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Scientific context Objectives Results Feedback

Breast Cancer

> first cause of mortality per cancer in women population

Type ER' HER2' TNBC (ER"/ PR™ /| HER2")
| | |
| | | | | | |
Subtype Luminal A Luminal B ER' ER’ BL1 BL2 IM M MSL LAR UNS
Targeted therapy Endocrine therapy HER2-targeted None
(approved) (SERMs or Als) (Trastuzumab)

Prognosis //

better Aggressiveness
—— higher

HER2+ Breast Cancer

Conclusion Perspectives

ER: estrogenreceptor

PR: progesterone receptor

HER2: human epidermal growth factor receptor 2
TNBC: triple-negative breast cancer

SERM: selective estrogen receptor modulator
Al: aromatase inhibitor

BL: basal-like

IM: immunomodulatory

M: mesenchymal

MSL: mesenchymal stem-like

LAR: luminal androgen receptor

UNS: unstable

Resistance to classical chemotherapy treatments ‘ HER2+ Breast Cancer

Monoclonal antibody Herceptin® (trastuzumab)
» Actually used with adjuvant chemotherapy (after surgery)

Ma et al., 2018

JT

Theranostic magnetic siRNA nanocarriers as a novel

EA 6295

Philippe-Maupas

de TOURS

approach in breast cancer diagnosis and treatment <l¢~ Nanomédicaments et Wniversité | Facus ge prarmacie G

Project feedback, Paris 24/01/20 —S. DAVID

Nanosondes (NMNS)




Scientific context Objectives Results Feedback Conclusion Perspectives
o

Gene silencing using small interfering RNA as therapeutic approach

for (breast) cancer
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RNA interference mechanism
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MRNA DEGRADATION : : e :
Nobel orize A. Fire and C. Mello. 2006 - gene silencing - modified gene expression
e > cell death - uncontrolled cell proliferation

post-transcriptional gene silencing
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Nanovectors for improved gene silencing

Accumulation in tumor site

Protection from enzymatic
degradation

Stealthiness

& Enzymes
* siRNA nanovector Tumor

M siRNA

4& mRNA translation
” e

Ben Djemaa et al., [IJP 2019

Internalization Endosomal escape

Cancer cell
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Efficient down-regulation
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Magnetic siRNA nanovectors (MSN)

Conclusion

Perspectives

R base
(here: guanine)
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O. irection d
O o 0 phosphaté v HO/ NH2>
silanised - =n
SPION siRNA @ chitosan ()
Imaging (MRI) « active * Protection
Hyperthermia molecule » » Transfection

Magnetic siRNA
nanovectors (MSN)

David et al., JP, 2013

SPION: superparamagnetic iron oxide nanoparticle
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Scientific context Objectives Results Feedback Conclusion Perspectives

Diagnosis and treatment of HER2+ breast cancer

D RNA . Team 1: NMNS - Tours
rug (si ).carrl.ers Scientific coordinator S. David
- therapeutic action % _

24, °e<’§,g° o o A&\Y
Nanomaterials can be used as drug A LA ‘We
carriers, with timed release of contents © € ©o

Magnetic siRNA silanised siRNA
nanovectors(MsN) | SPION

. >
' T e Team 2: IPVBAI - Tours
Q" - ) a9 Y Scientific coordinator N. Aubrey
. .
( @ %, X Q - HER2 targeting
& 2 : ': :JJ} - 4 :
> .. e° ",.J',)" single chain variable Fragment (scFv)
{ s of Herceptin® (trastuzumab)
@9\~ ;
d .9 Team 3. CBM - Orléans

‘ "-.' : ¥ . \\
V‘ ' \')' j Scientific coordinator S. Méme
Injected nanomaterials from blood g / ~ |

bollect in tumor tissue and can be ¢
L

MRI on small animals
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Project
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100-150 nm

a
-

{-potential * 0 mV

of HER2+ breast
cancer cells

Formulation of
TS-MSN and its
optimization

Specific targeting

Feedback Conclusion Perspectives
objectives i
o @
diagnc;rsti;(IRM) “‘/‘\":15:\,:‘ B )

Qhénpie
Validation of the
“theranostic”
Therapeutic concept
effect due to the (therapeutic
action of siRNA effect + MRI

on the protein contrast) in vivo

synthesis
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Results - overview

International Journal of Pharmaceutics 569 (2019) 118572

Contents lists available at ScienceDirect
Intermaricmal Josreal of Phast ceuties 5332 (2017) 650-668

- y : International Journal of Pharmaceutics
Contants lists available at Sciencelirect o j!

ELSEVIER journal homepage: www.elsevier.cam/lacate/ijpharm

International Journal of Pharmaceutics

ELSEVIER journal homapage: www. alsevier.com/locatalijpharm . . . . . . .
Magnetic nanocarriers for the specific delivery of siRNA: Contribution of m

breast cancer cells active targeting for down-regulation efficiency k=4

J, Bruniaux®, E. Allard-Vannier”, N. Aubrey”, Z. Lakhrif", S, Ben Djemaa’, S, Eljack’, H. Marchais®,

Stealth magnetic nanocarriers of siRNA as platform for breast cancer @Cm‘a . K. Hervé-Aubert’, 1. Chourpa, 8. David"

theranostics (_ *Universic de Tours, EAG295 «Nonomaicaments ct Nonosondess, Tours 37200, France
Université de Tours, UMR1282, INRA, snfectiologic et Santé Publiques, équipe BIOMAP, Tours 37200, France
I. Bruniaux, 5. Ben Djemaa, K. Hervé-Aubert, H. Marchais, I, Chourpa, 5. David”
i = iz, « Wama mddicameants &t Measandes «, 7. ce H
N Université Frangeis-Rabalais, EAS205 ¢ Noramésical Memasandes s, Tours, 17200, Fran AntlbOdy fragments
. PEG (scFv)
[ =
o
o) Stealth MSN \_
|
o (S'MSN) /
o
i
v
Z_pote ntial ~ 0 mv European Journal of al Sciences 106 (2017) 287-293
Contents lists available at ScienceDirect ¥

European Journal of Pharmaceutical Sciences

\

Fo rm u Iati 0 n TS_ Magnetic siRNA 1{& SI \-‘['R‘ journal homepage: www.elsevier.com/locate/ejps \
MSN  nanovectors (MSN)

siRNA delivery system based on magnetic nanovectors: Characterization and @ P
stability evaluation

P u r lfl ca t l o n Mohammed Abdelrahman™", Laurence Douziech Eyrolles™, Suad Y. Alkarib®,
Katel Hervé-Aubert”, Sanaa Ben Djemaa’, Hervé Marchais”, Igor Chourpa", Stephanie David"
9 p M S N ® Université Frangois-Rabelais de Tours, EA 6295 Nanomédicaments et Nanosondes, 31 Avenue Monge, 37200 Tours, France

" Department of Pharmaceutics, Faculty of Pharmacy, University of Gezira, P.0. Bax 20, Wad Medan, Sudan
 Department of Pharmaceutics, College of Pharmacy, Karary University, Khartoum, Sudan

Targeted stealth
MSN (TS — MSN)

Theranostic magnetic siRNA nanocarriers as a novel EA 6295
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Stealth magnetic siRNA nanovectors
Colloidal stability in complete culture medium GFP cell
DMEM 10% FBS culture
Incubation at 37°C model
&
& b MDA-MB231/GFP
PEG & s —
/\/\/l/ éos ,ﬁ S-MSN_1 (with chitosan)
&
Stealth MSN 1 1o =2
S-MSN Z — 2h
\ ( ) / % 08 — 4h @ .
£ c siCtrl
4[ Covalent grafting ]— ; o6 §
4 0939 N = 0,4 | OsiGrp
ToA =
eé"’e"’gee + Lﬁ go2 o
o + -t +PEG ) *T10°  10'  10°  10°  10*
Magnetic siRNA + ° . i 100 e GFP fluorescence
\nanovectors(MSN)/ + + ++ |:PIR Hydrodynamic diameter (nm) Gene Silencing
SPION* @ B ‘/ i
Stability > 4h efficiency x
Alric et al, 2018 SFP
SPION*: silanized SPION, PEG: polyethylene glycol, Fp: near infrared fluorochrome, SFP: stealth fluorescent nanoparticles Bruniaux et al., IJP, 2017

Theranostic magnetic siRNA nanocarriers as a novel cl % EA 6295
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Addition of poly-L-arginine in the formulation

[siGFP] = 20 nM

72h transfection on MDA-MB231/GFP
Oligofectamine® S-MSN_1 (with chitosan) S-MSN_2 (with PLR) S-MSN_3 (with chitosan & PLR)

8.
S 8, g, .
M2 @ sictrl transfection
2 » 2 —— 2
; £ S S
Q d H H
2 2 2 2 (O siGFP transfection
(=% - ] - ] = |
10° 10' 10° 10°? 10‘D1o° 10" 105 1 « T10° 10' 10° 10° 10* g0 10" 10° 10° 10°*
GFP fluorescence GFP fluorescence GFP fluorescence GFP fluorescence

CHITOSAN (O Endosomal escape

O siRNA complexation

Ka = 6,5 Ka>12
P P P H culture media = 714

Hydrodynamic diameter: 65-75 nm
S-MSN Positive charge: 5-10 mV

- Need of both polymers for an efficient gene silencing in vitro.
Bruniaux et al., IJP, 2017
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Results - overview

International Journal of Pharmaceutics 569 (2019) 118572

Contents lists available at ScienceDirect

¢ International Journal of Pharmaceutics
4]

ELSEVIER journal homepage: www.elsevier.com/locate/ijpharm

Magnetic nanocarriers for the specific delivery of siRNA: Contribution of )

breast cancer cells active targeting for down-regulation efficiency 1 ( \
J. Bruniaux”, E. Allard-Vannier”, N. Aubrey”, Z. Lakhrif”, S. Ben Djemaa®, S. Eljack”, H. Marchais®, ~ .

K. Hervé-Aubert’, 1. Chourpa®, . David™ L Antibody fragments

Stealth MSN —

\__(S-MSN) /

“ Université de Tours, EA6295 «Nanomédicaments et Nanosondess, Tours 37200, France
® Université de Tours, UMR1282, INRA, «lnfectiologie et Santé Publiques, équipe BIOMAP, Tours 37200, France

(scFv)
\_ @ J

£ Validation of the
3 “theranostic”
o Therapeutic concept
= effect due to the (therapeutic
Z-potential = 0 mV Specific targeting action of siRNA effect +.|V| R.|
of HER2+ breast on the protein contrast) in vivo
Formulation of cancer cells synthesis
TS-MSN and its o
optimization preliminary results Targeted stealth
MSN (TS — MSN)
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Targeted stealth magnetic sIRNA nanovectors (TS-MSN)

-~

+ scFv

*

\ OH OH OH \
Q Q Q
Hﬁo OHO OH'&é;FA—OH
NH; NH. NH,

chitosan

HoN™ N

scFv

Alric et al, 2016

~ 150 kDa ~28 kDa
Monoclonal antibody
Herceptin®

(trastuzumab)

- HER2 targeting

TSFP

SFP

Team 2: IPVBAI - Tours

poly-L-arginine

[ electrostatic

Y

TS-MSN
D,;: 157 +/- 22 nm;

Scientific coordinator N. Aubrey

TSFP: targeted stealth fluorescent nanoparticles, TS-MSN: targeted stealth magnetic SiRNA nanovectors

k Covalent grafting ] 1/ assembly ZP: +17 +/-4 mV,
siRNA TS-MSN TS-MSN
30 min 8h 24h
Protection RNAse A -+ - - k- o=+ F
1% agarose gel Heparin + -+ -+ - 4+ -+ -+
Heparin 10 mg/mL : used for
complexes destabilisation PROTECTION
{?NAs.e A:.2 ng /.InCUbC,ItIOI’) af 37°c/ i SiRNA integrity
inactivation during 30’ at 70°C protection
> 95%

--Oo.- -

Bruniaux et al., IJP, 2019

Theranostic magnetic siRNA nanocarriers as a novel
approach in breast cancer diagnosis and treatment
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Specific targeting of HER2+ breast cancer cells

o
_tw‘/‘\ L
SN
Cells Cells

BT-474 MDA-MB-231-GFP
BC-HER2+ BC-HER2-

Co-culture experiment to
verify the specific targeting
of HER2+ cells

N2k
e
N
TS-MSN: @

D,: 157 +/- 22 nm;

ZP: +17 +/-4 mV

o @
® e
@ MDA-MB231-GFP
() BT-474
| BmpAmB2s1GFP

[ BT474

orescence
SFP internalization
10

Red flu

—

asal

2 10%  10¢

)

a«,«?‘-;ms\ IR ] s
10° o 10° 10° 10°
Green fluorescence
GFP cells discrimination

10° 10!

BMDAMB231-GFP
C1BT474

- Enhanced uptake of TS-MSN in HER2+ BC cells for
long incubation times (24h and 48h).

S-MSN -
D,: 73 +/- 6 nm;
ZP: +5 +/-2 mV

Bruniaux et al., IJP, 2019
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Gene silencing _,s
rné N e 1}@&3 Cells Cells
= “‘nﬁ' 2\“»‘%2'@ & MDA-MB
% siRNA anti-survivin ‘\\,\3&: y L™ S BT-474 “VIb-231
;|- TN BC-HER2+  BC-HER2-
AR : . : S-MSN TS-MSN: L4
survivin = anti-apoptotic protein : :
oo . ) D,: 73 +/- 6 nm; D,: 157 +/- 22 nm; Western Blot experiments to verify the
implicated in cell survival H ’ H ! bt eis ) )
ZP: +5 +/-2 mV ZP: +17 +/-4 mV inhibition of the protein synthesis

Survivin inhibition (HER2- cells)

Survivin (16 kDa)
GAPDH (37 kDa)

Inhibition

- Enhanced gene silencing in HER2+ BC cells.

15% 70% 70%

Survivin inhibition (HER2+ cells)

Cells Oligofect-

BT474 amine® S-MSN TS-MSN

Control siRNA - + - + - +
Survivin siRNA - - + - + - +
Survivin (16 kDa)
GAPDH (37 kDa)
15% 70% 90% Inhibition

Bruniaux et al., IJP, 2019
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TS-MSN administration in mice

TS-MSN biodistribution by MRI ) ,
Balb/c nude mice — BT474 injection after 9 weeks Team 3: CBM - Orléans

Optimised FLASH-T2*~ axial section Scientific coordinator S. Méme
{ 1.1 mg/kg siSurv. (eq. 1.67 g/L iron) — 2 IV injection

Injection #1: n=4

) e -~ 4D  [rmmmmm oo
Without injection - Injection #2: n=3 —_
° 120
=
% ‘a0
N
l % T=U 60
£ j 2 e
= a2
i 0
Injection #1: 10’ Injection #1: 24h 10 20 220 1450 10 20 220 1450
Before Injection 1 Injection 2
injection|
=O=TS-MSN

"
Injection #1: 48h
Injection #2: 24h

Injection #1: 24h C |njec{ic{n #1: 27h
Injection #2: 10’ p Injection #2: 180’

- TS-MSN accumulation in the tumor can be followed
by MRI.

Orthotopic HER2 breast cancer mouse model

Theranostic magnetic siRNA nanocarriers as a novel EA 6295
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Scientific context Objectives

Project objectives

100-150 nm

{-potential = 0 mV

Formulation of
TS-MSN and its
optimization

- Development of targeted stealth magnetic

Specific targeting
of HER2+ breast

cancer cells/

Therapeutic
effect due to the
action of siRNA
on the protein

synthesiv

siRNA nanovectors

diagnostic (IRM)

seion @

Validation of the

- Valorization of the results

“theranostic” ’
concept B
(therapeutic ;;\mss ] ) :
ffect+ MRI s
coentreacst;in vivo V - New b|0|OgICa| mOdel.S, equment and
expertise
MDA-MB231/GFP Gel / Blot n
imaging »
system I

Cell
incubator

P
s

BT-474
-

Agarose gel electrophoresis Spectrofluorimeter
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Optimization of the TS-MSN formulation
» PEG corona for better biodistribution (PhD V. Nguyen)
» Simplify production for scale-up

Confirmation of the therapeutic effect of TS-MSN
» Gene silencing confirmation at other levels (MRNA, apoptosis) (PhD S. Ben Djemaa, S. Eljack)
» Therapeutic effect in vivo

Enhancement of the therapeutic effect of TS-MSN
» Combination of different siRNA sequences and/or siRNA + chemotherapy (PhD S. Eljack)
> Application of an external magnetic field (magnetic guidance, magnetic hyperthermia)

Theranostic magnetic siRNA nanocarriers as a novel EA 6295
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