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Computational systems biology

Developing predictive models for precision medicine
https://www.zurich.ibm.com/compsysbio/

Statistical inference

Maria Rodriguez Martinez Mathematical modeling
Group leader

Interpretable Machine learning
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Aurelien Pelissier Anna Weber An-phi Nguyen Alice Driessen Nicolas Deutschmann
PhD student PhD student PhD student PhD student Postdoc
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Manica, Matteo, et al. "Toward explainable anticancer compound sensitivity prediction via
multimodal attention-based convolutional encoders." Molecular Pharmaceutics 16.12 (2019)




Drug design

Research

Designing new compound
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Born, Jannis, et al. "De novo generation of hit-like anticancer molecules from
transcriptomic data via reinforcement learning." Iscience 24.4 (2021): 102269.

b
riac

Predictive
Maode!

Healthcare &

Life science Dep

Rexand

Biology



Healthcare &

Life science Dep ’
Biology

Multiscale Models Simulate Immune Responses Synthetical Engineering

Antigen-Receptor Binding Predict Binding Affinities Optimal Immune Receptors
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Hybrid models of the immune system:

e Combination of deterministic, stochastic

Gene Regulatory Autoimmune Diseases
and Al-modelling. Networks D—
\
* Prediction of receptor binding to antigen, - ~ p ) e
cellular interactions, etc. // 9% < e
. . . 93 Autoreactive Autoreactive
* Predict cell fate following antigen exposure.
Germinal Center Dynamics Targeted Immunotherapies

Naive B cells

apoptosis exit
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Understanding Optimization of Cancer
N Autoimmune Diseases Immunotherapies
In silico i
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Modified T cells
injected back into
the patient.

Tissue damage
Inflammation
Fibrosis

Autoimmunity

v Fast

‘; Cheap _ Other: vaccine development, optimization of serological
Reproducible tests, better understanding of the immune system, etc.
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Current position:
PhD researcher at IBM Research, COSI{IIJS

Degree:
Master in fundamental physics from the

Ecole Normale Supérieure Paris-Saclay (France)

Research experience:
EPFL (Switzerland) — 4 months
University of British Columbia (Canada) — 8months
University of Hokkaido (Japan) — 12 months




COSMIC h2020 Consortium Lfe sionce Do

Research Biology
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= Immunity with Systems Medicine
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B10. Centre for Resear...

10 Labs in 9 countries 14 PhD student (7 computational, 7 experimental)
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COSQMJC CombaFting F)isorders of Ada[f)t?ve
p Immunity with Systems Medicine

Germinal center Autoimmune disease Cancer
CK
Dysfunction \

Adaptive immunity Rheumatoid arthritis (RA) B-cell lymphoma (BCL)
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Germinal center seeded by
approximately 1000 B cells

These B cells proliferate and
compete with other B cell
families.

Tas, Jeroen MJ, et al. "Visualizing antibody affinity maturation in
germinal centers." Science 351.6277 (2016): 1048-1054.
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GC convergent evolution:
How and how often do GCs communicate with each other in the Lymph node ?

GC cells dynamic:
How do cells interact with each other in the Germinal center?

Lymphocytes transcriptomic regulation:
How are B cells and T cells transcriptomic factors regulated?

Antigen - Antibody binding:
How do Antibody bind to Antigen, can we predict the affinity ?
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T cell receptor binding

Research

Binding

Generic Model
Probability

-

Epitopes

<+«—> 100nm

TCRs

\_

Anna Weber, Jannis Born, Maria Rodriguez Martinez, TITAN: T-cell receptor specificity

Molecular binding

prediction with bimodal attention networks, Bioinformatics, Volume 37




T cell receptor binding

Research

Healthcare &
Life science Dep

Biology

TITAN Architecture _ : :
[ Encoding ] [ Convolutions ] [Context Attentmn]
TCR sequence |K|:K5=$w | |
R S Sa N 1 & = |
r ﬁ wen E wen I o] ¢ -
I == = — >
I -
I ||
L
[}=11 oo | | | |
Epitope sequence [K=5 (1110 i [
(e (=20) =] [K=3 [T P |
T K=0 11
11
L
E E !L -b
= Anna Weber, Jannis Born, Maria Rodriguez Martinez, TITAN: T-cell receptor specificity

prediction with bimodal attention networks, Bioinformatics, Volume 37

<+«—> 100nm

Molecular binding



Healthcare &

T cell receptor binding ife science Dep

Research Biology

0.88 .

0.86 , :;:l .

8 0.84 + I:::I‘

TITAN performances

i
Data: 5 .82
2 0.80
VDJ database S
with 40,438 TCR binding 191 epitopes o 0.7 * + *
Covid Dataset = 0.76 :!: *
with 154,320 TCR binding 269 epitopes 074 E::’ N
K-MN  AACDR3 AAful SMICDR3 SMIfull pretrained pretrained pretrained pratrained
semifrozen  aug  semifiozen
aug
TITAN models pretrained
on BindingDB 100nm
= Anna Weber, Jannis Born, Maria Rodriguez Martinez, TITAN: T-cell receptor specificity

- prediction with bimodal attention networks, Bioinformatics, Volume 37

Molecular binding
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= Anna Weber, Jannis Born, Maria Rodriguez Martinez, TITAN: T-cell receptor specificity
prediction with bimodal attention networks, Bioinformatics, Volume 37

Molecular binding
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CAR T-cell therapy
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Engineering Patients’ Immune Cells to Treat Their Cancers

Different CAR designs
(>100 000 options)

Different T cell
functionalities

Different therapy
efficacies

Predict T cell function
from design

A Alice
" Driessen

Remove blood from
patient to get T cells

CAR T cells bind to cancer
cells and kill them
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Antibody — Antigen affinity prediction pipeline

Input BCR structure Optimal Docking Binding energy Output
BCR AA sequence Affinity score
DIKMTQSPSSMY Aff = 10° M
ASLGERVTITCK 3
ASQDIRKYLNWY J?)
Docked structure

Antigen structure
- Hydrogen bonds

- Waals interactions
- Hydrophobic effect
- Aromatic interactions

Challenges:

* Bcells are more specific to antigens than TCR
* Much less data are available

Molecular binding
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TF x TF
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=> Potential target for treatment

Percio S Gulko,
Medical Doctor

Gene regulatory network |:> STATL Rheumatologist
TNF

+ Key driver analysis
(causality statistical test)

Mount
Sinai
(New York)

List of genes causative
of the disease

STAT1

TNF

List of disease associated gene

Gene regulation
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Simulating Non-Markovian processes
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Pélissier, Aurélien, et al. “Simulating Non-Markovian stochastic processes with a Rejection
Gillespie algorithm." Proceedings of the National Academy of Sciences (2022, submitted).

Biology

> 100um

Gene regulation
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11 stochastic interactions
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Pélissier, Aurélien, et al. "Computational model reveals a stochastic mechanism
behind germinal center clonal bursts." Cells 9.6 (2020): 1448.

Cell interactions
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Probable memory cell seeding from

Lymph node GC4 to GC1

®- 1 - '

B cell bulk sequencing, in
collaboration with COSMIC partner

Pélissier, Aurélien, et al. “Germinal Centers Convergent Evolution and Memory B-cell Smm ‘ ’8., Gic:
Reentry in Human Lymph Nodes.“ Molecular Biology and Evolution (2022, submitted). g W
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Q&A

@ https://www.aurelienpelissier.com/
() https://github.com/Aurelien-Pelissier
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