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Supplementary Materials and Figure Legends 

Flow cytometry 

Groups of BALB/c mice (n = 3-4/group) were treated with anti-CD4, anti-CD25 or anti-FR4 

mAbs as outlined in Figure 1A and injected subcutaneously with 1 x 105 RENCA tumor cells 

on day 0.  Three days after tumor inoculation, tumor draining lymph node (TDLN) was 

harvested. Single cell suspensions were generated and cells were then used for FACS 

analysis. Single cell suspensions were generated and cells were then used for FACs analysis.  

For surface staining, cells were stained with anti-CD4 (RM4-5)(BD Bioscience), anti-CD25 

(7D4) (BD Bioscience), and anti-FR4 (eBio12A5)(eBioscience) in the presence of 2.4G2 

(anti-CD16/32, to block Fc-receptors) on ice.  Foxp3 staining was performed using the 

Foxp3-staining kit (eBioscience) as per the manufacturer’s instructions. To determine the 

proportion of tumor infiltrating CD8+ T cells, tumor suspensions were stained with anti-

CD45 (30-F11, anti-CD8 (53-6.7) and anti-TCR-β(Η57−597)   antibodies (eBioscience) in 

the presence of 2.4G2. 7-AAD (BD Bioscience) was added immediately prior to FACS 

analysis to exclude dead cells.   

 

Tumor cell lines 

The BALB/c-derived renal adenocarcinoma cell line, Renca-FLIP (engineered to express a 

Flag-tagged FLIP protein), and Renca-Flag (control cell line) were all kindly provided by Dr. 

Thomas J. Sayers (National Cancer Institute, Frederick, MD).   RENCA cells were 

maintained in RPMI 1640 supplemented with 10% FCS, L-glutamine and 

penicillin/streptomycin. Media for Renca-FLIP and Renca-Flag cell cultures was additionally 

supplemented with 500 μg/ml G418. 

 

Tumor models 
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D10 RENCA model 

Groups of BALB/c WT mice (n = 5/group) were injected subcutaneously with 105 RENCA 

tumor cells on day 0. Tumor bearing mice were then injected i.v with anti-FR4 mAbs (10 μg) 

on day 10 only or on day 10 and twice weekly thereafter.  

D0 RENCA tumor model 

Groups of BALB/c or BALB/c gene-targeted mice were injected subcutaneously with 105 

RENCA, RENCA-FLIP or RENCA-Flag cells in RPMI media alone.  Primary tumor growth 

was measured with digital calipers and the tumor area was calculated by multiplying the 

shortest and longest axis of the tumor.  Mice were culled when tumors reached 100 mm2 in 

area, or their health otherwise declined due to tumor growth. Anti-TRAIL (N2B2), anti-FasL 

(MFL-1), anti-TNF-α (MP6-XT3) mAbs were purified in house. 

 

TIL preparation 

Tumors were harvested from mice, gently minced and digested for 45 min at 37ºC in 

incomplete RPMI media containing 1 mg/ml collagenase type IV (Worthington) and 20 

μg/ml DNase I (Roche). Cell suspensions were filtered through a 70 μM cell strainer. 

Following two washes, cells were resuspended and filtered through a 45 μM cell strainer 

prior to FACS staining. 

 

CTL restimulation assay 

Groups of BALB/c mice (n = 3 group) were treated with anti-CD4, anti-CD25 or anti-FR4 as 

outlined in Figure 1 and injected subcutaneously with 105 RENCA tumor cells. Seven days 

later the tumor draining lymph node was harvested and cultures restimulated for 5 days with 

either irradiated Renca or CT26 tumor cells and 5 U/ml IL-2. The cytotoxic activity of the 
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day 5 cultures was then tested against 51Cr-labeled Renca tumor targets in a 4 h 51Cr release 

assay as previously described (1). 

 

Figure legends 

Supplementary Figure 1. Depletion of FoxP3+ Treg in BALB/c mice using anti-CD4, anti-

FR4 or anti-CD25. Groups of BALB/c mice (n = 3-4/group) were treated with anti-CD4, 

anti-CD25 or anti-FR4 as outlined in Figure 1 and injected subcutaneously with 105 RENCA 

tumor cells. On day 3 after tumor inoculation, mice were sacrificed and tumor draining lymph 

nodes (TDLN) harvested and single cell suspensions generated. The proportion of FOXP3+ 

cells in TDLN (A) after treatment as above. In addition, the proportion of FOXP3+CD4+ (B), 

FOXP3-CD4+ (C), FOXP3+CD25+ (D), FOXP3-CD25+ (E), FOXP3+FR4+ (F) FOXP3-FR4+ 

(G) were also assessed and represented. The percentage of each population is represented as 

the mean ± SEM of 3-4 mice/group. A representative example of staining of FoxP3 and FR4 

shows the proportion of Treg that express FR4 (cIg) and post anti-FR4 treatment (H). 

 

Supplementary Figure 2. Expression of FR4+FOXP3- cells in tumor draining lymph node 

following Treg depletion. Groups of BALB/c mice (n = 5/group) were treated with anti-CD4, 

anti-CD25 or anti-FR4 mAbs as outlined in Figure 1A and injected subcutaneously with 1 x 105 

RENCA tumor cells on day 0.  Three days after tumor inoculation, the TDLN were harvested, 

single cell suspensions generated and cells stained as per the methods. Expression of (A) 

CD8+FR4+ and (B) CD4+FR4+ cells (gated on FOXP3-TCRβ+ events) or (C) FR4+TCRβ- cells 

(gated on FOXP3- events). The percentage of each population is represented as the mean ± SEM. 

 

Supplementary Figure 3.  Delayed administration of anti-FR4 fails to induce anti-tumor 

immune responses. BALB/c mice were injected subcutaneously with 105 RENCA tumor cells 
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on day 0.  In (A), mice were injected i.v with 10 μg of anti-FR4 mAbs on day 10 only.  In (B) 

mice were injected i.v with 10 μg of anti-FR4 on day 10 and twice weekly thereafter until 

mice were culled. Mice were monitored for tumor growth and rejection, and data are plotted 

as the mean tumor size + SEM (mm2) (n = 5 mice/group). 

 

Supplementary Figure 4. Infiltration of CD8+ T cells into RENCA tumors and generation of 

cytotoxic CD8+ T cells in the tumor draining lymph node post Treg depletion. Groups of 

BALB/c mice (n = 3-6/group) were treated with (A) anti-CD4 or (B) anti-CD25 or anti-FR4 

or cIg (A, B) as outlined in Figure 1 and injected subcutaneously with 105 RENCA tumor 

cells. On (A) day 12 (pooled from 2-3 experiments) or (B) day 24 after tumor inoculation 

mice were sacrificed and tumors digested as described in the Methods. The proportion of live 

infiltrating CD8+TCRβ+ T cells within the total intratumoral leukocyte (CD45+) population is 

shown. Statistical differences in infiltrating CD8+TCRβ+ between those treated with anti-

CD4, anti-CD25 or anti-FR4 and those treated with cIg were determined by a Mann-Whitney 

test (* P< 0.05). (C) Groups of BALB/c mice (n = 3 group) were treated with anti-CD4, anti-

CD25 or anti-FR4 as outlined in Figure 1 and injected subcutaneously with 105 RENCA 

tumor cells. Renca (+) and CT26 (-) restimulated CD8+ T cells from the tumor draining 

lymph nodes of each group were tested for killing of 51Cr-labeled Renca tumor targets in a 4 

h 51Cr release assay as per the Methods. The % specific 51Cr release was calculated at each 

E:T ratio from the mean of 3 mice + SEM and each mouse was tested in triplicate samples. 

 

Supplementary Figure 5. Blocking multiple effector pathways is not sufficient to prevent 

rejection of RENCA tumors following anti-CD4 treatment. (A) Groups of BALB/c WT mice 

(n = 4-5 mice/group) were depleted of either CD4+ or CD25+ cells, then challenged with 105 

RENCA tumor cells as outlined in Figure 1A. Additionally, the indicated groups of mice 
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were also treated with a cocktail of mAbs to block death receptor signalling.  To block the 

death receptor pathways, mice were treated with 250 μg each of MFL-1 (anti-Fas), N2B2 

(anti-TRAIL) and MP6-XT3 (anti-TNF-α), (anti-FTT = anti-Fas, TRAIL and TNF-α) on 

days -1, 0 and +1, and every three days thereafter. (B) Groups of BALB/c WT mice were 

depleted of either CD4+ or CD25+ cells as outlined in Figure 1A, then injected 

subcutaneously with 105 RENCA-Flag or RENCA-FLIP cells. The survival of mice after 

anti-CD4 or anti-CD25 mAb treatment was calculated from a pool of 2 experiments and is 

plotted as percent survival over time  

.  

Supplementary Figure 6.  Blocking multiple effector pathways does not prevent tumor 

rejection following anti-CD4 treatment.  (A) Groups of BALB/c WT or pfp-/-IFN-γ-/- mice 

were depleted of Tregs as outlined in Figure 1A and injected subcutaneously with 105 

RENCA tumor cells. The survival of WT or gene-targeted mice after anti-CD4, anti-CD25 or 

anti-FR4 mAb treatment was calculated from multiple experiments (pooled from 2-33 

experiments) and is plotted as percent survival over time. Statistical differences in survival 

between WT tumor bearing mice treated with the indicated antibodies and gene-targeted 

tumor bearing mice treated with the indicated antibodies were determined by Log-Rank test 

(* P< 0.05). (B) Groups of BALB/c Pfp-/-IFN-γ-/- mice (n =5/group) were depleted of CD4+ T 

cells as outlined in Figure 1A, with or without anti-FTT treatment, then injected 

subcutaneously with 1 x 105 RENCA cells on day 0.  (C) Groups of BALB/c pfp-/-IFN-γ-/- 

mice (n = 5-6/group) were depleted of CD4+ T cells as outlined in Figure 1A, then injected 

subcutaneously with 105 RENCA-Flag or RENCA-FLIP cells on day 0. Data are depicted as 

mean tumor size (mm2) ± SEM. 

 



 6

Supplementary Figure 7. Regulatory T cell depletion suppresses the development of MCA-

induced sarcoma. Groups of male C57BL/6 mice (n =20) were injected subcutaneously with 

MCA (400 μg) on day 0.  The schedules for depleting Tregs twice a week for four weeks (A) 

with anti-CD4 (B), anti-CD25 (C), anti-FR4 (D) or cIg (B-D) mAbs are depicted.  Anti-CD4 

and anti-CD25 mAbs were injected i.p while anti-FR4 mAbs were injected i.v. Tumor growth 

was monitored weekly by calliper square measurements and the percent tumor free of each 

group of mice is shown plotted against days after MCA inoculation. Statistical differences in 

tumor free mice between those treated with anti-CD4, anti-CD25 or anti-FR4 and those 

treated with cIg (groups of 20 mice per treatment) were determined by Log-Rank test (* P< 

0.05). 

 

Supplementary Figure 8. CD8+ and NK cells collectively account for MCA-induced 

sarcoma suppression following anti-CD25 treatment.  Groups of male C57BL/6 mice (n= 20) 

were injected subcutaneously with MCA (400 μg) and treated i.p. with anti-CD25 or cIg 

mAb as outlined in Figure 5A.  The indicated groups of mice were additionally treated with: 

(A) i.p. injection of 100 μg of cIg on days -1, 0, +1, and thereafter twice weekly for 4 weeks; 

(B) i.p. injection of 100 μg of anti-CD8 on days -1, 0, +1, and thereafter twice weekly for 4 

weeks; (C) i.p. injection of 100 μg of anti-ASGM1 on days -1, 0, +1, and thereafter weekly 

for 4 weeks; or (D) i.p. injection of both antibodies to deplete CD8+ T cells and NK cells 

together. Mice were monitored for tumor development and data are plotted against days after 

MCA inoculation. Statistical differences in tumor free mice depleted of CD8+ T cells or NK 

cells treated with anti-CD25 and tumor free mice depleted of CD8+ T cells or NK cells 

treated with cIg (groups of 20 mice per treatment) were determined by Log-Rank test (* P< 

0.05). 
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Supplementary Figure 9. Effector mechanisms required for suppression of MCA-induced 

sarcoma following anti-FR4 treatment. Groups of male C57BL/6 gene-targeted mice (n = 20) 

were injected subcutaneously with MCA (400 μg) and treated i.v with anti-FR4 mAbs (on 

day -1 (50 μg) and 0 (10 μg) as outlined in Figure 5A. (A) pfp-/-, (B) Granzyme B-/-, (C) DR5-

/-, (D) TNF-α-/-, (E) IL-4-/-, (F) IFN-γ-/-, and (G) pfp-/-IFN-γ-/- mice were monitored for 

survival and data are plotted against days after MCA inoculation. Statistical differences in the 

proportion of gene-targeted tumor free mice treated with anti-FR4 and gene-targeted tumor 

free mice treated with the control antibody (groups of 20 mice per treatment) were 

determined by Log-Rank test (* P< 0.05). 

 

Supplementary Figure 10. Cytokine effector mechanisms required for suppression of MCA-

induced sarcoma following anti-CD25 treatment. Groups of male C57BL/6 gene-targeted 

mice (n = 20) were injected subcutaneously with MCA (400 μg) and treated i.v with anti-

CD25 as outlined in Figure 5A. (A) IFN-γ-/- and (B) IL-4-/- mice were monitored for survival 

and data are plotted against days after MCA inoculation. Statistical differences in the 

proportion of gene-targeted tumor free mice treated with the anti-CD25 and gene-targeted 

tumor free mice treated with the control antibody (groups of 20 mice per treatment) were 

determined by Log-Rank test (* P< 0.05). 
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