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Presentation Overview

1. Introduction to Microfluidics  -Based NanoAssemblr H
Platform for Nanoparticle Manufacture

2. Examples of Nanoparticles Manufactured by the
NanoAssemblrH Pl atform

3. Scale-up Manufacture usi ng t he NanoAssembl
Platform



D\ S—

Presentation Overview

1. Introduction to Microfluidics  -Based NanoAssemblr H
Platform for Nanoparticle Manufacture



*—

Nanomedicine Development Process

Nanomedicine
Scale-up Product

Conceptual o Manufacturin PO
Nanomerc)jicine NENEIEEEIS = Process - Manufacturing
ormulation Process




*—

Nanomedicine Development Process

AP : Manufacturing R Nanomedicine
NanoparticleF

Manufacturin
: Process 9 Product
ormulation Process

Conceptual
Nanomedicine

NanoAssemb




*—

Nanomedicine Development Process

Conceptual
Nanomedicine

API - Robust

NanoparticleF MEMUEETE Manufacturing
: Process
ormulation Process

NanoAssembl

Scale-up

Nanomedicine
Product




*—

Nanomedicine Development Process

(N

Conceptual AR - Manufacturin Robust Nanomedicine
PILE NanoparticleF g Manufacturing Scale-up
Nanomedicine : Process Product
ormulation Process

-

—
/
&~

—_—

S——

NanoAssemb

=

UxT 7 Quudza! AUy Badd DA 07 OBSchlarUpWPationtl U
Accelerated Development of Nanomedicines
—

B‘\ -




UfT T quudza! AUy Baqdz DZj U

Microfluidic Cartridge
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NanoAssembl

rH Benc!l

— V  Proprietary microfluidics -based instrument

V Manufacture novel nanoparticles

V  Nucleic acid -lipid nanoparticles

V  Polymer nanoparticles

V Liposomes

V Oil-in-water nanoemulsions

! TP?e%grg 2% 2 20

Operate at 4 mL/min

mL nanoparticles / run

- 20 mL/min

Make > 30 formulations / day

Software controlled

Easy-to-use

Rapid n anoparticle development
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The NanoAssemblrH Microf

Microfluidic Cartridge DBOTTOM VIEW
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The Magic is in the Microfluidics

aqueous Solvent (water miscible)
\
C >2 Z4d)
S )

V Laminar fluid flow

Channel \// Rapid & Controlled
diameter: Mixing

2100 8 o] V  Diffusion mixing
; . . . _1
Staggered V Rapid mixing (< 3 ms )
Herringb
CNixers V Small reaction volumes (~ 14 nlL)
‘ Stroock et al., V Low energy input
‘ Science 2002

Nanoparticles .32
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Predictable and reproducible  mixing
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Microfluidics Process Parameters 2
Agueous:Solvent Flow Rate Ratio

aqueous Solvent
(water miscible)
NN 2 a8\ : :
/ >< Y34 A Ratio of the flow rates (mL/min) of the aqueous and
\ .
\ 3 solvent input streams
\// A Higher agueous:ethanol flow rate ratios result in
W more rapid increases in polarity
A Rapid change in polarity forces the nanoparticle
components to organize into the most
thermodynamically and energetically favorable
¥ structure

Process parameters dictate nanoparticle biophysical characteristics
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Microfluidics Process Parameters 2

aqueous Solvent
(water miscible)
) Ladd
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Total Flow Rate

A The combined flow rates of the agueous stream and
the solvent stream

A Ranges from4 mL/min 2 20 mL/ min
A Total Flow Rate is a surrogate for mixing speed
A Increased flow rate increases mixing speed

AAt high Total Flow Rates nan«

ALimit size is defined as -Th
particles compatible with the packing of the molecular
constituents I n an energeti c.

Process parameters dictate nanoparticle biophysical characteristics
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2. Examples of Nanoparticles Manufactured by the
NanoAssemblrH Pl atform
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The NanoAssemblr H Platform:

Manufacture of Novel Nanoparticles

&=

au® Ty
O'M w "?:‘_) ] ] -
. %‘? = Lipid Nanoparticles

4 :& é

% Polymer Nanoparticles

S, .
553?5;4 Liposomes

N g

33%%)» O/W Nanoemulsions
A

—

14



7p
Q
O
I’
| —
®
O
@)
-
©
Z
O
2
—

15



- \—_

Lipid Nanoparticles for the Delivery of RNA

A Package RNA into nanoparticle core
A Protect RNA from degradation
A Facilitate RNA uptake into cells

A Promote RNA release into the cytoplasm
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Images courtesy of Prof. Pieter Cullis, University of British Columbia
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RNA-Lipid Nanoparticles are Complex
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Manufacture of RNA -Lipid Nanoparticles is challenging
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RNA-Lipid Nanoparticles Represent the
Current Clinical Gold Standard for RNAI

- -40 Patisiran (ALN-TTRO02) is Currently in Phase 3 clinical trials
% for treatment of  Transthyretin -Mediated Amyloidosis
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100 A 10 20 30 40 50
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Day

USerum TTR levels were measured in separate Phase | study of ALN-PCS, an RNAI

B.U.Med.Center, July 2012 therapeutic targeting PCSK9, which uses identical LNP formulation as ALN-TTR02
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Lipid Nanoparticles
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Images courtesy of Prof. Pieter Cullis, University of British Columbia 19
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Neutr al ;CorSeo®l -Liji Nanoparticles

Mimic Endogenous Delivery Systems

Apoprotein

Apoprotein
Polar
surface coat
Nonpolar
lipid core
Phospholipid Triacylglyceride
Cholesterol
Unesterified ester
cholesterol
Apoprotein
Molecular model: Low Density Lipoprotein (LDL):
Neutral, Solid -Core RNA-Lipid Nanoparticles -Endogenous Lipid Nanopa

Wasan K. M. et al. (2008) Impact of Lipoproteins on the Biological Ac'lvity & Disposition of Hydrophobic Drugs: Implications for D rug Discovery. Nat. Rev. Drug Disc. 7: 84 - 99
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Neutr al ;CorSeo®l -Liji Nanoparticles
Mimic Endogenous Delivery Systems

Reverse
lipid

Hepatocyte

tissue

2 LDL
receptor

{SAp{:E]ﬂﬂ ) ApoE. @ ApoA @ ApoC

Wasan K. M. et al. (2008) Impact of Lipoproteins on the Biological Ac'lvity & Disposition of Hydrophobic Drugs: Implications for D rug Discovery. Nat. Rev. Drug Disc. 7: 84 - 99
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