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INTRODUCTION RESULTS CONCLUSION

PLAN

> Improvement of PK profiles of existing or old anticancer drugs
(conventional chemotherapy drugs)

> Innovative treatments for cancer (underdevelopment therapy)
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INTRODUCTION
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Cancer - a growing problem

WORLDWIDE CANCER CASES ARE
PROJECTED TO INCREASE BY

4 50%

From 14 million To 21 million

WORLDWIDE CANCER DEATHS
ARE PROJECTED TO INCREASE BY

4 60%

From 8 million To 13 million
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INTRODUCTION

Cancer

O Cancer is a disease in which some of the body’s cells grow
uncontrollably and spread to other parts of the body. s e

0 Cancer harms the body when damaged cells divide
uncontrollably to form lumps or masses of tissue called
tumors.

O Atumor cell is part of tissue that is abnormally growing, it
may either malignant or benign in nature.
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0 Cancer harms the body when damaged cells divide
uncontrollably to form lumps or masses of tissue called
tumors.

O Atumor cell is part of tissue that is abnormally growing, it
may either malignant or benign in nature.

Etiology of cancer

NORMAL CELLS

Control of cell
growth

o

Growth-restricting
Tumor-suppressor
genes.

Growth-promoting
proto-oncogenes

CANCER CELLS

Control of cell
growth

=)

Altered tumor-
suppressor genes.

Conversion of
proto-oncogenes
to oncogenes
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INTRODUCTION

Chdllenq es Hallmarks of Cancer
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INTRODUCTION

Challenges

Cancer is complex disease and heterogeneaous disease
- Multiple therapeutic strategies are needed

a) Spatial heterogeneity b) Temporal heterogeneity
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First-line —» Second-line — Third-line
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INTRODUCTION

Challenges

* High complexicity
* Difficult to treat
* Resistance (high mortality)

* Poor drug penetration
(limited intratumoral bioavailability)

N

/

Hallmarks of Cancer

a) Spatial heterogeneity
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b) Temporal heterogeneity
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INTRODUCTION

Treatment options
« Multimodal treatment plan »
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INTRODUCTION RESULTS CONCLUSION

Treatment options
« Multimodal treatment plan »
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INTRODUCTION

Treatment options

Short and long term side effects
of conventional chemotherapy

* Dose limiting toxicity
* Infections

* Nausea and vomoting
* Cardiac problems

* Bleeding problems

* Digestive problems

* Lung problems

* Kidney problems

* Neuropathy

* Loss of appetite

Side effects can often

lead to hospitalisation

to treat side effects of
the treatment
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INTRODUCTION

Treatment options

Short and long term side effects
of conventional chemotherapy

* Dose limiting toxicity
* Infections

* Nausea and vomoting
« Cardiac problems

* Bleeding problems

* Digestive problems

* Lung problems

* Kidney problems

* Neuropathy

* Loss of appetite

Side effects can often

lead to hospitalisation

to treat side effects of
the treatment

There is a urgent need to
develop effective and less
toxic therapies:

v" To reduce the short and
long term side effects of
therapy

v To enhance the efficacy
of treatments

“nanotherapeutics”

Anticancer
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INTRODUCTION

Non-viral nanoparticles for delivery

Nanoparticles

for cancer

treatment

Carbon-based

Polymeric Nanoparticles
Lipid-based Nanoparticles

Inorganic Nanoparticles

NPs

Polymeric
micelles
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INTRODUCTION

Non-viral nanoparticles for delivery

Dendrimers Polymeric

micelles

Nanoparticles

T
Ao A% for cancer
1] 2 P,
Ly (H- treatment
A e

Carbon-based

NPs

Polymeric Nanoparticles
Lipid-based Nanoparticles

Inorganic Nanoparticles

Can load different anticancer
drugs

Small molecules : Paclitaxel,
Doxorubicine, Topotecan etc.

Nucleic acids: siRNA, mRNA

Peptides/proteins
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INTRODUCTION

Non-viral nanoparticles for delivery

Nanomaterials
Drug Delivery Imaging Theranostics
Therapy Tumor Detection Therapy and Diagnosis
I\j :.r
Polymeric o
micelles p - ‘
{‘ l \ {
Applications
Nanoparticles -

for cancer

Carbon-based

NPs

= Polymeric Nanoparticles

NG S o0
Therapeutics
treatment v L =
/ Theranostics
' C *

noma ‘@ Healthy Pancreas
Diagnostics (= -4

Early detection of tumors: antigenes and biomarkers.

» Lipid-based Nanoparticles

= [norganic Nanoparticles
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INTRODUCTION

Non-viral nanoparticles for delivery
of small molecules on the market

Abraxane

Doxil

Margibo

Onivyde

DepoCyt

Eligard

Paclitaxel

Doxorubicin

Vincristine

Irinotecan

Cytarabine

Leuproline
acetate

Various cancers

Ovarian, breast,

multiple
myoloma

Acute
lymphoblastic
leukaemia

Metastatic
pancreatic
cancer

Malignant
lymphomatous

Advanced
prostate

S.C

90

100

110

20

n/a

Liposomes

PEG liposomes

Liposome

PEG liposomes

Liposome

PLGA polymer
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INTRODUCTION

Non-viral nanoparticles for delivery
of small molecules on the market

Abraxane Paclitaxel Various cancers i.v Liposomes
Doxil Doxorubicin Ovarian, breast, i.v PEG liposomes
multiple
myoloma
Margibo Vincristine Acute i.v Liposome
lymphoblastic
leukaemia
Onivyde Irinotecan Metastatic i.v PEG liposomes
pancreatic
cancer
DepoCyt Cytarabine Malignant i.v Liposome
lymphomatous
Eligard Leuproline Advanced s.C PLGA polymer
acetate prostate
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INTRODUCTION

Passive targeting — controlled biodistribution

Nanomedicine

Ajo

High permeability

0o [}

oO
o

EPR effect

IV administration

y

Nano-
formulation

Targeting
capacity

Chemotherapy

IV administration

Conventional

formulation

Lack of
targeting
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Hallmarks of Cancer

Discovery of Enhanced Permeability
and Retention effect (EPR)
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INTRODUCTION

Passive targeting — controlled biodistribution

-
Improved safety

profile
than efficacy!

o
o ©o0 ©

%
Nanomedicine/
EPR effect

High permeability

Chemotherapy

IV administration IV administration

»

A

Nano- Conventional

formulation

formulation

Lack of
targeting

Targeting
capacity

Hallmarks of Cancer

Discovery of Enhanced Permeability
and Retention effect (EPR)
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INTRODUCTION

Limits of conventional chemotherapy

/Conventional small molecules: \

1. Long term toxicity (large biodistribution)

2. Emergence of Resistance

3. Lack selectivity (all rapidly growing cells)

4. Can’t treat all types of cancers (limited targets)
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INTRODUCTION

Innovative cancer therapy under development

/Conventional small molecules: \

1. Long term toxicity (large biodistribution)

2. Emergence of Resistance

3. Lack selectivity (all rapidly growing cells)

4. Can’t treat all types of cancers (limited targets)

/Novel therapy: smart approach to \

tackle with biopharmaceuticals

1. Validate new targets (untreated cancers)

2. Better tumor selectivity « Targeted therapy »
(less toxicity)

3. Enhanced efficacy « mechanism of action »

4. Reduce long term toxicity (children)

/
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INTRODUCTION

Innovative cancer therapy under development

Hallmarks of Cancer

L) &,
£V ol gy,
S e s U9
Pree oy,
Sorg

Microenvironment

Advances in

Experimental technology

EE—)

Discovery of

new proteins interactions (PPI)

Silencing Gene that . .
produces specific Oncogenlc Protein
protein

Inhbition of
Protein-Protein
interactions (PPI)
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INTRODUCTION

Innovative cancer therapy under development

Hallmarks of Cancer

‘%Sﬁwﬁﬂ Sag

Advances in
Experimental technology

EE—)

Discovery of
new proteins interactions (PPI)

Novel therapy: smart approach to tackle
with biopharmaceuticals

Validation of undruggable targets

« peptides, RNA based therapeutics (SiRNA,
MRNA and antisense oligonucleotides »

Inhbition of
Protein-Protein
interactions (PPI)

s"”p:':;g'o»m
S Silencing Gene that . .
produces specific Oncogenlc Protein
protein
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INTRODUCTION

Innovative cancer therapy under development

Therapeutics RNA-based
peptides therapeutics

N

" X
PHARMACOKINETICS
ISSUES

!

= / o ,.:@

|

Limited in vivo
[ stability ] @<] Proteases, Nuclease etc.

[ Short half life (MW) J Renal clearance for
peptides

Limited to Intracellular targets
extracellular target
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INTRODUCTION

Innovative cancer therapy under development

Therapeutics RNA-based
peptides therapeutics

N

" X
PHARMACOKINETICS
ISSUES

!

//ﬁ "©
- l Advanced delivery system

Limited in vivo
{ stability ] @<] Proteases, Nuclease etc.

[ Short half life (MW) J ‘ Renal clearance for — ?p
peptides
Limited to Intracellular targets
extracellular target —_—
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RODUCTION

LDH Project

Genes

Monomers

P 0
/ LDHA® et
A
HRE
l‘ LDHB
\ \
\ .
e O
Cell nucleus

Tetramers

o0
o0

Preferentially catalyzed reaction

Journal of

Medicinal

Chemistry
pubs.acs.org/jmc

Interrogating the Lactate Dehydrogenase Tetramerization Site
Using (Stapled) Peptides

Leopold Thabault, Lucie Brisson, Chiara Brustenga, Santiago A. Martinez Gache, Julien R. C. Prévost,
Arina Kozlova, Quentin Spillier, Maxime Liberelle, Zohra Benyahia, Joris Messens, Tamara Copett,
Pierre Sonveaux,” and Raphagl Frederick*

Phenotypes in cancer

NADH +H*  NAD*
LDH-5 Pyruvate A—‘-”. Lactate

Pyruvate reduction

Anaerobic glycolysis
Aerobic glycolysis

LDH-4

LDH-3 Intermediate activities

LDH-2

NAD* MNADH +H*
LDH-1 Lactate . Pyruvate
Lactate oxidation

Lactate-fueled respiration
Lactate-fueled autophagy
Lactate-induced angiogenesis
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INTRODUCTION

< Peptides properties >

LB19 MC-7

ATLKEKLIAPVAEEEATVP
CgoH453N2 05, MW: 2009,33 g/mol

CTLKCKLI: “p-tetrafluorophenyl analogue”

C4oH76N1004,S. MW: 921.22 g/mol
NH2- Ala- Thr-Leu-Lys - Glu-Lys - Leu - lle - Ala - Pro - Val - Ala - Glu -
Glu - Glu - Ala - Thr - Val - Pro -COOH

NH2- Cys - Thr- Leu - Lys - Cys - Lys - Leu - lle -COOH
Kd =200 pM -1 mM Kd =11 uM

Theoretical pl: 4.49 Theoretical pl: 8,90

Net charge at pH 7: - 2 Net charge at pH 7: + 1.9

Average hydrophilicity: 0.4 Average hydrophilicity: - 0.2

Ratio of hydrophilic residues / total number of residues: 32 % Ratio of hydrophilic residues / total number of residues: 25 %
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INTRODUCTION RESULTS CONCLUSION
Liposomes as drug carrier — a versatile delivery platform
A Conventional liposome T i C Theranostic liposome o
drug : Ihglad i y Lipophilic tail |
Positively @ €——— Targeting ligand
charged lipid ' "{ ” /
I Phospholipid I
oy, ofS i‘ \ &
ﬂ,‘{;"’"“"“ E‘:;:L;"i':ﬂ Biocompatible and biodegradable excipients
"'“’f Encapsulated both hydrophilic and hydrophobic
Polyethylene \ drugs.
Glycol (PEG) <4 PEG

Small molecule

7 Carbohydrate
Peptide

W

AN

I :
| Protein Antibody

¢/

B PEGylated liposome D Ligand-targeted liposome

Robson A-L et al, Front. Pharmacol. 2018

Protection of the encapsulated drugs

Versatility when chemically modified (stimuli
responsive, tunable surface chemistry etc)
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INTRODUCTION

In-vitro

Peptide (LDHB inhibitor)
loaded liposomes

endocytosis
o°.....‘o . .
& %, Selected cancer cell lines (SiHa)
s %§ 2
.‘.. ) Gateway for endocytotic entry of NPs
s, (Clathrin mediated, caveolae mediated and other).

) @ Endosomal trafficking

PH-sensmve intracellular
liposome escape

target

LDHB
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INTRODUCTION

In-vitro

Peptide (LDHB inhibitor)
loaded liposomes

endocytosis
o°.....‘o . .
& %, Selected cancer cell lines (SiHa)
s %§ 2
.‘.. ) Gateway for endocytotic entry of NPs
s, (Clathrin mediated, caveolae mediated and other).

pH-sensitive
liposome escape

) @ Endosomal trafficking

@ intracellular
target

LDHB

/ pH sensitive lipids for the design of liposomes

4 DOPE
Ud CHEMS

Fusogenic
lipids

4 DODAP
4 D-Lin-MC3-DMA
O ALC-0315, SM-102
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INTRODUCTION

Peptide (LDHB inhibitor)
loaded liposomes

endocytosis
2?2990,
() )

Selected cancer cell lines (SiHa)

£~ 3

) @ Endosomal trafficking

Gateway for endocytotic entry of NPs

(Clathrin mediated, caveolae mediated and other).

pH-sensitive

liposome escape

\ @ intracellular
target

LDHB

/ pH sensitive lipids for the design of liposomes

4 DOPE
Ud CHEMS

Fusogenic
lipids

4 DODAP
4 D-Lin-MC3-DMA
O ALC-0315, SM-102

CENTER FOR INTERDISCIPLINARY
RESEARCH ON MEDICINES 32



INTRODUCTION

1. Fusogenic lipids
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ATAT
Fi

iV

%

e

¥

4!_;: i :.”J;'
®.e O

e

w it i/
Sy
-

Lamellar phase

Lo¥y

ALC-0315

pH responsiveness of lipids as
trigger for endosomal escape

« Cone shape requirement »
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2. lonizable lipids

Neutral pH

Cylindrical shape Lamellar phase

Acidic pH o®2 110,
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Inverted cone shape Hexagonal (H,) phase ®

3. Switchable lipids
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PROTONATION
&

CONFORMATIONAL CHANGE T 9
..

L S—
LIPID STACKING

1 T

SWITCHABLE DSPC  DSPE-PEG
LIPID 2000

Sl

ACIDIFICATION
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RESULTS

Liposomes formulation design and physicochemical
characterization at physiological pH

lonizable lipid:
DODAP
< Fusogenic lipid:
DOPE
DOTAP
Helper lipids:
DSPC, CHOL
PEG lipid:

DSPE-PEG-750
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RESULTS

Physicochemical characterization at endosomal mimicking pH

Fusogenic lipid

Size analysis at
endosomal pH

DODAP/CHOL/DSPC/DSPE-PEG750
DOPE/CHEMS/CHOL/DSPE-PEG750

lonizable lipid

+ @ =@

Calcein (50mM)

Calce‘ir'{ loaded

Calcein release assay at
endosomal pH

liposome
DOPE/CHEMS/DSPC/DSPE-PEG750
SPC/CHOL(negative control)
Zetasizer (Malvern) Flexstation reader
—&— DODAP+CHOL+DSPC+PEG-750
o 150 —® DOPE+CHEMS+CHOL+PEG-750
Size Distribution by intensity Size Distribution by intensity
DOPE/CHEMS/CHOL-PEG-750 DODAP/CHOL/DSPE-PEG-750 DOPE+CHEM S+DSPC+PEG-750
e = S SPC+CHOL
pH4S — ::2: o 100-
[72]
©
2
1 10 100 1000 10000 1 10 100 1000 10000 2
1200- ek c
Correlati fficient — ‘@
orrelation coefficien 1000- . 8 504
" =
. — )
N DOPE — 800+
£ s
. £ VS
p @ 600+
o P 4004 ns ns 0 T T T T
. = PP S R
o 200+ D. n.
o p H
0.1 10 1000 100000 0.1 10 1000 100000 o- v v v
Time (i) Time (us) pH7.4 pH 6.5 pH 5.5 pH 4.5

() DOPEICHEMSICHOL/DSPE-PEG-750
DODAP/CHOL IDSPC/DSPE-PEG-750

Release after 20 min of incubation at 37°C
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{Confocal analysis ]

DODAP/CHOL/DPSC/PEG-
750: (45/20/30/5)

DOPE/CHEMS/DPSC/PEG-
750: (45/25/30/5)

1. Cell uptake and subcellular localization
distribution of liposomes (SiHa):

B Nuctei staining with DAPI
. Rhodamine B -PE labelled liposomes

2. Intracellular release of the cargo (hydrophile)

DOPE/CHEMS/CHOL/PEG-

D Calcein green fluorescence
750: (60/25/10/5)

36



RESULTS

Cytotoxicity against primary and tumor cell lines

60/25/10/5

F1: DOPE/CHEMS/CHOL /DSPE-

PEG750

45/20/30/5

F2: DOPE/CHEMS /DSPC/DSPE-

PEG750

Toxicity against
Human umbilical vein endothelial cells

45/20/30/5

F3: DODAP/CHOL/DSPC/DSPE-

(HUVEC)
PEG750

and Cervical carcinoma cell lines (SiHa)
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RESULTS

Hemocompatibility tests

% hemolysis

F1: DOPE/CHEMS/CHOL/DSPE- 60/25/10/5
PEG750
F2: DOPE/CHEMS/DSPC/DSPE- 45/20/30/5
PEG750
F3: DODAP/CHOL/DSPC/DSPE- 45/20/30/5
PEG750
F1
F3
- F2
150 150-
1504
100- o o |
? 1004 g1
> o
£ g
Q =
50' ; 50_ °\° 50'
0 T T T T T 0 T T T T T T 0 T T T T T T
I I P N v & s & N S
DS S @& A R SRS S SR
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RESULTS

[ Hemocompatibility tests ] © Composion  Proportion (%Mo)

F1: DOPE/CHEMS /CHOL,/DSPE- 60/25/10/5
PEG750
F1 F2: DOPE/CHEMS /DSPC/DSPE- 45/20/30/5
100- PEG750
F3: DODAP/CHOL/DSPC/DSPE- 45/20/30/5
c = ADP PEG750
2 E E=] collagen
> - =Y
e =
(o)) —
> =
< H
N3 =
F2 F3
100+ 100-

(2] ADP

= ADP
E=] collagen o E=] collagen
Ba 2 B

% Aggregation
% Aggregation
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RESULTS

Hemocompatibility tests

THR Catalytic Activity (nM)

THR Catalytic Activity (nM)

400

300+

200+

100~

300+

200

100

10

MP reagent - F1

I 1 1
20 30 40 50

Time (min)

MP reagent - F3

A

60

T T
20 30 40 50

Time (min)

60

F1: DOPE/CHEMS/CHOL/DSPE- 60/25/10/5
PEG750
F2: DOPE/CHEMS/DSPC/DSPE- 45/20/30/5
PEG750
F3: DODAP/CHOL/DSPC/DSPE- 45/20/30/5
PEG750
MP reagent - F2
—~  400=-
NPP £ — NPP
>
10 mM g — 10mM
5mM ﬁ 200+ — 5mM
2mM > — 2mM
5 100
44
: .
= 0 T 1 1 1
0 10 20 30 40 50 60
Time (min)
NPP
20 mM
10 mM
5mM
2mM
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INTRODUCTION

Efficacy Test in vivo in perspectives Cell derived Mice tumor model underway:

1. Blood circulation time of liposomes
(PEGylation)

In - vivo 2. Intratumoral distribution of liposomes

| CPP
|- @ Blood circulation time ( )
N . e .
N L 3. Efficacy of LDHB inhibition with peptides
Mononuclear phagocytic systems f Oog \’\

Serum proteins (protein corona) "~ PEG (750, 2000 MW)

v Extravasation (vascular endothelial cell)

@/ Penetration in solid tumor microspace
Liposomes size and charge (extra cellular matrix)
(passive targeting)

o— }SP @ @ celi penctrating peptide (CPP)
f

=N O Tumor targeting peptide

Functionalization with targeting
ligands (active targeting)

V VYV

Functionalization with tumor
penetrating peptide
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{ TAKE HOME MESSAGE FOR NANOMEDICINE AND CANCERS }

>

Improved toxicity and efficacy profiles of old anticancer drugs
(therapeutic index)

Evaluation and validation of new targets with innovative drugs
(biopharmaceuticals with great therapeutic potential)

Tunable composition for tackling the pathophysiological
complexicity of cancer

Need in-vitro_ qnd in-vivo models = tumor environment in
human for clinical translation

Complexicity of NPs = challenges regarding scale up
production and QC of nanomedicines
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