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Materials and Methods

Animals and tumor model

C57BL/6 mice were obtained from Jackson laboratory or Taconic farms. For all
experiments 6—8-week-old female mice were used. Mice were fed Harlan Teklan 2018
diet and housed in the SPF University of Chicago animal facility. The C57BL/6-derived
melanoma cell line B16.F10.SIY (henceforth referred to as B16.SIY) was generated as
described (33). The MB49 bladder cancer cell line was originally a generous gift from
Timothy L. Ratliff, Purdue University. For tumor growth experiments, mice were
injected subcutaneously with 1 x 10° B16.SIY tumor cells or parental B16.F10 tumor
cells. For bladder cancer model experiments, mice were injected subcutaneously with
2x10° MB49 cells. Tumor size was measured twice a week until endpoint and tumor
volume was determined as length x width” x 0.5. All experimental animal procedures
were approved by the University of Chicago Animal Care and Use Committee (IACUC).

IFN-y ELISPOT and SIY Pentamer analyses

ELISPOT plates (Millipore, MAIP S4510) were coated with purified alFN-y (BD)
overnight at 4 degrees. Plates were blocked with 10% FBS in DMEM for 2 hours at room
temperature. Whole splenocytes were plated at 10° cells per well and stimulated with
SIY peptide overnight at 37°C. Spots were developed using the BD mouse IFN-y kit
(Cat. No. 552569), and the number of spots was measured using an Immunospot Series 3
Analyzer and analyzed using ImmunoSpot software (Cellular Technology). For
pentamer staining, cells were labeled with PE-MHC class I pentamer (Proimmune)
consisting of murine H-2K" complexed to SIYRYYGL (SIY) peptide or to control
SIINFEKL peptide, and stained with CD3-AX700 (Ebioscience, 1742), CD8-PacBlue
(Biolegend, 53-6.7), CD4-APC (Pharmingen, RM4-5), CD62L-PECy7 (Ebioscience,
MEL-14), CD44-FITC (BD, IM7) and Fixable Viability-ef780 (Ebioscience). Stained
cells were analyzed using an LSR II cytometer with FACSDiva software (BD). Data
analysis was conducted with FlowJo software (Tree Star).

Fecal transfers and aPD-L1 mAb immunotherapy

Fecal pellets from JAX and TAC-derived mice were collected upon arrival in our
facility and each fecal pellet was resuspended in 1 ml of phosphate-buffered saline (PBS).
The suspension from each fecal pellet was used for oral gavage of two recipient mice,
100ul per gavage. For prophylactic fecal transfer experiments mice were gavaged with
JAX or TAC fecal suspensions once a week for two weeks prior to tumor inoculation.
For therapeutic fecal transfer experiments, mice were gavaged on days 7 and 14 post
tumor implantation. For combination therapy experiments, mice were additionally
injected intraperitoneally with 100ug aPD-L1 mAb (clone 10f.9g2, BioXCell) in 100ul
PBS on days 7, 10, 13 and 16 post-tumor implantation.

Microbial DNA analysis

Bacterial DNA was extracted from murine fecal pellets using PowerSoil®-htp 96
Well Soil DNA Isolation Kit (MoBio cat.# 12955-4). The V4-V5 region of the 16S rRNA
encoding gene was amplified (http://www.earthmicrobiome.org/emp-standard-protocols/;
Earth Microbiome Project, 2011) and sequenced at the High-Throughput Genome




Analysis Core at Argonne National Laboratory. Quantitative Insights Into Microbial
Ecology (QIIME) was used to trim and classify sequences (34); specifically, the open
reference OTU picking protocol was used at 97% sequence identity against the
Greengenes database (05/13 release) (35). PYNAST was used to align sequences (36)
and RDP Classifier was used for taxonomic assignment (37). Community structure was
compared using weighted and unweighted UniFrac distances (38). All beta-diversity
analyses were performed on data rarefied to 9662 reads and after filtering out OTUs
occurring in less than 35% of samples per comparison. Non-parametric t-tests were
performed to determine differences in bacterial taxa occurrence between fecal
communities. Principal Coordinate Analysis (PCoA) ordination was generated to
visually compare beta diversity and Analysis of Similarity (ANOSIM) test statistics were
performed to statistically compare within- to between- group similarity in QIIME.
Newick tree files comprised of OTUs deemed significant by t-test were constructed in
1TOL (39); bar graphs representing mean log fold differences in relative abundances were
plotted for each taxon alongside the phylogeny, replacing zero values with the least non-
zero value observed in the comparison.

Association testing was performed via standard linear regression. We tested the
association between frequency of SIY CDS8" T cells in the tumor and taxa relative
abundance. We used rarefied values and removed taxa that were missing in greater than
35% of the samples. The first two principal components of the relative abundance matrix
were used as covariates in the model. Specifically we fit

SIY ~ relative_abundancey + PC1 + PC2
where k is the kth taxa. The association was fit with /m, principal components were
calculated using the package PEER and FDR was computed using the package gvalue.
This analysis was performed in R.

OTU_681370 was characterized via NCBI Microbial Genomes Blast, using the V4-
V5 16s rRNA sequence:
TACGTAGGGTGCAAGCGTTATCCGGATTTATTGGGCGTAAAGGGCTCGTAGG
CGGTTCGTCGCGTCCGGTGTGAAAGTCCATCGCTTAACGGTGGATCCGCGCC
GGGTACGGGCGGGCTTGAGTGCGGTAGGGGAGACTGGAATTCCCGGT.

Bacterial administration and heat inactivation

A cocktail of lyophilized Bifidobacterium species (B. bifidum, B. longum, B. lactis
and B. breve, Seeking Health) was resuspended in PBS at 5x10° CFU/ml. Each mouse
was given 200ul of Bifidobacterium (1x10° CFU/mouse) by oral gavage 7 and 14 days
following tumor inoculation. Heat inactivation was performed by boiling rehydrated
bifidobacteria at 100°C for 2 hours. Heat-treated and live bifidobacteria were serially
diluted in reduced PBS and plated on reduced clostridial medium (RCM) agar in
anaerobic conditions. Plates were subsequently incubated in an anaerobic chamber for
three days to test efficacy of killing. For gavage of ATCC-derived bifidobacterial
cultures, ATCC 15700 B. breve and ATCC BAA-999 B. longum were cultured in RCM
in an anaerobic chamber and monitored for log-phase growth using spectrophotometric
measurements of turbidity every hour. At measurements of ~0.5, cultures were pelleted,
resuspended at 5x10° cells/ml PBS (as assessed by serial dilution and quantification of
colony forming units, following plating on RCM agar plates and incubation in an
anaerobic chamber for 48 hours) and gavaged into mice, 200ul/mouse, 1x10°




cells/mouse. Lactobacillus murinus (provided by Yuan Zhang and Yang-Xin Fu at
University of Chicago) was cultured in MRS broth overnight, then washed and
resuspended in PBS at 5x10'© CFU/ml. Each mouse was orally gavaged with 100ul of
bacterial suspension (5x10° CFU/mouse) 7 and 14 days following tumor inoculation.

CD8" T Cell Depletion

For depletion of CD8" T cells, mice were injected intraperitoneally weekly with rat
mADb anti-mouse CD8 (43.2) or isotype control IgG2b (BioXcell) at a dose of 250 pg per
mouse. These regimens resulted in > 99% depletion of CD8" T cells from the peripheral
blood, as evaluated by flow cytometry.

Bacterial quantitation in peripheral organs and fecal samples

Mesenteric lymph nodes, tumor and spleen were sterilely removed, homogenized in
PBS and strained through a 70um filter. The cells were pelleted, resuspended in
QIAGEN buffer ALT, and underwent Qiashredding (QIAGEN) to further lyse cells and
reduce the viscosity. DNA was purified from the flow through using QTAGEN DNA
mini purification kit. For spiking experiments, organs were isolated as described above
and spiked with 10°, 10°, 10°, 10* and 10 ATCC 15700 B. breve cells, as assessed by
serial dilution of anaerobically cultured bacteria, incubating 48 hours on RCM agar plates
in anaerobic conditions, and counting colony forming units. Real time quantitative PCR
(qPCR) was used to quantify bacterial SSU (16S) rRNA gene abundance, in the feces and
tissue as described previously (40-42). Primer sets targeting SSU rRNA genes of
bifidobacteria at the genus level were used and included BifidF (CGG GTG AGT AAT
GCG TGA CC), and BifidR (TGA TAG GAC GCG ACC CCA) and probe (6(FAM-CTC
CTG GAA ACG GGT G) (42). Primers and probe were synthesized by IDT and
Invitrogen respectively. qPCR master mixes contained TagMan Universal gPCR 1X
Master Mix (Applied-Biosystems), 0.25uM primers and probe, and either 4ng (feces) or
25ng (tissue) gDNA template. Purified genomic DNA from reference bacteria
Bifidobacterium breve ATCC 15700D-5 was used as a standard. Cycling conditions were
50°C for 2min, 95°C for 10min, and 45 cycles of 95°C for 15sec, 60°C for 60sec using
Roche Lightcycler 480 real time PCR machine. A melt curve was performed for quality
assurance and efficiencies ranged under the accepted values, 90-110%. Data were
normalized as copies of bacterial 16S per ng DNA.

CFSE-labeled 2C CD8" T cell adoptive transfer

CDS8" T cells were isolated from the spleen and lymph node of naive CD45.1/.2" 2C
TCR Tg mice using the MACS CDS8 T cell Isolation Kit (Miltenyi, Cat No. 130-095-236),
labeled with 2.5 mM CFSE and injected i.v. into CD45.2" C57BL/6 mice derived from
either JAX or TAC and into TAC mice gavaged with Bifidobacterium once a week for
two weeks. 24 hours later, mice were inoculated with 1x10° B16.SIY melanoma cells
s.c. Seven days post-adoptive T cell transfer, spleen and tumor-draining lymph node were
harvested and restimulated ex-vivo with SIY peptide in the presence of brefeldin A.
Samples were stained with Fixable Viability-ef780 (Ebioscience), CD45.1-PerCPCy5.5
(Ebioscience, E20), CD45.2-APC (Ebioscience, 104), CD3-AX700 (Ebioscience, 1742),
CDS8-BV711 (Biolegend, 53-6.7), CD4-BV605 (Biolegend, RM4-5) and IFN-y-PE (BD,




XMG1.2). Intracellular IFN-y production and CFSE dilution were assessed in gated
CDA45.1/.2" 2C CD8" T cells by flow cytometry.

Dendritic cell sorting and gene expression profiling

Upon arrival in our facility, TAC mice were gavaged with Bifidobacterium once a
week for two weeks. Bifidobacterium-fed mice, newly arrived JAX mice, and newly
arrived TAC mice were inoculated subcutaneously in both flanks with 5x10° DRAQS5-
labeled B16.SIY tumor cells. 40hrs following tumor implantation, whole tumors
including infiltrating immune cells were digested in collagenase (Worthington) and
filtered into single cell suspensions. Samples from 5 mice in each group were pooled and
subsequently stained with Fixable Viability-ef506 (Ebioscience), CD45-AF488
(Bioloegend, 30-F11), CD3-ef450 (Ebioscience, 145-2C11), CD19-PB (Ebioscience,
1D3), 1-A/I-E-PECy7 (Biolegend, M5/114.15.2), CD11c-PE (Ebioscience, N418) and
CD11b-PerCpCy5.5 (BD, M1/70). Live CD45"CD3° CD19MHCII"'CD11c¢" dendritic
cells were sorted directly into RLT Buffer (Qiagen) using FACSArialll (BD) and stored
immediately on dry ice. Total RNA was isolated using RNeasy® Micro kit (Qiagen).
RNA was submitted to the Functional Genomics Facility at the University of Chicago for
gene expression profiling. RNA integrity and concentration were assessed using an
Agilent Bioanalyzer 2100, and all RNA samples used for microarray analysis had an
RNA Integrity Number > 9.0. Total RNA was processed into biotinylated cRNA using
the Epicentre TargetAmp™ 2-Round Biotin-aRNA Amplification Kit 3.0 (TAB2R71024).
The cRNA was hybridized to Illumina MouseRef8v2 arrays using Illumina provided
protocols and scanned using an Illumina HiScan. Quantile normalized and background
subtracted values were subsequently analyzed using R. Genes whose expression value
was under 10 were removed from the analysis. Mean fold-change in gene transcript
levels between JAX samples relative to TAC, and BIF samples relative to TAC were
calculated, and genes whose fold-change was over 1.5 in both comparisons (760 gene
transcripts) were inputted into The Database for Annotation, Visualization and
Integrated Discovery (DAVID) v6.7 for pathway analysis. Genes found to be
significantly enriched (p<0.05) for immune function were then plotted in a heatmap using
R software.

Quantitative PCR validation of gene-expression profiling

DCs were sorted and RNA extracted as described above. cDNA was synthesized
using High Capacity cDNA Reverse Transcription Kit (Applied Biosystems). Gene
expression was measured by real-time qRT-PCR using specific primers/probes (Roche
Universal Probe library, Table S7). PCR was performed using 7300 Real Time PCR
machine (Applied Biosystems). The results are expressed as fold-change over TAC,
normalized to 18S expression.

BMDC stimulation with Bifidobacterium in vitro

Cells isolated from the tibiae and femurs of WT C57BL/6 mice were cultured in
DMEM medium containing 10% FBS and 1% penicillin/streptomycin, in the presence of
rmGM-CSF (20 ng/ml; BioLegend) for 8 days at 37°C with 5% CO2. BMDCs were then
stimulated for 4 hours with medium alone or with rehydrated Bifidobacterium-containing
medium at a ratio of 1:10 BMDC:s to bacterial cells. Total RNA was isolated using




RNeasy® Micro kit (Qiagen) and submitted to the Functional Genomics Facility at the
University of Chicago for gene expression profiling. RNA integrity and concentration
were assessed using an AgilentBioanalyzer 2100, and all RNA samples used for
microarray analysis had an RNA Integrity Number = 10.0.

Dendritic cell stimulation of CFSE-labeled 2C CD8" T cells in vitro

Upon arrival in our facility, TAC mice were gavaged with Bifidobacterium once a
week for two weeks. DCs were purified from peripheral lymphoid tissues of CD45.2"
C57BL/6 naive Bifidobacterium-ted mice, newly arrived JAX mice, and newly arrived
TAC using Pan Dendritic cell Isolation Kit (Miltenyi, Cat No. 130-100-875). 2x10° DCs
were plated 1:1 with CD45.1/.2" CFSE- labeled 2C CD8" T cells (MACS CD8" T cell
Isolation Kit (Miltenyi, Cat No. 130-095- 236) and incubated at 37°C for 72 hours in the
presence of varying concentrations of SIY peptide. Brefeldin A was added for 6
additional hours. Samples were stained with Fixable Viability-ef780 (Ebioscience),
CDA45.1-PerCPCy5.5 (Ebioscience, E20), CD45.2-APC (Ebioscience, 104), CD3-AX700
(Ebioscience, 1742), CD8-BV711 (Biolegend, 53-6.7), CD4-BV605 (Biolegend, RM4-5)
and IFN-y-PE (BD, XMG1.2). Intracellular [IFN-y production and CFSE dilution were
assessed in gated CD45.1/.2+ 2C CD8" T cells by flow cytometry.

Statistical analysis

Tumor growth curves were analyzed using two-way ANOV A, with either Sidak’s
multiple comparisons post test for comparison of two groups, Dunnett’s multiple
comparisons post test for comparison between multiple groups and a control group, or
Tukey’s multiple comparisons post test for comparison of more than two groups to each
other. For other comparisons, unpaired Student’s z-test was used when comparing two
groups and one-way ANOVA with Holm Sidak correction for multiple testing was used
when comparing more than two groups. Microbial composition comparisons were
performed using non-parametric #-tests. If samples were not independent (technical
replicates of pooled samples), linear mixed model regression was used with Bonferroni
correction for multiple testing. P<0.05 was considered statistically significant and
denoted as follows: *P < 0.05, **P < 0.01, **P < 0.001, ***P < 0.0001. Statistical
analysis was performed using GraphPad PRISM and R.
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(A) Schematic of prophylactic fecal transfer. Fecal pellets collected from JAX and TAC
mice upon arrival in our facility were resuspended in PBS, homogenized and the
supernatant was introduced by oral gavage into either JAX or TAC recipients as shown,
once a week for two weeks prior to B16.SIY tumor inoculation. (B) Percentage of SIY"
T cells of total CD8" T cells within the tumor of groups as in Figure 2A, determined by
flow cytometry 7 days post-tumor inoculation. (C) Percentage of SIY" T cells of total
CDS8" T cells within the tumor of JAX and TAC mice, untreated or treated with aPD-L1
mADb, as determined by flow cytometry 21 days post-tumor inoculation. Data show
individual mice with mean +/- SEM analyzed by one-way ANOV A with Holm-Sidak
correction for multiple comparisons; data are representative (B) or combined (C) from at
least two independent experiments; 5 mice per group per experiment; *P < 0.05, **P <
0.01.
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Fig. S2

(A) Relative abundance of Bifidobacterium OTU_ 681370 in fecal material obtained from
TAC mice 7 days following inoculation with commercial Bifidobacterium species. (B)
Bifidobacterium levels in fecal material obtained from groups as shown, assessed by
qPCR using genus-specific primers. (C) Representative plots showing percentage of SIY"
T cells of total CD8" T cells within the tumor of untreated and Bifidobacterium-treated
TAC mice, as assessed by flow cytometry 14 days following start of treatment. (D)
Bifidobacterium levels in TAC mice 3 weeks post Bifidobacterium administration,
assessed by qPCR. (E) B16.SIY tumor growth in TAC mice, untreated or inoculated with
Bifidobacterium 6 weeks prior to tumor implantation. Data show mean +/- SD (A) or
SEM [(D), (E)], or individual mice with mean +/- SEM (B), analyzed by non parametric
t-tests [(A), (B), (D)] or two-way ANOVA with Sidak’s correction (E); n = 5-10 mice per
group; P <0.01, **P <0.001, ***P < 0.0001.
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Fig. S3

A) B16.SIY tumor growth for isotype-treated (left) or CD8-depleted (right) groups as in
Figure 3E. (B) Number of colony forming units (CFU) of live and heat inactivated
bifidobacteria, plated in RCM agar following serial dilution in reduced PBS and
incubated in an anaerobic chamber for 72 hours. Bars represent 2 replicate plates of each
dilution. (C) B16.SIY tumor growth kinetics in TAC mice, untreated or treated with live
Bifidobacterium, heat inactivated Bifidobacterium or JAX fecal material 7 and 14 days
post tumor implantation. (D) Percentage of tumor-infiltrating SIY" T cells of total CD8"
T cells for treatment groups as in (C), determined by flow cytometry 14 days after start of
treatment. Data show mean +/- SEM analyzed by two-way ANOVA with Tukey’s (A) or
Dunnett’s (C) correction for multiple comparisons; or individual mice with mean +/-
SEM analyzed by one-way ANOVA with Holm-Sidak correction for multiple
comparisons (D); data are representative [(A) and (B)] or combined [(C) and (D)] from at
least two independent experiments; 5 mice per group per experiment; “*P < 0.01, ***P <
0.0001, NS, not significant.
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Fig. S4

(A) B16.SIY tumor growth kinetics in TAC mice, untreated or treated with ATCC-
derived B. breve or B. longum. (B) B16.F10 tumor growth kinetics in TAC mice,
untreated or treated with Bifidobacterium 7 and 14 days post tumor implantation. (C)
MB49 tumor growth kinetics in TAC mice, untreated or treated with Bifidobacterium 7
and 14 days post tumor implantation. (D) B16.SIY tumor growth kinetics in TAC mice,
untreated or treated with Lactobacillus murinus or JAX fecal material 7 and 14 days post
tumor implantation. (E) Percentage of tumor-infiltrating SIY" T cells of total CDS" T
cells for treatment groups as in (D), determined by flow cytometry 18 days after start of
treatment. Data show mean +/- SEM [(A) - (D)] or individual mice with mean +/- SEM
(E), analyzed by two-way ANOVA with Dunnett’s [(A), (D)] or Sidak’s correction [(B),
(O)], or one-way ANOVA with Holm-Sidak correction for multiple comparisons (E); n =
5-10 mice per group; *P < 0.05, **P <0.01, P <0.001, ***P < 0.0001, NS, not
significant.
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(A) Heatmap demonstrating relative abundance of significantly altered genus-level taxa
in Bifidobacterium-fed TAC mice FDR<0.05 (non-parametric ¢-test); columns depict
individual mice; n = 4-8 mice per group. (B) Frequency of CD4" FOXP3" T cells in
tumors isolated from JAX and TAC mice 21 days post tumor inoculation, assessed by
flow cytometry; representative plot (top), quantification (bottom). Data show individual
mice with mean +/- SEM, analyzed by student’s ¢-test; n = 5 mice per group; NS, not
significant. (C) Evaluation of translocation of Bifidobacterium into mesenteric lymph
nodes (mLN), spleen and tumor of TAC, JAX and Bifidobacterium-inoculated mice,
assessed by qPCR. Data show 5 mice per group over 3 time points.
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(A) Schematic of in vivo 2C proliferation assays. CDS8" T cells were isolated from the
spleen and lymph node of naive 2C TCR Tg CD45.17/.2 mice, labeled with CFSE and
injected i.v. into CD45.2" C57BL/6 mice derived from either TAC, JAX or
Bifidobacterium-treated TAC mice. 24 hours later, mice were inoculated with 1x10°
B16.SIY melanoma cells s.c. Spleen and tumor-draining lymph node were harvested and
restimulated ex-vivo with SIY peptide. Intracellular IFN-y production and CFSE dilution
were assessed in gated CD45.17/.2" 2C T cells by flow cytometry; TDLN=tumor-
draining lymph node. (B) Representative CFSE dilution assessed in gated CD45.17/.2"
2C T cells by flow cytometry (left) and quantification (right). Data show individual
mice +/- SEM and are representative of two independent experiments, 8 mice per group
per experiment; analyzed by one-way ANOVA with Holm-Sidak correction; *P < 0.05.
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(A) Representative plots depicting the strategy for isolation of DCs from tumors in JAX,
TAC and Bifidobacterium-treated TAC mice: live CD45'CD3 CD19°MHCII"CD11c"
dendritic cells were sorted as shown. (B) All enriched biological pathways and functions
found within the subset of elevated genes (fold change > 1.5) in JAX and
Bifidobacterium-treated TAC-derived DCs relative to untreated TAC DCs isolated from
tumors 40hrs post inoculation, as assessed by DAVID pathway analysis. (C) gPCR
validation of genes identified by microarray gene expression profiling as in (B). Data
show mean +/-SEM, and are combined from two to three independent experiments, 5
mice pooled per sample, per experiment; analyzed by student’s #-test *FDR<0.5.
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Fig. S8

(A) Representative flow plots of CFSE dilution and IFN-y production in 2C CD8" T cells
stimulated in vitro with DCs purified from naive TAC, JAX and Bifidobacterium-treated
TAC mice in the presence of different concentrations of SIY peptide as shown. (B)
Percentage of 2C CD8" T cells with undiluted CFSE, stimulated in vitro with DCs
purified from naive TAC, JAX and Bifidobacterium-treated TAC mice in the presence of
different concentrations of SIY peptide as shown. Data are combined from two
independent experiments, 5 mice pooled per group per experiment, and show technical
replicates of pooled samples from each experiment separately; analyzed by fitting a linear
mixed model, with Bonferroni correction for multiple comparisons; *P < 0.05, **P < 0.01,
P <0.0001.



Table S1. Comparison of bacterial abundance between JAX and TAC mice, sham-, TAC-, and
JAX-fed TAC mice at sequence level.

Table S2. Comparison of bacterial abundance between JAX and TAC mice, sham-, TAC-, and
JAX-fed TAC mice at genus level.

Table S3. Univariate association testing between bacterial abundance and antigen-specific T cell
infiltration across all permutation groups at sequence and genus levels.

Table S4. Comparison of bacterial abundance between TAC and Bifidobacterium-fed TAC mice
at sequence and genus levels.

Table S5. Gene expression profiling results (Illumina microarray) comparing gene expression in
DCs isolated from tumors of TAC, JAX, and Bifidobacterium-fed TAC mice.

Table S6. Gene expression profiling results (Illumina microarray) comparing gene expression in
BM-DCs untreated or stimulated with Bifidobacterium in vitro.

Table S7. Primer sequences and probes (Roche Universal Probe Library) for gPCR validation of
gene transcripts up-regulated by >1.5-fold in both JAX and Bifidobacterium-treated TAC-
derived DCs relative to DCs from untreated TAC mice.
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