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HBV infection poses a significant global health burden, driving the development of liver cirrhosis and hepatocellular carcinoma (HCC) (Polaris Observatory, 2018). Despite progress in prevention and treatment, the mechanisms underlying chronic HBV infection and its persistence within the host remain incompletely understood. The interaction between HBV and the host immune system is crucial in shaping the infection’s progression (Riedl et al., 2021). Acute HBV infections can be resolved through strong immune responses, whereas chronic infections are defined by immune tolerance and sustained viral replication. HBV utilizes various strategies to evade immune detection, including interfering with antigen presentation. By disrupting the binding of major histocompatibility complex (MHC) molecules to antigenic peptides, HBV hinders the activation of adaptive immunity. Additionally, the virus produces proteins that suppress innate immune defenses, reducing cytokine production, T cell activation, and antibody responses. These mechanisms foster an environment that supports viral persistence and enables HBV to evade immune clearance, leading to chronic infection.

The cGAS-Stimulator of Interferon Genes (STING) pathway is a vital component of the innate immune response, responsible for detecting viral DNA and triggering the production of type I interferons (IFNs) (Amin et al., 2021; Zhao et al., 2023; Zheng et al., 2023). This pathway plays a pivotal role in recognizing cytosolic viral DNA, activating downstream signaling cascades that produce type I IFNs and other antiviral molecules to control viral replication and prevent the establishment of chronic infection. However, HBV employs sophisticated mechanisms to undermine this pathway (Amin et al., 2021; Zhao et al., 2023). For instance, the HBx mediates the ubiquitination of cGAS, effectively downregulating the pathway and diminishing the antiviral response. Additionally, HBV leverages HBV-miR-3, a microRNA encoded by the virus, to further suppress the cGAS-STING pathway, highlighting its ability to evade immune detection and promote viral persistence.

Recent research published in the World Journal of Hepatology has unveiled a pivotal role for HBV-miR-3 in undermining the host’s innate immune defenses (Zhen-Yu Xu et al., 2025). HBV-miR-3 directly targets the 3’-untranslated region (3’-UTR) of cGAS mRNA, leading to a reduction in cGAS protein levels through post-transcriptional regulation. This mechanism does not alter mRNA expression but effectively downregulates cGAS at the protein level, thereby impairing the functionality of the cGAS-STING pathway. A compromised pathway results in reduced STING phosphorylation and a subsequent decline in the production of type I IFNs, particularly IFN-β. This attenuation significantly weakens the host’s ability to mount an effective antiviral response, fostering an environment conducive to HBV persistence. Experimental models of HBV-infected hepatocytes have provided critical insights into the regulatory dynamics of HBV-miR-3. Studies have confirmed that HBV-miR-3 decreases cGAS protein expression without affecting mRNA levels, highlighting a post-transcriptional mechanism of immune modulation. This reduction in cGAS protein correlates with suppressed STING activation and a marked decline in IFN-β production, key components of the antiviral defense. Further investigations into the dose-dependent effects of HBV-miR-3 agomir—an enhancer of HBV-miR-3 activity—have shown a progressive suppression of cGAS expression and related immune responses. In contrast, the application of HBV-miR-3 antagomir—a molecule designed to inhibit HBV-miR-3—restores cGAS protein levels and reinvigorates the cGAS-STING pathway, thereby enhancing the innate immune response. Moreover, TRIM29 is shown to restrict antiviral innate immunity against DNA virus infections and viral myocarditis by targeting STING for degradation (Xing et al., 2017) (PMID: 29038422) and enhancing ROS-mediated TBK1 oxidation to inhibit type I IFNs production (Junying Wang et al., 2024). It has been reported that the expression of TRIM29 is controlled by non-coding RNAs, epigenetic modifications, and post-translational regulatory mechanisms (Qitong Wu and Sharma, 2024). It is possible that HBV-miR-3, by upregulating TRIM29 expression, could inhibit the cGAS-STING pathway, thereby contributing to immune evasion. TRIM29 has been shown to target STING for degradation and enhance ROS-mediated TBK1 oxidation, both of which prevent the activation of type I interferons and disrupt the antiviral immune response. By increasing TRIM29 levels, HBV-miR-3 may block the immune recognition of viral DNA, impair the host’s ability to mount an effective immune response, and promote chronic HBV infection. This suggests a mechanism by which HBV uses HBV-miR-3 to dampen innate immunity and evade host defenses.

The identification of HBV-miR-3 as a modulator of the cGAS-STING pathway offers promising therapeutic implications. Targeting HBV-miR-3 or enhancing the cGAS-STING pathway could restore innate immune responses and suppress viral replication. Potential strategies include the development of STING agonists, such as Schisandrin C, which have shown promise in activating the pathway and suppressing HBV replication. Additionally, antagomirs targeting HBV-miR-3 can counteract its inhibitory effects on cGAS, restoring immune function and complementing existing antiviral therapies.

Strengthening the host’s ability to detect and respond to HBV DNA may also improve viral clearance and reduce the risk of chronic infection. Despite these advances, several questions remain. Understanding how HBV-miR-3 expression is regulated during infection and its interplay with other immune pathways could provide a more comprehensive understanding of viral persistence. Translating findings from in vitro and preclinical studies into effective therapies for patients with chronic HBV infection remains a significant challenge.

The discovery that HBV can evade the immune system by manipulating the cGAS-STING pathway through HBV-miR-3 marks a significant advancement in our understanding of viral immune evasion. Given the central role of this pathway in innate immunity, it presents a promising therapeutic target. By exploring the molecular mechanisms that underlie HBV persistence, researchers can develop innovative treatments that not only suppress viral replication but also enhance the host’s immune response. Achieving these objectives will require collaborative efforts in basic research, translational studies, and clinical development, ultimately contributing to the global goal of eliminating HBV as a public health threat.




Author contributions

CH: Data curation, Writing – original draft. SA: Writing – original draft, Formal Analysis. ZB: Writing – review & editing, Conceptualization.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.




Acknowledgments

We apologize to all colleagues whose contributions were not discussed and cited owing to space constraints.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

	 Amin O. E., Colbeck E. J., Daffis S., Khan S., Ramakrishnan D., Pattabiraman D., et al. (2021). Therapeutic potential of TLR8 agonist GS-9688 (Selgantolimod) in chronic hepatitis B: remodeling of antiviral and regulatory mediators. Hepatology. 74, 55–71. doi: 10.1002/hep.31695, PMID: 33368377


	 Junying Wang W. L., Zhang J., Du Y., Fang M., Zhang Ao, Sungcad G., et al. (2024). Loss of TRIM29 mitigates viral myocarditis by attenuating PERK-driven ER stress response in male mice. Nat. Commun. 15, 3481. doi: 10.1038/s41467-024-44745-x, PMID: 38664417


	 Polaris Observatory C. (2018). Global prevalence, treatment, and prevention of hepatitis B virus infection in 2016: a modelling study. Lancet Gastroenterol. Hepatol. 3, 383–403. doi: 10.1016/S2468-1253(18)30056-6, PMID: 29599078


	 Qitong Wu D. N., Sharma D. (2024). TRIM-endous functional network of tripartite motif 29 (TRIM29) in cancer progression and beyond. Cancer Metastasis Rev. 44, 16. doi: 10.1007/s10555-024-10226-2, PMID: 39644332


	 Riedl T., Faure-Dupuy S., Rolland M., Schuehle S., Hizir Z., Calderazzo S., et al. (2021). Hypoxia-inducible factor 1 alpha-mediated relB/APOBEC3B down-regulation allows hepatitis B virus persistence. Hepatology. 74, 1766–1781. doi: 10.1002/hep.31902, PMID: 33991110


	 Xing J., Zhang A., Zhang H., Wang J., Li X. C., Zeng M. S., et al. (2017). TRIM29 promotes DNA virus infections by inhibiting innate immune response. Nat. Commun. 8, 945. doi: 10.1038/s41467-017-00101-w, PMID: 29038422


	 Zhao J., Xu G., Hou X., Mu W., Yang H., Shi W., et al. (2023). Schisandrin C enhances cGAS-STING pathway activation and inhibits HBV replication. J. Ethnopharmacol. 311, 116427. doi: 10.1016/j.jep.2023.116427, PMID: 37001770


	 Zheng W., Zhou Z., Rui Y., Ye R., Xia F., Guo F., et al. (2023). TRAF3 activates STING-mediated suppression of EV-A71 and target of viral evasion. Signal Transduct Target Ther. 8, 79. doi: 10.1038/s41392-022-01287-2, PMID: 36823147


	 Zhen-Yu Xu J.-S. G., He Y., Xiao X.-Q., Gong G.-Z., Zhang M. (2025). Hepatitis B virus confers innate immunity evasion through hepatitis B virus-miR-3 down-regulation of cGAS-Sting-IFN signaling. World J. Hepatology. 17 (2), 99292. doi: 10.4254/wjh.v17.i2.99292, PMID: 40027574







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Hua, Aftab and Baloch.. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb.2025.1662461_cover.jpg
& frontiers | Frontiers in Cellular and Infection Microbiclogy

HBV-miR-3 and cGAS-STING axis: a new
frontier in hepatitis B therapy





OEBPS/Images/logo.jpg
’ frontiers ’ Frontiers in Cellular and Infection Microbiology





OEBPS/Images/crossmark.jpg
©

2

i

|





