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OUTLINE 

 General context: biomarker discovery for precision medicine 

- Basic Science  How do things work? 
- Translational Science  Turning knowledge into sth useful? 
- Clinical Science  Is it really useful? 

 

 Application of IPCAPS to CD 

 Take-home messages 
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Biomarker discovery for 
Precision Medicine 

   



K Van Steen                                                                                                                                                                                                    CHANNING subtyping, 8 May  2019  

         

 

 

          Epidemiology 

Ba
si

c 
 

Tr
an

sl
at

io
na

l  
Cl

in
ic

al
  



K Van Steen                                                                                                                                                                                                    CHANNING subtyping, 8 May  2019  

         

 

 

          Epidemiology 

Ba
si

c 
 

Tr
an

sl
at

io
na

l  
Cl

in
ic

al
  



K Van Steen                                                                                                                                                                                                    CHANNING subtyping, 8 May  2019  

         

   

Do you think that omics profiling will be 
 routinely used in the clinic in future?

Not in the form we are doing it. At the moment we 

whereas if we were able to make thousands of 
measurements we would have a much better 

know, for the clinical tests, 
which thousand measurements are going to be most 

diabetes, others for cancer, and specific tests will 
probably reveal themselves useful for different 

diseases.  

(Snyder 2014) 

Redundancy  Informativity 
Missingness 
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Bionformatics-driven treatment assignment tool 

  

Integrating sequencing and avatar mouse models

 

(Garralda et al. 2014)  
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Homogeneity vs heterogeneity 

 

Multi-Layer 
Networks 

SNF 

 

Molecular profiling; 

(Cleynen et al. 2012)

 

 

Heterogeneity as a target  
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Homogeneity vs heterogeneity 

 

Multi-Layer 
Networks 

SNF 

 

Molecular profiling; 

(Maus et al. 2013)

 

 

Heterogeneity as a target and a nuisance 
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approach: create a fine-scale structure detection tool 

 Template: ipPCA (Intarapanich et al. 2009) 
- Performs PCA with genotype data (similar to EIGENSTRAT) 

 

- If substructure exists in PC space individuals are assigned to one 
of two clusters (2-means algorithm / fuzzy c-means) 
 

- Iteratively performs test 
for substructure and 
clustering on nested 
datasets until stopping 
criterium is satisfied (no 
substructure) 
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-scale clustering tool 

 ipPCA 
- Pros: outperformed others (STRUCTURE  2000) in achieving 

higher accuracy for highly structured populations  
- Cons: binary splitting; outlier sensitive; difficult to integrate 

mixed data types 
 Competitors: 

- SHIPS (2012)  divisive fine-scale structure detection; 
computational efficiency; together with STRUCTURE best 
accuracy (individual assignment and nr of clusters) 

- iNJClust (2014)  non-parametric; tree clustering (phylogenetic 
trees); fixation index FST 
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Node 1

PC1

group1
group2
group3

Combine with 
EM clustering 
 
 

    

(Chaichoompu  thesis defense Oct 2017) 
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Performance of IPCAPS as outlier detection tool 
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Accuracy of IPCAPS as a clustering technique 

 

(Chaichoompu  thesis defense Oct 2017)   
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FST among populations  examples 

 
                                                                                                                                       (Heath et al. 2008) 
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Type I error of IPCAPS 

 

 

 

Method Av. # clusters
IPCAPS 1 
ipPCA 2 
SHIPS 1 
iNJclust >150 

 

 

                    
                   (Kridsadakorn Chaichoompu 2017,  
                                      PhD thesis  Chapter 2; 

more on 
https://www.biorxiv.org/content/10.1101/2

34989v1.full) 
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Replication and validation 

 

Testing precision-medicine strategies 
 

 

 (Biankin et al. 2015)  

Optimal study design including bioinformatics-driven PM? 
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CTs in view of personalized medicine  where are we?  

 Basket CTs:  multiple diseases 
with the same genetic 
mutation(s), randomized 
treatment allocation 

 Umbrella CTs
different genetic mutations 
which define sub-cohorts, each 
receiving randomized 
treatment regimen 

 Added complexities: 
- highly multi-dimensional profiles are expected to lead to very 

small cohorts 
- cellular heterogeneity - assign based on the mutation detected in 

the higher percentage of cancer cells? 
                                             (Sumitrhra Mandrekar,  

                                             INSERM atelier 248, Bordeaux, 2017) 
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CTs in view of personalized medicine  where are we going? 

 

 

Naïve scheme  
to highlight design
 and analysis issues
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Application of IPCAPS to CD 
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Inflammatory Bowel Disease (IBD) 

 IBD involves chronic inflammation of all or part of the digestive tract. 
 Commonly, gastroscopy and colonoscopy are used to diagnose IBD to 
check for inflammation.  

 There are two main forms of 
inflammatory bowel disease: 
Crohn's Disease (CD) and 
ulcerative colitis (UC) 

 IBD affects over 2.5 million 
people of European ancestry 
with rising prevalence in other 
populations 
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Immunochip 

 Custom Illumina Infinium chip comprising 196,524 SNPs and small 
indels selected primarily based on GWAS analysis of 12 autoimmune 
and inflammatory diseases.  

 In total, ~240,000 SNPs were selected for inclusion incl. finemapping 
and replication results + 25,000 null SNPs; e.g. 

- (0.2cM centered) around 289 established GWAS associations 
corresponding to 187 distinct loci plus suggestive associations

- all SNPs and short indels in these regions from the 1000 Genomes 
Project (CEU samples)  

- variants discovered in resequencing experiments conducted by 
groups collaborating in the chip design/ replication study results 
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GWAS and Immunochip 

 Meta-analysis of the Immunochip AND GWAS data identified 193 
statistically independent signals of association at genome-wide 

 
 Signals referring to the same functional unit were merged, leading to 
into 163 regions 

 Strong evidence of association to the major histocompatibility 
complex (MHC). This region encodes a large number of 
immunological candidates, including the antigen-presenting classical 
HLA molecules  HLA heterogeneity between CD and UC  

                                                                                                                  (Goyette et al. 2015)
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Geographic distribution of samples 
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Research question 
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Disease heterogeneity  multi-source data 

 
(Biancheri et al. 2013) 
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Basic analysis steps (~150,000 SNPs  20,000 SNPs on ~7000 cases and ~7000 controls 

retained; QC step 1 on cases/controls separately; LD pruning at r2=0.2 ~ PC computations)

 Step 1: Split the patient data into discovery and replication sets; use 
controls to validate your PS adjustment strategy 

 Step 2: Perform IPCAPS clustering on discovery and replication data, 
adjusted for confounding by population structure to determine the 
number of clusters or the settings of your parameters (we did not do 
the latter because our settings were driven by simulations) 

 Step 3:  Perform IPCAPS on all available data (discovery and 
replication data pooled) 

 Step 4: Determine and interpret cluster discriminants  
 Step 5: Characterize your clusters 


