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Topics of this presentation



Mouse models in translational research: Two examples of success stories in 
which mouse models revolutionized medicine and the treatment of patients



However, never stop questioning your models!



Mouse models: lost in translation(al research). Beside these rare success stories, the 
overwhelming majority of data does not successfully translate from the mouse to humans!



Mouse models: lost in translation(al research). What is the reason for failure in 
translation, how can we create better translational research models? 



All mammals are metagenomic organisms



All mammals are metagenomic organisms and the metagenome, the combination 
of the host genome and the microbiome, is the driver of the mammalian phenotype



Of mice and men, and naturally co-evolved microbiota



We are Born to be Wild – this is the common link among mammals 



Lab mice have a very special physiology, something that only exists in the lab and 
that we have created, they have lost the common link among mammals
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Lab mice have a very special physiology, something that only exists in the lab and 
that we have created, they have lost the common link among mammals



Humans are not like lab mice, humans are pretty dirty, especially during the 
critical time when their microbiome and immune system evolves!



If we are “Born to be Wild”, 

we will make lab mice more like us humans
and increase their translational research value, 

by making the microbiome of lab mice 
wild and dirty again!

Conclusion: Restore the common link “Born to be Wild”



If we are “Born to be Wild”, 

we will make lab mice more like us humans
and increase their translational research value, 

by making the microbiome of lab mice 
wild and dirty again!

We are not alone with our opinion!

L. K. Beura et al., Normalizing the environment recapitulates 
adult human immune traits in laboratory mice. Nature, 2016.

T. A. Reese et al., Sequential infection with common pathogens 
promotes human-like immune gene expression and altered 

vaccine response. Cell Host Microbe, 2016.

S. P. Rosshart et al., Wild mouse gut microbiota promotes host 
fitness and improves disease resistance. Cell, 2017.

S. Abolins et al., The comparative immunology of wild and 
laboratory mice, Mus musculus domesticus. Nat Commun, 2017.

J. M. Leung et al., Rapid environmental effects on gut nematode 
susceptibility in rewilded mice. PLoS Biol, 2018.



Let us make lab mice, their immune system and microbiome wild (dirty) again

Rosshart et al., Cell, 2017.
Rosshart et al., Science, 2019. 



Could wildlings have prevented failed clinical trials?



Could wildlings have prevented the failed human trial of CD28SA? 

Rosshart et al., Science, 2019. 
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Could wildlings have prevented the failed human trial of CD28SA? 

Rosshart et al., Science, 2019. 



Could wildlings have prevented the failed human trial of TNFα? 

Rosshart et al., Science, 2019. 
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Could wildlings have prevented the failed human trial of TNFα? 

Rosshart et al., Science, 2019. 



Rosshart et al., Science, 2019. 

In preclinical trials, where rodent and non-human primate models failed to predict the human response to harmful drug 
treatments, wildlings accurately phenocopied human immune responses and could have prevented these tragically failed 

human trials 



Natural microbiota-based models may enable the discovery of microbiota-related 
novel disease treatments that may be translatable into the human system

Rosshart et al., Cell, 2017. 



Concluding remarks



Reproducibility of data created with conventional lab mice 



Reproducibility of data created with conventional lab mice 
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Thought experiment: Should we embrace diversity? 
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Thought experiment: Should we embrace diversity? This approach does not solve the 
underlying problem of divergent microbiota and will fail due to the complexity of the system!  
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Thought experiment: Should we standardize? 

A. C. Ericsson et al., Sci. Rep., 2019.
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A. C. Ericsson et al., Sci. Rep., 2019.

Thought experiment: Should we standardize? Standardization does make sense. However, it 
will not work with conventional laboratory microbiota, they are not stable and not resilient!



Characteristics of microbiota for standardization? Can natural microbiota-based 
models help with this issue?  



Wildling microbiota possess multigenerational stability and are their composition 
is fully characterized 

Rosshart et al., Science, 2019. 



Wildlings (n = 24) Wild mice (n = 20)
Viruses

Adenovirus type 1 & 2 (MAV-1 & MAV2) 0 0
Ectromelia virus (Mousepox) 0 0
Hantaan (HTNV/HANT) 0 0
Lactate dehydrogenase-elevating virus (LDV/LDH) 0 0
Minute virus of mice (MVM) 0 0
Mouse coronavirus (MHV) 83 90
Mouse cytomegalovirus (MCMV) 50 85
Mouse parvoviruses (MPV) 46 75

MPV 1 42 55
MPV 2 4 20
MPV 5 0 0

Generic parvovirus NS-1 (NS-1) 0 0
Mouse pneumonitis virus (K) 0 0
Mouse rotavirus (MRV/EDIM/ROTA-A) 13 20
Murine norovirus (MNV) 67 50
Mouse theilovirus (TMEV/GDVII) 0 0
Mouse thymic virus (MTLV) 21 40
Pneumonia virus of mice (PVM) 0 0
Polyoma virus (POLY) 50 70
Prospect Hill virus (PHV) 0 0
Reovirus tupe 1, 2, 3, 4 (REO) 0 0
Sendai virus (SEND) 0 0
Lymphocytic choriomeningitis virus (LCMV) 71 60
Encephalitozoon cuniculi (ECUN) 0 0

Bacteria
Beta hemolytic Streptococcus Group A 0 0
Beta hemolytic Streptococcus Group B 0 5
Beta hemolytic Streptococcus Group C 0 0
Beta hemolytic Streptococcus Group G 0 0
Bordetella bronchiseptica 0 0
Campylobacter 0 0
Cilia-associated respiratory bacillus (CARB) 0 0
Citrobacter rodentium 0 0
Bordetella hinzii 0 0
Clostridium piliforme 0 0
Corynebacterium bovis 0 0
Corynebacterium kutscheri 0 0
Encephalitozoon cuniculi (ECUN) 0 0
Helicobacter species 100 100

Helicobacter bilis 0 0
Helicobacter ganmani 100 100
Helicobacter hepaticus 13 10
Helicobacter mastomyrinus 4 5
Helicobacter rodentium 0 0
Helicobacter typhlonius 100 100

Klebsiella oxytoca 0 5
Klebsiella pneumoniae 0 0
Mycoplasma pulmonis (MPUL) 0 0
Pasteurella pneumotropica (Heyl) 75 50
Pasteurella pneumotropica (Jawetz) 100 80
Pseudomonas aeruginosa 8 5
Salmonella Genus 0 0
Staphylococcus aureus 0 0
Proteus mirabilis 0 5
Streptobacillus moniliformis 0 0
Streptococcus pneumoniae 0 0

Parasites/Protozoa/Fungi
Pneumocystis 0 0
Crytosporidium 0 0
Demodex 63 70
Entamoeba 33 10
Giardia 29 20
Spironucleus muris 83 65
Tritrichomonas 67 70
Mite species 100 100

Myobia musculi 100 95
Myocoptes musculinus 96 100
Radfordia affinis 83 90
Radfordia ensifera 0 0

Pinworm species 96 85
Aspiculuris tetraptera 58 25
Syphacia muris 0 5
Syphacia obvelata 42 50

* The pathogen profile was determined with the PRIATM (PCR Rodent Infectious Agent) Panel
Surveillance Plus and the Serology Profile Assessment Plus by Charles River infectious agent
testing (Charles River Laboratories). A mouse was considered pathogen-exposed if it tested
positive in at least one of these independent assays.

Wildlings carry pathogens that originate from wild mice  

Percent positive mice*

Percent positive mice*

Percent positive mice*

Wildlings carry typical naturally occurring “pathogens” of wild mice and this composition is fully characterized. However, 
wildlings are healthy animals, they show no signs of spontaneous disease, carry no human pathogens and are BSL-1.  

Rosshart et al., Science, 2019. 



Can natural microbiota-based models help with irreproducibility of biomedical data? Natural microbiota evolved under 
evolutionary pressure in the natural world. Thus, they may be stable and resilient and may therefore make a 

standardization possible!



Microbial challenge through co-housing 

Rosshart et al., Science, 2019. 



Antibiotic challenge with amoxicillin / clavulanate

Rosshart et al., Science, 2019. 



Dietary challenge with high-fat diet 

Rosshart et al., Science, 2019. 



If we are “Born to be Wild”, 

we will make lab mice more like us humans
and increase their translational research value, 

by making the microbiome of lab mice 
wild and dirty again!

Concluding remarks I



Concluding remarks II

Natural microbiota- and pathogen-based models may help to discover
novel disease treatments that cannot be studied in conventional

laboratory mice

Thus, natural gut microbiota have characteristics that are important for
standardization and that would make it possible, if you want to

standardize. Moreover, this standard would increase the translational 
research value of the model system, a better model for human diseases 

And all of this together may be the more ethical approach, may enhance
the reproducibility of biomedical studies and increase the safety and 
success of translating immunological results from animal models to

humans alongside a reduction in costs



What are the next steps?


