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Supplementary figure 1. Activation of the Tim-1 pathway polarizes the

commitment of naïve T cells toward a TH1/TH17 biased pro-inflammatory-

type response. C57BL/6 CD4+CD25- cells were stimulated with mature

allogeneic DBA/2 DCs in the presence of anti-Tim-1 mAb or IgG2a isotype

control mAb. mRNA expression of TH1/TH2/TH17-related cytokines was quantified

by qRT-PCR in alloreactive TEFF cells after two days of culture. Data are

presented as the mean ± SEM of five independent experiments.

Supplementary figure 2. Activation of the Tim-1 pathway induces the

downregulation of Foxp3 expression by GFP(Foxp3)+CD4+ TREG cells. FACS

sorted GFP(Foxp3)+ TREG from GFP(Foxp3) knock-in mice were co-cultured with

highly mature DBA/2 DCs in the presence of anti-Tim-1 mAb or IgG2a isotype

control mAb. After 6 days of culture, level of Foxp3 expression of CD4+TCR β+

cells was assessed by intracellular staining. Data are representative of three

independent experiments.

Supplementary figure 3. Agonist anti-Tim-1 mAb elicits T cell proliferation in the
presence of syngeneic mature DC. Naïve CD4+CD25- T cells purified from C57BL/6
mice were cultured with highly mature syngeneic DC from wild type C57BL/6 mice in
the presence of increasing doses of anti-Tim-1 mAb or isotype control mAb. Tritiated
thymidine incorporation (c.p.m.) was measured after 48 h of culture. Bars represent the
mean ± SEM of one of 4 consecutive experiments yielding similar results.
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certain proinflammatory cytokines such as IL-6 or IL-21 in the 
milieu of antigen recognition, TGF-b can support de novo differ-
entiation of Th17 or Tregs (21, 32). We now show that engagement 
of the Tim-1 cell-surface receptor molecule upon T cells cultured 
with TGF-b skews the commitment of naive T cells to Th1 and 
Th17 and away from the Foxp3hi phenotype. Thus, our results 
lend further support to the concept of reciprocal commitment 
to Th17 and Treg phenotype, and we introduce a new means by 
which the commitment to the Teff and Treg phenotypes is regu-
lated. While previous studies have centered upon the commitment 
of antigen-stimulated naive T cells, we also demonstrate that the 
Foxp3hi T cells are not terminally differentiated. Tim-1 may serve 
to regulate the reciprocal developmental pathway for the genera-
tion and maintenance of pathogenic and protective cells in the 
immune system. In the allograft response, Tim-1 ligation with 
an agonist anti–Tim-1 mAb promotes the commitment toward 
the Th17 and Th1 phenotypes and weakens commitment to the 
Foxp3hi phenotype. Of special importance is the fact that we have 
now identified a pathway that negatively regulates Foxp3 expres-
sion, even in committed Foxp3hi T cells. It appears important to 
analyze the consequences, in physiological settings, of engagement 
of Tim-1 by Tim-4, the Tim-1 ligand that is expressed by selected 
antigen-presenting cell subsets (15). We hypothesize that interac-
tion between Tim-1+ T cells and Tim-4+ DCs serves to heighten 
immune response by strengthening effector responses and down-
regulating the regulatory networks.

In conclusion, the 3B3 agonist anti–Tim-1 mAb heightens cyto-
pathic alloimmune responses and blocks the induction of trans-
plant tolerance by: (a) favoring expansion and survival of Th1/
Th17 cells; (b) disarming Tregs at the molecular and functional 
levels; and (c) inhibiting the conversion of Teffs into Tregs. In con-
trast, treatment with an antagonist anti–Tim-1 mAb aids in the 
induction of transplant tolerance (37).

Methods
Mice. C57BL/6 (H-2b/CD45.2+), B.6SJL-PtprcaPep3b/BoyJ (H-2b/CD45.1+), 
and DBA/2 (H-2d) mice were purchased from the Jackson Laboratory. The 
C57BL/6 Foxp3-GFP knock-in mice have been previously described (21). 
All mice were housed under standard conditions. All animal studies were 
approved by Institutional Review Board at Harvard Medical School.

mAbs and reagents. All mAbs were purchased from eBioscience, except the 

anti–Tim-1 mAb (clone 3B3), which was produced in 
our laboratory.

Cell preparation. CD4+CD25– or CD8+CD25– T cells 
were obtained using negative selection. CD4+CD25+ 
T cells were obtained using the mouse CD4+CD25+ 
Regulatory  T  Cell  Isolation  Kit  (Miltenyi  Biotec). 
The purity of the T cell subset was greater than 95%. 
CD4+GFP(Foxp3)+ and CD4+GFP(Foxp3)– cells were 
sorted using a MoFlo high-speed cell sorter (Dako-
Cytomation). Highly mature GM-CSF–derived DCs 
were obtained as previously described (15, 23).

In vitro MLR. C57BL/6 responder T cells were labeled 
with  CFSE  (Molecular  Probes;  Invitrogen)  follow-
ing the manufacturer’s instructions and plated with 
stimulator cells in 96-well flat-bottom plates at a ratio 
of 4:1 in a final volume of 250 ml of complete medium. 
Complete medium consisted of 1× MEM (Gibco/BRL; 
Invitrogen) supplemented with 2 mM glutamine, 1 
mM Na pyruvate, 0.1 mM nonessential amino acids, 

10% FBS, 0.3% Na bicarbonate, 19 mM HEPES, 50 mg/ml gentamicin, 5.5 × 
10–5 M 2-mercaptoethanol, and 100 U/ml penicillin/streptomycin. IgG2a 
isotype control or anti–Tim-1 mAb was added to the culture medium at 
a final concentration of 2.5 mg/ml. A CFSE profiling technique was used 
to assess the proliferation of the responder population by gating onto the 
CD3+ population. Cells were counterstained with annexin V–PE (BD Bio-
sciences — Pharmingen) in order to determine the extent of cell death.

T cell suppression assay. CFSE-labeled C57BL/6 (CD45.2+) CD4+CD25+ T 
cells were cultured with mature DBA/2 DCs at a ratio of 4:1. After 6 days of 
culture, proliferating CD4+CD25+ T cells (CFSEdim), isolated by the MoFlo 
high-speed cell sorter, were mixed with CD45.1+CD4+CD25– T cells at vari-
ous ratios and placed into anti-CD3–coated plates in the presence of 2.5 
mg/ml soluble anti-CD28 for 4 days. CFSE profiles of the CD3+CD45.1+ 
Teffs were analyzed by flow cytometry.

Induction of Foxp3+ Tregs from Teffs in vitro.  Purified  C57BL/6 
CD4+GFP(Foxp3)– Teffs were stimulated with mature syngeneic DCs at a 
ratio of 4:1 plus anti-CD3 mAb (5 mg/ml) with IgG2a mAb or anti–Tim-1 
mAb (5 mg/ml) and in the presence or absence of TGF-b (1 ng/ml; Bio-
Source; Invitrogen) for 3 days. After intracellular Foxp3 staining, induction 
of Foxp3+ cells from Teffs was determined by flow cytometry by gating on 
the CD4+Foxp3+ cells and presented as percentage of total CD4+ cells.

Intracellular cytokine analysis. Before  intracellular staining, cells were 
restimulated for 4 hours with 50 ng/ml PMA and 400 ng/ml ionomycin in 
the presence of 1 mg/ml GolgiPlug (BD Biosciences). Intracellular staining 
was conducted using the intracellular staining kit (eBioscience) according 
to the manufacturer’s protocols.

Real-time quantitative PCR. The expression of genes of interest was ana-
lyzed using TaqMan primer-probe sets purchased as Assay-on-Demand 
from Applied Biosystems and normalized to the expression of GAPDH. 
The list of TaqMan primer-probe sets used is presented in Supplemental 
Table 1. Transcript levels were calculated according to the 2–ddCt method 
as described by the manufacturer and expressed in arbitrary units. His-
tograms represent the mean of the gene expression detected in a set of 
samples and error bars represent SEM.

Islet transplantation. DBA/2 (H-2d) into C57BL/6 (H-2b) islet transplanta-
tion was performed as previously described (39). The tolerance-promoting 
protocol consisted of 250 mg hamster anti-mouse CD154 (MR1, IgG2a, 
ATCC HB11048) administered i.p. on days 0 and 2 after transplantation. 
MR1 anti-CD154 mAb treatment was coadministered with 2 doses (250 mg 
each) of either rat IgG2a (isotype control) or 3B3 anti–Tim-1 mAb.

Statistics. Mann-Whitney U tests were performed to compare gene-spe-

Supplemental Table 1
Genes and TaqMan primer/probe sets

Gene name Gene symbol TaqMan assay ID
B cell leukemia/lymphoma 2 Bcl-2 Mm00477631_m1
Cytotoxic T lymphocyte–associated protein 4 CTLA-4 Mm00486849_m1
Glyceraldehyde-3-phosphate dehydrogenase GAPDH 4308318
Forkhead box P3 Foxp3 Mm00475156_m1
Tumor necrosis factor receptor superfamily,  GITR Mm00437136_m1 
 member 18
Interferon gamma IFN-g	 Mm00801778_m1
Interleukin 2 IL-2 Mm00434256_m1
Interleukin 4 IL-4 Mm00445259_m1
Interleukin 10 IL-10 Mm00439616_m1
Interleukin 17A IL-17A Mm00439618_m10

 


