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History

" Oslerian formalism: disease is defined on the basis of
the organ system in which symptoms are manifest,

and in which pathology is correlated.

This approach to disease by disease diagnosis,
prognosis, and treatment has served the medical
establishment and society well for many years but

vastly overgeneralizes pathophenotypes.

"the effective, moving, vitalizing work of the world is

done between the ages of twenty-five and forty” William Osler (1849-1919)

Sir William Osler, "The Fixed Period", farewell address at Johns "Father of Modern Medicine"

Hopkins Medical School, 1905
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Present
Prevalence per 100 of different measures of health status according to

age groups and gender. The Swedish National Aging and Care Project.
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DEFINITION OF CLUSTER

Clusters are defined as the co-occurrence of two or more

SPECIFIC diseases in the same individual

According to the European Forum for Primary Care, an important first step to generate an

evidence base for actual clinical practice is focusing on the systematic associations or clusters
of diseases.

http://calliope.nivel.nl/pdf/EuropeanForumforPrimaryCareresponse_120419_Final.pdf.

According to the National Institute for Health and Clinical Excellence (NICE) this information is

essential for developing guidelines or framework for clinical treatment of patients affected by
multiple diseases.

http://www.nice.org.uk/newsroom/news/NICEshouldProduceGuidanceOnMultipleMorbidities.jsp
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POSSIBLE IMPLICATIONS OF CLUSTER MEDICINE

New research hypotheses on possible shared pathological pathways for clusters of
specific diseases can be developed

Prevention, especially secondary prevention can be implemented

Groups of people at high risk of adverse outcomes can be identified

Polypharmacy, adverse drug reactions and potentially inappropriate medications can be
different in different diseases’ clusters

Financial resources could be better distributed; in fact, cost of specific clusters of
diseases can be additive or multiplicative

The severity of a disease can be approximated by its connection with other specific
diseases for patients with the same number of diagnoses

Once the triggering event promoting the clustering of diseases has been identified, trials
could be designed in order to change the chain of events
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Network Definition

\'" Network science is the study fields of the collection, management, analysis,
interpretation, and presentation of relational data

The aim of network science is to simplify complex systems

A network can be viewed as a collection of linked nodes, whose distribution can
range from random to highly clustered
At the heart of a network there is dependence, both between and within variables

The presence of one tie may influence the presence of another

As regards cellular systems, the nodes are protein, RNA and gene sequences

The edges are physical and functional interactions amongst them
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Nodes are either a
transcription factor
or a DNA regulatory
element and edges

represent the link

between them

Viruses have
evolved
mechanisms to
perturb the
intracellular
networks to their
advantages

Attempt to describe
all possible
biochemical

reactions for a
particular cell

Nodes represent
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edges a physical
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between two
proteins
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Networks and human diseases

Why mechanisms underlying genotype-fenotype relationships are only
partially explained?

Every disease is the result of the complex nonlinear dynamic network of

genomic, proteomic and environmental factors linked to yield different

clinical phenotypes

Phenotypes arise from the pathological perturbation of one or more

biological networks (genes, proteins, metabolism)
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Possible implications of network approach in human diseases

Analysis of network perturbations by pathogens

Global relationship between diseases with associated gene and

molecular networks

The so-called off-target effect of drugs, which often leads to a drug’s
withdrawal from the market is a reflection of the failure to consider any

pharmacological agent in holistic context, perturbating a network.

Failure of the majority of clinical trials, i.e., Alzheimer’s disease, based on

one cause — one disease idea
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The link between cluster and network medicine
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Human Molecular Genetics, 2011, Vol. 20, No. 3 510-527
doi:10.1093/hmg/ddg496
Advance Access published on November 15, 2010

\ Comparison of an expanded ataxia interactome
with patient medical records reveals a relationship
between macular degeneration and ataxia

Juliette J. Kahle!, Natali Gulbahce®6, Chad A. Shaw', Janghoo Lim'*, David E. Hill®,
Albert-Laszlo Barabasi®7? and Huda Y. Zoghbi1:2:3:4.*

Spinocerebellar ataxias 6 and 7 (SCA6 and SCA7) are neurodegenerative disorders caused by expansion of
CAG repeats encoding polyglutamine (polyQ) tracts in CACNA1A, the alpha1A subunit of the P/Q-type calcium
channel, and ataxin-7 (ATXN7), a component of a chromatin-remodeling complex, respectively. We hypoth-
esized that finding new protein partners for ATXN7 and CACNA1A would provide insight into the biology of
their respective diseases and their relationship to other ataxia-causing proteins. We identified 118 protein inter-
actions for CACNA1A and ATXN?7 linking them to other ataxia-causing proteins and the ataxia network. To begin
to understand the blologlcal relevance of these proteln interactions within the ataxla network we used OMIM to

mine if any of these dlseases co-occur W|th heredltary ataxla We found that patlents W|th ataxia are at 3.03-fold
greater risk of these diseases than Medicare patients overall. One of the diseases comorbid with ataxia is macu-
lar degeneration (MD). The ataxia network is significantly (P = 7.37 x 10™°) enriched for proteins that interact

with known MD-causing proteins, forming a MD subnetwork. We found that at least two of the proteins in the
MD subnetwork have altered expression in the retina of Ataxin-72°*¥* mice suggesting an in vivo functional
relationship with ATXN7. Together these data reveal novel protein interactions and suggest potential pathways
that can contribute to the pathophysiology of ataxia, MD, and diseases comorbid with ataxia.
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