
Supplementary methods: 

Cell lines 

The murine cancer cell lines for colon cancer (MC38) and melanoma (B16F10) were maintained in 

our lab. Cells were maintained in DMEM or RPMI-1640 medium supplemented with 10% fetal bovine 

serum (FBS) and penicillin with streptomycin. 

Materials 

Flow cytometry: PerCP/Cyanine5.5 anti-mouse CD45, FITC anti-mouse CD3 antibody, APC/Cy7 

anti-mouse CD8a antibody, APC/Cyanine7 anti-mouse CD11c antibody, APC anti-mouse I-A/I-E 

antibody, PE anti-mouse CD103 antibody and PE anti-mouse IFN-γ antibody were purchased from 

Biolegend. Mouse studies: InVivoPlus anti-mouse PD-1 (CD279), InVivoPlus anti-mouse TIM-3 

(CD366), InVivoPlus anti-mouse IFNAR-1 and InVivoPlus anti-mouse CD8α were purchased from 

BioXcell. Immunoblotting: TBK1/NAK (D1B4) Rabbit mAb, Phospho-TBK1/NAK (Ser172) 

(D52C2), IRF-3 (D83B9) Rabbit mAb, Phospho-IRF-3 (Ser396) (D6O1M) and Phospho-IRF-7 

(Ser437/438) (D6M2I) were purchased from Cell Signaling Technology. IRF-7 Antibody (F-1) was 

purchased from Santa Cruz. Bacterial: Lactobacillus rhamnosus GG was purchased from ATCC. 

Diphtheria toxin was purchased from Fitzgerald. Tumor Dissociation Kit and CD11c MicroBeads 

UltraPure were purchased from Miltenyi Biotec. IFN beta Mouse ELISA Kit was purchased from 

nvitogen. 

Bacteria administration and heat inactivation 

LGG was cultured in MRS medium at 37℃ for 24-36 h. For oral administration, selected mice were 

gavaged with 2 × 109 CFU LGG. For intra-tumor administration, mice were injected with 2 × 107 CFU 

LGG. Heat inactivation was performed by boiling LGG at 100°C for 2 h. 
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Flow cytometry 

For flow cytometric analysis, tumors, lymph nodes and spleens were collected from mice. Tumors 

tissues were cut into small pieces and were then used to generate single-cell suspensions using the 

gentleMACS Tumor Dissociation Kit (Miltenyi Biotec). Cells from spleens or lymph nodes were 

isolated by grinding the tissues through 70 μm filters. Samples were then filtered through a 70 μm cell 

strainer and washed twice with staining buffer. The cells were re-suspended in staining buffer and were 

blocked with anti-FcR (2.4G2, BioXcell). Subsequently, the cells were stained with antibodies for 15-

30 min at 4℃ in the dark and then detected by flow cytometry with a BD Fortessa (BD) or AriaIIIu 

(BD). For intracellular staining, cells were first permeabilized using a Fixation and Permeabilization 

Kit (BD) and then stained with appropriate antibodies. Analysis of flow cytometry data was performed 

using FlowJo (version 10). 

Colony formation 

MC38 cells were seeded in 6-well plates at a density of 8, 000 cells per well. The cells were cultured 

in DMEM medium with 0.6% agarose. After 10-15 days, the colonies were stained with crystal violet 

(0.01%), washed with PBS, then imaged and analyzed using the Image J software. 

ELISPOT assay 

For CD8+ T cell functional assay, CD8+ T cells were isolated from MC38 tumors, 2-4 × 105 CD8+ T 

cells were re-stimulated with 1 μg/ mL SIINFEKEL for at least 48 h. For cross-priming functional 

assay, 2 × 104 purified CD11c+ cells were incubated with CD8+ T cells isolated from OT-1 mice (at 

ratio of 1:10) for 72 h. ELISPOT assays were performed to detect the cytokine spots of IFN-γ according 

to product protocol (Millipore). The 96-well HTS-IP plate was pre-coated with anti-IFNγ antibody 

with a 1:250 dilution overnight at 4 °C. After co-culture, cells were removed. Biotinylated anti-IFNγ 
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antibody (2 mg/mL) with a 1:250 dilution was added and incubated for 1-2 h at room temperature. 

Avidin-horseradish peroxidase in a 1:1000 dilution was then added and the plate was incubated for 1 

h at room temperature. IFNγ spots were developed and calculate by ELISPOT Reader. 

ELISA 

For IFN-β Elisa assay, tumor tissues were homogenized in PBS with protease inhibitor and cell culture 

supernatants were obtained from CD11c+ cells after incubation with live LGG. The concentration of 

IFN-β was measured with IFN beta Mouse ELISA Kit (Invitrogen) in accordance with the 

manufacturer’s instruction. 

Cytokines or chemokines detection 

Tumor tissues were homogenized in PBS with protease inhibitor, and then centrifuged at 12, 000 rpm 

for 10 min to collect the supernatant. The supernatant was used to detect the cytokines and chemokines 

with LEGENDplex™ Mouse Proinflammatory Chemokine Panel (13-plex) with V-bottom Plate kit 

and LEGENDplex™ Mouse Inflammation Panel (13-plex) with V-bottom Plate kit (BioLegend). The 

samples were detected by flow cytometry with a BD Fortessa (BD). The obtained flow data was 

analyzed with LEGENDplex software (v8.0, BioLegend). 

RNA sequencing and bioinformatics analysis 

The CD11c+ cells were purified from mesenteric lymph nodes using CD11c MicroBeads (Miltenyi 

Biotec). The RNA extraction, reverse transcription, cDNA library construction and sequencing were 

performed by Novogene Company. The raw sequencing data has been deposited in NCBI GEO 

(GSE149903). Reads were mapped to mouse genome mm10 using Hisat2 software (v2.0.4)1. Mapped 

reads were assigned to mouse RefSeq genes using featureCounts2 and NCBI mouse annotation build 

37.2. DESeq23 was used for differential gene expression analysis among subgroups. GSEA4 was 
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performed on genes ranked by their differential expression T-statistic using the clusterProfiler package5 

in R with GO, KEGG. The hallmark gene sets were downloaded from 

http://software.broadinstitute.org/gsea/msigdb/genesets.jsp. 

Differentiation and stimulation of bone marrow-derived dendritic cells 

Bone marrow was obtained from wild type Cgas-/-, Sting-/-, Cd11ccreStingf/f mice and was used to 

prepare single cell suspension. The cell suspension was called fresh bone marrow cells. Marrow-

derived dendritic cells were obtained by culture of fresh bone marrow cells for 7-10 days in conditioned 

medium containing GM-CSF and then were collected for other experiments. To culture FLT3L-DCs, 

single-cell suspensions of BMCs were cultured in conditioned medium supplemented with 100 ng/ml 

FLT3L (PEPROTECH) for 9-10 days. 

Western blot analysis 

Whole-cell protein was extracted with RIPA buffer (50 mM Tris pH 7.4, 150 mM NaCl, 1% TritonX-

100, 1.0% NP-40 and 0.5% sodium deoxycholate) supplemented with Protease/Phosphatase Inhibitor 

Cocktail (100×) (Thermo Scientific). Protein concentrations were measured by BCA Protein Assay Kit 

(Pierce). Equal amounts of protein were separated by SDS-PAGE and transferred to PVDF membrane 

(Invitrogen). Membranes were blocked in 1% BSA for 1 h and incubated with the relevant primary 

antibodies at 4°C overnight. Next, the membrane was washed with PBST and incubated with 

appropriate secondary HRP antibodies. The membrane was then washed with Tris-buffered saline with 

0.1% Tween20 Detergent and ECL was applied for film development. The amount of loaded protein 

was normalized to β-Actin. 

DNA extraction from LGG 

Chromosomal DNA extraction from live LGG was performed as described6 with the follow 
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modification. In brief, LGG were cultured in MRS broth at 37 °C for 24 h and then centrifuged at 

8,000 rpm for 10 min to collect the pellets. The pellets were resuspended in 50 mM Tris-HCl (pH 8.0) 

buffer containing 50 mM EDTA, 0.5% Tween-20, 0.5% Triton X-100, 20 mg/mL lysozyme, 10 mg/mL 

N-acetyl muramidase SG and 100 mg/mL RNase A. After incubation in water bath for 2 h at 37 °C, 

200 μL/mL proteinase K solution was added and the mixture was further incubated for 16 h at 37 °C. 

DNA was purified by repeating extraction with solvent of phenol-chloroform-isoamyl alcohol (25:24:1, 

v/v), precipitated with sodium acetate and ethanol, and was then dissolved in DNase-free water. 

Knockdown of TBK1 or IRF7 in BMDCs 

SiRNA targeting mouse TBK1 or IRF7 was transfected into BMDCs by Lipofectamine™ RNAiMAX 

Transfection Reagent (Life Technologies) according to manufacturer’s protocol. The sequences of 

siRNA are: mIRF7: 5’- CUU GCG CCA AGA CAA UUC ATT-3’; mTBK1: 5’- CAC AAA UUU GAU 

AAG CAA A -3’, mIRF3: 5’-GGA-AAG-AAG-UGU-UGC-GGU-UTT-3’. The knockdown efficiency 

was detected by qPCR. 

RNA extraction and RT-qPCR 

Total RNA was extracted using Trizol LS reagent (Life Technologies) according to the 

manufacturer's instructions. cDNA was prepared with the PrimeScript™ Reverse Transcriptase 

(TaKaRa). SYBR-green-based qPCR was performed using CFX96 Touch (Bio-Rad). mRNA levels 

were normalized to Gadph or βactin and reported as relative mRNA expression using the Ct method. 

Shotgun metagenomics sequencing and bioinformatics analysis 

Intestinal contents were collected from the colon of MC38 tumor bearing mice with different treatment 

and immediately stored at -80°C after collection. DNA was then extracted and the quality was checked. 

Since the amount of faeces from some individual mouse samples was too low for the minimal DNA 
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input requirement of sequencing library preparation, we sequenced 30 samples. The metagenomic 

sequencing was performed by Novogene Company. Metagenomic libraries were sequenced on the 

NovaSeq 6000 system (Illumina) and sequenced using the 2× 150 bp paired-end read protocol, with 

an average of 70 M of sequence per sample. These sequences have been deposited in the Sequence 

Read Archive (SRA) of the NCBI databases under accession number SUB8694074, BioProject: 

PRJNA683022. All the raw sequencing reads were quality-controlled by Trimmomatic7, then the clean 

reads were aligned against the mouse genome with Bowtie8 to remove host contaminations. Five 

samples were excluded for later analysis as 90% of the sequencing reads mapped with the mouse 

genome. 

Quality-filtered metagenomes were taxonomically profiled using Kraken29. Different taxa levels 

were extracted. Bracken10 was run on the Kraken classification output to estimate taxonomic 

abundance down to the species level. Diversity analysis was carried out with the counts for species-

level applying Vegan package11 in R. Microbial alpha diversity was calculated as the number of distinct 

taxonomy present in each sample after rarefying to 6,592,359 counts. For each sample, bacterial 

richness, Shannon and Simpson diversity were calculated using the estimateR() and diversity() 

function of the Vegan package. We controlled for cage effects by including cage as a random effect in 

statistical models (see below). Beta diversity was estimated using Bray-Curtis and Jaccard 

dissimilarities between samples which was performed by the function vegdist() in the Vegan package. 

The input to vegdist() was CSS normalized taxonomic counts generated from the metagenomeSeq 

package12. Differences among samples were visualized by unconstrained principal coordinates (PCoA) 

analysis, with statistical significance calculated using the permutation MANOVA (PERMANOVA) 

(9999 permutations) implemented by the PERMANOVA function in Primer-e. Sample scores on the 
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PCoA axes were used as response variables in a Linear mixed model (LMM) (see below). At the 

taxonomic levels - phyla and orders, we also used the mixed linear model to analyze the data. Analysis 

of the differential species abundance was performed using the edgeR13 and limma14 packages. Briefly, 

we first obtained normalization factors using the function calcNormFactors and subsequently used the 

block argument to limma's lmFit function along with the duplicateCorrelation function where 

duplicateCorrelation fits cage effect as a random effect for the blocking variable. P values were 

corrected for multiple tests using the approach of Benjamini and Hochberg with α=0.05. Linear 

discriminant analysis (LDA) effect, implemented in LEfSe15, was used to compare the relative 

abundance of the different taxa between LGG treatment and non-LGG treatment. 

Linear mixed model 

We fitted a mixed linear model using the lme4 package. Predictor variables in this model included 

the fixed effects LGG + anti-PD-1 + LGG×anti-PD-1, and a random effect cage16. We assessed 

statistical significance of fixed predictors using Type Ⅲ Anova with Satterthwaite’s approximation of 

dominator degrees of freedom in the package lmerTest. We used this model to predict community 

descriptors including: α-diversity metrics (diversity indices-Shannon and Simpson, and bacterial 

estimated richness, calculated using the Vegan pcakage); β-diversity metrics (the first two PCoA axes 

of Bray-Curtis and Jaccard matrices, as described above); phylum counts, and order counts. 
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Supplemental Figures 

 

Suppl Figure 1 (Related to Figure 1). Oral administration of live LGG enhances therapeutic 

effects of anti-PD-L1 and anti-TIM-3 antibodies 

(A) Tumor volumes of MC38 tumor bearing-mice treated with IgG control antibody, anti-PD-L1 

antibody, oral administration of live LGG (2 x 109 CFU), or a combination of LGG and anti-PD-L1 

antibody (n=5). C57BL/6 mice were subcutaneously inoculated with MC38 cells. 

(B) Tumor volumes of MC38 tumor bearing-mice treated with IgG control antibody, anti-TIM3 

antibody, oral administration of live LGG, or a combination of LGG and anti-TIM-3 (n=5). C57BL/6 

mice were subcutaneously inoculated with MC38 cells. (A and B) Data are expressed as mean ± SEM. 

Tumor volume results were analyzed by using two-way ANOVA; * *P < 0.01; * * *P < 0.001. 

(C) Colony formation of MC38 or LGG-treated MC38 cells. Data are expressed as means ± SEM; 

unpaired two-tailed Student’s t-tests; ns P > 0.05. 

(D) Detection of LGG in tumor tissues using selective MRS medium under anaerobic condition. MC38 

tumor bearing mice were orally administered with LGG (2 x 109 CFU) when tumor volumes reached 

100 mm3. After two administrations, tumors were collected and homogenized for anaerobic culture of 

LGG. N.D, not detected. 
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Suppl Figure 2 (Related to Figure 2) Combination treatment changed the diversity of gut 

microbiota 

(A) Unconstrained PCoA (for principal coordinates PCo1 and PCo2) with Jaccard distance, with 

permutational analysis of variance (PERMANOVA) P values nested on cage. The distribution of the 

first two most informative coordinates principal component was performed in the corresponding 

marginal box plot. Red and blue dot represent non-LGG and LGG treatment, respectively. Mixed linear 

model was tested for the first 2 coordinates of PCoA with Jaccard distance (explaining 43.9% of the 

variance). Significance was assessed using Type Ⅲ Anova with F tests for fixed effects. All P values 

were adjusted by using the Benjamini and Hochberg method. The numbers of replicated samples are 

as follows: Control (n=6), LGG (n=5), anti-PD-1 (n=7), anti-PD-1+LGG (n=7). 
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(B-C) Comparison of within-sample diversity (α-diversity). Bacterial richness (B) and Simpson (C) 

index of the gut microbiota of different mice. The numbers of replicated samples are as follows: 

Control (n=6), LGG (n=5), anti-PD-1 (n=7), anti-PD-1+LGG (n=7). The horizontal bars within boxes 

represent median. The tops and bottoms of boxes represent 75th and 25th percentiles, respectively. The 

upper and lower whiskers extend to data no more than 1.5 the interquartile range from the upper edge 

and lower edge of the box, respectively. 

(D) Hierarchical clustering and taxonomy profiling of samples in different treatment groups at order 

level. Only the 30 most abundant order in each group are shown for clarity. 

(E) Relative abundance of Bacteroidales (order level). Data bars represent means. Error bars represent 

s.e.m. FDR-corrected P values from the mixed linear model. *P < 0.05. 

(F) Taxonomic cladogram from LEfSe analysis of microbiome profiles up to the species level showing 

differences in fecal taxa. Highlights denote significant taxonomic differences. Dot size is proportional 

to the abundance of the taxon. The colors represent the group in which the indicated taxa were 

differentially abundant compared to the other group. 
  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Gut

 doi: 10.1136/gutjnl-2020-323426–13.:10 2021;Gut, et al. Si W



 
Suppl Figure 3 (Related to Figure 3). Combination treatment with LGG and anti-PD-1 antibody 

promotes activation of CD8+ and CD4+ T cells 

(A-B) The levels of CCL4 and CCL5 in MC38 tumors from WT mice. MC38 tumors in WT mice 

given the indicated treatment were removed on day 28. The levels of CCL4 (A) and CCL5 (B) in 

tumors were measured using a LEGENDplex chemokine kit. 

(C) The length of intestine in mice given the indicated treatment. 

(D) Representative flow cytometry analysis and quantification of Th1 T cells (CD4+IFN-γ+) in MC38 

tumors on day 28 given the indicated treatment (n=3). 

(E) The levels of IL-6 in MC38 tumors from WT mice. MC38 tumors in WT mice given the indicated 

treatment were removed on day 28. The levels of IL-6 in tumors were measured using a LEGENDplex 

cytokine kit. 

(F) The levels of IFN-γ production of CD8+ T cells. IFN-γ production of CD8+ T cells treated with 

LGG. The purified CD8+ T cells from OT-I mice were cocultured with LGG for three days and then 

analyzed by IFN-γ cytometric bead assay (CBA). (A, B, D, E and F) Data are means ± SEM; unpaired 

two-tailed Student’s t-tests; *P < 0.05; * *P < 0.01; * * *P < 0.001; ns P > 0.05. 
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Suppl Figure 4 (Related to Figure 4). LGG increases the population of dendritic cells in both 

tumors and MLN 

(A) Representative flow cytometry analysis and quantification of total CD11c+ cells in MC38 tumors 

on day 28 given the indicated treatment (n=3-4). 

(B) WT mice were orally administered LGG. After three administration, MLN were removed and 

digested to purify the CD11c+ cells. The CD11c+ cells were co-cultured with CD8+ T cells for 3 days 

and the cross-priming activity was analyzed by IFN-γ ELISPOT assay (n=3). 

(C) Representative flow cytometry analysis and quantification of total CD11c+ cells in MLN from the 

mice orally administered with LGG (n=6-8). (A, B and C) Data are expressed as means ± SEM; 

unpaired two-tailed Student’s t-tests; *P < 0.05; * *P < 0.01; * * * *P < 0.0001. 

(D) Heatmap illustrating the relative expression of genes and the partitioning of the clusters of genes 

(GO analysis) based on the RNA-seq analysis of CD11c+ cells in MLN of MC38 tumor-bearing WT 

mice given anti-PD-1 antibody or combination treatment with anti-PD-1 antibody and LGG. 

(E) C57BL/6 mice were subcutaneously inoculated with MC38 cells and treated with oral 

administration of LGG (2 x 109 CFU) (n=5). Oral administration of PBS served as the negative control. 

200 μg anti-IFNAR1 antibody was administered i.p. 24 h before LGG treatment. Data are expressed 

as mean ± SEM, Tumor volume results were analyzed by using two-way ANOVA; *P < 0.05; ns P > 

0.05.  
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Suppl Figure 5 (Related to Figure 5). LGG increases the population of tumor infiltrated CD8+ 

and CD4+ T cells in Myd88-/- mice 

(A-B) Myd88-/- mice were subcutaneously inoculated with MC38 cells and treated with IgG control 

antibody, anti-PD-1 antibody, oral administration of live LGG (2 x 109 CFU), or a combination of LGG 

and anti-PD-1 antibody. 

(A) Representative flow cytometry analysis and quantification of CD8+ T cells (CD45+CD3+ CD8+) in 

MC38 tumors on day 21 given the indicated treatment (n=3-4). 

(B) Representative flow cytometry analysis and quantification of Th1 T cells (CD4+IFN-γ+) in MC38 

tumors on day 21 given the indicated treatment (n=3). Data are expressed as means ± SEM; unpaired 

two-tailed Student’s t-tests; *P < 0.05; * *P < 0.01. 
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Suppl Figure 6 (Related to Figure 6). Combination treatment with LGG and anti-PD-1 antibody 

or LGG trigger responses to IFN-β based on RNA-seq analysis 

(A-B) GSEA plots of enplot-Response to Interferon Beta were positively correlated with combination 

treatment (versus anti-PD-1 antibody monotherapy) based on the RNA-seq data of CD11c+ cells 

derived from MLN in WT (A) and Myd88-/- (B) mice. 

(C) Volcano plot representation of differential expression analysis of genes in the CD11c+ cells derived 

from MC38 tumor bearing WT mice (left) and Myd88-/- mice (right) given LGG treatment versus IgG 

treatment comparison for RNA-seq data. P-value < 0.05, two-sided unpaired limma-moderated t test. 

(D) Volcano plot representation of differential expression analysis of genes in the CD11c+ cells derived 

from MC38 tumor bearing WT mice (left) and Myd88-/- mice (right) given combination treatment 

versus anti-PD-1 antibody treatment comparison for RNA-seq data. P-value < 0.05, Two-sided 

unpaired limma-moderated t test.  
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Suppl Figure 7 (Related to Figure 6). LGG induces IFN-β production via 

cGAS/STING-TBK1-IRF7 axis 

(A-B) The mRNA levels of Il12, Cxcl9, Cxcl10, Cxcl11, Cx3cr1, Tnfα (A) and Cgas (B) in BMDCs. 2 

x 105 BMDCs were derived from WT, Sting-/-or Cgas-/- mice respectively and then treated with LGG 

(2 x 106 CFU) or LGG chromosomal DNA (50 μg/mL) overnight. BMDCs were collected. RT-qPCR 

was performed to measure the mRNA levels of Il12, Cxcl9, Cxcl10, Cxcl11, Cx3cr1, Tnfα (A) and 

Cgas (B). 

(C) Relative quantitative analysis of the western blot showed in Figure 6F using ImageJ software. Bar 

chart shows quantification of protein levels compared to control (p-TBK1 compared to TBK1, p-IRF7 

compared to IRF7) in each condition. 

(D) Relative mRNA levels of Tbk1, Irf3 and Irf7 in BMDCs after siRNA treatments. BMDCs were 

treated with siRNAs targeting Tbk1, Irf3 or Irf7, respectively. Twenty-four hours later, cells were 

harvested for qPCR analysis of Tbk1, Irf3 and Irf7 mRNA level. (A-D) Data are expressed as means ± 

SEM; unpaired two-tailed Student’s t-tests; *P < 0.05; * *P < 0.01; * * *P < 0.001; * * * *P < 0.0001. 
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