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Nucle ic  ac id-bas ed drugs  and the ir mechanis m of action

Sun X., et al., Sig Transduct Target Ther, 2024.

Clinica lly approved therapy

• ASOs

• siRNA

• mRNA vaccines

• Aptamer

• CRISPR
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Therapeutic  applications  of nucle ic  ac id drugs

Sun X., et al., Sig Transduct Target Ther, 2024. 2



Significant discoveries: fundamental DNA sensors  (blue), RNA sensors (red) and key s ignaling proteins (purple)
Chen Z., et al., Sig Transduct Target Ther, 2025.

Dis covery of nucle ic  ac id s ens ing mechanis ms
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Mechanis m of nucle ic  ac ids -mediated immune res pons e

Receptor mediated 
recognition

Toll like receptors

 TLR3:dsRNA

 TLR7/8:ssRNA

 TLR9:ssDNA

Immunologica l cas cade  of events

Chen M., et al., Sig Transduct Target Ther, 2020. 4



Cytoplasmic sensors

 RLS family (RIG-1, MDA-5, LGP2): RNA

 cGAS/IFI16-STING: DNA

 AIM2: dsDNA

 Cyclic GMP-AMP: DNA

In addition to immune cells  (Dendritic cells, Macrophages, Neutrophils, NK cells), epithelial cells  and 
fibroblasts  on the mucosal surface can stimulate an effective innate immune response.

Cytos olic  s ens ing of nucle ic  ac ids

Cytos olic  RNA s ens ing and regula tion mechanis ms

Kong LZ., et al., Exp Mol Med, 2023; Chen Z., et al., Sig Transduct Target Ther, 2025. 5



Oligonucleotides  mediated innate  immune res pons e
PS-ASOs  can directly act on TLR9 or inte ract with 

inflammatory prote inss iRNA can activate  RIG-I/MDA5 pathway or TLR3 

Meng Z., & Lu M., Front. Immunol., 2017 Pollak AJ., et al., Nucleic Acids Res, 2022 6



Oligonucleotides ’ features  affecting immune res pons e

A. CpG motifs. B. 3’ T-tail 
length. C. 5’ T-tail length. 
D. Oligo length with one 
CpG motif. E. Nucleotides  
adjacent to CpG. F. 
Position of CpG motifs.

5’ CpG motif and an adjacent 
thymidine  group leads  to TLR9 

s timulation 

Pohar J., et al., J Immunol, 2015

F
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Sequence  independent immune res pons e

siRNA’s s equence -independent immune 
response is  mediated through TLR3.

Guanine- and uridine-rich siRNAs are more prone 
to binding to TLR7/8, making them s equence -
s pec ific .

Kleinman M., et al., Nature, 2008 8



1. Nucleos ides  modifications

Chemical modifications  to overcome immune res pons e  
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3. Sugar modifications

2. 5’ Cap in mRNA 
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4. Alte rnate  backbone  chemis try

Shi Y., et al., Chem Rev, 2024 9



Sugar modifica tions  in CpG-conta ining oligonucleotides  result in reduced TLR9 ac tiva tion.

Modified oligonucleotides  confer immune res is tance

Yoshida T., et al., Sci Rep, 2024 10



Nucle ic  acid de livery methods  
ASOs
Local delivery | Nuclease susceptibility | Immune 
activation

Kulkarni JA., et al., Nat Nanotechnol, 2021

LNPs
 Nuclease stability | Successful mRNA delivery| 
Immune activation via carrier components  | Limited 
tissue-specific targeting

Bioconjugates
Enables  cell/tissue-specific delivery | Allows synthetic 
and formulation flexibility | May trigger immune 
activation | Demonstrated clinical success

AAV vectors
Gene delivery platform | High transduction rates  and 
broad tropism | Limited DNA loading  (<5kb) | May 
trigger immune response
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Lee Y., et al. Exp Mol Med, 2023.

Lipid nanopartic les  (LNP) as  nucle ic  ac id de livery carrie rs

Cullis  PR., and Felgner PL., Nat Rev Drug Discov, 2024.

LNP-media ted mRNA de live ry LNP-media ted immune  re s pons e
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Bioconjugates  mediated nucle ic  acid de livery

Advantages : Targe ted de live ry, le s s e r off ta rge t e ffec ts , but can s timula te  immune  response
Roberts TC., et al., Nat Rev Drug Discov, 2020 13



Cons iderations  of nucle ic  ac id-mediated immune ac tivation 
Immune  responses  a re  unique  to each spec ies . 

Hartmann G., Adv Immunol, 2016. 14



Innate  immune  sys tem activation: 
TLR engagement: TLR3, TLR7/8, TLR9
 Inflammasome activation

Complement activation

Methods  to de tec t nucle ic  ac id mediated immune ac tivation 

Immunos timulatory e ffec ts : 
Panel of cytokines by ELISA or  western 
blot analysis  in PBMC cells  or plasma 
following in vivo treatment. 

mRNA levels  of cytokines by qPCR.

Activation of Immune  ce lls : 

Proliferation / activation-based assays

Lymphocyte proportion by flow cytometry 

Detec tion timelines :
Innate immune response develops  in 
minutes  to hours. 

Adaptive immune response develops 
from days to weeks. 

Andersson P., Antisense RNA Design, Delivery, and Analysis, 2022; Goyenvalle A., et al., Nucleic Acid Ther., 2023; 
https://www.fda.gov/media/169117/download. 15



Summary

15

 The  immune  sys tem outcompetes  us ! A comprehens ive  evaluation is  needed for a  

specific  oligonucleotide-based drug product. 

 Delivery sys tems  as socia ted with specific  oligonucleotides  introduce  an additional 

layer of complexity for as s es s ing the  immune  response.

 Challenges  exis t in trans itioning rodent s tudies  to predic t human results . However, the re  

is  room for early observation a t both the  ce ll culture  and preclinica l leve ls  to as ses s  the  

immune  response  to both oligonucleotides  a lone  and the ir de livery sys tem.
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