Supplementary Data
[image: image7.emf]


a



b



-10 ~ -8 -2 2 4 6 9 11 13
0



1000



2000



3000



T cell



-10 ~ -8 -2 2 4 6 9 11 13
0



1000



2000



3000



T cell + Durvalumab 0.1 mg/kg



0
-10 ~ -8 -2 2 4 6 9 11 13



1000



2000



3000



T cell + Durvalumab 0.001 mg/kg



Days



-10 ~ -8 -2 2 4 6 9 11 13
0



1000



2000



3000



T cell + Nivolumab 0.001 mg/kg



-10 ~ -8 -2 2 4 6 9 11 13
0



1000



2000



3000



Tu
m



or
 a



re
a 



(m
m



2 )



Untreated



-10 ~ -8 -2 2 4 6 9 11 13
0



1000



2000



3000



T cell + Nivolumab 0.1 mg/kg



Nivolumab
0.



00
1



0.
01 0.
1 1 10 10
0



10
00



0.0



0.5



1.0



1.5



Conc. (µg/ml)



R
at



io
Pembrolizumab Durvalumab Atezolizumab



0.
00



1
0.



01 0.
1 1 10 10
0



10
00



0.
00



1
0.



01 0.
1 1 10 10
0



10
00



0.
00



1
0.



01 0.
1 1 10 10
0



10
00



0.0



0.5



1.0



1.5



0.0



0.5



1.0



1.5



0.0



0.5



1.0



1.5










a

b

-10 ~ -8 -2 246 91113

0

1000

2000

3000

T cell

-10 ~ -8 -2 246 91113

0

1000

2000

3000

T cell + Durvalumab 0.1 mg/kg

0

-10 ~ -8 -2 246 91113

1000

2000

3000

T cell + Durvalumab 0.001 mg/kg

Days

-10 ~ -8 -2 246 91113

0

1000

2000

3000

T cell + Nivolumab 0.001 mg/kg

-10 ~ -8 -2 246 91113

0

1000

2000

3000

T

u

m

o

r

 

a

r

e

a

 

(

m

m

2

)

Untreated

-10 ~ -8 -2 246 91113

0

1000

2000

3000

T cell + Nivolumab 0.1 mg/kg

Nivolumab

0

.

0

0

1

0

.

0

1

0

.

11

1

0

1

0

0

1

0

0

0

0.0

0.5

1.0

1.5

Conc. (µg/ml)

R

a

t

i

o

Pembrolizumab

Durvalumab

Atezolizumab

0

.

0

0

1

0

.

0

1

0

.

11

1

0

1

0

0

1

0

0

0

0

.

0

0

1

0

.

0

1

0

.

11

1

0

1

0

0

1

0

0

0

0

.

0

0

1

0

.

0

1

0

.

11

1

0

1

0

0

1

0

0

0

0.0

0.5

1.0

1.5

0.0

0.5

1.0

1.5

0.0

0.5

1.0

1.5


Supplementary Fig. 1, related to Fig. 1

a, 2D12 cells expressing hPD-1-EGFP (green) were prestained with DyLight 650–labeled H57 Fab (red), plated on an SLB containing I-Ek–, mICAM-1–, and hPD-L1–GPI (bottom) at the indicated densities as in Fig. 1a, and real-time imaged by confocal microscopy 2 min after contact. b, As in a, the cells were imaged on an SLB not prepulsed (top two rows) or prepulsed by MCC88-103 (bottom two rows) without (row 1 and 3) or with hPD-L1–GPI (row 2, 4). TCR(, red; hPD-1, green. Histograms show fold fluorescent intensities of TCR( (red) and hPD-1 (green) on the diagonal yellow lines in the DIC images. c, The graph shows the percentages of the T cells forming hPD-1 microclusters in (b, bottom 2 rows) (n = 30). Bars, 5 μm. Error bars, SD. Statistical analysis was performed by an unpaired Student’s t-test. ****p < 0.0001.
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Supplementary Fig. 2, related to Fig. 2

a, As in Fig. 2a, 2D12 cells expressing both hPD-1–HaloTag (red) and EGFP–SHP1 (left, green) or –SHP2 (right, green) were conjugated with MCC88-103 prepulsed (1 (M) DC-1 cells not expressing (top) or expressing (bottom) hPD-L1-HaloTag and imaged by confocal microscopy 2 min after T cell-APC contact. b, 2D12 cells expressing hPD-1–EGFP (green) were prestained with DyLight 549-labeled H57 Fab (cyan), plated onto an SLB as in Figure 1a without (top) or with hPD-L1–GPI (bottom), fixed 2 min after contact, stained with Alexa Fluor 647–labeled anti-pSLP-76 (red), and imaged by confocal microscopy. Histograms show fold fluorescent intensities of TCR( (cyan), hPD-1 (green), and p SLP-76 (red) on the diagonal yellow lines in the DIC images. c, A graph shows the scatter plot summarizing the PCC values in b. PCC was calculated between pSLP-76/TCR( in the absence (left, 0.5430 ± 0.05, mean ± standard deviation [SD]) or presence of hPD-L1–GPI (right, 0.1567 ± 0.05, mean ± SD) by 20 randomly plotted profiles on 20 cells. All data are representative from two independent experiments. Bars, 5 μm. Error bars, SD. Statistical analysis was performed by an unpaired Student’s t-test. ****p < 0.0001.
[image: image3.emf]
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Supplementary Fig. 3, related to Fig. 3

a, 2D12 cells expressing hPD-1 were incubated on ice for 40 mins with human anti-hPD-1, pembrolizumab, or nivolumab, at the indicated concentrations, before adding the secondary antibodies, APC-labelled anti-human IgG, and analyzing by FACS to determine the binding capacities of each anti-hPD-1 against 2D12 cells expressing hPD-1. b, Similar experiments were performed with DC-1 cells expressing hPD-L1 to examine the avidity of each anti-hPD-L1, durvalumab, atezolizumab, MIH1, or 29E.2A3.
[image: image4.emf]
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Supplementary Fig. 4, related to Fig. 3

a, AND TCR-Tg CD4+ T cells expressing hPD-1–EGFP (green) were prestained with DyLight 650–labeled anti-TCR( (H57) Fab (red), plated onto an SLB as in Fig. 1a, and imaged by confocal microscopy 2 (left) or 20 min after contact (right) in the absence or presence of the indicated antibodies at a concentration of 10 (g/mL. b, The cells in a were cocultured for 16 h with 1 (M MCC88-103 and DC-1 cells not expressing or expressing hPD-L1 in the absence or presence of the indicated antibodies and the concentration of IL-2 in each supernatant was measured by enzyme-linked immunosorbent assay (ELISA). All data are representative of two independent experiments. Bars, 5 μm. Error bars, standard deviation (SD). Statistical analysis was performed by one-way ANOVA. ****p < 0.0001.
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Supplementary Fig. 5, related to Fig. 4

a, The data for IL-2 concentrations of the supernatant in Fig. 4b were normalized among four anti-hPD-1 and anti-hPD-L1. The T cell response curve in the presence of each antibody was depicted by a 4-parameter logistic function. Each plot is the data of individual experiments. b, Tumor growth curves of the individual mice in Fig. 4g.
[image: image6.emf]
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Supplementary Fig. 6, related to Fig. 5

a, DC-1 cells expressing hPD-L2 were incubated on ice for 40 min with anti-hPD-L2, 24F.10C12, at the indicated concentrations, stained by secondary antibodies, APC-labelled anti-human IgG, and analyzed by FACS to determine the binding capacities of 24F.10C12 against DC-1 cells expressing hPD-L2. b, 2D12 cells expressing hPD-1–EGFP (green) were prestained with DyLight 650–labeled H57 Fab (red), conjugated with an MCC88-103 prepulsed (1 (M) DC-1 cells not expressing (top) or expressing (bottom) hPD-L2-HaloTag (cyan), and imaged by confocal microscopy 2 min after T cell-APC contact. c, The cells in b were cocultured for 16 h with 1 (M MCC88-103 and DC-1 cells not expressing or expressing hPD-L2 in the absence or presence of each antibody at the indicated concentrations, and the concentration of IL-2 in each supernatant was measured by enzyme-linked immunosorbent assay (ELISA). d, The data for IL-2 concentrations in c were normalized among four anti-hPD-1 and anti-hPD-L2. The T cell response curve in the presence of each antibody was depicted by a 4-parameter logistic function. Each plot is the data of individual experiments. Bars, 5 μm. Error bars, standard deviation (SD).
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Pembrolizumab Nivolumab 24F.10C12



0.2037 0.6753 0.03346
0.1329 to 0.2943 0.4820 to 0.9186



0.592 2.056 0.07832
0.4315 to 0.8293 1.479 to 3.256 0.03953 to 0.1343



1.72 6.259 0.1833
1.113 to 3.006 3.750 to 13.87 0.09922 to 0.4135



5 19.06 0.4291
2.626 to 11.93 8.954 to 61.16 0.1669 to 1.787



25.92 106.1 1.593
9.431 to 104.2 33.30 to 614.5 0.3253 to 20.97



0.008739 to 0.06530



EC50
(95% CI)



EC75
(95% CI)



EC90
(95% CI)



EC98
(95% CI)



EC25
(95% CI)










Pembrolizumab Nivolumab 24F.10C12

0.2037 0.6753 0.03346

0.1329 to 0.2943 0.4820 to 0.9186

0.592 2.056 0.07832

0.4315 to 0.8293 1.479 to 3.256 0.03953 to 0.1343

1.72 6.259 0.1833

1.113 to 3.006 3.750 to 13.87 0.09922 to 0.4135

5 19.06 0.4291

2.626 to 11.93 8.954 to 61.16 0.1669 to 1.787

25.92 106.1 1.593

9.431 to 104.2 33.30 to 614.5 0.3253 to 20.97

0.008739 to 0.06530

EC

50

(95% CI)

EC

75

(95% CI)

EC

90

(95% CI)

EC

98

(95% CI)

EC

25

(95% CI)


Supplementary Table 1. 
The concentration ((g/mL) of the percent effects, EC25, EC50, EC75, EC90, EC98, for each antibody to inhibit PD-1-PD-L2 binding. The data were calculated by the dose-response curves from the experiments in Fig. 5g.

