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Normal tissue damage
Understanding molecular pathways to propose new therapies

MC Viozenin-Brotons, PhD, HDR
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Intestine: a major dose limiting organ

Patients treated with radical radiotherapy each year for pelvic cancer :
30 000 in France, Haydont etal, BIR, 2007
12 000 in the UK, andreyev, 6ut, 2005
3M in the USA, Haver-Jensen et al,, Acta Oncol, 2003

Affects patients’ quality of life and treatment outcome



The main feature of delayed radiation-induced toxicity is fibrosis

WOLUME 22 - MUMEBER 24 - DECEMBER 1 2005

The Irreversibility of Radiation-Induced Fibrosis:
Fact or Folklore?

Mitchell S. Anscher, Department of Radiation Oncology, Duke University Medical Center, Durharm, NG

Antifibrotic treatment aiming at Reversing established fibrosis is highly needed
- No interference with anti-tumor treatment
- Focused treatment to the patients who need it



Gervaz, Morel and Vozenin-Brotons,

GF storage
Integrin signaling

Curr Mol Med, 2008
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Radiation enteropathy
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Vozenin-Brotons et al., Int J Radiat Oncol Biol Phys , 2003



Hypothesis

Fibrosis maintenance and CTGF expression in
Radiation enteropathy
is TGF-B1-Independent
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Nuclear localisation

Cytoplasmic localisation
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Bourgier et al. Gut, 2005
Haydont et al., Radiother&Oncol, 2005
Haydont et al., Am J Physiol. Cell physiol, 2008
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Bourgier et al. Gut, 2005
Haydont et al., Radiother&Oncol, 2005
Haydont et al., Am J Physiol. Cell physiol, 2008
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Targeting the Rho/ROCK pathway

y A

5) ''''''' > _RhoA-B
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Statin I reductase
Rho kinase

/l\

GGPP (isoprenylation)

GTP

Inflammation Vascular damages

IL-1p : . Endothelial function
Oxidative stress FIbl"OSI_S Marophage function

SMC function VSMC function

Sub. Myofibroblasts Thrombosis

function Oxidative stress

CTGF

ECM synthesis
Segain et al., Gastro,2004 Bourgier et al., Gut,2005 Gaugler et al., Rad Res,2005
Rolfe et al., Atheroscl., 2005 Haydont et al., R&0,2005 Rolfe et al., Atheroscl., 2005

Delayed radiation-induced toxicity




Therapeutic Study
Rho/ROCK modulation

Prophylactic strategy Curative strategy

I_ Pravastatin _I

Inhibition of vascular and Fibrosis reversion
mesenchyme activation
CTGF
ECM

Thrombosis
Thrombomodulin/ Thrombin

Fibrogenic growth factors
TGF-B1/CTGF
ECM



19 Gy

Experimental radiation enteropathy :
Wistar rats (n=5-10) ileum surgically removed from the abdominal cavity
and locally irradiated et 19 Gy-RX

Pravastatin Treatment

5 weeks 15 weeks 20 weeks

Haydont et al., Clin Cancer Res, 2007



5331 Clin Cancer Res 2007;,13(18) September 15, 2007

www.aacrjournals.org

Human Cancer Biology

Pravastatin Inhibits the Rho/CCN2/Extracellular \Matrix Cascade
in Human Fibrosis Explants and Improves Radiation-Induced

Intestinal Fibrosis in Rats
Valérie Haydont,'* Céline Bourgier,”* Marc Pocard,?® Antoine Lusinchi,® Jocelyne Aigueperse,®
1.4

Denis Mathé,! Jean Bou rhis,1‘3 and Marie- Catherine Vozenin-Brotons
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Therapeutic Study
Rho/ROCK modulation

Prophylactic strategy Curative strategy

Inhibition of vascular and Fibrosis reversion
mesenchyme activation
CTGF
ECM

Thrombosis
Thrombomodulin/Thrombin

Fibrogenic growth factors
TGF-B1/CTGF
ECM



19 Gy

Pravastatin
Treatment

26 weeks

>
N

No improvement of acute phase

No RI lesion in 6/10 rats

Haydont et al. Int J Radiat Oncol Biol Phys,2007
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Int. J. Radiation Oncology Biol. Phys., Vol. 68, No. 5, pp. 1471-1482, 2007
Copyright € 2007 Elsevier Inc.

Printed in the USAL All rights reserved
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BIOLOGY CONTRIBUTION

SUCCESSFUL MITIGATION OF DELAYED INTESTINAL RADIATION INJURY USING
PRAVASTATIN IS NOT ASSOCIATED WITH ACUTE INJURY IMPROVEMENT OR
TUMOR PROTECTION

VaLerie Haypont, Pu.D.*T OLivier Giuor, M.D.,* Soria Rivera, M.D.* CeLine BourGier, M.D.* !
AGnNEs FrRaNnCOIS, PH.D.,*'I' JOCELYNE AIGUEPERSE, PH.D.,i Jean Bournis, M.D., Pu.D..* anD
MARIE-CATHERINE VOzZENIN-BROTONS, Pu.D.*!
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Int. ). Radiation Oneology Biol. Phys., Yol 62, Mo, 5, pp. 13631370, 2005
Copyright £ 2005 Elsevier Inc.

Printed in the USA, Al rights reserved
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CLINICAL INVESTIGATION Rectum

ASSOCIATION OF STATIN USE WITH A PATHOLOGIC COMPLETE
RESPONSE TO NEOADJUVANT CHEMORADIATION FOR RECTAL CANCER

MatTHEW S. KaTZ, M.ID..::: Bruce D. Minsky. M.D..* LEonarp B. SaLtz. M.D..”
ELyn Rieper, MLALY Davio B, Cuessiv, MDD anp Jose G, GuiLem, M.D.®

Dicpartments of *Radiation Oncology. "Medicine. "Biostatistics, and *Surgery, Memorial Sloan-Ketiering Cancer Center,
New Yok, NY



Int. J. Radiation Oncology Biol. Phys.. Vol. 63, No. 5. pp. 13831290, 2007
Copyright €2 2007 Elsevier Inc

Printed in the USA. All rights reserved

0360-301607/5-see front matier
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BIOLOGY CONTRIBUTION

SIMVASTATIN AMELIORATES RADIATION ENTEROPATHY DEVELOPMENT
AFTER LOCALIZED, FRACTIONATED IRRADIATION BY A PROTEIN
C-INDEPENDENT MECHANISM

JUNRU WANG. M.D.. Pii.D..* Marian BoerMa. Pi.D..F Qiang Fu. M.D.. Pi.D..%
Asnwint KuLkar~n, M.S..* Louts M. Fink, MDY axp MarTin Havuer-JENsEN, M.D.. Pr.D.# 1
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A - B i,
g 1| p<0.0001 - p=0.0009 p=0.004
8 . T p=0.002 ] 10 4
N g- “
[ : 3 0.8
E. p=0.05 £ n.s.
— =1
e B T 2 061 '|'
] : e E i
= K]
o B Q5 04 A
- Q
3 3 25
14 = = 02
o 0.0
Ctr Sim Ctr Sim Ctr Sim Ctr Sim
2 weeks 26 weeks 2 weeks 26 weeks
— 1 sm -
1200
g o =0.007 £ p=0.004
@ 1200 A T i § 1000 - T
8 ns. =
= 1 2 500 -
L 900 2 n.s. p=0.01
£ % T
- = 500 1
S 600 - s
= g 400
=] -
5 S 200
g 0 0
Ctr Sim Ctr Sim Ctr Sim Ctr Sim
2 weeks 26 weeks 2 weeks 26 weeks

Fig. 1. Effect of simvastatin administration on structural alterations after localized, fractionated irradiation of rat small
intestine. (A) Radiation injury score; (B) mucosal surface area; (C) intestinal wall thickness; (D) serosal thickness. The
significance levels from the analysis of variance, with observation time and simvastatin administration as factors, are
enclosed in a box and italicized. Significance levels for the univariate comparison at each time point are also provided.




Targeting the Rho/ROCK/CTGF pathway to prevent and reverse RI fibrosis

GGPP (isoprenylation)

5) ________ = ( RhoA-B
Pravastatin —I GTP

!

Rho kinase

}

CTGF
Collagen
Fibronectin

Transfer into the clinic :
Phase II/IIT trial in patients treated for pelvic cancer




Is Rho/ROCK activation specific to radiation enteropathy?

Lung fibrosis
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Reversion of Bleomycin-induced lung fibrosis in C57B6mice
using Rho/ROCK inhibitors

Pravastatin via Osmotic pump
40mg/kg
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¥ Sub-pleural fibrosis
Vessels remodelling

* Alveolitis + macrophages
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Prevention of Bleomycin-induced lung fibrosis in C57B6émice
using Rho inhibitors

Bleomycine
IP 5X40mg/kg

Pravastatin via Osmotic pump
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Metaplastic reaction (pre-cancerous lesion) in 2 Simvastatin treated mice




Gervaz, Morel and Vozenin-Brotons, Curr Mol Med, 2008
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Ongoing experiments...

Lung fibrosis
Loredana Costa
Monica Mangoni

1- Radiation-induced lung fibrosis: thorax irradiation 16-17 Gy
Etude histologique: 15, 26, 36 w

2- Mixing cocktails: Rho and PDGF-R inhibition

Bleomycine NIRRT

IP 5X40mg/kg + Prava (40mg/kg)
via Osmotic pump

3- Sanofi-Aventis: New ROCK inhibitor
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Genetic basis

Epigenetic basis

DNA damage response Wound healing response
DSB/Checkpoints | €™ | TGF-p/Smad, Rho/ROCK, ECM signals

vy Yy

Cell death Cell cycle/proliferation Differentiation

~ <

Tissue remodeling
Normal vs pathological tissue repair
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Grotendorst, 2006
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