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  Figure S1.   Peripheral lymphoid organs of Bcl11b F/F /CD4-Cre mice have reduced numbers of T cells, which have an effector memory pheno-

type.  (A and B) Lymphocytes collected from mLNs and Peyer’s patches (PPs) were stained for CD4 and CD8 (A) and for CD44 and CD62L (B) and analyzed 

by fl ow cytometry. Percentages in the dot plots indicate the naive CD62L hi CD44 lo , central/memory CD62L hi CD44 hi , and effector/memory CD62L lo CD44 hi  

populations, within the gated CD4 +  T cell populations. Data are representative for six pairs of mice.   
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  Figure S2.   Bcl11b F/F /CD4-Cre mice have increased CD4 + CD8 +  T cells in the IEL compartment and variable numbers of CD8 +  T cells in the 

colon, and absence of CD8 +  and NKT cells does not rescue the wasting disease.  (A) Evaluation of TCR- �  levels in the IEL CD4 + CD8 +  cells. (B) Evalua-

tion of CD8ab and CD8aa subpopulations within the IEL CD4 + CD8 +  T cell population. (C) Absolute numbers of CD8 +  T cells in the LP and IEL compartment. 

P = 0.06 (determined by unpaired two-tailed Student’s  t  test). Data are representative of seven pairs of mice. Horizontal bars indicate the mean. (D) Evalu-

ation of frequency of NK1.1 + CD8 +  T cells in Bcl11b F/F /CD4-Cre mice spleens. Data are representative of three pairs of mice. (E) Bcl11b F/F /CD4-Cre/b2m  � / �   

mice and b2m  � / �   controls were generated, and their weights were assessed up to 13 wk of age, to monitor wasting disease. Weights ( n  = 5 mice/group) 

at 10 and 13 wk of age are shown. Statistical signifi cance was determined by unpaired two-tailed Student’s  t  test (*, P < 0.05). Error bars indicate SD.   
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  Figure S3.   Immunofl uorescence microscopy analysis of CD3e, CD11c, and F4/80 staining in representative large intestine vertical sections 

from 2-mo-old Bcl11b F/F /CD4-Cre mice.  Bars, 100 μm.   
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  Figure S4.   Bcl11b-defi cient T reg  cells of Bcl11b F/F /CD4-Cre mice up-regulate gut-homing markers and are maintained in vitro.  (A) Spleno-

cytes from Bcl11b F/F /CD4-Cre/Foxp3-GFP and Foxp3-GFP mice were stained for CD4,  � 4 � 7 integrin, and CCR9 and analyzed by fl ow cytometry. Histo-

grams indicate percentages of positive populations for the indicated markers within the gated CD4 + Foxp3-GFP +  populations. Data are representative for 

four pairs of mice. (B) In vitro maintenance of Bcl11b-defi cient (KO) and WT T reg  cells during the in vitro suppression assay shown in  Fig. 4 C . Cells were 

stained with anti–CD4-APC-Cy7 and anti–Foxp3-APC and analyzed by fl ow cytometry. Cell numbers were obtained by gating on the CD4 + Foxp3 +  cell pop-

ulations. Bars represent absolute numbers of T reg  cells in each co-culture.   



JEM S5

  Figure S5.   Bcl11b F/F /Foxp3-Cre mice have enlarged spleens after 20 wk of age, and removal of Bcl11b in T reg  cells is delayed.  (A) Spleens of 

5–6-mo-old Bcl11b F/F /Foxp3-Cre mice and age-matched controls (representative of fi ve pairs of mice). (B) Evaluation of Bcl11b removal by fl ow cytometry 

in T reg  cells of 5-wk- and 5–6-mo-old Bcl11b F/F /Foxp3-Cre mice and 5-wk-old Bcl11b F/F /CD4-Cre mice. In each histogram, Bcl11b is evaluated in gated 

Foxp3 + CD4 +  T cells, and gray lines represent WT, black lines represent Bcl11b F/F /Foxp3-Cre or Bcl11b F/F /CD4-Cre T reg  cells, and the gray shaded areas repre-

sent isotype control. Data are representative of three pairs of mice at the indicated age. (C) Histograms showing CCR9 and  � 4 � 7 in gated CD4 +  T cells of 

Bcl11b F/F /Foxp3-Cre and control mice. The gray shaded areas represent isotype control.   
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  Figure S6.   T reg  cells of Bcl11b F/F /CD4-Cre and Bcl11b F/F /Foxp3-Cre mice showed abnormal gene expression profi les.  (A and B) Fold change of 

T reg  cell signature gene expression in T reg  cells from Bcl11b F/F /CD4-Cre/Foxp3-GFP (A) and Bcl11b F/F /Foxp3-Cre-GFP (B) versus Foxp3-GFP, evaluated by mi-

croarray analysis. T reg  cell signature genes were grouped in two clusters, Foxp3 dependent and independent ( Hill et al., 2007 ), and in several groups based 

on functional annotation and classifi cation using the DAVID version 6.7 analysis tool ( Huang et al., 2009 ). Data are representative for two independent 

arrays. For the Bcl11b F/F /CD4-Cre mice, sorted T reg  cells were pooled from six to eight mice, whereas WT T reg  cells were pooled from two to three mice. For 

Bcl11b F/F /Foxp3-Cre-GFP mice, sorted T reg  cells were pooled from two to three mice. (C) Flow cytometry analysis of IL-10 in T reg  cells from Bcl11b F/F /Foxp3-

Cre versus WT. Data are representative for three pairs of mice.   
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  Figure S7.   Bcl11b-defi cient T reg  cells respond to TCR stimulation effi ciently, and a mutation in a potential Bcl11b-binding site in the 

Foxp3 promoter reduces its level of activation.  (A and C) Splenocytes from WT mice, Bcl11b F/F /CD4-Cre (A), and Bcl11b F/F /Foxp3-Cre mice (C) were 

stained for CD4, Foxp3, and CD3 and evaluated by fl ow cytometry. Evaluation of CD3 is on the gated CD4 + Foxp3 +  population. (B and D) Response of 

Bcl11b-defi cient T reg  cells to TCR stimulation. Lymphocytes from WT mice, Bcl11b F/F /CD4-Cre (B), or Bcl11b F/F /Foxp3-Cre mice (D) were stimulated in 

vitro for 4 h at 37°C, in complete media or complete media containing cross-linked anti-CD3 and anti-CD28 or PMA/ionomycin. Cells were stained for 

CD4, Foxp3, and CD69 and analyzed by fl ow cytometry. Histograms show CD69 on gated CD4 + Foxp3 +  cells, and numbers indicate frequencies of 

CD69 +  populations. The gray lines represent media only, and the black lines represent treated samples. The gray shaded areas represent isotype con-

trols. Data are representative of four pairs of mice. (E) Mutation of a potential Bcl11b-binding site in the Foxp3 promoter reduces the reporter activity. 

EL4 cells were electroporated with Foxp3-Promoter-Reporter-E1–Firefl y luciferase construct (WT) or the same reporter construct containing the 

AAAAG mutation of a Bcl11b-binding site (GCGAG) at  � 89 from the TSS in the Foxp3 promoter (Mut), in both cases together with Tk-Renilla lucifer-

ase reporter. Cells were treated (T) or not (U) with PMA + ionomycin + 10 nM Tgf- �  for 16 h, and the Firefl y luciferase activity was evaluated by using 

the dual luciferase system (Promega). The data represent triplicates within the same experiment and are representative of three independent experi-

ments. P = 0.026 (Student’s  t  test). Error bars indicate SD.   
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  Figure S8.   Bcl11b-defi cient T reg  cells of Bcl11b F/F /CD4-Cre and Bcl11b F/F /Foxp3-Cre mice have normal levels of maturation markers and do 

not show surface up-regulation of NK1.1.  (A and B) Splenocytes from WT, Bcl11b F/F /CD4-Cre (A), or Bcl11b F/F /Foxp3-Cre mice (B) were stained for CD4, 

Foxp3, CD25, Gitr, CTLA4, CD103, and Icos and analyzed by fl ow cytometry. Histograms show the population frequencies for the specifi ed markers, within 

the gated Foxp3 + CD4 +  T cell population. Gray shaded areas in all histograms represent isotype controls. Data are representative for three pairs of mice. 

Bcl11b F/F /Foxp3-Cre mice and their controls were 5–6 mo old. (C) Splenocytes from WT and Bcl11b F/F /CD4-Cre mice were stained for CD4, CD8, NK1.1, and 

Foxp3. Numbers in histograms represent the NK1.1 frequencies in CD4  �  CD8  �  , CD4 + , and CD4 + /Foxp3 +  populations. NK1.1 levels on CD8 +  T cells are pre-

sented in Fig. S2 C. (D) NK1.1 evaluation on CD4 + /Foxp3 +  cells of 5–6-mo-old Bcl11b F/F /Foxp3-Cre and control mice. (C and D) Data are representative of 

three pairs of mice.   
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  Table S1.  Colitis histological scores 

Parameter Criteria/score

0 1 2 3

Architectural distortion None Minimal Numerous and diffuse Extensive

Colonic epithelial damage None Mild/limited Evident/diffuse Extensive

Mononuclear cell infi ltration None A few Moderate/focal Numerous and diffuse

Reduction in goblet cells None Mild/focal Numerous and diffuse Vast majority of crypts lose goblet cells

 SUPPLEMENTAL MATERIALS AND METHODS 

 Antibodies used in the study.   Anti-CD4 (clone GK1.5), anti-CD8a (clone 104), anti-CD45rb (clone C363.16A), anti-CD45.1 (clone A20), anti-CD45.2 

(clone 104), anti-TNF (clone MP6-XT22), anti–IFN- �  (clone XMG1.2), anti–IL-17 (clone ebio17B7), anti–IL-10 (clone JES5-16E3), anti-Foxp3 (clone 

FJK-165), anti-CD25 (clone PC61.5), anti-CD3e (clone 17A2), anti-CD11c (clone N418), anti-GR1 (RB6-8C5), anti-F4/80 (clone BM8), anti-NK1.1 

(clone PK136), anti-CD44 (clone IM7), anti-CD62L (clone MEL-14), anti-CD103 (clone 2E7), anti-ICOS (clone 7E.1769), anti-GITR (clone DTA-1), 

anti-CTLA4 (clone UC10-4B9), anti-CCR9 (clone CW-1.2), anti- � 4 � 7 integrin (clone DATK32), and anti-CD69 (clone H1.2F3) were obtained from 

eBioscience. Anti-Bcl11b was purchased from Bethyl Laboratories, Inc. Goat anti–rabbit Alexa Fluor 647 secondary antibodies were obtained from 

Invitrogen. 

 Immunohistochemistry.   Large intestine was washed with PBS by fl ushing and then fi xed at 4°C in a fresh solution of 4% paraformaldehyde. The samples 

were washed in PBS, incubated in a solution of 30% sucrose, embedded in OCT compound (Sakura), and frozen in liquid nitrogen. Frozen blocks were sec-

tioned at 8 mm, dried overnight, and then blocked in TNB buff er (PerkinElmer) containing 5% normal donkey serum. Endogenous biotin was blocked with 

the biotin blocking kit (Vector Laboratories), and endogenous peroxidase activity was quenched with 1% H 2 O 2 . The following primary biotin-conjugated an-

tibodies were used: biotin-conjugated CD3e (500A2) from BD, biotin-conjugated CD11c (N418) or Gr1 (RB6-8C5) from eBioscience, and biotin-conju-

gated F4/80 (CI:A3-1) from BioLegend. The primary antibodies in TNB buff er were applied for 1.5 h at room temperature. Slides were washed and incubated 

with streptavidin–horseradish peroxidase conjugate (Invitrogen), and then the antigens were visualized with a Tyramide Signal Amplifi cation (TSA) kit (Perki-

nElmer) according to the manufacturer’s instructions. Slides were washed, incubated with DAPI (Sigma-Aldrich), and mounted with Fluoromount-G (South-

ernBiotech). Slides were examined with a fl uorescence microscope (Axioplan 2; Carl Zeiss). 

 In vitro stimulation of T reg  cells.   Lymphocytes were incubated at 37°C for 4 h at a density of 2 × 10 6  cells per well, in CM containing either 2 μg/ml solu-

ble  � -CD28 and cross-linked  � -CD3 or 10 nM PMA and 1 μM ionomycin. Cells were then stained for CD4, Foxp3, and CD69 and assessed by fl ow 

cytometry. 

 Luciferase reporter assays.   Mutations of the Bcl11b-binding site in the Foxp3 promoter were generated using the QuikChange site-directed mutagenesis 

kit (Agilent Technologies). A construct containing the WT Foxp3 promoter–Firefl y luciferase–E1 enhancer (Tone et al., 2008), provided by M. Tone (Cedars-

Sinai Medical Center, Los Angeles, CA) and Y. Zheng (Salk Institute for Biological Studies, La Jolla, CA), or the mutated promoter construct along with Tk-

Renilla DNA was transfected into EL4 cells using the protocol from Cell Line Nucleofection kit (Lonza). After transfection, cells were either left untreated or 

activated with PMA + ionomycin + Tgf- �  for 24 h at 37°C, and the relative Firefl y luciferase activity was evaluated by normalization to Renilla activity 

(Promega). 
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