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Hepatitis B Virus
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• DNA virus that replicates through RNA

• No cure for chronic HBV infection
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Fig 2. Hepatitis B virus

Fig 1. Hepatitis B genome

254 million
people are living with 
chronic HBV 
infection

>1 million 
Deaths annually

3.2kb HBV 
DNA 

genome
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HBV replication cycle

Fig 3. HBV replication cycle
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HBV treatments

Nucleos(t)ide 
analogues

Fig 3. HBV replication cycle

CRISPR-
Cas13b?

• Current direct-
acting antivirals 
only target the 
reverse 
transcription step

• Current treatments 
rarely achieve 
functional cure: loss 
of HBsAg

• HBV RNAs are a 
potential target for 
new novel 
therapies
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CRISPR-Cas13
• CRISPR: Clustered Regularly Interspaced Short 

Palindromic Repeats

• Adaptive immune system in prokaryotes

• Targets RNA

• Can be repurposed to target RNA in mammalian 
cells

• High specificity due to 30 nucleotide CRISPR 
RNA (crRNA) (Abudayyeh et al. Nature 2017)

Fig 4. Cas13b mechanism
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CRISPR-Cas13 targeting viral RNAs
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• Cas13b may be reprogrammed to target HBV RNAs to reduce viral replication and antigen 
expression

HYPOTHESES

AIM
• Optimise the CRISPR-Cas13b system to target the HBV pregenomic RNA and viral mRNAs 

in pre-clinical models
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Designing Cas13b crRNAs

• 5’ targeting crRNAs – ↓ HBeAg, core, polymerase and viral replication
• 3’ targeting crRNAs – ↓ HBeAg, core, polymerase, viral replication, HBx and HBsAg 

5’ targeting crRNAs

3’ targeting crRNAs

Fig 5. crRNA locations
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Cas13b significantly reduced HBV proteins produced in cells

95% 
reduction of 

secreted 
HBeAg by 5’ 

targeting 
crRNA

96% 
reduction of 

secreted 
HBsAg by 3’ 

targeting 
crRNAFig 6. Secreted HBeAg five days 

post-transfection of HepG2 cells with 
WT HBV, Cas13b-BFP and crRNAs 
using the optimised molar ratio. N=3. 

Fig 7. Secreted HBsAg five days post-
transfection of HepG2 cells with WT 
HBV, Cas13b-BFP and crRNAs using the 
optimised molar ratio. N=3. 
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Cas13b strongly reduced HBV replication in cells

Fig 8. Analysis of WT HBV replication five days post-transfection of HepG2 cells with WT HBV, Cas13b-BFP and crRNAs using the optimised molar ratio.

Southern blotting of 
intracellular core-associated DNA

Northern blotting of intracellular RNA

Viability of transfected cells
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Knockdown of HBV proteins by Cas13b crRNAs was pan-genotypic
Genotype

A2
Genotype

B2
Genotype

C2
Genotype

D3
Genotype

E

Fig 9. Secreted HBeAg and HBsAg from HepG2 cells five days post-transfection with WT HBV genotypes A2, B2, C2, D3 and E, Cas13b-BFP and 
crRNAs using the optimal molar ratio. N=3. 
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Cas13b reduced HBV proteins in a HBV-stable cell line

Fig 11. Secreted HBeAg and HBsAg five days post-transfection of 
HepAD38 cells with Cas13b-BFP and crRNAs. N=3. 

40% 
reduction of 

secreted 
HBeAg by 5’ 

and 3’ 
targeting 
crRNA

36% 
reduction of 

secreted 
HBsAg by 3’ 

targeting 
crRNA

Fig 10. Cas13b and crRNA transfection in HepAD38 cells. 
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Cas13b reduced HBV proteins in a HBV-infection model

Fig 13. Secreted HBeAg and HBsAg three and six days post infection of WT 
HBV in Cas13b-BFP and crRNA transfected NTCP-HepG2 cells. N=3. 

46% 
reduction of 

secreted 
HBeAg by 
3’ targeting 

crRNA

50% 
reduction of 

secreted 
HBsAg by 
3’ targeting 

crRNA

Fig 12. Cas13b and crRNA transfection in 
NTCP-HepG2 cells. 
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Testing the efficacy of Cas13b in reducing sera HBsAg in vivo 

WT HBV + Cas13b + 
3’ targeting crRNA

WT HBV + Cas13b + 
NT crRNA

Group 1 Group 2

Day 
-1

Day 
0

Week 
1

Submandibular 
bleed

HDI 
injection

Fig 14. 
Experimental 
plan 

• Hydrodynamic injection of a greater 
than genome length WT HBV plasmid 
into CBA mice

Huang LR, Wu HL, Chen PJ, Chen DS (2006) An immunocompetent mouse 
model for the tolerance of human chronic hepatitis B virus infection. Proc Natl 
Acad Sci USA 103(47):17862–17867.

Weigh 
mice

Fig 15. Sera HBsAg from CBA mice one week post HDI 
of WT HBV, Cas13b-BFP and crRNA DNA plasmids. n=2

50% 
Reduction in sera 

HBsAg one week post-
HDI
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Lipid nanoparticle delivery of Cas13b mRNA
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Cholesterol

DMG-PEG

Cas13b mRNA
crRNA RNA

DLin-MC3-DMA 
(ionisable cationic lipid) 

DSPC (neutral lipid) 

Created with BioRender.com

Lipid Nanoparticle

• Lipid nanoparticles (LNPs) are a potential delivery 
mechanism for Cas13b if it was to be used as a 
treatment for HBV

• LNP/mRNA has been approved for the SARS-CoV-
2 vaccines, and LNPs have been approved to 
deliver siRNA in humans

• LNPs can specifically deliver material to 
hepatocytes – the site of HBV infection

Fig 16. Lipid nanoparticle 
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LNP-encapsulated Cas13b mRNA reduced secreted HBsAg from a 
HBsAg-expressing stable cell line

80% 
reduction of 

secreted 
HBsAg by 3’ 

targeting crRNA 
after one dose

87% 
reduction of 

secreted 
HBsAg by 3’ 

targeting crRNA 
after two doses

Fig 18. Secreted HBsAg from PLC/PRF/5 cells after one or two doses of LNP-
encapsulated Cas13b mRNA and crRNA. N=3. 

Fig 17. Method of LNP/Cas13b mRNA 
delivery in PLC/PRF/5 cells
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Summary of findings
• Cas13b strongly reduced HBV replication and protein expression in cell culture models

• crRNAs were pan-genotypic

• Cas13b reduced sera HBsAg by 50% in a mouse model

• Cas13b mRNA was effectively delivered by lipid nanoparticles to reduce secreted HBsAg in a 
HBsAg-expressing stable cell line

Future studies
• Deliver LNP-encapsulated Cas13b mRNA and crRNA into mice with persistent HBV 

replication
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