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One of the hallmarks of the 3’-tri-N-acetylgalactosamine (GalNAc) short interfering RNA (siRNA) conjugates currently in investigational clinical studies is 
their extended duration of activity. To enhance their therapeutic profile, we describe an approach that offers the ability to control GalNAc-siRNA duration 
of silencing. By developing REVERSIRTM, a platform utilizing a GalNAc-conjugated single-stranded high affinity oligonucleotide complementary to the siRNA 
guide strand, we achieved effective reversal of siRNA activity. A single dose of REVERSIR (lower than the GalNAc-siRNA conjugate) with short length 
and dispersed locked nucleic acid (LNA) content allowed for full reversal of target gene silencing in vivo within four days. We will present design insights 
including length and optimal positioning of LNA that may be applicable for other oligonucleotide therapeutics, such as anti-miRs. While many of the ESC 
GalNAc-siRNA conjugates in our pipeline are being developed for chronic indications where infrequent dosing is desired, we believe that the ability to 
achieve tailored pharmacology is a highly desirable attribute for all precision medicines. 

REVERSIRTM is a trademark of Alnylam Pharmaceuticals, Inc.

Abstract

Figure 1. Silencing by siRNA-GalNAc Conjugates

 
 

1.  Binding and internalization of siRNA-conjugate into 
hepatocytes by ASGPR

2. RISC loading and formation of functional RISC 
3. mRNA target recognition and cleavage
4. Catalytic process

Figure 2. Proposed Mechanism of Action for Reversir

 
 

1.  Binding and internalization of Reversir conjugate by 
ASGPR

2.  Irreversible binding of Reversir as a “synthetic target” 
to guide strand in functional RISC

3. Abrogation of mRNA target recognition and cleavage

Figure 3. Reversir Design Considerations

Working Hypothesis and Approach
•  Complementary high affinity oligonucleotides can 

act as a “synthetic target” or decoy to abrogate 
silencing activity of antisense-loaded RISC

•  Identify critical design parameters and optimize 
design for maximal potency

Figure 4. Reversir Enables Rapid and Complete 
Reversal of siRNA Silencing Activity in Mice 

 
 

•  Full reversal of silencing activity observed within 
days of Reversir dosing

•  Reversir activity is both sequence-specific and 
GalNAc ligand-dependent

Figure 5. Number of LNA Residues  
Critical for Reversir Efficacy

 
 
•  Number of high affinity LNA modifications in 

Reversir is critical for target recovery
•  A minimum of 3 LNA residues appear necessary  

for high reversal activity

Figure 6. Reducing Reversir Length  
Improves Potency in Mice

 
 

• Clear length-dependent effect on potency
• Shorter is better – but there is a limit
 

Figure 7.  Insights into Activity Benefit  
of Shorter Reversir 

 
 

•  Matching the in vivo trend, shorter Reversir 
molecules have higher potency when introduced by 
ASGPR-mediated free uptake

•  In contrast, longer Reversir molecules exhibit higher 
inherent potency by transfection — correlates well 
with observed higher Tm 

•  Overall, this data suggests intracellular trafficking 
benefit for shorter Reversirs

Figure 8. Complete Seed Region Binding  
Needed for Optimal Reversir Activity  

 
 

 

•  Robust reversal of GalNAc-siRNA conjugate activity 
with full seed match (in vitro free uptake in primary 
hepatocytes)

•  Reversir efficacy is progressively lost as less of the 
seed region is bound

Figure 9. Reversir Application to Understand 
Mechanism of GalNAc-siRNA Hepatotoxicity 

 in Rodent Toxicity Studies

 
 

Figure 10. Blocking RISC-Loaded siRNA  
by Reversir Mitigates Hepatotoxicity Supporting  

the Role of RNAi-Based Off-Target Effects

 
 

Hepatocellular degeneration (bracket), single cell necrosis (*), 
increased sinusoidal cells consistent with Kupffer cell hyperplasia 
and/or infiltrating leukocytes (#), increased mitoses (^), bile duct 
hyperplasia with fibrosis (+), and hepatocellular vacuolation (arrow). 

Summary
•  Developed a Reversir platform that enables rapid, 

potent and full reversal of siRNA-conjugate silencing 
activity in preclinical models

•  Reversir approach useful for mechanistic 
understanding of conjugate siRNAs

 -   Provided supporting evidence for RNAi-mediated 
off-target effects as one of the major driver of 
hepatotoxicity seen with subset of GalNAc-siRNA 
conjugates in rodent toxicity studies

•   Ability to quickly reverse the silencing activity  
allows tailored control of RNAi pharmacology for  
ESC siRNA-conjugates 


