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Materials and Methods

Patient fecal sample collection

Stool samples were collected from 42 metastatic melanoma patients prior to
immunotherapy initiation. Eligible patients were provided an EasySampler Collection Kit
(ALPCO) to collect stool sample at home. The stool samples were brought to the lab within 24
hours after collection. DNA was immediately isolated from 250 mg of stool and the rest of the

sample was aliquoted and stored at -80°C. .

Microbial DNA isolation

Patient stool samples were handled under BSL2 laminar flow hood using sterile
technique. The technician wore gloves, gown, face mask and hair net to prevent contamination
of the samples. Isolation of microbial DNA from patient and mouse fecal samples was
performed using QlAamp PowerFecal DNA Kit and QlAmp DNA Stool Mini Kit, respectively
(Qiagen, Germantown, MD), including a bead-beating step. DNA concentration was measured

using a Nanodrop-nd1000 and the DNA was stored at -80°C.

16S rRNA gene amplicon library preparation and sequencing

16S rRNA gene amplicon library preparation and sequencing was performed at the
Argonne National Laboratory. Briefly, PCR amplicon libraries targeting the 16S rRNA encoding
gene were produced using a barcoded primer set adapted for the Illumina HiSeq2000 and

MiSeq (17). DNA sequence data were then generated using lllumina paired-end sequencing at



the Environmental Sample Preparation and Sequencing Facility (ESPSF) at Argonne National
Laboratory. Specifically, the V4 region of the 16S rRNA gene (515F-806R) was PCR-amplified
with region-specific primers that include sequencer adapter sequences used in the Illumina
flowcell (17, 18). The forward amplification primer also contains a twelve-base barcode
sequence that supports pooling of up to 2,167 different samples in each lane (17, 18). Each 25
uL PCR reaction contained 9.5 uL of MO BIO PCR Water (Certified DNA-Free), 12.5 ulL of
QuantaBio’s AccuStart Il PCR ToughMix (2x concentration, 1x final), 1 uL Golay barcode tagged
Forward Primer (5 uM concentration, 200 pM final), 1 uL Reverse Primer (5 UM concentration,
200 pM final), and 1 pL of template DNA. The conditions for PCR were as follows: 94 °C for 3
minutes to denature the DNA, with 35 cycles at 94 °C for 45 s, 50 °C for 60 s, and 72 °Cfor 90 s;
with a final extension of 10 min at 72 °C to ensure complete amplification. Amplicons were then
guantified using PicoGreen (Invitrogen) and a plate reader (Infinite® 200 PRO, Tecan). Once
guantified, volumes of each of the products were pooled into a single tube so that each
amplicon was represented in equimolar amounts. This pool was then cleaned up using AMPure
XP Beads (Beckman Coulter) and quantified using a fluorometer (Qubit, Invitrogen). The pool
was diluted down to 2 nM, denatured, and further diluted to a final concentration of 6.75 pM
with a 10% PhiX spike for sequencing on the lllumina MiSeq. Amplicons were sequenced on a
151bp x 12bp x 151bp MiSeq run using previously described sequencing primers and
procedures (17). The average sequencing depth for the patient samples was 51,029, ranging
from 28,040 to 68,928 reads; the average sequencing depth for mouse samples was 158,728,

ranging from 54,632 to 327,216 reads per sample.

Microbial 16S rRNA gene amplicon analysis




The microbial 16S rRNA gene amplicon sequencing data from human and mouse fecal
collections were processed separately with Quantitative Insights Into Microbial Ecology (QIIME)
(version 1.91) (19) using similar protocols as previously described (4). In brief, raw reads were
trimmed to remove low quality bases and paired-end 3’ overlapping mates were merged using
SeqPrep (https://github.com/jstjohn/SeqPrep). The open reference OTU picking protocol was
used at 97% sequence identity against the Greengenes database (08/2013 release) (20).
PyNAST was used to align sequences (21) and uclust consensus taxonomy assigner was used for
taxonomic assignment (22). Data were rarefied to an even depth of 13,190 reads for the
human microbial cohort and 22,560 reads for the mouse microbial cohort, respectively. OTUs
occurring in less than 10% of the samples were removed per comparison in each cohort.
Permutation tests (also known as, non-parametric t-tests in QIIME v1.9 manual) using Monte
Carlo simulation were performed to identify differences in bacterial taxa occurrence between
fecal communities of responders (R) and non-responders (NR) from human samples, and
between slow and fast tumor growth groups from human microbiota-colonized mice. The tools

and parameters used in each analysis step are described as follows:

1) The FastQ files were demultiplexed based on unique sample barcodes using
split_libraries_fastq.py and paired-end reads were merged based on overlapping 3’ end mates
using join_paired_ends.py (SeqPrep method with low quality base trimming and adaptor
clipping turned on by default). 2) Reads were clustered into OTUs based on 97% sequence
similarity and searched against reference database followed by de novo assembly of clustered
sequences using pick_open_reference_otus.py, with option “enable_rev_strand_match” set to

TRUE and requiring at least 2 sequences per OTU for singleton removal. The OTU abundance



table was generated and phylogenetic tree was reconstructed. 3) All samples were rarefied to
the same sequencing depth using single_rarefaction.py based on the least number of reads
mapped per sample. 4) Alpha (e.g. Shannon index) and beta diversity metrics were collected
using core_diversity_analyses.py, and compared between NR and R groups using
compare_alpha_diversity.py (option “nonparametric” test with Monte Carlo permutations) and
compare_categories.py (ANOSIM and PERMANOVA methods with weighted UniFrac distance),
respectively, with 999 permutations and FDR correction for multiple comparisons. 5) OTUs
were filtered for those present in at least 10% of the samples using
filter_otus_from_otu_table.py, leaving 2,181 OTUs in the human 16S dataset and 3,235 OTUs in
the mouse 16S dataset for statistical comparison of group differences. 6) OTUs differentially
abundant between NR and R groups were identified by permutation test implemented in
group_significance.py with option “nonparametric_t_test” and 1000 permutations, and filtered

by a statistical significance level of 0.05 for subsequent analysis.

Analysis of the mouse 16S dataset revealed 519 OTUs differentially abundant between
the fast and slow tumor growth groups at FDR-adjusted P < 0.05. Among these, 298 OTUs were
assigned with known reference IDs and 221 with new reference ID. The new reference OTU IDs
are not comparable between different cohorts, hence we focused on the OTUs with known
reference IDs. Out of 298 OTUs, 207 OTUs were matched with human donors and used for
generation of the heatmap depicted in Figure 3B. In addition, binary Bray—Curtis dissimilarity
index was computed for each donor-mouse sample pair based on presence/absence of
matched OTUs. For each pair, OTUs of relative abundance > 0.0001 in the donor or the mouse

sample was included for the calculation.



BLASTN methodology

To investigate the identity of the OTUs differentially abundant between responders and
non-responder patients, the assembled 16S rRNA gene amplicon sequences were characterized
by a BLAST search against NCBI bacterial nucleotide sequence database (the search results were
last updated on 10/04/2017). Using the blastn command line tool and the “megablast”
program selection method, the top hits with 298% identity to the query sequence were
returned from the nucleotide collection database restricted to bacteria, and excluding
environmental or uncultured sample sequences. Results are shown in table S3. For some OTUs
there were no hits with 298% identity and the top 10 hits are listed regardless of the percent

identity value.

Metagenomic shotgun sequencing

Metagenomic shotgun sequencing was performed at the Marine Biological Laboratory
affiliated with the University of Chicago. Briefly, the quantity of the DNA sample was measured
using Picogreen (Invitrogen). DNA was then sheared using a Covaris and the libraries were
constructed with the Nugen Ovation Rapid DR Multiplex System (PCR-free). The aimed insert
size is between 400-600 bp. Amplified libraries were visualized on an Agilent DNA1000 chip or
Caliper HiSens Bioanalyzer assay, pooled at equimolar concentrations and size selected using a
Sage PippinPrep 2% cassette. The library pool was quantified using a Kapa Biosystems qPCR
library quantification protocol, then sequenced on the Illumina NextSeq in a 2x150 paired-end
sequencing run using dedicated read indexing. The samples were demultiplexed with bcl2fastq.

An average of 80.4 million reads were generated per sample, ranging from 38.9 to 156.7 million



reads.

Microbial shotgun metagenomics analysis

The microbial shotgun metagenome sequencing data from human fecal collections were
taxonomically profiled using Metagenomic Phylogenetic Analysis (MetaPhlAn 2) (23). Species-
level taxonomic relative abundances were inferred for all samples following protocols detailed
elsewhere (24). In brief, host contamination in the metagenomic reads was identified using

KneadData version 0.61 (http://huttenhower.sph.harvard.edu/kneaddata) with human

(GRCh37) reference databases (example command: kneaddata -i fql -i f{q2 -db kneaddataDB -o
out --output-prefix sample -t threads -g phred33 --trimmomatic trimmomaticPath --max-
memory 2048m --trimmomatic-options 'LEADING:20 TRAILING:20 AVGQUAL:30
SLIDINGWINDOW:4:20 MINLEN:70 TOPHRED33' --run-trf). The high-quality reads were then
mapped against a catalog of ~1 million clade-specific marker sequences identified from ~17,000
reference genomes currently spanning bacteria, archaea, eukaryotes and virus phylogenies to
assign reads to microbial clades (example command: metaphlan2.py inl,in2 --bowtie2out
out.bowtie2.bz2 --nproc threads --input_type fastq > out.txt). The relative abundance of each
taxonomic unit in each sample was estimated by normalizing read counts assigned to each
clade by the nucleotide length of its markers and by the sum of all weighted read counts in this
clade including all subclades (example command: metaphlan2.py out.bowtie2.bz2 --nproc
threads --input_type bowtie2out -t rel_ab > out.rel_ab.txt). To compare species identified from
16S and shotgun sequencing, the profiled bacterial species were then compared to the

taxonomy of OTUs generated from 16S sequencing at family level, and the statistical


http://huttenhower.sph.harvard.edu/kneaddata

dependence between the relative abundance of 16S OTUs and each matched shotgun species
was determined using Spearman’s rank correlation tests, followed by filtering for those with

positive correlation and at P < 0.05.

dPCR validation of metagenomic and 16S rRNA gene sequencing of fecal samples

The abundance of some of the bacterial species identified with the metagenomic and
16S rRNA gene amplicon sequencing approaches were further measured by gPCR using
previously validated subgroup- or species-specific primers and probes (25-37) and SYBR Green
or TagMan PCR master mix (Applied Biosystems). The primers and probes were synthesized by
Integrated DNA Technologies (Coralville, IA) and Life Technologies, respectively. gPCR was
performed on StepOnePlus Real-Time PCR System (Applied Biosystems, Foster City, CA) and
analyzed with StepOnePlus Software. The primer concentrations were as previously described
(Table S5). The cycling conditions for the TagMan-based reactions were 50°C for 2 min, 95°C for
10 min, 40 cycles of 95° for 15 secs, 60-65°C for 1 min, with varying annealing temperatures
depending on the primer pair. The cycling conditions for the SYBR Green-based reactions were
95°C for 10 min, 40 cycles of 95° for 15 sec, 60-75°C for 10-40 sec, 72°C for 20-50 sec, with
varying annealing temperatures and times depending on the primer pair. Fluorescence signal
was detected at the end of each cycling stage. For some reactions, fluorescence detection was
done during an additional 15 sec step at a higher temperature to minimize signal from primer
dimers and minor non-target products (26). Melt curve analysis was performed to confirm
amplification specificity. The results were expressed as relative abundance normalized to the

total bacterial load. Specifically, to calculate the total bacterial load, gPCR was performed using



previously described universal bacterial primers (38). A standard curve was generated using
the PCR blunt vector (Invitrogen) containing a single copy of the 16S rRNA gene derived from a
member of the Porphyromonadaceae family (39) and the total 16S rRNA gene copies per ng
DNA was calculated for each sample. Relative abundance for each species was expressed as 2°“
normalized to the number of total 16S rRNA gene copies per ng DNA in each sample and
multiplied by a constant (7.3x10719) to bring all values larger than 1. A summation gPCR score
was computed per individual sample taking into consideration the abundance of 10 validated
gPCR targets (Enterococcus faecium, Collinsella aerofaciens, Bifidobacterium adolescentis,
Klebsiella pneumoniae, Veillonella sp., Parabacteroides merdae, Lactobacillus sp.,
Bifidobacterium longum, Ruminococcus obeum and Roseburia intestinalis). First, data
transformation was applied on the relative abundance to bring signal close to Gaussian
distribution. The relative abundance of each species was log10 transformed, and scaled by
dividing the value by their root mean square across samples. The abundance of Ruminococcus
obeum and Roseburia intestinalis (more abundant in non-responders) were multiplied by (-1).
The sum of the transformed abundance of the 10 gPCR results was calculated to generate the

score, and compared between groups of interest using two-sided Student's t-test.

RNAseq of tumor samples and data analysis

RNA was isolated from tumor samples using the QIAGEN AllPrep DNA/RNA FFPE kit
(Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The quality of RNA
was measured on Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, USA). cDNA was

reverse transcribed from RNA and used for library preparation following dUTP strand-specific



protocol by the University of Chicago Genomics Core Facility. Ribosome RNA was removed
using the Ribo-Zero rRNA Removal Kit (Human) (lllumina, San Diego, USA). Sequence reads
were generated on an lllumina HiSeq 4000 instrument at the Functional Genomics Facility. An
average of 133.3 million 2x100bp paired-end (PE) reads were generated for each sample,
ranging from 93.2 to 208.0 million reads. The quality of raw reads was assessed by FastQC (40)
(v0.11.5). Reads were aligned to human reference transcriptome with Gencode gene
annotation (v26, GRCh38) by Kallisto (41) (v0.43.1) with the strand-specific mode, which
implements kmer-based pseudoalignment algorithm for accurate quantification of transcripts
from RNAseq data and is robust to errors in the reads. Transcript abundance was quantified at
transcript level specifying strand-specific protocol, summarized into gene level using tximport
(42) (v1.4.0), normalized by trimmed mean of M values (TMM) method, and log2-transformed
for further analysis. Selected transcripts (PD-L1 and PD-1) were compared between responders

and non-responders.

Whole exome + UTR sequencing of tumor samples and data analysis

Tumor DNA was isolated from tumor samples using the QIAGEN AllPrep DNA/RNA FFPE
kit (Qiagen, Hilden, Germany), and DNA integrity and quantification were evaluated on an
Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, USA) and qubit (Thermo Fisher,
Waltham, USA), respectively. Two hundred ng of DNA was used for whole exome + UTR
capture using the Agilent SureSelect Human All Exon V6 plus UTR kit (Agilent Technologies,
Santa Clara, USA). Sequence reads were generated on an Illumina NextSeq 500 instrument

(Ilumina, San Diego, USA) at the University of Chicago Functional Genomics Facility. An



average of 62.2 million 2x100bp paired-end (PE) reads were generated for each sample, ranging

from 51.9 to 70.9 million reads.

The raw sequencing data were analyzed by an in-house pipeline constructed for WES
analyses of paired or unpaired cancer genomes. The quality of raw reads is assessed by FastQC
(40) (v0.11.5), and preprocessed to trim adaptors and merge 3’ overlapping mates using
SeqPrep (v1.2). Reads were aligned to human reference genome (GRCh37) using BWA-MEM
(43) (v0.7.15) with soft-clipping option activated by default. Read duplicates were marked
using Sambamba (44) (v0.6.3) and alignments of mapping quality<30 were removed. Reads
alignment was further refined using insertions/deletions realignment and base quality score
recalibration (BQSR) using GATK (45) (v3.8.0). Callable loci were collected from the alignment
using GATK CallableLoci program, and merged with Agilent V6 + UTR exome capture target
regions provided by the vendor. Since matched normal tissue was not available for sequencing,
we detected putative somatic mutations by MuTect2 (46) (v3.8.0), which identifies somatic
single nucleotide variants (SNVs) and indels from high-quality bases using the tumor-only mode.
Stringent filters were applied on variants that passed the default setting of the caller to further
remove potential germline variants identified as those present in dbSNP database, or at allele
frequency (AF) 2 0.0001 in 1000 Genomes Project (G1000) (47), the NHLBI Grand Opportunity
Exome Sequencing Project (ESP) (48), or the Exome Aggregation Consortium (ExAC) (49) on
non-TCGA samples. Variants that passed all filters were carried on for annotation using
ANNOVAR (50) (June 2017 release). The somatic mutation burden was calculated by the total

number of mutations that were predict to cause protein sequencing change, including non-



synonymous, stopgain, and stoploss SNVs, frameshift and non-frameshift indels, and variants

that modify splicing sites.

Immunohistochemistry of tumor samples

Tissue sections were prepared from paraffin-embedded tumor samples from 5
responders and 10 non-responder patients. The slides were stained using Leica Bond RX
automatic stainer. Bond™ Epitope Retrieval Solution | (Leica Biosystems, CatNo: AR9961) was
applied for 20 minutes. A primary anti-CD8 antibody (clone C8/144B from Dako; 1:400 dilution)
was applied for 25 minutes. The primary antibody was then detected with Bond™ Polymer
Refine Detection kit (Leica Biosystems, CatNo: DS9800). The CD8* cell density was expressed as

a ratio of CD8" cells/pixel to total cells/pixel using inForm® Cell Analysis™ software (PerkinElmer).

Animals, fecal transfer, and tumor model

Specific pathogen-free (SPF) C57BL/6 mice were obtained from Taconic Biosciences
(Hudson, NY). SPF mice were fed Teklad irradiated 2918 diet (Envigo), or in some cases
autoclaved 5K67 diet (Lab Diet, St. Louis, MO), and housed in the University of Chicago SPF
animal facility. Germ-free (GF) C57BL/6 mice were initially purchased from Taconic biosciences,
then bred and housed in flexible-film isolators in the University of Chicago Gnotobiotic
Research Animal Facility and fed autoclaved 5K67 diet. Some GF mice were gifted by Dr.
Eugene Chang at the University of Chicago. For all experiments, 6—-8-week-old mice were used.
The C57BL/6-derived melanoma cell line B16.F10.SIY (henceforth referred to as B16.S1Y) was
generated as described (51). For tumor growth experiments, some GF mice were colonized

with fecal microbiota from 3 responders and 3 non-responder patients, or microbiota from SPF



mice by oral gavage. Briefly, 200 mg of human stool was thawed and suspended in 3 ml of PBS
or mouse fecal pellets were collected fresh and suspended in 1 ml of PBS per pellet. After
settling of the particulate material, each mouse was gavaged with 10 ml/kg body weight
(approximately 200 pl per mouse) of the fecal supernatant. Two weeks after gavage, the
colonized mice were injected subcutaneously with 1 x 108 B16.SIY tumor cells. Some mice were
injected i.p. 7, 10, 13, and 16 days after tumor inoculation with 100 pg of anti-PD-L1
monoclonal antibody (BioXCell, 10F.9G2). Tumor size was measured three times per week until
the endpoint and tumor volume was determined as length x width? x 0.5. Microbiota
composition of the colonized mice was assessed with 16S rRNA gene amplicon sequencing of
DNA extracted from fecal samples collected 4 weeks after colonization. Taconic SPF mice were
used as a control. The experimental animal procedures were approved by the University of

Chicago Animal Care and Use Committee.

SIY Pentamer analyses

For immune profiling, cells were labeled with a PE-MHC class | pentamer (Proimmune)
consisting of murine H-2KP complexed to SIYRYYGL (SIY) peptide or to an irrelevant SIINFEKL
peptide. Tumor cell suspensions were subsequently stained with CD3-AlexaFluor700
(Ebioscience, 17A2), CD8a-Pacific Blue (Biolegend, 53-6.7), CD4-BrilliantViolet711 (Biolegend,
RM4-5), CD44-FITC (BD, IM7), FOXP3-APC (Ebioscience, FJK-16a) and Fixable Viability Dye-
eFluor780 (Ebioscience). The cells were then washed and fixed in 1% paraformaldehyde and
analyzed on LSRFortessa flow cytometer with FACSDiva software (BD). Data analysis was

performed using FlowJo software (Tree Star).



[EN-y ELISPOT

ELISPOT was carried out using anti-IFN-y capture/detection antibody pair from BD
Biosciences. ELISPOT plates (Millipore, MAIP S4510) were coated with capture antibody
(CatNo: 51-2525KD) overnight at 4°C and then blocked with DMEM + 10% FBS for 2 hours at
room temperature. Splenocytes were enumerated using flow cytometry, plated at 10° cells per
well and stimulated with 160 nM SIY peptide or irrelevant OVA peptide as negative control, or
500 ng/ml ionomycin + 50 ng/ml PMA as positive control, overnight at 37°C. The following day,
IFN-y spots were detected with biotinylated detection antibody (CatNo: 51-1818KZ), followed
by streptavidin-HRP and AEC substrate kit (all from BD Biosciences). The spot number and size
were quantified using an Immunospot Series 3 Analyzer and ImmunoSpot software (Cellular

Technology).

Statistical analysis

Tumor growth curves were analyzed using two-way ANOVA with Tukey’s multiple
comparisons post-test using GraphPad PRISM. For other comparisons between two groups,
including evaluating significance in immune profiling or quantitative PCRs, unpaired, two-tailed
Student’s t-test or Wilcoxon-Mann-Whitney test (non-parametric) was used as indicated in the
figure legends. Microbial composition comparisons were performed using permutation tests
implemented in QIIME (option “nonparametric_t_test”). For multiple comparisons, p-value
was adjusted using Benjamini-Hochberg FDR correction (52). Spearman’s rank correlation
coefficient p was used for measuring statistical dependence between relative abundance of

bacteria produced by different platforms. 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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identification of bacteria in patient stool samples with a potential role in modulating anti-tumor

immunity in a mouse melanoma model.
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Fig. S2. Segregation of responder and non-responder samples based on relative abundance

data for the 63 differentially abundant OTUs determined with 16S sequencing using

unadjusted, non-parametric t test. (62 OTUs were significantly different with P<0.05; 1 OTU,

Bifidobacteriaceae OTU 559527 indicated with arrow, approached significance with P<0.058).

Columns depict individual patients clustered using unsupervised hierarchical clustering with

Euclidean distance. Asterisks indicate samples used in further in-vivo experiments. Annotation

bar above the heatmap indicates clinical response to immunotherapy. The ID of de-novo



assembled OTUs (new clean-up reference OTUs picked by QIIME) were abbreviated to show

only the unique identifier digits, and the full OTU IDs are provided in table S4.
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Fig. S3. Ranked species-level identities of 16S OTUs predicted with shotgun sequencing. OTUs
picked by 16S sequencing analysis were first matched to species identified by shotgun
sequencing at the family level. Then, pairwise tie-corrected Spearman’s correlation was
computed for each matching pair and the species matched to each OTU were ranked based on
the correlation coefficient p value. A complete list of the 63 OTU-to-species matching between

the 16S and shotgun sequencing datasets is included in table S4.
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Fig. S4. Use of species-specific qPCR for additional confirmation of the OTU-to-species
matches determined by 16S and shotgun sequencing data comparisons. OTUs and their best-
match species as measured with 16S and shotgun sequencing, respectively, were correlated by
Spearman’s test against the relative abundance of the corresponding species measured with
gPCR. Depicted are correlations for OTUs (and their best-match species), which are more
abundant in non-responders (A) or in responders (B) and are used for computation of the gPCR
score. Of note, OTU 1107027 (identified as Lactobacillus ruminis with 16S sequencing analysis)
was best matched to Lactobacillus animalis (from the shogun sequencing data set) with P<0.1
(table S4) and was included in the qPCR score, because a primer set with a broader

Lactobacillus sp. specificity was used (table S5).
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Fig. S5. Visual representation of the presence/absence-based ratio of beneficial/non-
beneficial OTUs. The bar graphs represent the total number of potentially beneficial OTUs

(more abundant in responders; depicted in red) and potentially non-beneficial OTUs (more
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abundant in non-responders; depicted in blue) in each patient. The grid map represents
presence (green) or absence (white) of beneficial and non-beneficial OTUs in each patient
sample. Columns depict individual patients grouped based on clinical response to
immunotherapy in the same order as in Figure 1A. Rows indicate the 43 OTUs from 16S
sequencing that were confirmed by shotgun sequencing (table S4). Asterisks indicate samples
used in further in-vivo experiments. The ID of de novo assembled OTUs (new clean-up
reference OTUs picked by QIIME) were abbreviated to show only the unique identifier digits,

and the full OTU IDs are provided in table S4.
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Fig. S6. The qPCR score and the beneficial/non-beneficial OTU ratio as candidate predictors of

clinical response to immunotherapy. The qPCR score (A) and the ratio of beneficial-to-non-

beneficial OTUs (B) were more distinct between non-responders (NR) and responders (R),

compared to the non-synonymous somatic mutational (NSSM) load (C), expression levels of PD-

L1 (D) and PD-1 (E), as determined by whole transcriptome sequencing of tumor samples, and

intra-tumoral CD8* T cell infiltration (F) as determined with immunohistochemistry of tumor

samples. This analysis was limited to subset of 5 responders and 10 non-responders from the

original 42 patient cohort, whose samples passed quality control for RNA sequencing.

Wilcoxon-Mann-Whitney test (non-parametric) was used for comparing qPCR score, OTU ratio,



and NSSM between NR and R groups, which does not assume data follow normal distribution.

Student’s t-test was used for the rest of the markers.
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Fig. S7. Donor samples used in mouse colonization experiments are representative of the
responder and non-responder patient groups with respect to qPCR score (A) and ratio of
beneficial to non-beneficial OTUs (B) as in Figure 2. Wilcoxon-Mann-Whitney test (non-

parametric) was used to compare gPCR score between R and NR groups same as in Figure 2D.
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Fig. S8. Germ-free mice and Taconic SPF mice show similar tumor growth rates. Standard
specific pathogen-free (SPF) mice were purchased from Taconic. Germ-free (GF) mice,
originally purchased from Taconic were bred in the University of Chicago gnotobiotic facility.
The GF mice were divided into two groups, and housed in two separate isolators in the same
room. One group (black line; n=11) was colonized by oral gavage with fecal material from the
SPF mice. The other group remained GF (grey line; n=10). Standard Taconic SPF mice (green
line; n=5) were housed in ventilated cages in a standard barrier facility. All mice were

maintained on the same diet. Two weeks later, the mice were injected with B16.SlY melanoma

and tumor growth was measured.
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Fig. $9. Relative abundance of 207 OTUs from patient donors that colonized in mice, and were
differentially abundant between slow and fast tumor growth groups. Columns depict individual
mice arranged in groups A through F, with donor patient sample column indicated by arrow
head, and donor ID shown above each mouse group. Rows indicate individual OTUs with exact

reference ID match between human and mouse 16S rRNA data sets.
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