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Supplementary Information 

 

 

Supplementary Table 1 – Summary of primary antibody and OPAL 
protocol optimizations  

Target Primary Ab 
Clone 

Primary Ab 
Dilution 

Detection 
system 

Opal 
dye 

CD96 3A4 1:16000 MACH 2 
(Biocare)  620 

PD-1 NAT105 1:600 MACH 2 
(Biocare) 650 

CD8 C8/144B 1:6000  Opal polymer 
(PerkinElmer) 570 

SATB2 EPNCIR130B 1:1000 Opal polymer 
(PerkinElmer) 690 

 
 
 

Human Flow Cytometry on CRC TILs   

Patient tumor samples were obtained from BioReclamation IVT.  Tumors were 

mechanically dissociated with scissors and dounces on ice, and the homogenates were 

passed through 100 µm strainers and counted.  Tumor cell suspensions were then 

blocked for Fc receptor binding and treated with a live/dead cell dye.  Following 

blocking, cells were stained with key markers, including anti-CD3 (clone UCHT1, 

BD Biosciences), anti-CD8a (clone SK1, Fisher Scientific), anti-PD1 (clone EH12.1, 

BD Biosciences), anti-CD96 (clone NK92.39, Biolegend), and anti-TIGIT (clone 

A15153G, Biolegend) antibodies.  Stained cells were washed and processed for flow 

cytometric analysis. 
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Supplementary Figure 1. Treatment with anti-CD96 mAb therapy suppresses 
tumor growth. (A) 1 x 106 MCA1956 fibrosarcoma cells were injected 
subcutaneously in the C57BL/6 WT mice and 250 µg of anti-CD96 mAb (3.3, 
IgG2a), anti-CD96 (3.3, D265A) or control IgG (1-1, D265A) was injected i.p. on 
days 8, 11, 14 and 17. (B) 1 x 105 B16F10 melanoma cells were injected 
subcutaneously in the C57BL/6 WT mice and 250 µg of anti-CD96 mAb (3.3, IgG2a) 
was injected i.p. on days 3, 6, 10 and 13. Additionally, some groups were injected 
with anti-CD8 (53.5.8, 100µg) on days 2, 3 and 10 to deplete CD8+ T cells. (C) WT 
or CD96-/- CD8+ T cells (5 x 105) were sorted from spleen by flow cytometry and 
injected i.v. into the Rag2-/-gc-/- mice. After 10 days, 1 x 105 B16F10 melanoma cells 
were injected subcutaneously and mice were monitored for tumor growth. Experiment 
(C) was repeated twice with similar results. Significant differences between groups 
were determined by Two-way ANOVA Turkey’s multiple comparison test (**, P < 
0.01; ***, P < 0.001; ****, P < 0.0001). Arrow indicates the day anti-CD96 mAb 
therapy was initiated.  
 

Supplementary Figure 2. Tumor infiltrating lymphocytes in CT26 mouse colon 

carcinoma tumors. (A, B) 2 x 105 CT26 colon carcinoma cells were injected 

subcutaneously in the BALB/c WT mice and tumors were harvested between day 8-11 

for TILs analysis. (A) Bar graph showing the percentage of FoxP3-negative CD4+ T 

cells (CD4), FoxP3+ regulatory T cells (Tregs) and CD8+ T cells in tumors. (B) 

Representative flow diagrams showing the gating strategy for CD4+ and CD8+ T cells 

and PD1+ CD8+ T cells (upper panel). Lower panel shows CD96 and TIGIT staining in 

PD1+ and PD1- CD8+ T cells or isotype staining in PD1+ CD8+ T cells. (C) Pie chart 

shows relative frequency of PD1, CD96, TIGIT single, dual or triple positive cells in 

CD8+, CD4+FoxP3- and CD4+FoxP3+ TILs from CT26 tumors. Data was pooled from 

3-4 independent experiments.  Significant differences between groups were determined 

by Mann-Whitney U test (*, P < 0.05; ****, P < 0.0001). Data was pooled from 3-4 

independent experiments. 

 

Supplementary Figure 3. PD1, CD96 and TIGIT expression in human and mouse 

tumor-infiltrating T-cells. (A) CT26 mouse tumors were harvested at different stage 
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of their growth and TILs were analysed by flow cytometry. Expression of PD1, CD96 

and TIGIT is shown as mean fluorescence intensity (MFI) in antigen-specific Gp70+ 

CD8+ T cells and Gp70- CD8+ T cells. (B) CD96 gene expression is strongly correlated 

with T-cell and other markers in TCGA datasets of human cancer. Gene expression 

analyses of human cancers were performed as described (Materials and Methods) for 

all available and Pearson’s correlations for CD96 with T-cell (CD8A) and other 

immune inhibitory checkpoints (PDCD1, TIGIT, PVRIG/CD112R) or the 

complementary co-stimulatory receptor (CD226/DNAM-1) are shown. Legend on the 

right indicates colour values for rho value for Pearson’s correlations from 0-1. A rho > 

0.75 to be indicator of strong correlation and rho < 0.75 but rho > 0.5 is an indicator of 

moderate correlation and rho < 0.5 to be indicator of weak correlation. 

 

Supplementary Figure 4. Human single cell sequencing of human melanoma. 

Analysis of human melanoma single-cell RNA-seq data for CD96, PD-1, TIGIT and 

CD8A mRNA expression in CD45+ CD3E+ CD8A+ CD19- ITGAM- population and 

stratified according to PDCD1low (indicated by purple circles) versus PDCD1high (red 

circles).   

 

Supplementary Figure 5. Flow cytometry analysis of human CRC TIL. Human 

CRC-infiltrating T cells were analysed for CD96 (left) and TIGIT expression (right) by 

flow cytometry. % CD96+ and %TIGIT+ on PD-1 high (red) and PD-1 low (blue) CD8+ 

T cells are shown. Data are a composite of 8 individually processed and analysed CRC 

tumors. 
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Supplementary Figure 6. The combination of anti-CD96 with anti-TIGIT mAb 

therapy requires CD8+ T cells but not NK cells. 1 x 106 MCA1956 cells were injected 

subcutaneously in the C57BL/6 WT mice and 250 µg of anti-CD96 mAb (3.3) and anti-

TIGIT mAb (4B1, IgG2a) or control IgG (250 µg, 1-1) was injected i.p. on days 8, 11, 

14 and 17. Additionally, some groups of mice were injected i.p. with anti-asialoGM1 

(50 µg) to deplete NK cells or anti-CD8b (53.5.8, 100µg) to deplete CD8+ on days 7, 8 

and 15. Significant differences between groups were determined by Two-way ANOVA 

Turkey’s multiple comparison test (**, P < 0.01; ****, P < 0.0001; ns, not significant). 

Arrow indicates the day immunotherapy was initiated.  

 

Supplementary Figure 7. Representative flow diagram for IFN-g+ and IFN-g+TNF-

α+ CD8 T cells in control and anti-CD96/PD-1 treated tumors. 2 x 105 CT26 colon 

carcinoma cells were injected subcutaneously into the WT mice and tumors were 

treated or not with control Ig, anti-CD96, anti-PD1 or the combination of anti-PD1 and 

anti-CD96 at day 8 and 11 and tumors were collected at day 14 for TILs analysis. 

Representative dot plots showing IFN-g+ and IFN-g+TNF-α+ CD8+ T cells (pre-gated 

on live CD45+ cells) in control- and anti-CD96/PD-1-treated CT26 tumors. Isotype 

staining is used as a control for gating.  

 

Supplementary Figure 8. Anti-TIGIT mouse IgG2a enhances the survival of mice 

when combined with CD96 and PD-1 blockade in triple combination therapy. (A, 

B) 1 x 105 B16F10 melanoma cells (A) and 2 x 105 CT26 colon carcinoma cells (B) 

were injected subcutaneously into the WT mice. Anti-CD96 (3.3, 250 µg/mouse), anti-

PD1 (RMP1-14, 250 µg/mouse) and/or anti-TIGIT (4B1, 250 µg/mouse) mAb were 

injected i.p. on days 6, 9, 12 and 15 (A) or on days 10, 13, 17 and 20 (B) and tumor 
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growth was monitored. (C) Same as A, except that TIGIT antibodies (4B1, 250 

µg/mouse) Fc active IgG2a (G2a) vs Fc mutant (D265A) were used for experiments. 

A, B and C are survival curves for Figure 7A, 7B and 7D respectively. Statistical 

significance using a Log-rank Mantel Cox test depicting the superiority of the triple 

therapy is denoted: *, P < 0.05; **, P < 0.01. 

 

Supplementary Figure 9. Targeting CD96, PD-1 and TIGIT in triple combination 

therapy is CD8+ T cell- and IFN-g-dependent (A) 2 x 105 CT26 colon carcinoma 

cells were injected subcutaneously into WT mice and 250 µg each of anti-CD96 (3.3), 

anti-PD1 (RMP1-14) anti-TIGIT (4B1, G2a), anti-TIGIT (4B1, D265A) mAb or 

control IgG (750 µg, 1-1) were injected i.p. alone or in combination on days 7, 10, 14 

and 17 (A) and days 10, 14, 18 and 22 (B, C). (B) Additionally, control Ig and anti-

PD1/CD96/TIGIT(G2a) groups from (A) were injected i.p. with anti-asialoGM1 (50 

µg) to deplete NK cells or anti-CD8b (53.5.8, 100 µg) to deplete CD8+ T cells on days 

9, 10 17 and 24. (C) same as above, control Ig and anti-PD1/CD96/TIGIT(G2a) groups 

from (A) were injected i.p. with neutralising IFN-g mAb (H22, 250 µg) or control Ig 

(1-1, 250 µg) on days 9, 10 17 and 24. Significant differences between groups were 

determined by Two-way ANOVA Turkey’s multiple comparison test (*, P < 0.05; **, 

P < 0.01; ***, P < 0.001; ****, P < 0.0001; ns, not significant). Arrow indicates the 

day immunotherapy was initiated.  

 

Supplementary Figure 10. The combination of anti-CD96 with anti-PD1 and/or 

anti-TIGIT mAb therapy inhibits the growth of established MCA-induced 

fibrosarcomas. Groups of 12-15 male C57BL/6 WT mice were inoculated s.c. in the 

hind flank with 300 µg of MCA in 0.1 mL of corn oil as described in Materials and 
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Methods. Mice were treated with cIg (1-1), anti-CD96 (3.3), anti–PD-1 (RMP1-14), 

anti-TIGIT (4B1, IgG2a), anti-TIGIT (4B1, D265A) or their combinations (100 µg each 

i.p., twice/week) for 6 weeks from the second palpable tumor measurement (0.1–0.4 

cm2, days 84–147 relative to MCA inoculation). Mice were then monitored for 

fibrosarcoma development for 250 days, with measurements made with a caliper square 

as the product of two perpendicular diameters (mm2). Data is pooled from two 

experiments for cIg, anti-PD1 and anti-CD96 groups and shown as the tumor growth in 

mm2/day (for the period of second palpable measurement to end point or complete 

rejection). Significant differences between groups were determined by One-way 

ANOVA Turkey’s multiple comparison test and shown for cIg vs monotherapy groups 

and anti-CD96 vs the combination of anti-CD96 with other therapies (*, P < 0.05; **, 

P < 0.01; ***, P < 0.001; ns, not significant).  

 

 

 


