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Aims of WP7 - Radiobiology

e To establish a biology-based research programme which will enable
analysis of LhARA in radiobiological experiments in vitro and in vivo.

e To investigate the biology of laser-driven ions delivered at ultra-high dose
rates (~10° Gy/s) in nanosecond pulses and different time structures.

e To compare the biology of laser-driven protons versus cyclotron
accelerated protons using well characterised cellular models and biological

end-points.



Previous evidence of laser-driven ion radiobiology
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No apparent different in survival and DNA double

strand break repair (GBM cells)
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Main objectives of WP7 - Radiobiology

1. Identify an appropriate laser accelerator facility (e.g. SCAPA) that houses the appropriate
equipment and resources for radiobiological research.

2. To perform experiments analysing the clonogenic survival of previously well characterised and
established cell models, with laser-accelerated protons at different doses.

3. Compare RBEs of laser-accelerated protons versus pre-existing data using X-rays and cyclotron
accelerated protons at both conventional (2-5 Gy/min) and FLASH (100 Gy/s) dose rates.

4. Analyse levels and repair of DNA damage with laser-accelerated protons at different doses, and
compare with pre-existing data (X-rays, cyclotron accelerated protons at CONV/FLASH dose rates.

5. Compare generation of neoantigens formed by laser driven protons to cyclotron accelerated
protons to determine the effects on the immunopeptidome and on T cell recognition.

6. Explore the potential for utilisation of more advanced in vitro cellular models, and of the
experiments and resources necessary for in vivo examination of laser-accelerated ions.

Fabbrizi and Parsons (2022) Expert Rev Mol Med



“Relatively” high-LET protons cause a decrease in cell
survival due to CDD formation compared to low-LET protons
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Clonogenic assays for analysis of IR-induced cell
sensitivity
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Analysis of DNA damage: YH2AX foci as a surrogate DNA
double strand break (DSB) marker, and comet assays
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* Reveals the kinetics of repair of DSBs (1-24 h), but note that YH2AX is a signalling marker and doesn't
directly measure the damage itself (unlike comet assays).

* Considerations are the thickness of dishes (~1.2-1.4 mm) plus glass coverslips (~¥0.13-0.16 mm) for yH2AX
foci, and additional resources/equipment needed for comet assays.
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http://stopsmartmeters.org.uk/wp-content/uploads/2012/07/Comet-Assay-DNA-damage.jpg

Radiobiology using more advanced 3D models in
vitro and in vivo
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* Reveals the growth of tumour cells in 3D as a more accurate translational model.

» Considerations are for spheroids that these are grown in U-well shaped plates (different thicknesses at
base and sides) and in suspension (free floating and not necessarily at a defined depth). Organoids are
more fixed but within a basement membrane matrix (with a certain depth/volume).
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