Nanomedicine and
Nanoscale Delivery

Professor Khuloud Al-Jamal

CRS 2022 Annual Meeting & Expo

' P g jl l" | 'a,“ >
July 11-15, 2022 | Montreal Congress Center, Montreal Canada ]
1.7 | | r Z“, .;Jf’_r e | .



Nanoparticle Mediated in
Situ Molecular
Reprogramming of Immune
Checkpoint Interactions

for Cancer Immunotherapy

Khuloud Al-Jamal FRSC,
BSc, PhD, PGCAP, MRPharm$S
Chair in Drug Delivery & Nanomedicine
Head of Medicines Development
Cancer Theme Lead
Institute of Pharmaceutical Science
King’s College London



Chemo-immunotherapy

Liposomal alendronate for in vivo expansion of y8 T cells
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Chemo-immunotherapy 2017
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Chemo-immunotherapy

2. Dox induced Immunogenic cell

1. Cell surface labelled with CpG creating death
adjuvant cell complex while Dox is
internalised

3. Migration of apoptotic
body adjuvant complex
loaded APC to lymph
node

Tumour Draining Lymph Node

g v &

5. Activation of T cells 4. Lymphatic drainage of apoptotic body
resulting anti tumour adjuvant complex and uptake by DCs

. Tumourcell =3 Surface reactive CpG 6 T cell

O Apoptoticbody MM Dox solution

immune responses

Walters et al. J Control Rel. 2020



Results: In vivo ther
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Stable Nucleic Acid Lipid Nanoparticles (SNALPs)

FDA NEWS RELEASE

FDA approves first-of-its kind targeted RNA-
based therapy to treat a rare disease

For Inmediate Release:  August 10,2018

The BioNTech, Fosun Pharma, Pfizer vaccine is a
vaccine that aims to protect against COVID-19 was
approved for emergency use in UK in Dec 2020.




Chemo-immunotherapy

“Thevanostics

2021; 11(18): B738-8754. doi: 10,7150/ thno 56936

An “eat me” combinatory nano-formulation for
systemic immunotherapy of solid tumors

Hend Mohamed Abdel-Barl2¥, Adam A Walters!¥, Yau Lim!, Nadia Rouatbil, Yue Qin!, Fatemeh
Gheidari!, Shunping Han!, Rihab Osman?, Julie Tzu-Wen Wang?, Khuloud T. Al-Jamalt™



Hypothesis and aims

Relapse of ‘find me’ signals
¢ Acellular ATP
. Soluble HMGB1
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Abdelbar et al. Theranostics. 2021



Results: In vivo therapy
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Results: In vivo immunogenicity
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Inhibitory and stimulatory immune ‘checkpoints’

Immunostimulatory interactions

Cancer 4-1BBL 0ox40L

=5
X

Immune 4-1BB 0X40

effector
cell

i CD39
i CD47  PD-L1 i ‘

Immunosuppresive interactions

. Tryptophan—( IDO )—> Kyn

CD73

f W

PD-1
SIRPa CD80/86

Ado
Receptors
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Nanoparticulate-assisted nucleic acid delivery

Expression of co stimulatory molecules Knock down of co inhibitory molecules

1. Nucleic acid enters
through endocytosis
either free or as a

nanoparticle
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Nanoparticle-Mediated In Situ Molecular

Reprogramming of Immune Checkpoint
Interactions for Cancer Immunotherapy

Adam A. Walters,” Gemma Santacana-Font, Jin Li, Nadia Routabi, Yue Qin, Nathalie Claes, Sara Bals,
Julie Tzu-Wen Wang, and Khuloud T. Al-Jamal*




Hypothesis and aims

T cell: Inhibited T cell: Activated

SNALP
transfection

»

0X40L PDL1

Expression Knockdown
Walters et al. ACSNano. 2021
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Results: SNALP characterisation

SsiRNA mMRNA siRNA-mRNA
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mRNA
(mOX40L)

Cholesterol —— &
Neutral Lipid — 2, - (siPDL1)
(DOPE) s,

Ceramide-PEG

Type of RNA Charge at pH7.4 | Charge at pH4 | EE Loading efficiency (%)
(mVv)ab (mV)a<

SIRNA 143.85+2.39 0.22+0.02 +2.39+0.12 +16.02 £ 2.31 81.81+5.57
MRNA 144.54+4.22 0.19 +0.02 +0.4 +3.09 +16.58 + 3.08 87.05+£9.37
MRNA-siRNA 149.16 +3.06 0.22 +0.02 -0.45+0.14 +16.53 £ 2.20 93.66 + 0.59

Walters et al. ACSNano. 2021



Results: SNALP characterisation

Unformulated RNA SNALP disassembled with ~ RNA purified and run

Mixed SNALP formulated _ " on eel
digested with RNAse H heparin competition 8

and unformulated RNA
siRNA mMRNA Mix Disassociated

MRNA-

|| Mix_|Dissociated SNALP

MRNA Intensity? 77.9 70.9
SiRNA Intensity? 154.3 115.2
Intensity Ratio® 1.98  1.62

a: Relative units based on Image J ROI selection
b: siRNA intensity to mRNA intensity

Walters et al. ACSNano. 2021



Results: In vitro studies in B16F10 cells
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ies in J774 macrophages

In vitro stud
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Results: In vivo tracking & gene transfer
Optical/BLI imaging
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& gene transfer
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Results: In vivo studies
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2. In situ molecular reprogramming of tumour

Local TAMs express
OX40L and upregulate
co stimulatory
molecules

Conclusions

=+ 1. Dual targeting siPDL1-mOX40L
5 . SNALP administered intratumourally

PDL1 levels are
maintained at
pre-transfection

levels

5. Effector T cells
migrate to the tumour

from TDLN
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