardized behavioral assessments and specifically-designed eye-tracking and EEG paradigms

I - - N | f biological | |
Social orlentlng eural bases of biological motion processing

Joint attention

Understanding of goal-oriented
actions and intentions

.

Representation of other’s beliefs Collaboration with K. Hamlin, University of British Columbia

(theory of mind)

Progressive construction of
interpersonal skills and empathy

Schaer, Franchini & Eliez, Swiss Archives of Neurology and Psychiatry 2014; 165(8):277-89
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Measuring social orienting with eye-tracking

Typically developing maleyaged.25.months
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Franchini et al., in preparation



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




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

L Collaboration with C. Nordahl, UC Davis )

Example of cortical reconstructions
in a 18 months old child

Morphometry of the social brain

Maturation of the DMN




A few suggestions

» For the PhD:

»  Carefully select your advisor, and a place where you
can both acquire skills and be relatively
iIndependent

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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