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What will you learn in this webinar? @

Nanomedicines for drug delivery

MRNA therapeutics: Promises, Challenges and Advances
Lipid Nanoparticles (LNPs) for RNA delivery

A (brief) background on Small Angle Scattering

LNPs for mRNA delivery: Characterization and Performance

Summary and Future Perspectives

-
[

Why do we need nanomedicines? @

Drugs are changing and their delivery requirements are changing.

oligo-nucleotides
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Figure courtesy of Marianne Ashford
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Nanomedicines for drug delivery @

* Nanoparticles of drugs or biologics between 1-100 nm.

solid drug
nanoparticles

Figure courtesy of Marianne Ashford
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Promises and Challenges of mRNA therapeutics @

* Promises: Production of proteins
in vivo by administrating mRNA

+ Challenges:

1. Crossing cell membrane for the
long negatively charged mRNA.

2. Enzymatic degradation of mMRNA
before reaching target.

3. Finding a biocompatible vehicle.

18
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Schematic representation of the mechanism of
in vitro-transcribed mRNA translation and protein
replacement.

(Image courtesy of Kristina Friis)
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Audience Challenge Question” %

ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

How many mRNA therapeutic treatments have been granted FDA approval?

* None
e 1
e 3
e 7

19

Clinical trials for RNA and delivery systems @

Clinical trials involving RNA delivery by treatment and Clinical trials involving RNA delivery by treatment and
clinical phase delivery vehicle

0 Color by ASO mRNA SiRNA Trellis by

Phase Treatment
28 | Color by
Delivery vehicle

26 :un .cor:}vugalu(GﬂNAc}

24 .::m @ Degradable polymer
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20 [ 10 @ Naked (modified)

@ Naked (unmodified)
) Naked mRNA

@ Not disclosed

@ Polymer nanoparticle

Sector size by
Count{Name)
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ASO mRNA siRNA

Data taken from Kaczmarek et al. Genome Medicine 2017 and collated by Arpan Desai
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Lipid Nanoparticles (LNPs) for RNA delivery @

LNPs: cationic ionizable lipid (CIL), cholesterol
(Chol), and
a poly(ethylene glycol lipid).

AN Q ==
/N\/\)J\o
CIL: Dlin-MC3-DMA
Representation of LN containing siRNA based
on molecular simulations
21 (Rozmanov et al. Faraday Discussions 2014)
LNPs preparation approach: Using microfluidics @

Lipids (EtOH) [T7] mRNA (buffer) |

| &

Easily produced with a
microfluidic mixer with a
high encapsulation

efficiency (> 90%).
Buffer exchange to
physiological conditions

Particle characterization
(size and encapsulation)

22
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LNPs proposed mechanism of action for IV delivery to

hepatocytes

A m’/g‘“
g %
anionic membrane kpids 1o

disrupt endosomal membrane

Fenestration ApoE-binding ~
cell surface receptor o /
SiRNA cargo is released
into cytoplasm where it can
enter RISC

pH74
Biood Compartment Space of Disse Hepatocyte

Akinc et al., (2010) Mol. Ther 18:1357-1364
23

Some examples of the use of LNPs in RNA
drug discovery

» Alnylam Pharmaceuticals reported
successful on Phase Il clinical trials >Z :
of Patisiran™, siRNA delivered AI nylacrnc
using LNPs for hATTR amyloidosis.

* Moderna has completed clinical

trials in Phase I/l for Zika moderna

VaCCIFIatIOI’I USII’Ig LNPS. messenger therapeutics

24

28/03/2018

)

12


http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOGUyuGYxscCFYNbFAodLDwDkQ&url=http://www.modernatx.com/&ei=bWbdVaGqN4O3Uaz4jIgJ&psig=AFQjCNFDDYCIZHJAeFom7kN9Y0-ZPS_wNA&ust=1440659388846821
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOGUyuGYxscCFYNbFAodLDwDkQ&url=http://www.modernatx.com/&ei=bWbdVaGqN4O3Uaz4jIgJ&psig=AFQjCNFDDYCIZHJAeFom7kN9Y0-ZPS_wNA&ust=1440659388846821

Controlling the size of the LNPs

@

Number %

25

In vitro uptake of LNPs of different size

d (nm)
Size distributions: DLS number distribution vs.

0 4

LNP uptake in human adipocytes

Uptake of EPO mRNA (% of dose)
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Yanez Arteta et al. PNAS Just accepted
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Standard approach:
CIL:Chol:DSPC:PEG-lipid
in a 50:40-x:10:x mole
ratio.

Tracking of LNPs
containing 3H labelled
DSPC.

13
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Expression of EPO mRNA in vitro for LNPs of different size @

Protein expression in adipocytes Protein expression in hepatocytes

e) e}
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27 Yanez Arteta et al. PNAS Just accepted

Audience Challenge Question/"“‘\.%

ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

Have you performed small angle scattering experiments?

* | have measured small angle X-ray scattering (SAXS)
* | have measured small angle neutron scattering (SANS)
* | have vast experience in small angle scattering measurements

* | do not have experience with this technique

28

14
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A (brief) background on Small Angle Scattering @

Small angle scattering allows us to understand the shape and the

size of nanomedicines:

Sample

Neutron or X-ray
beam

29

Why do we use neutron scattering?

le+d

le+3
le+2
le+l
5 1e+0
2 le-l
le-2

le-3

Intensity (a.u.)

q= ki-ki le-4 {|—— Sphere model
—— Cylinder model
le5 O Data

le-6 ™ ™ ™
0.0001 0.001 0.01 0.1 1

aA

Selective deuteration of lipids and/or solvent produce different

scattering profiles.

B

1 2
1 H 1 H
b, =—3.74x10°A b, =6.67x10°A

b: Scattering length

30

DsPC

tail - plin-KC2-DMA
H.O0 [Cholesterol

H,0O

-0.56 Scattering Length Density (SLD, x 106 A2) 6.4 7.7

15
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LNPs containing mRNA have a structured core @
MRNA-LNPs have a “structured core” with a 6 nm * Inverted micellar phase?
correlation distance. (Literature)
SAXS of mMRNA LNPs vs. Empty LNPs  SAXS of mRNA LNPs of different sizes éege

le-1 T %eg

% I ©O
le2 | *%, ter0 | e®
E le-1 ; | * Onion?
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1

le-5 le-3
1€6 1, - 159,43 nm le-4 o * Wormlike micelles?
1e-7 X = 3%, 45 nm R Lot .‘ "vu‘ei:': £
01 10 0.1 1 10
qtnm™) q(nm-1)
31 Yanez Arteta et al. PNAS Just accepted
Why do we care about the structure of LNPs? @
» LNP transfection efficacy is very low, .
. 986
1-2% (Gilleron et al. (2013) Nat. @ B
Biotech. 31:638-646) - e

* Which type of structures will facilitate R
endosomal escape? - -

Géral et al., (2013) Pharmaceutics 5:126-167

CAM2032: Fluid crystal © formulation for
prostate cancer Phase II.

< camurus

32
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Location of lipids within the LNPs obtained by SANS

SANS of LNPs with deuterated SLD profiles corresponding to Schematic representation of
DSPC and Chol in buffer with the fits to the core-shell model the lipid distribution in the
different H,O/D,0 ratio LNPs
letd 7 Solvent] B: Lipid monolayer (enriched
let+7 - 6 in DSPC): 5~2.4 nm
—~ let+6 = &
S le+5 A st 5 A
E le+s {G © 4]
2 1e+3 1 S A:
S le+2 A 2 37 A LNP core
2 le+l - e 2 d~54 nm
= le+0 ~ n g
le-1 A
le-2 ‘ - . . . :
0.001 0.01 0 100 200 300 400 C: PEGaoqg layer in mushroom
A configuration: L~4 nm
Al Radial distance (A)
A A. LNP core:
«  Cationic ionizable lipid (CIL)
*  Cholesterol (CHOL)
. 24% water
33 Yanez Arteta et al. PNAS Just accepted *  mRNA

Location of lipids within the LNPs: Comparison with
previous models

Schematic representation of
the lipid distribution in the
LNPs

B: Lipid monolayer (enriched
in DSPC): 5~2.4 nm

A:

LNP core
d ~ 54 nm

C: PEGq layer in mushroom
configuration: L~4 nm

Representation of an LNP containing siRNA: A. LNP core:
CIL, Chal, and PEG-lipid. Based on . Lo .
molecular simulations Cationic ionizable lipid (CIL)
(Rozmanov et al. Faraday Discussions 2014) *  Cholesterol (CHOL)
. 24% water
3 Yanez Arteta et al. PNAS Just accepted *  mRNA

17



Further exploration of the LNP core

35

SAXS of the core phase: citrate:ethanol 3:1 phase

@

Dialysis cassette:
CILand CHOL in

e

Dialysis cassette:
ClLand CHOL in

EtOH
/- mRNA in water

Dialysis against
citrate buffer:ethanol

Preparation buffer

Small angle x-ray scattering (SAXS) for

empty and polyA LNP bulk phases (pH 3, 25% EtOH)

100

[N
o
|

Intensity (a.u.)

0.1+

cholesterol
monohydrate
i i
| |
| |
| |
| |
| |
|

0.1

q (hm™)

36 Yanez Arteta et al. PNAS Just accepted

EtOH
/- mRNA in water

Dialysis against

PBS buffer

Storage buffer

Schematic representation of
a reversed hexagonal phase
structure. (Bilalov et al. Soft
Matter 2011)

28/03/2018

Freeze fracture micrograph
of the LNP core phase in
citrate:ethanol 3:1 phase

Reversed hexagonal phase (water or water/RNA rigid

cylinders):

.« q=V3%q,

° Q2=‘/4*QO

Center-center distance a=6.2 nm

&

18
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SAXS of the core phase: PBS buffer and comparison
with LNPs

10

Intensity (a.u.)

0.

10 1

Small angle x-ray scattering (SAXS) for

empty and polyA LNP bulk phases (pH 7.4)
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37 Yanez Arteta et al. PNAS Just accepted

10

Freeze fracture
micrograph of the LNP
core phase in PBS

le+l

le+0

le-2

Intensity (a.u.)

1le-3

Small angle x-ray scattering (SAXS) of
MRNA LNPs vs empty LNPs

<d>,=45 nm (3 % DMPE-PEG)
®e <d>,=42 nm (1.5 % DMPE-PEG)
L]

Reprograming cell protein production by modifying
LNPs surface

Area per DSPC as a function of size

Surface area per DSPC (nm2/molecule)

1.6

for different LNP formulations

New formulation

1.4 | (MC3:Chol ratio

1.2 1
10 1 \\\ ..
Original

0.8 | “e_formulatior

06 . g
IDSPC in gel phase bilayer ~ |

0.4 ‘ ‘ : ‘ ‘
40 60 80 100 120 140

\ constant
§_,—.\~ §§§§§§§§ i
--e

Number average LNP diameter (nm)

38 Yanez Arteta et al. PNAS Just accepted

Number of EPO per mRNA dosed (at 48 h)

18
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Protein expression in adipocytes as a function of
the LNP size for different surface compositions

¥
/AN
1 / N
/ N
J L —e— |
40 60 80 100 120 140

Number average LNP diameter (nm)
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Summary and Future Perspectives @
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LNPs are potential candidates for the delivery of mRNA.

Small angle scattering provides a tool to characterize
nanomedicines.

The transfection efficacy of LNPs containing mRNA is size and
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optimization of other LNP formulations for mRNA delivery?
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