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What is a cancer cell ?

How does cancer develop ?

Why can cancer develop ?

Deregulation of cell cycle
Genetic alterations

Chromosomal instability

Hypoxia /metabolic changes
Metastasis / EMT

Cellular heterogeneity / tumor initiating cells

Immune dysfunction / immunosuppression




The hallmarks of cancer

“A set of functional capabilities acquired by human cells as they make their way from normalcy to
neoplastic growth states”
(Weinberg and Hanahan)
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Cancer Discov. 2022;12(1):31-46. doi:10.1158/2159-8290.CD-21-1059




Tumours can be compared to tissues
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Therapy: what cell type(s) should we target?

Cell 2011, 144, 646-674DO0OI: (10.1016/j.cell.2011.02.013)




Brain tumours (Glioma)
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Clinical Features Clinical Features

* Low mitotic index _ Primary * Rapid proliferation
Glioblastoma
¢ Diffuse invasion Low grade * Diffuse invasion
Astrocytoma
e High rate of b e Angiogenesis
transformation | ' » Secondary
=1 years Glioblastoma e Cellular necrosis

Genes Dev. 2001 Jun 1;15(11):1311-33. doi: 10.1101/gad.891601




Glioblastoma features and therapy

v' Surgery
Diffuse infiltrative nature

: e L Recurrent tumour (tumor stem cells)
diffuse, infiltrative

highly vascular tumour v' Radiotherapy

Skull; radioresistance
microglia/macrophages

(30-40%)
v' Chemotherapy

wikipedia Blood-brain barrier; chemoresistance
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Novel / alternative therapies ? Better understanding of tumour biology




The tumour niche

* neurons
» glial cells
* resident & infiltrating immune cells

Brain specific environment —=

* blood vessels

* neuro-progenitor cells




Origin of brain tumour

» Cells of the nervous system:

» | Medulioblastoma
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Genes Dev. 2001 Jun 1;15(11):1311-33. doi: 10.1101/gad.891601
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> Metastasis of tumour cells:

* Breast, colon, kidney, melanoma




Initiation of primary brain tumour

Cell of origin ?

Cause /Risk factor ?

~ .-
e~ -

Neural stem
cells

Neural
progenitor cells

Oligodendroglial
progenitor cells

Environmental agents?

Inflammation? Viral infection?

=) Tumour initiating cells  m—)

[ Mutations, chromosomic/metabolic alterations

Glioma

stem-like
cells

unlimited self-renewal potential

tumour-initiating propensity




Incidence of gliomas by anatomic location

86 % in cerebral lobes
(highest blood flow)

Cerebrum . o7 x 2. Corpus callosum 3 Thalamus
ponsible for i hinking, Bridge of fibers passing information Relay center for
learning, i b the two cerebral hemispheres cortex; handles

incoming and

and voluntary movement
outgoing signals

Amygdala

Part of limbic system
involved in emotion -
and aggression N

. Hypothalamus
Responsible for
regulating basic
biological needs:

|4n¢ a8ewanias/uigq

hunger, thirst,
temperature
control

2. Cerebellum
Structure that
coordinates fine
muscle movement,
balance
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¢. Hippocampus
rt of limbic system
involved in learning
— and memory

6,4 % in deep structures of cerebrum
2,2 % in ventricules b e

(0. Spinal cord ~——* Pituitary gland
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1,5 % in cerebellum e hatsan DL T R
4 brain and rest of g Rioae

4 1 (y H b H t ?&fey;ehsandles BInple ARl E: ::\eglfled in sleep and arousal
,4 70 IN Drain stem 7. Medulla

Responsible for regulating largely
unconscious functions such as breathing
and circulation

. Reticular formation
Group of fibers that carry stimulation related
to sleep and arousal through brainstem
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Structures and areas in the human brain
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Table 2. Number and frequency of gliomas relative to tissue Pariota oo

volume by cerebral lobe

Frontal lobe

Occipital lobe

Frequency:
Frequency Volume Ratio
Location of (No.of Relative Frequency/ Relative to
Glioma Gliomas) Volume®*  Volume® Occipital Lobe®*
Frontal lobe 107 3 36 45
Temporal lobe 77 2 39 4.8 =
Parietal lobe 37 2 19 2.3
7 )

Occipital lobe 8 1 8 1.0 Temporalicba: NGRS/

© MAYO FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED.

Neuro Oncol. 2007;9(3):319-325. doi:10.1215/15228517-2007-016




The diversity of the
brain tumours

World Health Organization (WHQO) Classification:

Grades | to IV:

Morphology
Cytogenetics
Molecular genetics
Immunologic markers

mme
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Astrocytic tumours
Subepandymal glant cell Central neurccyloma

astrocytoma o Extravenincular neurocytoma
Pilccytic astrocytoma . Cerabellar liponeurocytoma
Pllomyxotd astrocytoma Paraganglioma of the spinal cord .
D#fuse astrocytoma Papsary glioneurcnal tumour .
Pi phic xanth yloma Rosette-forming glicneuronal
Anaplastic astrocytoma . tumour of the fourth venincie .
Glioblastoma
Giant cell gioblastoma Pinval tumours
Gliosarcoma Pineccytoma .

Pineal parenchymal tumour of
Oligodendroglial tumours Intermediate derentiation
Oligodendroglioma Pinecblastoma
Anapl ligod g . Pap#ary tumour of the pineal region
Oligoastrocytic tumours Embryonal tumours
Oligoastrecytoma Medulioblastoma
Anaplastic oligoastrocyloma . CNS pnmitive neuroectodermal
tumour (PNET)
Ependymal tumours Atypical teratold / habdoid tumour
Subependymoma .
Myxopapillary ependymoma . Tumours of the cranial and paraspinal nerves
Ependymoma Schwannoma .
Anaplastic ependymoma . Neurofibroma .
Perineurioma .

Choroid plexus tumours Malignant peripheral nerve
Choroid plexus papiloma . sheath tumour (MPNST)

Atypical choroki plaxus papilioma

Chorold plexus carcinoma . Meningeal tumours
Meningioma .
Other neuroepithellal tumours Atypical meningioma
Angiocentric glioma . Anaplastic / malignant meningioma
Chordoid glioma of Haemangicpencytoma
the third ventricle Anaplastic haemangiopencytoma
Haemangicblastoma .
Neuronal and mixed neuronal-glial tumours
Ganglocytoma . Tumours of the sellar region
Ganglioghoma . Craniopharyngioma .
Anaplastic gangliogboma o Granular cel tumour
Desmoplastic infantile astrocytoma of the neurchypephysis .
and ganglicglioma . Pituicytoma =
Dysembryoplastic Spindle call oncocytoma
neurcepthalial tumour . of the adenchypophysis .

Acta Neuropathol., 2007,114: 97—109, doi: 10.1007/s00401-007-0243-4




The diversity of the brain tumours
Molecular signature and classification in the age of Next Generation Sequencing et al.
The Cancer Genome Atlas (TCGA) classification of Grade IV Glioblastoma (GBM)
2010 - Transcriptomes of 200 GBM samples : 4 signatures =4 subtypes
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The diversity of the brain tumours
Molecular signature and classification in the age of Next Generation Sequencing et al.
The Cancer Genome Atlas (TCGA) classification of Grade IV Glioblastoma (GBM)

2010 - Transcriptomes of 200 GBM samples : 4 signatures =4 subtypes

Proneural Classical Mesenchymal

TP53  mut

IDHA1 mut

ge
PDGFRA cn

mut

ge
EGFR
mut

ge

NF1 cn

mut

ge
CDKNZ2A

cn

N

0 2 WT mut
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Gene Expression Mutation  TP53LOH  EGFRuIII high level amplification
low level amplification

normal copy number
hemizygous deletion
homozygous deletion

2017 - More stringent separation : 3 subtypes
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Therapeutic target = which cell type(s)

Tumor associated microglia Geactive astrocytes >
and macrophages (TAMs)
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Front Cell Neurosci. 2021 doi: 10.3389/fncel.2021.709917.




Distribution of microglia and infiltrating macrophages in the adult brain

Microglia *
 Resident
» Self-renewed

* Long life expand

« Parenchyma

Macrophages*

 Infiltrating
« Bone marrow
 Blood

« Border associated regions

2 d + Dendritic
; P 0 /{ cell |
[ - Menmgeal |

s 'Meninges macrophage jh\&'

Mucrogllal
cell

_________________

7 Choroid plexus
? macrophage

'
Perivascular
macrophage:

~Blood vessel E

Prinz M, Priller J. Nat Rev Neurosci. 2014, 15:300-312




Microglia/macrophages, targets for glioblastoma (immuno)therapy ?

Inflammation and immune response in the brain ?

¢ Immune privilege:
foreign tissue graft

]

slow rejection <

4L

fast rejection

¢ Lack of lymphatic drainage

+* Restricted access by the Blood Brain Barrier

» A ,deficient” immune system as a result of the strong control to maintain homeostasis?

Journal of Immunology, 2020, 204: 286-293; DOI: 10.4049/jimmunol.1900838 JG‘U




Microglia/macrophages, targets for glioblastoma (immuno)therapy ?

Inflammation and immune response in the brain ?

O [ . e o . .
¢ Immune privilege: v Immune privilege is compartmentalized

foreign tissue graft
. (white matter)
I.C.l
Outer meninges

Brain parenchyma
(grey matter)

Inner meninges

slow rejection <

Choroid

plexus CSFin

ventricle

4L

fast rejection

¢ Lack of lymphatic drainage et Subsrachnoid space

(a circumventricular organ)
TRENDS in Immunology

¢ Restricted access by the Blood Brain Barrier
v' Lymphatic drainage is present in the brain

» A ,deficient” immune system as a result of the strong control to maintain homeostasis?

Journal of Immunology, 2020, 204: 286-293; DOI: 10.4049/jimmunol.1900838

JG6lu




Microglia/macrophages, targets for glioblastoma (immuno)therapy ?

Inflammation and immune response in the brain ?

) e e . e« o . .
% Immune privilege: v Immune privilege is compartmentalized

foreign tissue graft

i.cl
slow rejection
fast rejection Immunotherapy for brain tumours is possible

Brain parenchyma
(white matter)

rain parenchyma
(grey matter)

S.C.

¢ Lack of lymphatic drainage subrmil agan Sibarachnadspaon

TRENDS in Immunology

+* Restricted access by the Blood Brain Barrier

v' Lymphatic drainage is present in the brain

» A ,deficient” immune system as a result of the strong control to maintain homeostasis?

0 al o olog 020, 204: 286-293; DO 0.4049 0l.1900838
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Immunosuppression in the tumour environment

By infiltrating lymphoid cells:

» regulatory T cells:
= Suppression of adaptive immune cells (B and T cells)
= Suppression of innate immune cells (cytotoxic activity of Natural killer cells or macrophages)

= Secretion of immunosuppressive factors: IL-10, TGFR8

By infiltrating myeloid cells:

» tumor-associated microglia/macrophages:
= release of pro- and anti-inflammatory molecules




Microglia versus macrophages in brain tumor

A variety of macrophage clusters is revealed by single-cell RNA-seq analysis

Phagocytosis and lipid
metabolic MOM cluster v o, .1 co socreted Phagocylicipid metabolic

factors (i.e. Oncostatin microgha
) @ MUF IFN g,etc)

Hypondglyoolync ®
MDM cluster \

Q

SEPP1™/ microglia- uke ‘
MOM cluster

Microglia = anti-tumor ]
|FN—g|nduoed

Homeostatic microglia

Transitory/difierentiating
MDM cluster

Hypoxic mnc:oglna

Infiltrating macrophages

pro-tumor IFN-induced

MDM cluster

Arrieta VA, et al. Int J Mol Sci. 2021, 22:13382



Microglia/macrophages, targets for glioblastoma (immuno)therapy

Classically activated macrophages
TAMs (tumor-supportive)

Targeting metabolic and inflammatory status

Wound-healing

macrophages
TAMs

Nat Rev Immunol 2008 https://doi.org/10.1038/nri2448

Regulatory
macrophages

TAMs (anti-tumor)




Tumour associated-astrocytes:
Another central component of the brain tumour microenvironment

Reactive astrocyte margin
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v’ Support invasion

GB: glioblastoma
BrMs: brain metastasis

Faust Akl, C., Quintana, F.J. Nat Immunol 27, 912-922 (2026). https://doi.org/10.1038/s41590-026-02488-5




Reactive oxygen species in health and disease: a complex issue

Reactive oxygen species:

e second messengers

e pro-oncogenic signaling

cell death signaling

by-products of aerobic respiration

ROS production
Oxidative stress

Intracellular ROS

lonizing Radiation
UV radiation
PAHs

Xenobiotics
Radical Gener:
Smoking

Polluti

Mitochondria
Cytochrome p450
NADPH oxidase
Electron Transport Chain
Lipoxygenase
Peroxisomal Oxidases

(Environmental Factor)

—

ROS Production

H.O.
AU,

Oxidative Stress

Detoxification
Anti-oxidative stress

Antioxidant enzyme

GSH
NAC
SOD2
Catalase

DNA Damage
Lipid Peroxidation
Protein Damage

A 4

Apoptosis
Necrosis

Vitamin C
Vitamin E
SPPR2
Chromophores
Coenzyme Q-10
Ferritin

(ntracellular antioxidant)

Cell Stress and Chaperones (2025) 30:100108 https://doi.org/10.1016/j.cstres.2025.100108




ROS in cancer: a question of dose

/Antioxidant " A Ranair

- , Survival
\ ps3 / Cell death
L/ Pathway
PADY activation
% P N A\
4 A
Malignant Necrosis/apoptosis
Normal Pracarcerons Increase antioxidant High level ROS/
Alter Redox equilibrium Redox equilibrium loss
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Normal signalling Pro-oncogenic signaling Suppressor: cell death signaling

Cell Stress and Chaperones (2025) 30:100108 https://doi.org/10.1016/j.cstres.2025.100108 ]G‘U




Therapies based on increased ROS production

Photodynamic therapy Direct Light therapy

* Indirect generation of ROS via photosensitizers (PS) * Direct generation of ROS (mainly singlet oxygen)
* Wave lenght (600-850 nm/visible light) * Longer wave lenght (near infrared light) without PS
Toxicity of PS

Excited State Singlet PS Excited State Singlet PS
Intersystemn Type 1 Reaction Intersystem Type 1 Reaction
crossing crossing
Excited State Triplet PS all ROS Excited State Triplet PS all ROS
\ A
Type 2 Reaction % Type 2 Reaction %
O
g
) .
Singlet Oxygen

@ 3
c 3 s 2
2 g Singlet 0 g8l &
§ 8 QU glet Uxygen = g
2 5 S5 2 S &
9 S g < i &L
< [ § &
L) &
&
Ground State Singlet PS .
Ground State Singlet PS Ground State Triplet Oxygen Ground State Triplet Oxygen

Created with Biorender.com by Sophie Giess (Laboratory A. Régnier-Vigouroux)




NEXT GENERATION GLIOMA TREATMENTS

%G | IOLIghT Next Generation Glioma Treatments using Direct Light Therapy

Long-Term Vision ' Project Results
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Reading recommendations...
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THE NEW YORK

The Biology A BiocrRAPHY OF CANCER
of Cancer et b e
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“A compulsively readable, surprisinglyuplifting, and vivid tale. Thrilling.”
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