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“P=L Targeting

This is what turns a biomaterial into a therapeutic

What we want What generally happens

find the diseased cell find a full tissue (or more than 1)

only bind to it 90+% get cleared before binding
deposit drugs partial drug deposition

only kill the sick cell kill much more than just diseased cells
leave without side effects side effect, toxicities, immunities

HOW TO IMPROVE NANOPARTICLE THERAPEUTICS?

SOLUTION: SPECIFIC AND SELECTIVE TARGETING

5
“P~L The TARGETING Paradigm
PASSIVE TARGETING ACTIVE TARGETING
NANOPARTICLE NANOPARTICLE
Nanoparticle
. Drug
~\,\vl,{‘
-~ — .
= 2, Ligands
'/.‘,‘.\‘
THE MATERIAL THE LIGANDS
[1] Uniform = (more) predictabe [1] Do we need so many?
[2] Shape alters interactions [2] Do they need to be flexible?
6
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EPFL

Passive Targeting

Large rigid particles (>2,000 nm ) accumulate in the spleen and liver, as well as in the capillaries of the lungs.
> 150 nm, entrapped within the liver and spleen.
Small-sized nanoparticles (<5 nm) are filtered out by the kidneys

Size, Shape, Charge!

2019, Int J of Nanomedicine 14:6631-6644
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=PrL

G protein-coupled
receptor

Receptors are Everywhere!

External ligand (S) binding
to receptor (R) acti an R ine kil

Receptor guanylyl
cyclase
Ligand binding to
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(integrin)
Binds molecules in

intracellular GTP-binding
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an enzyme (Enz) that
generates an intracellular
second messenger, X.
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=PFL Ligands

A molecule that binds to a receptor is called a ligand.

When a ligand binds to a corresponding receptor, it
activates or inhibits the receptor's associated
biochemical pathway.

reference

Many types of ligands: particle

1. Antibodies
2. Proteins / peptides

\' 3. DNA / aptamer
ano‘ O
‘3 4. small molecules
ﬁ/ 5. Polymers

‘(’QCQ.?“(OY‘ PEG of 2000 and 5000 g mol-1 (light grey),

streptavidin (green),

transferrin (blue),

antibody (IgG, purple),

albumin (red), single-stranded DNA (20mer)

10



08.10.2024

List of Targeted Therapy Drugs Approved for Specific Types of Cancer

The FDA has approved targeted therapy drugs for the treatment of some people with the following types of cancer. Some targeted
therapy drugs are listed more than once because they have been approved to treat more than one type of cancer. The generic drug
name is listed first, with a brand name in parentheses.

ON THIS PAGE

- Targeted therapy approved for bladder cancer

« Targeted therapy approved for brain cancer

- Targeted therapy approved for breast cancer

« Targeted therapy approved for cervical cancer

« Targeted therapy approved for colorectal cancer

« Targeted therapy approved for dermatofibrosarcoma protuberans
« Targeted therapy approved for endocrine and neuroendocrine tumors
« Targeted therapy approved for endometrial cancer

« Targeted therapy approved for esophageal cancer

« Targeted therapy approved for head and neck cancer

« Targeted therapy approved for gastrointestinal stromal tumor

« Targeted therapy approved for giant cell tumor

« Targeted therapy approved for kidney cancer

« Targeted therapy approved for leukemia

« Targeted therapy approved for liver and bile duct cancer

« Targeted therapy approved for lung cancer https://www.cancer.gov/about-

+ Targeted therapy approved for lymphoma cancer/treatment/types/targeted-therapies/approved-drug-list

11
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=“PFL Targeting Challenges: DENSITY
BIOMARKER TESTING
Patient 1
& Patient 2
cell-to-cell
Patient 3 heterogeneity
O
- ¥ heterogeneity
within the same cell
a) Patient heterogeneity b) Target cell receptor expression
13
13
“PFL LIGAND-RECEPTOR Interactions
nanomaterial
Frenkel, PNAS 2011
I °e
Ligand o ® W W
e AN Y WYY Yy
Too strong Too weak Multivalent Super-selective
Too strong
S

s

g

fire Multivalent .

T Super-selective

3 Too weak

[-2]

EPFL Target Receptor Density i
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“PFL SUPER-SELECTIVE MATERIALS
ENTHALPY driven ENTROPY driven
High Valency Regime, Flexible Low Valency Regime, Rigid vs Flexible

B
— XY
« > &N

XX XY

Entropic cost

1500 21dosaug

Majority of ligands do NOT interact

15

OLIGOMAKER

- any sequence

- up to ~80 nt length

- custom modifications
- ready in hours

Guanmecytos'”e"

b,

Bf end d
5

Photo: Christine Lavanchy
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=PFL Reprogramming DNA interactions
Short synthetic DNA strands can make new architectures!
N o
\\\/// = -
+ Linker
) l
Y-scaffold
7, 4
) } ~¢d Hydrogel
0

17

Seeman, N (1982). "Nucleic acid junctions and lattices". J. of Theor. Biol. 99 (2): 237-47
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=PFL RIGID vs FLEXIBLE

RIGID FLEXIBLE RIGID

18
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=PrL RIGIDITY allows for SELECTIVITY

CpG

= L|GAND«SM

A

= MEASUREMENTS

= RECEPTOR
Comberlato et al., Nano Letters, 2022
19
=PrL RIGIDITY allows for SELECTIVITY
TLR9 Monomer TLR9 Dimer
(inactive) (active)
Endosome
CpG-binding
induced
activation
Activation
Comberlato et al., Nano Letters, 2022
20
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RIGIDITY allows for SELECTIVITY

TLR9 Monomer
(inactive)

Endosome

CpG-binding %

induced
activation

TLR9 Dimer
(active)

Comberlato et al., Nano Letters, 2022

RIGIDITY allows for SELECTIVITY
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=PrL

MORE THAN A DOUBLE HELIX

Animation by Shawn Douglas - UCSF
23
A DNA DISK WITH 36 “PIXELS”
Top DNA origami disk design g0 DNA-PAINT sum image
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Eklund*, Comberlato*, et al., ACS Nano, 2021
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MULTIVALENT PATTERN RECOGNITION
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Bila et al. JACS (2022)

v Receptor density (%)

EPFL
25
i ?
—PFL PATTERNS in CHECKPOINT BLOCKADE?
Dendritic Cell Cancer Cell
Immuno Stimulating Immuno Suppressive
PD-L1
26
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PATTERNS in CHECKPOINT BLOCKADE

Y5)
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Paloja et al, ACS Nano, 2023
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Nanoparticle

The TARGETING Paradigm

ACTIVE TARGETING
NANOPARTICLE

PASSIVE TARGETING
NANOPARTICLE

THE MATERIAL THE LIGANDS
[1] Uniform = (more) predictabe [1] Wewmeed enhp6Hany?
[2] Shape alters interactions [2] Rigith ity geanhebricpatterie?

28
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=PrL

Today’s focus

Targeting

Drug Delivery

29

=PrL

— Plasma Drug Concentration

Drug release kinetics

Peak (Cys )

Toxic level

Therapeutic range

Subtherapeutic
level

Multiple-dosing of

“+.. immediate-release Valley (Cousme)

Minimum safe
concentration (MSC)

Zero-order
controlled-release
formulation

Minimum effective
concentration (MEC)

Sustained-release
formulation

Single dose of
immediate-release
formulation

30
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=PrL

A

Capsulés

Blood Serum Concentration

Time

Immediate Release
Systems

" \

V4

Injections

Engineered drug release systems

First-Order Release Systems Zero-Order Release Systems
iy @@ " s
S Microchips
Microneedles Polymeric Intravaginal rings
Implantable particles Osmotic pumps

devices 2 e 2
g > b g

g f g

g L g

Hydrogels 2 Actuated pumps §

Time Time

https://www.pharmaexcipients.com/drug-delivery/zero-order-drug-delivery/

31

=PrL

Injection site

COVID vaccine : various “release” time scales

: . APC
Inflammato
@ MRNA-LNPs cyxokmesry ®e
vaccine
\ MHC Il
N
Vaccinated Antibodies
cell
@ Endosome \ Nucleus
- &
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ER
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x A Golgi

Anllgen - - .
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Pharmaceutics 2023, 15(7), 1972;
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“PEL Contact lenses : coating vs bulk
N0
[0} oO o Polymerizing Y o o o (0]
0T 0 >
Contact Lens
Pre-monomer mixtures Nanoparticle-laden contact lens
i, Hydration )
Vass  Layer . 2
t L Polymerizing
LipoCoat
b tinocoat SN e >
00 .o
-~ p— Pre-monomer mixtures Micelles-laden contact lens
f Soaking in nanoparticle suspensions _ p@ [0}
- (0]
Tear film mimicking lipid-bilayer coating Soft coating properties offers all-day comfort
Breathable layers keep eyes healthy Keeps lens moist by hydrophylic modification Preformed contact lens Nanoparticle-laden contact lens
= @ Q Q Chemical bond
Nanoparticle immobilized surface‘
>
TIME!
Preformed contact lens icle-}
Dayl wee k, mo nt h . Nanoparticle-laden contact lens
__________________________________________ S ========1
i e O Nenoparticles s surfactants M Micelles ]
Fig. 13. Different methods for preparing nanoparticles-laden into contact lens.

33

IOP sensing

N {8 sensor Feedback system

IOP increase
Antenna

DDS Drug release

ASIC chip

IOP decrease

Timolol release
https://www.nature.com/articles/s41467-022-34597-8
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EPFL SPRINGERLINK  https://link.springer.com/article/10.1007/s40005-022-00607-6/tables/1  Login

Findajournal  Publishwithus  Trackyour research Q search T cart

Home > Journal of Pharmaceutical Investigation > Article > Table1

Table 1 Representative list of FDA/EMA-approved and globally-
marketed nanomedicine-based formulations

From: Nanomedicine-based commercial formulations: current developments and future

prospects
Type of Nanosystem  Productname Activeingredient(s) Company Approving  Indication(s) References
formulation  type organization
and
approval
ate
Lipid-based Liposome Doxil® Doxorubicin Johnsonand FDA(1995) Metastatic ovarian cancer, HIV- James
nanomedicine hydrochloride Johnson associated Kaposi’s sarcoma, multiple  (1995);
myeloma Barenholz
EMA(1996) (2012)
Lipid complex Abelcet® Amphotericin B Liposome Co FDA(1995)  Aspergillosisin patients refractory toor Rustand
intolerant of conventional Jameson
amphotericin Band for invasive fungal  (1998)
infections
Liposome DaunoXome® Daunorubicincitrate ~Galen Ltd FDA(1996)  HIV-associated Kaposi's sarcoma Kaposi's
sarcoma:
DaunoXome
EMA(1996) approved
(1996)
PEGylated Caelyx® Doxorubicin Janssen EMA(1996)  Metastatic breast cancer, ovarian Ransonetal.
liposome hydrochloride Pharmaceutica NV cancer, AIDS-related Kaposi's sarcoma  (2001)
Unil Il AmBi Amphotericin B NeXstar FDA(1997)  Fungalinfections in febrile neutropenic Boswell et
liposome Pharmaceuticals patients; Aspergillosis, candidiasis,and  al.(1998)

cryptococcosis infections refractory to
EMA(2006)  amphotericin B

36

=PrL Drug delivery: DOXIL

a commercial Doxil formulation, remote loading
produces doxorubicin sulfate [[DOX-NHz3)2SO4]
crystals within PEGylated nanoliposomes.

Doxil®

@ Crystalline (doxorubicin),SO, salt
®— HSPC
N~O= PEG-DMG

O OH o)
OH
“OH
H
O O OH o, o
OH

37
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“P=L Drug delivery: DOXIL

[1] Make liposomes
[2] Load drugs

Liposomes are external phase is The neutral form of the externally added
prepared by hydrating exchanged with Na2C0O3 drug can cross the bilayer and is
in citrate buffer to create a pH gradient. protonated and trapped inside the vesicles.
38
=PFL Drug delivery: DOXIL
s b % %"%wu"x§§
%%mmji
39
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=L Conclusion

Receptors are everywhere and are crucial for the functionality of our cells. Communication happens
through ligand-receptor interactions and a plethora of signals can be transmitted.

Ligands are the keys that fit in a specific receptor “lock”. They can be agonistic or antagonistic.

Nature often makes use of multiple ligand/receptor couples to enable the multivalency, strength in
numbers, principle. Through multivalency, single interactions can be weak, to prevent random onset of
signal pathways. Only when a certain threshold of signals are reached, an interaction is stable enough to
start downstream signaling.

Targeting is the concept of placing ligands on materials to guide their directed transport in our body.
This will highly reduce drug toxicity and dosing, as ideally all material gets to the right place.

However, targets are often present at many cell types, and one can make use of the density as extra
selectivity parameter, and engineer super-selective targeting materials.

Precise control over ligand geometry allows to engineer minimal super-selective materials with only 6
ligands, this is defined as multivalent pattern recognition.

40

40
-rpre i
=PFL Conclusion
Every drug has its own circulation kinetics and life time, materials can be used to change this.
Devices can ensure controlled continuous release through active dosing or through passive degradation
When materials are used, double (or more) time scales are involved: circulation / uptake of material,
degradation / release, molecular interaction of drug / mRNA, biological response, duration of the full cycle
Most of the current drug release systems are lipid nanoparticle formulations for very toxic drugs or for
41
41
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=L Exercises

[1] What is multivalency and why is it used in many natural interactions?

[2] Explain super-selectivity. How would you design a nanoparticle drug delivery system that uses this
principle to deliver DOX to cancer cells that have the Her2 receptor?

[3] You have a headache and want to take a dafalgan. The prescription tells you you can maximally take 1g
every 6 hours. You have 1 pill of 1gram and 2 of 500mg. Draw the distribution profiles if you

a) Take the 1g

b) Take the 1g and both 500mg at the same time

c) Take a 500mg and 2 hours later another 500mg

d) Take a 500mg and 4 hours later another 500mg

e) Take the 1g and 2 hours later both 500mg together.

What is the best strategy to get rid of your headache the longest?

[4] Free DOX is very toxic to cells. You discovered a small molecule that will keep DOX in its crystalline
state. Explain the impact of your discovery in context of cancer medicine.

42

42
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