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I In World: In 2012, colorectal cancer was the 4th leading cause of death by cancer

Abdomino-pelvic cancers are treated by radiotherapy
(prostate, uterus, colon/rectum...)




Abdomino-pelvic radiotherapy

RISK
| Exposure of healthy tissues
—t—e  surrounding the tumor
to ionising irradiation

BENEFIT
Control of tumor

X rays

Example: prostate cancer
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Abdomino-pelvic radiotherapy

| Symptoms : 5 to 10% of patients
= Chronic pain
= Abdominal cramps
= Diarrheas / Constipations

%I‘RRADIATI ON(s)

Aigus Tardifs - Bleeding
t=0 t=6mois t>10 années I Causes
Early complications = Chronic Inflammation
90 % of patients = Severe epithelium damages

= Fibrosis > Stenosis/Occlusions
= Atherosclerosis > Ischemia
= |nfections

Late complications
10% of patients 10 years after treatment

New disease

(Andreyev HJ, 2010)
Abdominal Pain Analgesic / muscle relaxers

Diarrhea Anti-diarrhea / Antibiotic

Anti-inflammatory / Formaldehyd/

Bleeding Formalin chemical cauterization/ surgery

Obstruction Surgery resection

|:> No curative treatment
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The colon Crypt of the colon:

An organized structure

Differentiated
epithelial cells

~ Mucosa

Proliferating

~— TAcell
g

— Muscle layers
(longitudinal and circular)

\

_ - Stem cell
Pericryptal cell
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Crypt of the colon:

!

%
arrier

Proliferating

~ TAcell

Stem cell

Pericryptal cell
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Radiosensitive
+4++ Mucosa

Muscularis
mucosa

| Submucosa

Muscularis
propia

Pro —
inflammatory
molecules

Permeability
increase

Immune
> system
Bleeding, diarrhea, incontinence, BREYe siVz ile ¢
chronic pain, occlusion (lethal)
‘ . IUIceration

= .

Fibrosis
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Animal model of late side effects of radiotherapy

Alphee:
medical
accelerator

Localized
irradiation
29Gy
Colorectum SR EAnbElE )




Rat model

ve Radiothtﬁaﬁrapy, resections 7 Semaines{ 45 Gy (fractions 2 Gy)

c

Histologic damages similar to those observed in patients
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[ Endoscopy }

Rat

Human

Bleeding are observed
similar to patients

Animal model to

Characterize radio induced damages

Investigate innovative treatment
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Characterization of Radio-induced damages

4 weeks 8 weeks
20Gy 13 7 14 21 28 56
Colorectal ||| | | | | >
irradiation 1 | | | |
Days of taking after irradiation Days
Mucosal damages J { Inflammatory Process J
Structure Function of barrier @

Permeability o

e . Q (2kinds) - % S

Innate cells }‘

Adaptative cells

] " IR, YT 15
g . -

Histology

X X J
Inflammatory molecules
Transcellular ® ©®

permeability

i o
Para-cellular
permeability




Function
of barrier

Structure

Légende - Témoin - - Régénération - - Atypie - - Ulcére -

Photos de coupes
colorées en HES
Grossissement 100X
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Summary on characterization of mucosal damages after irradiation

m) The size of the ulcer is maximal 2 weeks after irradiation
R Then, regenerative process takes place

=) The severity of the damages increased involving all the compartment of

the colon (mucosa, vessels and muscle layers)




Characterization of Radio-induced damages

4 weeks 8 weeks
29Gy 13 7 14 21 28 56

Colorectal ||| | | | | >
irradiation 11 | | | |

Days of taking after irradiation

[ Mucosal damages J Inflammatory Process

Structure Function of barrier ®

Permeability o
LK) s 2e

Innate cells }‘

Adaptative cells

g L J
Histology -®®
Inflammatory molecules
Para-cellular Transcellular ® @
permeability permeability




Importance of inflammatory infiltrate after colorectal irradiation

[ Inflammatory J 4 weeks 8 weeks
Process 13 7 14 21 28 56
Ll | | | | |
1| I I I I
29Gy Days of taking after irradiation Days
Colorectal

irradiation
+ Mesenteric Lymph nodes

\etio”

pev

=

Cytokine secretion Is T cells

Proliferative capacity . dep letion .
(BrDU assay) influence radio-

induced damages ?

Innate cells a

Adaptative cells

Adoptive transfert experiment
(in Nude Rats)
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Importance of inflammatory infiltrate after colorectal irradiation

4 weeks 8 weeks
Inflammatory 13 7 14 21 28 56
Process || | ' ' ' '
I I I I I I
29Gy Days of taking after irradiation Days
Colorectal
irradiation + Mesenteric Lymph nodes
Colon

—> Flow cytometry analysis

(colon)
Mechanical
and Percoll purification
enzymatic
digestion g
— Population prise en
"' | i — % compte
| —> % Monocytes et
@ ‘/ Macrophages
\‘ | Lymphocytes
°C> °° - — . et NK
Tnnate cells }‘ — > Immuno-histochemistry analysis
(colon)

Adaptative cells

¢
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Importance of inflammatory infiltrate after colorectal irradiation

Inflammatory
Process 13 7 14 21 28 56

29Gy Days of taking after irradiation Days

Colorectal
irradiation

+ Mesenteric Lymph nodes

Colon

': Cytokine secretion Is T cells

<5 depletion
2 Proliferative capacity . .
Innate cells (BrDU assay) influence radio-
] ?
Adaptative cells Adoptive transtfert experiment induced dam ages :
(in Nude Rats)
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Inflammatory
Process

Innate immune cells

Neutrophils

2B P e

5 ey
S RS

% parmi la population

leucocytaire totale
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Flow cytometry (colonic mucosa) .

« 2 weeks

. )l‘.:

WA

MyeloPerOxidase Immunostaining
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Inflamg)atory IL1b MIP2
molecules
° IL8 TGFb
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Inflammatory
Process

Adaptative immune cells

T cells

CD8 T cells
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Inflammatory L.
Process Adaptative immune cells
T cells
Analyses of proliferation abilities Analyses of T cell colonization

on purified T cell population (4 weeks) into MLN of NUDE rats

Ch4 CD8 as  Taking of

Mesenteric
16 U ' Lymph Nodes
14 u (4 weeks)
— £ 08
E 12 = P
2 2 D Y
a 11 o 08 -8
<] 2 . 8 * - ~ Nude
- 08 c Adoptive transfert g
S 2 04 in L5 « = B Nude IRR
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Analyses of activation markers

on purified T cell population NUDE rats

IL2R CD69
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Adaptative immune cells

T cells influence r.—induced damages ?

Use of depleted T cells animals models

CD3 Blocking antibody

Nude Rats

M IRR+1gG
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Animal model of late side effects of radiotherapy

Characterization of Radio-induced damages

\

Endoscopy Structure Function Inflammatory

of barrier Process

o0 G

O

O
o
o

’ Huge increase of innate cells

oo

1.5+

1.04

Permeability to HRP (cm/s x10 '7)

—
0.5+
B Increase of CD4 T cells
' D4 /IL17
&
e §
Depletion of T cells
improve structure and
/;/gigr'avzgggj Structural damages : Increase of mucosal function of irradiated
colonoscapy Epithelium/muscle permeability colon

# Treatment that modulate inflammation could reverse radio-induced damages ?
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Cell therapy using Mesenchymal Stromal Cells

The secretion of a broad range of bioactive molecules
is now believed to be the main mechanism by which MSCs achieve their therapeutic effect

Immunomodulation f.“;f'

o @ ® @ Plumn )<-.z ‘

Anti-apoptosis Angiogenesis

I M il
(

- CD8 CD4  NK g:.n .-rr.g ~ :EagF - ..
Joim % ® ¢ ® IGF-

. % Stanniocalcin-1
“PeE2 ¥ HLAGS 100 U ® o ..

HGF,iNOS  PGE-2 ] bFGF
y PGE2 TGF-s ” GM-CSF

Terpt ¥ v »
I

~ A
Trp~Lkynurenine
picolinic acid

g e » cultured MSC ! >

4
Support of growth and Anti-szarring (anti-fibrosis) 4 Chemoattraction
differentiation of stem A coz
and progenitor cells v - Accu AL o
v HGF =~ = coLs, . e
V. ises g b meduli. @ = St ?. 3
renol n CCL26
v gi;s; of . . CX3CL1 .Q‘.
SDF-1 ) CXCLS
« 7~ Anglopoietint @)

From Meirelles et al, 2009

» Use in clinical trials in various pathologies (Phase Ill in Crohn’s disease)
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http://www.sciencedirect.com/science/article/pii/S135961010900077X
http://www.sciencedirect.com/science/article/pii/S135961010900077X

Protocols of treatment

Flow cytometry charactef1zat1on Differenciation potential

073 S 90 29

e s1.3% | o 94,9% 100%
i 3— adipocytes
%; D34 A 45
S; 2,8% gi 8,1%

Establishment of

radio-induced
colonic lesions:
W 4

&b - 3weeks

—t

=

v ,

29Gy
Colorectal

irradiation &%ﬁw
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Anti-inflammatory action of MSC

mmp CD4 T cells

Quantity Activation

(Proliferation; BrDU)

e iy
w = N e

among total leukocytes
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o
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Percentage of CD4 T cells
Proliferation (OD 450nm)

=)
[
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== Barrier function

Permeability _
is increased in inflammatory
conditions

Permeability to HRP (cm/s x10'7)

Transcellular
permeability

Para-cellular
permeability

MSC treatment reduces radio-induced inflammation

1.54

1.0

0.5

0.0-

== Anti-inflammatory molecule

Corticosterone
(ELISA on colonic tissue)

ng / 100ug proteins




MSC treatment reduces colorectal damages

Control

Effect on
Sox9 positive cells

SOX9High SOX9Low

per crypt

Number of positive cells

0

SOX9 Low

p<0.001

p<0.001
T

Control  1Week 2 Weeks

Irr+MSC
—

" SOX9 High

L)

E 20 Control
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Summar

Cell therapy using MSC reduce radio-induced colonic damages
== improve epithelial regeneration and reduce inflammation by paracrine factor secretion

-

U

However

Strategy to improve the effectiveness of MSC treatment for colonic radio-induced damages

Local injection of MSC to Protection of the cells
improve colonic in an hydrogel
engraftment

Si-HPMC
(Silanised Hydroxy Propyl
Methyl Cellulose)
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Experimental procedure

Rheological paramet

Injectability
Si-HPMC

1% and 1,5%
can be used

KGeI point

\
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In vitro

Viability

Secretome

/

In Vivo

%Rat model
M
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.
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Therapeutic benefits

Engraftment
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MSC embedded in 1,5% hydrogel are:

Girish Pattappa

=) Able to secrete factors

Angio-
genesis

Anti-inflammatory

150 0.010+ 25
o
g = 0.008 g‘
o 1004 P =]
= % 0.006- =
[=2] (=]
A= - £ 0.004- =
- = T
i = S
Q = 0.002- L

0.3 0.4+
0.8
-1  Zo
= o 0.2 (=]
=] @
=3 =
p —= 0.2
A i& - g g
e 0.14 =
w = 0.1
. S -

0.0-

2D 3D 2D 3D ' 2D 3D
Epithelial regeneration

100 0.04 0.025-

80 = 0.04+ — - a
3 % g 0.03 g 0.020
g 60 o 0.03- = >
E] mDead = £ 0.02-
40 - 2 002 2 2
;ul BLive e L o
) ('

21 2 o0.01- b &

0 4

Days

IRSH [



Protocol

Alphée: medical accelerator

In Vivo ]

Lara Moussa

Engraftmentkof MSC

Colorectal ( | D7
irradiation Time
(weeks)
Establishment of radio-induced colonic lesions: 3weeks "‘ I
L injecti Analyzes
MSC amplification _—> vor LOCEI/:SIIE:JGCUOH of Structural, F%ctional and
+/- SI-HPMC Molecular

Local injection of 1.106 of

cells
IV injection of 5.10° or 1.10°¢

of cells

2 injection points upstream
. and downstream of the lesion
Injected volume 500ul

Injected volume 300pl




: Local injection of MSC
In vivo using

colonoscope

g Rat model

s ;

Therapeutic benefits
Engraftment

v" In vivo proliferation
v" In vivo apoptosis

(No MSC in the colon after IV injection 5 Millions in this model)
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Effects on Injury score

1.0-
08
<«
2
£ 0.6
(=3
4
£ 04-
(=}
.
|
0.2-
0.0-

n= 13 in irradiated groups
n=5to 10 in other groups

- Control - | - Regeneration - | - Atypia - | - Ulcer -

1 1 1

Pictures of rat

colonic mucosa
H&E Stain

Magnification100X

- IV injection of 5M MSC
and
- local injection of 1 M of MSC + 1,5% Si-HPMGC

reduce the injury score

#p<0.05 in comparison to IR group

IRSH



Determination of therapeutic benefit

Function of barrier of colonic epithelium

> selective barrier

» prevents the penetration of luminal contents

Measurment with Ussing Chambers

Dextran-FITC (300 pl)
HRP (300pl)

[ Measurement of
Krebs solution

fluorescent } Krebs
7N\

(3ml)

°.]_ Oxygenation of each
compartment

Para-cellular Transcellular Electric
permeability permeability field

e —




Therapeuric benefit on epithelial barrier

colorectal

Para—celll_J!ar Transcellular
permeability permeability

1.254

1.004

0.75-

0.504

0.25-

0.00-

Permeability to HRP (cm/s x10 '7)
Permeability to FD4 (cm/s x10 '6)

o\ o\
Nl

\‘g&
&o
N= 30-38 ir_1 controls and irradiated groups Beneﬂt Of
Hp<0.01 i comparison t otrols local injection of 1M of MSC+ 1,5 %hydrogel

#p<0.05 in comparison to IR group

IRSH




: Local injection of MSC
In vivo using

colonoscope

g Rat model

»
s

Therapeutic benefits
Engraftment

v" In vivo proliferation
v" In vivo apoptosis

(No MSC in the colon after IV injection 5 Millions in this model)
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Zone Zone Zone Zone Zone Zone Zone
normale en en ulcérée en en normale
régénération atypie atypie régénération

MSC traitement

Intravenous injection Intra-colic injection 1 millions of cells
5 millions of cells + SiHPMC :'

i
"{“ _ # o © Systemic?
= é 4 Secreted Factors
]

Perspectives

- Co-injection of

Colonic Stem Cells
+

MSC

o
Secreted Factors ? € .. °
In the colon to repair? © g
(epithelial proliferation
Angiogenesis ‘
Local anti inflammatory effect Moussa L, 2017

Contents lists available at ScienceDirect

oo . .
P Biomaterials
£

];_-LS]:\"I ER journal homepage: www_elsevier.com




I Thank You!" I

Alexia
Lapiere

AGEMCE NATIONALE DE L4 RECHERCHE

6 Denis Barritault

Virginie
Monceau

Alison
Alexandra car1e ‘
Sémont

[ ]
é@a@ Pierre Weiss
‘ Laboratoire d'lngénierie
Ostéo-Articulaire et Dentaire

! ‘/f‘:\ d |

Christelle Lara
Demarquay Moussa

S, RS




« Mini gut » culture in vitro - Hans Clevers et al.

Crypt isolation <« mini gut » Cell therapy

Culture

.c: B
specific w,,
factors g 2 conn

doain ~ o as

“m
<.,

Clevers H

P ré li m i n ary res u lts J. Schuijes a . Clevs (201)

v" Amplification of « mini gut » in culture v' MSC increase « mini gut » number
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Structure
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- Ulcére -
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Regeneration of damaged tissues

Irradiation

Epithelial and/or
endothelial cells

M%Hdﬂ

Platelet activation
and fibrin clot formation

\;:>,: }

Chemokines
TGF-
PDGFs

EGF
IL-6

Inflammation
Cell recrutment

) Eosinophil
@D cell
(“DBcell
°Neutrophil
‘Macrophage

Circulation

MMP-TIMP
balance restored

Wound contraction and
re- eplthellallzatlon

Angiogenesis and
myofibroblast
proliferation and
activation

/GF

Fibroblast

Flbrotlc healmg »

Excessive ECM

deposition
Collagen
/ and fibronectin
Chronic”inflammation
and

Tissue fibrosis

Traitement ?

-+«—— Resident fibroblasts
EMT

S -
Myofibroblasts

-e+——Fibrocytes

I = <a——— Other resident tissue cells,

e.g., HSCs
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.. Pathogens % =y ® ® % The Regenerative Medicine Journal
Irradiation S \% From Moussa L, 2016
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