)(HYPERGENES

il |ng a method to dissect complex genetic traits
hypertensmn as a disease

Project overview

The project is focused on the definition of a
comprehensive genetic epidemiological model of
complex traits like Essential Hypertension (EH) and
intermediate phenotypes of hypertension
dependent/associated Target Organ Damages (TOD).

The discovery of the genetic component in common
complex diseases is extremely challenging since most of
them are multifactorial and since the genetic component
is likely to be described by the interactions of several
genes involved in the disease pathway, each
predisposing imperceptibly to the disease. Hypergenes
adopts the Genome Wide Association (GWA)
approach to identify common variants contributing to
the inherited component of common diseases. The
results of the GWA will be the source to build a
customized and inexpensive genetic diagnostic chip that
can be validated in the project existing cohorts.
HYPERGENES project is structured in three steps:

USTEP 1: Discovery
USTEP 2: Validation
USTEP 3: Dissemination & Results Exploitation

The following figure presents a summary of the three
steps planned to identify the common genetic variants
for EH and TOD.
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Project Status V

After the first two years of the
Hypergenes project reached the
end of the Discovery Phase and
has just entered into the
Validation Phase.

The Discovery Phase has been

focused in building the
methodological and technical
framework to  support the
Genome Wide Association

Analysis, that were performed on
4.000 subjects recruited from
historical well-characterized
European cohorts.

The Genotyping have been
performed on high throughput
IHHumina®© technologies,
thanks the highly coordinated
efforts of the Laboratories of
University of Milan and Lausanne.
The analysts involved in the
project, led by the University of
Milan, followed different
methodologies for genetic
analysis, including classical and
machine learning techniques, to
produce an enriched list of SNPs
(single nucleotides
polimorphisms), that resulted
associated with EH or TOD.

Hypergenes will help to translate
genetic findings into improved

diagnostic accuracy and new
strategies for early detection,
prevention and eventually

personalized treatment of a

complex trait.

www.hypergenes.eu
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Hypergenes main achievements

Setting up the stage

A great effort has been spent on dealing with
methodological issues related to the setting up and
interpretation of data.

Hypergenes cohorts include hypertensive and
normotensive Caucasian subjects, characterized by
different ethnicities (North-Western Europe, Eastern
Europe, South Europe and Sardinia), responding to the
project definition of Cases and Controls.

The need of integrating the observations obtained from
different studies posed significant challenges which
were faced through an integrated epidemiological and
bioinformatics approach.

The phenotyping of the subjects, which was partially
homogenous among the Centres, thanks to the
existence of already well established collaborations,
was in some cases continued during the project life
time.

Building consensus on Target Organ Damage and
other endophenotypes

The Hypergenes Consortium selected a list of
phenotypes which responded to the following criteria:

°To be a Target Organ Damage, associated to EH
*To be a known risk factor for EH and CVD
°To be associated with EH or CVD

The phenotypes that were selected are the following:

*Cardiac phenotypes:

e Left Ventricular Hypertrophy

* Interventricular Septum in Diastole
*Vascular phenotypes:

e Carotid Intima Media Thickness
*Measures of Renal Function:

e Microalbuminuria

e Estimated Glomerular Filtration Rate
*Measures of Matabolic Status:

e HOMA index

* Low-Density Lipoproteins

* Body Mass Index

snes project

Definition of cases and controls

The Hypergenes Consortium
decided to maintain a

very neat separation between
cases and controls, selecting
cases among well defined
hypertensives and controls
among normotensives with
little chances to develop
hypertension later in life.

Definition of Environmental
Risk Factor

The Hypergenes Consortium
analyzed the environmental
factors potentially affecting blood
pressure, identified so far and
collected in existing cohorts,
shared among Clinical Partners,
and produced standardized
criteria for non genetic
determinants of Essential
Hypertension.

Data Model

A multidisciplinary working team
analysed the databases of the
existing cohorts involved in
Hypergenes, producing a
conceptual model of
environmental and clinical data
and a logical and physical model
of the repository represented
mainly in XML language.

From this modelling effort we
developed strategies to correlate
and eventually transform data in
cases of heterogeneous
variables/units.

In the standard-based
implementation of the
observations, we adopted a
variety of elements to capture the
temporal aspects and
relationships between different
observations

www.hypergenes.eu
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Harmonisation of data of the existing datasets

Data coming from dissimilar data sources about the same
clinical, environmental and genetic phenomena
underwent a process of conceptual harmonization, i.e.
convergence of the sources metadata to a single and
agreed-upon terminology.

In order to be able to compare data of different cohorts,
the projects first mapped all cohort variables to a core
terminology, delegated to a standard terminology such as
LOINC, SNOMED CT and ICD.
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Similarity and disparity in blood pressure measurement
schemes

Web Ontology Language (OWL) was used to map all
cohort variables to a core ontology. The process started
by creating a cohort class (OWL class) for each variable
and then mapping it to a core ontology class by
specifying an equivalent class relationship. In case
additional parameters were needed to refine the cohort
variable definition, a cohort instance (OWL individual)
was created with the needed data parameters (e.g.,
temporal parameters, see figure 2). Thus, following the
example depicted in figure 1, Cohort 2 Ambulatory Blood
Pressure needed two individuals that would have the
extra specification for 4 or 8 weeks after therapy.

S project

COOPERATION

Development of the
Biomedical Information
Instrastructure (BII)

The BII is the platform
developed in Hypergenes to
support the entry, persistency
and retrieval of data and
knowledge relevant to essential
hypertension. It stores clinical,
environmental and genotypic
data and allows web-based
import and export
functionalities.

Mass genomic data is persisted
in the most optimized way for
retrieval while smaller data sets
are represented in common
bioinformatics mark-up and
encapsulated in the subject
health record.

In the case of SNP genotyping
conducted in Hypergenes, this
data set is of magnitude of
million data items and thus is
persisted in a relational schema
that was optimized for best
retrieval and export.

The BII provides several
alternatives to access the
warehouse's data, after
identification through username
and password, at different
levels of abstraction and ease-
of-use.

All data con be exported using
an Export Matrix or the BII
Promotion Layer.

For what concerns genotypic
data the following possibilities
are available:

*Export the entire SNP data set
to PED

*Browse the SNP data

*Query the SNP by posing
criteria along with the clinical
and environmental data
*Retrieve a subset of data
according to some query and
export it to a tabular form

www.hypergenes.eu
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Genotyping

The two laboratories involved in the analysis performed
preliminary tests to define the DNA characteristics for
optimal genotyping results.

The initial results showed that DNA integrity was to be
considered as the most important quality control
element before sample processing.

The repeatability of the genotyping results among the
two Labs, using the same technology and protocols,
gave excellent results.

After this positive quality control, the sample produced
an average call rate, which is the percentage of SNPs
to which a genotype has been correctly assigned of
99,7%.
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As shown in the graphs above our sample clusterise in
three major groups. On the upper left the cluster refers
to the North Europeans, on the center to the South
Europeans and on the upper right to the Sardinians.
Interestingly this clusterisation reflects the
geographical distribution of subjects.
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The case-control association
study conducted on EH lead to
about three hundred significant
associations, which were only
partially overlapping with the
results of previous studies.
About half of them map in
coding regions.

Quantitative phenotypes were
considered for TOD and other
intermediate-phenotypes.
Preliminary results include
hundreds of TOP SNPs, with p-
value O 10-5, for Left
Ventricular Mass, Inter
Ventricular Septum, Intima
Media Thickness,
Microalbuminuria, eGFR, HOMA
index, LDL Cholesterol, Body
Mass Index.

Some of the identified genes
were already described in
previous studies.

Design of the IHlumina©
Custom chip

This chip was designed to re-
test specific genetic variations
that have been associated with
Hypertension or the Target
Organ Damage under the
Hypergenes project or in
previous studies. The chip
includes 15 K SNPs, and will be
used to validate the results on
a new independent sample.

www.hypergenes.eu
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Management of Ethical Issues

The Hypergenes project raises important ethical issues
related to the privacy, confidentiality and subsequent
discrimination of patients who donated biological
samples for research on hypertension and
cardiovascular diseases. During the GWAS activities,
performed to achieve the Hypergenes study purposes,
the researchers handled genetic and personal
information, that had to be preserved and managed in
the correct way. In order to deal with the ethical issues
met by the researchers during their everyday job, an
independent Ethical Steering Group (ESG) has been
established. Among the others tasks, including privacy
and data protection aspects, ESG’s role has been to
analyse the validity of already existing informed
consent documents. Considering that Hypergenes
predominantly uses archived samples, collected over
the last twenty years by the clinical partners, through
several studies, ESG faced the problem of ensuring that
the consent forms collected during the previous studies
were approved by Hypergenes partners’ Ethical
Committees, allowing the genomic use of the historical
biological samples and taking into account the time,
content and context of given consents. The genome
scan used by GWAS could not be even imagined at the
time most of the samples have been collected and the
respective informed consent forms signed; for such
reason, the ESG analyzed if the existing consent forms
allowed the inclusion of archived samples in the
Hypergenes project and whether consent was given
also for genetic studies. When the existing consents,
approved by the local ethical committees, complied with
the scope of the Hypergenes study, the ESG confirmed
their validity. If the existing consents turned out to be
outdated, the ESG provided specific recommendations
to allow the use of samples without endangering
patient’s privacy. In some cases it has been asked to
prepare a suitable consent that will be re-submitted to
the participants when and if they would be re-contacted
for follow-up and to the new participants. The ESG,
moreover, prepared an Hypergenes appropriate
template for informed consent for the collections of
samples from new cohorts, ready to use if necessary.

the Confirmation of the
preliminary findings obtained is
planned within the next year of
the project, followed by the
definition of a disease model
and the design of a Lab-on Chip.

Next Steps

1es project www.hypergenes.eu
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Consortium

HYPERGENES Project Coordinator

University of Milano
Department of Medicine, Surgery & Dentistry “San Paolo”

Daniele Cusi, MD.
daniele.cusi@unimi.it

Professor of Nephrology and Chairman of the Graduate
School of Nephrology of University of Milano

Partners

Katholieke Universiteit Leuven (B)
Jagiellonian University Medical College (PL)
IBM lIsrael (IL)

IMS Istituto di Management Sanitario S.r.l. (1)
Siberian Branch of Russian Academy of Medical Sciences
(RUS)

INSERM (F)

University of Warwick (UK)

University of Sassari ()
STMICROELECTRONICS SRL (1)

University of Lausanne (CH)

Pharnext S.A.S. (F)

Softeco Sismat S.p.A. ()

Shanghai Institute of Hypertension (CN)
Prague Charles University (CZ2)

University of Padova (1)

Medical University of Gdansk (PL)

Dissemination

Main publications

The main publication for the
general public are available in
the HYPERGENES website
www.hypergenes.eu

Main events

Several workshops have been
organised during the
Hypergenes project:

» Workshops hold during
Congresses:

* Hypertension 2008
Conference, 18-19 June
2008, Berlin

» Spoletoscienza 12-13
July 2008, Spoleto

« ECCR 2008, 11 October
2008, Nice

» Workshops focused on
building the consensus among
clinicians working in the project
and collaborating Institutions:

e 2-3 April 2009, Leuven

» Workshop on Clinical
Genomics for academic,
industrial partners and
students:

e 2 March 2010, Haifa
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