r ‘
MINISTERE
DES ARMEES [

Liber
E /
Fraternité

A new murine highly localized high-dose muscle radiation
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ELSEVIER Experimental Hematology 2010;38:945-956 Table 1. Studies investigating changes in cellular metabolism and protein degradation.
Multipotent mesenchymal stem cell grafting to treat cutaneous radiation Axthor Semple  Handow) (Radintiondime Lol
e . frog N = 28/ X-ray Gastrocnemius
syndrome: Development of a new minipig model Gerster, HB. er al. 1953 rabbits N = § no 100 KR/T2KR Micelo
. a b : a LA . FRURETINY ’ " p rabbits . X-ray - Pectoralis
Diane Agay”, Harry ScherThan s Fa'blen forcherop , Nancy G:emer ., Francis Hérodin®, Khan, M. et al. 1974 N=18 yes 1130 Re 1300 R ajor musolé
Viktor Meineke”, and Michel Drouet ) -
Ahlersova, E. et al. 1981 rats no X-ray - 2.39 Gy Whole body
J. Biomedical Science and Engineering, 2015, 8, 555-570 .0:0 Sclentific
Published Online August 2015 in SciRes. http:/ fwww.scirp.org/journal/jbise "}. Emm! Horowits, R. ef al 1986 rabbits no no- 1.5 Mrad Psoas muscle
http:/jdx doi.ore/10.4236/jbise 2015.88052 ¢
L |_{| Schwenen, M. e al. 1989 rats no Gama - 15 Gy Hind paw
Voltsitskil, VM. ef al.1990 rabbits no X-ray - 0.21Ckg" Hind paw
KhizhniakSV. er al. 1990 rabbits no X-ray-0.21 Ckg"' Hind paw
= = KhizhniakSV. e7 al.1991 rabbits no X-ray - 0.24 Ckg ' Hind paw
Late Effects of Radiation on Skeletal Muscle: ||, . w100 S 5 S —
3 low-LET "H- 9%0¢Gy
An Open Fle] d Of ResearCh Shtifman A ef al. 2013 mice N =8 yes high-LET *Fe-15¢ Gy Whole body
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Diane Agay®, Harry Scherthan®, Fabien Forcheron®, Nancy Grenier®, Francis Hérodin®, Khan, M. ef
Viktor Meineke”, and Michel Drouet* i Author Sample Random _ Radiation-dose Local
Ahlersova, o 16 males
J. Biomedical Science and Engineering, 2015, 8, 555-570 P Rosenblait JD. 1993 ™iee € i?{“.;; males 0 Gamma2500rad [ Right hindlimb
Published Online August 2015 in SciRes. http://www scirp.org/journalfjbise "}. Emm! Horowits, R| ’
htto://dx.doi.org/10.4236/ibise.2015.85052 * Sl Phelan, JN. et al. 1997 rats N = 40 yes  Gama - 3000 rad | Right soleus muscle
Schwenen,
Voltsitskil, | Caiozzo, VJ. er al. 2010 rats no Gama - 5 Gy Cell culture
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An Open Field of Research i
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Table 1. Studies investigating changes in cellular metabolism and protein degradation.

Author Sample

. )
Gerstner, HR—eral 1053 frog N'=28

Random

Radiation-dose
X-ray

Local

| Gastrocnemius |

Table 2. Studies that investigate repercussions on satellite cells.

Khan, M. er
Author Sample Random  Radiation-dose Local
Abhlersova, ice C /6 males
Rosenblait JD. 1993 ™iee € i?f“.;f’ males oo Gamma2500rad [ Right hindlimb
Horowits, R -

{ Table 4. Studies that investigated the regeneration of muscle tissue.

Author Sampl Rand, Radiation-dose
Popova, MF. et al 1978 rats no no -1000 R
. mice strain -
g vl - N
Wirtz, P. et al. 1982 Re 129 N =30 no no- 20 Gy
P X-ray - 6350, 2000 e
Gulati, AK. 1987 rats no 10.000 R
| Popova, MF. ef al. 1988 rats N = 64 no X-ray - 20 - 30 Gy
Rosenblatt JD. 1993 Rats ",:.“1“‘: Jw no Gamma 25 Gy
Granata, Al etal 1998 Wild mioc and mdx no Gama/30Gy
ystrophic mice N = 30
Wemig, A. e al 2000 mice NV =29 no X-ray - 16 Gy

Local

Gastrocnemius Muscle

Plantaris,
gastrocnemniusandsole n—

usmuscle
Extensor digitorum |l__
longus muscle o

Gastrocnemius Muscle || |

Right hindlimb

Soleus muscle

Soleus muscle

» Irradiation models are available but : large animals, whole leg exposure including bones, foot loss...

> Need to focus on muscle.
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Murine model : Female C57BI/6J mice
12 week-old

MUSCULOCUTANEOUS model

D-7 DO D90

Irradiation

Analysis

Left G/S muscles

Radiation dose: 60 Gy

Left G/S muscles

Non IR control 0 Gy
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Weekly evaluation of leg contracture

54
-= 0 Gy
-e: 60 Gy ek

E 4

" *
£ \ * ke T
";; ‘r \ wok

\
gs. A [
Q ! \ P . .7 "'--._
© ! ' 4 N “-e
"l'-' : ' e "'"
c 24 P \ .
Q '
o !
g U
- 14 ,}
’l
Contracture = measure of non IR—measure of IR leg (mm) . -%
O"_H T T8 iy T T o E— T T iy T 1
From Stone HB, 1984 SOV P RP R RPLPROS PP

Days after irradiation

ECB 2023 — March 3, 2023



fre RADIATION-INDUCED SKIN LESIONS AND LEG CONTRACTURE <

MINISTERE

DES ARMEES

Liberté _< —_—
Egalité Service de santé
Fraternité des armées

Weekly evaluation of leg contracture

54
-= 0 Gy
-e- 60 Gy Foeok
E 4
" *
£ i‘ * ke
'E; ‘r \ sk
\
gs. A [
Q ! \ P . .7 "'--._
© ! ' 4 N “-e
= : ' e "'"
c 24 P \ .
] .
o !
g U
- 14 ,}
’l
Contracture = measure of non IR—measure of IR leg (mm) ’-%
O"_H T8 T iy T T r—i T T iy T 1
From Stone HB, 1984 e o '& \q) “9 '\3’ “.'P “g: b&g bf’ O;Q ‘o"" CoQ q;'-‘ ,\Q ,\'o QQ’ q;'-’ QQ

1 - ogy Days after irradiation

T Mouse #5

Leg tract (mm)
N w
-
:.
———x
»—lb—<;
J
——i s
ot
i
/
/
——
—
(=]

SOEREP PSP PP R LSOO PSP

correlation between leg
contracture and skin score

(4 mice/5) '
o Skin score * * ++{H ————— H

r:0.887, p=0.0001 *** Ol

Days after irradiation E

g

3

Q

. g . @

Significant positive Z e

]

[=1]

@

-

ECB 2023 — March 3, 2023



vt RADIATION-INDUCED DAMAGE TO THE MUSCLE STRUCTURE ¢

MINISTERE
DES ARMEES 2
Liberté e —
Posenité - -15.4% > o
=
RT-gPCR 'uE: 150+
DEVASY =9
glpamr o m
£ o J—
w = 1004 *
g2 Decrease of GS muscle mass
Plantaris o . . .
. : 9= after irradiation
astrocnemius O
e @ Soleus 8 -8 50+
€= - > N .g
$ ©
SR £
Z ] 0 T
/"~/ Z 0 Gy 60 Gy

Radiation dose (Gy)

ECB 2023 — March 3, 2023



e B RADIATION-INDUCED DAMAGE TO THE MUSCLE STRUCTURE <

DES ARMEES ¢
Liberté — —
i:‘:lrll’inm E -15.4% Se:i\;::;ln:::rtg
RT-gPCR % 150
Day 90 o
: L
: Other : E E 1004 I *
g2 Decrease of GS muscle mass
N _ Plantaris . . .
g’ B estoonomiue 82 after irradiation
&) X __—Soleus 8 -8 50-
N _— _E o
r 4 z — o
g Y 7 s 2
< ».’_"_,}'\__ ) ‘) p E
4 0G 60 G
il i y y

Radiation dose (Gy)

1500+ -21.1% __30- -e- 0 Gy
— =
< s
g S
o 1000 - —— *% £ 201
N @©
w Q.
5 o
- a <
Cross-sectional = 500- o 104
area of muscle c o
fibers P @
= R
0 . “ o
S O O & & O O O
0™ mey 6"‘19 %&Q %'39 6“3? b"\Q :l‘b'Q :,"Q’Q tﬂ'r& 4"':‘?
Radiation dose (Gy) FFSFL L L L 2
S S S S
S W7
Redistribution of myofiber sizes after irradiation (D90) pm?

FiJi software

ECB 2023 — March 3, 2023



Fold change II1B

Em  SPECIFIC GENE EXPRESSION AFTER RADIATION EXPOSURE

DES ARMEES

Liberté
Egalité
Fraternité

Increase of inflammation and fibrotic genes expression
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After a localized 60 Gy X-rays irradiation: - Functional impairment of GS muscles

- Decrease of GS muscles mass

- Modification of the distribution of myofibers

- Deregulation of inflammatory/fibrotic and myogenic markers

Need to acquire longitudinal data:

1 1 t t 1 1 1 t S O § 1

! v ! A v
Analyse Analyse Analyse Analyse
#1 #2 #3 #4

\y 10 mice 10 mice ___ 10 mice 10 mice
(IR-D1o) (IR-Dsg) (IR-Deo) (IR-D120)

Left GS muscles
Dose: 60 Gy

10 mice 10 mice 10 mice 10 mice

(Ctr-Dyg) (Ctr-Dag) (Ctr-Deg) (Ctr-Dizg)

Left GS muscles
NonIR 0 Gy

Identification of new therapeutic targets and evaluation of medical countermeasures to treat radiation-induced
muscle damage.
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