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What is a cancer cell ? • Deregulation of cell cycle

• Genetic alterations

• Chromosomal instability

How does cancer develop ? • Hypoxia /metabolic changes

• Metastasis / EMT

• Cellular heterogeneity / tumor initiating cells

Why can cancer develop ? • Immune dysfunction / immunosuppression



3 Cancer Discov. 2022;12(1):31-46. doi:10.1158/2159-8290.CD-21-1059

“A set of functional capabilities acquired by human cells as they make their way from normalcy to 
neoplastic growth states”
(Weinberg and Hanahan)

The hallmarks of cancer



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

Tumours can be compared to tissues

Therapy: what cell type(s) should we target?

✓ cellular heterogeneity
✓ tumour microenvironment
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Brain  tumours (Glioma)

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

Novel / alternative therapies ? Better understanding of tumour biology
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The tumour  niche

• neurons

• glial cells

• resident & infiltrating immune cells

• blood vessels

• neuro-progenitor cells

Brain specific environment
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Origin of brain tumour 

➢ Metastasis of tumour cells:

• Breast, colon, kidney, melanoma

Zhu and Parada, Nature, 2002, vol 2, p616

➢ Cells of the nervous system:

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

unlimited self-renewal potential

tumour-initiating propensity

Glioma 
stem-like 

cells

 

Glioma 
cells

 

Environmental agents? 

Inflammation? Viral infection?

Mutations, chromosomic/metabolic alterations

Tumour initiating cells

Astrocytes 

Neural stem 
cells 

Oligodendroglial
progenitor cells

Neural
progenitor cells

Cell of origin ? Cause /Risk factor ?
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86 % in cerebral lobes
         (highest blood flow)

6,4 % in deep structures of cerebrum
2,2 % in ventricules
1,5 % in cerebellum
4,1 % in brain stem

Incidence of gliomas by anatomic location

Neuro Oncol. 2007;9(3):319-325. doi:10.1215/15228517-2007-016
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The diversity of the 
brain tumours

Grades I to IV:

Morphology

Cytogenetics

Molecular genetics

Immunologic markers

World Health Organization (WHO) Classification:

Acta Neuropathol., 2007,114: 97–109, doi: 10.1007/s00401-007-0243-4 
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Molecular signature and classification in the age of Next Generation Sequencing et al. 

The Cancer Genome Atlas (TCGA) classification of Grade IV Glioblastoma (GBM)

Verhaak RG et al.
Cancer Cell., 2010, 17: 98. 

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

Wang, Q.  et al. Tumor evolution of glioma-intrinsic gene expression subtypes 
associates with immunological changes in the microenvironment. Cancer Cell 32, 42–
56 (2017)

The diversity of the brain tumours
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Molecular signature and classification in the age of Next Generation Sequencing et al. 

The Cancer Genome Atlas (TCGA) classification of Grade IV Glioblastoma (GBM)

Verhaak RG et al.
Cancer Cell., 2010, 17: 98. 

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

Wang, Q.  et al. Tumor evolution of glioma-intrinsic gene expression subtypes 
associates with immunological changes in the microenvironment. Cancer Cell 32, 42–
56 (2017)

2017 - More stringent separation : 3 subtypes

The diversity of the brain tumours



14 Front Cell Neurosci. 2021 doi: 10.3389/fncel.2021.709917. 

Therapeutic target = which cell type(s) ?
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Macrophages

• Infiltrating

• Bone marrow

• Blood

• Border associated regions

*

Microglia

• Resident

• Self-renewed

• Long life expand

• Parenchyma

*

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

*

*

*
*

Distribution of microglia and infiltrating macrophages in the adult brain
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Inflammation and immune response in the brain ?

❖ Immune privilege:
foreign tissue graft

s.c.

fast rejection

i.c.

slow 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?

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

Journal of Immunology, 2020, 204: 286-293; DOI: 10.4049/jimmunol.1900838
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Inflammation and immune response in the brain ?
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➢  A „deficient“ immune system as a result of the strong control to maintain homeostasis?

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

✓ Immune privilege is compartmentalized
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Inflammation and immune response in the brain ?

❖ Immune privilege:
foreign tissue graft

s.c.

fast rejection

i.c.

slow 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?

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

✓ Immune privilege is compartmentalized

✓ Lymphatic drainage is present in the brain

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

Immunotherapy for brain tumours is possible
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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, TGFß 

Immunosuppression in the tumour environment

By infiltrating myeloid cells:

➢ tumor-associated microglia/macrophages:

▪ release of pro- and anti-inflammatory molecules
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Microglia versus macrophages in brain tumor

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

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

Microglia = anti-tumor

Infiltrating macrophages
pro-tumor
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Microglia/macrophages, targets for glioblastoma (immuno)therapy 

TAMs (tumor-supportive)

Targeting metabolic and  inflammatory status

TAMs (anti-tumor)
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Tumour associated-astrocytes:
Another central component of the brain tumour microenvironment

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

✓ Mostly localized in peritumoral 
tissue

✓ Support proliferation

✓ Support invasion

GB: glioblastoma
BrMs: brain metastasis
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Reactive oxygen species in health and disease: a complex issue

Reactive oxygen species:

• by-products of aerobic respiration

• second messengers

• pro-oncogenic signaling

• cell death signaling

ROS production
Oxidative stress 

Detoxification
Anti-oxidative stress 

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



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

Normal signalling Pro-oncogenic signaling Suppressor: cell death signaling

ROS in cancer: a question of dose
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Therapies based on increased ROS production

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

• Indirect generation of ROS via photosensitizers (PS)
• Wave lenght (600-850 nm/visible light)

Toxicity of PS

Photodynamic therapy

• Direct generation of ROS (mainly singlet oxygen)
• Longer wave lenght (near infrared light) without PS

Direct Light therapy
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• Aston University (UK)
• University of Barcelona (Spain)
• University of Mainz (Germany)
• University of Munich (Germany)
• Modulight Corporation (Finland)
• VINCA, University of Belgrade 

(Serbia)
• Modus Research and Innovation 

(UK)

Funded under the European Union’s Horizon Europe EIC Pathfinder 
programme, grant agreement number 101129705. UK participants are 

funded by UKRI, grant number 10110169

Next Generation Glioma Treatments using Direct Light Therapy
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Reading recommendations…
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