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Supplementary Fig. 1. Foxp1D induction by TCR stimulation in vitro and in vivo. (a) Wild-type naive CD4* T
cells were stimulated by plate-bound anti-CD3 antibodies at different concentrations for 48 hours, then
analyzed by immunoblotting for Foxp1 expression and by staining for cell surface markers CD44. (b) Wild-type
naive OT-II T cells were transferred into Ly5.1" C57BL/6 recipient mice followed by immunization with
NP-OVA in alum. Foxpl expression was analyzed by intracellular staining in donor OT-II T cells at different
time points after immunization. Foxpl""Cd4-Cre (KO) CD4" T cells were used as controls. Results represent
three (a) and two (b) independent experiments.
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Supplementary Fig. 2. T_ cell differentiation of Foxpl-deficient OT-II T cells in Ly5.1" C57BL/6 recipient
mice. Purified naive OT-II Foxp1-WT or OT-II Foxp1-cKO T cells were transferred into Ly5.1" C57BL/6 recipi-
ent mice followed by immunization with NP-OVA in alum. (a) Percentages of PD-1"CXCR5" T, cells and
GL7"CXCRS5" GC T, cells in splenic donor OT-II T cells 6 days after immunization. (b) Bcl-6 expression in
donor OT-II T, cells by intracellular staining 6 days after immunization. (¢) Phenotypes of donor OT-II T, cells
by cell surface staining 6 days after immunization. Results represent at least two independent experiments.
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Supplementary Fig. 3. The effect of Foxpl on T, differentiation is cell-intrinsic. (a) Purified naive OT-II
Foxpl1-WT or OT-II Foxpl-cKO T cells were transferred into Ly5.1" SMARTA recipient mice followed by
immunization with NP-OVA in alum. Foxp3 expression in splenic donor OT-II T cells and recipient CD4" T
cells in SMARTA recipient mice were analyzed 6 days after immunization. (b) Naive OT-II Foxp1-WT and
OT-II Foxpl-cKO T cells were mixed at 1:1 ratio and co-transferred into Ly5.1* C57BL/6 recipient mice
followed by immunization with NP-OVA in alum. The percentage of T, cells in donor OT-II T cells in the
mLN of the recipient mice were analyzed 5 days after immunization. Results represent two independent
experiments.
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Supplementary Fig. 4. T, 1, T 2 and T 17 differentiation of Foxp1-deficient CD4" T cells. Purified naive
CD4" T cells from tamoxifen-treated Foxpl"™Rosa*™* mice (WT) or Foxp1""Cre-ERT2"Rosa*** mice (cKO)
were stimulated by anti-CD3 and anti-CD28 antibodies under T 1-, T ;2- or T, 17-polarizing culture condi-
tions for 2 days, followed by expansion in T cell medium with IL-2 for two more days. Cytokines were
examined by intracellular staining. Results represent three independent experiments.
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Supplementary Fig. 5. Generation of Foxpl A and Foxp1D conditional transgenic mice. (a) Schematic diagram of
the targeting strategy for FoxplA (Foxpla™") or FoxplD (Foxpld™") conditional transgenic mice. (b) Southern
blotting analyses of Foxpla™* and Foxpld™" mice. (¢) Expression of cell surface markers and GFP in
Foxpla™™Cd4-Cre CD4" T cells. (d) Expression of cell surface markers and GFP in Foxpld™®™Cd4-Cre CD4" T
cells. Results represent at least two independent experiments.
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Supplementary Fig. 6. Both FoxplA and FoxplD negatively regulate T, cell development. (a, b)
Foxpla™™Cd4-Cre mice were infected with influenza virus PR8. The percentages and numbers of PD-
IMCXCRS5" T, cells (a) and GC B cells (b) in the spleens of the infected mice were analyzed. Foxpla™™ mice
were used as controls. Error bars represent s.d. (n=5). (¢, d) Foxpld™®™Cd4-Cre mice were infected with PR8
virus. The percentages and numbers of CXCR5"PD-1" T, cells (¢) and GC B cells (d) in the spleens of the
infected mice were analyzed. Foxpld™™ mice were used as controls. Error bars represent s.d. (n=4). Results
represent at least two independent experiments. *P < 0.05, **P < 0.01.
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Supplementary Fig. 7. Transgenic expression of FoxplD suppresses T, cell differentiation but not the
general CD4" T cell responses. (a) Purified naive CD4" T cells from OT-II1 Foxp1d™¥™Cd4-Cre or control
OT-II Foxp1d™™ mice were transferred into Ly5.1" C57BL/6 recipient mice followed by immunization
with NP-OVA in alum. Seven days after immunization, the percentages of PD-1"CXCR5" T, cells in
splenic donor OT-II T cells were analyzed. (b) Purified naive CD4" T cells from OT-II Foxpld"¥™Cd4-

Cre or control OT-II Foxpld™™ mice were mixed at 1:1 ratio and co-transferred into Ly5.1" C57BL/6
recipient mice followed by immunization with NP-OVA in alum. The ratios of GFP* Foxp1D transgenic
OT-II T cells to control OT-II and the percentages of T, cells in splenic donor OT-II T cells were analyzed
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Supplementary Fig. 8. Expression of T -related genes in wild-type and Foxpl-deficient T, -like cells in vitro
and FoxplD specifically inhibits IL-21 production in vitro.(a) Relative mRNA expression in wild-type and
Foxpl-deficient T cells activated under T, -like cell culture conditions in vitro. Error bars represent standard
error of the mean (s.e.m.). (b) Wild-type (Foxpld™™) or Foxp1D transgenic (Foxpld"™Cd4-Cre) CD4" T cells
were stimulated by anti-CD3 and anti-CD28 antibodies in vitro under T 1-polarizing culture conditions for three
days and expanded for additional 2 days in medium. IL-21 production was examined on day 5 by intracellular
staining.
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Supplementary Fig. 9. Recovery of donor OT-II T cells at the initial stage of the responses in B cell-deficient
uMT recipient mice versus B cell-intact recipient mice. The day 3 data of total donor OT-II T cells in the spleens

of the recipient mice of Fig. 7b and Fig. 2a are shown. Error bars represent s.d. (uMT recipients: n=2; SMARTA
recipients: n=4). Results represent at least two independent experiments.
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Supplementary Fig. 10. T_, cell differentiation of Foxp1-deficient CD4" T cells in uMT recipient mice. Purified
naive OT-II Foxpl-WT and OT-II Foxpl-cKO T cells were transferred into uMT recipient mice followed by
immunization with NP-OVA in alum. (a) Phenotypes of donor OT-II T cells in the spleens of the recipient mice
5 days after immunization. (b) Percentages of GL7"CXCRS5" GC T, cells in splenic donor OT-II T cells 4 and
7 days after immunization. (¢) Percentages of IL-21-producing cells in day 5 splenic donor OT-II T cells by intra-
cellular staining. Results represent at least two independent experiments.
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Supplementary Fig. 11. Retroviral over-expression of Bcl-6. (a) Immunoblotting of Bel-6 in HEK293T cells
transfected with plasmid MSCV-IRES-hNGFR (Mock) or MSCV-Bcl-6-hNGFR. (b) Immunoblotting (left
panel) or intracellular staining (right panel) of Bcl-6 in CD4" T cells infected with RV-Ctrl or RV-Bc¢l-6 retrovi-
ruses. (¢) Wild-type or Foxpl-deficient naive OT-II T cells transduced with RV-Ctrl, RV-Bcl-6, or RV-FoxplA
were transferred into Ly5.1" C57BL/6 recipient mice. Three days later, the recipient mice were immunized with
NP-OVA in alum. T, cell differentiation of ANGFR" cells in the mLN was analyzed 5 days after immunization.
Results represent at least two independent experiments.
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Supplementary Table 1. Expression and cKO/WT Tgy fold change for 118 genes selected as
Trr markers based on microarray data (m, shown as blue dots on scatter plot) and additional
markers based on literature search (1).

# IluminalD Symbol m 1 CK(T)/ wr N1 ‘;VF: ‘;VF: CIEO ci,? ci,?
FH 1 1 2 1 1 2
1 ILMN 1230353 Bel6 y y 1.63 11.1 127 132 11.8 13.6 13.7
2 ILMN 2725464 SAP y y 112 129 138 137 12.8 140 13.9
3 ILMN_2990494 Cxers y y 118 113 146 142 11.9 146 147
4 ILMN_1260060 Pdcdl y y 117 84 9.1 89 85 91 93
5 ILMN 2435486 Tnfsfs y y 1.60 102 108 108 102 11.6 115
6 ILMN 1215795 121 y y  2.80 85 11.1 11.2 104 12.7 125
7 ILMN 2931334 14 y y 133 9.5 12.7 13.5 10.0 13.1 13.9
8 ILMN 2630459 Cxcrd y y LIl 104 11.1 112 102 11.0 11.6
9 ILMN_ 2642800 Sostdcl y 5.98 79 9.7 100 87 12.0 1238
10 ILMN 2758720 Sypl y 1.02 119 124 126 11.9 12.5 12.6
11 ILMN 2502471  BC023892 y 0.82 98 86 9.1 97 89 8.1
12 ILMN 3161679 Serpinil y 0.79 89 82 83 85 80 7.8
13 ILMN 2886610 Txlnb y 1.20 8.1 87 87 83 88 9.1
14 ILMN 2718330 Cish y 129 11.7 9.9 102 124 10.6 10.3
15 ILMN 1217180 Ifitm1 y 067 109 98 95 11.0 93 838
16 ILMN 1232766 Scepdh y 1.33 9.5 119 119 94 12.1 124
17 ILMN 2707181 Cd160 y 1.11 9.9 124 123 102 123 127
18 ILMN 2645662 Tmem86a y 1.14 88 95 95 88 95 99
19 ILMN 2971286 Ppp3ca y 116 11.6 105 105 11.8 109 105
20 ILMN 2693403 Elal y 1.00 9.2 105 107 9.8 104 10.8
21 ILMN_ 1255860 Kirdl y 1.07 88 83 83 92 86 82
22 ILMN 2902228 Coro2b y 1.15 8.1 100 9.8 82 98 104
23 ILMN 2651054 LOCI00047173 'y 082 105 99 99 108 97 95
24 ILMN 2589615 Ptrhl y 2.01 9.9 11.4 11.0 10.9 123 122
25 ILMN 1242024 Setd4 y 1.15 100 107 109 9.7 109 11.1
26 ILMN 2764727 Actn2 y 1.70  10.1 9.0 89 11.0 9.6 9.9
27 ILMN 1232537 Arldc y 078 12.6 104 11.1 122 10.6 10.1
28 ILMN 1221620 1118rap y 0.89 89 82 80 92 79 7.9
29 ILMN 2721399 Ctsw y 092 104 92 88 114 91 87
30 ILMN 2430813 Pdlim7 y .01 112 121 12.1 11.0 11.9 12.3
31 ILMN 1254653 Angpti2 y 0.87 85 105 9.8 85 99 99
32 ILMN 2909782 Rras2 y 1.08 102 9.6 9.7 109 99 9.6
33 ILMN 2605819 Egin3 y 232 108 11.7 115 11.7 12.8 12.9
34 ILMN 1232901 Vamps y 1.36 9.0 100 9.8 9.4 10.1 10.6
35 ILMN 3159170 Cd22 y 0.71 83 9.6 94 90 9.0 9.0
36 ILMN 2637113 Sic9a9 y 0.81 109 12.0 11.6 107 11.5 11.5
37 ILMN 3111877 Rbms2 y 135 114 125 12.6 113 12.8 13.1
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124 ILMN 2446559 Tnfrsf4 0.99 11.7 11.4 113 122 114 114

126 ILMN_2740678 Slamf6 0.83 10.5 11.6 11.5 105 109 11.6

128 ILMN 1243741 Rora y 0.95 11.5 10.6 11.3 119 109 10.7

130 ILMN_1237448 Maf y 0.85 9.2 109 100 9.6 102 10.2

132 ILMN_2981783 Ptgds?2 1.35 8.0 81 85 83 8.7 8.9

134 ILMN_2667994 Dnasell3 y 0.97 79 84 83 84 82 83

136 ILMN_2760272 Rorc y 0.96 83 81 82 9.1 8.3 7.9

138 ILMN 2741201 1n17f y 1.12 77 75 7.6 8.1 7.8 7.6

140 ILMN_2919900 Ascl2 y 1.01 80 80 80 79 78 8.2

142 ILMN 2687169 1d3 y 0.91 109 11.5 11.2 104 11.2 11.2

144 ILMN 2744650 Prdml y 1.00 7.7 15 1.7 1.8 7.8 7.4
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Supplementary Table 2. Foxp1 deletion leads to increased ICOS expression and Foxol
activation at early stages of T cell activation.

a. ICOS MFI (mean fluorescence intensity) in Fig. 6a.

Foxpl-WT Foxpl-cKO P Value*
Day 1 3847 8485
3718 7473
5529 10978
Day 2 7366 12671
9942 15436
9339 14598 0.002

* Paired student’s #-Test of combined day 1 and day 2 data between
Foxpl1-WT and Foxp1-cKO.

b. ICOS MFI in Fig. 6b.

OT-II Foxpl-WT  OT-II Foxpl-CKO P Value*

Day 2 1356 2977
928 2000
1239 2197
Day 3 2519 2908
1874 2818
1802 2480 0.007

* Paired student’s ¢-Test of combined day 2 and day 3 data between
OT-II Foxp1-WT and OT-II Foxp1-cKO.

c. Foxol MFI in Fig. 6c.

OT-II Foxpl-WT  OT-IIl Foxpl-CKO P Value*

11128 8290
18021 14734
17130 13199 0.009

* Paired student’s #-Test.



