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Chemo-immunotherapy 

Walters et al. J Control Rel. 2020



Results: In vivo therapy in CT26 mouse model

Walters et al. J Control Rel. 2020



Stable Nucleic Acid Lipid Nanoparticles (SNALPs)

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 



Hypothesis and aims

Abdelbar et al. Theranostics. 2021



Results: In vivo therapy

Day 32 (or 15 mm diameter)

➢ Tumour volume

➢ Tumour-free mice number

➢ Weight changes

➢ Organ index 

➢ CD47 expression 

Days 7, 17 (i.v. Injection)

1. PBS
2. SNALPs Negative siRNA+DOX (SNALPssiNEG-Dox) 
3. SNALPs siCD47 (SNALPssiCD47)
4. SNALPs siCD47+DOX (SNALPssiCD47+DOX )  

➢ siCD47-DOX SNALPs significantly reduce tumour growth and leads to remission in 50% mice

IV, Dox 5mg/Kg , siRNA 100µg/Kg, 2 injections
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Results: In vivo immunogenicity

Day 20 (or 15 mm diameter)

➢ IFNg+ CD8+ cells in spleen (systemic immune response)

➢ CD4+/CD8+ in tumour microenviroment (localised immune 

response)  

Days 7, 17 (i.v. Injection)

1. PBS
2. SNALPs Negative siRNA+DOX (SNALPssiNEG-Dox) 
3. SNALPs siCD47 (SNALPssiCD47)
4. SNALPs siCD47+DOX (SNALPssiCD47+DOX )  

Localised/systemic immune response

IF
N
γ

PBS SNALPssiNeg-Dox

SNALPssiCD47 SNALPs siCD47-Dox

0.52% 0.66%

3.68% 4.14%
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Abdelbar et al. Theranostics. 2021



Inhibitory and stimulatory immune ‘checkpoints’

Walters et al. EBioscience. 2021



Nanoparticulate-assisted nucleic acid delivery

Walters et al. EBioscience. 2021





Walters et al. ACSNano. 2021

Hypothesis and aims



Walters et al. ACSNano. 2021

Ionisable Lipid (Dlin-

MC3-DMA) mRNA 

(mOX40L)

Ceramide-PEG

Cholesterol

Neutral Lipid 

(DOPE)

siRNA 

(siPDL1)

siRNA mRNA siRNA-mRNA

Results: SNALP characterisation
DLS, TEM, Ribogreen assay

Type of RNA Size (d.nm)a PDIa Charge at pH7.4  
(mV)a,b

Charge at pH4  
(mV)a,c

EE Loading efficiency (%)d

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
Agarose gel electrophoresis

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

RNAse H Heparin

Mixed SNALP formulated 

and unformulated RNA

Unformulated RNA 

digested with RNAse H  

SNALP disassembled with 

heparin competition 

RNA purified and run 

on gel

Mix Dissociated SNALP

mRNA Intensitya 77.9 70.9

siRNA Intensitya 154.3 115.2

Intensity Ratiob 1.98 1.62

siRNA mRNA Mix Disassociated 

SNALP

mRNA-

siRNA-
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Walters et al. ACSNano. 2021

Results: In vitro studies in B16F10 cells

Gene transfer/flow cytometry



Results: In vitro studies in J774 macrophages
Gene transfer/immune activation 

Walters et al. ACSNano. 2021
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Walters et al. ACSNano. 2021

Optical/BLI imaging

Results: In vivo tracking & gene transfer



Walters et al. ACSNano. 2021

Optical/BLI imaging & Flow cytometry
Results: In vivo tracking & gene transfer
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Results: In vivo studies
Tumuor growth delay and immunogenicity



Walters et al. ACSNano. 2021

Results: In vivo studies
Survival and tumour re-challenge 



Conclusions

Walters et al. ACSNano. 2021
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