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Non-Homologous End Joining vs Homologous Recombination
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Glioblastoma — highly radioresistant brain tumors
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-#-.“-,.; 3/ Low-grade astrocytoma
L TP53 mutation (59%)
; WHO grade Il

:,~ ¢/ Anaplastic astrocytoma
3 i TP53 mutation (53%)
= WHO grade lll
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i~ Primary glioblastoma Secondary glioblastoma
QLo /7 LOH 10q (70%) LOH 10q (63%)

EGFR Amplification (36%)* EGFR Amplification (8%)

TARCE p16INK4a Deletion (31%) p16INK4a Deletion (19%)

. : TP53 Mutation (28%) TP53 Mutation (65%)*
Ohgaki and Kleihues PTEN Mutation (25%)* PTEN Mutation (4%)
Am J of Path (2007) WHO grade IV WHO grade IV

1. PTEN  mutation, homozygous deletion 65% __ RTK-PI3K-Akt
2. EGFR  mutation, amplification 61% |

3. p53 mutation, homozygous deletion 25% -_ Arf- Mdm2-p53
4. Arf mutation, homozygous deletion 66% | g

5. Ink4a  Mutation, homozygous deletion 66% } Ink4a-RB

McLendon et al Nature (2008)




lonizing radiation (in conjunction with temozolomide)
remains the mainstay of GBM therapy
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IR-induced DSBs —>NHEJ & HR
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Pre-clinical studies indicate therapeutic potential of
SRS/immunotherapy combinations
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GL261 cells in C57BL6J mice
Multiple studies in mouse glioma models indicate that SRS synergizes with antibodies

targeting immune checkpoints (e.g., anti-PD-1 and anti-PD-L1 antibodies)
Multiple clinical trials evaluating the use of SRS with anti-PD-1 antibodies in newly
diagnosed and recurrent glioblastoma (e.g., NCT02648633 and NCT02866747)




GBM development from radiation exposure



hlghly |oh1'2'ng 1 GeV/nu Fe
highly penetrating

» Cancer risk to astronauts (heavy ions)

» Particle therapy of cancers (H and C)

‘Modulation of the DNA damage response to HZE particles by shielding.” Mukherjee et al DNA Repair (2008)

‘Loss of p15/Ink4b accompanies tumorigenesis triggered by complex DSBs.” Camacho et al Carcinogenesis (2010)



Contrlbutlon of heavy lons to space radlatlon

ACancer risk to astronauts on Mars missions? -
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Identification of sensitive mouse models to study

floxed TSGs

;|

Deletion of floxed
alleles in the brain | &

HZE Particles

VS X-rayS\

Nestin-Cre

E15

Nestin-Cre LacZ reporter

- (n=40)
InkArf Ink4a +/+ Ink4a f/f Ink4a/Ink4b- Ink4a/Ink4ty
Cohort Arf+/+ Arff/f Arff/f Arff/f; Ptenf/+
p53Pten p53 +/+ p53 f/+ P53 +/+ p53 f/+ p53 f/f; p53 f/f
Cohort Pten+/+ Pten+/+ Ptenf/+ Ptenf/+ Pten+/+ Ptenf/+

Objective: Identify mice that do not develop spontaneous gliomas and develop high
grade gliomas only after radiation exposure




Fe ions induce persistent DNA damage in the brain
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Induction of high-grade gliomas by Fe ions (10 cGy)
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Optimal mouse models of IR-induced gliomagenesis

high signal : low noise
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Histopathological features of radiogenic
tumors resemble human high grade gliomas
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Radiation-induced tumors express cell lineage
markers of glial origin

NeuN

Synapsin

Normal

Glial Stem/Progenitor Neuronal/Neuroendocrine



Tumor neurosphere cultures from radiation-induced
GBMs possess qualities of cancer stem cells
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Genomic amplification of the receptor tyrosine kinase
Met is a oncogenic driver in the radiogenic gliomas
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Met amplification drives Sox2 expression and
supports a cancer stem cell phenotype

* Met signaling supports a glioblastoma stem-like phenotype via Sox2 induction (Li et al., PNAS 2011)
* Sox2 can reprogram differentiated GBM cells into induced cancer stem cells (Suva et al., Cell 2014)
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1. DNA double-strand breaks cooperate with loss of Ink4 and Arf tumor suppressors to generate glioblastomas with
frequent Met amplification. Camacho et al. Oncogene 34:1064-72 (2015)

2. Radiation-induced DNA damage cooperates with heterozygosity of TP53 and PTEN to generate high grade
gliomas. Todorova et al. Cancer Research (2019)



Conclusion: even low doses of IR Is gliomagenic
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Adding DNA repair defects to mouse glioma models —
potential utility for SRS/immunotherapy studies
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Inhibiting DNA repalir in mouse glioma models —
potential utility for SRS/immunotherapy studies

Time after IR (2Gy)
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“The dual PI3BK/mTOR inhibitor NVP-BEZ235 is a potent inhibitor of ATM- and DNA-PKcs-mediated DNA damage
responses.” Mukherjee et al. Neoplasia (2012)

“Inhibition of DNA double-strand break repair by the dual PI3BK/mTOR inhibitor NVP-BEZ235 as a strategy for
radiosensitization of GBM.” Gil Del Alcazar et al Clinical Cancer Research (2014)




GBM recurrence after radiotherapy



Modeling GBM recurrence in mice
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Radiation-induced genetic changes to the tumor cell
may synergize with radiation-induced changes to the
tumor microenvironment to drive recurrence

Preusser et al A Neurology (2011)

GBMs are irradiated with 60 Gy
of IR which includes a 2-3 cm
margin around the tumor




Senescence-Associated Secretory Phenotype (SASP)

DNA damage, oncogenic
activation, oxidative stress
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Hypothesis: Radiation-induced senescence of
normal brain cells in the tumor microenvironment
promotes GBM recurrence via SASP
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IR triggers senescence of astrocytes in the brain
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IR iInduces SASP factors In the brain
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Pre-irradiation of the brain promotes glioma growth

GL261 Cells (2,500)
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Tumors In pre-irradiated brains are more invasive
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Does HGF secretion by senescent astrocytes promote
tumor invasion via Met activation?

Mock Pre-lrradiated

DAPI/HGF DAPI/pMET DAPI/pMET




Relative Cell Migration (%)

Irradiated astrocytes secrete HGF and promote
migration of glioma cells in vitro
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senolytic”

ABT263* clears senescent cells from the brain

GBM cells
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Clearance of senescent cells by ABT263 rejuvenates age
hematopoietic stem cells in mice
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Pre-treatment with ABT263 attenuates glioma growt
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SASP can support or suppress anti-tumor Immunity

a Immunosupportive scenario b Immunosuppressive scenario
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