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Radiotherapy (cartilage irradiation) and Bystander effect

Hadrontherapy and Bystander effect : D’OH |

beams (proton or carbon) have a specific advantage over photons.

IRRADIATED AREA Ilm irradiated
Cancer is the fisrt cause of death in France. It’s necessary to -
understand the resistant mechanism of tumors to current therapy | | — !( 1\
(radiotherapy and chemotherapy). Hadrontherapy by Carbon g
irradiation seems to be a good alternative. The hadrontherapy uses | / l \
accelerated ions. It’s a technique particularly interesting when the . | k Wit g B
que p Y g Direct effect of & I T e ﬁ‘%_«g‘ :]Dr
tumor is isolated and located in vital organs where it’s essential to irradiation e e '
minimize the irradiation dose in healthy arrounding tissue. The ion fq Tumor
X-rays / Carbon lon , (_ (Chondrosarcoma)

€)
When they enter the tissues, ions deposit a large part of their W

UNIRRADIATED AREA

energy at a given depth, at the "Bragg peak, beyond, the dose
Chevalier et al., Mutation Research 763 (2015) 280-293
decreases abruptly, which completely protects the healthy

) BVSta nder effect Bystander effect and cellular mechanism : Objective :
structures behind the tumor. At the same dose, protons produce
In the irradiated area (top pink area), some cells (1) can respond to * Understanding the radiation-induced Bystander effect after
the same biological effects as photons but the ballistic precision of o L
irradiation by : cartilage irradiation
proton allows to increase the dose to treat the tumor without Non irradiated area « direct secretion in the extracellular matrix of Bystander factors * |dentify Bystander Factors
. . : . arrounding health Non irradiated area . - . . .
touching healthy tissue. Chondrosarcoma is a good candidate for tissie y | arrounding tumor (cytokine, transcription factors) (A) * Reproduce the cartilage physiology with 3D model
Hadrontherapy because this cancer is radio and chemo-resistant | | " connection between cytoplasms of cells by the gap-junctions (B)
* secrection of small vesicules (exosomes) (C)
tumor. However , it’s necessary to evaluate the secondary effect of These factors can be receive by responder cells (3, 4, 5 and 6) in the
this type of irradiation especially the interaction between uniradiated area (green area).
irradiated and non irradiated cells, there is a biological imprecision Some cells cant receive (7) or produce (2) Bystander signals.

due to Bystander effect.

Bystander effect identification Bystander effect study
Bystander effect is concentration dependent
0Gy ( 8£Gy\
kW FTR Irradiation X-ray
N : After 9 days ‘ - 24h after irradiation “ 5 24h after transfer .
. ja . . - (——
Irradiation Collect Clonogenic assay Medium transfer (+ or — diluted) s
X-ray / C-lon supernatant Bystander cells Chondrosarcoma cells Chondrocyte cells ~ I —
(SW1353) T/C-28a2 Clonogenic assay
[ 17 24h after irradiation Supernatant transfer [ 17
Chondrosarcoa cells — Surviving fraction of Bystander T28 after medium transfer (+ or — diluted)
(SW1353) ‘ Chondrocyte cells of irradiated SW1353 at 0,1 Gy :
\yCentrifugation (T/C-28a2) Cell cycle study o
(1P) 100 - . This graph show a gradual loss of Bystander effect on
= g0 - T/C-28a2 after dilution of Bystander medium from
After 24h, 48h, 72h and 96h X CWA353 irradinted 2t 01 G
Flow cytometry analysis ,E 60 - Irradiated at 0,1 Gy .
3]
£ |w
S Bystander effect depends of the concentration
S 20 4
Bvstander effect at low dose < of Bystander factor in the medium
Yy A 0
0 100% 50% 25% 10%
Surviving fraction of Bystander T/C-28a2 after medium transfer from irradiated SW1353 : Cell cycle study of Bystander T/C-28a2 after medium transfer from irradiated SW1353 : Bystander medium 0,1 Gy (%)
(Results are means of 3 independent experiments)
0 Gy 0,1 Gy 2 Gy 8 Gy
100 1 [icarbon (GANIL)**
WProtons** _ TNF-a potential Bystander factor
SubG1:1,82% Sub G1:2,21%
30 - G1:43,06% G1:41,96% subG1:2,29% SubG1:1,28%
—~ 542'53% S 46, 26% G01:45,32% G1:48,47% . .
X G2/M:14,41% G2/M: 11,79% 5:41,79% 5:35,95% Irradiation Bysander
G2/M - 12,88% G2/M : 15,58% X-ray / C-lon
S supernatant collect
S| 60 < x I V-PLEX Human Proinflammatory
qg N _'E\ 24h after irradiation Cytokine study R Panel Il (4-Plex)
> — ‘ | g g IL-18, IL-6, IL-8, TNF-a
§ 40 - (JJ"J] Cells SW1353 and T/C-28a2 \ (multiplex cytokine analysis)
S \ “
(021
20 A
Sub G1:3,36% sub G1: 3.36% b G1:3 2600 N b Grea e Cytokine concentration in the medium from SW1353 and T/C-28a2 irradiated at 0,1/2/8 Gy (ELISA multiplex analysis)
. . y u 13, u 13,
?:ﬁ;‘f PR G1:44,20% | 61:43,38% IL1-6 IL-6 IL-8
G2/ 12.67% M- 13.12% I1s:45,96% 5 : 44,52% 350 1 B carbon (INFN)* |30 350 1
0 - ' 05 ' . ' 5 ' A ' . Y S G2/M :9,83% G2/M:12,10% 300 - [ carbon (GANIL)**{|300 - 300 -
) 250 4 M carbon (>'I<\I*IRS)** 250 - 250 - =
Dose (Gy) S > |200 - B Photon: 200 - 200 - 3
***Résults are means of 5 independant experiments  ** Résults are means of 2 independant experiments a 150 4 150 - 150 - @l
E 100 - 100 -~ 100 -~ W
From 0,05 Gy the surviving fraction of T/C-28a2 decrease after an irradiation by X-rays, -8 50 - 50 - 50 -
particulary at 0,1 Gy and up to 0,5 Gy. This effect is also observed after irradiation with C-ions § 0 - 0 - 0 -
but less severely. < 350 1 350 1 350 1
g 300 - 300 - 300 -
Sub G1:10,77% é‘ihi;;;;m Sub G1:5,60% | SubG1:5,64% 5 250 1 250 1 250 1 N
G1:50,29% . | G1:49,92% G1:50,92% ] 1 1 )
Surviving fraction of T/C-28a2 after irradiation : 5:37.13% iﬁf,;ﬁ?gm $:39,26% I S:35,20% § . 0 0 N
L G2/M:12,58% o G2/M : 10,82% G2/M:13,88% O |50 150 - 150 - S
1 _i! [} 100 - 100 - 100 - N
| < 50 50 50
: [] ™ 0 0 0 -
1 0,1 2 8 0,1 2 8 0,1 2 8
—Pp36% | Dose (Gy)
N | These results are very varied from one condition to another.
Q . . .
= None of these cytokines appear to be involved in the bystander effect
Q
= Sub G1: 8,44% e
Q 0,1 . 4 A Sub G1:11,25% Sub G1:3,68%
é ] z”lb g; 33;5% g,lli;";':;‘ G1:46,77% raul : 47,06% TNF-a concentration in the medium from SW1353 and T/C-28a2 irradiated at
e a et e S:43,26% §: 45 52% . .
g ;;ﬁgﬁﬁ% G2/M : 8,65% G2IM=5,97% a7 41% 0,1/2/8 Gy (ELISA multiplex analysis)
g 15t experiment 2nd experiment
(2 § 350 1 [ carbon (GANIL)* 350 1 [l Carbon (GANIL)**
300 - .Photons** 300 - . Photons**
Y =0 Lé’ - TNF-a expression is increase after an
O |200 4 200 - S
001 | E, 150 - 150 - & irradiation at 0,1 Gy by C-ion in the first
' ' ' ' : ' ' ' ' < 100 - 100 - w
° ' ? 3356y 4 > ° ’ ° S H F r experiment in SW1353.
& | 50 - 50
(V)
Dose (Gy) V| o- 0 - - TNF-0. expression is increase after an
% 350 1 [ Carbon (GANIL)** _ o _ )
At 0,1Gy the surviving fraction of T/C-28a2 after medium transfer from SW1353 Cell cycle of T/C-28a2 after medium transfer from irradiated SW1353 is analyzed 8 200 - 300 - [l Photons** irradiation at 0,1 Gy by X-ray in the first and
decreases at 36%, this percentage is comparable to the one obtained after a direct after 24h, 48h, 72h and 96h incubation. According to the presented curves, no i:: 250 - Q second experiments in T/C-28a2.
irradiation of T28 at 3.5 Gy. difference could be observed between controls and bystander samples L oo - 200 - 8 o .
S 150 o0 Potential involvement of TNF-at in
100 - ; ; 100 - E:
. . L. . . . . . Al 5o - Bystander effect.
SW1353 and T/c-28a2 cells communicated after an irradiation particularly at low The proliferation delay observed with the clonogenic assay had no =<;:ﬂ:on (GANIL
dose (0,1 Gy) : SW1353 cells produced a bystander signal in the conditioned impact in bystander cells repartition in each cycle phases — 0.1 5 3 — ,
medium, which induces a proliferation delay in T/C-28a2 bystander cells Dose (Gy)
** Results are means of two independant experiments  * Results are from 1 experiment
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