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Systems biology 

Systems Biology Has its Backers and Attackers 
 
D.F. Dowd Though coined 40 years ago, a lot of people still ask, "What's that?" 
when the term systems biology comes up. The Scientist - October 6, 2003 



Objectives 

• To address the mechanisms that control immune 
responses to vaccination 

• To identify predictors of vaccine efficacy 

 

Methods 

• Using all available information 

• Potentially leading to specific experimentations 

 







Gene signatures 

TNFRSF17 (which encodes the receptor for the B 
cell growth factor BAFF) is highly predictive of the 
later antibody response  
 

Complement protein C1qB 
and eukaryotic translation 
initiation factor 2 alpha 
kinase 4  
 

CD8 T cell response Neutralizing antibody response 





Geneset approach 

• Geneset analysis*: analysing change of gene 
expression of functionnal groups of genes 
defined with prior biological knowledge 

– Single-gene analysis may miss important effects 
on pathways 

• Chaussabel’s modules** : 260 groups of genes 
defined 

• Blood transcription modules (BTM) 

 

* Subramanian et al. PNAS 102:15545 (2005) 
** Chaussabel et al. Immunity 29:150 (2008) 
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• Therapeutic vaccine in HIV-infected patients 
 

• Dendritic Cells are loaded with 5 HIV peptides 

LIPO5 

Dendritic cell based vaccine 
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DALIA-1 trial design 

19 HIV+ pts 



DALIA-1 trial results 
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DALIA-1 trial results 

Levy, Thiebaut EJI 2014 



Objectives 

• Signature: to look at changes in gene 
expression* in peripheral blood induced by 
the vaccination 

 

• Correlates: to look at any association between 
gene expression and vaccine elicited 
immunological responses (by Elispot, ICS, 
Luminex) and viral dynamics after ATI 

* Illumina HT-12 V4 beadchips 
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DALIA-1 trial design 
Longitudinal transcriptomic analysis 

pre ATI post ATI 



Time course geneset analysis 
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DALIA-1 trial design 
Integrative Analysis 



Correlations with immune response 
(W16) and peak of viral load (post ATI) 



Correlations with immune response 
(W16) and peak of viral load (post ATI) 

Immune markers Viral load 

Modules also negatively associated with Pneumococcal 
vaccine response (Obermoser et al., Immunity 2013) 



Conclusion 
 
• The goals of the systems vaccinology approach: 

understanding and predicting the response to 
vaccine 

• The requirements: 
– Early harvest times (innate response) 
– Whole blood (signature) vs. selected cell populations 

(mechanism) 
– Several assays at the same time (flow cyto, ICS…) 

• Opportunity to learn more about the Ebola vaccine 
(substudies) 
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