OX40 expressed in endothelial cells facilitates tumor cells to escape from T-cell surveillance through S1P-YAP axis
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Extended data legends
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Fig S1. Impacts of OX40 activation therapy on the pulmonary metastasis model established using ID8 or GL261 cells in T-cell immunocompromised mice, related to Fig. 1

A and B. Representative bioluminescent images (left) and statistical analysis (right) of the mice from the pulmonary metastasis model established using (A) ID8 or (B) GL261 cells treated with OX40L or αOX40.

Statistical analyses, p values in (A) and (B) were calculated using two-tailed student's t-test. 
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Fig. S2. Correlation analysis between OX40 and endothelial cell marker genes, related to Fig. 2

A. CD31+ endothelial cells were obtained using the laser capture micro-dissection method. CD31 and OX40 expression was measured using qPCR method (means±SEM; n=3 technical replicates). Scale bar=100 µm

B. Correlations of OX40 with CD31, VWF, or CD34 were assessed using the Cancer Genome Atlas Colon Adenocarcinoma dataset accessed from GEPIA online programme.
Statistical analyses, p values in (A) were calculated using two-tailed student's t-test.  P values in (B) were obtained using the Spearman’s correlation analysis.
[image: image3.jpg]OX40- OX40+
0OX401
CDC21
CDK1H

CCNB14 4
SOD2 °
MYC- .
KMT2D+ o
EZH14
SOX21 .
SOX91 O
MMPQ °
COL15A14 :
COX24
ALDH24
VEGF+
CDKN1B
RB1

BAD-
FAS1

Features
c 9000 000 OCO0C00

OX40L (ng/mL)
PBS 50 100

OX40L (ng/mL)

100

PBS 50

Proliferation rate

— PBS

— 50 Joxa4oL

——1001Ing/mL
3 T
2 2|5
1
0

01 2 3 45
Days

«» 100 p <0.0001
(O]
o]
=) p=0.0029
S PBS
; 50 ]
S 150 |oxaoL
= 11001 ng/mL
Z

0
2400 p=0.0001
q) ————————————
(&)
; 2004 p=0.0005 LIPBS
g 150 [oxa0L
2 [1100Ing/mL

o

OX40L (ng/mL)
cn 410N @9 600 p < 0.0001
S ko L
&)
o 3004 P=0.0002 LI PBS
S [150
-g OX40L
3 [1100lng/mL
0
HCT116-GFP

OX40L

HUVECs

Coon) —

QX0

0% FBS

10% FBS




Fig. S3. Elucidating the biological function of OX40 signal in endothelial cells, related to Fig. 2

A. Genes associated with cell proliferation, cell stemness, metastasis, and drug resistance; key transcription factors involved in tumourigenesis; and tumour suppressor genes were evaluated in OX40+ or OX40- endothelial cells (ECs) from colorectal cancer (CRC) tissues using single-cell RNA-sequencing data.
B-F. Human umbilical vein ECs (HUVECs) were pre-treated with media from SW480 cells for 48 h. All subsequent experiments conducted in HUVECs were subjected to this pre-treatment. (B) Assessment of cell viability, (C) migratory ability, (D) tube forming capacity, and (E and F) tumour cell transendothelial migratory ability in HUVECs treated with PBS or soluble OX40L recombinant protein at the indicated concentration (mean±SEM, n=3). Scale bar=30 µm.

Statistical analyses, p values in (B) were calculated two-way ANOVA test. P values in (C), (D), and (F) were calculated using two-tailed student's t-test
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Fig. S4. Multicolor immunofluorescence staining for subcutaneous tumours from ECs conditional OX40 knock-in or knock-out mice, related to Fig. 2
A-D. A and C: Representative images of multicolour immunofluorescence using anti-CD31 (white), anti-CD3 (red), anti-OX40 (orange), and Ki67 (green) antibodies for subcutaneous tumours from ECs conditional OX40 knock-in (A) or knock-out (C) mice. B and D: Statistical analysis of vascular density and activated T-cell rates. Scale bar=50 µm (mean±SEM, n=5). 
Statistical analyses, p values in (B) and (D) were calculated using two-tailed student's t-test. 
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Fig. S5. Selecting cancer types harboring high OX40 expression in endothelial cells and confirming the pro-angiogenic effects of OX40 signalling, related to Fig. 2

A. OX40/TNFRSF4 expression was evaluated using the open-access data from the TISCH single-cell transcriptome database (http://tisch.comp-genomics.org/).

B and C. B: Representative images of multicolour immunofluorescence using anti-CD31 (white) and anti-CD3 (red) antibodies in indicated subcutaneous tumours from Figs. 1A, 1I and 1L. Scale bar=50 µm. C: Statistical analysis of vascular density (mean±SEM, n=5). 

Statistical analyses, p values in (C) were calculated using two-tailed student's t-test. 
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Fig. S6. Clarifying the specific mechanism of how EGF activates OX40 expression through STAT3 signalling, related to Fig. 3

A. Protein abundances of OX40 were measured in HUVECs treated with media derived from indicated cells using the western blotting analyses. 
B. HUVECs were treated with media derived from indicated cells. Whole-cell lysate and nuclear fraction were obtained and immunoblotted with the indicated antibodies. 

C. Potential regions of the OX40 gene promoter where STAT3 transcription factor binds with predicted using the JASPAR online programme (https://jaspar.elixir.no/).

D. Chromatin immunoprecipitation-qPCR analysis was applied to confirm the enrichment of different OX40 promoter regions using STAT3 antibody and a negative antibody (immunoglobulin G) in HUVECs (mean±SEM; n=3 technical replicates). 

E. Gene expression of EGF in various cell subsets of CRC and NT tissues using single-cell RNA sequencing data (mean±SEM, n=5).

F. Co-culture the shredded CRC tissues or control NT tissues with HUVECs, and measure EGF levels in the co-cultured media using the enzyme-linked immunosorbent assay. (mean±SEM, n=3 biological replicates).
G. Statistical analysis of activated T-cell rates in tumour tissues from CRC patients with high or low serum EGF levels (mean±SEM, n=5).

H. EGFR expression in the indicated cells was evaluted using qPCR method (mean±SEM; n=3 technical replicates)
Statistical analyses, p values in (D), (F), (G) and (H) were calculated using two-tailed student's t-test. 
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Fig. S7. Therapeutic effects of the anti-OX40 antibody and EGFR inhibitor on patient-derived xenografts (PDXs) with CRC patients with high or low serum EGF levels, related to Fig. 3

Based on Fig. 3K, we used 10 tumour tissues from CRC patients with low (5 cases) and high (5 cases) serum EGF levels to construct PDX models. Mice bearing those PDXs were treated using αOX40. The volume of subcutaneous tumours was calculate (mean±SEM, n=7 or 8). 

B. Five tumour tissues from CRC patients with high serum EGF levels were uesd to established PDX models. Then, mice bearing those PDXs were treated with αOX40, EGFR inhibitor Gefitinib (100 mg/kg, oral gavage) or the drug combination. The volume of subcutaneous tumours was calculate (mean±SEM, n=7 or 8).

Statistical analyses, p values in (A) and (B) were calculated using two-way ANOVA test.
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Fig. S8. Impacts of the OX40 signal on the PI3K-AKT or NF-κB signalling pathway in T cells and endothelial cells, related to Fig. 4

A and B. (A) MT-4 cells and (B) HUVECs were treated with PBS or OX40L at the indicated concentration. Cell lysates were immunoblotted using the indicated antibodies.
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Fig. S9. Impacts of the OX40 signal on endothelial cell morphology and endothelial mesenchymal transition (EndMT)-associated genes expression, related to Fig. 4

A. Representative morphological images of HUVECs treated with PBS or OX40L as assessed via phase contrast microscopy. Red arrows indicate cell pseudopodia. Scale bar=5 µm.

B. HUVECs were treated with PBS or OX40L at the indicated concentrations. The cell lysate was immunoblotted using the indicated antibodies.
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Fig. S10. Confirming that the OX40 signal regulates endothelial cell function by modulating YAP nuclear translocation, related to Fig. 4

A. HUVECs were treated with PBS or OX40L. Cell lysates were fractionated into cytoplasmic (Cyto) and nuclear (Nuc) fractions and blotted with the indicated antibodies. 

B. YAP downstream genes expression was evaluated in HUVECs treated with PBS or OX40L using qPCR method (mean±SEM; n=3 technical replicates).

C–E. (C) Assessment of migratory ability, (D) tube-forming capacity, and (E) tumour cell transendothelial migratory ability in HUVECs treated with PBS, OX40L, or OX40L plus Verteporfin (mean±SEM, n=3). Scale bar=30 µm.

Statistical analyses, p values in (B-E) were calculated using two-tailed student's t-test. 
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Fig. S11. Exploring the specific pattern of the OX40 signal regulating YAP expression, related to Fig. 5

A and B. YAP expression was measured in HUVECs treated with PBS or OX40L at the indicated concentration using qPCR method (means±SEM; n=3 technical replicates) and western blotting analyses (B).
C. HUVECs were treated with PBS or OX40L (100 ng/mL). Cells were treated with 50 μM cycloheximide (CHX) for the indicated times. Cell lysates were blotted with anti-YAP antibody. Western blots are shown in the left panel. The quantification of YAP protein levels using ImageJ is shown in the right panel. 

D and E. HUVECs were treated with PBS or OX40L (100 ng/mL). Cell lysates were immunoprecipitated using anti-YAP antibody, followed by blotting with anti-ubiquitin (D) or anti-β-TrCP (E) antibodies. 

Statistical analyses, p values in (A) were calculated using two-tailed student's t-test. 
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Fig. S12. Confirming that S1P regulates endothelial cell function by modulating YAP nuclear translocation, related to Fig. 5

A. HUVECs were cultured at 20% or 90% confluence. Cells were treated with PBS or S1P (10 μM) and subjected to immunoblotting using the indicated antibodies.
B. HUVECs were treated with DMSO or S1P. Cell lysates were immunoprecipitated using anti-YAP antibody, followed by blotting with an anti-ubiquitin antibody. 

C. HUVECs were treated with DMSO or S1P. Cells were treated with 50 μM cycloheximide (CHX) for the indicated times. Cell lysates were blotted with a YAP antibody. Western blots are shown in the left panel. The quantification of YAP protein levels using ImageJ is shown in the right panel. 
D. YAP downstream genes expression was evaluated in HUVECs treated with DMSO or S1P using qPCR method (mean±SEM; n=3 technical replicates).

E–G. (E) Assessment of migratory ability, (F) tube-forming capacity, and (G) tumour cell transendothelial migratory ability in HUVECs treated with PBS, S1P, or S1P plus Verteporfin (mean±SEM, n=3). Scale bar=30 µm.
Statistical analyses, p values in (D-G) were calculated using two-tailed student's t-test. 
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Fig. S13. Clarifying whether the OX40 signal functions in endothelial cells through S1P receptors (S1PRs)

HUVECs were treated with vehicle, OX40L, or OX40L plus siRNAs against S1PR1, S1PR2, S1PR3, S1PR4, or S1PR5. Cells were subjected to immunoblotting using the indicated antibodies.
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Fig. S14. Impacts of the OX40 signal or S1P on YAP-TEAD4 interaction, related to Fig. 5

A. Docking scores of the interactions between YAP and p-LATS1 with or without the participation of S1P.

B. HUVECs were treated with PBS or OX40L. Lysates of nuclear fraction were obtained and immunoprecipitated using a YAP antibody. Metabolites in the immunocomplex were extracted using methanol. The quantitative abundance of S1P was measured using an LC-MS-based trace-level metabolite detection method (mean±SEM, n=3). 

C and D. (C) HUVECs were treated with OX40L or (D) S1P and corresponding vehicles. Cell lysates were immunoprecipitated with a YAP antibody and blotted with the indicated antibodies.

Statistical analyses, p values in (B) were calculated using two-tailed student's t-test.
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Fig. S15. Impacts of S1PL, SGPP1, or SPHK1/2 on OX40 signal-regulated YAP phosphorylation and protein stability, related to Fig. 6

HUVECs were treated with vehicle, OX40L, or OX40L plus siRNAs against S1PL, SGPP1, or SPHK1/2. Cells were subjected to immunoblotting using the indicated antibodies.
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Fig. S16. Exploring the upstream signal source for OX40 activation in endothelial cells
A. OX40L levels in the sera of patients with colorectal cancer (CRC) and healthy controls (HCs) were measured using the enzyme-linked immunosorbent assay (n=28).

B and C. Sorting mononuclear cells from the peripheral blood of patients with CRC and HCs. B: OX40L positivity rates in peripheral blood mononuclear cell (PBMC, n=11), B cells (n=15), dendritic cells (DCs, n=10), and monocytes (MONOs, n=15) in patients with CRC and HCs were evaluated and compared. C: OX40L positivity rates in B cells, DCs, and MONOs in patients with CRC were compared. 
Statistical analyses, p values in (A), (B), and (C) were calculated using two-tailed student's t-test. 
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Fig. S17. Clarify the effects of monocytes in activating OX40 signalling and regulating biological functions in endothelial cells

A–D. Human monocytes were isolated from the peripheral blood of patients with colorectal cancer (CRC) and healthy controls (HCs). Human umbilical vein endothelial cells (HUVECs) and sorted monocytes were co-cultured for 48 h. A: HUVEC lysate was immunoblotted using anti antibodies. B and C: (i) Migratory ability, (ii) tube-forming capacity, and (iii) tumour cell transendothelial migratory ability of HUVECs were assayed (mean±SEM, n=3). D: YAP downstream genes expression was evaluated in HUVECs using qPCR method (mean±SEM; n=3 technical replicates). Scale bar=30 µm.

Statistical analyses, p values in (C) and (D) were calculated using two-tailed student's t-test. 
