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Supplementary Figure 1. OPN deletion inhibits hepatocarcinogenesis and
pulmonary metastasis in DEN/CCl4-induced mice. (A) Tumor incidence (percentage

of mice showing macroscopic liver tumor lesions) in WT and OPN KO mice at
indicated time points. (B) The number of tumors, maximum tumor size (in diameters)
in the liver, and liver/body weight ratio of 12-month-old male WT (n = 6) and OPN KO
(n = 6) mice. (C) Representative H&E, and Ki-67, TUNEL, and CD34 staining of liver
tissue sections from 12-month-old WT and OPN KO mice. Scale bar, 100 μm. (D)
Quantification of Ki67-, TUNEL- and CD34-positive cells shown in (C). (E)
Representative H&E staining of lung tissue sections from 12-month-old WT and OPN
KO mice. Scale bar, 100 μm. (F–G) The incidence of lung metastases (F) and the
number of lung metastatic foci (G) of 12-month-old WT and OPN KO mice. Data
represent mean ± SEM. *P < 0.05, **P < 0.01 and ***P < 0.001. Student t-test.

Supplementary Figure 2.OPN deletion suppresses TAM infiltration and PD-L1
expression in HCC mice. (A) Number of F4/80+CD11b+ TAMs in liver tumor tissues
from 12-month-old DEN/CCl4-treated mice. (B) Flow cytometric analysis of blood

leukocytes from 12-month-old DEN/CCl4-treated WT and OPN KO mice. The
percentage of peripheral T-cells (CD4+ and CD8+) and monocytes (Ly6ChighCD11b+;
Ly6ClowCD11b+) are shown. Representative flow cytometric data of blood CD4+CD8+T
cells and Ly6Chigh and Ly6Clow monocytes (gated as CD11b+Ly6C+ cells) in WT and
OPN KO mice are shown on the right. (C) The expression of markers associated with
M1 and M2 polarization in the liver tumors from 12-months-old DEN/CCl4-treated
male WT and OPN KO mice. (D) Quantification of PD-L1, F4/80 and CD206 positive
cells in the liver tissues of 12-month-old WT and OPN KO mice shown in Figure 1E.
(E) Western blot analysis of PD-L1 protein expression in liver tissues. Representative
blots are shown. (F) qPCR analysis of PD-L1 mRNA levels in liver tissues from 9- and
12-month-old mice. Data represent fold change over values measured in control mice.
(G) Flow cytometric analysis of the infiltrated CD45+PD-L1+ in tumors from 12-monthold DEN/CCl4-treated mice.
Data represent means ± SEM. *P < 0.05, **P < 0.01, and ***P < 0.001 WT vs. OPN
KO. Student t-test.

Supplementary Figure 3. Knockdown of OPN suppresses tumor growth and lung
metastasis in mice of HCC. (A) Hepa1-6 cells were infected with lentivirus expressing
shRNA targeting OPN or scrambled shRNA (shRNAcontrol). OPN expression was

detected by Western blot. (B–G) In vivo metastasis assays. Hepa1-6-shOPN or Hepa16-shcontrol stable cells were transplanted into the liver of immunocompetent C57BL/6
mice. (B) Representative image of the tumors from Hepa1-6-shOPN and Hepa1-6shcontrol group (n = 5 mice/group). (C) The tumor weight and tumor size at the time
of sacrifice. (D) Representative images of H&E staining of lung tissues from mice in
the Hepa1-6-shOPN and Hepa1-6-shcontrol group. (E–G) The number of lung
metastatic foci (E), the incidence of lung metastases (F), and the overall survival curve
(G) of mice in the Hepa1-6-shOPN and Hepa1-6-shcontrol group. Data represent means
± SEM. *P < 0.05 and **P < 0.01. Student t-test (or log-rank test in G).

Supplementary Figure 4. Knockdown of OPN suppresses TAM infiltration and
PD-L1 expression in HCC mice and the prognostic significance of OPN, PD-L1
and TAM infiltration in HCC patients. (A) Flow cytometric analysis of the infiltrated

CD8+PD-1+ and TAMs (F4/80+CD206+) in tumors from Hepa1-6-shOPN and Hepa16-shcontrol orthotopic mice. Data represent means ± SEM. **P < 0.01. NS, not
significant. Student t-test. (B) Quantification of PD-L1-, F4/80-, and CD206-positive
cells in liver tissues from mice in the Hepa1-6-shOPN and Hepa1-6-shcontrol group
shown in Figure 2B. Data represent means ± SEM. **P < 0.01. Student t-test.
(C) qPCR analysis of the mRNA levels of PD-L1 and the indicated anti-tumor immune
mediators in the liver tissues of mice in the Hepa1-6-shOPN and Hepa1-6-shcontrol
group. Data represent fold change over values measured in control mice. **P < 0.01
and *** P < 0.001. Student t-test. (D–G) Prognostic significance of OPN, PD-L1, and
TAM infiltration in tumor tissues from HCC patients. Kaplan-Meier analysis of the
OPN, PD-L1, and TAM infiltration and the overall survival (OS) in (D) and recurrence
free survival (DFS) in (E). (F) OS and DFS in patients with OPN/PD-L1 co-expression.
(G) OS and DFS in patients with OPN/TAM co-expression. (H) Correlation analysis
between OPN gene expression and expression of several TAM-related surface receptors
in TCGA dataset of human HCC. Dashed red line denotes a P value of 0.05. (I)
Correlation analysis of OPN expression and TAM related genes in TCGA dataset of
human HCC. Pearson correlation coefficients were determined using one representative
probe for each gene, and P values shown as negative common logarithm (base 10).

Supplementary Figure 5. OPN facilitates M2-like polarization of macrophages
and increased levels of CSF1 in vitro. (A) Quantification of the mean fluorescence
intensity (MFI) of CD163 and CD206 on macrophages shown in Figure 3C. Data

represent mean ± SEM of 3 independent experiments. *P < 0.05. Student t-test. (B)
Macrophages were collected and the cytokine and receptor markers associated with M1
and M2 polarization analyzed by qPCR. Data represent mean ± SEM. *P < 0.05.
Student t-test. (C) HCC cells were infected with LV-OPN, or LV-shOPN, and OPN and
PD-L1 expression detected by Western blotting. (D) The bar graphs of the ratio of
quantified of the tested PD-L1 protein to GAPDH for Western blotting from Figure 3E.
Data represent mean ± SEM of 3 independent experiments. *P < 0.05. Student t-test.
(E) Hep3B-OPN/TAMs and Hep3B-control/TAMs transwell co-cultures were
subjected to a cytokine antibody array analysis. Data represent fold change of the signal
intensity of indicated cytokines normalized to control. (F) The supernatants from
multiple co-culture systems were analyzed by ELISA for the levels of CSF1. Data
represent mean ± SEM of 3 independent experiments. *P < 0.05. Student t-test.

Supplementary Figure 6. CSF1/CSF1R blockade reverses OPN-induced migration,
M2-like polarization of macrophages, and upregulation of PD-L1 in HCC. (A and
B) Quantification of the mean fluorescence intensity (MFI) of CD163 (A) and CD206

(B) on macrophages shown in Figure 4A. (C) Quantitation of transwell migration assay
of THP-1 attraction by the supernatants from indicated HCC/macrophage co-cultures
shown in Figure 4C. (D) Quantification of the mean fluorescence intensity (MFI) of
PD-L1 on HCC cells shown in Figure 4E. (E–F) Western blot analysis of PD-L1
expression in Hep3B cells upon CSF1 or IFN-γ treatment. (E) Hep3B cells were treated
with various concentrations of rhCSF1 for 48 hours. PD-L1 expression was detected by
Western blot. (F) Hep3B cells were treated with the indicated cytokines (10 ng/mL for
each cytokine) for 48 hours. PD-L1 expression was detected by Western blot.
Data represent the mean ± SEM of 3 independent experiments. *P < 0.05, **P < 0.01
and ***P < 0.001. Student t-test.

Supplementary Figure 7. OPN increases CSF1 secretion of macrophages via the
PI3K/AKT/NF-κB p65 pathway. (A) NF-κB p65 binding site from the Jaspar database.
(B) Schematic diagram showing the putative NF-κB p65 binding sites in CSF1
promoter. (C) Macrophages were treated with OPN (200 ng/mL) for 2 hours and the
nuclear phosphor-NF-κB/p65 expression was analyzed by Western blot. (D)
Macrophages were treated with OPN (200 ng/mL) for 0 to 120 min and nuclear
localization of phosphorylated NF-κB p65 was detected by immunofluorescence (IF).
(E) Macrophages were treated with increasing concentrations of OPN. Protein
expression of phosphorylated and total AKT, ERK, and p38 were analyzed by Western
blot. (F) Macrophages were pretreated with PI3K/AKT inhibitor LY294002 followed
by OPN treatment (200 ng/mL). The nuclear localization of phosphorylated NF-κB p65
was detected by IF.

Supplementary Figure 8. Inhibition of OPN/CSF1/CSF1R signaling enhances PDL1 blockade in mouse model of HCC. (A) Schematic diagram of the subcutaneous
mouse HCC model. OPN-overexpressing Hepa1-6-OPN mouse HCC cells were

subcutaneously injected into C57BL/6 mice with treatment beginning when tumors
reached 50 mm3. Mice were treated with isotype control, PD-L1 antibody (200 μg i.p.
every three days) or/and PLX3397 (40 mg/kg p.o. once a day) (n = 6 mice/group) until
mice met treatment endpoint. (B) Mice body weight changes during the indicated
treatment time as described in Figure 6A–C. (C) The effects of anti-PD-L1 and/or
PLX3397 on kidney and liver functions in mice with Hepa-1-6-OPN tumors after
treatment at endpoint. (D) Schematic diagram of the orthotopic mouse HCC model.
OPN-overexpressing H22-OPN tumors were implanted in BALB/C mice. Two weeks
after implantation, mice were administered treatment until the study endpoint. (E)
Hepa1-6-control mouse HCC cells were subcutaneously injected into C57BL/6 mice.
When tumors reached 50 mm3, mice were treated with isotype control, anti-PD-L1
antibody (200 μg i.p. injection every three days) and/or PLX3397 (40 mg/kg p.o. once
a day) (n = 5 mice/group) until mice met treatment endpoint. (Left) The growth of
subcutaneous Hepa1-6-control tumors. (Middle) The average tumor weight of each
group at the time of sacrifice. (Right) The anti-tumor effect index of Hepa1-6-OPN and
control

tumors.
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subcutaneous tumors from each group. (G) IHC of CD8, CD4, and F4/80 on Hepa1-6OPN subcutaneous tumors after the indicated treatment. Scale bar, 100 μm.
Quantification shown on the right.
Data represent mean ± SEM. *P < 0.05 and **P < 0.01. Student’s t- test.

Supplementary Figure 9. Evaluation immune response of anti-PD-L1 and/or
PLX3397 the combination in H22-OPN mice. (A) IHC staining for CD8, CD4, and
F4/80 of H22-OPN tumors after the indicated treatments. Left, representative images
shown. Scale bar, 100 μm. Quantitation shown on the right. (B) ELISA of T-cell
activation biomarkers, Th1 cytokines (IFN-γ, TNF-α, IL-2), Th2 cytokines (IL-4, IL10), and Th1/Th2 ratio (IFN-γ/IL-10) from the tumors isolated.
Data represent mean ± SEM. *P < 0.05, **P < 0.01 and ***P < 0.001. Student’s t- test.

