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Introduction

Currently, nucleos(t)ide analogues (NAs) and pegylated 
interferon are used to treat chronic hepatitis caused 
by persistent hepatitis B virus (HBV) infection. 
However, NAs, the most commonly used treatment, 
do not significantly reduce serum hepatitis B surface 
antigen (HBsAg) levels, which limits their potential 
for achieving a functional cure (HBsAg loss). Despite 
the antiviral efficacy of NAs in controlling HBV 
replication, their ability to clear HBsAg remains 
minimal, with low seroclearance rates observed over 
extended treatment periods. As a result, the likelihood 
of achieving a functional cure with current therapies is 
considered low. Therefore, there is an ongoing effort to 
develop new therapeutic agents aimed at achieving a 
functional cure for HBV infection (1).
 One class of direct-acting antiviral agents, HBV 
RNA inhibitors, has shown promising results in 
suppressing viral protein expression and genome 
replication.  This art icle outl ines the possible 
mechanisms of action of HBV RNA inhibitors and 
highlights new therapeutic agents currently under 

development and in clinical trials.

What are HBV RNA inhibitors?

The HBV genome exists as a covalently closed circular 
DNA (cccDNA) in the nuclei of hepatocytes. Several 
mRNAs are transcribed from the cccDNA, including 
a 3.5 kb mRNA that functions as pregenomic RNA, 
and 2.4 kb and 2.1 kb mRNAs encoding the various 
forms of HBsAg. RNA inhibitors target these RNAs 
and include small interfering RNAs (siRNAs) and 
antisense oligonucleotides (ASOs); examples of both 
are currently undergoing clinical trials. Additionally, 
a new class of drugs, known as RNA-binding protein 
inhibitors, is under development. These agents aim 
to suppress HBsAg production and contribute to the 
restoration of the host immune response, thereby 
achieving a functional cure (Figure 1).

Antisense oligonucleotides

ASOs are short,  single-stranded DNA or RNA 
sequences, typically fewer than 20 nucleotides in length, 
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that are complementary to a specific target sequence. 
By binding to RNA molecules in a complementary 
manner, ASOs regulate their function. Antisense DNA 
binds to complementary RNA and the RNA component 
of the DNA/RNA hybrid is quickly degraded by 
ribonuclease H (RNaseH1). ASOs can be designed 
with various combinations of DNA and modified 
nucleic acids to target entire RNAs or act on specific 
mRNA precursors or microRNAs (miRNAs), resulting 
in diverse mechanisms of action (2,3). Furthermore, 
ASOs can be modified to target functional sites on 
RNA, allowing them to exert a range of effects, such as 
inhibiting or enhancing RNA function. This versatility 
suggests the potential for their development as drugs 
tailored to specific disease mechanisms. ASOs designed 
for anti-HBV therapy specifically target the degradation 
of viral RNA to block the expression of viral proteins. 
With modified DNA strands that resist degradation by 
nucleases, ASOs bind to HBV RNA transcribed from 
cccDNA, in the nucleus and cytoplasm, and enable its 
cleavage by RNaseH1, thereby inhibiting viral protein 
translation and generating antiviral activity. Notably, 
these ASOs inhibit not only pregenomic RNA (pgRNA) 
but also the synthesis of HBsAg, which cannot be 
targeted by nucleoside analogues. Therefore, they are 
promising agents that may reduce HBsAg levels and 
potentially induce a functional cure for HBV infection.
 A phase III trial of GSK3228836 (bepirovirsen), 
which lacks asialoglycoprotein modification, is 
currently ongoing. In this trial, subcutaneous injections 
are administered initially twice weekly, then once per 
week from the third week onwards (4). This treatment 
regimen results in a significant reduction of serum 
HBsAg. In particular, the HBsAg clearance rate (< 
0.05 IU/mL) in the 300 mg dose group was 9% in the 
subjects receiving NAs and 10% in the subjects without 
combination therapy. Notably, among patients with 
baseline HBsAg levels below 1,000 IU/mL, a functional 

cure was achieved in 16% of the NA combination 
group and 25% of the non-combination group (5). 
Interestingly, in the cases where the HBsAg levels 
decreased, an elevation in ALT levels was observed 
during the course of treatment, suggesting the potential 
induction of HBV-specific immune responses.

RNA-binding protein inhibitors (HBV RNA 
destabilizers)

A new class of drugs known as RNA-binding protein 
inhibitors has been developed. RG-7834, a novel, oral 
HBV agent, belongs to the dihydroquinolizinone (DHQ) 
class and functions by inhibiting PAPD5/7, RNA-
binding proteins that stabilize HBV RNA. By inhibiting 
these proteins, RG-7834 acts as an RNA destabilizer, 
promoting the degradation of HBV RNA (6).
 Recently, from a library of approximately 30,000 
compounds, we identified a new hit compound, SAG-
524, with strong anti-HBV activity (7). This report 
outlines the developmental status of SAG-524. First, 
we analyzed the mechanism of action using the BRIC 
assay, a method for measuring intracellular RNA 
degradation rates. By incorporating bromouridine 
during RNA synthesis and conducting a time-chase 
experiment, we found that SAG treatment specifically 
degraded HBV RNA without significantly affecting 
GAPDH or albumin RNA, showing that  SAG 
selectively degrades HBV RNA. Further analysis 
revealed that treatment with SAG significantly 
reduced the intracellular levels of pgRNA and PreS/
S mRNA, leading to a shortening of the poly(A) tail 
on HBV RNA, which suggests destabilization of the 
RNA. PAPD5 is known as a poly(A) polymerase that 
stabilizes mRNA by incorporating random guanines, 
which confer resistance to deadenylation, and recent 
reports have identified PAPD5 as a key factor in HBV 
RNA stabilization. We also investigated the interaction 
between SAG compounds and PAPD5. In thermal 
shift assays, we observed that PAPD5 was degraded at 
52°C but, when treated with SAG, it remained stable 
at higher temperatures, indicating that SAG interacts 
with PAPD5. However, there was little interaction 
with PAPD7. Additionally, in HepG2.2.15 cells, SAG 
treatment reduced HBsAg concentrations in the culture 
supernatant, but this effect was negated when siPAPD5 
was introduced. These results suggest that SAG 
compounds specifically and significantly destabilize 
HBV RNA through interaction with PAPD5 (Figure 2).
 Next, we investigated combination therapy of SAG-
524 with a NA (Entecavir, ETV), which is expected 
to be used in clinical settings, using HBV-infected 
chimeric mice. While ETV monotherapy significantly 
reduced HBV DNA levels, it did not result in a 
noticeable reduction in HBsAg. However, the addition 
of orally administered SAG-524 led to a marked 
reduction in both serum HBsAg and HBV DNA levels, 
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Figure 1. Targeting HBV replication: RNA inhibitors as 
a strategy for suppressing HBs antigen production. The 
HBV genome exists as cccDNA in hepatocyte nuclei, where it 
transcribes various RNAs for viral replication. RNA inhibitors 
like ①siRNA, ②antisense oligonucleotides (ASO), and our 
newly developed ③RNA-binding protein inhibitors target HBV-
RNA to block its replication. These inhibitors can effectively 
suppress HBs antigen production.



Global Health & Medicine. 2025; 7(1):64-66.Global Health & Medicine. 2025; 7(1):64-66.

(66)

which is crucial for the long-term control of HBV.
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and also decreased intrahepatic cccDNA. Additionally, 
we evaluated the safety of the drug in animal models. 
Cynomolgus monkeys, a large animal species, were 
administered a high dose of 1000 mg/kg of SAG-
524 daily for 13 consecutive weeks. No significant 
abnormalities were observed. Furthermore, pathological 
examination of the liver, kidneys, brain, nervous 
system, and other tissues in high-dose treated monkeys 
revealed no signs of toxicological abnormalities.
 In summary: i) Combination therapy of orally 
administrable SAG-524, which destabilizes HBV 
RNA and strongly suppresses HBsAg, together with 
a nucleos(t)ide analogue, reduced HBsAg, HBcrAg, 
and HBV DNA in serum, and intrahepatic cccDNA, 
in HBV-infected chimeric mice. This suggests the 
potential for achieving a functional cure; ii) Safety 
tests using large animal models showed no significant 
toxicity, demonstrating good tolerability. Clinical 
application is now being pursued.

Conclusion

Prolonged exposure to high levels of viral antigens 
may lead to exhaustion of the host's immune response, 
contributing to persistence of HBV infection. 
Therefore, HBV RNA inhibitors, which aim to 
reduce HBsAg levels, are considered as an effective 
therapeutic strategy for controlling HBV infection (8). 
However, some investigators have reported HBsAg 
rebound after the cessation of RNA inhibitor therapy. 
In clinical practice, careful attention must be given 
to the sustainability of the therapeutic response. To 
enhance the durability of treatment effects, combination 
therapies that utilize other mechanisms, such as 
immunotherapy, may be necessary to efficiently achieve 
a functional cure. The addition of immune-enhancing 
treatments could provide further support by reactivating 
the immune system and preventing viral rebound, 
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Figure 2. Summary of the mechanism of action of SAG 
compounds. The HBV RNA stem-loop recruits ZCCHC14 as 
a scaffold to form a complex with PAPD5. SAG-525 reduces 
HBsAg levels by acting through PAPD5.


