McMaster  Brush Polymer Analogues of PLA-PEG for Nanoparticle Drug Delivery
University

4
2

Lukas P. Sadowski, Daniel H. Luo, Meghan Rothenbroker, Michael J. Majcher and Todd Hoare

Department of Chemical Engineering, McMaster University, 1280 Main St. W, Hamilton, Ontario, Canada L8S 4L7
Phone: 1-905-525-9140 ext. 24701 | E-mail: hoaretr@mcmaster.ca | Website: http://hoarelab.mcmaster.ca

Introduction Results

Nanoparticle-based drug delivery confers numerous potential advantages in treating disease in terms of Thermoresponsive Switching Properties in Hydrophilic Block
enhancing bioavailability, enhancing delivery of the therapeutic to the desired site, and manipulating drug

access to cells. cu(sr cugyct
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PL(G)A-PEG based nanoparticle scaffolds have been clinically investigated for the delivery of various
chemotherapeutics with promising results.

However, the step growth polymerization chemistry used to make PL(G)A-PEG limits the polymers to end
group functionalization, with incorporation of additional functional groups synthetically challenging and/or
expensive to do.

m=4or8
Thermoresponsive nanoparticles can be prepared by

copolymerizing long chain (n=8-9 repeat units) OEGMA
and short chain (n=2 repeat units) OEGMA monomers
in the hydrophilic block

Instead, we aim to use
controlled free radical
chemistry to fabricate brush-
brush copolymers with a
(meth)acrylate backbone but
PL(G)A and PEG side-chains

Polymerization of each
block was accomplished
using ATRP

P Incorporation of functional () °
monomer within each
block is accomplished
under standard conditions
with ease

P
Lower critical solution temperature (LCST) can be : R
tuned via ratio of long chain : short chain monomer T<LCST

Brush copolymer analogue
Each block has controlled length — backbone and
brush length can be controlled independently

Any number of desired functional groups incorporated

inthe polymer backbone andor at the terminus of the
side chain of either block
POEGMA block can be designed to be
thermoresponsive if desired by changing the number of
ethylene oxide repeat units on side chain
Degradation rate definable by L:G ratio in side chain,

Linear PL(G)A-PEG

Each block has controlled length Examples:

Drug Loading
pH-responsive blocks for tuning

¢ (B4) net charge or issoluon
(AEMAY " Anioni, reacive carborylic acid
(afer hydrolyss)

One functional group present at each end of chain

Post-functionalization of polymers
(fluorophores, ligands)

H
_O O OH O, (og:
Monomer OH

Functional monomer NH;
Doxorubicin (DOX)

Cationic, reactive amine
PEG block always hydrophilic

Hydrophobic Hydrophilic Target Measured Measured

Block Bock M, M,(NMR) M,(GPC) B Conversion :

linkage between main chain/side chains of both blocks [oriomers it M MoriomersT kb)) (kD) ki) (%) copolymerization minimally

N OLAMA;  OEGMA,, 422 372 22 122 063088 affects the molecular weight

Degradable into generally recognized as safe o or dispersity of each block Effective )

(GRAS) products tunable based on monomer choice olaMA,  OFGMAs, 1047 100 |0 G > Control over Drug Solvent Diameter  Polydispersity El;:ad'"g performed at 10% wiw using
propertiesiparticle (nm) ney POLAMAS-POEGMA

assembly maintained Pacitaxel THF 1703 0.14 >96%
Docetaxel THF 873 0.30 >95%
DOX-HCI DMF 14589 0.25 41%
Doxorubicin DMF 264421 0.36 61%

Degradation rate definable only by L'G ratio pacitaxel Docetaxel

Degradable into generally recognized as safe Al drug loading was

(GRAS) products (PEG, lactic acid)

» The brush tic acid yl block: glycol y OE(';&A“‘ 450 411 343 136 0.55/0.88
(POLA(M)A-POEG(M)A) copolymers retain the benefits of PL(G)A-PEG while adding synthetic

versatility that can be directly used to enhance targeting, control deposition, improve penetration, etc

OLAMAGAC
Drug loading is essentially
quantitative for hydrophobic
drugs (paclitaxel and
docetaxel) but still good for
more hydrophilic drugs
(doxorubicin, DOX-HCI)

Nanoparticle Fabrication

» Nanoparticle size can be tuned via
» choice of organic solvent
» flow rate of both phases

Experimental

10 mM PBS Capacity to tune hydrophilic and hydrophobic block chemistry can be leveraged to encapsulate a wider

Monomer Synthesis
variety of drugs with higher relative loadings than possible with PEG-PL(G)A

»  OEG(M)A monomers are commercially available at various ethylene oxide repeat unit side chain lengths
» OLA(M)A monomers can be easily prepared from commercially available and inexpensive starting materials
» Monomer design enables tuneable degradation of backbone with various degrees of hydrophobicity

Organic Sofvent »~ Dissolution of drugs into the
organic polymer solution enables
encapsulation of drugs within the
hydrophobic nanoparticle core
directly during particle assembly

» POLAMA-POEGMA polymers S
typically self-assemble into 80-140
nm nanoparticles via a continuous
processing step > Altering the structure of the hydrophobic monomer (linkage between backbone and side chain, chemistry

of side chain, end group on side chain) changes properties

Conclusions

h block based on one side chain and one hydrophilic side chain offer
properties that mimic the best attributes of PEG-PL(G)A while also offering unique chemical tunability
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In vitro Biological Assessment Copolymerization of (protected) functional comonomers in either block can provide functional tethers for
conjugating fluorophores, ligands, or other tags of interest for targeting or tracking particle distribution

" . = POLAMAS-5-POEGMA

Resazurin Assay 5 POLAMAS b POEGMA »  Both POLAMA4-POEGMA and
POLAMAB-POEGMA based
nanoparticles demonstrate minimal in
vitro cytotoxicity in 3T3 NIH fibroblasts
based on resazurin and live/dead
assays, even to high concentrations
(viabilities >85% at 1 mg/mL in vitro)

Copolymerization of OEGMA monomers with different side chain lengths and/or ionizable monomers can
provide a smart particle capable of due to local orpH stimuli
prepared from brush-brush block exhibit excellent stability in PBS at 37 °C,
minimal cell cytotoxicity, and no significant non-specific cell uptake without further functionalization

> Properties of poly(OLA(M)A) block can be controlled directly by chemical modification of original monomer

(. .,jy., L o A ) Polilgolacic acd)acryte) (POLAA)
o D Tom QAW Readly degradable acrylate ester nkers

Hydroxyl group on each monomerimparts
hydrophilciy to hydrophobic block
Degradation products are polyacrylic acid,
(poly)ethyleneglycol and lactic acid

High drug loading can be achieved for a variety of drug types ranging from hydrophobic to moderately
hydrophilic

Relative CellViabiity

No significant non-specific cell

internalization was observed

»  Potential to leverage facile targeting
of multi-site functionalizable brush
blocks to selectively uptake specific
nanoparticles
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\ Poly(oligo(lactic acid) methacrylate)
R (POLA

MA)
@A"W - More hydrolytically stable methacrylate ester

o linkers

Zo Hydroxyl group on each monomer imparts

Concentatona polymer (mg/m)

< hydrophiliciy to hydrophobic block
Degradation products are poly(methacrylic
acid), (poly)ethylene glycol, and lactic acid

cur fppe ) Acetyted Polyolgolacc acid) mthacryate)
w7 W (POLAMA-Ac)

Live/Dead Assay
Control 0.1mg ml-!
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More hydrolytcallystable methacrylate esters
Acetyl group on each monomer masks
hydrophilcity resulting in greater hydrophobicity
Degradation products are poly(methacrylic acid),
(poly)ethyleneglycol,lactic acid, and acetic acid
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Cell Internalization Assay
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-> We are actively searching for potential commercialization partners for these materials
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