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(Non-Ab) protein therapeutics

diverse structures, functions
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Profein therapeutics: Immunogenicity

red: epitopes

B-Lactamase

Ccleaves lactam ring

antibody-directed
anti-cancer therapies

lysostaphin
degrades cell wall
*anti-staph




Antl-biotherapeutic iImmunogenicity

@ Biotherapeutic
v N\
iDC‘ =,

mDC

our
focus

W
Naive T cell \
-

L {

Activated T cell

Plasma cell
Antidrug antibodies



Deimmunization: competing objectives
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Experimentally-driven approaches

E.g., Genencor [Harding et al., Mol Cancer Ther 2005]
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engineer into whole protein
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possible variants
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Qur approach:

computationally-driven deimmunization

¢

computational protein
design algorithms

Delete T cell epitopes Maintain function

computational models
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Landscape of approaches

inatorial library
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Epitope content
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Function: evolutionary

Target

Relatives —
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Trade-offs: EpiSweep a2, v,
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Trade-offs: EpiSweep a2, v,
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Trade-offs in theory vs. practice

function score

P99 beta lactamase:

a component of ADEPT

anti-cancer therapy
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Salvat et al., PLOS Comp Biol, 2015
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Landscape of approaches

Individual variants ombinatorial library
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Function: side-chain packing

Given primary sequence; take one-body
backbone as fixed (target) internal + vs. backbone

Select side-chain conformations
to minimize energy

two-body
VS. each other




Function: B lactamase

[Salvat et al., Biotechnol Bioeng 2015]
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Landscape of approaches

Individual variants ombinatorial library
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Library-based deimmunization

1. Naive library
th S el 2. High-throughput
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Libraries optimized for deimmunization

1. Design library to be
1S enriched in low-
Immunogenicity
variants
. Naive library
. High-throughput
functional screen

Immunogenicity

=> most also low
Immunogenicity

better

better




Libbrary

trade-offs

[Salvat et al.. PNAS, 2017]
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Application: B-lactamase

[Salvat et al.. PNAS, 2017]
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Libraries enriched in

hig h_fU n CTiO n VO riO nTS [Salvat et al.. PNAS, 2017]

B lactamase => growth selection based on cefazolin
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Highly engineered clones --

h|gh OCﬂViTy & sto b|||Ty [Salvat ef al.. PNAS, 2017]

Relative k., /K,
(normalized to WT)
0
Tm (C)

20 ug/ml 50 ug/ml

- Km kcat kcat/ Km Tm
Enzyme # Mutations
Y @M (Y (stpMY  (C)
Wild Type N/A  106+7 200+10 1.9+0.2 56.66+0.03

== 30:50:E9 14 90+5 320+10 3.6+0.3 56.92+0.06




PMBC-based iImmunogenicity
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Evades immune recognition

[Salvat et al.. PNAS, 2017]
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Lysostaphin

anfi-staph freatment (incl. MRSA)

+ novel, potent, specific, biodegradable, renewable,
less susceptible to resistance, ...

- known to be immunogenic

AATHEHSAQWLNNYKKGYGYGPYPLGINGGMHYGVDFFMNIGTPVKAISSGKIVEAGWSNYG
GGNQIGLIENDGVHROWYMHLSKYNVKVGDYVKAGOT IGWSGSTGYHFQRMVNS FS
NSTAQDPMPFLKSAGYGKAGGTVTPTPNTGWKTNKYGTLYKSESASFTPNTDI ITRTTGPFR
SMPOSGVLKAGOT IHYDEVMKODGHVWVGYTGNSGORI Y LPVRTWNKSTNTLGVLWGTIK

™

catalytic domdin (endopeptidase) cell-wall binding domain (SH3b)



Variant summary
[Zhao et al.. Chem. Biol., 2015]
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In vivo Immunogenicity & efficacy

DR4 transgenic mice (i.e., with human MHC)
Two arms: wild-type, Lib5

1. Immunized
2. Infected with MRSA
3. Treated according to arm



After 3x Immunization

[Zhao et al.. Chem. Biol., 2015]

Higher Ab fiters in
wild-type arm vs. variant
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Infection & treatment

1 UU

WeekO Week1l Week2 Week3 Week4 Week5 Week6

Week 3 Week 4
All mice recued Avg Ab ftiters increased
from initial infection rapidly for wild-type,

and mice exhibiting
high fiters succumbed
to MRSA challenge
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x: serum dilution
y. ELISA absorbance
for wild-type and variant

[Zhao et al.. Chem. Biol., 2015]

1100 Mg LST (s.c.) ﬂsoo Hg LST (i.v.)

ﬂ MRSA challenge (i.p.)

Week 5

Variant mice maintained
low Ab fiters and were
rescued from a third MRSA

challenge
4-

3
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14
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Epitope deplefion summary

[Zhao et al.. Chem. Biol., 2015]

First direct demonstration:
T cell epitope deletion

= reduced Ab titers

= Improved efficacy




Conclusion

Goal: reduce iImmunogenicity -
while maintaining function

Methods: both objectives are S/
predictable and designable

e sequence/structure
o individual/library

Results: reduced
immunogenicity &
improved efficacy
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