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Developing polymeric materials to probe biological systems
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Developing polymeric biomolecules to probe biological systems
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Polymeric nanomedicines to address biological questions
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Polymer Conjugate
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Current research focus — our challenges in nanomedicine

Biodistribution, retention, clearance...

1. The immune system; how it affects our
development of nanomedicines and how it
can be exploited

Mills et al. Biomaterials Science, 2022
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Current research focus — challenges in nanomedicine

Biodistribution, retention, clearance...

2. What does “stealthy” mean - decoration of
polymers with biological molecules

intrinsically modulates “stealthiness” of the
particle.

Sivaram et al. ACS Nano, 2021
Balaji et al. Biomaterials, 2023
Moles et al. Sci Trans. Med. 2023

CRICOS code 000258



Current research focus — our challenges in nanomedicine

Biodistribution, retention, clearance...

1.
2.

: n s icin Human
3. Our translational pathway - clinical Canine ersensesEaEne (Phase 0)

personalised nanomedicine.

Houston et al. ACS Central Science, 2020
Janowicz et al. Biomaterials, 2022
Daniel et al. 3 Nuc Med, 2020

CRICOS code 00025B



PEG — Clinical reality of an all-purpose polymer

Moghimi & Gray (1997)
Dams, et al. (2000)

for secondary doses of
liposome/microspheres
(IgM mediated)
“Accelerated Blood Clearance”

First reports of abnormal clearance

{ >

Characterisation of IgM-mediated
“Accelerated Blood Clearance” Effect

Multiple Groups, notably

1984 1997/2000

Ishida & Kiwada

2000-2007

Clinical Example:
Lipsky, et al. (2014)

Treatment-Induced anti-PEG
IgG & IgM
(PEGylated Uricase)

2007 2014 2022

Richter & Akerblom
Anti-PEG immune
responses in animals

.

Armstrong, et al. (2007)
Treatment-Induced anti-PEG

(PEGylated Asparaginase)

Clinical Example:
Ju, et al. (2022)

Clinical Example:

LNP/mRNA Immunisation
expands anti-PEG
IgG & IgM

IgG & IgM

CRICOS code 000258
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Understanding Anti-PEG responses in the clinic

« Seroconversion to IgG is significantly more problematic than IgM (Fc recycling)
* eg. Oncaspar®?, Krystexxa® 23, Palynzig® 4

* Non-host, evolutionarily divergent (xenogeneic) proteins conjugated with PEG.

T-Cell
Activity Polymer
, AR
- B-Cell
Immunity

Armstrong, J. K., et al., Cancer 2007

Hershfield, M. S., et al., Arthritis Res. Ther. 2014
Lipsky, P. E., et al., Arthritis Res. Ther. 2014 CRICOS code 000258
Gupta, S., et al., EBioMedicine 2018



Is this just a PEG problem?

» Change PEG to a different polymer

Poly(2-methy-2-oxazoline)

“PMeOx”
. ;< | CROP > Initiator(N/\}Terminator poly(2 ines)
@) }\ n g (POXx)
: O 0s__R
Research Question: /[’\j;
« Can we develop a molecular imaging approach to "

evaluate whether polymer substitution is effective?

CRICOS code 000258
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Anti-Polymer Immunity Model

A. Induction of an anti-polymer model for pharmacokinetic assessment
Induction of anti-polymer antibodies =~ Assessment of short-term immunity

Assessment of long-term immunity

f Prime | Boost | [ Radiolabelled Biodistribution ( Radiolabelled Biodistribution
injection polymer imaging, hr polymer imaging, hr
injection ., injection e,
28 | 48 | 72 |216 28 | 48 | 72 216
BSA
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DEEE )66
Day 0 Thisol 40 60i i
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Biological evaluation Baseline Anti-polymer B Ex vivo P Ex vivo
antibody titre antibody titre G v tissue + iy i tissue +
sampling sampling i serum serum
Short-term immunity cohort | : E + analysis ; analysis
; g i
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. . : : _‘ ; ; :
PBS-injected control (naive) ; %
Long-term immunity cohort Rl :
; ; A —
PEG-BSA immunised @, %—
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@inn :
(@) i —

*Imaging performed at multiple intervals within first 60 minutes for time-activity analysis (see Figure 4A).
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Magnitude of this effect depends on many factors:
« Size of polymer (D,) ie. faster naive t,,, leads to less time for opsonisation/deposition into liver/spleen

* Model is currently applicable to therapeutics with a narrow therapeutic index (lower doses)

* Future work: Investigate this in the context of large doses to visualise Fc Recycling

Alternating between antigenically distinct polymers is a viable strategy to evade detection by the
adaptive immune system.

Can we use this knowledge to establish anti-Polymer mADbs in scalable therapeutic drug monitoring
assays?




Quantifying label-free POx and PEG:

- Sandwich ELISA based format for /@
multiplexing label-free polymer therapeutics. "¢ j
* What this is useful for: >\ |
« Applications where multiple polymer A
therapeutics are employed to deliver ~—
synergism (e.g. metronomic multi-drug
chemotherapy)
. -e- anti-PEG Standard Curve 154
anti-PMeOx Standard Curve —- HB-PEG (PET)
- -6~ HB-PEG (ELISA)
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Current research focus — our challenges in nanomedicine

Biodistribution, retention, clearance...

2. What does “stealthy” mean - decoration of
polymers with biological molecules

intrinsically modulates “stealthiness” of the
particle.

CRICOS code 000258



The effect of targeting ligand on biodistribution
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Pretargeting: Strategies to overcome clearance of nanoparticles

} mAb imaging
- Usually good target accumulation
- Long circulation
- Long retention in clearance organs

Reardon et al. 1985; Goodwin et al. 1986; Hnatowich et al. 1987

CRICOS code 000258



Pretargeting: Strategies to overcome clearance of nanoparticles

mADb pre-targeting approach
- 2-Sstep process
- Bio-orthogonal click reaction occurs

between pre-injected mAb and chase molecule
- PK of the chase molecule dictates S/N and

e
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Direct quantitation of drug release from polymer using click-to-release B OF QueensLAND
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Conventional approach

Formation of a targeted nanoparticle that is ‘ BsAb targeted/ radiolabelled A time gap for Imaging and
radiolabelled (by the reaction of BsAb targeted nanoparticle administration polymer accumulation quantification
polymer-drug conjugate with [**Cu]Tz-PEG,-NOTA)

20



BsAb targeted polymer-
drug conjugate
administration

Drug release up
click reaction

Pre-targeting interval for
polymer accumulation

[6*Cu]Tz-PEG,-NOTA
administration
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Bispecific antibody — pre-targeting
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Bispecific Antibody — BsAb

- Dual targeting

- Rapid conjugation to synthetic
polymers

- Targeting antibody conjugation
through affinity (Kd = 10 nM)

Howard et al. Adv. Healthcare Mater. 2016

CRICOS code 000258



V\):'ell defined imageable
mode] PEG-based nanomaterial



Fletcher, N. L., et al. Chem Commun 2022 doi: 10.1039/d2cc02443h

Pre-targeting significantly improves S/N for imaging.

Can we exploit this to decrease off-target toxicity of
radiotherapeutics?



The power of alpha therapeutics
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Hoffman et al.
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212pp carrying HBP

Substitute DFO for TCMC chelator
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Pre-targeting [**Pb]JHBP Therapy
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MDA-MB-468 (EGFR+) breast cancer tumours in Balb/c nude mice (n=5 per group)
1 MBq [?*?Pb]HBP dose (Untargeted, Premixed with BsAB or Pretargeted)
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Pre-targeting [“Pb]JHBP Therapy (this is the only efficacy slide in my talk!)

Monitor tumour volume as efficacy measure

Pretargeting using bispecific antibodies

Improves polymer radiotherapeutics through
enhanced efficacy and decreased off-target
toxicity




Pretargeting using metabolic glycoengineering
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Metabolic glycoengineering (MGE) is a method
used to modify glycan structures by treating cells

with unnatural derivatives of monosaccharides

CRICOS code 00025B 29
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Incorporating metabolic glycoengineering
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ad Intravenous administration of targeted HBP- Ac;ManNAz d Metab_ol_lc g_lycoengmeermg to produce artificial receptors
containing bioorthogonal groups on the cell surface

b Receptor targeting and internalization (tumour cells)
e In vivo bioorthogonal click reaction with radiolabelled chase
Release of metabolic precursors containing bioorthogonal molecule and PET/CT

C groups from nanoparticles

CRICOS code 00025B 30



. . . . . THE UnNIv i
Preliminary in vitro cell studies B0 or oueensiavo

@& P> DBCO-PEG,-Cy5 (20 UM

Cell seeding and incubation of Incubation of the ¢
pretargeting material

Ac;ManNAz (10 pM) + DBCO-PEG,-Cy5 (20 pM)

Hoechst (Nuclei) Cy5 (Chase molecule) Merge

31



. . . . . THE UnNIv i
Preliminary in vitro cell studies B0 or oueensiavo

48 h incubation

EGFR/HBP-Ac;ManNAz (10 uM) +

DBCO-PEG,-Cy5 (20 uM) 72 h incubation

Hoechst (Nuclei) Cy5 (Chase molecule) Merge

32



. . . . . THEU
Preliminary in vitro cell studies 54 or ouesnsLans
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EGFR/HBP-Ac;ManNAz (10 uM) + 5 days incubation

DBCO-PEG,-Cy5 (20 puM)
Control (EGFR/HBP-AZ)
DBCO-PEG,-Cy5

6 days incubation

Hoechst (Nuclei) Cy5 (Chase molecule)




Current research focus — our challenges in nanomedicine

Biodistribution, retention, clearance...

1.
2.
. = ” Human
. - Canine Personalised Medicine
3. Our translational pathway -> clinical (Phase 0)

personalised nanomedicine.



Translation to the Clinic

Canine trial tarting in 2024
with for GBM

Canine

Comparative Oncology

Personalised Medicine

THE UNIVERSITY
m OF QU EEMSLAND
AIUUSTRALIA

Human study proposed in
2024 for GBM

Human
(Phase 0)
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Milestones to Clinical Translation of Nanomaterials

Get a lead candidate Therapeutic Profile Safety & Tolerability QC & Manufacturing
+ Easy to synthesize +  Cytotoxicity +  Maximum Tolerated Dose « Scale-up
* Highyield * In Vivo Toxicity *  Systemic Toxicity *  Purity
* Tuneable «  Biodistribution +  Safety for Medical Staff *  Reproducibility
« Targeting « Consistency

« GMP Process

Talelli, M. et al. Nano Today 10, 93-117, doi:10.1016/j.nantod.2015.01.005 (2015).

CRICOS code 000258 36
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Nanomedicine

Safety & Tolerability

Tolerability of HBP Over Time
©001lmg/kg =0.1mg/kg =+ 1mgl/kg
26-
[l Mouse 18 h (10 MBq) I Canine 18h (200 MBq)
25001 | Mouse 40 h (10 MBq) I Canine 40h (200 MBq) — 24T
1500 2
s004mm _"g" i
= 3004 2
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100 20
s & & R o 18 . . . . .
¢ S S & 0 1 2 3 4 5
Tissue Days post injection




Safety to Staff and Doctors
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Radioactivity remaining in Brain Tumour in Mice at
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External Dose of Cu-64 nanomedicine after 132 MBq injected dose

2.0 @ 1m from head @ 45 angle
@ 1m from body at level of liver/spleen
1.5
R 1
0.5
o-c- --------- Trrrrrrr ot Trrrrrrr ot Trrrrrrr ot 1
0 20 40 60 80

Minutes Post-Injection

Safety & Tolerability

CRICOS code 00025B




Comparative Oncology 828 or ousenstav

Comparative Oncology & — -

Therapeutic Profile

Canine

CRICOS code 000258



Clinical Nanomedicine with Personalised

Standard Clinical Target Nanomedicine
!




SUV Max

Precision nanotheranostic in canines

Prostate Cancer Tumour:Liver Ratio

2.0
Biodistribution and Tumour Accumulation for Hoover ]
24h post iniection -

itio

Il PSMA Targetec

Cross-species dosimetry provides a
y degree of prediction for human dose.
Canine comparative oncology offers a
unique system to validate and test
safety and efficacy.
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