Humanized Gottingen Minipigs

for the toxicological testing of therapeutic antibodies

Jerome Egli, Toxicology Project Leader at F. Hoffmann-La Roche

27.10.2022 | public use



Overview

1 Why transgenic minipigs?
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Human IgG transgenic minipigs:
- functional porcine immune system
- expression of soluble human IgG1, 1gG4
- tolerance to human antibodies
- prediction of ADA
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Why human IgG transgenic minipigs?



Therapeutic antibodies in development
Mainly human IgG backbones
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Therapeutic antibodies in development
Immunogenicity poses a risk for the safety and efficacy of therapeutic antibodies
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Many factors can contribute to the immunogenicity of
therapeutic antibodies despite human sequence
Anti-drug antibodies (ADA) can lead to loss of
exposure, reduced efficacy and in some cases even
adverse events
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Animal models and immunogenicity
Expression of IgG as self-protein limits xenogeneic immune responses in animal models
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Generation and characterization of the minipig model



Generation of human IgG transgenic minipigs
Mini-repertoire of human soluble IgG1and IgG4 heavy chains and human Ig kappa light chain
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Transgene organization
Generation of polyclonal IgG1and IgG4 antibodies
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Human IgG expression in transgenic minipigs

Recombination of V(D)J elements leads to the expression of human IgG1and IgG4 RNA

m [largeted sequencing of human IgG RNA in the blood of human IgG transgenic minipigs reveals

the expression of functional arrangements containing all transgenic VH and Vk gene segments
= A minor amount of sequences contained the isotype switch variant Cy4
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Human IgG expression in transgenic minipigs
Only human IgG1 detected on protein level
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Functional validation of human IgG transgenic minipigs



Transgenic minipigs are capable to mount immune responses
Adequate T cell-dependent antigen response (TDAR) and memory response detected
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Therapeutic antibodies and clinical ADA incidence
Testing of human IgG1 antibodies with low and high clinical immunogenicity
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Bevacizumab (Avastin)
Daratumumab (Darzalex)
Atezolizumab (Tecentriq)

Cergutuzumab amunaleukin

a Time (d)

Immunization (s.c.)

0
i
Serum sampling ‘

VEGF 0.63%
CD38 no 0%
PD-L1 yes 30%
CEA/IL-2R IL-2R: yes 79%
4 11 18 25 28 32 35

.
i

15



Expression of higG1 induces immune tolerance
Human IgG 1 antibodies with low clinical immunogenicity are well-tolerated in transgenic minipigs
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Tolerance to human IgG1 can be broken
Antibodies with high clinical immunogenicity can induce ADA in transgenic minipigs
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Potential use of human IgG transgenic minipigs



Potential use of human IgG transgenic minipigs
Transgenic minipigs can help reduce or replace the use of NHP in pre-clinical sutdies

Chances

= Size and anatomy of minipigs allows immunogenicity risk
assessment using various drug delivery routes
= Inhalation studies
m Intravitrealinjection
m  CNS applications
m Endogenous IgG expression allows long term
pharmacological studies
= Chronic toxicity studies
m Biodistribution

Risks

m Potentially high demand of API for systemic
exposure

m Antibody cross-reactivity can be critical

m Limited availability of assays

= Immune responses are dependent on
endogenous pig MHCII-TCR interactions

m Does notimprove long term tox studies with
immunogenic antibodies 19
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Doing now what patients need next





