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IMMUNOTHERAPY + (SPATIAL & SINGLE-CELL) + METABOLOMICS?

Growth (up to 2021) of publications on PubMed

Immunotherapy Metabolomics
e |Mmunotherapy & Metabolomics essssimmunotherapy & single-cell

Immunotherapy & spatial Immunotherapy & genomics




WHY METABOLOMICS?
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IMMUNOTHERAPY MEETS METABOLOMICS

Biomarkers Metabolic barriers of tumor microenvironment

e Microbiome-derived metabolome as a
potential predictor of response to
cancer immunotherapy

nature reviews immunology
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Metabolic barriers to cancerimmunotherapy

ABSTRACT s uni immunotherapy
Cancer immunotherapy with checkpoint blockade mnature could h
has become standard of care treatment for numerous
cancer types. Despite this, robust predictive biomarkers
are lacking. There is increasing evidence that the host
microbiome s a predictor of immunotherapy response,
although the optimal host microbiome has not been
ite-2020-0013 defined. Metabolomics is a new area of medicine that aims e
to analyze the metabolic profile of a biological system. been shown to infl immunity and he
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Leveraging metabolism to enhance immunotherapy
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wHY SPATIAL SINGLE-CELL mETABOLOMICS?

Tumor microenvironment Spatial roles of immune system
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MALDI-IMAGING MASS SPECTROMETRY

Matrix Assisted Laser Desorption lonization




MALDI-IMAGING MASS SPECTROMETRY

Matrix Assisted Laser Desorption lonization

Alexandrov, Annu Rev Biomed Data Sci2020
Tissue section Mass spectra

Desorption and
mass spectrometry

However, challenges of accessibility & data interpretation
for non-experts in mass spectrometry!

Mapping intensities for all pixels
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METASPACE:
TRANSLATING SPECTRA INTO MOLECULAR DATA

. Upload
HR imaging MS —_

: ~
Finds molecules », ‘ @?%ﬂ

METASPACE2020.EU

Metabolite imaging

Metabolite images  €— —> knowledge base

100+ labs / 1000+ users / 150+ publications

- m Palmer et al, Nat Method's 2017
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. METASPACE Upload Annotations Datasets Projects QEMBLY) Help Theodore Alexandrov

Welcome to

METASPACE

Platform for metabolite annotation of imaging mass spectrometry data

Metabolite Explore the Get Going Fast Open Access
Annotation Knowledgebase ,
Head to the upload page to All code is open-source, the
submit a dataset. input format is the imzML
supported by all mass spec
major vendors, the
tutorials prepared to help metabolite annotations from
you. the community datasets are
public and can be browsed
or exported.

Submit your high-resolution Browse annotations from all
imaging mass spectrometry  datasets using our We also have interactive

data to our high-throughput interactive interface

metabolite annotation
engine You can search, filter and

compare youre annotations
alongside those from the
whole imaging mass
spectrometry community




SUMMARY #1

Metabolism emerged as a key ractor in biology & medicine

Metabolites are not only building blocks and tuel! " Iwo-ways street”

* Spatial metabolomics has maturated over the past decade

— Used by top-10 pharma for DMPK, increasing interest in clinical applications

* Spatial metabolomics requires big data approaches

— METASPACE: converting spectra into molecular data



ML/ Al SPATIAL SINGLE-CELL METABOLOMICS
REVEALS METABOLIC CELL STATES



SINGLE-CELL METABOLOMICS: EMERGING FIELD

IUPAC Top Ten Emerging —
Technologies in Chemistry 2021 INTERNATIONALUNION OF

PURE AND APPLIED CHEMISTRY
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Single-cell metabolomics hits its stride

Single-cell
An array of new techniques allow researchers to catalog the chemical contents of a single cell, or even a single metabolomics

Single-Cell Mass R
Spectrometry LA | Coroineseyde
October 7 - 11, 2022

is capable of; transcriptomics gives
a view of what the cell is planning
to do. To find out what the cell is actually
doing, however, requires proteomics and
metabolomics.
— “Metabolomics is very important,”
i says computational biologist Theodore
m eta bo |Om ICS Al};xandrpov of the Europegan Molecular
Biology Laboratory (EMBL). “It is the
youngest of the omics, but it provides the

S tudying genomics reveals what a cell




Rappez et al, Nature Methods 2021
Patent applications

SpaceM: SPATIAL SINGLE-CELL METABOLOMICS

Cells » Microscopy — > MALDI-imaging — > Image analysis
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NON-ALCOHOLIC STEATOHEPATITIS

COMMON FACTOR FOR LIVER CANCER

* Hepatocyte damage © ER stress
* DNA damage * Oxidative stress

* Dyslipidaemia gae .
e High fructose /—\
and/or glucose diet > e
* Sedentary lifestyle /\ '''' D9
° l]Z:\;/tb‘-tissue-derived s /_» = M i
S \ ; =
\ A J
* Cholesterol \
V. NASH i '

 Gut-derived Steatosis Steatosis and Mild Advanced
metabolic products lobular inflammation fibrosis fibrosis and cirrhosis

* Uric acid \_/ \/ T
e Liver inflammation o T TNFSF members * Chronic hepatocyte * Activation of HSCs
« T CD8" Tcells, T, 17 cells and NKT cells [ ¢ IL-1B, IL-6 and IL-17 proliferation * Activation of LSECs
| CD4* Tcells | PRR activation e Chromosomal abberations ¢ T TGFp
* Activation of resident macrophages * T Inflammasome * Chronic regeneration * TIL-18
T Inflammatory macrophages activation

Increasing HCC risk with grade and stage of disease

Anstee, ..., Heikenwalder, Nat Rev Gastroenterol Hepatol, 2019




SINGLE-CELL ANALYSIS OF NASH /N VITRO

Human hepatocytes dHepaRG +oleic acid +palmitic acid +TNFa
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SINGLE-CELL METABOLOMICS OF NAFLD/NASH

27.000+ cells
700+ metabolites & lipids / cell
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Increase in long-chain polyunsaturated fatty acid n-6/n-3 ratio
in relation to hepatic steatosis in patients with non-alcoholic
fatty liver disease ¥

Julia ARAYA; Ramén RODRIGO &% ; Luis A. VIDELA,; Lilian THIELEMANN; Myriam ORELLANA,; Paulina PETTINELLI;
Jaime PONIACHIK

M) Check for updates

Clin Sci (Lond) (2004) 106 (6): 635-643
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Research | Open Access | Published: 20 June 2018

Hepatic steatosis risk is partly driven by increased de
novo lipogenesis following carbohydrate consumption

Francis W. B. Sanders, Animesh Acharjee, Celia Walker, Luke Marney, Lee D. Roberts, Fumiaki Imamura,
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SUMMARY #2

* Single-cell metabolomics is an emerging field

 SpaceM: method for spatial single-cell metabolomics

— Reveals metabolic states in steatosis and NASH
— Detects prognostic biomarkers




SINGLE-CELL METABOLOMICS OF
HUMAN T CELLS

unpublished



METABOLIC REPROGRAMMING OF T CELLS

Metabolic switch upon activation

Metabolic activation
J SRC

4 Nutrient uptake

4 Glycolytic rate

4 Protein, lipid and
nucleic acid synthesis

* Cell growth
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Pearce et al, Science2013
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METABOLIC REPROGRAMMING OF HUMAN T CELLS

20K cells
80 metabolites



SUMMARY #3

* High-throughput SpaceM
— Analyzes 64 samples, 1000s cells each (100.000+ cells) — overnight



LOOKING INTO THE FUTURE:
SPATIAL & SINGLE-CELL METABOLOMICS IN IMMUNOTHERAPY

Metabolic barriers of tumor microenvironment

natureimmunology

Metabolic reprogramming of terminally exhausted 1

2 : . s Spatial chemical profiling of microenvironment, ECM
CDS8™ T cells by IL-10 enhances anti-tumor immunity

2. Spatial profiling of metabolism of immune cells /n situ

LR Metabolic revival of exhausted immune cells
Nature Immunology 22, 746-756 (2021) | Cite this article
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Journal of Translational Medicine
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Leveraging metabolism to enhance immunotherapy

Review \ Open Access | Published: 07 December 2021

Optimization of metabolism to improve efficacy
during CAR-T cell manufacturing OptImIZIng metabolic fitness of CAR T cells

Meng Zhang, Xin Jin, Rui Sun, Xia Xiong, Jiaxi Wang, Danni Xie & MingFeng Zhao 4

Journal of Translational Medicine 19, Article number: 499 (2021) | Cite this article
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TAKE HOME MESSAGES

Metabolomics in immunotherapy is emerging
Spatial metabolomics detects 100+ metabolites in tissues

Spatial single-cell metabolomics (SpaceM) reveals
metabolic reprogramming in NASH, T cells

Prominent future applications include metabolic revival of exhausted
immune cells and metabolic optimization of CAR T cells
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