
Contribution of Disease Modelling 
to Precision Medicine Initiatives 

INFRAFRONTIER / IMPC Stakeholder Meeting 
November 14‐16, 2017                         Athens, Royal Olympic Hotel



Personalized Medicine (2012) 9(1), 47– 64



 Gene Variant interpretation

 Incorporating ‘–omic’ Data

 Environmental exposures

 Integrative in vivo modelling



Data Interpretation Matters !

2013

2015



‘Anything found to be true of E. 
coli must also be true of elephants.’

Jacques Monod & Francois Jacob, 
Cold Spring Harbor Symposia,1961

Ça a commencé comme ça …
Celine, 1932



Modeling Rheumatoid Arthritis: 
The Human TNF Transgenic mouse

TgTNF
1991

1993

Human TNF transgenic mouse 
model of spontaneous arthritis that 
closely resembles the human 
pathology



muTNFΔARE
mutant

The Tg197 and TNFΔARE MODELS
OF TNF-MEDIATED DISEASE 

(EMBO J. 1991; Immunity 1999)

Tg197
huTNF-3’globin

Arthritis Crohn’s IBD

Arthritis



TgA86 (Alexopoulou et al. Eur. J. Immunol 1997)
• Overexpression of mouse tmTNF
• No severe systemic disease
• Peripheral and axial pathology

• Spontaneous development of mild arthritis
• Spontaneous development of spondylitis

Arthritis Spondylitis

• Axial pathology
• Tail bending
• Tail ankylosis

• Peripheral 
pathology

• Arthritis

X-ray signs of 
spondylitis:

• Inflammation: soft 
tissue swelling

• bone erosion: loss of 
small connecting 
bones between 
vertebrae

• new bone formation: 
brighter appearance 
of denser bones, loss 
of bar-bell shape and 
rectangular shapes of 
vertebrae

WT TgA86

TgA86 (tmTNFmu): a Novel Model of Spondyloarthritis

Karagianni et al., (unpublished)



TNFΔARE TNFΔARE Rag1 -/-

wk
8

wk20

Kontoyiannis et al, Immunity 2001

TgTNF arthritis develops 
in the absence of mature T- and B-cells



ENHANCER 1.4kb 
promoter

CRE 
RECOMBINASE hGH

Tissue specificity of the  CollagenVI-Cre mouse

Joint intestine adipose skin brain

Armaka et al., J. Exp. Med. (2008)



SF p55 
TNFR

SF p55 
TNFR

Synovial Fibroblast

HuTNF‐Tg p55TNFRflneo/flneo

HuTNF‐Tg ColVI‐Cre p55TNFRflneo/flneo

SUFFICIENT NECESSARY

HuTNF‐Tg p55TNFRfl/fl

HuTNF‐Tg ColVI‐Cre p55TNFRfl/fl

TNFRI on Synovial Fibroblasts is both SUFFICIENT and NECESSARY
to orchestrate full TNF‐driven destructive arthritis

TNF / TNFR

Armaka et al., J. Exp. Med. (2008) Armaka et al., (unpublished)



TNFRI on IMCs is both SUFFICIENT and NECESSARY
to orchestrate TNF-driven Crohn-like pathology

Intestinal  MCs
p55 
TNF
R

p55 
TNF
R

TNFDARE p55TNFRflneo/flneo

TNFDARE ColVI‐Cre p55TNFRflneo/flneo

TNFDARE  p55TNFRfl/fl

TNFDARE ColVI‐Cre p55TNFRfl/fl

TNF / TNFR

SUFFICIENT
Armaka et al., J. Exp. Med. (2008)

NECESSARY
Armaka et al., (unpublished)



Molto et al., Ann Rheum Dis. 2016 Jun;75(6):1016-23
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CHRONIC JOINT DISEASES AND COMORBIDITIES



TNF-ΔARE: 
A mouse model of spondyloarthropathies

Comorbidities uncovered through 
Infrafrontier phenotyping pipeline 
(collaboration with German Mouse Clinic).



A mouse ENCODE approach for arthritogenic SFs

RNASeq
MiRNA Seq

DNA methylation H3K4Me3, H3K14Ac,H3K36Me3
H3K9Me3, H3K27Me

EARLY (3w)                          ESTABLISHED (8w)                   LATE (11w)

FAIRE Seq
Pol-II

Three stages of disease progression

Increased Chromatin 
Accessibility in 8weeks

Reduced DNA methylation in 
8weeks

Increased Expression in 
8weeks

Proteomics

Ntougkos V, Chouvardas P et al., (A&R, 2017)



A human‐mouse comparison: Gene Level

Mouse: Gene expression in TghuTNF mouse synovial fibroblasts compared to healthy wild‐type mice. 
Kollias Lab, unpublished data

Human: Gene expression in two pathological groups of human synovial fibroblasts (SF) from rheumatoid 
arthritis (RA) and osteoarthritis (OA) synovial tissues compared to normal SF from healthy individuals. 
Del Rey MJ et al. Ann Rheum Dis 2012 Feb;71(2):275‐80.

20023 genes 

Human (Array)

19751 genes 11882
significant

12324
significant

8468
orthologs

Mouse TghuTNF
(RNASeq)

Pearson's r=0.16, p<10‐15

Ntougkos V, Chouvardas P et al., (A&R, 2017)



A human‐mouse comparison: Pathway Level

Pathways enriched in deregulated genes Pathways depleted in deregulated genes

Side-by-side analysis of KEGG pathway enrichments in human and mouse 
RASF/HSF samples reveals pathways with very similar profiles

Pearson's r=0.38, p<10-9

Ntougkos V, Chouvardas P et al., (A&R, 2017)



dbGaP

Human Mouse

Mouse Human
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105 161245
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Ntougkos V, Chouvardas P et al., (A&R, 2017)



Sample
definition

Specific Cell Type – (Single cells)
(genetic / epigenetic diversity)

Experimental Stimuli – Treatment Conditions
(dynamic modeling)

Hum
genes

Mus
genes

Hum
pathways

Mus
pathways

Pathway 
level

Gene level

Hum
Network

Mus
Network

Network 
level

Analysis in dynamic 
conditions

Human – mouse comparison pipeline

‐omics

Cross‐model mechanistic focus
Plus environment & nutrition

Cross‐disease 
& comorbidities



OF ANIMALS AND MEN
Species do differ !

• Unity in Biology but also diversity and descent by modification

• Size, metabolic rates, sensory systems, stress, cognitive functions

• Life expectancy, reproductive rate, diets, microbiomes, pathogens

… but animal model research is essential

• To reproduce the cause and biology underlying complex disease 

• To tweak the system with genetics and ensure safety for human

• To experiment with new treatments before they are ready for the clinic

• To understand essential biological mechanisms: the last 10 Nobel in Medicine 

and multiple landmark discoveries involved studies in animals.



Rethink, Resolve, Rationalize, Ruminate, Reflect

• Consider multi-layered pathways and disease heterogeneity (select 
your model based on target biology)

• Do not blame your animal model (blame your choice!)

• Support conclusions by evidence (not statistical magic!)

• Know your animal model (target biology, pathways, cellular 
mechanisms, comorbidities)

• Establish disease-specific primary/dominant causalities

• Design preclinical experiments more rigorously (avoid noise by 
genetic background, balance for gender and environment, and 
standardize induction and treatment protocols) 

• Standardize design, analyses and publication of research

• Standardize statistics, interpretations and extrapolations



Animal models in the era of 
Precision Medicine

Towards next generation animal models that 
target personalized phenotypes through:

 Mouse models for mechanistic understanding 
of complex diseases and biomarker 
development

 “Pathogenesis Maps” aligning animal models to 
the different subsets of human disease

 “Mouse Avatars” (e.g. PDX) and Humanized Mice 
for personalized drug efficacy studies

 “Co-clinical trials” - real time integration of 
mouse and human data to guide therapeutic 
approaches in ongoing clinical trials

 Prompt and efficient “human to mouse to 
human” discoveries.



The  National RoadMap for Research Infrastructures 

Target 
identification Target validation Hit to Lead Lead 

optimization Preclinical Phase 1 Phase 2 Phase 3 Filling

Early development Clinical development CommercializationDiscovery Proof of concept

INTEGRA-Biomed (incl. BBMRI-GR, Biobanking)

ELIXIR-GR (Data storage)

BioImaging-GR

INSPIRED (Structural Biology)

Technology platforms and resources 

Infrafrontier-GR/Phenotypos (Animal models of human disease)

EATRIS-GR,
Phase I trials)

pMedGR (Precision Medicine)

Drug development pipeline

Openscreen-GR (Target based screening)

Medical School 
University of Athens



Thanks to Sponsors
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