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The Human Genome



AUTOIMMUNITY

Common Complex Diseases



SYSTEMIC 

Rheumatoid Arthritis (RA)

Autoimmune Diseases can affect several organs

Systemic Sclerosis (SSc) / 

Scleroderma



Ermann & Fathman, Nat Immunol, 2001

Autoimmune Diseases aetiology: unknown



Autoimmune Diseases aetiology: unknown

Rioux & Abbas, Nature , 2005

Epigenetics



Ballestar E, Nat Rev Rheumatol, 2011

GENETICS and EPIGENETICS



Heritability of Autoimmune Diseases

0.55



Prognosis /
biomarkers

New therapeutic targets

Pharmacogenomics /

Personalized Medicine

Better understanding 
disease pathogenesis

Why do we study the genetic component of a disease?



Human Genetic Variation



PATIENTS
CONTROLS

• Complex traits affected by common variations.

• Single-nucleotide polymorphisms.

• Case-control studies.

Genetic Studies in Immune-Mediated Diseases



Candidate Genes studies



Genome Wide Association studies –GWAs-

• Advances in genotyping 
technologies

• Reduction in genotyping costs
• HapMap project

Genome-wide association studies 
(GWAS)

2007: “the year of GWAS”

Hokusai, K. The Great Wave



Human Genetic Variation



Altshuler & Daly & Lander; Science, 2008



• Hypothesis free

• Hypothesis generating

Strategy for GWA studies

Common variants,  > 5%



GWAS in Common Complex Diseases

GWAS significance 
level (5x10 -8)



Meta - GWAS

Manolio T, NEJM  2010



• BRASS

• EIRA

• CANADA

• NARAC

• WTCCC

• 7 new RA loci

• 31  confirmed RA loci 

≅≅≅≅ 12.000 RA cases, 30.000 controls

Stahl et al., Nat Genet, 2010

meta – GWAS in Rheumatoid Arthritis



Gregersen PK, Bull NYU Hosp Jt Dis., 2010

Gene discovery in Rheumatoid Arthritis



• Custom Illumina array

• ~180,000 SNPs across
~200 genomic regions

• Multi disease project
makes identification of
overlapping loci feasible

Rheumatoid
Arthritis 

Type 1 
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Systemic 
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Disease 

Multiple 
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Autoimmune 
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Primary 
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Disease

• Fine-mapping of 186 loci previously associated with autoimmune diseases

The Immunochip 



Eyre et al, Nat Genet, 2012

Immunochip in Rheumatoid Arthritis
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Gene discovery in Rheumatoid Arthritis



Modified from Lettre & Rioux, HMG, 2008

2010

GWAs in Autoimmune Diseases

100



GWAs in Systemic Sclerosis



2,296 SSc patients 

5,171 Controls

3,175 SSc patients 

4,971 healthy controls 

from 9 countries

GWAS analysis

Replication phase

Total

5,471SSc patients 

10,142 controls

Subjects



GWAs in Systemic Sclerosis

Radstake et al., Nat Genet, 2010





Follow-up GWA studies

Radstake et al., Nat Genet, 2010

“grey zone”



Follow-up GWA studies



Immunochip in Scleroderma



• DISCOVERY: 1,833 SSc / 3,466 controls

• VALIDATION: 4,017 SSc / 5,935 controls

• TOTAL: 5,850 SSc 

9,401 Controls 

North America

Europe

The study cohorts



The study cohorts

Número 
Calidad
Distribución geográfica
Características: sexo, edad
Ético-Legal



The study cohorts



• Variants showing a genome-wide level of significant 

association (p < 5x 10-8) were considered as confirmed. 

Combined Discovery & Validation Sets
ANALYSIS



Pathways of SSc associated genes
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Gene discovery in Rheumatoid Arthritis



A genome-wide association study meta-analysis in a total of 100,000 

subjects of European and Asian ancestries (29,880 RA cases and 73,758 

controls), by evaluating 10 million single-nucleotide polymorphisms. We 

discovered 42 novel RA risk loci at a genome-wide level of significance, 

bringing the total to 101 genes.



Okada Y, Clin Genet, 2014



Overlap of RA risk loci with PID genes, haematological cancer
somatic mutations and molecular pathways.



Connection of biological RA risk genes to drug targ ets .



Okada Y, Clin Genet, 2014



Costapas & Hafler, Trend 
Immunol, 2013

Shared genetic in Autoimmunity



System Genetics:  From GWAS to disease pathways

Van der Sijde MR, Ng A, Fu J; BBA, 2014  



Genomic Medicine



Genomic Medicine

Manolio T, Nat Rev Genet, 2013 



Next Generation Sequencing



Genomic Medicine



Genomic Medicine



Genomic Medicine

MacCarthy JJ, McLeod HL, Ginsburg GS, 
ScienceTrasnlationalMedicine, 2013



Genomic Medicine
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Genomic Medicine

MacCarthy JJ, McLeod HL, Ginsburg GS, 
ScienceTrasnlationalMedicine, 2013



From Gen to Function



From Bio-Bank to Data-Bank





Genotype-Phenotype Correlation

Lu JT, Campeu PM, Lee BH;  NEJM, 2104


