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Background: Currently, there are approximately 240 million individuals worldwide suffering from chronic hepatitis B infection, yet a definitive cure remains elusive. In the context of pharmaceutical interventions for this patient population, the potential issue of Hepatitis B virus (HBV) reactivation must be taken into consideration. Nutlin-3 is a small molecule of imidazoline analog, which inhibits tumor growth by suppressing the interaction between human double minute 2 (HDM2) and p53. However, whether it affects HBV replication is not clear.Methods: HepG2.2.15 cells were used to assess the impact of Nutlin-3 on HBV replication. The expression of Hepatitis B surface antigen (HBsAg) and Hepatitis B e antigen (HBeAg) was detected by ELISA. The expression of pregenomic RNA (pgRNA) and core-DNA was detected by RT-qPCR. The activation of relevant signaling pathways was assessed through Western blotting and confocal microscopy detection of the expression of associated proteins.Results: We found that Nutlin-3 significantly enhances the expression of HBsAg and HBeAg, and it also promotes the expression of pgRNA and Core-DNA. Nutlin-3 promotes HBV replication independent of the HDM2. Instead, it activates the autophagy pathway through p53-mediated mTOR inhibition to promote HBV replication.Conclusion: When using Nutlin-3 for cancer therapy, it’s important to be aware of the potential side effect of promoting HBV replication in individuals with chronic hepatitis B infection.Keywords: Nutlin-3, HBV, mTOR, autophagy, p53
INTRODUCTION
Hepatitis B virus (HBV) is a DNA virus which may cause acute or chronic hepatitis. Globally, it is estimated that over 2 billion people are infected with the HBV, with around 240 million individuals suffering from long-term consequences of chronic HBV infection (Yardeni et al., 2023).
Current therapeutic approaches for chronic hepatitis B aim to achieve sustained viral suppression, alleviate liver inflammation, and prevent disease progression. The mainstay of treatment involves antiviral medications, such as nucleos(t)ide analogs (NAs) or pegylated interferon-alpha (Fung et al., 2022). NAs, including drugs like entecavir and tenofovir, work by inhibiting viral DNA replication, thereby suppressing viral load. While these medications effectively control viral replication, they often necessitate long-term use, and discontinuation may lead to viral rebound. Pegylated interferon-alpha, on the other hand, modulates the immune response to the virus. It has a finite treatment duration but is associated with side effects that may limit its tolerability for some patients (Block et al., 2016).
Nutlin-3 is a small molecule of imidazoline analog, which inhibits the HDM2-p53 interaction (Dey et al., 2007). p53 serves as a vital tumor suppressor, playing a crucial role in maintaining cellular genetic stability and preventing the development of cancer (Levine, 1997). p53 mutations or inactivation usually occur in around 50% of human cancers (Vogelstein et al., 2000). HDM2, an E3 ubiquitin-protein ligase, targets p53 for its proteasome-mediated degradation (Haupt et al., 1997). In turn, p53 also promotes HDM2 gene expression through binding to its promoter (Psatha et al., 2023). Therefore, Nutlin-3 concurrently upregulates the expression of both HDM2 and p53 through disrupting the interaction between HDM2 and p53. Nutlin-3 has been extensively researched and recognized as a promising anticancer drug candidate (Supiot et al., 2008; Tabe et al., 2009; Vassilev et al., 2004; Voon et al., 2015; Yee-Lin et al., 2018; Zheng et al., 2014). HDM2 has been reported to enhance the NEDDylation of Hepatitis X protein (HBx) to increase its stability, promoting HBV replication (Liu et al., 2017). p53 has been found to possess the capability to inhibit HBV transcription (Ori et al., 1998). Therefore, Nutlin-3 may affect HBV replication, but currently, there are no reported findings.
In this study, we found that Nutlin-3 significantly promote HBV replication in HepG2.2.15 cell. Nutlin-3 promotes HBV replication independent of HDM2. Instead, it activates the autophagy pathway through p53-mediated mTOR inhibition to promote HBV replication. This study indicates that when using Nutlin-3 for cancer therapy, the potential side effect of promoting HBV replication in individuals with chronic hepatitis B infection may be considered.
MATERIALS AND METHODS
Reagents
Nutlin-3 was purchased from Beyotime Biotechnology (Shanghai, China). Dulbecco’s Modified Eagle Medium (DMEM medium) was purchased from Invitrogen (CA, United States). G418 was purchased from Shanghai Sangon Bioengineering Co., Ltd. Penicillin and streptomycin were purchased from Solaribio (Beijing, China). Fetal bovine serum was purchased from Sigma-Aldrich (St. Louis, MO, United States). CCK8 detection kit was purchased from EnoGene (Nanjing, China). ExFect Transfection Reagent was purchased from Vazyme (Nanjing, China).
HBsAg and HBeAg Elisa kit was purchased from Beijing Wantai Biological Pharmaceutical Co., Ltd. HDM2 (ab259265) and p53 primary antibody (ab26) were purchased from Abcam (Cambridge, MA, United States), β-actin antibody (D191048-0100) was purchased from Shanghai Sangon Bioengineering Co., Ltd. Antibodies of LC3B (A19665), p-4E-BP1 (AP0030) were purchased from ABclonal (Wuhan, China). Antibodies of p62 (18420 -1-AP), p-S6K1 (9234T), S6K1 (9202S) were obtained from proteintech (Wuhan, China). ECL (enhanced chemiluminescence) detection kit was purchased from Affinity Bios ciences (OH, United States). All other chemicals used are of analytical grade unless otherwise noted.
Cell culture
HepG2.2.15 cells are a subline of the HepG2 liver carcinoma cell line, stably transfected with the HBV genome, used extensively to study HBV replication and drug effects (Sells et al., 1987). The cells were cultured at 37°C in a humidified atmosphere containing 95% air and 5% CO2. HepG2.2.15 cells were routinely cultured in DMEM medium, supplemented with 10% FBS, 100 U/mL penicillin, 100 U/mL streptomycin, and 400 μg/mL G418. G418 were withdrawn before the cells were plated.
Lentivirus production and infection
The lentivirus expressing the mCherry-EGFP-LC3B fusion protein (Lenti-mCherry-EGFP-LC3B) was obtained from Beyotime (Shanghai, China). This lentivirus was used to infect HepG2.2.15 cells, which were treated with 8 μg/mL of polybrene to facilitate viral entry. Two days post-infection, the cells were selected with 8 μg/mL puromycin for 7 days to establish a stable cell line overexpressing mCherry-EGFP-LC3B. To construct the shRNA lentiviral plasmids, shRNA primer pairs were ligated into a lentiviral vector. Once sequence accuracy was confirmed, the plasmids were co-transfected with lentiviral packaging plasmids into HEK293T cells using the ExFect Transfection Reagent according to the manufacturer’s instructions. Forty-eight hours post-transfection, the medium containing the virus was collected, centrifuged, and filtered to remove cellular debris. The purified viral medium was then used to infect HepG2 cells. The subsequent process for establishing a stable cell line was similar to that used for the mCherry-EGFP-LC3B cell line. The primer sequences for shHDM2 are as follows: Forward: 5ʹ-AAT​TGA​TTC​CAG​AGA​GTC​ATG​TGT​TCT​CGA​GAA​CAC​ATG​ACT​CTC​TGG​AAT​Ctt​ttt​t-3ʹ and Reverse: 5′-GAT​TCC​AGA​GAG​TC-ATG​TGT​TCT​CGA​GAA​CAC​ATG​ACT​CTC​TGG​AAT​C-3′. The primer sequences for shTP53 are: Forward: 5ʹ-AAT​TGT​CCA​GA-TGA​AGC​TCC​CAG​AAC​TCG​AGT​TCT​GGG​AGC​TTC​ATC​TGG​ACt​ttt​tt-3ʹ and Reverse: 5′-GTC​CAG​ATG​AAG​CTC​CCA​GAA​CTC-GAG​TTC​TGG​GAG​CTT​CAT​CTG​GAC-3′.
Cell viability
HepG2.2.15 cells were seeded in 96-well plates to a cell density of 70%. Then, the medium was removed and replaced with fresh medium containing different concentrations of Nutlin-3 (0.1, 1, 10 μM) for 48 h. Next, the supernatant was collected and 100 μL of CCK8 working solution was added to each well. After incubation for 40 min, cellular activity was determined by analysis of absorbance at 450 nm.
Determination of hepatitis B virus antigen
HBsAg and HBeAg kits (Beijing Wantai Biopharmaceutical Co., Ltd.) were used to detect the levels of HBsAg and HBeAg. Briefly, HepG2.2.15 cells were seeded in 96-well plates and incubated overnight. Then, the medium was replaced with different concentrations of Nutlin-3 (0.1, 1, and 10 μM). The medium was harvested at 48 h. After centrifugation to remove cell debris, the supernatant was collected for detection of HBsAg and HBeAg. Experiments were performed using an enzyme-linked immunosorbent assay (ELISA) according to the manufacturer’s instructions.
RNA extraction and real-time quantitative polymerase chain reaction (RT-qPCR)
Total RNAs were extracted from HepG 2.2.15 cells using EZ-Press RNA Purification Kit. 1 μg of RNA was reverse transcribed to cDNA according to the manufacturer’s protocol. The mRNA levels of target genes were measured by RT-qPCR using SYBR Q-PCR mix (Wuhan, China). The thermal cycling conditions were as follows: pre-denaturation at 95°C for 10 min, denaturation at 95°C for 10 s, followed by 40 cycles of annealing/extension at 60°C for 30 s. After that, we normalized the expression level of the target gene to that of β-actin. The fold change is the 2−ΔΔCT method.
Primers for RT-qPCR,
HDM2-F: GAA​TCA​TCG​GAC​TCA​GGT​ACA​TC
HDM2-R: TCT​GTC​TCA​CTA​ATT​GCT​CTC​CT
TP53-F: CAG​CAC​ATG​ACG​GAG​GTT​GT
TP53-R: TCA​TCC​AAA​TAC​TCC​ACA​CGC
Total RNA-F: ACG​TCC​TTT​GTT​TAC​GTC​CCG​T
Total RNA-R: CCC​AGC​TCC​TCC​CAG​TCC​TTA​A
pgRNA-F: TCA​TCC​AAA​TAC​TCC​ACA​CGC
pgRNA-R: GAG​GGA​GTT​CTT​CTT​CTA​GG
β-actin-F: CAT​GTA​CGT​TGC​TAT​CCA​GGC
β-actin-R: CTC​CTT​AAT​GTC​ACG​CAC​GAT
Extraction and detection of HBV Core-DNA
HBV core-associated DNA was extracted utilizing a previously established methodology (Ma et al., 2020). In brief, cells were lysed in NP-40 lysis buffer (10 mM Tris-HCl [pH 7.5], 1 mM EDTA, 50 mM NaCl, and 0.5% NP-40) for 10 min at 37°C. Following centrifugation at 4,000×g for 5 min, the lysates were carefully decanted, and the resulting supernatants were transferred to new centrifuge tubes. Micrococcal nuclease was introduced, and the tubes were incubated at 37°C for 2 h to facilitate the digestion of plasmid DNAs. Subsequently, the enzymes were deactivated by adding EDTA (40 mM). The isolation of core-associated DNA was accomplished through a series of steps, including pronase digestion, phenol-chloroform extraction, and ethanol precipitation. Detection of HBV core-associated DNA was performed using a Hepatitis B virus nucleic acid quantitative detection kit following the manufacturer’s instructions.
Western Blot analysis
Total proteins were extracted from HepG2.2.15 cells using RIPA buffer supplemented with a protease inhibitor. Subsequently, the proteins underwent separation on 10 or 12% SDS-PAGE gels and were electrotransferred to polyvinylidene fluoride (PVDF) membranes. These membranes were then blocked with 5% non-fat milk for 1 h at room temperature, followed by overnight incubation at 4°C with primary antibodies targeting HDM2 (1:1,000), p53 (1:1,000), p-4E-BP1 (1:1,000), S6K1 (1:1,000) and p-S6K1 (1:1,000), with β-actin (1:2,000) used as a control. The following day, the membranes were incubated with a secondary goat anti-rabbit IgG (H+L) or anti-mouse IgG (H+L) antibodies for an hour at room temperature. Detection of the protein bands was achieved using ECL detection kit. Band intensities were analyzed with Image J software.
Confocal microscopy
HepG2 cells stably expressing mCherry-GFP-LC3B were seeded onto laser confocal dishes and cultured overnight. Subsequently, Nutlin-3 was added, with DMSO serving as the control. After 48 h, images were captured using a laser confocal microscope.
Statistical analysis
All quantitative data are presented as mean ± standard deviation (SD) and were compared using Student’s t-test or one-way analysis of variance (ANOVA). p < 0.05 was considered statistically significant.
RESULTS
Nutlin-3 promotes HBV replication
To determine whether Nutlin-3 affect HBV replication, Hep2.2.15 cells were treated with different concentrations of Nutlin-3. Given that Nutlin-3 is dissolved in DMSO, an equal volume of DMSO (0.1%) served as the control in these experiments. The level of HBsAg and HBeAg in cell supernatant was measured by ELISA. As Figures 1A, B shown, Nutlin-3 promoted HBsAg and HBeAg secretion in a dose-dependent manner. Even at a concentration of 10 μM, Nutlin-3 did not affect the proliferation of HepG2.2.15 cells (Figure 1C). HBV produces five unique RNA transcripts: 3.5 kb of both pgRNA and precore RNA (pcRNA), 2.4 kb preS1 mRNA, 2.1 kb preS2/S mRNA, and 0.7 kb X mRNA, essential for its replication and protein production processes. The expression of pgRNA and HBV total RNA was detected by RT-qPCR. The results indicate that Nutlin-3 significantly promotes the expression of pgRNA, but does not have a significant impact on total RNA expression (Figures 1D, E). pgRNA plays a vital role in the HBV replication cycle, serving as both the template for reverse transcription into viral DNA and as mRNA for viral protein synthesis. Nutlin-3 significantly enhances pgRNA expression, suggesting it may also markedly promote the synthesis of HBV DNA. Consequently, we investigated the expression of HBV Core-DNA and discovered that Nutlin-3 substantially increases its expression at a concentration of 10 μM (Figure 1F). These results suggest that Nutlin-3 promotes HBV replication.
[image: Figure 1]FIGURE 1 | Nutlin-3 promotes HBV replication. HepG2.2.15 cells were treated with Nutlin-3 (0.1–10 μM) for 48 h. Subsequently, HBsAg (A) and HBeAg (B) levels in the culture medium were detected using ELISA. Cell viability of HepG2.2.15 cells treated with Nutlin-3 was assessed using CCK8 to evaluate the cytotoxic effects (C). HepG2.2.15 cells were treated with Nutlin-3 (0.1–10 μM) for 48 h, and then harvested for RT-qPCR analysis of HBV pgRNA (D) and total RNA (E). HepG2.2.15 cells were treated with Nutlin-3 (0.1–10 μM) for 48 h, and the core-DNA was isolated and detected using the Hepatitis B Virus Nucleic Acid Quantitative Test Kit (F). Data are presented as the mean ± standard deviation. **P < 0.01, ***P < 0.001, ****P < 0.0001, compared to the D group, where D represents DMSO treatment. ns indicates no significant effect. 
The promoting effect of Nutlin-3 on HBV replication is independent of HDM2 but partially dependent on p53
To elucidate the mechanism by which Nutlin-3 promotes HBV replication, we initially examined the expression of the target proteins HDM2 and p53 by Nutlin-3. As Figures 2A–C shown, Nutlin-3 significantly increased the expression levels of HDM2 and p53 proteins. As previously mentioned, both HDM2 and p53 have the potential to influence HBV replication. We individually generated HepG2.2.15 cell lines with knockdown of HDM2 and p53, and RT-qPCR experiments confirmed the efficiency of the knockdown (Figures 2D, F). ELISA results show that knocking down HDM2 does not alter Nutlin-3’s ability to enhance HBV replication (Figure 2E). Additionally, with intact p53, Nutlin-3 increased HBsAg expression by 2.4-fold; however, following p53 knockdown, this enhancement was reduced to 1.5-fold, demonstrating that p53 knockdown partially mitigates Nutlin-3’s promotional effect on HBV (Figure 2G).
[image: Figure 2]FIGURE 2 | The promoting effect of Nutlin-3 on HBV replication is independent of HDM2 but partially dependent on p53. HepG2.2.15 cells were treated with Nutlin-3 (10 μM) for 48 h, protein levels of HDM2 and p53 were detected by Western blotting (A). HDM2 protein expression were analyzed with β-actin as a loading control (B). p53 protein expression were analyzed with β-actin as a loading control (C). Knockdown efficiency of HDM2 was assessed by RT-qPCR (D). HepG2.2.15 cells with HDM2 knocked-down and control cells were treated with Nutlin-3 (10 μM), with DMSO as the control. After 48 h, the levels of HBsAg in the cell supernatant were measured using ELISA (E). Knockdown efficiency of TP53 was assessed by RT-qPCR (F). HepG2.2.15 cells with TP53 knocked-down and control cells were treated with Nutlin-3 (10 μM), with DMSO as the control. After 48 h, the levels of HBsAg in the cell supernatant were measured using ELISA (G). Data are presented as the mean ± standard deviation. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001, compared to the D/NC group, where D represents DMSO treatment and NC represents negative control. ns indicates no significant effect.
Nutlin-3 promotes HBV replication by inhibiting the mammalian target of rapamycin (mTOR)
Several studies have shown that the activation of the mTOR pathway can significantly inhibit HBV replication (Guo et al., 2007; Teng et al., 2011). It was also reported that Nutlin-3 suppresses the mTOR pathway by promoting the expression of p53 family proteins such as p53 and p57 (Drakos et al., 2009; Shen and Maki, 2011). To determine whether Nutlin-3 promotes HBV replication by inhibiting the mTOR pathway, we used Torin 1 (a classical mTOR inhibitor) to block mTOR pathway. Without Torin 1 treatment, Nutlin-3 significantly boosted HBsAg secretion by approximately 2-fold; however, when Torin 1 was added, this effect diminishes to a mere 1.2-fold increase, which does not reach statistical significance compared to the DMSO control group (p = 0.0519). Therefore, under the influence of Torin 1, Nutlin-3 does not further enhance HBV replication (Figure 3A). The activation status of the mTOR pathway is determined by detecting the phosphorylation of its downstream proteins, S6K1 and 4E-BP1. As Figures 3B–E shown, Nutlin-3 significantly inhibited the phosphorylation of S6K1 and 4E-BP1. As a positive control, Torin 1 significantly reduced the phosphorylation of S6K1 and 4E-BP1. While Nutlin-3 did not further suppress the phosphorylation of S6K1, it somewhat enhanced the inhibitory effect on 4E-BP1 phosphorylation. This increased suppression of 4E-BP1 phosphorylation could result from a synergistic interaction between Torin 1 and Nutlin-3, likely involving overlapping signaling pathways that affect the mTOR signaling cascade, which is critical for regulating 4E-BP1 activity.
[image: Figure 3]FIGURE 3 | Nutlin-3 promotes HBV replication by inhibiting the mTOR pathway. HepG2.2.15 cells were treated with Nutlin-3 (10 μM) alone or in combination with Torin1 (0.1 μM) for 48 h. HBsAg levels in the culture medium were measured using ELISA (A). Protein expression of p-S6K1, S6K1, p-4E-BP1 were assessed by Western blotting (B). Relative protein levels of p-S6K1 (C), S6K1 (D), and p-4E-BP1 (E) were analyzed using ImageJ with β-actin as control. *P < 0.05, **P < 0.01, ***P < 0.001, compared to the DMSO group. ns indicates no significant effect.
The promotion of HBV replication by Nutlin-3 depends on its activation of the autophagy pathway
Studies have indicated that autophagy plays a regulatory role in HBV replication (Tian et al., 2011), and the mTOR pathway inhibits autophagy (Kim and Guan, 2015). Therefore, we hypothesized that Nutlin-3 promotes HBV replication by inhibiting mTOR pathway, thus promoting autophagy. Autophagy is a cellular process that degrades and recycles cellular components through the formation of double-membrane vesicles called autophagosomes (Aman et al., 2021). Key markers for monitoring autophagy include LC3 and p62. LC3 (Light Chain 3) is involved in autophagosome formation, transitioning from its cytoplasmic form, LC3I, to the membrane-bound form, LC3II, which associates with autophagosome membranes. p62, also known as sequestosome 1 (SQSTM1), binds to ubiquitinated proteins, serving as a link between these proteins and the autophagy machinery, facilitating their degradation in autophagosomes. The levels of both LC3II and p62 are commonly measured to assess autophagic activity, with decreases in p62 and increases in the LC3II/LC3I ratio indicating enhanced autophagic flux. We found that Nutlin-3 significantly increased the LC3II/LC3I ratio while reducing the expression of p62 (Figures 4A–C). This suggests that Nutlin-3 promotes autophagic flux. We employed HepG2 cells stably expressing mCherry-GFP-LC3B to further investigate the activating effect of Nutlin-3 on autophagic flux. The rationale behind using mCherry-EGFP-LC3B as an indicator of autophagy is as follows (Liu et al., 2014): Under non-autophagic conditions, mCherry-EGFP-LC3B appears as diffuse yellow fluorescence in the cytoplasm, a result of the combined emission from mCherry and EGFP, when viewed under a fluorescence microscope. During autophagy, mCherry-EGFP-LC3B localizes to autophagosome membranes, forming visible yellow puncta (LC3B dots or punctae). Upon fusion of autophagosomes with lysosomes, the partial quenching of the EGFP fluorescence leads to the emergence of red dots, indicating the progression of autophagic processes. Confocal microscopy results demonstrated that Nutlin-3 significantly promoted autophagic flux (Figure 4D). Chloroquine (CQ) is a pharmacological agent that inhibits autophagy by preventing the fusion of autophagosomes with lysosomes, thereby blocking the degradation of autophagic contents (Mauthe et al., 2018). When autophagy pathway was blocked by CQ, the effect of Nutlin-3 in promoting HBsAg secretion was blocked (Figure 4E).
[image: Figure 4]FIGURE 4 | The promotion of HBV replication by Nutlin-3 depends on its activation of the autophagy pathway. HepG2.2.15 cells were treated with Nutlin-3 (10 μM) for 48 h, the protein expression of LC3B and p62 was detected by Western blotting, with β-actin as control (A). Relative protein levels of LC3Ⅱ/LC3Ⅰ (B) and p62 (C) were analyzed using ImageJ with β-actin as control. HepG2 cells stably transfected with mCherry-GFP-LC3B were treated with Nutlin-3 (10 μM) for 48 h. The expression of mCherry and GFP was assessed using confocal microscopy (D). Scale bar: 20 μm. HepG2.2.15 cells were treated with Nutlin-3 (10 μM) alone or in combination with CQ (1.10 μM) for 48 h. HBsAg levels in the culture medium were measured using ELISA (E). *P < 0.05, **P < 0.01, compared to the DMSO group. ns indicates no significant effect.
DISCUSSION
Inhibiting the interaction between HDM2 and p53 to activate the p53 pathway represents a promising therapeutic strategy for cancer treatment. To date, numerous potent and selective small molecule inhibitors of HDM2 have been identified, with nine of them currently undergoing clinical trials, such as RG7112, Idasanutlin, SAR405838, Milademetan (Lu et al., 2023). However, these inhibitors increase the expression of HDM2 and p53 which are involved in regulating HBV replication, they therefore may influence HBV replication. As the first reported inhibitor of the HDM2 and p53 interaction, Nutlin-3 has been extensively documented in cancer research, and serving as a model molecule for studying relevant mechanisms. Therefore, we investigated the impact of Nutlin-3 on HBV replication in this study. Our data suggests that Nutlin-3 significantly promote HBV replication in HepG2.2.15 cells. Nutlin-3 significantly enhances the expression of HBsAg and HBeAg at a concentration of 10 μM. It also promotes the expression of pgRNA and Core-DNA, while having minimal impact on total RNA expression of HBV. One possible explanation for Nutlin-3 not affecting total RNA expression is that it may specifically target the transcriptional processes that boost pgRNA production without impacting the synthesis of other HBV RNAs. Further research is needed to investigate how Nutlin-3 interacts with HBV transcription factors and the specific pathways involved in pgRNA synthesis.
In the mechanistic study, we first evaluated the roles of HDM2 and p53 in the promotion of HBV replication by Nutlin-3. We confirmed that Nutlin-3 indeed promoted the expression of both HDM2 and p53 proteins through Western blotting. Through shRNA technology, we found that knocking down HDM2 did not affect the promotion of HBV by Nutlin-3. However, partial inhibition of Nutlin-3’s promotion of HBV replication was observed when p53 was knocked down. It has been reported that p53 may inhibit tumor growth through downregulating the mTOR pathway (Cui et al., 2021), and the mTOR pathway plays a crucial role in regulating HBV replication. We found that Nutlin-3 significantly inhibits the phosphorylation of S6K1 and 4E-BP1. When mTOR pathway is inhibited by small-molecule inhibitor, the promotional effect of Nutlin-3 on HBV replication is blocked. Autophagy is a conservative “self-eating” process responsible for clearing cellular components, including misfolded proteins, damaged organelles, and various invading pathogens (Parzych and Klionsky, 2014). Previous studies have shown that the replication of HBV relies significantly on the functionality of the autophagic machinery. In the present study, we confirmed that Nutlin-3 promotes autophagic flux, and when autophagy is suppressed, the promoting effect of Nutlin-3 on HBV replication is impeded.
In summary, our research has identified that Nutlin-3 can promote HBV replication by activating autophagy through the inhibition of the mTOR pathway (Figure 5). With approximately 240 million individuals worldwide still suffering from chronic HBV infection, it is crucial to be mindful of the potential risk of activating HBV replication when using small molecule drugs that inhibit the HDM2-p53 interaction in future treatments for these patients.
[image: Figure 5]FIGURE 5 | A proposed model suggests that Nutlin-3 effectively enhances HBV replication by inducing autophagic stress through the inhibition of the mTOR signaling pathway (figure created with BioRender.com).
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