
Supplementary Methods

Platelet aggregation assay
Isolated platelets were adjusted to a concentration of 2.4×10⁷ platelets per sample in 200 μl, and then
supplemented with platelet poor plasma (final concentration 1%), and 120 μM CaCl2, and dispensed
into cuvettes. Immediately before the assay, 10 μl of 2 mM ADP (Promega) was added, and platelet
aggregation was assessed using a MCM HEMA TRACER 313M (SSR Engineering).

CTL proliferation assay
(1) LCL-mediated stimulation:
CTL3-3, LCL, and platelets were co-cultured in 1 ml of αMEM for 1-7 days. At each time point, cells
were harvested and stained with eFluor780TM viability dye (Thermo Fisher Scientific), APC anti-
human CD19 Antibody, and PE anti-human CD8a Antibody (Biolegend) then washed with PBS. The
pellets were resuspended in 500 μl PBS, followed by adding 25 μl of AccuCheck Flow Cytometry
Counting Beads (Thermo Fisher Scientific). Absolute number of CTL 3-3 in the suspension was
determined from the ratio of cell to bead events detected by CytoFLEX LX Flow Cytometer
(Beckman Coulter), using the known concentration of counting beads. The data were analyzed using
FlowJo software (TOMY Digital Biology).
(2) MEG01-mediated stimulation:
CTL3-3 were stained with eBioscience Cell Proliferation Dye eFluor 670 (Invitrogen) and seeded
at 3×104 cells per well in a 96-well plate. Subsequently, 3×10⁴ cells WT1 antigen-pulsed MEG01
cells and 5×10⁶ platelets were added to each well. Anti-PSGL-1 antibody and anti-human CD62p
antibody were added to the suspensions of CTL3-3 and platelets, respectively, at a final concentration
of 5 μg/ml. The mixtures were incubated for 20 min, with CTL3-3 on ice and platelets at room
temperature. Co-culture was performed at 37℃ for 1–5 days. On each day, the cells were harvested
and stained with eFluor780 viability dye (Thermo Fisher Scientific) to identify dead cells, followed by
analysis using a CytoFLEX LX Flow Cytometer (Beckman Coulter). The data were analyzed using
FlowJo software (TOMY Digital Biology).

Platelet-CTL adhesion assay
Platelets from a healthy donor (4×10⁷ plts), CTL3-3 (2×10⁵ cells), and MEG01 (2×10⁵ cells) were
co-cultured in 1.5 ml tubes. The platelets were washed and resuspended in 0.5 μM PGI2 containing
Tyrode’s buffer and incubated at 37℃ for 2–3 h. MEG01 was resuspended in D-PBS (-) (Wako)
containing 100 nM WT1 peptide and incubated on ice for 2 h. CTL3-3 was resuspended in PBS
immediately before co-culturing. Anti-PSGL-1 antibody and anti-human P-selectin antibody were
added to CTL3-3 and platelets suspensions, respectively, at a final concentration of 5 μg/ml. The
mixtures were incubated for 20 min, with CTL3-3 on ice and platelets at room temperature. Equal
volumes of each suspension were combined to a total 1 ml and co-cultured at 37℃ for 30 min with
inversion mixing every 10 min. The cells were centrifuged at 1500 rpm for 5 min at 30℃ and washed
with PBS. Platelets-only suspensions were centrifuged at 1000 g for 10 min at 30℃. Pellets were
resuspended in 100 μl PBS and stained with fluorescent antibodies for 20 min on ice (Supplementary
Table S2). Fluorescence was measured using a CytoFLEX LX Flow Cytometer (Beckman Coulter
Life Sciences). The data were analyzed using FlowJo software (BD Biosciences).
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Flow cytometric detection of intracellular perforin expression in CTLs
Platelets isolated from a healthy donor (4 × 10⁷ platelets), CTL3-3 cells (2 × 10⁵ cells), and WT1-
pulsed MEG01 cells (2 × 10⁵ cells) were co-cultured at 37 ℃ for 4 h in RPMI-1640 medium
supplemented with 10% fetal bovine serum (total volume, 500 μl), with or without neutralizing
antibodies against PSGL-1 or P-selectin. Brefeldin A (biolegend) was added at the start of co-culture.
After incubation, cells were stained with PE anti-human CD8a Antibody (biolegend) and
eBioscience Fixable Viability Dye eFluor 780 (eBioscience). Cells were then fixed and
permeabilized using Fixation/Permeabilization Concentrate, Fixation/Permeabilization Diluent, and
Permeabilization Buffer (10×) (eBioscience ), followed by intracellular staining with PE/Cyanine7
anti-human Perforin Antibody (biolegend). Samples were analyzed using a CytoFLEX LX flow
cytometer (Beckman Coulter Life Sciences), and data were analyzed with FlowJo software (BD
Biosciences). Detailed gating strategies are shown in Fig. S7A.

Immunofluorescence of platelet-CTL adhesion
Co-cultured samples of CTL3-3 and platelets were fixed in 4 % PFA (Wako) or 2.5% glutaraldehyde
(Sigma-Aldrich). The samples were then placed onto a slide coated with 0.1 mg/ml poly-L-Lysine
hydrochloride (Peptide Institute, Inc.) by centrifugation using a cytospin (1200 rpm, 5 min). The
slides were stained overnight at 4℃ with anti-CD42b antibody and anti-human CD8a antibody. Goat
anti-rabbit-Alexa Fluor 488 and goat anti-mouse Alexa Fluor 647 secondary antibodies were then
incubated for 1 h at room temperature. Nuclei were counterstained with 2 μg/ml Hoechst 33432 dye
for 1 min at room temperature. Fluorescent images were acquired using an LSM 880 confocal
microscope (Carl Zeiss) with a 60× or 100× objective and analyzed using ImageJ software.
Platelet–adherent CTL3-3 were evaluated using fluorescence images acquired using a NanoZoomer
S60 scanner (Hamamatsu Photonics). The images were analyzed using Qupath software to define
regions of interest (ROIs) and detect CD8-positive T cells identified by Hoechst nuclear staining.
Among these, cells associated with CD42b⁺ platelets were counted to calculate the proportion of
platelet–adherent CTL3-3.

Scanning electron microscopy
CTL3-3 and platelets were co-cultured for 30 min and fixed with 2.5% glutaraldehyde for 30 min at
room temperature. The fixed cells were gently placed on coverslips for 1 h. After that the cells on
coverslips were rinsed with PBS and fixed with 2.5% glutaraldehyde for 1 h at room temperature.
Fixed specimens were soaked in 5% ionic liquid (HILEM IL1000, Hitachi) for 30 min. Then the cells
were washed three times in milliQ water, excess water was removed with filter paper, followed by
further drying with a blower. The dried samples were then coated with gold (thickness 5 nm) by using
an evaporator (SANYU DENSHI SVC-700 TURBO). Micrographs were acquired using a scanning
electron microscope (Hitachi SU-1510) at an accelerating voltage of 8 kV18-20



Supplementary Table S2.

Catalog numberSupplier
Final 
concentration

Component

11900-024GIBCO10.2 mg/mlMEMα-MEM, Powder GIBCO 

191-01305Wako2.2 mg/mlNaHCO₃

35-010-CVCORNING10 %Fetal Bovine Serum (FBS)

AF-200-07Pepro Tech5 ng/mlIL-7

AF-200-21Pepro Tech10 ng/mlIL-21

03420-52nacalai100 μMVitamin C

---Distilled water (DW)

RRIDDilutionCatalog numberSupplierCloneReagent

AB_2563
061

1:50103138biolegend30-F11
Brilliant Violet 510 anti-mouse 
CD45 Antibody

AB_2894
410

1:50100274biolegend17A2
PE/Cyanine5 anti-mouse CD3 
Antibody

AB_3677
581

1:50E-AB-F1104UIElabscience53-6.7
PE/Cyanine5.5 Anti-Mouse CD8a 
Antibody

AB_2563
680

1:50135225biolegend29F.1A12
Brilliant Violet 785 anti-mouse 
CD279 (PD-1) Antibody

AB_1089
8318

1:50100543biolegendRM4-5
Brilliant Violet 421 anti-mouse 
CD4 Antibody

AB_2129
746

1:50133904biolegendMWReg30FITC anti-mouse CD41 Antibody

AB_11218
294

1:5017-0626-80eBiosciencePsel.KO2.3
CD62P (P-Selectin) Monoclonal 
Antibody (Psel.KO2.3), APC, 
eBioscience

AB_11142
685

1:25505831biolegendXMG1.2
Brilliant Violet 650 anti-mouse 
IFN-γ Antibody

1:400065-0865-14eBioscience-
eBioscience Fixable Viability 
Dye eFluor 780

Supplementary Table S1.

Supplementary Table S1. Antibodies used for the analysis of tumor-infiltrating T cells and platelets.

Supplementary Table S2. Composition of α-MEM medium used for culturing CTL3-3.



RRIDDilution
Catalog 
number

SupplierCloneReagent

AB_28147491:100ab183345abcamSP219Anti-CD42b antibody

AB_25620541:100301049biolegendRPA-T8
APC anti-human CD8a 
Antibody

AB_1431651:500A-11008Invitrogen-
Goat anti-Rabbit IgG (H+L) 
Cross-Adsorbed Secondary 
Antibody, Alexa Fluor 488

AB_25358051:500A-21236Invitrogen-

Goat anti-Mouse IgG (H+L) 
Highly Cross-Adsorbed 
Secondary Antibody, Alexa 
Fluor 647

-H1399
Thermo 
Fisher 
Scientific

-Hoechst 33432

Supplementary Table S4.

RRIDDilution
Catalog 
number

SupplierCloneReagent

AB_11218
294

1:10017-0626-80eBiosciencePsel.KO2.3
CD62P (P-Selectin) Monoclonal 
Antibody (Psel.KO2.3), APC, 
eBioscience

AB_26296
27

1:100303730biolegendHIP8
Brilliant Violet 421 anti-human 
CD41 Antibody

AB_27161
17

1:100303934biolegendHIP1
Brilliant Violet 510 anti-human 
CD42b Antibody

AB_31412
6

1:100301008biolegendRPA-T8PE anti-human CD8a Antibody

AB_25634
42

1:100302240biolegendHIB19
Brilliant Violet 785 anti-human 
CD19 Antibody

1:400065-0865-14eBioscience-
eBioscience Fixable Viability 
Dye eFluor 780

Supplementary Table S3.

Supplemental Table S3. Antibodies used for the platelet-CTL adhesion flow cytometry assay.

Supplemental Table S4. Antibodies and Hoechst dye were used for immunofluorescence staining.



Supplementary Figure S1.

Supplemental Figure 1. ADP-induced platelet aggregation in mice treated with clopidogrel and/or
anti–PD-L1 antibody.
Platelets were isolated from mice treated with IgG alone, anti-PD-L1 antibody alone, clopidogrel+IgG,
or clopidogrel+anti-PD-L1 antibody. Platelet aggregation was assessed by light transmission
aggregometry after incubation with 100 μM ADP or PBS (control).
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Supplementary Figure S2.
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Supplemental Figure 2. Evaluation of tumor-infiltrating T cells in MC-38 tumors
A. Representative gating strategy for the flow cytometric analysis of tumor infiltrating T cells shown in Figure 1.
B. Frequencies of CD4+ T cells (left) or CD8+ T cells (right) among live cells.
C. Frequencies of platelet marker (CD41) positive CD4⁺ T cells (left) or CD8⁺ T cells (right).
(B, C) Data are presented as mean ± SD (n = 5). Statistical analyses were performed using one-way ANOVA
following Tukey's post hoc test. *, P < 0.05; **, P < 0.01.
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Supplementary Figure S3.

Supplemental Figure 3. Time-dependent cytotoxicity of CTL3-3 following antigen stimulation.
The survival rates of MEG01 cells were measured in cytotoxicity assays using CTL3-3 at different
time points after WT1 antigen-stimulation (Day4, Day7, and Day10). Percent survival was normalized
to MEG01 cells cultured without CTL3-3 (set as 100%).
Data are presented as mean± SD (n = 3).
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Supplementary Figure S4.

Supplemental Figure 4. The cytotoxic effect of AKF9-TCR-T cell is dependent on T:E ratio
Cancer cell survival rates in the cytotoxicity assay using AKF-9 TCR-T cell at different target-to-
effector (T:E) ratios. HCT15 WT or HCT15 B2M cells were used as target cells and co-cultured for
24 h before luminescence-based quantification of surviving cells.
Data are presented as mean± SD (n = 3). Statistical analyses were performed using paired Student’s
t-test. *, P < 0.05; **, P < 0.01; ***, P < 0.001; ns, not significant.
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Supplemental Figure 5. Platelets isolated from peripheral blood of healthy donors.
A. Representative image of washed human platelets. Arrows indicate individual platelets.
B. Platelet size of washed human platelets was assessed by flow cytometry.
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Supplemental Figure 6. Flow cytometric evaluation of CTL3-3 proliferation and assessment of
LCL cell numbers
A. Representative gating strategy for the flow cytometric analysis of CTL3-3 proliferation shown in
Fig. 3A.
B. Concurrent evaluation of LCL cell numbers under the same co-culture conditions. The number
of LCLs was quantified by flow cytometry using AccuCheck Counting Beads at each time point
during the 7-day co-culture. Data are presented as mean± SD (n = 3).
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Supplemental Figure 7. Intracellular perforin expression in CTL3-3 cells following co-culture
with MEG01 cells
A. Gating strategy for identification of live CD8⁺ CTL3-3 cells and assessment of intracellular

perforin expression by flow cytometry.
B. Representative dot plots showing intracellular perforin expression in CTL3-3 cells under the

indicated conditions: MEG01 cells alone, MEG01 cells co-cultured with CTL3-3 cells in the
absence of WT1 peptide, MEG01 cells co-cultured with CTL3-3 cells in the presence of WT1
peptide, and MEG01 cells co-cultured with CTL3-3 cells and platelets in the presence of WT1
peptide. Cells were co-cultured for 4 h in the presence of brefeldin A.

C. Overlay histograms of intracellular perforin expression in CTL3-3 cells under each condition
shown in (B).
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Supplemental Figure 8. Effects of platelet-derived releasates on CTL3-3-mediated cytotoxicity
against MEG01 cells
Cancer cell survival rates were assessed after 24 h of co-culture of MEG01, CTL3-3, and platelet-
derived releasates. The target-to-effector (T:E) ratio was fixed at 1:1 or 1:2. Platelet-derived
releasates were obtained from collagen-activated platelets and added at amounts equivalent to
3×106 or 1×10⁷ platelets per condition. For the WT1(-) group, the T:E ratio was fixed at 1:2, and
platelet-derived releasates were added at an amount equivalent to 1 × 10⁷ platelets per condition.
Data are presented as mean ± SD (n = 3). Statistical analyses were performed using one-way
repeated measures ANOVA followed by Dunnett’s multiple comparisons test, with platelet-derived
releasates-free conditions (0) as the control. *, P < 0.05; ns, not significant.
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Supplementary Figure S9.

Supplemental Figure 9. Evaluation of cells adhering to platelets
A. Representative gating strategy for the analysis of cell adhesion by flow cytometry.
B. Expression of the platelet marker CD41 and the platelet activation marker P-selectin within the platelet gate
shown in fig.S8A.
C, D. Expression of CD41 (C) or P-selectin (D) on MEG01 cells (upper) and CTL3-3 cells (lower).
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Supplemental Figure 10. Evaluation of cells adhering to platelets using THP1 cells
A. Representative gating strategy for the analysis of cell adhesion by flow cytometry.
B, C. Expression of CD41 (B) or P-selectin (C) on THP1 cells (upper) and CTL3-3 cells (lower).
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Supplemental Figure 11. Evaluation of cells adhering to platelets using HCT15 cells and AKF9-TCR-
T cells
A, B. Expression of CD41 (A) or P-selectin (B) on HCT15 cells (upper) and AKF9-TCR-T cells (lower).
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Supplemental Figure 12. Dose-dependent effects of neutralizing antibodies against PSGL-1 or P-selectin on
platelet–CTL3-3 adhesion.
Platelets, MEG01, and CTL3-3 were co-cultured in the presence of increasing concentrations (0, 0.1, 0.3, and
1.0 μg/ml) of anti–PSGL-1 or anti–P-selectin neutralizing antibodies. CTL3-3 cells were identified as CD8+

cells by flow cytometry, and the expression of platelet-associated markers CD41, CD42b, and P-selectin
within the CTL3-3 population was analyzed. Histogram plots show shifts in marker expression at each
antibody concentration.
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Supplementary Figure S13

Supplemental Figure 13. Quantification of platelet adherent CTL3-3 cells.
Representative immunofluorescence images acquired using a NanoZoomer scanner are shown. Cells were stained
for CD8 (red), platelet marker CD42b (green), and nuclei with Hoechst (blue). The right panel shows cells
detected from the left panel for quantitative analysis. Red circles indicate CD8⁺ cells, blue circles indicate CD8⁻
cells, and yellow circles indicate platelet-adherent CTL3-3 cells.
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Supplementary Figure S14

Supplemental Figure 14. Intracellular perforin expression in CTL3-3 cells following treatment with neutralizing
antibodies.
Representative overlay histograms show intracellular perforin expression in CTL3-3 cells co-cultured under the
indicated conditions in the presence of anti-PSGL-1 or anti-P-selectin neutralizing antibodies. Neutralizing
antibodies were added at a concentration of 5 μg/ml.
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