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            Abstract
Epigenetic modifiers have fundamental roles in defining unique cellular identity through the establishment and maintenance of lineage-specific chromatin and methylation status1. Several DNA modifications such as 5-hydroxymethylcytosine (5hmC) are catalysed by the ten eleven translocation (Tet) methylcytosine dioxygenase family members2, and the roles of Tet proteins in regulating chromatin architecture and gene transcription independently of DNA methylation have been gradually uncovered3. However, the regulation of immunity and inflammation by Tet proteins independent of their role in modulating DNA methylation remains largely unknown. Here we show that Tet2 selectively mediates active repression of interleukin-6 (IL-6) transcription during inflammation resolution in innate myeloid cells, including dendritic cells and macrophages. Loss of Tet2 resulted in the upregulation of several inflammatory mediators, including IL-6, at late phase during the response to lipopolysaccharide challenge. Tet2-deficient mice were more susceptible to endotoxin shock and dextran-sulfate-sodium-induced colitis, displaying a more severe inflammatory phenotype and increased IL-6 production compared to wild-type mice. IÎºBÎ¶, an IL-6-specific transcription factor, mediated specific targeting of Tet2 to the Il6 promoter, further indicating opposite regulatory roles of IÎºBÎ¶ at initial and resolution phases of inflammation. For the repression mechanism, independent of DNA methylation and hydroxymethylation, Tet2 recruited Hdac2 and repressed transcription of Il6 via histone deacetylation. We provide mechanistic evidence for the gene-specific transcription repression activity of Tet2 via histone deacetylation and for the prevention of constant transcription activation at the chromatin level for resolving inflammation.
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                    Figure 1: Loss of Tet2 maintains higher expression of IL-6.[image: ]


Figure 2: IÎºBÎ¶ mediates selective targeting of Tet2 to Il6 promoter.[image: ]


Figure 3: Hdac2 associates with Tet2 and specifically represses IL-6 through histone deacetylation.[image: ]


Figure 4: Tet2 recruits Hdac2 to repress expression of IL-6.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Loss of Tet2 specifically enhances expression of IL-6 but not TNF-Î±.
a, Hierarchical cluster of transcription level of chromatin modifiers with significant variation in LPS-stimulated murine BMDC, RPKMs were centred by the mean. b,Tet2 mRNA in human dendritic cells (hDC), LPS-stimulated murine BMDC, BMM and primary peritoneal macrophages (pMÏ•). câ€“f, j, Human imDCs in which TET2 were lentivirally silenced (LV-siTET2), BMDC, BMM and peritoneal macrophages from Tet2-deficient mice (câ€“f), peritoneal macrophages from conditional Tet2-deficient mice (f, j) and their respective controls were stimulated by LPS for 8 h (c) or the indicated time (d, e, j). Protein levels of TET2 were detected by immunoblot, with lamin A/C as the loading control (c). IL-6 protein levels were analysed by ELISA (d), and Tnfa and Il6 mRNA levels were analysed by qPCR (e, j). Percentage of Iab+CD11c+BMDC or F4/80+ CD11b+peritoneal macrophages were analysed (f). gâ€“i, Tet2 (g, h), Tet3 (g, i) were silenced in peritoneal macrophages for 48 h and then peritoneal macrophages were stimulated with LPS for 8 h (g, i) or the indicated time (h), and the protein levels of Tet2 or Tet3 were detected by immunoblot, with lamin A/C as the loading control (g).Tnfa and Il6 mRNA were analysed by qPCR (h, i). Full scans of blots are shown in Supplementary Fig. 1. Error bars represent s.e.m. of triplicate biological replicates and are representative of three independent experiments. **P < 0.01.


Extended Data Figure 2 Loss of Tet2 barely affects development of immune cells.
Percentages of the indicated immune cells were analysed by their specific lineage markers from control and Tet2-deficient mice. Data were from one representative of three independent experiments.


Extended Data Figure 3 Gene expression variation in Tet2-deficient dendritic cells.
a, b, mRNA variations of indicated genes in RNA-seq analysis of BMDC stimulated with LPS. RPKM of each of the genes in 4 h group were compared with 0 h group, and calculated to log2 ratio. c, d, qPCR analysis of mRNA levels of indicated genes in wild type and Tet2-deficient naive BMDC (c) or LPS-stimulated BMDC (d). e, BMDC were stimulated with LPS for 8 h, and then endogenous Tet2 enrichments at proximal promoter of indicated genes were analysed by ChIP-qPCR. Error bars represent s.d. of triplicate technical (e) or s.e.m. of triplicate biological (c, d) replicates and are representative of three independent experiments. **P < 0.01.


Extended Data Figure 4 Potential targets of Tet2 during immune response.
aâ€“d, ELISA of cytokines in supernatants of splenic activated CD4+ T cells (a), CD8+ T cells (b) and NK cells (c), and conventional splenic CD19+ B cells (d) from Tet2-deficient (KO) and control mice (WT). T cells were stimulated with 10 Î¼g mlâˆ’1 anti-CD3 and 1 Î¼g mlâˆ’1 anti-CD28 monoclonal antibodies for 24 h. NK cells were stimulated with a combination of 10 ng mlâˆ’1 IL-12 plus 5 ng mlâˆ’1 IL-18 for 12 h. B cells were stimulated with 5 Î¼g mlâˆ’1 LPS for 24 h, Error bars represent s.d. of triplicate technical replicates and are representative of three independent experiments. **P < 0.01.


Extended Data Figure 5 Loss of Tet2 barely affects TLR4 signalling pathways.
a, b, Immunoblot assays of the phosphorylated (p-) or total proteins in lysates of wild-type and Tet2-deficent BMDC (a) and peritoneal macrophages (b) stimulated with LPS for indicated time. Full scans of blots are shown in Supplementary Fig. 1. Data were from one representative of three independent experiments.


Extended Data Figure 6 Tet2 binding partners for cytokine regulation.
a, Co-immunoprecipitation assay using Tet2 antibody of nuclear fraction of murine BMDC stimulated with LPS for 8 h. Gene symbols of transcription factor deposited in KEGG database and their unique peptides identified by mass spectrometry analysis were tabled. b, IÎºBÎ¶ was silenced in BMDC using specific siRNA for 36 h and the BMDC were stimulated with LPS for 8 h. The protein levels of IÎºBÎ¶ were detected by immunoblot, with lamin A/C as the loading control. c, Hdac1/2 (blue circles) were subjected to interaction analysis with genes which had significant expression variations (red circles for upregulated, and green circles for downregulated) in BMDC 4 h after LPS stimulation. The linkers indicate interaction or regulation relationship between the two genes. d, e, Flag-tagged Hdac1 (d) or Hdac2 (e) were overexpressed in HEK293T cells together with Myc-tagged Tet2. Cell lysates were examined by IP and immunoblot with indicated antibodies. The whole-cell lysates (WCL) were used to examine the input of overexpressed proteins. f, BMDC were pretreated with 100 nM TSA for 1 h, and then stimulated by LPS for indicated time. mRNA levels of indicated genes were analysed by qPCR. g, h, BMDC (g) and peritoneal macrophages (h) were stimulated with LPS for the indicated time. Enrichments of H3Ac (g), H4Ac (h) at Tnf promoters were analysed by ChIP-qPCR. i, Hdac2 was silenced in BMDC for 48 h and then the BMDC were stimulated with LPS for 8 h. The protein levels of Hdac2 were detected by immunoblot, with lamin A/C as the loading control. Full scans of blots are shown in Supplementary Fig. 1. Error bars represent s.d. of triplicate technical (g, h) or s.e.m. of triplicate biological (f) replicates and are representative of three independent experiments. **P < 0.01.


Extended Data Figure 7 Tet2 represses Il6 promoter activity through recruiting Hdac2.
a, Luciferase activities in lysates of HEK293T cells transfected with indicated plasmids and luciferase reporter for murine Il6 promoter (TSS to upstream 3K). b, ChIP-qPCR analysis of Myc-tagged Tet3 in murine Il6 promoter in HEK293T cells which were transfected with indicated plasmids and luciferase reporter. c, ChIP-qPCR of Myc-tagged Tet2 or endogenous Hdac2 in murine Il6 promoter in HEK293T cells transfected with indicated plasmids and luciferase reporter. d, Hdac2 was silenced for 36 h in HEK293T cells. Protein levels of Hdac2 were detected by immunoblot, with lamin A/C as the loading control. e, Luciferase activities in lysates of Hdac2-silenced HEK293T cells transfected with indicated plasmids and luciferase reporter containing murine Il6 promoter. f, Wild-type (WT) and Tet2-deficient (KO) peritoneal macrophages were stimulated with LPS for 8 h. IP using O-GlcNAcylation antibody was performed. The whole-cell lysates (WCL) were used as the input. Full scans of blots are shown in Supplementary Fig. 1. Error bars represent s.d. of triplicate technical replicates and are representative of three independent experiments. **P < 0.01.
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        Editorial Summary
Anti-inflammatory action of Tet2
The regulation of immunity and inflammation by Tet proteins independent of their epigenetic role in modulating DNA methylation remains largely unknown. The Tet2 enzyme, which is known to catalyse de novo hydroxymethylation of DNA, is shown here to have a novel role in regulating inflammation. Specifically Tet2 acts as a transcriptional repressor by recruiting the histone deacetylase inhibitor Hdac2 to the interleukin-6 promoter in the course of resolution of the lipopolysaccharide (LPS)-induced inflammatory response.
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