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SHEILA

SCOPI: ...studio degli effetti biologici indotti a seguito a esposizione alle
basse dosi, aregime stocastico (“broad beam”) e di “counted particles”
(“microbeam a singolo evento”)

1. Contributo alla valutazione di rischio

2. Studio di meccanismi di trasmissione di segnale di danno indotto dalla
radiazione ionizzante

3. Contributo allo sviluppo e validazioni di modelli biofisici

Attivita prevista:

 Sistematica di effetti indotti in sistemi cellulari di mammifero, in funzione
della qualita della radiazione e della dose, sino al limite di una particella
per cellula



Sezioni INFN Partecipanti:

BOLOGNA: (dal 2008)

G.Baldazzi
G. Castellani
Masetti
Procopio
Remondini
Zironi

LNL:

L. Celotti

R. Cherubini

V. De Nadal

S. Gerardi

D. Guryev

F. lanzini

M. A. Mackey
M. Skoczylas
D. Zafiropoulos

ROMA-3:

A. Antoccia
F. Berardinelli
A. Sgura

C. Tanzarella

(resp locale)

(resp locale; rapp. naz)

(EC MRTN “Cellion” post-doc fellow)

(EC MRTN “Cellion” PhD-student fellow)

(resp locale)

SHEILA

Durata; 3 anni




SHEILA

FP6 -- Marie Curie Research Training Network

CELLION : Studies on cellular response to targeted single ions using nanotechnology
(UE Contract n. 511382- MRTN-CT-2003-503923)

Participant Institutions (and project leader)

1. Henryk Niewodniczanski Institute of Nuclear Physics PAN - Krakow, POLAND
Zbigniew Stachura

2. Gray Cancer Institute - Mount Vernon Hospital,Northwood, UNITED KINGDOM
Melvyn Folkard

3. Gesellschaft fur Schwerionenforschung mbH, Material Science - Darmstadt, GERMANY
Bernd Fischer

4. Istituto Nazionale di Fisica Nucleare - Laboratori Nazionali di Legnaro - Legnaro (Padova), ITALY
Roberto Cherubini

5. Jagiellonian University, Medical College - Krakéw, POLAND
Jerzy Stachura

6. Centre d'Etudes Nucleaires de Bordeaux-Gradignan (CNRS - IN2P3) - GRADIGNAN, FRANCE
Philippe Moretto

7. Universitat Leipzig, Fakultat fur Physik und Geowissenschaften, Nukleare Festkorperphysik - Leipzig, GERMANY
Tilman Butz

8. Lund Institute of Technology, Physics Department, Division of Nuclear Physics - Lund, SWEDEN
Jan Pallon

9. The University of Surrey, Advanced Technology Institute Dept. Physics, School of Electronics and Physical
Science - GUILDFORD, UNITED KINGDOM
Geoffrey W. Grime

10. Uppsala Universitet, Department of Engineering Sciences - Uppsala, SWEDEN
Klas Hjort

Ref: CELLION homepage: http://cellion.ifj.edu.pl/



SHEILA

Te}
666T 'IN-HI3d
JTReTST[RW A0I2q 0 SISLISOIIOY ALSST) PUE [[22 [RTUIoT oIy saded
-5 MM s[[aa Jo uonendod snoasmaSormar] v saonpoxd L115054Z01Na7 JO S50] pUw *SI0S
-saaddns Jowmm ur vonouny Jo sso] ‘sauaoouo ur suoneIngy ~ANIgeIsul Jnuousd JUEIsIs
-1ad pue ‘snoneatrdure ‘syuamadoeieal ‘suonafap auad urejuoa Leur s[j20 FuTATAINS puR
‘sisodode pue sfefap 9a4o o0 m Suipes] sAvammed ssenmn ‘umosd god Jo voneanoy
"nedar uostova aseq Aq saveq padeurep pue ‘Sumrolar year) puens amop (Mewmigr)
snodo[owoyuou 10 snofojowoy Aq panedar 20e $YE2IQ PUENS YN “S[[22 ¢ S§ewWwep
pued-0 enw wogy s weudyew jo uawdo@aap Futsmoys ey mopd 19 SHNOH
i)
E E .
=z 2 g
8 g2
= > 5 3
§ =
Z £ 3 .
8 Z G 8 . s & TR Z
= 2 g ZPE ) 2 Mw = (-
@ w 1] = = 82 = A = A -
R o > _p 2ZS g | 28 55 5
5 ” g 8 e 52 | =d Ea 2
.m. E we 59 % 8 K = <En
5 o w“ vl oy o — o b o o
= < < 2 A g = >
=" ) = o
= = Uiz MY m RN
e -4 zH po< (=)
2 : z o5 | B3
¢ 23 SE e 2
o mKs [y e MW
= il B sm 2 =
~J (7 & 09 3 L z <
o 2E z3 27 yof =2
5 R g S0 CE
S - &T Ol =
— =
; S: Vi3 | |82 | |°
Zo oF ZE 5 N
m S wml‘.m - ./ &
z &
- Wl - mp 8 —
Ll 4{_ L []
m B, EW £ m
o = =) [
=] z 8 .mm
m — SR »-
2 g8
=/
2Ee




SHEILA

Low dose risk assessment

Data collected at high doses by
means of:

- epidemiological studies (Hiroshima e
Nagasaki; nuclear fallout; uranium miners..)

- In vitro studies: conventional
irradiation with broad beams

Extrapolation to low doses:
Linear — No threshold model

\ A
00 e
¢
\ \O 05%
s ©
a( ef(ﬁ%co(\ 0& \O\N
e N
W
WOt
W©
c\‘

\§*
O Edward J.Calabrese, EMBO reports VOL 5 | SPECIAL ISSUE | 2004

Risk

]
'
[}
1
\
"
'
5
)
-
.

Supra-linear Behaviour determined

/ from high dose data
/// Sub-limear

Linear Threshold

\ / 0.5

Dose (Sv)

..but also...hormesis??!!..

...our cells have developed

mechanisms to detoxify harmful
chemicals and exposure to
radiation—in fact, low doses may
even trigger responses that are
beneficial




Surviving fraction

Surviving fraction

...Effetti delle basse dosi SHEILA

(studi in vitro)

(E.Tsoulou et al., Int. J. Rad. Biol. (2001),vol. 77, 1133-1139)
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...Effetti delle basse dosi SHEILA

(studi in vitro)

(G. Borhnsen et al., Radiat. Prot. Dos.(2001),vol. 99, 255-256)
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Figure 1. Survival of V79 cells after irradiation with low doses
of 100 MeV/u carbon ions. Dashed line: expectation value for
survival according to a LQ-fit to data obtained by the dilution
assay over a larger dose range'®’. Full line: fit according to the
Induced-Repair formulation'”'. Dotted line: corresponding fit to
the survival curve obtained after irradiaton with 6 MV photons.

6MV photons and 12C%* ions of
92.5 MeV/amu on target (27.5
keV/um LET)

Chinese hamster V79 cells
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SHEILA

Bystander Effect Mechanisms

Radiation-induced Cell Stress [ Injury

Remodeling of Extracellular Matrix

(G. Nelson, 2000)

Recenti evidenze sperimentali mostrano che cellule non
direttamente irradiate esprimono un danno a seguito di

irraggiamento di cellule della stessa popolazione cellulare...
anche se non direttamente adiacenti!! ?



... approccio sperimentale proposto per lo

SHEILA

studio degli effetti delle basse dosi

Sistematica di effetti indotti in
sistemi cellulari di mammifero,
in funzione della qualita della
radiazione e della dose, sino al
limite di una particella per
cellula, in regime stocastico
(“broad beam”) e di “counted
particles” (“microbeam a singolo
evento”)

Conventional broad beam
irradiation

Single ion microbeam
irradiation

Averaqge dose =1 hit per cell nucleus, ..

v



SHEILA

Available INFN-LNL facilities for radiobiological studies:

« Light ion broad beam irradiation facility at the 7MV Van de Graaff CN
electrostatic accelerator
(protons, deuterons, helium-3 and helium-4 ions; E: 0.8-12 MeV)

* Heavy ion broad beam facility at the Tandem-ALPI accelerator
complex
(A>4; E: 5-26 MeV/amu)

* Light ion microbeam facility at the 7MV Van de Graaff CN
electrostatic accelerator for “single-ion single-cell” irradiation
(protons, deuterons, helium-3 and helium-4 ions; E: 0.8-12 MeV)

 Fully equipped cell biology Laboratory
—->Under development: Heavy ion microbeam facility at the Tandem-

ALPI accelerator complex for “single-ion single-cell” irradiation
(A: 6-20; E: few-20 MeV/nucleon) 11
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cellule di mammifero
usate nella
sperimentazione:

Roditore : V79, MEFs

Umane: fibroblasti primari

12
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Misure del danno
al DNA

v' Sopravvivenza cellulare
v Foci dell'istone H2AX
v' Micronuclei

v'Aberrazioni
cromosomiche

Misure di risposta

cellulare alle

radiazions

v Telomeri
v' Patch clamp

v'Espressione genica
vP53 e CDKN1A

13
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Cellule V79 — Raggi y Co-60

Model: M&Jg
Chi*2 = 0.07209
RA2 = 0.99905

asen 0.53768 +1.42605
dc 0.4034 +0.87849

0,1

Model: lin.quadr.

Chi*2 = 0.12576
R"2 = 0.99835
alfa 0.18262 +0.04875
beta 0.02233 +0.01226
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LET=7.7 keV/um

Cellule V79 — protoni

Risultati preliminari

Model: lin
Chi*2 = 0.32504
’ ; 3 RA2 = 0.97757
] ﬂk\{rﬁ\ alfa  0.22157 +0.0174
- St
\E\\\\%
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0p)
0,1 . — — . : .
0 1 2 3 4
dose (Gy)

SF

0,
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SHEILA

LET=28.5 keV/um

Model: lin
Chi*2 = 0.55884
RA2 = 0.99784

+0.01769

alfa 0.52038

15
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SHEILA

Cell survival curves after irradiation with neutrons and X-rays

B. Marples and M.C. Joiner: The response of Chinese Hamster V79 cells to low radiation doses:
evidence of enhanced sensitivity of the whole cell population Radiat. Res. 133 (1993) 41-51

04 + P

Surviving Fraction

0‘2 1 I I

Cell survival curves after
irradiation with neutrons (e)
and 250 kV,, X-rays (°).

The solid line shows the fit of
the  linear-quadratic  (LQ)
model to the X-rays data above
1 Gy. The inset shows the low
dose region of the survival
curve expanded and the
increased effectiveness of X-
rays below 0.5 Gy compared
to the LQ prediction.
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Cellule V79 — protoni, LET= 28.5 keV/um

Half-shielded Irradiation

Risultati preliminari

Irraggiamento del 100%
della popolazione cellulare

—
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SHEILA
Misure di danno al DNA

Protons
- 1Gy -

X-Rays
- 1Gy -

1/2h 1h 4h 24h

Induzione di DSBs e cinetica di ricongiungimento

ROMA 3
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Induzione di DSBs e cinetica di ricongiungimento ~ >7E/LA
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Misure di danno al DNA SHEILA

Mutagen :
aneugen or clastogen @

_ mitosis
Giemsa A Fluorescence
Stﬂllll]lg metaphase Stﬂlﬂlllg .
+ cytochalasin B l l + cytochalasin B
@ @ FISH: probing with
pancentromeric
i probe
Chromosome breakage Chromosome loss
W centromere - W centromere +

Micronuclei in cellule Binucleate

ROMA 3
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Total MN per cell

V79 cells — Risultati preliminari

SHEILA

1,4-_ y-rays ] 1,4-_ 28.5 keV/um protons
1,2 1,2
1,0 = 1,04
| 8 |
0’8_ - E 0,8_
J o J
0.6 g 06
0,41 . £ 04-
4 i |_ 4
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o 1 2 3 4 5 6 00 05 10 15 20
Dose (Gy) Dose (Gy)

The frequency of MN per BN cell after exposure to different types of radiation

2,5
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SHEILA
MN in fibroblasti primari umani HFFF2
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V79 cells — Risultati preliminari
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28.5 keV/um protons

Total number of aberrations per cell (%)
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The total number of aberrations per cell after exposure to different types of radiation
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Anomalie del telomero sono responsabili della instabilita
cromosomica

telomeric fusions DNA breaks

fragments

»
-

G,

Y,
g T-loop

5 N\
; \_\ POT1
Telomere length control Telomere capping
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SHEILA

Analisi Q-FISH (Quantitative FISH) in Nuclel

HFFF2 X-rays HFFF2 Protons 0,8 MeV
500 500
400 . ]_* 400 ~ r T
300 % .~ 300 T %
200 ?/ > 200
100 / / 100 - / /
0 % W o Y 7
0Gy 4Gy 0Gy 4Gy 0Gy 4Gy
24hrs 15days 24hrs 15days

Times & doses Times & doses

Sgura et al, Radiat. Prot. Dos. 122(2007)

25
Analisi: 50 nuclei per punto sperimentale in 3 esperimenti indipendenti
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Analisi Q-FISH in Metafase

4Gy X-rays 4Gy Protons

Analisi: 930 segnali telomerici per punto sperimentale

SHEILA

ROMA 3
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X-rays

CIT %

35
30
25
20
15
10

HFFF2 - Prot 0,8 MeV

N

0Gy 4Gy
24h

Times and doses

60

24h 0Gy

14,40 %

1 11 21 31 41 51
24h 4Gy
13,50 %
60
40
20 “I
0
1 11 21 31 4 51

Mann-Whitney Test

*=P <0,0001

SHEILA
Protons

35

HFFF2 - Protons

30 T*
25 3
i 20 =
e 7
5
° % 7
0Gy 4Gy
24h
Times and doses
24h 0Gy
0,
60 | 14,79 %

41 51

24h 4Gy
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60

40
20 -

11 21 31 41 51
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Attivita telomerasica

Telomerase activity HFFF2 - X-Rays
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TECNICA DEL PATCH CLAMP

E’ una tecnica biofisica molto raffinata per lo
studio dell’attivita dei canali ionici.

Il canale ionico € una macromolecola con un poro

(diametro dell’'ordine dei nm) che consente la
permeazione selettiva di ioni (Ca, Na, K, Cl, etc)

| flussi ionici sono presenti in tutte le cellule,
mediano funzioni fondamentali quali I omeostasi

e

I'eccitabilita elettrica (comunicazione neuronale e

contrazione muscolare)

“Patch Clamp® significa imporre ad un tratto di
membrana (patch) un voltaggio definito (voltage
clamp) e misurarne il flusso di corrente

29
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Con la tecnica del Patch Clamp si puo
misurare la corrente risultante da tutta
la superficie cellulare - whole-cell

I:'-ﬂh:h CEMp amp
.,.,.,ﬂ CORRENTE CALCIO

200

[ - ]
-200

-400

te (pA)

(zigaseal

-B00
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-800

-1000

1200 = : : - : : -
- 0 20 40 B0 &0 100 120
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10-20 LSRN
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SHEILA

Con la stessa tecnica si pud misurare
la corrente passante attraverso un
singolo canale ionico — single channel

palch cEmp amp.E
) cellula
< Gigaseal

(Gigaseal
"
' ‘2"‘"‘
T aoms
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SHEILA

Proc. Narl. Acad. Sai. USA
Vol. 90, pp. 908-912, February 1993
Cell Biology

Potassium-channel activation in response to low doses of
y-irradiation involves reactive oxygen intermediates in
nonexcitatory cells

(lonic channels/reactive axygen intermediates /second messengers /free radical scavengers)

Sopnia S. Kuo, Avie H. Saap, ALBerT C. Koong, GeorGE M. HAHN, AND AMATO J. GIACCIA*

= 100 mV
<
- L50mV L
- Omv =
= - 100, - 50 mV¥ E
3
o

9= Voltage (mV)
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cDNA Microarrays

P 1 gf’ A Comparative
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l l Experiment
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Significance analysis of microarrays applied to the

lonizing radiation response

Virginia Goss Tusher*, Robert Tibshirani*, and Gilbert Chu**

*Departments of Madicine and Bicchermistry, Stanford University, 269 Campus Drive, Center for Clinical Sciences Research 1115, Stanford, CA 943085-5151;

and 'Department of Health Research and Policy and Department of Statistics, Stanford University, Stanford, CA 04305

Carmmunicated by Bradley Efron, Stanford University, Stanford, CA, February &, 2001 (received for review December 1, 2000)

Microarrays can measure the expression of thousands of genes to
identify changes in expression between different biclogical states.
Methods are needed to determine the significance of these changes
while accounting for the encrmous number of genes. We describe a
method, Significance Analysis of Microarrays (SAM), that assigns a
score to each gene on the basis of change in gene expression relative
to the standard deviation of repeated measurements. For genes with
scores greater than an adjustable threshold, S&M uses permutations
of the repeated measurements to estimate the percentage of genes
identified by chance, the false discovery rate (FDR). When the tran-
scriptional response of human cells to ionizing radiation was mea-
surad by micaroarrays, SAM identified 34 genes that changed at least
1.5foldwith an estimated FDR of 12%, comparad with FDRs of 60 and
84% by using corrventional methods of analysis. Of the 34 genes, 19
wera involyad incell oycle regulation and 2 in apoptosis. Surprisingly,
four nuclectide excision repair genes were induced, suggesting that
this repair pathway for UV-damaged DNA might play a previously
unrecognized role in repairing DNA damaged by ionizing radiation.

SHEILA
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IR & microarrays

Esperimento:

- confronto tra 3 campioni di controllo (sham) e
3 trattati con irraggiamento.

- analisi di geni e pathway biologici coinvolti

Future direzioni:

- espressione genica dose-dipendente
- dinamica della risposta genica (time series

design)

36
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Contributed by L. N. Cooper, March 14, 2005

SHEILA

Targeting c-Myc-activated genes with a correlation
method: Detection of global changes in large
gene expression network dynamics

D. Remondini***, B. O'Connell5, N. Intrator®, J. M. Sedivy%, N. Neretti'V, G. C. Castellani*****, and L. N. Cooperl**tt3:

*Dipartimento di Fisica and TGalvani Center for Biocomplexity, Universitd di Bologna, Bologna 40127, ltaly; Departments of $Molecular Biology, Cell Biology,
and Biochemistry, "Physics, and ¥Neuroscience and Tnstitute for Brain and Neural Systems, Brown University, Providence, Rl 02812; I5chool of Computer
Sdence, Tel Aviv University, Tel Aviv 69978, Israel; and *Dipartimente di Merfofisiclogia Veterinaria e Produzioni Animali , Universita di Belogna, Ozzano
Emilia 40064, ltaly
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Gap Junection MAPK
Pathway Pathway
TCA
Pathway
Insulin
Pathway 1
Calcium
Signaling
Focal Pathway
Adhesion * /
Pathway

Purine
Pathway

Fig. 3. Network of selected Myc-influenced
pathways showing positive and negative
correlations. The red and blue arrows denote
positive and negative co-regulation, respectively.
The thickness of the arrows 1s proportional to the
magnitude, or absolute value, of the co-regulation.
A network with these properties 1s called a
weighted directed graph.
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enl & Pathways
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.Grazie dell'attenzione..
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