Low-energy accelerated protons
effects on a blood brain barrier model

Mihai Radul, Roberta Stoical 2, Calin Mircea Rusu? and Beatrice Mihaela Radu?

'Horia Hulubei National Institute for Physics and Nuclear Engineering
2University of Bucharest, Faculty of Biology

OREZO
.z_




Outline:

« Accelerated beams for radiobiology setups developed at IFIN-HH

« Brain tumor radiotherapy - Neurovascular unit — Blood brain barrier

* Functional changes induced by accelerated protons on brain
vascular endothelial cells

e Conclusions




Outline:

» Accelerated beams for radiobiology setups developed at IFIN-HH

« Brain tumor radiotherapy - Neurovascular unit — Blood brain barrier

* Functional changes induced by accelerated protons on brain
vascular endothelial cells

e Conclusions




Dosimetry:

Accelerated beams for radiobiology setups O i
sloped at IFIN-HH - 3 MV Tandetron . Gafchromic fims

* Plastic detectors
* RBS silicon detector

GEANT4
= Markus

m 070 - v T v T v T T T v
0 10 20 30 40 50 60
Depth (um)

GEANT4 simulation

V79, ~1.9 MeV, ~ 17.5 keV/m

_—
=1
x 1,0+ V Si detector |
& | 1
_ 0.84 | |GEANT4 0.8
= ]
£ 0,6- g
oo E 04
m —
= 041
....... cNa z
s 0’2_ Z 0.2
= )
E 0,0 T v T ¥ T Y v L] v I '
’5‘ 1,75 1,80 1,85 1,90 1,95 2,00 2,05 2,10 0 1 ) 3 4 5
rd Energy (MeV) Dose (GV)

Measured Bragg peak in mylar vs

=Y

P

DoseM (Gy)

e = N~ ow

—+— Horizontal
T T

— Vertical

0 4000 6000 0| 0000 12000 14

= , Y
W Twa
. o L
8.. 3.’:. ‘ ...:
'..lo }. .°':.

Dosey,, s VS RBS

8000 10000
RBS spectrum (counts)

000 16000 18000 20000



ccelerated beams for radiobiology setups
ed at IFIN-HH - TR 19 cyclotron

wd?

Measured Bragg peak in plexiglass
vs GEANT4 simulation

~—@ SIM
08+
@
W
8 o5
Dosimetry: E o -
- y: S T
* lonizing chamber 02- | _—
« Gafchromic films .
e Plastic detectors "0 200 400 600 800 1000 1200 1400 1600

Filter thickness (um)



Particle count

Energy / LET

250

200

Simulation of the irradiation for a 6-well plate

NO filter

Norm. Dose

1.0

0.8

0.6

0.4

0.2

0.0

125 13.0

0 200 400 600 800 1000 1200 1400 1600

Depth (um)

—— Dose
« LET 50
\ Lo
\ < k3o
P \ - 20
/, .\

‘// .
o - 10
0

Particle count

LET (keV/u)

1.4 mm plexiglas filter

1600

[EEN
N
o
o

800

400

1.0

Norm. Dose

1.0

0.8

0.6

0.4

0.2

0.0

Depth (u

m)

6.0
Dose
+ CLET 50
- 40
\- - i 5
-30 ~
\ >
)
20 X
AN S
\\\ Ll
-10 —1
\ 0
20 40 60 80 100



Topics covered by research performed on these setups

Ultra-high dose rate irradiation induces senescence and cell cycle arrest of
B16 Cells - Mihaela Bacalum et al (O-30)

Proton irradiation induced reactive oxygen species promote apoptosis and
G2/M-phase arrest in HepG2 cells - Mina Raileanu at al, (P-B-8)

Developing patient-centred strategies to fight cancer with nuclear radiations
research (EEA grant —- DORADIOS: https://www.doradios.dfvm.nipne.ro/)
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Brain fumor radiotherapy

Brain specific tumors: I.e. glioblastoma
Brain metastases:

typically, 1-3 infracranial metastases

« lung cancer: > 40%

« breast cancer: up to 20%
Therapeutical solutions:

« stereotactic radiosurgery

« whole brain radiotherapy:

-improves infracranial tumor control

-Is not mandatory a survival advantage

-may cause alterations of cognitive
functions and quality of life (~40% of
SUrvi fter 12 months)

(Schneider, et al., Neurosurgery, 80(2017)N7)




Brain fumor radiotherapy

Radiation-induced brain injury

Days Weeks Months Years
I

t ACUTE ! e

Transient demyelination
Somnolence

~ Attention deficits

Short-term memory loss

Edema
Headache
Drowsiness

Dementia
Death

(Greene-Schloesser, et al., Front. Oncol., 2012 00073




I Brain fumor radiotherapy

3D ImMaging of brain cells architecture (neurons; brain microvasculature)
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ascular unit — Blood brain barrier
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g radiation effects at brain level
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f the study

Radiotherapy used to control tumor growth elicits normal tissue
damage and vascular leakage

To understand the effects exerted by accelerated proton
beams on brain microvascular endothelial cells
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rials and methods

BBB in vitro model:
bENd.3: mouse brain microvasculature immortalized cells
(cells viewed in tfransmission microscopy with phase
contrast)




: r|aIs and methods
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ials and methods - Cytotoxicity
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ials and methods - Genotoxicity
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Results

erated protons decrease cellular viability

erated protons decrease the fraction of surviving cells
rated protons increase the micronuclei number

erated protons increase the yh2AX foci number

erated protons decrease the cell migration rate

erated protons alter the calcium transients characteristics
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- Accelerated protons decrease the fraction of surviving cells
(clonogenic assay)
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- Accelerated protons increase the micronuclei number

Micronuclei number
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- Accelerated protons increase the yh2AX foci number
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- Accelerated protons decrease the cell migration rate =
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t/he calcium transients
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clusions

d There is significant inhibition of the DNA repair correlated
with increased dose and high LET

d At low and high LET radiation, the cellular proliferation
and migration are diminished

O There is a nonlinear modification of the ATP-induced
calcium transient parameters with the dose and LET.







