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Accelerated particles & complex DNA damages

- biological consequences ?
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Accelerated particles induces complex

less repairable DNA damages

High LET IR= accelerated nitrogen ions
%} Low LET IR= photons
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Cellular DNA damage response & repair pathways
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A role of DNA-PKcs in low LE

T IR response
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Increased DNA-PK signaling confers RT resistance in vivo
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Increased DNA-PK signaling confers RT resistance in vivo
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High LET IR can overcome DNA-repair mediated

by DNA-PKcs
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High LET IR can overcome DNA-repair mediated

by DNA-PKcs and trigger a
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High LET IR can overcome DNA-repair mediated

by DNA-PKcs and trigger apoptotic signaling
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» High LET IR can circur@%?functional DNA-PKcs, ATM or p53 to trigger cell death.

Holgersson A, Jernberg AR, Persson LM, Edgren MR, Lewensohn R, Nilsson A, Brahme A, Meijer AE. Low and
high LET radiation-induced apoptosis in M059] and MO059K cells. Int ] Radiat Biol. 2003 79:611-21.




High LET IR can bypass different DNA repair events- what

about other signaling cascades ?
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High LET IR can overcome low LET IR resistance

and trigger apoptotic signalling

Non small cell lung cancer cells
low LET IR (Gy)

What are the apoptotic signaling events
@ triggered after high but not low LET IR ?
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DNA-damage induced apoptotic signaling
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DNA-damage induced apoptotic signaling
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High LET IR activates mitochondria-mediated

signalling
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Proteomic-based characterization of high LET IR

sonse in tumor cells
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Proteomic-based characterization of high LET IR

sonse in tumor cells
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Proteomic-based characterization of high LET IR

sonse in tumor cells
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Total proteomic analysis identifies JNK as a critical

signalling event after high LET IR
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Number of
pathways

Total proteomic analysis identifies JNK as a critical

signalling event after high LET IR
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Selection of JNK and p38 MAPK pathways for validation

In silico studies suggested the JNK-pathway as activated and the p38-pathway
as deactivated in response to high LET IR in NSCLC cells

Defective JNK activation in responsse& w LET IR in NSCLC cells
(Viktorsson et al Exp es.2003)

p38 activates IGF-1R in response to low-LET IR in NSCLC cells
(Cosaceanu et al, Oncogene. 2007)

|

JNK & p38 MAPK
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MAPK signalling cascades -

regulators of proliferation & cell death
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High LET but not low LET IR causes sustained JNK activation

Which controls high LET-induced apoptosis
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High LET but not low LET IR impairs a p38MAPK-IGF-1R

survival signaling loop
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http://www-ncbi-nlm-nih-gov.proxy.kib.ki.se/pubmed/17043647

High LET IR can bypass different DNA repair events- what

about other signaling cascades ?

Activation of growth

'

> ——
”‘f . > factor receptors
v 4
/4 : .‘,a l { EGFR, IGFR, PDGF
DINA damage surveillance y _—l
// \\/ :// \).\ cell survival signalling

-
=
A
. ¢

b

ATM

iy . p53_‘ y =
//\\/%\3 //\\\//\‘\},,x"'w(}ell cycle regulation

cell death signallning

S ‘ p21 ‘ Chk1/Chk2 _\

L7
Activation of DNA-repair Ku DNA-PKes

A

L PRI Wy NN J |

IgNA - \ st _WKu80 Apoptosis
s: Mitotic
NHE], HR catastropl
. - phe

Base damages: Correct DNA repair Incorrect DNA repair N ecrosie
BER
Crosslinks: MMR l l

[ Cell survival ] [ Cell with mutation ] [ Cell death ]




Can we by phosphoproteomic analysis identify signaling events of

importance for cell death effects after high LET radiation ?
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Stdhl, S. Mamede-Branea, R, Mohanty, C.,, Zielinska-Chomej, K., Efazat, G., Juntti, T, Tu, ], Hddg, P, Stenerléw, B,
Lewensohn, R, Lethio, ]. & Viktorsson, K (2014). Phosphoproteomic profiling of high and low LET irradiated
Non small cell lung cancer cells reveals differences in growth factor signalling cascades and indicate a role of
p38MAPK and GSK3p'in low LET radiotherapy cellular response. In manuscript



Phosphoproteomic profiling method
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Decreased number of phosphoproteins identified in response

to high LET IR- impaired growth factor signaling ?
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PI3K/AKkt/GSK3B signaling is inactivated by high LET IR-

blockade of protein translation

Black marked does not show phosphorylation after high LET IR inNSCLC cells
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p38MAPK, CKII, AKT1 & CDK2 -signaling pathways of importance for

cell death trigger in response to radiation in NSCLC cells ?
inhibition av celldod vid lag LET IR ?
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GSK3 & p38MAPK drives low LET IR resistens

& are inactivated by high LET IR

Low LET IR resistant cells have higher GSK3B & p38 activity
— 1 GSK3p (Ser9) H23 H125 H157 A549'U4810 U-1752

J’- --IGSK3B Ser9)
———ew | GAPDH

| |]p38MAPK Thr180/Tyr182 D38MAPK

' : B Tubulin | Thr180/Tyr182

= —w==| Total p38MAPK .~ KUg0
v | (3 Tubulin SF2° 02 04 05 06 09 09
‘Q\Q\ \Q‘ c 1.5 R square= 0.95
RSN S
E —

WO Q\\Q}\ E-_S ®U-1752
= § 1.04 ®U-1810
g5
S 3
?2
S ® 05
S
X
7]

o ® H23
0.0




Summary of pathways of importance for low and

high LET IR response in tumor cells

|
1
> High LET IR but not low LET :
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Growth factor
receptor Ex. IGF-1R/EGFR

apoptosis in NSCLC cells
indicating different signalling

pathways. 59

» Total and phosphoproteomic 0@ PIK @ l PRl @
analyses revealed signaling D . ‘ P ekap 38.
differences in response to low, B | g D
and high LET IR / l ; l

- ]NK- a pI‘O-death pathway Inhibition of i Activation of

- p38MAPK/GSK3B- survival l
pathways. l

To whom.should we apply high LET IR- Biomarkers to enable patient
selection required ?



Conventional RT Accelerated

(photons/protons)+/- particles (ions)
targeted agents
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