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ABSTRACT 
 

Porcine circovirus type 2 (PCV2) is the major etiological agent responsible for post-weaning 

multisystemic wasting syndrome (PMWS), a disease that disrupts immune functions and 

continues to threaten the global swine population. 5-Azacytidine (5-Aza), a recognized 

inhibitor of DNA methyltransferase activity, can modulate numerous biological and 

pathological events, including those associated with viral infections, through the suppression 

of gene transcription. Yet, its influence on PCV2 replication remains unclear. In the present 

work, PK15 porcine kidney cells were employed to assess how 5-Aza affects PCV2 infection. 

The results indicated that 5-Aza treatment substantially increased PCV2 infectivity in these 

cells. Transcriptomic profiling showed that PCV2 infection activates multiple immune-related 

signaling routes, while 5-Aza may intensify infection via MAPK pathway activation, 

promoting inflammatory and apoptotic gene expression. These findings may provide new 

perspectives for the therapeutic management of PCV2. 
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Introduction 
 

Porcine circoviruses (PCVs) are circular, single-stranded DNA viruses lacking an envelope and belong to the 

Circoviridae family and Circovirus genus [1, 2]. Four genotypes have been identified: PCV1, PCV2, PCV3, and 

PCV4 [3]. Of these, PCV2 contains 11 open reading frames (ORFs), including ORF2, which encodes the capsid 

(Cap) protein located on the negative strand of the genome. The Cap protein serves both as the primary structural 

and antigenic component and is indispensable for viral assembly and host infection [4]. Interactions between the 

capsid and cellular molecules of the host can induce conformational changes necessary for delivering the viral 

genome to replication sites [5]. 

PCV2 infection leads to post-weaning multisystemic wasting syndrome (PMWS) [6–9], most commonly observed 

in piglets aged 8–16 weeks, with typical symptoms including jaundice, weight loss, respiratory difficulties, 

lymphadenopathy, and diarrhea [10]. The virus targets the immune system, causing lymphocyte depletion, 

cytokine imbalance, and immune suppression, which increases susceptibility to secondary infections [11]. Co-

infections with PRRSV, PPV, Glaesserella parasuis, and Mycoplasma spp. are common, and the collection of 

diseases caused by PCV2 is classified as PCV-associated disease (PCVAD) [12, 13]. Such infections impose 

serious economic losses on the swine industry worldwide [14, 15]. 

Although vaccination remains the primary preventive strategy, PCV2’s ongoing genomic variability has led to the 

emergence of numerous subtypes, diminishing the effectiveness of existing vaccines [16]. Hence, there is a 

pressing need for pharmacological alternatives to limit PCV2 infection. 

http://www.esvpub.com/
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Epigenetic modifications, which regulate gene expression without altering the nucleotide sequence, are reversible 

and can be influenced by environmental or chemical factors [17]. Among them, DNA methylation—the 

conversion of cytosine to 5-methylcytosine (5-mC) via DNA methyltransferases (DNMTs)—is one of the most 

well-studied mechanisms [18]. Viral DNA methylation affects the virus–host interaction and can serve as an 

immune evasion strategy, as seen in EBV [19], HBV [20], HPV [21], HSV-1 [22], and adenovirus 12 [23], where 

methylation restricts viral transcription and replication. The PCV2 genome is composed of single-stranded circular 

DNA, and its complementary strand is synthesized in the host nucleus [24]. As a classical DNA methylation 

blocker, 5-Aza directly binds to DNMT enzymes, reducing methylation within the host genome [25, 26]. This 

study, therefore, examined the role of 5-Aza in regulating PCV2 replication. 

Using PK15 cells, we first established the maximum non-toxic 5-Aza concentration and the optimal infection 

duration for viral growth. We then assessed the effect of 5-Aza on PCV2 proliferation after 48 hours, observing 

that viral copy numbers increased following treatment. We also recorded elevated inflammatory and apoptotic 

cytokine levels post-infection. Transcriptomic sequencing further indicated that the MAPK signaling cascade may 

mediate these effects. Altogether, these results suggest that 5-Aza may intensify PCV2 replication, underscoring 

the need for caution when using this compound during viral infections. 

Materials and Methods  

Cell culture and virus propagation 

PK15 cells (ATCC, CCL-33) were grown in Dulbecco’s Modified Eagle Medium (DMEM) (BasalMedia, 

Shanghai, China) supplemented with 10% fetal bovine serum (Ozfan, Nanjing, China) and 1% penicillin–

streptomycin (100 μg/mL penicillin and 0.1 mg/mL streptomycin) (Solarbio, Beijing, China). Cells were 

incubated at 37°C in 5% CO₂, and the PCV2d strain maintained in our laboratory was used for all experiments. 

Cytotoxicity assessment 

5-Azacytidine (purity ≥98%, HPLC grade) (Aladdin, Shanghai, China) was dissolved in sterile distilled water. 

PK15 cells (2 × 10³ cells/well; 100 μL per well) were seeded into 96-well plates using medium containing 10% 

FBS, and incubated for 24 hours under 5% CO₂ at 37°C. Afterward, the culture medium was replaced with DMEM 

containing 5-Aza at final concentrations of 5 μM, 10 μM, 20 μM, 30 μM, and 40 μM, followed by 48 hours of 

treatment. Cell viability was quantified using the Cell Counting Kit-8 (CCK-8; Vazyme, Nanjing, China). Ten 

microliters of CCK-8 reagent were added per well, and absorbance at 450 nm was measured using a Tecan 

Infinite200 microplate reader (Sunrise, Tecan, Switzerland). 

Cell immunofluorescence staining 

Cells infected with PCV2 were harvested at designated intervals for testing. Following collection, they were rinsed 

in PBS and fixed using 4% paraformaldehyde at 37 °C for 30 minutes. Cell membranes were then permeabilized 

with 1% Triton X-100 for 10 minutes, after which they were blocked with bovine serum albumin (BSA) (Solarbio, 

Beijing, China) at 37 °C for 2 hours. The blocking solution was removed, and a PCV2 capsid (Cap) antibody 

(VMRD, Pullman, WA, USA) was applied as the primary antibody, incubating overnight at 4 °C. Next, cells were 

washed three times with PBST and treated with a fluorescent secondary antibody (Solarbio, Beijing, China) for 1 

hour in darkness. The final concentrations for the primary and secondary antibodies were 2.66 μg/mL and 125 

μg/mL, respectively. After three more PBST washes, the nuclei were stained with DAPI, and fluorescence images 

were captured using a Leica fluorescence microscope (Leica Microsystems, Wetzlar, Germany). 

DNA extraction 

A mock-infected control group was included during PCV2 exposure. Genomic DNA was isolated with a Vazyme 

extraction kit, following the manufacturer’s instructions. The ND-1000 spectrophotometer was used to measure 

DNA purity and concentration, and samples were subsequently kept at −20 °C. 

RNA extraction and cDNA synthesis 

Total RNA from the treated cells was obtained using Trizol reagent (Takara, Shiga, Japan). The RNA’s structural 

quality was checked through 1% formaldehyde agarose gel electrophoresis, and its quantity was determined via 

an ND-1000 nucleic acid analyzer. RNA preparations were stored at −80 °C. 
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cDNA synthesis was conducted with a Vazyme reverse transcription kit (Nanjing, China) using total RNA as the 

starting material. Each 20 μL reaction contained 4 μL 5× qRT SuperMix II, 4 μL 4× gDNA wiper Mix, 1000 ng 

of RNA, and RNase-free ddH₂O to a total volume. The thermal cycle consisted of 50 °C for 15 min, 85 °C for 5 

s, then maintenance at 4 °C. 

qPCR detection 

Primers were designed using Primer Premier 6.0, referencing sequences from GenBank, with GAPDH serving as 

an internal normalization control. All oligonucleotides were synthesized by TsingKe (Beijing, China). Real-time 

PCR was performed using a SYBR-based kit (Vazyme, Nanjing, China) in a 20 µL reaction containing: 10 µL 2× 

SYBR Premix ExTap™ II, 0.4 µL forward primer (10 µmol/L), 0.4 µL reverse primer (10 µmol/L), 0.4 µL 50× 

ROX dye II, 2.0 µL cDNA, and RNase-free ddH₂O. Each sample was run in triplicate to ensure reproducibility. 

Total protein extraction from cell samples 

Post-PCV2 infection, cell pellets were washed using ice-cold PBS and lysed with a RIPA buffer (Applygen, 

Beijing, China) supplemented with protease inhibitors (TargetMOI, MA, USA). The lysates were kept on ice for 

20 minutes, then centrifuged at 14,000 rpm for 20 minutes at 4 °C. Protein levels were measured via the BCA 

assay kit (Beyotime, Shanghai, China). Proteins were denatured at 98 °C for 10 minutes in 5× loading buffer, and 

stored at −20 °C until needed. 

Western blotting 

Protein extracts were resolved by 10% SDS–PAGE and transferred to PVDF membranes (Millipore, Canada, 

USA). The membranes were blocked at room temperature for 2 hours, then incubated overnight at 4 °C with 

primary antibodies against PCV2 Cap (GeneTex, TX, USA) and HSP90 (Proteintech, Wuhan, China). After TBST 

washing, secondary antibodies (Proteintech, Wuhan, China) were added for 2 hours at room temperature. Primary 

and secondary antibody concentrations were 1 μg/mL and 0.02 μg/mL, respectively. Membranes were finally 

washed with TBST, visualized by ECL chemiluminescence, and documented for analysis. 

Reactive oxygen species evaluation 

Reactive oxygen species (ROS) generation was quantified using the 2′,7′-dichlorofluorescein diacetate (DCFH-

DA) probe through a commercial ROS detection kit (Solarbio, Beijing, China). After removing the cells from the 

incubator, serum-free DMEM containing DCFH-DA was added and incubated for 30 min. The emitted 

fluorescence was observed with an inverted fluorescence microscope, allowing comparison of intracellular ROS 

levels before and after 5-Aza addition. 

Flow cytometric detection 

Cell apoptosis in PK15 and PK15 + 5-Aza groups was analyzed with an Annexin V-FITC/PI apoptosis assay kit 

(Solarbio, Beijing, China). Cells were digested with EDTA-free trypsin, collected by centrifugation, and 

resuspended. The single-staining control was treated with 5 µL Annexin V/FITC and incubated in the dark for 5 

min at room temperature. Samples lacking both Annexin V/FITC and propidium iodide (PI) acted as negative 

controls. Annexin V/FITC and PI were added to the test group, and apoptotic rates were measured on a FACScan 

flow cytometer (Becton Dickinson, CA, USA). Data analysis was performed using CytExpert 2.3 and FlowJo 7.6 

software. 

RNA sequencing 

After 48 h of PCV2 exposure, PK15 cells from the control (NC, n = 3), PCV2 (n = 3), and PCV2 + 5-Aza (n = 3) 

groups were collected. Total RNA was isolated using Trizol reagent (Takara, Kusatsu, Japan). RNA integrity was 

verified on 1% denaturing agarose gel, and concentrations were determined via ND-1000 spectrophotometry. 

Double-stranded cDNA libraries were prepared and sequenced on the Illumina Hiseq 2500 system (Oebiotech, 

Shanghai, China). Genes with an adjusted p < 0.05 and |log₂(fold change)| > 1 were identified as differentially 

expressed (DEGs). GOseq software was used for Gene Ontology annotation, and KOBAS 3.0 analyzed DEG 

enrichment in KEGG pathways. Functional enrichment and pathway analyses used a significance threshold of 

0.05. 
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Data handling and statistical analysis 

Relative expression levels were determined by the 2−ΔΔCt method, normalized against internal reference genes. 

Statistical evaluation was performed in SPSS 25.0 (SPSS Inc., Chicago, IL, USA). Differences between the two 

groups were analyzed using unpaired t-tests and multiple comparisons via one-way ANOVA. Results were 

expressed as mean ± SD from three replicates. A p < 0.05 was considered statistically significant. 

Results and Discussion 

Determination of 5-Aza concentration and cytotoxicity assessment 

To define a concentration of 5-Aza that preserved cell viability, PK15 cells were treated with 0, 5, 10, 20, 30, and 

40 µM 5-Aza for 48 h. Elevated concentrations led to cytotoxicity and reduced cell activity. Concentrations ≤10 

µM showed minimal impact on cell viability, while those ≥20 µM caused a significant decline (Figure 1a). 

Because intracellular ROS reflects mitochondrial health, ROS levels were examined in PK15 cells after 5-Aza 

exposure. The 10 µM treatment did not significantly differ from the negative control (Figures 1b and 1c), 

consistent with DCFH-DA probe results (Figure 1d). Occludin, a critical component in maintaining cellular 

morphology and cytoskeletal structure [27], showed no detectable reduction following 10 µM 5-Aza exposure for 

48 h (Figure 1e). Similarly, transcript levels of IFN-α, IL-16, IL-18, IL-6, and TNF-α remained unchanged 

(Figure 1f). Hence, 10 µM 5-Aza was considered non-toxic to PK15 cells and selected for subsequent assays. 

   

a) b) c) 

 

 

d) 

 

e) f) 

Figure 1. Evaluation of 5-Aza cytotoxicity. (a) CCK8 assay assessed cell viability under varying 5-Aza 

concentrations. (b, c) Flow cytometric detection of ROS in PK15 cells with or without 10 µM 5-Aza; the red 

dashed line marks the reference. (d) Representative fluorescence images of ROS in PK15 cells following 10 

µM 5-Aza exposure. Scale = 100 µm. (e) IFA analysis of Occludin in control and 10 µM 5-Aza groups. 

Green fluorescence indicates cytoplasmic Occludin fibers; blue marks DAPI-stained nuclei. Scale = 100 µm. 

(f) qPCR detection of pro-inflammatory genes in control and 10 µM 5-Aza-treated PK15 cells. Statistical 
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tests were one-way ANOVA. Data = mean ± SD of triplicates. Symbols *, **, and n.s. represent p < 0.05, p < 

0.01, and p > 0.05 versus control, respectively. 

Construction of the PK15 cell model infected with PCV2 

Following PCV2 inoculation, the expression of the Cap protein was examined through qPCR, Western blotting, 

and IFA at 0, 12, 24, 36, 48, and 72 hours, respectively. As depicted in Figure 2, both the amount and cellular 

distribution of the PCV2 Cap protein progressively increased as infection time advanced in PK15 cells. Cap levels 

showed a steady rise from 0 h to 48 h, reaching their highest value at 48 h, and subsequently declined by 72 h in 

comparison to 48 h (Figures 2a and 2b). Immunofluorescence imaging revealed a corresponding enhancement 

in the green fluorescence signal of the Cap antigen, peaking at 48 h (Figure 2c). 

 

 

a) 

 

b) c) 

Figure 2. Development of a PK15 cell model infected with PCV2 (MOI = 1): (a) Relative Cap expression at 

different post-infection intervals. (b) Protein level analysis of Cap expression across time points. (c) 

Immunofluorescent detection of Cap-positive cells. Green fluorescence indicates Cap protein, while blue 

fluorescence corresponds to DAPI-stained nuclei. Scale bar: 100 μm. Data are shown as mean ± standard 

deviation from three replicates. *** p < 0.001 compared with 0 h. 

Influence of 5-Aza on PCV2 replication in PK15 cells 

The impact of 5-Aza exposure on PCV2 replication was assessed via qPCR, IFA, and Western blot analysis. As 

illustrated in Figure 3a, four experimental groups were included: a negative control, a 5-Aza-only group, a PCV2-

only group, and a PCV2 + 5-Aza-treated group, each conducted in triplicate. Treatment with 10 μM 5-Aza 

markedly elevated Cap gene transcription (Figure 3a). Western blot results confirmed a clear increase in PCV2 

replication under 10 μM 5-Aza treatment (Figure 3b). Consistently, immunofluorescence images revealed intense 

red fluorescence corresponding to the viral Cap protein in the PCV2 + 5-Aza group (Figure 3c). Collectively, 

these findings indicate that 5-Aza enhances PCV2 proliferation in PK15 cells at 48 h. 
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a) 

 

c) b) 

Figure 3. Effect of 5-Aza on PCV2 replication (MOI = 0.1) in PK15 cells: (a) qPCR analysis of Cap 

expression after 5-Aza treatment. (b) Western blot evaluation of viral Cap protein levels. (c) 

Immunofluorescence showing red Cap protein signal and blue DAPI-stained nuclei. Scale bar: 200 μm. Data 

represent mean ± standard deviation from three independent trials. ** p < 0.01 vs. PCV2 group. 

Effect of 5-Aza on apoptosis and cytokine expression during PCV2 infection 

qPCR results demonstrated that pro-inflammatory cytokines participate in the cellular response to PCV2 infection. 

Infection of PK15 cells by PCV2 stimulated transcription of IL-6, IL-1β, IL-12, IFN-α, and IFN-β. Moreover, 5-

Aza administration further upregulated IL-1β, IL-12, IFN-α, and IFN-β levels, whereas IL-6 expression remained 

unchanged (Figure 4a). 

 

a) 

 

b) 
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c) 

Figure 4. 5-Aza promotes inflammatory and apoptotic responses following PCV2 infection. (a) qPCR 

quantification of IL-6, IL-1β, IL-12, IFN-α, and IFN-β mRNA expression. (b) qPCR analysis of apoptosis-

related genes: BAX, BCL-2, Caspase3, Caspase8, and Caspase9. (c) Western blot detection of apoptosis-

associated proteins after 5-Aza treatment. Data are expressed as mean ± standard deviation of three 

replicates. *, **, and n.s. denote p < 0.05, p < 0.01, and p > 0.05, relative to the control, PCV2 + 5-Aza, or 

PCV2 groups. 

Additionally, PCV2 infection markedly triggered apoptosis in PK15 cells. When treated with 5-Aza, mRNA 

expression of BAX, Caspase3, and Caspase8 was further elevated compared with the PCV2 group, while BCL-2 

and Caspase9 showed no notable variation (Figure 4b). Western blot data corroborated these results, showing 

higher levels of BAX, Caspase8, and Caspase3 proteins, along with decreased BCL-2 expression in the PCV2 + 

5-Aza group (Figure 4c). 

Overall, 5-Aza treatment intensified both apoptosis and inflammatory responses in PCV2-infected PK15 cells. 

Transcriptomic analysis before and after 5-Aza exposure and PCV2 infection 

RNA sequencing of differentially expressed genes and pathways after PCV2 infection 

To explore the molecular mechanisms associated with 5-Aza action, RNA sequencing was carried out. Upon 

PCV2 infection, analysis revealed 2397 upregulated and 1728 downregulated genes in PK15 cells (Figure 5a). 

The hierarchical clustering heatmap showed distinct transcriptional separation between the mock and PCV2-

treated samples (Figure 5b). KEGG enrichment indicated that PCV2 influenced ten major signaling cascades, 

including viral interactions with cytokine–cytokine receptor systems and the TNF pathway (Figure 5c). GO 

enrichment analysis categorized differentially expressed genes into three principal domains—biological process, 

cellular component, and molecular function (Figure 5d). 

  

a) b) 
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c) d) 

Figure 5. RNA-seq profiles and differentially expressed genes (DEGs) between mock and PCV2-treated 

PK15 cells. 

(a) Volcano plot showing upregulated (red) and downregulated (blue) DEGs. (b) Cluster heatmap displaying 

gene expression intensity (red = high; blue = low). (c) KEGG analysis identifying ten enriched signaling 

pathways. (d) GO categorization of DEGs into biological processes, cellular components, and molecular 

functions. 

Comparative transcriptomic analysis between PCV2-infected PK15 cells and PCV2 + 5-Aza-treated cells 

According to the statistical histogram of differentially expressed genes, 3340 genes exhibited upregulation, while 

3314 genes showed downregulation in the PCV2 + 5-Aza group compared to the PCV2-only group (Figure 6a). 

The hierarchical clustering analysis demonstrated a distinct separation between the transcriptomic profiles of the 

two treatment groups (Figure 6b). KEGG pathway enrichment revealed that numerous genes associated with the 

cell cycle, FoxO signaling pathway, and cytokine–cytokine receptor interactions were highly enriched following 

both PCV2 infection and 5-Aza treatment (Figure 6c). 

 
 

a) b) 
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c) 

Figure 6. Transcriptomic profiling and DEG analysis comparing PCV2 and PCV2 + 5-Aza groups. (a) 

Histogram showing the number of DEGs. The x-axis indicates treatment groups (PCV2 and PCV2 + 5-Aza), 

and the y-axis shows the total number of differential genes. (b) Hierarchical cluster map of DEGs. Red areas 

denote higher gene expression levels, and blue areas denote lower expression levels. (c) Bubble plot of the 

top 20 KEGG-enriched pathways of DEGs. Dot size represents DEG enrichment magnitude, and dot color 

indicates enrichment significance. 

5-Aza enhances the activation of inflammatory cytokines and MAPK pathway signaling 

A combined transcriptomic analysis of the mock, PCV2-infected, and PCV2 + 5-Aza-treated groups was 

subsequently performed. Across these three conditions, 358 genes were jointly upregulated, 280 were jointly 

downregulated, and 478 genes displayed divergent regulatory trends between the comparison groups (Figure 7a). 

KEGG enrichment of the total DEGs revealed predominant enrichment in cytokine–cytokine receptor interaction, 

calcium signaling, and MAPK signaling pathways (Figure 7b). Previous research has demonstrated that MAPK 

signaling is tightly linked to the inflammatory response. Consistent with this, qPCR verification showed 

significant upregulation of CCL1, CCL22, and MAP2K1 expression after 5-Aza exposure in PCV2-infected PK15 

cells (Figure 7c). 

  

a) b) 
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c) 

Figure 7. Integrated analysis of DEGs in the mock, PCV2, and PCV2 + 5-Aza groups. (a) Four-quadrant plot 

depicting the distribution of differential genes. The gray dashed line represents |log₂FC| = 1. (b) KEGG 

pathway enrichment of DEGs. (c) qPCR validation of selected DEGs. Data are expressed as mean ± standard 

deviation of three independent experiments. *, **, and n.s indicate statistical differences (p < 0.05, p < 0.01, 

and p > 0.05) relative to the negative control, PCV2 + 5-Aza, or PCV2 groups. 

Porcine circovirus type 2 (PCV2)–associated disease (PCVAD) has led to considerable economic losses in the 

global swine industry. At present, vaccination remains the main preventive strategy against PCV2 infection. 

Nevertheless, due to the occurrence of viral mutation and the emergence of novel subtypes, the effectiveness of 

current vaccines has declined, making infection control increasingly difficult. Therefore, identifying new 

therapeutic compounds that can suppress PCV2 replication is of great importance. 

This study investigated the potential therapeutic influence of 5-Aza on PCV2-induced PCVAD. Unexpectedly, 

our findings demonstrated that 5-Aza significantly facilitated PCV2 replication in infected PK15 cells. Based on 

sequence data, PCV2 isolates are categorized into nine genotypes—PCV2a through PCV2i [28, 29]. Since 2014, 

PCV2d has largely replaced other types and is now the predominant circulating genotype due to its strong 

replicative capability. Consequently, representative PCV2d strains were selected for our analysis [30, 31]. It 

should be noted, however, that other PCV2 genotypes may display distinct levels of virulence. Future studies will 

include additional genotypes to provide a broader understanding of the virus’s behavior and its response to 5-Aza 

treatment. 

Although genome methylation of DNA viruses has been studied extensively, the methylation patterns vary 

considerably among different viruses. These patterns depend on the viral life cycle stage, host type, and target 

tissues, surrounding nucleotide sequences, and other contextual factors. Consequently, viral methylation can 

differently influence both viral replication and host cell responses [32]. PCV2, a small DNA virus, relies entirely 

on host replication machinery. To date, there are no studies reporting methylation patterns for the PCV2 genome. 

In contrast, recent work on infectious spleen kidney necrosis virus (ISKNV), a DNA virus infecting fish, revealed 

that 5-Aza reduced hypermethylated CpG levels in the viral genome, decreasing both viral DNA and protein 

production in host cells in a dose-dependent manner [33]. These findings suggest that 5-Aza could potentially 

modulate methylation in DNA viruses. Future research will investigate whether similar effects occur with PCV2, 

examining both viral and host genomic methylation changes. 

PCV2 infection is known to influence numerous host cell processes, including cytoskeleton remodeling, stress 

responses, macromolecule synthesis, energy metabolism, signal transduction, gene regulation, and immune 

responses [34–41]. In PK15 cells, we observed that PCV2 replication peaked at 48 h post-infection, coinciding 

with heightened inflammation and apoptosis, consistent with prior studies. 

Mitogen-activated protein kinases (MAPKs) transmit extracellular signals to the nucleus and are critical for 

cellular stress responses. The JNK and p38 MAPK pathways, in particular, mediate inflammation and apoptosis 

[42, 43]. PCV2 can activate apoptosis signal-regulating kinase 1 (ASK1) in PK15 cells [44], which then triggers 

JNK/SAPK and p38 MAPK signaling, leading to phosphorylation of downstream proteins c-Jun and ATF-2. 

Inhibition of p38 MAPK has been shown to reduce essential cellular processes, including PCV2 transcription and 

translation, and to lower caspase3 and caspase8 activity [45, 46]. Here, we observed that 5-Aza treatment 

enhanced PCV2 replication and increased caspase3 and caspase8 activity, while transcriptomic data suggested 

that 5-Aza may regulate MAPK pathways to promote viral proliferation. 
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The interaction between MAPK signaling and pro-inflammatory cytokines adds complexity to the host response 

to PCV2. Prior research has demonstrated that p38 MAPK can control the expression of pro-inflammatory factors 

during infection. For example, PCV2 can increase IL-1β and IL-6 transcription via ERK, JNK, and p38 pathways 

[47], stimulate USP21 phosphorylation, and inhibit STING K63-linked ubiquitination and IFN-β transcription, 

thereby suppressing innate immunity [48]. In this study, 48 h post-infection, we observed upregulation of IL-6, 

IL-1β, IL-12, IFN-α, and IFN-β in PK15 cells. Treatment with 5-Aza further amplified IL-1β, IL-12, IFN-α, and 

IFN-β expression, indicating that 5-Aza may intensify the inflammatory response initiated by PCV2. 

Overall, these findings highlight the dynamic interactions among PCV2, host immune signaling, and epigenetic 

modulation by 5-Aza, shaping the inflammatory and apoptotic environment within infected cells. Further research 

is needed to elucidate the molecular mechanisms through which 5-Aza influences MAPK signaling and cytokine 

production, which may inform potential strategies to control PCV2-induced inflammation in pigs. 

Conclusion 

In conclusion, 5-Aza markedly enhances PCV2 infection in PK15 cells. This effect appears to involve the 

activation of MAPK signaling, which in turn regulates downstream proteins that influence inflammation and 

apoptosis. These results suggest that 5-Aza may not be a viable therapeutic option for combating PCV2 infection. 
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