Supplementary Materials and Methods
Apoptosis assay
[bookmark: OLE_LINK5][bookmark: OLE_LINK9]Sorted naïve CD4+ T cells were stimulated with plate-bound anti-CD3 (5μg/mL) and soluble anti-CD28 (3μg/mL). 72h later, cells were harvested and analyzed by flow cytometry for viability using Annexin V-FITC apoptosis detection kit (BioLegend, 640914).
CFSE proliferation assay
Sorted naïve CD4+ T cells were suspended in a solution of 0.1%BSA in PBS at a density of 10 x 106 cells /mL. CFSE was added to the cells at a final concentration of 10μM and the cells were incubated at 37°C for 7min. Incorporation of CFSE into cell membranes was stopped by the addition of five volumes of ice-cold RPMI medium supplemented with 10% FBS. Excess CFSE was removed by three successive washes in medium. Dilution of CFSE in dividing cells was monitored at 72 h after stimulation with various concentration of anti-CD3 mAb, and was assessed by flow cytometry on gated CD4+ T cells.
Immunoblot analysis
For immunoblot analysis, sorted naïve CD4+ T cells were stimulated at indicated time points, and lysed in SDS sample buffer by the addition of 1/4 volume of 5 × SDS sample buffer directly into cell suspensions. Samples were then boiled for 5 min and separated by (10%) SDS-PAGE.
ELISA
Supernatants of in vitro cell cultures or serum of mice were analyzed by ELISA using a commercial assay system (eBioscience).
Isolation of mRNA and quantitative PCR
TRIzol reagent (Invitrogen) was used for total RNA extraction. Real-time quantitative PCR was performed using SYBR Premix Ex TaqTM II on LC480II Real-Time PCR system (Roche, USA). Results were normalized to β-actin expression.
RNA-seq and Data Analysis 
Total RNA was extracted from naïve CD4+ T cells unstimulated or anti-CD3 stimulated for 4h using the RNeasy kit (Qiagen). Library construction and sequencing were performed on a BGISEQ-500 platform by the Wuhan Genomic Institution (www.genomics.org.cn, BGI, Shenzhen, China). All reads were mapped to the mm10 mouse genome, and the uniquely mapped reads were subjected to RNA-seq data analysis using the Hierarchical Indexing for Spliced Alignment of Transcripts (HISAT) system.46
Supplementary Figure Legends
[bookmark: _GoBack]Supplementary Figure 1 Conditional targeting of the mouse Zfp281 gene. (a) Strategy of Zfp281 conditional knockout mice, referring to Supplemental Materials and Methods. (b) The detection of Zfp281 mRNA level by q-PCR (Left) and protein level by Western Blot (Right). Total splenocytes from C57BL/6 and Zfp281fl/fl mice were used for analysis. (c) Genotype of Zfp281+/- x Zfp281+/- offspring. (d) Genomic DNA was isolated from total thymocytes and splenic T cells of indicated mice and then used for PCR analysis of Zfp281 deletion and the LoxP-flanked allele. (e) Detection of Zfp281 protein deletion. Splenic T cells of Zfp281-deficient and control mice were used for Western blot analysis using antibody to Zfp281. Data (b Right, d and e) are representative of three independent experiments. N.S, non-specific band. (f) q-PCR detection of Zfp148 expression level in total thymocytes and splenic CD4+ T cells from WT and cKO mice (n=3). Data are mean ± s.d.; Two-tailed, unpaired t-test was used. NS, not significant.
Supplementary Figure 2 The profile of Zfp281 and Zfp148 expression in organs and T cells. (a) Quantification of Zfp281 mRNA expression in indicated organs. (b) q-PCR detection of Zfp281 mRNA level in CD8+ T cell left unstimulated or stimulated with anti-CD3 plus anti-CD28 mAbs for indicated time. (c) q-PCR detection of Zfp148 mRNA level in CD4+ T cell left unstimulated or stimulated with anti-CD3 plus anti-CD28 mAbs for indicated time. Data are representative of three independent experiments (mean ± s.d.).
Supplementary Figure 3 The phenotype of peripheral T cells. (a and b) Expression of CD62L and CD44 on CD4+ (a) and CD8+ (b) splenocytes from wild type and Zfp281-deficient mice. (c) Flow cytometric analysis of splenic Tregs in wild type and Zfp281-deficient mice. NS, not significant. Data are representative of at least six independent experiments.
Supplementary Figure 4 The upregulation of T cell activation markers and IFN-γ production in CD8+ T cells. (a and b) CD25 (a) and CD69 (b) staining on sorted naïve CD8+ (CD44loCD62LhiCD8+) splenocytes from indicated mice stimulated with indicated concentration of anti-CD3 mAb overnight. Numbers above lines (Left) indicated the percentage of CD25+ (a) or CD69+ (b) cells. Right, statistics of the percentage of CD25+ (a) or CD69+ (b) cells were shown as on the left. (c and d) Intracellular IFN-γ (c) and IL-2 (d) level in wild-type and Zfp281-deficient naïve CD8+ T cells cultured in vitro with anti-CD3 mAb for 3 days. Right, statistics of the percentage of IFN-γ + (c) or IL-2+ (d) cells were shown as on the left. Data are representative of at least three independent experiments (mean ± s.d.). Two-tailed, unpaired t-test was used. NS, not significant. *P < 0.05, **P < 0.01. 
Supplementary Figure 5 The effect of Zfp281 deficiency on CD4+ T cell proliferation and apoptosis. (a) Flow cytometric analysis of CFSE dilution in wild-type and Zfp281-deficient naïve CD4+ T cells left unstimulated or stimulated for 72h in vitro with anti-CD3 mAb as indicated in figures. (b) In vitro apoptosis assays. Naïve CD4+ T cells from indicated mice were cultured with anti-CD3 (5μg/mL) plus anti-CD28 (3μg/mL) for 72h, and stained by Annexin V. NS, not significant. Data are representative of three independent experiments.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Supplementary Figure 6 T cell development is normal in OT-II-Zfp281fl/flCd4Cre mice. (a) Flow cytometric analysis of thymocytes from control or Zfp281-deficient mice bearing a transgene encoding the MHC class II-restricted OT-II TCR. Up panel, staining of anti-CD4 and anti-CD8 FACS antibodies on total thymocytes. Bottom panel, staining with the antibody to the OT-II-specific variable region Vβ5. (b) Flow cytometric analysis of splenocytes. Up panel, staining of anti-CD4 and anti-CD8 on total splenocytes. Middle panel, staining of anti-CD44 and anti-CD62L. Bottom panel, staining of anti-Vβ5. (c) Quantitation of CD4+ Vβ5+ T cells in thymus and spleen. NS, not significant. Data are representative of three independent experiments.
Supplementary Figure 7 The defected activation of CD4+ T cells caused by Zfp281 deficiency is antigen-specific. (a and b) CD25 (a) and CD69 (b) staining on gated CD4+ Vβ5+Vα2+ T cells from OT-II-Zfp281fl/fl and OT-II-Zfp281fl/flCd4Cre total splenocytes stimulated with indicated OVA peptide for 5 hours. Numbers above lines (left) indicate the percentage of CD25+ (a) or CD69+ (b) cells. Right, statistics of the percentage of CD69+ and CD25+ T cells as shown in left. (c and d) Enzyme-linked immunosorbent assay (ELISA) of IFN-γ (c) and IL-2 (d) secreted by OT-II-Zfp281fl/fl and OT-II-Zfp281fl/flCd4Cre total splenocytes stimulated with indicated OVA peptide for 72 hours. NS, not significant. *P < 0.05 and **P < 0.01. Data are representative of three independent experiments (mean ± s.d.).
Supplementary Figure 8 CTLA-4 expression in Tregs and CD8+ T cells. (a) CTLA-4 level on gated CD4+Foxp3+ splenocytes from Zfp281fl/fl and Zfp281fl/flCd4Cre mice detected by flow cytometry. (b and c) Conventional naïve CD4+ T cells (TCR+CD4+CD25-CD44-CD62L+YFP-, Tconv) and Foxp3 Tregs (TCR+CD4+YFP+) were sorted from spleens of Foxp3YFP-Cre mice.47 RNA was extracted for Zfp281 mRNA detection by q-PCR (b). Protein was extracted for Western blot analysis (c). (d) Total CTLA-4 level in unstimulated and anti-CD3 stimulated CD8+ T cells. Data are representative of three independent experiments (mean ± s.d.).
Supplementary Figure 9 Zfp281 binds to the promoter of Ctla-4 and inhibits its transcriptional activity. (a) Putative Zfp281-binding site in the mouse Ctla-4 promoter region. The putative binding sequences are shown in bold. The positions are relative to the transcription initiation site (TIS) that is deﬁned as +1. (b) Zfp281 inhibits the luciferase activity of the Ctla-4 promoter. (c) Ctla-4 mRNA level in splenocytes transfected with shCtla-4 retrovirus. (d) Western blot analysis of CTLA-4 in splenocytes transfected with shCtla-4 retrovirus. NS, not significant, *P < 0.05. Results are representative of three independent experiments (mean ± s.d.).  
Table S1. Primers for detecting the homologous recombination arm, loxp site and deleted band in Zfp281 locus.
	Name
	Location
	Primer Sequence

	P1
	5’ arm
	AGGTCTCTAGCACCATGCTTTTTTT 

	P2
	5’ arm
	ACAGTGGCTGAGGGTTTCTAGGGAG

	P3
	3’ arm
	CACCACAGCTGTCTGTGAAGAGTTA

	P4
	3’ arm
	CTGAGCCCAGAAAGCGAAGGAGCAAAG

	P5
	5’ loxp
	ACTAAAGTGAACCAAATGCCAATG

	P6
	5’ loxp
	AAGTCCTCGACCGGACCAGA

	P7
	3’ loxp
	AACCCAATACCGACTTCCAC

	P8
	3’ loxp
	CATAAGACTAAACACCACCAAA

	P9
	Deleted band
	[bookmark: OLE_LINK73][bookmark: OLE_LINK46]TAAAGTGAACCAAATGCCAATG  

	P10
	Deleted band
	[bookmark: OLE_LINK74][bookmark: OLE_LINK75]CTCTGCCACCAGGTAGGATG



Table S2. Primers for qPCR.
	Gene
	Forward Primer
	Reverse Primer

	Zfp281
	CACTTGCCAACAGTATTTTTCA
	GAACTTGTATTTCCCTGAGAC

	Ctla-4
	CTGTGCTGCGGCAGACAAAT
	CAAAGTATGGCGGTGGGTAC



Table S3. Primers for ChIP-qPCR.
	locus
	location
	Forward Primer
	Reverse Primer

	Ctla-4
	-1300
	[bookmark: OLE_LINK10]GGAGCAAATACAGCGTAGGAA
	GAAGAGGCTCTGTAGAGTCGG

	Ctla-4
	-400
	TATACTCTCCAAGACTCCACGT
	GGTTTAGCTGTTACGTCGTAAAGA

	Ctla-4
	-300
	TCATTTCTTGTGATTTTGGCA
	CAGTACTCTTACTTAGCGTCC
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