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Brain tumors : generalities

Glioblastoma (GBM)

 GBM (IDHwt or mutant) are one of the worst type of tumor

in term of survival

 Median Survival = 15 Months

T1w-MRI

Surgery

Chemotherapy

Radiotherapy

Chinot et al., 2014

 Marked resistance to treatments



Investigator: Pr JS 

Guillamo, CHU of Caen

Non invasive detection of hypoxia with FMISO PET

Ponte et al., 2017; Bekaert et al., 2017; Chakhoyan et al., 2017



Hypoxia and GBM

HYPOXIA

Resistance to Radiotherapy
Resistance to Chemotherapy

Promotes tumor growth
Metabolic changes
Angiogenesis
Invasion

Poor prognosis
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Advanced RT to overcome resistance to RT

Normoxia
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Tumor
Cells

Vasculature

Microenvironment
-hypoxia

-Inflammation

Glioblastoma = complexe environment



 Macrophages are associated with poor survival in glioblastoma

Lu-Emerson et al., 2013

Da Francesca & Badie, 2013

Leucocytes in glioblastoma

Microglia/Macrophages (46%)

Lymphocytes (30%)

Myeloid-derived supressor cell (12%)

Dendritic cell (10%)

Macrophages :up to 30 

% of the cells in the 

tumor mass



GBM and inflammation

 Macrophage polarization

Anti-tumoral

Pro-tumoral

M2

M1

M0 

Macrophage

polarization

Mantovani et 

al., 2002

CD86, 

iNOS

CD163, 

CD206, 

Arginase 1

M2 macrophages accumulation increases with grade

Prosniak et al., 2013



Tumor volume

M1 Macrophages

M2 Macrophages

Anti-tumoral
Pro-tumoral

M0 Macrophages

What are the factors influencing macrophages polarization ?
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Macrophage polarization
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Effect of hypoxia on macrophage polarization

M0

M1 activation

M2 activation

Hypoxia (24h 1% of O2)

RT-qPCR
and

Enzymatic tests

Primary culture of macrophages



RESULTS : HYPOXIA AND MACROPHAGES PHENOTYPE

Hypoxia

24H

M2M0
Hypoxia

24H

M2M2
Hypoxia

24H

M2M1

Hypoxia favors M2MΦ



hypoxia

radiation 
therapy

inflammation
?



RADIATION THERAPY AND TAM

XRad225Cx irradiator

In vivo : GL261 Glioma model

developped in mice

12C ions, GANIL

In vitro : primary culture of BMDM



MΦ DENSITY FOLLOWING RT

Decrease in MΦ density following RT

X Rays 

(3x4Gy)

D7 J9 D11

X Rays 

(4Gy)

RX 

(4Gy

)

RX 

(4Gy

)

D14 D27

GL261



MΦ PHENOTYPE AFTER IRRADIATION

Increase in M2 proportion after RT
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IRRADIATION AND MACROPHAGES PHENOTYPE (IN VITRO)

Irradiation does not modify MΦ phenotype
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IRRADIATION AND MACROPHAGE VIABILITY (IN VITRO)

M0 and M1 MΦ are more sensitive to irradiation than M2 MΦ
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MΦ CELL DEATH (IN VITRO)

M0 and M1 MΦ undergo cells death through mitotic catastrophe

Apoptosis

Cell death

Mitotic catastrophe

Surova et Zhivotovsky, 2013 

AutophagyNecrosis

50 µm

Micronuclei : mitotic catastrophe

Les MΦ M0 et M1 sont plus sensibles aux RX que les MΦ M2 

Les MΦ M0 et M1 meurent par catastrophe mitotique après IR

Moyenne ± SD, les cercles correspondent à chaque expérience indépendante, ** p<0,01, *** p<0,005, HSD de tukey après une ANOVA significative

Moyenne ± SD, *p<0,05, *** p<0,005, HSD 

de tukey après une ANOVA significative

γH2AX MN Caspase-3 clivée

Moyenne ± SD, *p<0,05 M0 2Gy vs 0Gy, +p<0,05 

M1 2Gy vs 0Gy, #p<0,05 M2 2Gy vs 0Gy, HSD de 
tukey après une ANOVA significative

Moyenne ± SD, *** p<0,005, Test non 

paramétrique de Mann–Whitney

Similar results in Hypoxia



M0

M2M1

M2

Photons

Photons

What about other type of RT  ?  questions with C Ions 
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12C ions, GANIL



RT

Tumor Cells

Microenvironment
-Inflammation

Durante M et al., BJR, 2014



Irradiation of GL261 

cells

M0 M1 M2

72h

SN withdrawal/ 

filtration

+ cytokines

GL261 : GBM cell line

X Rays or  𝟏𝟐𝑪



Conclusions

M2 macrophages seems to be more resistant than M0 and M1 to X 

Rays

Sensitivity to other type of beams needs to be further evaluated

 Direct effects of beam on macrophages ? On inflammation? 

 Indirect effects through radio-induced products on cancer cells ?

In vivo experiments remain mandatory

 In vivo monitoring of inflammation with imaging (PET or MRI) ?
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