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Translational research value of conventional
Llaboratory mice

Reproducibility of data created with conventional
Llaboratory mice




LABORATORY WORLD

201%: James P. Allison and Tasuku Honjo for their discovery of cancer therapy by inhibition of hegative immune
regulation

1996: Peter C. Doherty and Rolf. M. Zinkernagel for their discoveries concerning the specificity of the cell mediated
immune defence
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LABORATORY WORLD

201%: James P. Allison and Tasuku Honjo for their discovery of cancer therapy by inhibition of negative immune
regulation

1996: Peter C. Doherty and Rolf. M. Zinkernagel for their discoveries concerning the specificity of the cell mediated
immune defence



NIVERSITATS
KLINIKUMFREIBURG s

LABORATORY WORLD

M. G, von Herrath et al, Lost in Eranslation: Barriers to implementing clinical immunotherapeutics for outoimmunity. J. Exp. Med,,
2005, // M. Hoy et al. Clinical development success rates for nvestigational drugs. Nat. Bictechnol., 2014, // J. Sedk et al,,
Grenomic responses i mouse models poorly mimic human inflammatory diseases. PNAS, 2013, // I, Mestas et al,, 0f mice and not
men: Differences between mouse and humai immunology. 3. Immunol,, 2004, // T. Shay et al,, Conservation and divergence in the
transcriptional programs of the human and mouse immuihre sysktems, PNAS, 2013, // W. Malk et al., Lost i Eranslation: Animal models
and clinical trials in cancer treatment, Am. 3. Transl, Res,, 2014 // K. 3. Payne et al,, Immune-cell lineage commitment:
Translation from mice to humans. Immunity, 2007,
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LABORATORY WORLD
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ALL mammals are ,Born ko be Wild", thus:

We could make the microbiome of Lab mice wild
and dirty again - Like ours - by giving them the

microbiome of actual wild mice,

this approach should mature their immune system,
moake them more Likke us humans and increase
their translational research value!
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L. K. Beura ef al.,, Normalizing the environment recapitulates
adult human immune traits in laboratory mice. Mabure, 2016.

T. A. Reese el al., Sequential infection with common pathogens
promotes human-like immune gene exFressLov\ and altered
vaccine response. Cell Host Microbe, 2016,

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

S. Abolins ef al., The comparative immunolog of wild and
Laboratory mice, Mus musculus domesticus. Naé Commiun, 2017,

3 M. Leung ef al.,, Rapid environmental effects on qut nematode
susaep&ibiti?:j i rewilded mice. PlLoS Biol, 201¥%,




NATURAL WORLD
Diverse environment rich in inflammatory and microbial stimuli

Free-living mammals:
natural metaorganism

Natural § Natural
host : microbial
genome : genome

Mature immune system
possessing immune
experience

LABORATORY WORLD

Restricted environment lacking inflammatory and microbial stimuli
~ Wildlings:

seminatural metaorganism

Laboratory : Natural
host : microbial

Embryo
transter
into

wild mice
to restore
natural
microbial
genome

Mature immune system
possessing immune
) experience

INCREASED TRANSLATIONAL RESEARCH VALUE

ANTVA HOHV3IS3Y TVNOILVISNVYL d3dDNA3y

Specific pathogen-free mice:
laboratory metaorganism
Laboratory : Laboratory

?

=——=N=FT host & microbial
: genome : genome
T H

A\

Creation & Creation of laboratory

of tractable : microbial genome
laboratory : through germ-free
host genome !
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.7 —— ) [ el Rosshart et al., Cell, 2017.
KLINIKUMe0rG s Rosshart et al., Science, 2019.
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e NEW ENGLAND
JOURNAL of MEDICINE

ORIGINAL ARTICLE BRIEF REPOR

Cytokine Storm in a Phase 1 Trial of the Anti-CD28 Monoclonal Antibody
TGN1412

Ganesh Suntharalingam, F.R.C.A., Meghan R. Perry, M.R.C.P., Stephen Ward, F.R.C.A,, Stephen J. Brett, M.D., Andrew Castello-Cortes, F.R.CA., Michael D. Brunner, FR.CA.,
and Nicki Panoskaltsis, M.D., Ph.D.

RLINIKUM e Rosshart et al., Science, 2019.



Lab T, expansion upon CD28SA injection

Wildling T expansion upon CD28SA injection
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Rosshart et al., Science, 2019.




The NEW ENGLAND
JOURNAL of MEDICINE

ORIGINAL ARTICLE

Treatment of Septic Shock with the Tumor Necrosis Factor Receptor:Fc
Fusion Protein

Charles J. Fisher, Jr., M.D., Jan M. Agosti, M.D., Steven M. Opal, M.D., Stephen F. Lowry, M.D., Robert A. Balk, M.D., Jerald C. Sadoff, M.D., Edward Abraham, M.D., Roland
M.H. Schein, M.D., and Emest Benjamin, M.D. for the Soluble TNF Receptor Sepsis Study Group*

o Al Rosshart et al., Science, 2019.



Anti-TNF-a antibody
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RLINIKUM e Rosshart et al., Science, 2019.
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INFLUENZA COLORECTAL
INFECTION 5 s CANCER
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TUMOR BURDEN

Rosshart et al., Cell, 2017.



Wildlings may enable the discovery of novel disease
treabments that cannot be s&udi.ec; in conventional
Labora&orj mice

Further, Eheg Moy increase the sanfekg and success rate
to Pe

of tramsifioning bench resulks dside practice

3R: Moreover, using such models may be the more
ethical approach (hon-human primates)
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Irreproducible and confliciting data due to divergent
microbiota among commercial vendors and research
nstitutes

«Embrace the diversity and document everything"

or

yuse standardized microbiocta®
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Irreproducible and confliciting data due to divergent
microbiota among commercial vendors and research

Induction of Intestinal Th17 Cells
by Segmented Filamentous Bacteria
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SUMMARY

The gastrointestinal tract of mammals is inhabited
by hundreds of distinct species of commensal micro-
organisms that exist in a mutualistic relationship
with the host. How commensal microbiota influence
the host immune system is poorly understood. We
show here that colonization of the smallintestine of
mice with a single commensal microbe, segmented
filamentous bacterium (SFB), is sufficient to induce
the appearance of CD4* T helper cells that produce
IL-17 and IL-22 (Th17 cells) in the lamina propria.
SFB adhere tightly to the surface of epithelial cells
in the terminal lleum of mice with Th17 cels but are
absent from mice that have few Th17 cells. Coloniza-
tion with SFB was correlated with increased expres-
sion of genes associated with inflammation and

ial defenses and resulted in enhanced
resistance to the intestinal pathogen Citrobacter
rodentium. Thus, manipulation of this commensal
regulated pathway may provide new opportunities
for enhancing mucosal immunity and treating auto-
immune diseas

honda@ongone.med osak-u.ac p (< H), ttman@satum.med.nyu edu (OAL)

influence the development and balance of the host immune.
system and have boen implicated in prevention of damage
induced by opportunistc microbes, n repair of damage 1o the.
mucosal barier and in influencing systemic autoimmune

helminths, respectively (Abbas et al 1996; Gimcher
00), whereas the induced regulatory T (TTreg) cells
pross excessive immuno rosponses (Gavin and Rudonsky,

bacterial and fungal infections, partic

Th17 cels aiso have potent nflammatory potents

ey mediators of autoimmune disease (Auja et al., 2007; Bettell
et al 2007). Th17 and Treg cels are both dependent on trans-
foming growth factor § (TGF-f) or their ifferentation and are
defined by the expression of the neage-specific transcription
factors RORyt and Foxpd, respectively (Fontenot et al, 2003;
Hori et al. 2003; vanov ot a, 2006; Khattr et al., 2003; Mangan
otal, 2006; Veldhoen etal., 2006). At appropriate concentrations
of TGF- and IL-6, antigen-activated CD4" T cells upregulate
RORyt and express Th17 cellcytokines (Zhou et a., 2008).



charles river
++++
ENVIGO
0.1]
2
S 0.0
AN
(&)
a
-0.1 >
TACONIC
-0.2
X sy
X 0.2 0.0 0.2 0.4
LUNvERsITATS PC1 (22.2%)



0.2]

‘OQ
charles river

+++
ENVIGO

0.1

CHARITE

PC2 (6.6%)
o
o

'01 5\"“""’&2\ .
S N
o’“HEA@
-0.2
0 X sy
0.2 0.0 0.2 0.4
- KLINIKOM b e PC1 (22.2%)



‘OQ
charles river

+++
ENVIGO

PC2 (6.6%)
o
o

‘e =

2 TACONIC

HK‘JN“(UMFRHHURG -—

0.0 0.2
PC1 (22.2%)




0.2]

‘OQ
charles river

0.1

PC2 (6.6%)
o
o

o. / >
TACONIC
0.2
X sy
0.2 0.0 0.2 0.4

R PC1 (22.2%) A. C. Ericsson et al., Sci. Rep., 2019.




INIVERSITATS
HKUN|KUM"‘E'°”R° -—

PC2 (6.6%)

0.2

0.1

o
o

>
charles river

CHARITE

vX

The Jackson
Laboratory

4
ENYEO

0.0
PC1 (22.2%)

0.4
A. C. Ericsson et al., Sci. Rep., 2019.




Complete characterization of the microbiome

Stability of microbiota over time

Resilience of microbiota against environmental
challenges

Favourable Etranslational research value
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Wildlings carry pathogens that originate from wild mice

Wildlings (n = 24) Wild mice (n = 20)
Percent positive mice*

iruses
‘Adenovirus type 1 & 2 (MAV-1 & MAV2)

Q
Ectromelia virus (Mousepox) 0
Hantaan (HTNV/HANT) 0 0
Lactate dehydrogenase-elevating virus (LDV/LDH) 0 0
Minute virus of mice (MVM) 0 0
Mouse coronavirus (MHV) 8 %0
Mouse cytomegalovirus (MCMV) 50 85
Mouse parvoviruses (MPV) I 7
MPV 1 a2 55
MPV 2 4 20
0 o
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) 2
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
Lymphooytic choriomeningitis virus (LCMV) 7 60
cuniculi (ECUN) 0 0
Bacteria
Beta hemolytic Streptococcus Group A
Beta hemolytic Streptococcus Group B 0 5
Beta hemolytic Streptococcus Group C 0 0
Beta hemolytic Streptococous Group G 0 0
Bordetella broncnissp(ica 0 0
Campylobacter 0 0
Clliassociatod respwamry bacillus (CARB) 0 0
Citrobacter rodes 0 0
Bordetella hinzii 0 0
Clostridium piliforme 0 0
Corynebacterium bovis 0 0
Corynebacterium kutscheri 0 0
Encephalitozoon cuniculi (ECUN) 0 0
Helicobacter speci 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
Kiebsiella oxytoca 0 5
Kiebsiella pneumoniae 0 0

Mycoplasma pulmonis (MPUL)
Pasteurella pneumotropica (Heyl)
Pasteurella pneumotropica (Jawetz)
Pseudomonas aeruginosa
Salmonella Genus

Staphylococous aureus

Proteus mirabilis

Streptobacillus moniliformis

Parasites/Protozoa/Fungi
Pneumocystis
Crytosporidium
Demodex
Entamoeba
Giardia
Spironucleus muris
Tritrichomonas
Mite species

Myobia musculi
Mycooples musw\mus
adfordia affni

Haamrma andiera
Pinworm species
2 Aspiculuris tetraptera
i Syphacia muris 0

Syphacia obvelata 2 50
* The pathogen profile was determined with the PRIA™ (PCR Rodent Infectious Agent) Panel
Surveillance Plus and the Serology Profile Assessment Plus by Charles River infectious agent

c:::izequ:vlta:sn;:‘zrolq.;?sr::‘:es?;nzs::a:::a;«:s considered pathogen-exposed if it tested Rosshart et al o SCIence, 201 9.
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Microbial challenge

Antibiotic challenge

Dietary challenge
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The microbiota composition of the wildling model is full
characterized: “We do khow exau:&tv what we are dealing wia«”

Wild mouse microbiota possess multigenerational stability in Lab
mice under conventional SPF conditions, wildlings have no
“special needs” as regards to housing and they are perfectly

healkhy (BSL-1

Wild mouse microbiota possess extraordinary resilience against
various envirohmental challenges
and could be utilized in a feasible fashion

Indispensable characteristics for highly-controlled, long-term
work and reproducible experimentation

Increased kranslational research value, a better model for
human diseases




Thus, hatural qut microbiota have characteristics that are important for
standardization and that would make it possible, f you want to
standardize. Moreover, this standard would increase the translational
research value of the model system, a better model for human diseases

Natural microbickta- and pa&hogew—based models may help to discover
novel disease breabmenks that cannot be studied i conventional
Labora&orj mice

And all of this together may be the more ethical approach, may enhance
the reproducibility of biomedical studies and increase the scx?e& and
success of translating immunological resulks from animal modéls to

humans alongside a reduction in costs




- Lao Tzu, ancient chinese poet and philosopher -

% Our mouse model from 2017 is already commercially available through
Taconic Bilosciences and we continue to optimize our models, e.q. we work
o a goldstandard microbiome with potential commercial applications

® We use these novel mouse models in basic and preclinical research
studies to:

I) discover novel treatments for a wide range of human diseases of
Lobal relevance including transplant rejection, GvHD, cancer, infectious
ziseases, allergies, autoimmune and inflammatory diseases, heurological
disorders as well as cardiovascular diseases

11) surrorb drug deveLoPme.v\b in collaboration with the Pkm‘maceu&icai.
industry

® We are aiming to establish new clinical microbiome studies and a
SFR/TRR nikiative




