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Introduction of nucleic acid drugs

 1.5% of human genome encodes proteins and only 10-14% of proteins have active binding sites known as ‘druggable’ targets

for small molecules.

 Nucleic acid drugs represent a promising arsenal to tackle with these ‘undruggable’ targets.

 Different from recombinant proteins/antibodies, nucleic acid drugs make use of the host translational machinery and thus

avoid the limitations during the complicated protein/antibody engineering and manufacture.

 Nucleic acid drugs can target either DNA or RNA. DNA-targeted drugs need to enter nucleus, which raises the concern of host

genome integration. By contrast, RNA-targeted drugs mainly function in cytoplasm without such risk.

Source: National Cancer Institute
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Classification of nucleic acid drugs (esp. RNA drugs)

Category composition Length Mechanism

Oligonucleotide

ASO DNA/RNA 12-30nt (ss) Regulate protein expression

siRNA RNA 20-25nt (ds) Gene inhibition (gene silence)

miRNA RNA 22nt (ss) Gene inhibition (gene silence)

Aptamer DNA/RNA 25-60nt (ss) Bind receptors

mRNA RNA
Gene addition (expression target 
protein)

sgRNA RNA 17-24nt (ss) Gene editing
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A brief history of nucleic acid drug development

Nat Nanotechnol. 2021 Jun;16(6):630-643.
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Considerations for nucleic acid drug evaluation

Manufacture
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& Delivery
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Evaluation of mRNA therapeutics

mRNA-encoded EpCAM
targeting bispecifics
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EpCAM (scFv) X CD3 (scFv) 

EpCAM surface expression 
on tumor cells

Transfection efficiency validation

Negative control mRNA GFP

98% transfection efficiency was achieved by electroporation
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Case study: Target validation, in vitro toxicity and dynamics of mRNA-encoded EpCAM-CD3 bispecific antibody
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mRNA 

bi-EpCAM-CD3

Electroporation 
Co-culture with PBMC

EpCAM+ cells: OVCAR3, NCI-H441

EpCAM- cells: Raji
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Evaluation of mRNA therapeutics
Case study: In vitro efficacy of mRNA-encoded EpCAM-CD3 bispecific antibody
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K562 cells

mRNA 

bi-EpCAM-CD3

Electroporation 

Antibody production 

in supernatant
Co-culture assay
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Evaluation of mRNA therapeutics
Case study: In vitro efficacy of mRNA-encoded EpCAM-CD3 bispecific antibody
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Evaluation of mRNA therapeutics
Case study: In vivo biodistribution of mRNA LNP

Luciferase mRNA LNP in NCI-H441 model 
(by IV injection)

Luciferase mRNA LNP in NCI-H441 model 
(by intra-tumoral injection)
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Evaluation of mRNA therapeutics
Case study: In vivo biodistribution of mRNA LNP

 IV injection caused mRNA LNP 
accumulation in liver while there 
was no detectable signal in all 
collected organs except tumors from 
intra-tumoral injection group.
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IVIS images of main organs and tumor collected from NCI-H441 model.
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Evaluation of mRNA therapeutics
Case study: In vivo efficacy of mRNA-encoded EpCAM-CD3 bispecific antibody in OVCAR3 model
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Evaluation of mRNA therapeutics
Case study: In vivo safety of mRNA-encoded EpCAM-CD3 bispecific antibody in OVCAR3 model

Vehicle
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NCI-H441/PBMC humanized model

Evaluation of mRNA therapeutics
Case study: In vivo efficacy of mRNA-encoded EpCAM-CD3 bispecific antibody in NCI-H441 model 
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Evaluation of mRNA therapeutics
Case study: In vivo safety of mRNA-encoded EpCAM-CD3 bispecific antibody in NCI-H441 model

Kidney Liver Lung Spleen
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Evaluation of mRNA-encoded OVA vaccine
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Evaluation of mRNA vaccines
Case study: In vivo efficacy and biodistribution of mRNA-encoded OVA vaccine

OVA-specific mRNA in B16F10-OVA modelA
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C
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In vivo tracking of OVA-specific mRNA
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