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Whole Transcriptome Analysis of Chicken Bursa Reveals Candidate Gene That Enhances the Host’s Immune Response to Coccidiosis
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Coccidiosis is a major hazard to the chicken industry, but the host’s immune response to coccidiosis remains unclear. Here, we performed Eimeria coccidia challenge in 28-day-old ROSS 308 broilers and selected the bursa from the three most severely affected individuals and three healthy individuals for RNA sequencing. We obtained 347 DEGs from RNA-seq and found that 7 upregulated DEGs were enriched in Cytokine-cytokine receptor interaction pathway. As the DEGs with the highest expression abundance in these 7 genes, TNFRSF6B was speculated to participate in the process of host’s immune response to coccidiosis. It is showed that TNFRSF6B can polarize macrophages to M1 subtype and promote inflammatory cytokines expression. In addition, the expression of TNFRSF6B suppressed HD11 cells apoptosis by downregulating Fas signal pathway. Besides, TNFRSF6B-mediated macrophages immunity activation can be reversed by apoptosis. Overall, our study indicates that TNFRSF6B upregulated in BAE, is capable of aggravating the inflammatory response by inhibiting macrophages apoptosis via downregulating Fas signal pathway, which may participate in host’s immune response to coccidiosis.
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INTRODUCTION

Chicken coccidiosis, a serious intracellular parasitic disease caused by Eimeria, is one of the most major livestock diseases (Morris and Gasser, 2006; Blake and Tomley, 2014). The poultry industry is considered as the most affected by coccidiosis and the annual cost of coccidiosis is estimated at more than 3 billion dollars (Dalloul and Lillehoj, 2006). The research of chickens breeding often focuses on the selection of the growth rate (Sheng et al., 2013) and appearance (Zheng et al., 2020), while less on the disease resistance. Compared to commercial breeds, local chicken breeds have the advantage of being more resistant to coccidia (Pinard-Van et al., 1998). The different Eimeria species invade different regions and this diversity leads to great challenges in controlling coccidiosis. Coccidia oocysts have a strong resistance to environmental, resulting that the use of drugs in actual production cannot eradicate the infection and only control the outbreak of the disease to a certain extent (Chapman and Jeffers, 2014). In addition, the Eimeria coccidia exhibit a complex life cycle (Quiroz-Castaneda and Dantan-Gonzalez, 2015), making it difficult for vaccines to be effective in the long term. The host’s immune response to coccidiosis mainly includes humoral immunity and cellular immunity (Min et al., 2013). Although both humoral immunity and cellular immunity can produce specific antibodies during coccidia infection, cellular immune response is the most critical for anti-coccidia infection (Yun et al., 2000).

The early findings indicate that T cells-mediated cellular immune responses play a crucial role in anticoccidial immunity (Wakelin et al., 1993; Min et al., 2013). The population of T cells can be induced by incremental interferon-γ (IFN-γ), which was considered as a kind of proinflammatory cytokine (Rose et al., 1991). In addition to producing IFN-γ, T cells also secrete a large number of secretions, such as the cytokine interleukin (IL), macrophage colony-stimulating factor (M-CSF), and tumor necrosis factor (TNF). The combination of IL-2 or IL-8 and vaccine can effectively protect against coccidia (Min et al., 2001; Lillehoj et al., 2005; Song et al., 2015). There was a positive correlation between the cecal lesion score and the expression level of IL-10 (Boulton et al., 2018). IL-10 has been reported to be associated with intestinal diseases (Kole and Maloy, 2014). Infection with Eimeria maxima could induce IL-10 expression in the spleen, and more importantly, it showed a higher expression level in susceptible chickens (Rothwell et al., 2004). IL-10 was the core factor for the pathogenesis of intercellular pathogens and intestine luminal IL-10 enabled Eimeria infection in broilers (Arendt et al., 2016). The chickens fed with the IL-10 antibody showed no obvious symptoms after challenge (Sand et al., 2016). IL-10 was widely believed to be involved in the development of coccidiosis (Arendt et al., 2016, 2019; Sand et al., 2016). These all highlight the importance of the cytokine’s cellular immune response in the host’s resistance to coccidia infection. Despite the increasing number of reports on coccidiosis, the chicken’s immune regulatory network against coccidiosis is still not comprehensive.

Tumor necrosis factor receptor super family 6 B (TNFRSF6B), also called decoy receptor (DCR3), is a kind of protein located on membrane surface without transmembrane structure (Pitti et al., 1998). TNFRSF6B is capable of binding to FasL and causes the regulation of Fas signal pathway, thus inhibiting the cells apoptosis (Li et al., 2007; Mabrouk et al., 2008). The ectopic expression of TNFRSF6B in tumor caused the inhibition of Fas-mediated cell apoptosis, resulting in the immune escape from immune process (Zhou et al., 2013; Zhang et al., 2015; Zhang X. et al., 2018). In addition, TNFRSF6B can regulate the proliferation of chondrocytes via ERK signaling and Fas-induced apoptosis (Hayashi et al., 2011). TNFRSF6B also acts regulatory role on inflammatory response in some intestinal diseases. It was showed that TNFRSF6B can enhance the intercellular interaction between macrophages and intestinal epithelial cells by upregulating CAM-1 (Philip et al., 2004). The aberrant expression of TNFRSF6B was confirmed a strong correlation with inflammatory bowel disease (Kugathasan et al., 2008; Funke et al., 2009; Henderson et al., 2011; Brant et al., 2017). These researches demonstrate a potential role of TNFRSF6B on avian intestinal diseases. However, there is still no any report of TNFRSF6B in chicken coccidiosis.

In this study, we carried out the Eimeria challenge in Ross 308 broilers and identified 347 DEGs through RNA sequencing. It was speculated that TNFRSF6B may participated in the immune response to chicken coccidiosis. We performed a series of experiments to verify its role, especially in macrophages immune activation and macrophages apoptosis. Totally, we confirmed that TNFRSF6B can aggravate the inflammatory response in chicken coccidiosis by inhibiting Fas signal pathway.



MATERIALS AND METHODS


Ethics Statement

All animal experiments in our study were approved by the Animal Care Committee of Scotland’s Rural College (Project license number: 70–8213, 29 January, 2018). We carried out the animal experiments following the policies and rules formulated by the committee and in accordance with the Animal Protection Ordinance of Scotland’s Rural College.



Samples Collection, RNA Extraction, Library Construction, and RNA-Seq

Twenty four Ross 308 commercial broilers were evenly distributed to six cages after birth and were fed ad libitum. At the age of 28-day, the feeding of chicken Eimeria coccidia oocysts (Intervet, Australia) was carried out on 12 broilers in three cages, which were considered to be the challenge treatment group (BAE), The dose of the Eimeria coccidia oocyst mixture is 1 mL for one individual. The 12 broilers in other three cages were treated with equal amount of saline, which were considered to be the control group (BAN). At day 35, all individuals were euthanized and intestinal lesion score (Johnson and Reid, 1970) was performed. The lesion phenotypic data and lesion score standard was listed in Supplementary Figure 1. Based on the lesion degree, the three individuals with most serious lesion in BAE and the three normal individuals were selected for mRNA sequencing. Bursa tissues were collected from the six individuals which has been selected, TRIzol Reagent (Life Technologies, Carlsbad, CA, United States) was used to extract total RNA by following manufacturer’s instruction. The integrity and concentration of RNAs were evaluated by NanoDrop 2100 (Thermo Fisher Scientific, Fremont, CA, United States). Then, NEBNext Poly (A) mRNA Magnetic Isolation Module (NEB, E7490) was used to isolate mRNA. The cDNA library was constructed following the instructions of NEBNext RNA Library Prep Kit for Illumina (NEB, E7530) and NEBNext Multiplex Oligos for Illumina (NEB, E7500). Subsequently, the mRNA was fragmented into the inserts of approximately 200 nt, for synthesizing the first-strand cDNA and the second cDNA. The double-stranded cDNA synthesis was performed with end-repair/dA-tail and adaptor ligation. The suitable fragments were isolated by Agencourt AMPure XP beads, and enriched by PCR. At last, the Illumina HiSeqTM sequencing platform was used for the sequencing of the constructed cDNA libraries. The raw data of RNA sequencing was submitted to National Center for Biotechnology Information database (accession ID: PRJNA561064; the accession link)1.



Plasmid Construction and siRNA Synthesis

The complete CDS of TNFRSF6B was amplified by PCR and was cloned into pJET1.2/blunt clone vector (Thermo Fisher Scientific, United States). Then, the TNFRSF6B complete CDS was completely excised from the pJET1.2 plasmid by restriction enzyme and connected to the pcDNA3.1 overexpression vector by T4 DNA Ligase (Thermo Fisher Scientific, United States). The XhoI and XbaI sites were selected. The PCR forward primer sequence was “ATGTTCTTATATAACGCGCAGC” and the reverse was “CTACAAGAGGAAGCGCTCCCGT”. Small interfering RNA (siRNA; oligonucleotide sequence: GGGAGCGCTTCCTCTTGTA) of chicken TNFRSF6B gene was designed and synthesized (RiboBio, Guangzhou, China).



Cell Culture

Chicken macrophage cells (HD11) were cultured with RPMI 1640 Medium (Gibco, United States) with 10% fetal bovine serum (Gibco, United States) and 0.2% penicillin/streptomycin (Invitrogen, United States) in a 37°C, 5% of CO2 incubator. Lipofectamine 3000 Reagent (Invitrogen, United States) was used in cell transfection following its protocol, when the cells grow to 70% confluence.



Reverse Transcription and Quantitative PCR (qPCR) Analysis

Total RNA of cells was extracted following the chloroform method protocol. 1 mL MagZol Reagent (Magen, Guangzhou, China) was used for cell lysis. Then add 200 μL chloroform (YongDa Chemical, Tianjin, China) into the tube and shake 15 s, incubate in room temperature, centrifuge at 12,000 × g for 15 min at 4°C. After centrifugation, transfer the supernatant into another 1.5 mL tube, mix with 0.5 mL isopropanol (YongDa Chemical, Tianjin, China), incubate in room temperature for 10 min and centrifuge at 10,000 × g for 10 min at 4°C. Discard the supernatant, wash the sediment with 75% anhydrous ethanol (YongDa Chemical, Tianjin, China) and centrifuge at 7,500 × g for 5 min at 4°C. Subsequently, the supernatant was discarded and keep in the room temperature for 3 min. At last, 40 μL RNase-free water was added into the tube to dilute the RNA sediment and save at −80°C. The reserve transcription was performed following the protocol of HiScript III 1st Strand cDNA Synthesis Kit (Vazyme, Nanjing, China). The mRNA expression was detected in QuantStudio 5.0 (Thermo Fisher Scientific, United States) by using ChamQ Universal SYBR qPCR Master Mix (Vazyme, Nanjing, China). The internal control used in qPCR analysis is GAPDH. The information of primers used in qPCR analysis was listed in Supplementary Table 1. Three replicates were performed for qPCR analysis. 2–ΔΔCT method was used to calculate the relative mRNA expression (ΔCT = CTtarget gene-CTreference gene, ΔΔCT = ΔCTtreated group-ΔCTnegative control group).



Western Blot Assay

Cell protein extraction was performed by using ice-cold radio immunoprecipitation (RIPA) lysis buffer (Beyotime, Shanghai, China) with phenylmethylsulfonyl fluoride (PMSF) (Beyotime, Shanghai, China). The protein was separated in 12% SDS-PAGE and transferred to a polyvinylidene fluoride (PVDF) membrane (Bio-Rad, United States). Then, the membrane was incubated with QuickBlockTM Blocking Buffer for Western Blot (Beyotime, Shanghai, China). After that, the target protein was probed using antibodies. The information of antibodies used in this study was follow: the dilution of Cleaved-Caspase 8/p43/p18 Antibody (Proteintech, United States) is 1:500, the dilution of Rabbit Anti-caspase 9/p10 antibody (Bioss, Shanghai, China) is 1:500, the dilution of Rabbit Anti-PARP 1 antibody (Bioss, Shanghai, China) is 1:500, the dilution of Rabbit Anti-Lamin B antibody (Bioss, Shanghai, China) is 1:500 and Mouse anti-GAPDH Antibody (Boster, Wuhan, China) is 1: 2,000. Subsequently, the secondary antibodies with HRP anti-rabbit/mouse IgG antibody (Boster, Wuhan, China) was used for incubation in a 1:10,000 dilution. Finally, DAB Horseradish Peroxidase Color Development Kit (Beyotime, Shanghai, China) was used for color rendering in the Odyssey Fc Image System (LI-COR, United States).



Flow Cytometric Analysis for Cell Apoptosis

Cells was collected after the digestion by 0.25% trypsin (Gibco, United States). Then, the cells were stained by using an Annexin V-FITC apoptosis detection kit (Beyotime, Shanghai, China) following its protocol. Finally, the cells were analyzed through the flow cytometer (Beckman, United States) following the standard process.



ELISA Analysis Assay

ELISA Kits (MLbio, Shanghai, China) were used to measure the cytokines secretion level following the protocol. The cells supernatant was collected in a 1.5 mL tube. After the centrifugation, transfer the supernatant into a new 1.5 mL tube. The supernatant and biotin-label antibodies were incubated in the same time. After washing, add the HRP marked with avidin. Then, color rendering was performed. Finally, absorption was measured in a Microplate Reader (BioTek, United States).



Reactive Oxygen Species (ROS) Assay

Reactive Oxygen Species Assay Kit (Beyotime, Shanghai, China) was used to detect the ROS level by following instruction protocol. The cells were washed by PBS and incubated with DCFH-DA at 37°C for 30 min. Then, the cells were further washed three times by PBS. DMi8 Fluorescence Microscope (Leica, Germany) was used to capture the random interfaces to visualize the ROS level. In addition, Microplate Reader (BioTek, United States) was used to measure the fluorescence value at 480/528 nm.



Nitric Oxide (NO) Assay

Nitric Oxide Assay Kit (Beyotime, Shanghai, China) was used to measure the level of NO by following manufacture’s protocol. The cell supernatant sample were collected into a 1.5 mL centrifuge tube and centrifuged at 12,000 × g for 5 min. Then, we transferred the supernatant into another new 1.5 mL tube and discarded the sediment. The samples and reference samples were put into the 96-well plate in 50 μL volume. Subsequently, we added 50 μL Griess Reagent I and 50 μL Griess Reagent II into the wells. Finally, absorbance was measured in a Microplate Reader (BioTek, United States) at 540 nm.



Statistical Analysis

All data was showed as mean ± standard deviation (S.E.M.). There were three replicates in every group of all experiment. Statistical significance of the mean difference was assessed using unpaired two-sample t-tests. ∗P < 0.05; ∗∗P < 0.01; NC, negative control.



RESULTS


Summary of Transcriptome Data and Differentially Expressed Genes (DEGs) Validation

According to the lesion degree (Supplementary Figure 1), bursa total RNA was extracted from three individuals with the most severe lesions and three healthy individuals for RNA-seq. All raw data was submitted to NCBI database (accession ID: PRJNA561064). In this mRNA sequencing, we obtained at least 62.56 million clean reads for each sample, which has passed the filter. As shown in Supplementary Table 2, the pair-end reads were no less than 31.28 million, the number of clean bases was no less than 9.34 billion. The GC content ranged from 52.17 to 52.65%. The percentage of bases whose base recognition accuracy reaches Q30 standard (the accuracy of base recognition ≥99.9%) is not less than 94.51%. The clean reads were mapped to chicken GRCg6a genome, the multiple mapped reads rate ranged from 3.90 to 4.13% and unique mapped rate ranged from 88.62 to 90.05% (Supplementary Table 3). A total of 19,866 genes were detected, including 16,231 known genes and 3,635 novel genes (Supplementary Table 4). In this study, | (Fold change) | >1.5 and P-value < 0.05 were set as the cut-off standard for differentially expressed genes and 347 DEGs were identified, including 297 known genes and 50 novel genes. Among these DEGs, 225 genes were upregulated and 122 genes were downregulated in ROSS 308 broiler bursa after challenge with Eimeria oocysts (Figure 1A). All DEGs were listed in Supplementary Table 5.
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FIGURE 1. Blast Analysis of Transcriptome from RNA-seq. (A) The quantity statistics of DEGs, in which the red column representing upregulated DEGs and the green representing downregulated DEGs. (B) Heatmap of 347 differentially expressed genes (DEGs) between BAE and BAN, in which rows representing genes and columns representing different groups.


Among of all DEGs, the most highly expressed gene was cathelicidin-B1-like (CATHB1), and it was upregulated in BAE group (log2FC = 0.82, P-value = 2.66E–5), which may be associated with intestinal immune system. Moreover, CATHB1 was also the most highly expressed gene in chicken bursa of fabricius under the stress of corticosterone hormone (Zhang Y. et al., 2018). In BAE group, the top 5 highly expressed known DEGs included CATHB1, retinoic acid receptor responder 1 (RARRES1), transferrin (TF), extracellular fatty acid-binding protein (LCN8) and keratin 24 (KRT24). In all of the downregulated known DEGs, pre-mRNA-processing factor 19-like (LOC107053341) was the most highly expressed gene (log2FC = −2.00, P-value = 8.99E–5), as well the unique down-regulated DEG among the top 10 known DEGs. The cluster analysis of DEGs in heat map showed that the gene expression pattern was similar intra-group, while were different between groups (Figure 1B).

In order to confirm the DEGs from RNA-seq, 12 DEGs were randomly chose for qPCR validation. The RNA used in qPCR experiments was from the same samples for RNA-seq. The 12 selected DEGs included RARRES1, LDHA, PMS1, AVD, AGR2, CYLD, TRVP2, RALGPS2, TNFRSF6B, TMEM2, TTC33, and IL10. qPCR validation results showed that these DEGs relative expression levels were consistent with those in RNA-seq (Figure 2).
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FIGURE 2. qPCR Validation for DEGs from RNA-seq. 12 DEGs were randomly selected for qPCR validation. The data was shown as mean ± SEM; *P < 0.05, **P < 0.01, ns: no significant difference.




GO and KEGG Pathway Analysis for DEGs

Gene ontology (GO) functional enrichment of DEGs was performed. According to functional annotation, they were divided into three sections, including Biological Process (BP), Cellular Component (CC), and Molecular Function (MF). Kolmogorov-Smirnov (KS) value <0.05 was considered as the criterion for significant enrichment. The DEGs could be classified in 1776 terms for BP, 234 terms for CC and 356 terms for MF. Among of them, 95 terms, 26 terms, and 63 terms were significantly enriched, respectively (Supplementary Table 6). Some terms that might be associated with coccidiosis, were enriched, including antigen processing and presentation of peptide antigen via MHC class I, positive regulation of T cell mediated cytotoxicity, negative regulation of macrophage derived foam cell differentiation, positive regulation of macrophage differentiation, MHC class I protein complex and interleukine-1 receptor activity (Figure 3A).
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FIGURE 3. GO and KEGG Analysis for DEGs. (A) The top GO terms for DEGs, in which rows representing GO terms and columns representing the value of “–log10(KS)”. (B) The top 20 enriched pathways in KEGG pathway analysis for DEGs, in which rows representing pathways and columns representing the percentage (%) of rich factor.


In addition, KEGG pathway analysis was carried out. The DEGs were observed to be enriched in 88 pathways. The q-value ≤ 1 was regarded as a significant difference in statistics of pathway enrichment. The top 20 enriched pathways were shown in Figure 3B and listed in Table 1. It was showed that these DEGs were enriched in Cytokine-cytokine receptor interaction and Intestinal immune network for IgA production, of which might be involved in chicken coccidiosis. Based on the situation of dominance of T-cells mediated immunity in anticoccidial response, we pay more attention to the DEGs enriched in Cytokine-cytokine receptor interaction pathway. We obtained a total of 7 DEGs enriched in this pathway, including TNFRSF6B, IL10, TNFRSF25, IL12RB2, IL1R1, TNFSF13B, and AMHR2 (Table 2). It is noteworthy that these 7 DEGs were all upregulated. IL10 has been widely studied in chicken coccidiosis and its upregulation in serum was regarded as a symbol of intestinal inflammatory damage caused by Eimeria coccidia (Sand et al., 2016). In our mRNA sequencing, IL10 indeed was regulated. However, among the 7 DEGs, TNFRSF6B showed the highest abundance and its specific role in coccidiosis has not been reported. Whether it plays a role in coccidiosis-mediated intestinal inflammatory injury is unclear. As a member of Cytokine-cytokine receptor interaction pathway, also a kind of protein located in the surface of cell membrane, it was speculated that TNFRSF6B gene may participate in the immune response in coccidiosis and we assumed it was a potential candidate for subsequent research.


TABLE 1. The top 20 enriched KEGG pathways.
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TABLE 2. DEGs enriched in Cytokine-cytokine receptor interaction pathway.
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TNFRSF6B Polarizes Macrophages to M1 Subtype

To verify the role of TNFRSF6B on cell level, we constructed an overexpress plasmid and synthesized its siRNA. The innate immune system responds to parasites by proinflammatory cytokines, in which process macrophages polarization plays a critical role (Dobbs et al., 2020). Thus, we investigated the effect of TNFRSF6B on macrophages polarization. After the 48-h transfection in HD11 cells with pcDNA3.1-TNFRSF6B and si-TNFRSF6B, we quantified the relative mRNA expression of some genes related to M1 subtype polarization. It is showed that the overexpression of TNFRSF6B upregulates the mRNA expression of IL-1β, IL-2, IL-6, IFN-γ, and TNF-α (Figure 4A). Similarly, ELISA assay was performed and the results showed that TNFRSF6B could promote the secretion of IL-1, IL-6, and IFN-γ (Figure 4B). The upregulation of these markers indicates a positive role of TNFRSF6B in polarizing macrophages to M1 subtype. The results further demonstrate that TNFRSF6B may play a positive role in the promotion of M1 macrophage polarization.
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FIGURE 4. TNFRSF6B polarizes macrophages to M1 subtype. (A) The mRNA expression of M1 macrophages polarization marker genes was upregulated or downregulated after the overexpression or knockdown of TNFRSF6B by qPCR. (B) The secretion of IL-1, IL-2, IL-6, and IFNγ from HD11 cells after the transfection with pcDNA3.1-TNFRSF6B and si-TNFRSF6B by ELISA analysis. (C) The mRNA expression of macrophages activation-related genes was upregulated or downregulated after the overexpression or knockdown of TNFRSF6B by qPCR. (D) The secretion of TLR4, M-CSF, and MCP-1 in cell supernatant after the transfection with pcDNA3.1-TNFRSF6B and si-TNFRSF6B by ELISA analysis. (E) ROS level analysis in HD11 cells with the overexpression of TNFRSF6B. (F) ROS level analysis in HD11 cells with the knockdown of TNFRSF6B. (G) NO level detection after the overexpression or knockdown of TNFRSF6B. The data was shown as mean ± SEM; *P < 0.05, **P < 0.01, ns, no significant difference.


Based on the situation of TNFRSF6B positive role on M1 macrophage polarization, we detected the relative mRNA expression of toll like receptor 2 A (TLR2A), toll like receptor 2 B (TLR2B), toll like receptor 4 (TLR4), colony-stimulating factor-1 (CSF-1) and colony-stimulating factor-2 (CSF-2). It is showed that TNFRSF6B expression upregulates the mRNA level of TLR2A, TLR2B, TLR4, CSF-1 and CSF-2 by leaps and bounds (Figure 4C). Furthermore, TNFRSF6B increased observably the secretion of TLR4, M-CSF and MCP-1 (Figure 4D). Besides, Reactive Oxygen Species level and NO level were increased significantly by TNFRSF6B (Figures 4E–G).



The Apoptosis Reversed the TNFRSF6B-Mediated Strengthening Effect on the Immune Response of Macrophages

It was showed that TNFRSF6B was capable of antagonizing macrophage apoptosis by inhibiting Fas signal pathway (Supplementary Data 1). Base on the situation of M1 macrophages activation and apoptosis inhibition caused by TNFRSF6B, we further explored the relationship between them. We used PKC inhibitor to induce HD11 cell apoptosis to antagonize its anti-apoptosis caused by the downregulation of Fas signal pathway. It could be found that the mRNA expression of IL-1β and IL-6 was declined by the treatment with PKC inhibitor (Figures 5A,B). The secretion of IL-1 and IFN-γ from HD11 cells was also downregulated (Figure 5C). The TNFRSF6B-mediated upregulation of these markers reflects the role of TNFRSF6B on polarizing macrophages to M1 subtype, but this process can be restored by apoptosis.
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FIGURE 5. The Apoptosis reversed the TNFRSF6B-mediated strengthening effect on the immune response of macrophages. (A) The mRNA expression of IL-1β and IL-6 after the treatment of TNFRSF6B overexpression and PKC inhibitor. (B) The mRNA expression of IL-1β and IL-6 after the treatment of TNFRSF6B knockdown and PKC inhibitor. (C) The secretion levels of IL-1, IFN-γ, and IL-2 after the treatment of TNFRSF6B overexpression and PKC inhibitor. (D) The mRNA expression of macrophages activation-related genes after the treatment of TNFRSF6B overexpression and PKC inhibitor. (E) The mRNA expression of macrophages activation-related genes after the treatment of TNFRSF6B knockdown and PKC inhibitor. (F) The secretion levels of TLR4 and M-CSF after the treatment of TNFRSF6B overexpression and PKC inhibitor. (G) The mRNA expression of IL-2 and IL-12 after the treatment of TNFRSF6B overexpression and PKC inhibitor. (H) The mRNA expression of IL-2 and IL-12 after the treatment of TNFRSF6B knockdown and PKC inhibitor. (I) The mRNA expression of NOS2 after the treatment of TNFRSF6B overexpression and PKC inhibitor. (J) The mRNA expression of NOS2 after the treatment of TNFRSF6B knockdown and PKC inhibitor. (K) Model of TNFRSF6B-mediated macrophages immune activation. The data was shown as mean ± SEM; *P < 0.05, **P < 0.01, ns, no significant difference.


Again, it was found that the TNFRSF6B-mediated upregulation of TLR2A, TLR2B, TLR4, CSF-1, and CSF-2 was restored or reversed by apoptosis (Figures 5D,E). The secretion of TLR4 and M-CSF, which had been promoted by TNFRSF6B, fell down to normal level (Figure 5F). When the apoptosis inhibition caused by TNFRSF6B was receded, the effect of TNFRSF6B on macrophages immune activation was limited. The mRNA level of IL-2 and IL-12 was also declined dramatically (Figures 5G,H). In addition, NOS2 mRNA expression also showed similar changes (Figures 5I,J). The results suggest that TNFRSF6B mediates macrophages activation by inhibiting macrophages apoptosis.



DISCUSSION

In recent years, there have been increasing reports on the crucial role of cytokines in chicken coccidiosis infection (Del et al., 2014; Song et al., 2015; Jing et al., 2019), also in toxoplasma diseases (Lima et al., 2018; Pandori et al., 2019). Chicken IFN-γ and IL-2 were able to effectively improve the DNA vaccines against to coccidiosis (Song et al., 2015). Chicken IL-17 played a proinflammatory role in coccidiosis (Min et al., 2013). In this study, we performed the challenge with Eimeria coccidia in 28-day-old ROSS 308 broilers. In mRNA sequencing of bursa, we obtained 347 DEGs, of which 225 DEGs were upregulated, and a total of 7 DEGs were enriched in Cytokine-cytokine receptor interaction pathway. Among of the 7 DEGs, IL-10 is widely believed to be involved in the development of coccidiosis (Arendt et al., 2016, 2019; Sand et al., 2016). In addition, TNFRSF6B showed the highest expression abundance in the 7 DEGs. Nevertheless, there is no literature about TNFRSF6B in coccidiosis.

TNFRSF6B was regarded as a pivotal molecule in inflammatory reaction and TNFRSF6B was pleiotropic in the inflammation regulation (Lin and Hsieh, 2011; Hsieh and Lin, 2017). TNFRSF6B was also considered as a kind of immunomodulator (Rothwell et al., 2004; Hsu et al., 2005; Liu et al., 2017). As a member of cytokine-cytokine receptor interaction pathway, TNFRSF6B also has an important role in various immune regulatory processes. Aberrant expression of TNFRSF6B in cancer cells inhibited Fas-mediated and TNFRSF14-mediated apoptosis, leading the cancer cells to escape during the immune process (Zhang et al., 2015; Zhang X. et al., 2018). TNFRSF6B was reported to associate with cell adhesion by increasing CAM-1 (Philip et al., 2004; Tsai et al., 2018). In macrophages, ICAM-1 expression is mediated by activation of NF-κB signaling (Yang et al., 2005), which promotes inflammatory response. In our research, the challenge with Eimeria coccidia upregulated the expression of TNFRSF6B and the upregulation of TNFRSF6B mediated the TLRs expression. TLRs play an important role in the identification of pathogens by immune cells. The accumulation of TLRs on the surface of macrophage membranes can promote cell immune activation and mediate cell inflammation (Fujiwara and Kobayashi, 2005). Furthermore, MCP-1 was also upregulated by the upregulation of TNFRSF6B. MCP-1 can promote the activation of macrophages, which results in high expression of TLRs on the surface of the macrophages’ cell membrane (Fujiwara and Kobayashi, 2005; Yadav et al., 2006; Fujiwara et al., 2019). Coccidioides infection activates the chicken’s immune system, leading to inflammatory damage in the gut (Shirley et al., 2005). This inflammatory response is primarily mediated by cytokines (Yun et al., 2000; Min et al., 2013). The expression and secretion of multiple pro-inflammatory cytokines caused by TNFRSF6B upregulation may mediate inflammation in coccidiosis.

TNFRSF6B has been demonstrated to drive M2-type differentiation in macrophages in vitro studies (Lin and Hsieh, 2011). In DcR3-treated macrophages, proinflammatory cytokines in response to lipopolysaccharide is impaired (Chang et al., 2004). DcR3 was also characterized with the function of activating microglia into an anti-inflammatory M2 phenotype in Alzheimer’s disease (Liu et al., 2017). However, TNFRSF6B showed a proinflammatory effect in chicken macrophages in our study. It may be due to species differences or large differences in homology. After Eimeria challenge, the proinflammatory cytokine expression would increase, also NO, which is involved in inflammatory response (Laurent et al., 2001). Proinflammatory cytokine secretion could be increased by TNFRSF6B in a co-stimulatory way (Lee et al., 2008). In our study, TNFRSF6B promoted various proinflammatory cytokines expression and NO secretion, which may be the cause of intestinal inflammation injury caused by coccidiosis. Not only does the inflammatory response, but the state of oxidative stress in the blood also plays a role in the physiopathology of coccidiosis (Griss et al., 2019). Serum level of ROS was higher than normal level after coccidia infection (Griss et al., 2019). The TNFRSF6B-mediated upregulation of ROS level may also be another way of intestinal damage in coccidiosis.

TNFRSF6B-mediated inhibition of apoptosis lead to overactivation of T cells, causing an autoinflammatory response (Lee et al., 2008). It is widely reported that TNFRSF6B can competitively bind to FasL with Fas and thus suppresses Fas signal-mediated apoptosis (Li et al., 2007; Mabrouk et al., 2008). Our study showed that the overexpression of TNFRSF6B observably suppresses macrophages apoptosis via antagonism on Fas signal pathway. In the recovery verification, we found that there was a negative correlation between macrophages apoptosis and TNFRSF6B-mediated proinflammatory effect. This finding is the first to confirm that TNFRSF6B-mediated proinflammatory effect is caused by the inhibition of macrophages apoptosis. In systemic lupus erythematosus, elevated TNFRSF6B may be associated with enhanced T cell activation and plays a possible role by T cell hyperreactivity and apoptosis inhibition in activated T cells (Lee et al., 2008), which is similar to our findings. Specific regulatory mechanisms may require further research.



CONCLUSION

We found that TNFRSF6B is upregulated after coccidia challenge, and it can reduce macrophages apoptosis by down-regulating the Fas signaling pathway and thereby promoting macrophage M1 type polarization and aggravating the inflammatory response (Figure 5K).
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