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Supplementary information includes six Supplementary Figures.

Supplementary Figure 1. FGL1 facilitates the progression of colorectal cancer through 
immunosuppression in the liver microenvironment. 

Supplementary Figure 2. High FGL1 levels predict poor outcomes and less benefit from PD-1/PD-
L1 blockade therapy. 

Supplementary Figure 3. TAMs promote the stabilization of FGL1 by activating NF-κB in the liver 
microenvironment. 

Supplementary Figure 4. OTUD1 is transcriptionally upregulated by the TAM/NF-κB signaling 
pathway. 

Supplementary Figure 5. The TAM/TNFα-OTUD1-FGL1 axis promotes immune escape and 
progression of CRLM. 

Supplementary Figure 6. Benzethonium chloride inhibits tumor cell progression in the liver 
microenvironment by reducing the secretion of FGL1. 
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Supplementary Figure 1. FGL1 facilitates the progression of colorectal cancer through

immunosuppression in the liver microenvironment. (A) Representative bright-field images and

H&E staining of primary tumor and metastatic liver from C57BL/6J or BALB/c mice orthotopically

implanted with MC38 or CT26 cells. Scale bar for bright-field images, 1 cm; scale bar for H&E images,

100 μm. (B) IB detection of FGL1 in CT26 cells from primary and liver metastatic tumor tissues, as

well as in hepatocytes from control and metastatic livers. Right panel, quantitative estimates of FGL1

levels based on IB analyses. (C) Enzyme-linked immunosorbent assay (ELISA) detection of plasma

FGL1 levels in mice grouped by the status of liver metastasis (n=5 mice per group). (D) Cell viability

assay (MTS) analysis of the cell proliferation rates according to the optical density (OD490) of the

indicated cells, n=3 biologically independent experiments. The knockdown of FGL1 expression was

detected by IB. (E) Quantification of liver weight and the number of liver metastases in C57BL/6J

Rag1-/- mice implanted intraportally with the control (shNC) and FGL1 knockdown MC38 cells

(shFGL1 #1, shFGL1 #2) (n=5 mice per group). (F) Quantification of the indicated cells cocultured

with activated OT-1 T cells for 8 hr and then subjected to the MTS assay, n=3 biologically independent

experiments. The ratio of MC38-OVA cells to OT-1 T cells was 5:1. OVA, ovalbumin. (G) IB detection

and IHC staining of FGL1 in hepatocytes or MC38 cells from mice treated with AAV-shNC or AAV-

shFGL1. Scale bar, 100 μm. (H) Gating strategy for the flow cytometric analysis. (I) Flow cytometric

analysis of the number of Ki67+ CD8+ or Ki67+ CD4+ T cells in liver metastases from mice with

knockdown of FGL1 in MC38 cells or hepatocytes, respectively (n=5 mice per group). (J) Binding

curve of recombinant hFGL1 on recombinant hLAG-3, n=3 biologically independent experiments. (K)

Flow cytometric analysis of LAG-3 expression on PD1+ TIM3+ CD8+ T cells from liver metastases. The

Fluorescence Minus One (FMO) control was used to determine LAG-3 positivity. (L) ELISA detection

of IFN-γ secreted from splenic T cells treated as indicated, n=3 biologically independent experiments.

IB experiments in B, D, G were repeated three times, the data are representative of three biologically

independent experiments. The data in B, C, D, E, F, I, J, L are presented as the mean ± SD. P values

were determined by one-way ANOVA (B, C, E, F, I, L).



Supplementary Figure 2. High FGL1 levels predict poor outcomes and less benefit from PD-

1/PD-L1 blockade therapy. (A) ELISA detection of plasma FGL1 levels in healthy donor (N=20) and

ESCC (N=113) specimens (SYSUCC cohort). (B) Kaplan‒Meier analysis of the overall survival of

ESCC patients (N=113, SYSUCC cohort) with plasma FGL1 levels detected in (A). The data in A are

presented as the mean ± SD. The data in B were determined by Kaplan‒Meier analysis with the

log-rank test. P values were determined by two-tailed unpaired Student’s t test (A).
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Supplementary Figure 3. TAMs promote the stabilization of FGL1 by activating NF-κB in the

liver microenvironment. (A) qPCR and flow cytometric analysis of the markers of the TAMs from

different mouse liver metastases and control cases, n=3 biologically independent experiments. (B)

qPCR and flow cytometric analysis of the markers of the TAMs from different CRLM patients and

control cases, n=3 biologically independent experiments. (C) IB detection and quantification of FGL1



expression in MC38 cells incubated with conditioned media produced by TAMs (TAM-CM) and

treated with neutralization antibodies for IL-1β and TNFα, n=3 biologically independent experiments.

(D) Co-IP analysis of the interaction between HA-Ub and Flag-FGL1 in MC38 and HT29 cells

incubated with TAM-CM. (E) IB detection of FGL1 expression in MC38 cells and 293T cells treated

with MG132 (10 μM, 12 hr) or bafilomycin A1 (100 nM, 24 hr) and subjected to cycloheximide (CHX,

40 μg/mL) exposure for 1 hr. (F) Confocal microscopic analysis and quantification of the

colocalization of FGL1 and LC3B in HT29 cells treated with EBSS for 0.5 hr, n=3 biologically

independent experiments. Scale bar, 5 μm. (G) IB detection of FGL1 expression in MC38 or 293T

cells treated with Earle’s balanced salt solution (EBSS) for 0.5 hr. (H) IB detection of FGL1

expression in HT29 and 293T cells pretreated with BAY 11-7082 (10 μM) for 1 hr followed by

incubation with TAM-CM for 16 hr. (I) IB detection of Flag-FGL1, p65 and P-p65 expression in WT or

IKK-/- MEFs transiently overexpressing Flag-FGL1 following incubation with TAM-CM for 16 hr. IB

experiments in C-E, G-I were repeated three times, the data are representative of three biologically

independent experiments. The data in A, B, C, F are presented as the mean ± SD. The P value

was determined by two-tailed unpaired Student’s t test (A, B, F) and one-way ANOVA (A, B, C ).



Supplementary Figure 4. OTUD1 is transcriptionally upregulated by the TAM/NF-κB signaling

pathway. (A) IB detection of p65 expression in the indicated cells. (B) IB detection of P-p65

expression in the indicated cells. IB experiments in A-B were repeated three times, the data are

representative of three biologically independent experiments.
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Supplementary Figure 5. The TAM/TNFα-OTUD1-FGL1 axis promotes immune escape and

progression of CRLM. (A) ELISA detection of plasma FGL1 levels in mice treated as indicated (n=3

mice per group). (B) Representative H&E staining of liver tissues from mice treated as indicated.

Scale bar for bright-field images, 1 cm; scale bar for H&E images, 100 μm. (C) Flow cytometric

analysis of the number of IFN-γ+ CD8+, IFN-γ+ CD4+ T cells in liver metastases or normal liver from

mice intraportally transplanted with MC38 cells for indicated times (n=3 mice per group). (D) Flow

cytometric analysis of the number of Ki67+ CD4+ T cells in liver metastases from mice of indicated



groups (n=5 mice per group). (E) Flow cytometric analysis of the frequency and the number of CD4+

CD25+ Foxp3+ cells within CD4+ T cells in liver metastases from mice treated as indicated (n=5 mice

per group). (F) Flow cytometric analysis of CTLA-4 expression on Treg cells within liver metastases

from mice treated as indicated (n=5 mice per group). (G) Representative H&E staining of liver

metastases from PBMC-humanized mice implanted with HT29/+TAM cells via intraportal vein

injection. Scale bar for bright-field images, 1 cm; scale bar for H&E images, 1.25 mm. (H)

Quantification of liver weight and the number of liver metastases of indicated groups of mice (n=5

mice per group). (I) Flow cytometric analysis of the number of IFN-γ+ CD8+, IFN-γ+ CD4+, Ki67+ CD8+

and Ki67+ CD4+ T cells in liver metastases from mice treated with the control (IgG), anti-CSF1R

and/or anti-PD-1 monoclonal antibodies (n=5 mice per group). (J) CD68 (N=181) or TNFα (N=181)

expression is inversely correlated with overall survival in patients treated with anti-PD-1 in the study

of Braun and colleagues on renal cell carcinoma. The data in A, C, D-F, H-I are presented as the

mean ± SD. The data in J were determined by Kaplan‒Meier analysis with the log-rank test. P

values were determined by one-way ANOVA (A, D, I) and two-tailed unpaired Student’s t test (C, E, F,

H).
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Supplementary Figure 6. Benzethonium chloride inhibits tumor cell progression in the liver

microenvironment by reducing the secretion of FGL1. (A) Cell viability assay (MTS) analysis of

MC38 cells and HT29 cells treated with indicated doses of benzethonium chloride for 12 hr or 24 hr,

n=3 biologically independent experiments. (B) Representative H&E staining of metastatic livers

from C57BL/6J mice implanted with B16F10 cells via portal vein injection followed by treatment with

PBS or benzethonium chloride as indicated. Scale bar for bright-field images, 1 cm; scale bar for

H&E images, 2.5 mm. B.C., benzethonium chloride. (C) Quantification of liver weight and the

number of liver metastases of mice treated with PBS, 3 mg/kg or 5 mg/kg benzethonium chloride

(n=5 mice per group). (D) Body weight of mice treated with PBS, 3 mg/kg or 5 mg/kg benzethonium

chloride (n=5 mice per group). (E) Flow cytometric analysis of the number of TAMs in liver

metastases from mice treated with PBS or benzethonium chloride (3mg/kg) (n=4 mice per group).

(F) ELISA detection of plasma FGL1 levels in mice implanted with MC38 cells or B16F10 cells via

portal vein injection followed by treatment with PBS or benzethonium chloride (3 mg/kg, 5 mg/kg)

(n=5 mice per group). (G) Representative H&E staining of metastatic livers from C57BL/6J mice

implanted with B16F10 cells via portal vein injection followed by treatment with the control (IgG),

benzethonium chloride and/or anti-PD-1 monoclonal antibody as indicated. Scale bar for bright-field

images, 1 cm; scale bar for H&E images, 2.5 mm. (H) Quantification of liver weight and the number

of liver metastases of the indicated groups of mice (n=5 mice per group). (I-J) Flow cytometric

analysis of the number of IFN-γ+ CD8+, IFN-γ+ CD4+ (I), Ki67+ CD8+ and Ki67+ CD4+ T cells (J) in

liver metastases in the indicated groups of mice (n=5 mice per group). (K) Survival curve analysis of

mice implanted with B16F10 cells via portal vein injection followed by treatment as indicated (Mean

survival times of IgG+PBS, αPD-1+PBS, IgG+B.C. and αPD-1+B.C. mice were 21.5, 22.9, 32 and

41 days, respectively) (n=8 mice per group). The data in A, C, E, F, H-J are presented as the mean

± SD. P values were determined by two-way ANOVA (D), one-way ANOVA (A, C, F, H-J ) and two-

tailed unpaired Student’s t test (E).
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