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1. Social networks in human disease
2. Complex disease genetics 
3. Transcriptomics network 
4. Post-translational modifications of the proteome
5. Epigenetics and network medicine
6. Metabolomics 
7. Integrative approaches 

Network medicine
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“Network Medicine: Complex Systems in Human Disease and Therapeutics.” 
Book edited by Loscalzo, Barabási and Silverman, 2017.



Social Networks in Disease

3Luke and Stamatakis. Annual review of public health, 2012



Social Networks in Disease

4Luke and Stamatakis. Annual review of public health, 2012

Characteristic Interpretation

Input Interview metadata

Nodes Individuals with HIV-AIDS

Edges Sexual partner 

Topology Scale-free



Social Networks in Disease

5Berkman et al. Social Science & Medicine, 2000. 



6https://www.scientificamerican.com/article/rfid-tags-track-possible-outbreak-pathways-in-hospital/

Social Networks in Disease



7https://www.scientificamerican.com/article/rfid-tags-track-possible-outbreak-pathways-in-hospital/

Social Networks in Disease

Characteristic Interpretation

Input Metadata from a pediatric 
hospital  

Nodes Professionals in a hospital

Edges Each least one face-to-face 
contact of > 1 min 

Topology Scale-free



•Definition of complex disease: 

• Caused by a combination of genetic, environmental, and lifestyle 
factors

• Majority of diseases fall into this category, including several 
congenital defects and adult-onset diseases

• Examples includes Alzheimer’s disease, asthma, Parkinson’s disease, 
multiple sclerosis, autoimmune diseases… 
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Complex disease genetics 

Craig, J. (2008) Complex diseases: Research and applications. Nature Education. 
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GWAS Help Unravel Complex Traits

Craig, J. (2008) Complex diseases: Research and applications. Nature Education. 
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Complex disease genetics 

Bellenguez et al. Nat Genetics, 2022
111,326 AD cases and 677,663 controls

75 risk loci, of which 42 were new at the time of analysis
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Complex disease genetics 

Loscalzo, Barabási, Silverman. Network Medicine Book, 2017. 
Figure created with Biorender. 

Loss/gain of 
interaction None

Alter interaction
strength

Loss of many
interactions
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Complex disease genetics 

Etiology Rational

Common genetic variants Common variants are likely to be found in GWAS with larger sample sizes. 

Rare genetics variants Resequencing studies could identify rare genetic determinants. 

Interactions Gene-gene and gene-environment interactions are likely important. 

Inaccurate heritability estimates Heritability estimates are usually generated under assumptions of no gene-
gene or gene-environment interactions.

Phenotypic heterogeneity Most complex diseases are likely to be syndromes with multiple disease 
subtypes. 

Loscalzo, Barabási, Silverman. Network Medicine Book, 2017. 
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Hu et al, BMC Bioinformatics, 2011.

There are 319 vertices and 255 edges. The network
has 79 connected components and the largest one has
39 vertices. The width of an edge and the size of a
vertex are in proportion to their weights. The length of
an edge is for layout purposes only.

Epistesis network created with a panel of 1422 SNPs
from patients with bladder cancer.

Integration of 
genetic variants 

with single 
Omics approach
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Hu et al, BMC Bioinformatics, 2011.

Characteristic Interpretation

Input SNP panel of 1422 variants
Bladder cancer patients 

Nodes Genes

Edges Built incrementally adding edges 
between SNPs if the strength of 
their pairwise interactions was 
greater than a given threshold

Topology Scale-free
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Complex disease genetics 

Silverman and Loscalzo. Discovery Medicine, 2012.
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Complex disease genetics 

Fehrmann et al. Plos Genetics, 2011.

Network constructed from eQTL SNPs in type I Diabetes 



•Defined as the collection of all RNA molecules in the cell,
including messenger RNA (mRNA)

• The abundance level of these molecules are commonly
referred to as “gene expression”

• The reads are aligned to a reference genome -> counts are
quantified by sample -> Joined in a matrix -> Normalizad and
adjusted = How much a gene is expressed in a sample?
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Transcriptomics network 
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Transcriptomics network 

Mostafavi, Gaiteri et al. Nat Genetics, 2018.
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Transcriptomics network 

Mostafavi, Gaiteri et al. Nat Genetics, 2018.
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Transcriptomics network 

Mostafavi, Gaiteri et al. Nat Genetics, 2018.



• Johnson et al. Nat Neuroscience, 2022 analyzed the 
proteome from ROSMAP

• They used WGCNA to create co-expression networks

•8,619 proteins measured with TMT 

•516 individuals for the RNASeq
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Post-translational modifications of the proteome
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Post-translational modifications of the proteome

Johnson et al. Nat Neuroscience, 2022.
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Post-translational modifications of the proteome

Johnson et al. Nat Neuroscience, 2022.
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Post-translational modifications of the proteome

Johnson et al. Nat Neuroscience, 2022.



• Q1: What is one example of a network without Omics data?

• Q2: Besides network, what other data analysis can be done in
the context of System’s Biology?

Tasks



• Epigenetic marks include (not limited to):
• Noncoding RNAs
• Histone modifications
• DNA methylation

• The complexity of methylation and demethylation
events, and the interplay between the different
epigenetic marks, supports the relevance of placing
these observations in a network context.
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Epigenetics and network medicine

Book edited by Loscalzo, Barabási and Silverman, Network Medicine 2017.
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Epigenetics and network medicine

Portela & Esteller. Epigenetic modifications and human disease. Nat Biotech, 2010.
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Epigenetics and network medicine

Portela & Esteller. Epigenetic modifications and human disease. Nat Biotech, 2010.
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Epigenetics and network medicine

Portela & Esteller. Epigenetic modifications and human disease. Nat Biotech, 2010.
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Epigenetics and network medicine

Lu et al. Plos One, 2008.
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Epigenetics and network medicine

Lu et al. Plos One, 2008.

Characteristic Interpretation

Input Expression profile of 345 
miRNAs in 40 tissues
SNPs from public database to 
classify miRNAs in conserved 
or not across the diseases

Nodes Complex diseases

Edges Assign an edge to two diseases 
if they were associated with 
one common miRNA

Topology Scale-free
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Epigenetics and network medicine

Lopes et al. Scientific Reports, 2018.



• The molecules include carbohydrates, sugar, fatty acids,
lipids, nucleotides, amino acids and short peptide
chains.
• The total number of metabolites remains unknown and

varies by specie.
•Challenges in measurement includes:
• Differences in physical compounds
• Analytical tools as nuclear magnetic resonance (NMR) and mass spectrometry
(MS) have a linear dynamic range but the molecule concentration will exceed this
• Differences in chemical stability

33Book edited by Loscalzo, Barabási and Silverman, Network Medicine 2017.

Metabolomics
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Metabolomics

https://hmdb.ca/



35

Metabolomics

Book edited by Loscalzo, Barabási and Silverman, Network Medicine 2017.
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Metabolomics

Shin et al. Nat Genetics, 2013. 
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Metabolomics

Shin et al. Nat Genetics, 2013. 

Characteristic Interpretation

Input Combined genetic associations with 
metabolite concentrations

Nodes Circular = set of metabolites 
belonging to the same pathway 
Diamond = Genetic locus 

Edges Gaussian graphical model (GGN) 
results. At least one connection in 
the underlying metabolite network 
between two metabolites

Topology Scale-free

Numbers associated with each pathway name indicate the
number of metabolites contained within each pathway node.
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Metabolomics

Shin et al. Nat Genetics, 2013. 

Medical and pharmacological relevance of metabolomic associations 



• Q1: List the networks we talked about today.

• Q2: Why network is widely used in Systems Biology?

Tasks



40Schriml et al. Journal of Translational Medicine, 2023.

Modeling the enigma of complex disease etiology



41https://isbscience.org/about/what-is-systems-biology/

Network of networks



Thank you! 
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katiaplopes@gmail.com
@lopeskp


