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Figure S1 
(A) Flow cytometric analysis of CD4+ CD8+ T cell distribution in the thymus of 

wildtype (Nfkbid +/+) and IκBNS-deficient (Nfkbid -/-) mice. Representative pseudo-color 

dot plots are shown. Upper left numbers indicate the percentages of CD4 single 

positive (SP) cells. Upper right numbers show the percentages of CD4/CD8 double 

positive cells. Lower right numbers represent the frequencies of CD8 SP cells. (B) 
Percentages of CD4 SP, CD8 SP and CD4/CD8 DP T cells and their total cell 

numbers (n=9) are shown. (C) Analysis of CD4+Foxp3+ Treg frequencies in spleen, 

thymus, mesenteric (mLN) and peripheral lymph nodes (pLN) of Nfkbid +/+, Nfkbid -/+ 

and Nfkbid -/- littermate mice (n=7 each). (D) The total CD4+ T cell compartments in 

spleen, thymus, mesenteric and peripheral lymph nodes of Nfkbid +/+, Nfkbid -/+ and 

Nfkbid -/- littermate mice were analyzed by flow cytometry. (E) Flow cytometric 

analyses of the activation status of conventional T cells (Tcon) within CD4+Foxp3- 

cells. Representative pseudo-color dot plots of CD62L/CD44 distribution in thymus, 

spleen, peripheral and mesenteric lymph nodes of Nfkbid  -/-, Nfkbid  -/+ and Nfkbid +/+ 

mice are shown. (F) Statistical summary of CD62L/CD44 distribution in thymus, 

spleen, peripheral and mesenteric lymph nodes of Nfkbid -/- (empty bars), Nfkbid -/+ 

(grey bars) and Nfkbid +/+ (black bars) mice. For B to D each symbol represents an 

individual mouse. Horizontal line indicates the mean. For B-D and F error bars 

represent the standard deviation. Statistical analyses were performed using two-

tailed Mann-Whitney tests; α < 0.05; n.s. = not significant; *p<0.05; **p<0.01; 

***p<0.005. 

 

 

 

 

 

 

 



Figure S2 

 

 



Figure S2: 
(A) Foxp3DTR-eGFP mice were bred to IκBNS-deficient mice. Representative pseudo-

color dot-plots and statistical summary of CD4+GFP+ T cells in the peripheral blood of 

Nfkbid +/+, Nfkbid  -/+ and Nfkbid -/- reporter mice are shown (n=9 each). Numbers 

indicate the frequency of CD4+GFP+ Treg cells.  (B) Analyses of apoptosis among 

GFP+ Treg cells from Nfkbid  +/+ x Foxp3DTR-eGFP (filled bars) and Nfkbid -/- x Foxp3DTR-

eGFP (empty bars) mice (n=6 each) in the spleen, peripheral and mesenteric lymph 

nodes are shown. AxV-/7AAD- represent living cells, AxV+/7AAD- early apoptotic and 

AxV+/7AAD+ late apoptotic cells. (C) Nfkbid +/+ (red line), Nfkbid  -/+ (blue line) and 

Nfkbid -/- (green line) mice were fed orally with BrdU for 14 days. Representative 

histogram overlays of BrdU incorporation in pregated CD4+CD25+ Treg cells and 

CD4+CD25- Tcon cells of thymus, spleen, peripheral and mesenteric lymph nodes 

are shown. (D) Statistical analysis of BrdU incorporation among pregated 

CD4+CD25+ Treg cells and CD4+CD25- Tcon cells of Nfkbid  +/+ (n=7), Nfkbid -/+ (n=5) 

and Nfkbid  -/- (n=6) mice. For A,B and D error bars show the standard error of the 

mean. Values indicate the mean. Statistical analyses were performed by two-tailed 

Mann-Whitney tests; α< 0.05. n.s. = not significant. 

 
 
 
 

 

 

 

 

 

 

 

 

 



Figure S3 

 
 
 



Figure S3: 
(A) Total protein extracts of 5 ng/ml TGF-β and 10 ng/ml IL-2 treated peripheral 

CD4+CD26+CD25- cells were analyzed by Western Blot at the indicated time points. 

Phosphorylation of total STAT5, expression of STAT5a, STAT5b IκBNS and Foxp3 

was detected. β-Actin expression was used as a loading control. (B) Percentages of 

total CD4+ T cells within the isolated lamina propria mononuclear lymphocytes 

(LPMC) in Rag1-deficient mice that received Nfkbid  +/+ or Nfkbid  -/- T cells were 

determined by flow cytometry. (C) Absolute weights of Rag1-deficient mice from each 

group were determined on the indicated days after transfer. Each symbol represents 

the mean; error bars represent the standard error of the mean.  (D) Colon length of 

Rag1-deficient mice that received PBS, Nfkbid  +/+ or Nfkbid  -/- T cells was 

determined. Diagram heights indicate the mean; error bars represent the standard 

error of the mean. (E) Diarrhea in mice was monitored on a 0 to 4 scale by 

determining weight, amount and consistency of stools in Rag1-deficient mice that 

received PBS, Nfkbid +/+ or Nfkbid -/- T cells with a value of 4 representing severe 

diarrhea. For B each symbol represents an individual mouse; error bars represent 

the standard deviation. For B horizontal lines indicate the mean. For D and E each 

symbol represents the mean; error bars represent the standard error of the mean. 

Statistical analyses were performed using two-tailed Mann-Whitney tests; α < 0.05; 

n.s. = not significant. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure S4 
 
 

 



Figure S4:  
(A) Flow cytometric analysis of the expression of CD25, CD122, GITR, intracellular 

CTLA-4 and Foxp3. Representative histogram overlays of CD4+Foxp3- conventional 

T cells and CD4+Foxp3+ Treg cells from thymi and peripheral and mesenteric lymph 

nodes of wildtype (Nfkbid +/+) and IκBNS-deficient (Nfkbid -/-) mice are shown (upper 

panel). Comparison of the mean fluorescence intensities (MFI) of CD4+Foxp3+ Treg 

cells from the indicated organs of Nfkbid +/+ and Nfkbid -/- mice (n=3 each, lower 

panel). Values indicate the mean; error bars represent the standard deviation. (B) 
Analyses of intracellularly stained Foxp3 from sorted CD4+CD25- and CD4+CD25+ 

Nfkbid +/+ and Nfkbid -/- male mice (see Fig. 4B) are shown. (C) A summary of 

TSDR/CNS2 demethylation percentages of CD4+CD25+ regulatory T cells displaying 

a methylated CpG-site in wildtype (n=4) and in IκBNS-deficient (n=5) male mice is 

shown. As controls, the mean of CD4+CD25- T cells is shown. Diagram heights 

indicate the mean; error bars display the standard error of the mean. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure S5 
 
 

 
 



Figure S5: 
(A) Representative re-analyses of sorted populations, analyzed for the expression of 

IκBNS and c-Rel (see Fig. 5A). CD4+CD8+ (Alam et al.), CD4+CD25-GITR- (Tang et 

al.), CD4+CD25-GITR+ (yellow), CD4+CD25+GITR+Foxp3- (orange), 

CD4+CD25+GITR+Foxp3- (green). Panel is representative for at least 5 cell sorts. (B) 
Precursor accumulation in Nfkbid -/- x Foxp3DTR-eGFP compared to 

Nfkbid +/+ x Foxp3DTR-eFP mice was determined by flow cytometry. Frequencies of 

GFP- Treg precursor cells and GFP+ mature Treg cells were analyzed in cells 

pregated on the CD4+CD25+GITR+CD8- compartment. (C) Representative histogram 

overlays of CD132 and CD122 expression and phosphorylation of STAT5 in thymic 

nTreg developmental stages as indicated. Blue represents wildtype and IκBNS-

deficient cells. Data are representative for three independent experiments. In B 

horizontal lines represent the mean. Error bars represent the standard error of the 

mean. Statistical analyses were performed by two-tailed Mann-Whitney tests; α < 

0.05; n.s. = not significant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S6 
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Figure S6: 
 (A) Position of potential κB-binding sites (red lines) located in regulatory sequences 

of the Foxp3 locus. The 1st to 4th site in the promoter (1st and 2nd are NFAT binding 

sites), the 1st, 2nd, 3rd, 4th and 6th κB-binding sites of the CNS2/TSDR and the single 

κB-binding site in the CNS3/Pioneer were reported previously (Floess et al., 2007; 

Long et al., 2009; Polansky et al., 2010; Ruan et al., 2009; Zheng et al., 2010). The 

5th site of the CNS2/TSDR was identified using GenomatixTM (Available from 

www.genomatix.de). Sequence alignment was performed using GeneiousTM 

(Drummond et al. 2012, Geneious v5.6, Available from www.geneious.com.) 



Supplemental Experimental Procedures	  
	  
 

Flow cytometric analyses 

Intracellular staining of Foxp3 was performed using anti-Foxp3-PE (Miltenyi, Bergisch 

Gladbach, Germany, #130-093-014) and -APC (Miltenyi, #130-093-013) and Foxp3 

Staining Buffer Set (Miltenyi, #130-093-142) according to the provider’s protocol. For 

staining of surface proteins 2*106 primary cells were resuspended in 250 µl FACS-

buffer (2% BSA in PBS). Cells were stained with the indicated antibodies at 4°C in 

the dark for 15 min. Subsequently, cells were washed twice with 2 ml FACS buffer 

and analyzed by an LSRII FACS-device (BD Biosciences). Antibodies used: CD4-

PacificBlue (RM4-5, eBioscience), CD4-PE (L3T4, BD Biosciences), CD4-APC 

(L3T4, Miltenyi), CD8-FITC (53-6.7, BD Biosciences), CD8-PerCPCy5.5 (53-6.7, BD 

Biosciences), CD25-PerCPCy5.5 (PC61.5, eBioscience), CD25-PE (PC61, BD 

Biosciences), CD25-FITC (PC61.5, BD Biosciences) CD62L-PE (MEL-14, BD 

Biosciences), CD103-APC (2E7, eBioscence), CD122-FITC (5H4, BD Biosciences), 

CD152/CTLA-4-PE (9H10, BD Biosciences), GITR-APC (DTA-1, eBioscience), 

GITR-PeCy7 (DTA-1, eBioscience). Ki67-PE (B56, BD). For bromodeoxyuridine 

(BrdU) incorporation analysis, mice were fed orally with 0.8 µg/ml BrdU in the 

drinking water for 14 days and incorporation was analyzed using FITC BrdU Flow Kit 

(557891, BD Biosciences). As BrdU analysis interferes with Foxp3 staining, we 

identified Treg cells via gating on CD25high cells. 

 

Cell lysis and generation of protein extracts 

For whole cell extracts 1*106 primary T cells were lysed in lysis buffer (20 mM 

Tris/HCl, pH 7.4, 1% Triton X-100, 10% glycerol, 150 mM NaCl, 1 mM PMSF and 1 

µg/ml each of leupeptin, aprotinin, chymostatin and pepstatin A) for 20 min on ice 



and centrifuged (15 min, 20,000 g). For cytoplasmic extracts 4*106 T cells were lysed 

in buffer A (10 mM HEPES, pH 7.9, 1.5 mM MgCl2, 10 mM KCl, 300 mM sucrose, 

0.5% NP-40 with inhibitors) for 10 min on ice and centrifuged (30 sec, 2500g). The 

supernatant was transferred to a new tube and the nuclear pellet resuspended in 

buffer B (20 mM HEPES, pH7.9, 1.5 mM MgCl2, 420 mM NaCl, 0.2 mM EDTA, 2.5% 

glycerol with inhibitors). Tubes were sonicated using a BioruptorTM NextGen 

(Diagenode, Denville, USA) 3 times for 15 seconds at the highest setting. Debris was 

centrifuged out (5 min, 10,500 g) and the supernatant was transferred to a new tube. 

 

Immunoprecipitation 

For immunoprecipitation cytoplasmic and nuclear extracts were prepared as 

described above. Rabbit polyclonal antibodies detecting IκBNS (Fiorini et al., 2002), 

p50 (KAP_TF112, StressGen), p65 (sc-109, Santa Cruz), c-Rel (sc-71, Santa Cruz) 

or nonspecific rabbit IgG (Sigma) were incubated for 4 hours at 4° with rotation in 

200 µl of buffer A or B with 35 µl 50% Protein A sepharose CL-4B (Sigma). Unbound 

antibody was removed by three washes in the corresponding buffer. Beads were 

incubated with 200 µg of cytoplasmic or nuclear extracts. Unbound proteins were 

removed and precipitated proteins were analyzed by immunoblotting. 

 

Immunoblot analysis 

Immunoblotting was performed as described (Ueffing et al., 2008). Protein 

concentrations were determined by a BCA protein assay kit (Thermo Scientific). For 

whole cell extracts 5 µg protein was loaded per lane on a 12% SDS-gel and blotted 

to a PVDF-membrane (GE Healthcare). Cytoplasmic and nuclear extracts were 

normalized according to their cell number. Proteins were detected using β-actin 

(clone AC74, Sigma Aldrich), Foxp3 (clone eBio7979, eBioscience), CARMA1 (1D11, 



Cell Signaling), c-Rel (MAB2699, R&D), p50/p105 (1559-1, Epitomix), p65 

(MAB2888, R&D), LaminB (M-20, Santa Cruz), ERK (#9102, Cell Signaling) and 

IκBNS specific antibodies (Fiorini et al., 2002). 

 

Chromatin Immunoprecipitation 

Primers used were as follows:  

prom_fwd   5’- GAGCGAGGTCTGCGGCTTCC -3’ 

prom_rev   5’- CCTTACCTGGAGTGGCTGGGTGT  -3’ 

CNS2_fwd   5’- GGAGGACAGAAAGACCCCAGCCT -3’ 

CNS2_rev   5’- AGGCCTCTTGCTGGCTCTGGA -3’ 

CNS3_fwd   5’- CCGGGGCCCAGAATGGGGTA -3’ 

CNS3_rev   5’- TTGGGCCCCAGCCATCTCGT -3’ 

Quantitative PCRs were performed using:  

q_prom_fwd   5’- GTCCCTGCTCTCCCCCACCA -3’ 

q_prom_rev   5’- TGGGCTCCTGACACCCACCC -3’ 

q_CNS2_fwd  5’- CATTCCAGAGCCAGCAAGA  -3’ 

q_CNS2_rev  5’- GAGCCCAAAGAAATGGGAAC -3’ 

q_CNS3_fwd  5’- ATATTGCAGGGCCAAGAAAA  -3’ 

q_CNS3_rev  5’- GTGGGGAAAGCCTTGAATCT -3’ 

 

Treg Suppression Assay 

Conventional CD4+CD25- (Tcon) and CD4+CD25+ (Treg) T cells were separated by 

MACS. Tcon cells were labeled with 5 µM CFSE (eBioscience) for 15 min in the dark 

at 37°C and washed twice with fully supplemented RPMI. 2*105 Tcon were activated 

with 2 µg/ml soluble anti-CD3 (145-2C11) and 4 µg/ml soluble anti-CD28. Treg cells 



were coincubated at the indicated ratios with labeled Tcon cells in the presence of 

2*105 irradiated APCs. Proliferation was analyzed 3 days later by flow cytometry. 

 

Adoptive Transfer Colitis 

Body weight, stool consistency and rectal bleeding were assessed in blinded 

treatment groups by trained individuals. Stool consistency was scored as follows: 0 - 

well-formed pellets, 2 - pasty and semi-formed stools which did not adhere to the 

anus, and 4 - liquid stools. Rectal bleeding was scored as follows: 0 - no hemoccult 

(Beckman Coulter, Palo Alto, CA), 2 - positive hemoccult and 4 - gross bleeding. 

Colon length was measured from the caecum to the anus. Colon samples were fixed 

with 4% paraformaldehyde and embedded in paraffin. Two µm sections were cut, 

deparaffinized, stained with hematoxylin and eosin (H&E), and scored in a blinded 

manner. The histological score is the sum of individual scores for inflammatory cell 

infiltration and tissue damage. Colon samples were fixed with 4% paraformaldehyde 

and embedded in paraffin. 2 µm sections were cut, deparaffinized, stained with H&E, 

and scored in a blinded manner. The transfer colitis was scored as follows: 0 - no 

changes, 1 -  minimal scattered mucosal inflammatory cell infiltrates ± minimal 

epithelial hyperplasia, 2 - mild scattered to diffuse mucosal cell infiltrates, sometimes 

extending into the submucosa and associated with erosions, with minimal to mild 

epithelial hyperplasia, with minimal to mild mucin depletion from goblet cells, 3 - mild 

to moderate cell infiltrates that were sometimes transmural, often associated with 

ulceration, with moderate epithelial hyperplasia and mucin depletion, 4 - marked 

inflammatory cell infiltrates that were often transmural and associated with ulceration, 

with marked epithelial hyperplasia and mucin depletion 5 - marked transmural 

inflammation with severe ulceration and loss of intestinal glands. 

 



Immunohistochemistry 

1-2 µm sections of formalin-fixed, paraffin-embedded tissue were cut, deparaffinized, 

and subjected to a heat induced epitope retrieval step. Slides were rinsed in cool 

running water, washed in Tris-buffered saline (pH 7.4). After blocking endogenous 

peroxidase (Dako, Hamburg, Germany) sections were incubated with rat anti-mouse 

FoxP3 (eBioscience, clone FJK 16s; 1:50) for 30 minutes followed by incubation for 

30 minutes with rabbit anti-rat secondary antibody (Invitrogen Carlsbad, California, 

USA; dilution 1:200). Subsequently, sections were incubated with anti-rabbit 

EnVision PO (Dako) for 1 hour. PO was revealed by DAB as chromogen (Dako). For 

double staining, endogenous biotin was blocked (Dako) and sections were incubated 

for 30 minutes with polyclonal anti-CD3 antibody (Dako; dilution 1:20) followed by 

biotinylated secondary antibody. For detection, DAKO REALTM Detection System, 

Alkaline Phosphatase/RED was used. Nuclei were counterstained with hematoxylin 

and slides mounted with gelatine (Merck, Darmstadt, Germany). Negative controls 

were performed omitting primary antibodies. 

Images were acquired using a AxioImager Z1 microscope (Carl Zeiss MicroImaging, 

Inc., Jena, Germany). Foxp3 positive cells were quantified per high power field 

(0.237 mm2), and 10 hpf were averaged in each case. Additionally, the percentage of 

Foxp3-positive CD3 cells was quantified. All immunohistochemical evaluations were 

performed in a blinded manner.  

 

Analysis of lamina propria mononuclear cells (LPMCs) 

LPMCs were isolated as previously described (Siegmund et al., 2002). Cells were 

stimulated with PMA/ionomycin in the presence of brefeldin A and stained for CD4 

(BD Biosciences), IFNγ (BD Biosciences) and FoxP3 (eBioscience). 

 



 

Colon organ cultures 

A 1 cm segment of the colon was cut open longitudinally, washed in PBS and 

incubated over night in serum-free medium. Protein concentrations were determined 

(Bradford, BioRad) and cytokine concentrations of the supernatants analyzed via 

bead-based assays (CBA Flex Sets, BD Biosciences). 

 

Statistical analysis 

All statistical analyses were performed by Mann-Whitney-tests to determine statistical 

significance, using Graph Pad Prism (Graph-Pad-Software Inc., La Jolla, CA, USA). 

Standard deviation (s.d.) and standard error of the mean (s.e.m.) were represented 

as error bars. 
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