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Tumor heterogeneity in Cancer

Fox and Loeb. (2014) Nature. Comment.

Genetic factors

Non-Genetic factors

de la Cruz-López et al.. (2019) Front Oncol. Review. 
METABOLISM

➢Tumor evolution
➢Immune escape
➢Treatment resistance



Metabolic heretogeneity in Cancer

Metabolic heterogeneity is driven by nutrients/oxygen gradients?

Spatial Distribution



Study metabolic heretogeneity in melanoma

80% of deaths linked with skin cancer (Incidence : around 15 000 cases/year in France)

• Predict treatment response and relapse

• Understand mecanisms of resistance



Efficient 3D reconstruction of Whole Slide Images in Melanoma

Pathologist annotations
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Collab Racoceanu D. (ICM-Paris) / Radulescu, O. (UM)

Pierrick Dupré, IE

Kumar, P. et al., 

Physics in Medecine and Biology (2024)



Study metabolic heretogeneity at the spatial level in tumors

Evaluate tumor metabolism and metabolic rewiering

(spatial distribution of metabolism) :

Tumor development (Primary vs Metastasis)

Response to treatment and Relapse

Imaging Mass Cytometry (IMC)

ésultat de recherche d'images pour "imaging mass cytometry"

https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwi6-KqOzq7XAhXJuRoKHanaAHkQjRwIBw&url=https://www.fluidigm.com/search?query=Imaging%20Mass%20Cytometer&psig=AOvVaw281o6USgPEgA_khK8MtJER&ust=1510217833796604


Imaging Mass Cytometry HYPERION

HYPERION

SIMCaT

platform

Ac coupled 
to Metal



Metabolic panel for IMC
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Design and validation of Ab

Assessment by IF of 
the UNCOUPLED 

antibody
Human/Mouse 

tissues

Coupling with the 
metal tag

Assessment by IF of 
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Study metabolic heretogeneity in melanoma

Rambow F et al., Cell, 2018 

Different melanoma sub
populations of cancer cell

80% of deaths linked with skin cancer (Incidence : around 15 000 cases/year in France)



Metabolic/Melanoma panel for IMC
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Cellular heterogeneity in melanoma

H&E 
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Single cell analysis

Segmention: single cell identification 
and extraction

Mask

MesMer Pipeline

csv file

Omics/FlowJo



Single cell analysis

Tissue (Brightfield)

Region of 
Interest

Population discovery Population annotation Patient clustering

Population distribution

CORE PERIPHERY

Population interactions Tissue modeling

Bruciamacchie et al., Br J Cancer 2024



Melanoma subpopulations display different metabolic status

SOX10+ cells

ZEB+ cells

CD36+ cells

AQP1+ cells

NGFR+ cells



Melanoma subpopulations display a strong metabolic heterogeneity

CA9 GLUT1PKM2 MCT4 GPT2

Zone 1

SOX10

Glycolytic
zone



Melanoma subpopulations display different metabolic status
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Melanoma subpopulations display different metabolic status
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Melanoma subpopulations display different metabolic status

SOX10

Zone 3

Zone 2

Zone 1

Melanoma

Evaluate the metabolic status of melanoma in response to immunotherapy



• IMC adapted to metabolic studies (metabolic status, metabolic « flux »)

• Added values

✓ Major interest in study with precious samples (1 section with 40 markers).

✓ Exhaustive, global and topological study in tumors.

• Applicable to clinical samples

✓ Can be use for clinical study.

• Streinght and weekness

✓ Modulation with homemade coupling

✓ Time and money to generate panels but more and more Ab available (with
validated Ab)

✓ Needs in bioinformatic ressources (image analysis, segmentation…) with the 
development of friendly user pipelines and softwares.

Conclusions on IMC
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