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ACTION

To obtain an understanding of why children differ from each in
other in aggressive behaviors, the ACTION consortium was
established. ACTION standsdéggression irthildren: Unravelling
geneenvironment interplay to informreatment andinterventiON
strategieg. Twelve partnersfrom the Scandinavian countries
(Finland and Sweden), the UK, the Netherlands, and-ltagiether
with scientists from the USA and Australia will collaborate to solve
the questions and needs indicated by clinicians, socidex®and
parents and teachers of children with aggression problems.
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data from young twins collaborate to elucidate the way in which
genes covary and interact with environmental risk andqutive
factors. Next levels of understanding the pathways from genotype
to behavior include epigenetics and biomarkers based on
metabolomics approaches, as well as a better understanding of what constitutes childhood aggression: do
we ask parents, teachg, children themselvesbout their problemsand what questions should we ask

them?

Two meetings where all collaborators met were organized in Amsterdam. During the second meeting the
first results obtained in the ACTION project were presented by Phénhitudostdocs and Pls. These
included high estimates for the heritability of aggression, the first gerweide epigenetics study of
aggression in adults and the first experiences of collecting biological samples from twins and patients for
this project.

Aggression inflicts a huge burden on affected children, their families, and society. It is estimated that
between 2 and 16% of children suffer from aggression problems. Childhood aggression tends to continue
into adulthood. There is a huge need for morespealized approaches, which requires insight into the
heterogeneity and the mechanisms underlying aggression and its associated comorbidities.-The FP7
ACTION project aims to contribute to knowledge that will help children, their families, teachersiabd soc
at large

Prof. Dorret Boomsma
ACTION Project Coordinator
PhD, Professor of Biological Psychology,
Head of Department of Biological Psychology
VU University Amsterdam
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2nd Project Meeting

A 3day ACTION meeting was organized at the Royal Netherlands Academy of
Science (KNAW) in Amsterdam on Octobe+28. The meeting receivdihancial
and organizational support from the KNAW. Members of executive committee,
cohort leaders, PhD and Postdp&ientific and Ethic Advisorgere present.

On October 21sthe meeting started with a masterclass (Beyond the Genetics of
Aggression; From Clinic to Research and Back) for PhD students, postdocs and
employeesworking on ACTION aggression research.ngutie master classome
presentations were given by the participants, who receigedstions and
commentsfrom ACTION memberBx; Sarah Medlandrxof. Meike Bartels and

Prof. Dorret Boomsma), from thec&ntific AdvisoryBoard (Prof. James Hudziak)
and fom the Ethic Advisory Boar&rff. Bartha Knoppers).

Thursday October 22nd: Aggression: Progress and Next Steps
On Thursday, the meetinfgcused ora series of updates and
progress reports from th&Vork Packages

e “Aggression: where do we s1l)a

e “Aggression and society”, Pr

e “Soci al @auwtga emesd omf” Prof .

e« “Needs and questions among c
(WP 2)

e “Genetic Epidemiology of Agg
and 4)

e« “The aggression phenotype”,

2" Project meeting, Amstedam.
Fullphotogalleryavailable on ACTION
website

« “Biomarkers: Mtabolomics and aggression rof. Fhomas
Hankemeier (WB)

Friday October23rd
The meeting started with presentatiomms PhD students and postdowgo are employed on ACTION.
“Genomewide polygenic scores: options for phenome analys&va Kraponhl
“Metabolomics and aggressibnFiona Hagenbeek
“Predicting aggressive behavioom genetic risk for ADHD and ASDr. Luda Colodro Conde
“Association of childhood aggression with metabolic polygenic stoPedrick Miller
“Biomarker collection in clinical practicedPeter Roetman
“Identifying ACTION intersections of measures iafarmants’, Anne Hendriks
“Epigeneti cs DadednyvagBongemesentechby Prof. Boomsma due to Dr. van
Dongen absence)

=A =4 -4 -4 —a - -2

TheACTION Newsletter is proud to present these contributioffhie next pages will focus some ofthe
PhB3sand postdosin ACTION and their research projects
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Genomewide polygenic scores: options fori@nome analyses
Eva Krapohl, King’ s College London

One of the ultimate aims of our research is early

individual phenotype prediction. As a tentative step in College score - conduct problems at 16
this direction, we tested whether genomewide

polygenic scores (GPS), based on current GWAS, pre(

phenotypic variation in the adolescent population. . }

In the presence of robust evidence for polygenicity anc ' ! ’
pleiotropy of complex traits, we wanted to conduct {

analyses that go beyond testing genetic effects on a : ’
single trait or of a s-i n{ enc

wide analyses of genomeide polygenic c or e s’ . Top vs. bottam septile:
Hedges's g estimate: 0.33
95% Cl (0.17-0.48)

Specifically, we tested profiles of associations betweer P=5.566088¢-05
13 polygenic scores from current GWAS for

psychiatric disorders and cognitive traits as they relate| College polygenic sore predicts conduct problems at a
to 50 behavioral traits in Blkrepresentative 16. Full article accessible here:

sample of 3000 I§earolds. We included 50 Krapohl, E. et al. Phenorvéide analysis of genormwide
phenotypes measured at the end edmpulsory polygenicscores. Molecular Psychiatry (2015).
schooling at age 16; from the domains of d0i:10.1038/mp.2015.126

psychopathology, personality, cognitive abilitaasd

educational achievement. Conduct problems were

measures by the parenteported SDQ conduct problems scale.

Apart from BMI and height, polygenic score for College, based on the binary measure of attending college
or not, showed the strongest profile of association with phenotypes at age 16. Interestimgjiselevant

to ACTION, negative associations of college GPS emerged for total behavior problems and for conduct
problems explaining up to 1% of the variance.

Despite the modest effect sizes of current GPS, quantile analyses illustrate the abilitytifg stdividuals
by GPS and opportunities for research. For example, the highest and lowest septiles for the education GPS
yielded a ~0.3 s.d. difference in mean conduct problems at age 16.

Conclusions, comments and future activities.

With the new SSGAC and UKBiobank education GWASs comi
behaviour with education polygenic scores might be a promising strategy. And arguably, there is untapped
research potential for selecting or stratifying individiay polygenic score quantiles.

Merging data from different ACTION cohorts will allow for more powerful analyses than conducting meta
analyses. The first data release of tHaplotype Reference Consortium (HRi€)ds more reliable

ACTI@N
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imputation especially for low frequency variants; and it aids in harmonizing samples genotyped on
different platforms.

ACTION analyses proposed during talk

Aim: Phenotype harmonisation by irestigating homogeneity/pleiotropy of aggression measures across
ACTION cohorts.
1 Estimate the genetic correlation between different aggression measures across different ACTION
cohorts. Ideally, by running GREML/GCTA on pooled data. Or elseanayaig summary
statistics using LDscore regression correlations (this option is less powerful for sample size in the
region of ACTION cohorts).

Aim: Investigate genetic link between education and aggressive behavior.

1 Conduct bivariate twin analyses of educaial achievement and aggressive behaviour.

1 Conduct bivariate crossohort GREML/GCTA of educational achievement and aggressive
behaviour.

1 In contrast to the twin method, GCTA is not limited to decomposing phenotypes that can vary
within families. Therefore, conduct bivariate GCTA analyses of between befiapsly (aka
“environmental ”) factor s-emnomibstauendacbhnt dfeatdeacati
aggressive behavior.

1 Populationbased analyses of the educatiaggression link in the Swedish population could get
us closer to causal inference.

Aim: Predict individualspecific aggressive behavior using education polygenic scores
1 Predict aggression in ACTION cohorts using education polygenic scores (Using the GWAS
summary statistics from the second round of the SSGAC or the UKBiobank education GWASS).

Eva gained her MSc in developmental neuroscience from Uniy&sitege London and
Yale University. In 2013, Eva received a MRC studentship and began her PhD at the
Genetic and Devel opmental Psychiatry C
working under the supervision of Professor Robert Plomin. Shiéeiested in
interdisciplinary research that brings together quantitative and molecular genetic

approaches to investigate mechanisms that drive geneironment correlation during
development.
List of publicationshttps://scholar.google.co.uk/citations?user=MmKI9xsAAAAJ&hl=en

Twins Early Development Studhttp://www.teds.ac.uk/
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Biomarkers andMetabolomics
Fiona tgenbeek, \J University Msterdam

Data Collection NTR

Within ACTION, Fiona Hagenbégkesponsible for the new
data collection in the Netherlands Twin Register (N®R)d

in epigenetics and biomarker discovery for work package 3
and 5. The focus in twin-children 712 years of age. The
NTR data collection consists of four phases. In the first phas
the ‘practical pilot’”, the
been tested in 6 childreWhen this worked well,He second
phasestarted. Int he ‘ t e c hwvedoleaddfirgi | ot
morning urine and buccalell DNA in 10 twin pairs at two
time points with an interval of approximately two weeks, to
test the temporalstability of the selected assays and
platforms. Currently, the third phase of collection is under
way, 1in the ‘biochensmoroirgl st
urine, buccakell DNA and parerntported questionnaires in
at least 100 twirchildren selected fohigh aggression (CBCL
Aggression Scale score > T65) and 100 controls

Using the data coll ec

study’, the final sel
for the project will be determinedDNA isolated
from buccal cells is used tonfirm twin
zygosity, for assessment of Single Nucleotide
Polymorphisms (SNPs) and for epigenetic
studies.

In the final wave of NTR data collection, the
‘di s c ov eepigenefictpafies and
biomarkers in urinevill be collected in 200
monozygotic fZ) twin pairs concordantly high
on aggression, 200 MZ twin pairs concordantly
Top row left: invitation and informed consent. low on aggression and 400 MZ twin pairs

Top row right: Urine collection package. discordant on aggression

Bottom row left: DNA collection package.
Bottom row right: portable freezer for transporting urine

ACTIEeN
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This *‘discovery phase’ aims at establ i saichmext and valic
will be validated in clinicaamples

Over the past 7 months we tralled throughout our country and collected urine and DNA from 116
families (see map for locations throughout the Netherlands)

PhD studentEpigeneticsBiomarkers and Metabolomics) at the Vrije Universiteit
Amsterdam, under the supervision Bfof. Dr. D.l. Boomsmébrof. Dr. M. Bartels andDr.
H.H.M. Draisma.

During PhDproject responsible for new data collection in the ACTION cons&&search
activities will include investigating the interplay between genetics and metabolomics a

searching for biomarkers for pediatric aggression.

f.a.hagenbeek@vu.nl

Fiona Hagenbeek/U University Amsterdam

A _
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Predicting aggressive behavior from getic risk for ADHD and ASD

Lucia Colodro Conde, QIMR Berghofer Medical Research Institute

Aggressive behavior is commonly comorbid with ADHD

and autism and the three conditions are partially » ) Participants B
heritable. We investigated if the genetic risk for ADHD i i
; . . . 1,169 individuals from 610 families

andautism could predict aggressive behavior. from the Brisbane Longitudinal Adolescent Twin
Information on aggressive behavior was collected with Sndy AT
1 1 1 o BussPerry Aggression questionnaire:
the Aggression Questionnaire (Buss & Perry, 1992) or e i B
with the items from the SWAN scale (Strengths and o SWAN questionnaire:
i o 54.7% females, age: M =12.32(SD = 1, range: 10-17).
Weaknesses of ADHEymptoms and Normabehavior,
. . . Participants have been genotyped genome-wide and imputed to
Swansoret al., 2012) that overlap with the DSM criteria 1000G v.3.

for oppositional defiant disorder. Data were available
for 1,169 individuals from 610 families from the
Brisbane Longitudinal Adolescent Twin Study, in Australia. Participants have been genotyped-genome

wide and imputed to 1000G v.3. GWAS results from the latest Psychiatric Genomics Consortium meta
analyses for ADHD and autism were used to calculate polygenic risk scores (PRS) for these disorders.
Several PRS were calculated including SNPs associatedhevitiait at levels p <0.00000005, 0.00001,

0.001, 0.01, 0.05, 0.1, 0.5 or 1. We tested the associations of the PRS with aggressive behavior using linear
mixed models in GCTA to account for the family structure

At the behavioral level there are substant@éssociations between ADHD and aggression, butesults

show no association between the genetic risk for ADHD or Autism and aggression. However, our results
are limited by the number of participants as well as for power of the original PGC GWAS résiareh
should explore the association between other psychiatry disorders with the development of aggression

Lucia Colodro Conde is a Pdsttoral researcher working at QIMR Berghofer Medical
Research Institute in Brisbane, Australia.

Her background is in Clinical Psychology and Quantitative Genetics. She received he
in 2013 from the University of Murcend was awarded a Pedbctoral Fellowship from
the Seneca Foundation in Spain. Her in

psychopathology. She is working in the Action project under the supervision .db&nah
Medland and Nick Martin

lucia.®lodroConde@gimrberghofer.edu.au

Luda Colondro Conde,
QIMR Berghofer Medical Research Instituig
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Clinical epidemiologgyACTIONNVP2)

Peter J. Roetman, CurishUMC M
Q , Measures

The current works of CuritibUMC are to (1) select

clinical cases for the biomarker and epigenetic studies

and (2) to make an inventarisation of the current clinica « Urine

practice in prevention and treatment of aggression. ‘ B)uccal swaps : P )
. . . * Questionnaires (parenting/ psychopathy/aggression

CuriumLUMC is a Centre for Child aAdolescent + Medicil Records (¢.g. abuse/neglect; IQ scores)

Psychiatry. + Treatment outcome

+ Sample: 6-12 year old clinic-referred children (for now)

The selection of clinical cases is made from elinic
referred children at CuriusdhUMC. One of the main challenges is to implement the collection of samples
and phenotypical data, while in the meantime guaranteeing the best possible care for the clients.
Although obtaining approval from the medical ethical committee has proven lengthy, data collection will
commence shortly.

Recently work has started on the second objective: the inventarisation of clinical practice. This objective
is divided in two componest Firstly, the creation of an overview of guidelines of diagnostic, intervention

and treatment of severe behavioral problems throughot
opinions on which components of diagnostics/intervention/preventiondre e med successful “cor
components”. These expert o pstruciuredhgsestionndires. be col |l ected

Results of both projects will contribute to the creation, by work package 6, of a comprehensive framework
on aggression and tools to ingre clinical decision making processes combined with guidelines.

Peter Roetman has been working as a PhD student at CtrhC since April 2015.

His main task is twentify a group of clinical cases for whom a bank infrastructuras
established aCuriumLUMC, a Centre for Child and Adolescent Psychiatry, under the
supervision of Prof. RobeVermeiren and Dr. O. Collins

P.J.Roetman@curium.nl

Peter JRoetman
Curium Leiden University Medical Center,

ACTIEN
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Prevention andreatment (ACTION WP6)

AnneHendriks Vrije Universiteit Amsterdam

Work package 6 aims at identifying (1) who is more likely to
develop aggression and associated disorders, (2) who is likely tc
profit from prevention andntervention efforts, and (3) who is

very unlikely to profit from prevention and intervention efforts.
The first step towards this aim is to investigate and review
literature on childhood aggression to gain more insight on which
risk factors are associad with childhood aggression and which | The role of WP6 within ACTION I
prevention and interventions programs hakeenused to reduce

childhood aggression. The second step towards this aim is to combine and analyze the data that has been
gathered by the partners to eventually create@mprehensive framework and tools to improve clinical

decision making processes combined with guidelines. These tools will not only be for clinicians, but also

for parents, teachers, general practitioners, etc. For this reason, it is important to alsthiakéhical,

social, and legal implications into account, and whether these are different across countries in.Europe

oas
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Current and future worksand tasks

1. Creating an overview of the data that has been collected by all the partners: which
guestionnaires hve been used at which ages, and from which informants? There appears to only
be a small overlap in questionnaires, so now the inspection takes place alatem
The collection of an overview of all the data currently has two purpddgso assesshe
phenotype @gression as measured in ACTI()to createa harmonized dataset consisting of
data from the NTR, CATSS, TCHAD, FinnTwin12, Qtwin, and Generation R.

2. Gathering literature on risk factors associated with childhood aggression, and interventions and
preventions that have been implemented to improve childhood aggressive behaviors. Together
with the data gathered by the partners, this theoretical backgrouad be used to define a
model for the clinical assessmentdfildhood aggression

Since August 2015, Anne has been working for ACTION as a PhD student at the Vrije
Universiteit Amsterdam tutored by Prof. Catrin Finkenauer and Prof. Meike Bartels.
Before this, she studied Child Development and Education at the University of Amstet

Her main interests are child development and the implications of multiple informants.

a.m.hendriks@vu.nl

Anne HendriksVU University Amsterdam
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Epigenetics and aggression

Jenny van Dongen, Vrije Universiteit Amsterdam, Netherlands Twin Register

Epigenomewide association study of aggressive beh

avior

During the Action meeting in Amsterdam | presented

my recent work on epigenetics. | discussed the
results of an epigenomwide association study
(EWAS) of aggressive behaviour based on an existir
DNA methylation dataset (lllumina 450k array) in
adult twins.

The association between aggression scored with the
ASEBA Adult Sé¥eport (ASR) and DNA methylation
in whole blood was tested in 2029 subjects (mean
age=36.4 years).

The EWAS in the entire cohort revealed top sites at
¢g01792876 (chr8; 116,684,801, nearest
geneTRPSIP=7.6 x 10, FDR=0.18) and
€g06092953 (chrl18; 77,905,699,

nearest genePARD6AS1P=9.0 x 10, FDR=8).

Because my dataset included monozygotic twins,

e Aggression discordant twins -

P=5.7x10° P=7.6x10° P=8.0x 10"

The slide shows the methylation levels in 20 aggression
discordant adulimonozygotic twin pairs at the top 3 CpG
sites

—

|

| looked for twin pairs who were highly discordant
for aggression. These pairs are rare, as aggression
is a trait with substiantial heritability. Here, the top
sites were ¢g21557159 (chr 11107,795,699, nearest g

endRAB39P=5.7 x 1¢%, FDR=0.99), cg08648367

(chr 19; 51,925,472, nearest gen8KGLEC10=7.6 x 16, FDR=0.99), and cg14212412 (chr 6;
105,918,992, nearest gen€*REPP=8.0x 10°, FDR=0.99

Twin Research and Human Genetics

Tatie of Comrmsts - FirstView Ncle

2 S - < Provios Abewact Mt Acnesoct
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Wide Study of Aggr Behavior
Jenny van Dongen®'* ! Michel G. Nivard®', Bant M. L. Baseimans®'*, Nuno

R Zihio"", Lannie Ligthart*', BIOS Consortum™, Bastiaan T. Heljmans™
Meike Bartels*'*? and Dorret |. Boomsma*'~

ACTIEeN

The results of this EWAS arebtighed in a
special issue on Epigenetics of Twin Research and
Human Genetics.

The article has already been published online,
and isalso available on oUkCTION website

http://journals.cambridge.org/displayAbstract
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Replication and ongaeig DNA sample collectian

As a next step, we amgorking with ACTION cohonigth data on aggression and DNA methylation, to
replicate these results. In the ACTION project wepeilform anew EWAS metanalysis across cohorts.

Tomodel the causal relations &NA methylatiorand childhood aggression, DNA methylation will be
measured in buccal swabs from young monozygotic twin pairs, who are concordant or discordant for
aggression. These samples are currently being collentdtkiNetherlands Twin Register

Jenny works as a postdoc on the analysis of DNA methylation data in combination wit
phenotypic and genetic data from twins and families.

She is parbf ACTION worgackage 3.

Personal pagéttp://www.fgb.vu.nl/nl/over-de-faculteit/medewerkers
alfabetisch/medewerkers-e/j-van-dongen/index.aspx

j-van.dongen@vu.nl

Jenny van DongerVU University Amsterdam
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11th Workshop on Neonatlogy “ SN (i @ sve__ fimip =

The “11™" International Workshop on NeonatologyFrom o= [ 'ree. == ONSP
ACTIONS

the womb to the adult, took placan Cagliari, Italy

(October 2631),followingthe success of the previous - .
editions which saw the overall presence of more than MHow Saglen; e Y,

5700 participants. Workshop Hadmore than1000

partecipantsandwasaccompanied by many national and
internationalinstitutions andscientific societiegltalian
Ministry of Healthand UNICERust to name a few)

The title of the wor knsdhudp "“
underscores this itinerary: a view towards the future of
perinatology through debate and the contribution of the
Workshop, but above all the trajectory that assistance,
research and teaching will follow in the coming years, in
anintegrated way witt he medi ci ne of the adult. Some of the worl
forty different nations have been present in Cagliari in these years. They have created a network of

scientific and human relations that have changed, improved and enrittesscientific commauity. This

t he

year the proceedings of the Workshbpve beerb e publ i shed in the “Journal of

I ndividualized Medi ci ne” thatitdNcar#dfthe prooeedingseré¢ year s t he |
“Medi cal and r$wrsdgi,cdlJ oRigchiad of Chemotherapy”, “Journ
Medi ci ne” , “Clinica Chimica Acta” and JPNI M. Over t he

science and has promoted a lively discussion in an always serene and extremelyatimesatmosphere.

Thi s vy e a hdsbeernrganized witly the patronage of the Italian Society of Neonato(&i)), the
Italian Society of Pediatrics (SIP), the Italian SooieBerinatal Medicine (SIMPJé Italian Federation of
PediatriciansKIMP), the Union of European Neonatal and Perinatalieties (UENPS), the Union of
Mediterranean Neonatal Societies (UMENS), the International Federation of Clinical Chemistry and
Laboratory Medicine (IFCC), and lastly by the Italian National ObserwdtBBsidents in Paediatrics
(ONSP).

The meetingvasdedicated to neonatologists, pediatricians, obstetricians, perinatologists, laboratory
researchers, pediatric cardiologists and all those who work with the newborn.

Besides the traditional appointment the International Workshop, thererere seven satellite meetings:
“A SPECI AL day” for young fellows; the tenth edition

Nursing” with the participation of unisrtesescond r om mor e t
meeting titled " New Frontiers i ndatkenternvorecommmone and SocCi &
neonatal problems and immunity; theétp er i nat al meeting “The future of Per

clinical and orgamative topicsthe 5thinternational Conference on Neonatal and Pediatric Laboratory
Medicineduring whichthe Eurgean Project ACTION has been presenfigdlly, the 29 International
Course on Perinatal Pathology, where perinatologists and patholagistetogetherto address
systematically the cuttingdge topic of stem cells and their practical consequences in neonatology.

ACTIEeN
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Session IV. The Action project: Dissemination

The University of Cagliari presented the ACTION'goals on
Friday 30, during the afternoasession (5 pm8 pm).

f

Talks:

Chairman
Prof.GiovanniMauro Carta (Cagliari, Italy)

Moderators:
Prof.Luigi Atzori (Cagliari, Italy),

The ACTION project
Prof.Dorret Boomsma (Amsterdam, ThetNerlands) | Prof. Boomsma presents ACTION

A website for parents and researchers Fullphotogalleryavailable in the ACTION website
Matteo Mauri (Cagliari, Italy) R EEEBEBEEEBBDDRDSES
Biomarkers of aggression: metabolomics
Antonio Nob (Cagliari, Italy)

Brain mysteries from the womb to the adult: is
aggression congenital?

Prof.Vassilios Fanos (Cagliari, Italy)

Practical impact of ACTION project

Prof. Giuseppe Buonocore (Siena, Italy)

Discussants

Prof. Pigluigi Caboni (Cagliari, Italy) :
Prof. AndreaRinaldi (Cagliari, Italy) ™ ) LONOLINA

Dr. Michele Mussap (Genoa, Italy) — .

Dr. Antonio Del Vecchio (Bari, Italy) ’ Interview with Prof. Fanog(ltalian TV Videolina) |

ACTIEN
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ACTION Publications

The ACTION Project is proud to prestret first series of
publicationswritten during this first year of activities

Some details34 authors,6 Journals9 papers (2
Workshop proceeding® Journal articles2 PubMed

reviewed Journal articles, 2 abstracts). Pediatric Ps},ch(.‘lll
Ncona\ﬁl\ lat }

Individu

Journal of A’[()le

Medicir

Join our publications on ] 4
http://www.action-euproject.eu/biblio

1 D.l.Boomsmad !| 3 &iNdn children:
unravelling the interplay of genes and
environment through (epi)genetics and
metabolomics, Journal of Pediatric and Neonatal
Individualized Medicine (JPNIMDI. 4, no. 2, pp.
97-102, 2015.

DOl Google ScholaBibTex

1 D. Hovey, Lindstedt M., Zettergren A., Jonsson L., Johansson A., Melke J., Kerekes N., Anckarsater
H., Lichtenstein P., Lundstrom &d Westberg L. Antisocial behavior and polymorphisms in
the oxytocin receptor gene: findings in twmdependent samples,’Mol Psychiatry2015.
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