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Description

Title of Invention: COMPOSITIONS AND METHODS FOR THE

[0001]

[0002]

[0003]

INDUCTION OF CD8+ T-CELLS

Techinical Field

This applications claims the benefit under 35 U.S.C. § 119(e) of U.S. provisional ap-
plication number 62/628,501 filed February 9, 2018; U.S. provisional application
number 62/673,436 filed May 18, 2018; U.S. provisional application number
62/737,318 filed September 27, 2018; U.S. provisional application number 62/756,029
filed November 5, 2018; and U.S. provisional application number 62/795,506 filed
January 22, 2019. The entire contents of each of these referenced applications are in-
corporated by referenced herein.

The disclosure relates to compositions and methods for the induction and/or pro-
liferation of CD8+ T-cells. The disclosure also provides methods of treatment of
diseases that can be treated by the induction and/or proliferation of CD8+ T-cells.
Background

Animals, including humans, harbor a multitude of microbes (collectively referred to
as the microbiota) in anatomical locations including the mouth, esophagus, stomach,
small intestine, large intestine, caecum, vagina, skin, nasal cavities, ear, and
lungs. The human microbiota is responsible for a multitude of critical processes,
including the development of the immune system, metabolism of carbohydrates,
proteins and xenobiotics, formation and regeneration of the epithelium, fat storage,
production of hormones, production of vitamins, and protection from pathogen in-
fections, among others (See e.g., LeBlanc et al. Curr. Opin. Biotechnol. (2013)
24(2):160-168; Hooper et al. Science (2012) 336(6086):1268-1273; Hughes et al. Am.
J. Gastroenterol. (2013) 108(7):1066-1074). Modification of the human microbiota,
which can be caused by a number of factors such as antibiotic use, excessive hygiene,
diet, genetic background or combinations of the above, has been associated with a
number of unwanted effects including the occurrence of infectious diseases (e.g., C.
difficile infections), inflammatory, autoimmune and allergic diseases (e.g., ulcerative
colitis, Crohn’s disease, Type I diabetes, food allergies, asthma, rheumatoid arthritis)
and metabolic diseases (e.g., Type II diabetes, metabolic syndrome, obesity, mal-
nutrition), and cancer, among others. For instance, modifications of the microbiota can
lead to a loss of tolerance against harmless food antigens or commensal bacterial
antigens, subsequent excessive inflammatory responses, metabolic dysregulation, and
damage to the intestinal tissue, which compromises its ability to serve as a barrier

between the gut lumen and the systemic circulation.
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Manipulation of the immune response is of great importance in the treatment of
cancer and in vaccination. Cancer therapies that target the immune system have
attained improvements in survival rates. However, a large percentage of patients do
not respond to cancer immunotherapies. Similarly, large population subsets (e.g., the

elderly) cannot mount strong immune responses to vaccines.
Approaches for countering the harmful effects of microbiota modifications on health

are limited, despite the role that such modifications play in promoting human
pathology. Interventions known to modulate the microbiota include antibiotics,
prebiotics, probiotics and fecal transplants, each of which has limitations and potential
adverse effects. Additional approaches to counter the detrimental effects of mi-
crobiome modification on human health are clearly needed. Furthermore, approaches

for promoting stronger immune responses to cancer and to vaccines are also needed.

Summary of Invention

The disclosure relates to compositions of bacterial strains and methods for the
induction and/or proliferation of CD8+ T-cells by administering these com-
positions. The disclosure also provides compositions and methods for the treatment of
diseases that can be treated by the induction and/or proliferation of CD8+ T-
cells. Diseases that can be treated by the induction and/or proliferation of CD8+ T-
cells include infectious diseases and cancers.

While microbial-based compositions for inducing proliferation or accumulation of
regulatory T-cells (WO2011/152566), and composition for inducing Th17 cells
(WO2015/156419) were previously reported, as disclosed herein, compositions of
human-derived bacterial strains are provided which activate the immune system
through the induction of interferon gamma producing CD8+ T cells (also referred to
herein as IFN+CDS8+ T cells, CD8+ IFN+T cells, CD8+ T cells or CD8 positive T-
cells). IFN+CD8+ T-cells play important roles in the immune system, in particular the
surveillance of infections (e.g., viral infections) and cancer cell development. The
compositions provided herein can therefore be used in, for instance, the treatment of
infectious diseases and cancer immunotherapy.

Aspects of the present disclosure provide compositions comprising a purified
bacterial mixture comprising two or more bacterial strains of species selected from Fu-
sobacterium ulcerans and Eubacterium limosum, or Bacteroides dorei and Bacteroides
uniformis. In some embodiments of the compositions provided herein, the purified
bacterial mixture comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least
8, at least 9, at least 10, or at least 11 bacterial strains.

In some embodiments of the compositions provided herein, the purified bacterial

mixture comprises Fusobacterium ulcerans and Eubacterium limosum and further
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comprises one or more bacterial strains of species selected from the group consisting
of Phascolarctobacterium faecium, Subdoligranulum sp., Parabacteroides gordonii,
Paraprevotella xylaniphila, Alistipes sp., Parabacteroides johnsonii, Parabacteroides
distasonis, Bacteroides dorei, and Bacteroides uniformis.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises Bacteroides dorei and Bacteroides uniformis and further comprises
one or more bacterial strains of species selected from the group consisting of Phasco-
larctobacterium faecium, Subdoligranulum sp., Parabacteroides gordonii, Para-
prevotella xylaniphila, Alistipes sp., Parabacteroides johnsonii, Parabacteroides
distasonis, Fusobacterium ulcerans and Eubacterium limosum.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises Fusobacterium ulcerans, Eubacterium limosum, Bacteroides dorei,
Bacteroides uniformis, Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes
sp., Parabacteroides johnsonii, and Parabacteroides distasonis.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises Fusobacterium ulcerans, Eubacterium limosum, Phascolarcto-
bacterium faecium, Subdoligranulum sp., Bacteroides dorei, Bacteroides uniformis,
Alistipes sp., Parabacteroides johnsonii, and Parabacteroides distasonis.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises Fusobacterium ulcerans, Eubacterium limosum, Phascolarcto-
bacterium faecium, Subdoligranulum sp., Bacteroides dorei, Bacteroides uniformis,
Parabacteroides gordonii, and Paraprevotella xylaniphila.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises Subdoligranulum sp., Phascolarctobacterium faecium, Bacteroides
dorei, Bacteroides uniformis, Parabacteroides gordonii, Paraprevotella xylaniphila,
Alistipes sp., Parabacteroides johnsonii, and Parabacteroides distasonis.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises Fusobacterium ulcerans, Eubacterium limosum, Subdoligranulum
sp., Phascolarctobacterium faecium, Parabacteroides gordonii, Paraprevotella xy-
laniphila, Alistipes sp., Parabacteroides johnsonii, and Parabacteroides distasonis.

In some embodiments of the compositions provided herein, the purified bacterial
mixture does not comprise any one or more bacterial strains of species selected from
the group consisting of Phascolarctobacterium faecium, Subdoligranulum sp., Parabac-
teroides gordonii, Paraprevotella xylaniphila, Alistipes sp., Parabacteroides johnsonii,
and Parabacteroides distasonis.

Aspects of the present disclosure provide compositions comprising a purified
bacterial mixture comprising one or more bacterial strains of species selected from the

group consisting of Phascolarctobacterium faecium, Fusobacterium ulcerans, Bac-
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teroides dorei, Bacteroides uniformis, Subdoligranulum sp., Paraprevotella xylaniphila,
Parabacteroides johnsonii, Alistipes sp., Parabacteroides gordonii, Eubacterium
limosum, and Parabacteroides distasonis.

Aspects of the present disclosure provide compositions comprising a purified
bacterial mixture comprising one or more bacterial strains of species selected from the
group consisting of Phascolarctobacterium faecium, Fusobacterium ulcerans, Bac-
teroides dorei, Bacteroides uniformis, Subdoligranulum sp., Paraprevotella xylaniphila,
Parabacteroides johnsonii, Alistipes sp., Parabacteroides gordonii, Eubacterium
limosum, and Parabacteroides distasonis.

Aspects of the present disclosure provide compositions comprising a purified
bacterial mixture comprising one or more bacterial strains of species selected from the
group consisting of Parabacteroides distasonis, Parabacteroides gordonii, Alistipes sp.,
Parabacteroides johnsonii, Paraprevotella xylaniphila, Bacteroides dorei, and Bac-
teroides uniformis.

Aspects of the present disclosure provide compositions comprising a purified
bacterial mixture comprising one or more bacterial strains of species selected from the
group consisting of Eubacterium limosum, Subdoligranulum sp., Phascolarcto-
bacterium faecium, and Fusobacterium ulcerans.

In some embodiments of the compositions provided herein, the bacterial strain of
species Fusobacterium ulcerans is found in less than 10% of microbiota of healthy
human subjects.

In some embodiments of the compositions provided herein, the bacterial strain of
species Fusobacterium ulcerans is found in less than 1% of microbiota of healthy
human subjects.

In some embodiments of the compositions provided herein, the bacterial strain of
species Eubacterium limosum is found in less than 10% of microbiota of healthy
human subjects.

In some embodiments of the compositions provided herein, the bacterial strain of
species Eubacterium limosum is found in less than 1% of microbiota of healthy human
subjects.

Aspects of the present disclosure provide compositions comprising a purified
bacterial mixture comprising two or more bacterial strains comprising 16S rDNA
sequences of at least 95% homology to SEQ ID NO:2 and SEQ ID NO:10, or SEQ ID
NO:3 and SEQ ID NO:4. In some embodiments of the compositions provided herein,
the purified bacterial mixture comprises at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least 10, or at least 11 bacterial strains.

Aspects of the present disclosure provide compositions comprising a purified

bacterial mixture comprising two or more bacterial strains comprising 16S rDNA
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sequences of at least 95% sequence identity to SEQ ID NO:2 and SEQ ID NO:10, or
SEQ ID NO:3 and SEQ ID NO:4. In some embodiments of the compositions provided
herein, the purified bacterial mixture comprises at least 2, at least 3, at least 4, at least
5, at least 6, at least 7, at least 8, at least 9, at least 10, or at least 11 bacterial strains.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
homology to SEQ ID NO:2 and SEQ ID NO:10, and further comprises one or more
bacterial strains comprising 16S rDNA sequences of at least 95% homology to 16S
rDNA sequences selected from the group consisting of SEQ ID NO:1, SEQ ID NO: 3,
SEQ ID NO: 4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID
NO:9, and SEQ ID NO:11.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:2 and SEQ ID NO:10, and further comprises one or
more bacterial strains comprising 16S rDNA sequences of at least 95% sequence
identity to 16S rDNA sequences selected from the group consisting of SEQ ID NO:1,
SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:8, SEQ ID NO:9, and SEQ ID NO:11.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
homology to SEQ ID NO:3 and SEQ ID NO:4, and further comprises one or more
bacterial strains comprising 16S rDNA sequences of at least 95% homology to 16S
rDNA sequences selected from the group consisting of SEQ ID NO:1, SEQ ID NO: 2,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8§, SEQ ID NO:9, SEQ ID
NO: 10, and SEQ ID NO:11.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:3 and SEQ ID NO:4, and further comprises one or
more bacterial strains comprising 16S rDNA sequences of at least 95% sequence
identity to 16S rDNA sequences selected from the group consisting of SEQ ID NO:1,
SEQ ID NO: 2, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID
NO:9, SEQ ID NO: 10, and SEQ ID NO:11.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
homology to SEQ ID NO:1, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7, SEQ ID NO:8§, SEQ ID NO:9, and SEQ ID NO:11.

In some embodiments of the compositions provided herein, the purified bacterial

mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
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sequence identity to SEQ ID NO:1, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
homology to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, and SEQ ID NO:11.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQ
ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO: 10, and SEQ ID NO:11.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
homology to SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO:4, SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
homology to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:10, and SEQ ID NO:11.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:5, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:10, and SEQ ID NO:11.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
homology to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:6, SEQ ID NO:9, and SEQ ID NO:10.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:5, SEQ ID NO:6, SEQ ID NO:9, and SEQ ID NO:10.

Aspects of the present disclosure provide compositions comprising a purified
bacterial mixture comprising one or more bacterial strains comprising 16S rDNA
sequences of at least 95% sequence identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8,
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SEQ ID NO:9, SEQ ID NO:10, or SEQ ID NO:11.

Aspects of the present disclosure provide compositions comprising a purified bacterial
mixture comprising one or more bacterial strains comprising 16S rDNA sequences of
at least 95% homology to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID
NO:10, or SEQ ID NO:11.

In some embodiments, the purified bacterial mixture comprises bacterial strains
comprising 16S rDNA sequences of at least 95% sequence identity to SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11.

In some embodiments, the purified bacterial mixture comprises bacterial strains
comprising 16S rDNA sequences of at least 95% homology to SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NO:§, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11.

In some embodiments, the purified bacterial mixture comprises bacterial strains
comprising 16S rDNA sequences of at least 95% sequence identity to SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ
ID NO:11.

In some embodiments, the purified bacterial mixture comprises bacterial strains
comprising 16S rDNA sequences of at least 95% homology to SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID
NO:11.

In some embodiments, the purified bacterial mixture comprises bacterial strains
comprising 16S rDNA sequences of at least 95% sequence identity to SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:5, and SEQ ID NO:10.

In some embodiments, the purified bacterial mixture comprises bacterial strains
comprising 16S rDNA sequences of at least 95% homology to SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:5, and SEQ ID NO:10.

In some embodiments of the compositions provided herein, the one or more bacterial
strain comprises 16S rDNA sequences of at least 96%, at least 97%, at least 98%, or at
least 99% homology to the SEQ ID NOs.

In some embodiments of the compositions provided herein, the one or more bacterial
strain comprises 16S rDNA sequences of at least 96%, at least 97%, at least 98%, or at
least 99% sequence identity to the SEQ ID NOs.

In some embodiments of the compositions provided herein, the purified bacterial
mixture does not comprise one or more bacterial strains comprising 16S rDNA
sequences of at least 95% sequence identity to 16S rDNA sequences selected from the
group consisting of SEQ ID NO:1, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ
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ID NO:8, SEQ ID NO:9, and SEQ ID NO:11.

In some embodiments of the compositions provided herein, the purified bacterial
mixture does not comprise one or more bacterial strains comprising 16S rDNA
sequences of at least 95% homology to 16S rDNA sequences selected from the group
consisting of SEQ ID NO:1, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:8, SEQ ID NO:9, and SEQ ID NO:11.

Aspects of the present disclosure provide compositions comprising a purified
bacterial mixture comprising two or more bacterial strains comprising 16S rDNA
sequences of at least 95% homology or sequence identity to the sequences of the
following NCBI accession numbers: KR822463 and NR113248, or CP011531 and
NR_112945. In some embodiments of the compositions provided herein, the purified
bacterial mixture comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least
8, at least 9, at least 10, or at least 11 bacterial strains.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
homology or sequence identity to the sequences of NCBI accession numbers
KR822463 and NR113248, and further comprising one or more bacterial strains
comprising 16S rDNA sequences of at least 95% homology to the sequences of the
following NCBI accession numbers: CPO11531, NR_112945, LN998073, KM(098109,
NR_113078, NR_041464, L. T223566, NR_112835, and NR041342.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
homology or sequence identity to the sequences of NCBI accession numbers
CPO11531 and NR_112945, and further comprising one or more bacterial strains
comprising 16S rDNA sequences of at least 95% homology to the sequences of the
following NCBI accession numbers: KR822463, NR113248, LN998073, KM098109,
NR_113078, NR_041464, L. T223566, NR_112835, and NR041342.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
homology or sequence identity to the sequences of the following NCBI accession
numbers: CP0O11531, NR 112945, LN998073, KM098109, NR_113078, NR_041464,
L'T223566, NR_112835, and NR041342.

In some embodiments of the compositions provided herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
homology or sequence identity to the sequences of the following NCBI accession
numbers: KR822463, NR113248, LN998073, KM098109, NR_113078, NR_041464,
L'T223566, NR_112835, and NR041342.

In some embodiments of the compositions provided herein, the two or more bacterial



WO 2019/156234 PCT/JP2019/004703

[0046]

[0047]

[0048]

[0049]

strains comprises 16S rDNA sequences with at least 96%, at least 97%, at least 98%,
or at least 99% homology or sequence identity to the sequences of the NCBI accession
numbers.

In some embodiments of the compositions provided herein, the purified bacterial
mixture does not comprise one or more bacterial strains comprising 16S rDNA
sequences of at least 95% homology or sequence identity to the sequences of the
following NCBI accession numbers: LN998073, KM098109, NR_113078,
NR_041464, LT223566, NR_112835, and NR041342.

In some embodiments of the compositions provided herein, at least 50% of the
bacterial strains belong to the order of Bacteriodales. In some embodiments of the
compositions provided herein, one or more of the bacterial strains belong to the order
of Bacteriodales and one or more of the bacterial strains belong to the order of
Clostridiales. In some embodiments of the compositions provided herein, at least 25%
of the bacterial strains belong to the family of Bacteroidaceae. In some embodiments
of the compositions provided herein, one or more of the bacterial strains belongs to the
genus Bacteroides. In some embodiments of the compositions provided herein, the
composition does not include bacterial strains that belong to the order of Bacteriodales.

In some embodiments of the compositions provided herein, one or more of the
bacterial strains is a spore-former. In some embodiments of the compositions provided
herein, one or more of the bacterial strains is in spore form. In some embodiments of
the compositions provided herein, one or more of the bacterial strains is a non-spore
former. In some embodiments of the compositions provided herein, the composition
comprises only obligate anaerobic bacterial strains. In some embodiments of the com-
positions provided herein, one or more of the bacterial strains does not have an an-
tibiotic resistance gene. In some embodiments of the compositions provided herein,
the antibiotic resistance gene renders the bacterial strain resistant to vancomycin. In
some embodiments of the compositions provided herein, the bacterial strains are
human-derived bacteria. In some embodiments of the compositions provided herein,
the bacterial strains are derived from more than one human donor. In some em-
bodiments of the compositions provided herein, the composition induces proliferation
and/or accumulation of CD8+T-cells. In some embodiments of the compositions
provided herein, the composition activates CD8+ IFN-gamma producing T-cells
through Irf4-dependent and/or Batf3-dependent dendritic cells.

In some embodiments of the compositions provided herein, the composition is a
pharmaceutical composition. In some embodiments of the pharmaceutical com-
positions provided herein, the pharmaceutical composition comprises a pharma-
ceutically acceptable excipient. In some embodiments of the pharmaceutical com-

positions provided herein, the pharmaceutical composition is formulated for oral ad-
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ministration. In some embodiments of the pharmaceutical compositions provided
herein, the pharmaceutical composition is formulated for rectal administration. In
some embodiments of the pharmaceutical compositions provided herein, the pharma-
ceutical composition is formulated for delivery to the intestine. In some embodiments
of the pharmaceutical compositions provided herein, the pharmaceutical composition is
formulated for delivery to the colon. In some embodiments of the pharmaceutical
compositions provided herein, one or more of the bacterial strains is lyophilized. In
some embodiments of the pharmaceutical compositions provided herein, the pharma-
ceutical composition is in the form of a capsule. In some embodiments of the pharma-
ceutical compositions provided herein, the pharmaceutical composition further
comprises a pH sensitive composition comprising one or more enteric polymers.

In one aspect, the disclosure provides a food product comprising any of the com-
positions provided herein and a nutrient.

In some embodiments of the compositions provided herein, the composition further
comprises one or more anticancer agents. In some embodiments of the compositions
provided herein, the anticancer agent is a chemotherapy agent. In some embodiments
of the compositions provided herein, the anticancer agent is cancer immunotherapy
agent. In some embodiments of the compositions provided herein, the cancer im-
munotherapy agent is an immune checkpoint inhibitor. In some embodiments of the
compositions provided herein, the immune checkpoint inhibitor is a PD-1 inhibitor,
PD-L-1 inhibitor, or CTLA-4 inhibitor. In some embodiments of the compositions
provided herein, the immune checkpoint inhibitor is a PD-1 inhibitor. In some em-
bodiments of the compositions provided herein, the immune checkpoint inhibitor is a
CTLA-4 inhibitor. In some embodiments of the compositions provided herein, the
composition further comprises one or more cytokines. In some embodiments of the
compositions provided herein, the cytokine is IL-2, IL-15, or IL-21. In some em-
bodiments of the compositions provided herein, the composition further comprises one
or more costimulatory agents. In some embodiments of the compositions provided
herein, the costimulatory agent is a CD-28 antibody, OX-40 antibody, 4-1BB antibody,
CD40 antibody, ICOS/CD278, CD28-type molecule, CD27/TNFRSF7,
CD30/TNFRSEFS, or GITR/CD357.

In some embodiments of the compositions provided herein, the composition further
comprises one or more vaccines. In some embodiments of the compositions provided
herein, the vaccine is a dendritic cell vaccine. In some embodiments of the com-
positions provided herein, the composition is combined with adoptive cell transfer
therapy. In some embodiments of the compositions provided herein, the adoptive cell
transfer therapy is the use of engineered T-cell receptors or chimeric antigen receptors.

In one aspect, the disclosure provides a vaccine comprising any of the compositions
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provided herein and an antigen. In some embodiments of the vaccines provided
herein, the antigen is an HIV antigen. In some embodiments of the vaccines provided
herein, the antigen is a hepatitis antigen.

In some embodiments of the compositions provided herein, the composition further
comprises one or more anti-inflammatory agents. In some embodiments of the com-
positions provided herein, the anti-inflammatory agent is an NSAID.

In some embodiments of the compositions provided herein, administration of the
composition to a subject results in the induction of proliferation and/or accumulation of
CD8+ T-cells in the intestine of the subject. In some embodiments of the compositions
provided herein, the CD8+ T-cells are IFN-gamma producing CD8+ T-cells. In some
embodiments of the compositions provided herein, the induction of CD8+ T-cells is
dependent on CD103+ dendritic cells. In some embodiments of the compositions
provided herein, administration of the composition to a subject results in an increase in
IFN-gamma production in the intestine of a subject. In some embodiments of the com-
positions provided herein, administration of the composition to a subject results in ac-
tivation of CD8+ IFN-gamma producing T-cells through Irf4-dependent and/or
Batf3-dependent dendritic cells. In some embodiments of the compositions provided
herein, administration of the composition to a subject results in the presence of one or
more bacterial strains of the administered composition in the intestine of the
subject. In some embodiments of the compositions provided herein, the one or more
bacterial strains of the administered composition was not previously present in the
intestine of the subject. In some embodiments of the compositions provided herein,
administration of the composition to a subject results in the engraftment of one or more
bacterial strains of the administered composition in the intestine of the subject. In
some embodiments of the compositions provided herein, the one or more bacterial
strains of the administered composition was not previously engrafted in the intestine of
the subject. In some embodiments of the compositions provided herein, administration
of the composition to a subject results in an increase in the number of the bacterial
strains of the administered composition in the intestine of the subject. In some em-
bodiments of the compositions provided herein, administration of the composition to a
subject results in an increase in the number of the bacterial strains of the administered
composition engrafted in the intestine of the subject. In some embodiments of the
compositions provided herein, administration of the composition to a subject results in
an increase in the amount of bacteria of the bacterial strains of the administered com-
position in the intestine of the subject. In some embodiments of the compositions
provided herein, administration of the composition to a subject results in an increase in
the amount of bacteria of the bacterial strains of the administered composition

engrafted in the intestine of the subject.
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In one aspect, the disclosure provides a method of treating a disease in a subject
comprising administering any of the compositions provided herein to the subject in an
effective amount to treat the disease. In some embodiments of the methods provided
herein, the administration of the composition to the subject results in the induction of
proliferation and/or accumulation of CD8+ T-cells in the intestine of the subject. In
some embodiments of the methods provided herein, the proliferation and/or accu-
mulation of CD8+ T-cells in the intestine of the subject is increased by at least 10%, at
least 20%, at least 30%, at least 40%, at least 50%, at least 100%, or at least 200%
when compared to the proliferation and/or accumulation of CD8+ T-cells in the
intestine of the subject before the administration of the composition. In some em-
bodiments of the methods provided herein, the administration of the composition to the
subject results in an increase of IFN-gamma production in the intestine of the subject
when compared to the IFN-gamma production in the intestine of the subject before the
administration of the composition. In some embodiments of the methods provided
herein, the IFN-gamma is produced in the intestine by CD8+ IFN-gamma producing T-
cells. In some embodiments of the methods provided herein, the CD8+ IFN-gamma
producing T-cells are activated through Irf4-dependent and/or Batf3-dependent
dendritic cells. In some embodiments of the methods provided herein, the admin-
istration of the composition to the subject results in an increase of IFN-gamma
production in the intestine of the subject by at least 10%, at least 20%, at least 30%, at
least 40%, at least 50%, at least 100%, or at least 200% when compared to the IFN-
gamma production in the intestine of the subject before the administration of the com-
position. In some embodiments of the methods provided herein, the administration
results in systemic induction of CD8+ T cells. In some embodiments of the methods
provided herein, the administration results in a long-term induction of CD8+ T cells.

In some embodiments of the methods provided herein, an antibiotic is administered
prior to the administration of any one of the compositions. In some embodiments of
the methods provided herein, wherein the antibiotic is vancomycin.

In some embodiments of the methods provided herein, the subject has cancer. In
some embodiments of the methods provided herein, the cancer is carcinoma, glioma,
mesothelioma, melanoma, lymphoma, leukemia, adenocarcinoma, breast cancer,
ovarian cancer, cervical cancer, glioblastoma, multiple myeloma, prostate cancer,
Burkitt's lymphoma, head and neck cancer, colon cancer, colorectal cancer, non-small
cell lung cancer, small cell lung cancer, cancer of the esophagus, stomach cancer,
pancreatic cancer, hepatobiliary cancer, cancer of the gallbladder, cancer of the small
intestine, rectal cancer, kidney cancer, bladder cancer, prostate cancer, penile cancer,
urethral cancer, testicular cancer, vaginal cancer, uterine cancer, thyroid cancer,

parathyroid cancer, adrenal cancer, pancreatic endocrine cancer, carcinoid cancer, bone
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cancer, skin cancer, retinoblastomas, Hodgkin's lymphoma, non-Hodgkin's lymphoma,
Kaposi's sarcoma, multicentric Castleman's disease, AIDS-associated primary effusion
lymphoma, neuroectodermal tumors, or thabdomyosarcoma. In some embodiments of
the methods provided herein, the cancer is prostate cancer, bladder cancer, non-small
cell lung cancer, urothelial carcinoma, melanoma, or renal cell carcinoma. In some
embodiments of the methods provided herein, the subject is undergoing radiation
treatment.

In some embodiments of the methods provided herein, the method further includes
administering one or more anticancer agents. In some embodiments of the methods
provided herein, the anticancer agent is a chemotherapy agent. In some embodiments
of the methods provided herein, the anticancer agent is a cancer immunotherapy
agent. In some embodiments of the methods provided herein, the cancer im-
munotherapy agent is an immune checkpoint inhibitor. In some embodiments of the
methods provided herein, the immune checkpoint inhibitor is a PD-1 inhibitor, PD-L-1
inhibitor, or CTLA-4 inhibitor. In some embodiments of the methods provided herein,
the immune checkpoint inhibitor is a PD-1 inhibitor. In some embodiments of the
methods provided herein, the immune checkpoint inhibitor is a CTLA-4 inhibitor.

In some embodiments of the methods provided herein, the cancer immunotherapy
agent is a PD-1 inhibitor and a CTLA-4 inhibitor. In some embodiments of the
methods provided herein, the administration does not induce an adverse event. In
some embodiments of the methods provided herein, the administration does not induce
a checkpoint inhibitor associated adverse event. In some embodiments of the methods
provided herein, the administration does not induce colitis.

In some embodiments of the methods provided herein, the method further includes
administering one or more cytokines. In some embodiments of the methods provided
herein the cytokine is IL-2, IL-15, or IL-21.

In some embodiments of the methods provided herein, the method further includes
administering one or more costimulatory agents. In some embodiments of the methods
provided herein the costimulatory agent is a CD-28 antibody, OX-40 antibody, 4-1BB
antibody, CD40 antibody, ICOS/CD278, CD28-type molecule, CD27/TNFRSF7,
CD30/TNFRSFS, or GITR/CD357.

In some embodiments of the methods provided herein, the method further includes
administering one or more vaccines. In some embodiments of the methods provided
herein, the vaccine is a dendritic cell vaccine.

In some embodiments of the methods provided herein, the method further includes
administering adoptive cell transfer therapy. In some embodiments of the methods
provided herein, the adoptive cell transfer therapy is the use of engineered T-cell

receptors or chimeric antigen receptors.



14
WO 2019/156234 PCT/JP2019/004703

[0065]  In some embodiments of the methods provided herein, the subject has an infectious
disease. In some embodiments of the methods provided herein, the infectious disease
is a bacterial infection, a viral infection, a parasitic infection, or a fungal infection. In
some embodiments of the methods provided herein, the infectious disease is a viral
infection. In some embodiments of the methods provided herein, the viral infection is
HIV. In some embodiments of the methods provided herein, the infection is an
infection by a hepatitis virus.

[0066]  In some embodiments of the methods provided herein, the subject has an au-
toimmune disease or an allergic disease.

In some embodiments of the methods provided herein, the composition further
includes one or more anti-inflammatory agents. In some embodiments of the methods
provided herein, the anti-inflammatory is an NSAID.

[0067]  In some embodiments of the methods provided herein, the composition may be ad-
ministered as one dose or more than one dose.

In some embodiments of the compositions provided herein, the composition activates
the immune system.

In one aspect, the disclosure provides a method for activating the immune system,
the method comprising administration of one or more of the compositions provided
herein.

[0068]  In one aspect, the disclosure provides a method for activating CD8+ IFN-gamma -
producing T-cells, the method comprising administration of one or more of the com-
positions provided herein to a subject. In some embodiments, the CD8+ IFN-gamma
producing T-cells are activated through Irf4-dependent and/or Batf3-dependent
dendritic cells.

[0069]  In one aspect, the disclosure provides a method for inducing the proliferation and/or
accumulation of CD8+ T cells in the intestine, comprising administering to a subject
any one or more of the compositions provided herein, wherein the administering
results in the induction of proliferation and/or accumulation of CD8+ T cells in the
intestine of the subject. In some embodiments, the CD8+ IFN-gamma producing T-
cells are activated through Irf4-dependent and/or Batf3-dependent dendritic cells.

[0070]  In one aspect, the disclosure provides a method for treating, assisting in treatment,
and/or preventing cancer or viral infection, comprising administering to a subject any
one or more of the compositions provided herein, wherein the administering treats,
assists in treatment, and/or prevents cancer or viral infection.

[0071]  In one aspect, the disclosure provides a vaccine composition containing antigen
derived from constituents and/or metabolites of bacterial species of any one of the
compositions provided herein.

In one aspect, the disclosure provides a method for inducing an immune response in
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a subject, comprising administering to the subject any of the vaccines provided herein,
wherein the administering results in the induction of an immune response of the
subject.

In some embodiments of the methods provided herein, the one or more bacterial
strains of the administered composition was not previously present in the intestine of
the subject. In some embodiments of the methods provided herein, administration of
the composition to a subject results in the engraftment of one or more bacterial strains
of the administered composition in the intestine of the subject. In some embodiments
of the methods provided herein, the one or more bacterial strains of the administered
composition was not previously engrafted in the intestine of the subject. In some em-
bodiments of the methods provided herein, administration of the composition to a
subject results in an increase in the number of the bacterial strains of the administered
composition in the intestine of the subject. In some embodiments of the methods
provided herein, administration of the composition to a subject results in an increase in
the number of the bacterial strains of the administered composition engrafted in the
intestine of the subject. In some embodiments of the methods provided herein, admin-
istration of the composition to a subject results in an increase in the amount of bacteria
of the bacterial strains of the administered composition in the intestine of the
subject. In some embodiments of the methods provided herein, administration of the
composition to a subject results in an increase in the amount of bacteria of the bacterial
strains of the administered composition engrafted in the intestine of the subject.

In some embodiments of the methods provided herein, the induction of CD8 T cells
does not result in inflammation in the subject.

In one aspect, the disclosure provides a method comprising evaluating if a subject
has one or more CD8 T cell inducing bacterial strains in its microbiome, wherein if the
subject does not have detectable levels of the one or more CD8 T cell inducing
bacterial strains, any of the compositions of the preceding claims is administered to the
subject.

In one aspect, the disclosure provides a method comprising, evaluating if a subject
has one or more CD8 T cell inducing bacterial strains in its microbiome at a level
sufficient to induce a CDS8 T cell response, wherein if the subject does not have one or
more CD8 T cell inducing bacterial strains at a level sufficient to induce a CD8 T cell
response, any of the compositions of the preceding claims is administered to the
subject.

In some embodiments of the methods provided herein, the method does not include a
step of administering an antibiotic. In some embodiments of the methods provided
herein, the subject is not administered an antibiotic.

In some embodiments, the compositions provided herein further comprise one or
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more metabolites selected from the group consisting of mevalonate, dimethylglycine,
hypoxanthine, IMP, 2-deoxy-glucose 6P, TMP, 6PG, Rib5P, Ru5P, Xu5p, GDP,
GlcNAc 6P, UMP, GMO, CDP, Pyridoine B6, Opthalomic acid, Ctp, GTP, ATP, F6P,
S-methyltetrahydrofolic acid, adenylosuccinate, G6P, 3-hydroxyanthranalinic acid,
glycerol 3P, sedoheptulose 7P, 2-keto-4-methylthiobutyrate, dUMP, histamine, valeric
acid, 3PG + 2 PG, G1P, thymidine, CMP, dopamine, phosphoenolpuryvate, HPO4,
iso-butyrate, allotoin, acetylcarnitine, and thymine; and a pharmaceutically acceptable
carrier.

In some embodiments, the compositions provided herein further comprise one or
more metabolites selected from the group consisting of mevalonate, dimethylglycine,
hypoxanthine, IMP, 2-deoxy-glucose 6P, TMP, 6PG, Rib5P, Ru5P, Xu5p, GDP,
GlcNAc 6P, UMP, GMO, and CDP, and a pharmaceutically acceptable carrier.

In some embodiments, the compositions provided herein further comprise one or
more metabolites selected from the group consisting of mevalonate and
dimethylglycine, and a pharmaceutically acceptable carrier. In some embodiments, the
compositions provided herein further comprise mevalonate and a pharmaceutically ac-
ceptable carrier. In some embodiments, the compositions provided herein further
comprise dimethylglycine and a pharmaceutically acceptable carrier. In some em-
bodiments, the compositions provided herein further comprise mevalonate,
dimethylglycine, and a pharmaceutically acceptable carrier.

Any of the compositions provided herein may further comprise one or more an-
ticancer agents. In some embodiments, the anticancer agent is a chemotherapy
agent. In some embodiments, the anticancer agent is a cancer immunotherapy
agent. In some embodiments, the cancer immunotherapy agent is an immune
checkpoint inhibitor. In some embodiments, the immune checkpoint inhibitor is a PD-
1 inhibitor, PD-L-1 inhibitor, or CTLA-4 inhibitor. In some embodiments, the immune
checkpoint inhibitor is a PD-1 inhibitor. In some embodiments, the immune
checkpoint inhibitor is a CTLA-4 inhibitor.

Any of the compositions provided herein may further comprise one or more
metabolites selected from the group consisting of mevalonate, dimethylglycine, hy-
poxanthine, IMP, 2-deoxy-glucose 6P, TMP, 6PG, Rib5SP, Ru5P, Xu5p, GDP, GlcNAc
6P, UMP, GMO, CDP, Pyridoine B6, Opthalomic acid, Ctp, GTP, ATP, F6P,
S-methyltetrahydrofolic acid, adenylosuccinate, G6P, 3-hydroxyanthranalinic acid,
glycerol 3P, sedoheptulose 7P, 2-keto-4-methylthiobutyrate, dUMP, histamine, valeric
acid, 3PG + 2 PG, G1P, thymidine, CMP, dopamine, phosphoenolpuryvate, HPO4,
iso-butyrate, allotoin, acetylcarnitine, and thymine. In some embodiments, the com-
positions provided herein further comprise one or more metabolites selected from the

group consisting of mevalonate, dimethylglycine, hypoxanthine, IMP, 2-deoxy-glucose
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6P, TMP, 6PG, Rib5P, Ru5P, XuSp, GDP, GlcNAc 6P, UMP, GMO, and CDP. In
some embodiments, the compositions provided herein further comprise one or more
metabolites selected from the group consisting of mevalonate and dimethylglycine. In
some embodiments, the compositions provided herein further comprise mevalonate. In
some embodiments, the compositions provided herein further comprise
dimethylglycine. In some embodiments, the compositions provided herein further
comprise mevalonate and dimethylglycine.

In one aspect, the present disclosure provides a method of treating a disease in a
subject comprising administering any of the compositions described herein to a subject
in an effective amount to treat a disease. In some embodiments of the methods
described herein, the proliferation and/or accumulation of CD8+ T-cells in the intestine
of the subject is increased by at least 10%, at least 20%, at least 30%, at least 40%, at
least 50%, at least 100%, or at least 200% when compared to the proliferation and/or
accumulation of CD8* T-cells in the intestine of the subject prior to the administration
of the composition.

In some embodiments, administration of any of the compositions provided herein to
the subject results in an increase of IFNy production in the intestine of the subject
compared to the IFNy production in the intestine of the subject prior to the admin-
istration of the composition. In some embodiments, the IFNy produced in the intestine
is by CD8* IFNy producing T-cells. In some embodiments, the CD8* IFNy producing
T-cells are activated through Irf4-dependent and/or Batf3-dependent dendritic cells. In
some embodiments, administration of any of the compositions provided herein to a
subject results in an increase of IFNy production in the intestine of the subject by at
least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 100%, or at
least 200% as compared to the proliferation and/or accumulation of CD8* T-cells in the
intestine of the subject prior to the administration of the composition.

In some embodiments of the methods described herein, the subject has cancer. In
some embodiments, the cancer is carcinoma, glioma, mesothelioma, melanoma,
lymphoma, leukemia, adenocarcinoma, breast cancer, ovarian cancer, cervical cancer,
glioblastoma, multiple myeloma, prostate cancer, Burkitt's lymphoma, head and neck
cancer, colon cancer, colorectal cancer, non-small cell lung cancer, small cell lung
cancer, cancer of the esophagus, stomach cancer, pancreatic cancer, hepatobiliary
cancer, cancer of the gallbladder, cancer of the small intestine, rectal cancer, kidney
cancer, bladder cancer, prostate cancer, penile cancer, urethral cancer, testicular
cancer, vaginal cancer, uterine cancer, thyroid cancer, parathyroid cancer, adrenal
cancer, pancreatic endocrine cancer, carcinoid cancer, bone cancer, skin cancer,
retinoblastomas, Hodgkin's lymphoma, non-Hodgkin's lymphoma, Kaposi's sarcoma,

multicentric Castleman's disease, AIDS-associated primary effusion lymphoma, neu-
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roectodermal tumors, or rhabdomyosarcoma. In some embodiments, the cancer is
prostate cancer, bladder cancer, non-small cell lung cancer, urothelial carcinoma,

melanoma, or renal cell carcinoma.
In some embodiments of the methods described herein of the methods described

herein, the infectious disease is a bacterial infection, a viral infection, a parasitic
infection, or a fungal infection. In some embodiments, the infectious disease is a viral
infection. In some embodiments, the viral infection is HIV.

In some embodiments of the methods described herein, the subject has an au-
toimmune disease or an allergic disease.

In some embodiments, the PD-1 inhibitor is nivolumab. In some embodiments, the
PD-1 inhibitor is pembrolizumab. In some embodiments, the PD-1 inhibitor is
pidiluzimab.

Each of the limitations of the invention can encompass various embodiments of the
invention. It is, therefore, anticipated that each of the limitations of the invention
involving any one element or combinations of elements can be included in each aspect
of the invention. This invention is not limited in its application to the details of con-
struction and the arrangement of components set forth in the following description or
illustrated in the drawings. The invention is capable of other embodiments and of
being practiced or of being carried out in various ways.

Brief Description of Drawings

The accompanying drawings are not intended to be drawn to scale. The figures are
illustrative only and are not required for enablement of the disclosure. For purposes of
clarity, not every component may be labeled in every drawing. In the drawings:
[fig.1]Fig. 1 presents flow cytometry analysis showing lymphocytes that were isolated
from the colon, lung, lymph nodes, and spleen of mice. IFN-gamma expressing CD8 T
cells were found to be present in various organs.

[fig.2]Fig. 2 shows data of experiments with lymphocytes that were isolated from
colon mucosal lamina propria of SPF and germ-free (GF) mice. CD3 and IFN were
stained with antibodies and analyzed by flow cytometry. The expression of CD8 and
IFN by the gated CD3 positive cells is shown for representative mice.

[fig.3]Fig. 3 shows the percentage of IFN-positive CD8 T cells in SPF mice obtained
from each of the different laboratory animal facilities, indicating that the housing
condition affects the frequency of IFN-positive CD8 T cells.

[fig.4]Fig. 4 shows a schematic of a process used to identify human-associated bacteria
that can induce IFN-positive CD8 T cells.

[fig.5]Fig. 5 shows a schematic in which stool samples were obtained from six healthy

volunteers. Samples were inoculated into germ-free mice. After 3 weeks, colonic
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IFN-positive CD8 T cells were assessed.

[fig.6]Fig. 6 shows a data from an experiment in which stool samples were obtained
from six healthy volunteers. Samples were inoculated into germ-free mice, and the
percentage of IFN-positive CD8 T cells induced by healthy human fecal samples was
assessed.

[fig.7]Fig. 7 shows a data from an experiment in which stool samples were obtained
from six healthy volunteers. Samples were inoculated into germ-free mice, and the
percentage of IFN-positive CD8 T cells induced by healthy human fecal samples was
assessed. Mouse B#5 was found to have the highest induction of IFN-positive CD8 T
cells and was selected for further analysis.

[fig.8]Fig. 8 shows a schematic in which the cecal contents of mouse B#5 were
collected.

[fig.9]Fig. 9 shows a schematic in which the cecal contents of mouse B#5 were used to
inoculate six groups of germ-free mice.

[fig.10]Fig. 10 shows a schematic in which the cecal contents of mouse B#5 were used
to inoculate six groups of germ-free mice. The groups of mice received the indicated
antibiotics, chloroform or nothing (control “-”) in the drinking water. Amp, ampicillin;
MNZ, metronidazole; STM, streptomycin.

[fig.11]Fig. 11 shows data of an experiment in which the cecal contents of mouse B#5
were used to inoculate six groups of germ-free mice. The groups of mice received the
indicated antibiotics, chloroform or nothing (control “-”) in the drinking water. The
mice were assessed for the percentage of colonic IFN-positive CD8 T cells by flow cy-
tometric analysis. Amp, ampicillin; MNZ, metronidazole; STM, streptomycin.
[fig.12]Fig. 12 shows 16S rRNA gene sequence data of the cecal microbiota of the
mice prepared in Fig. 11, which were comprehensively analyzed using a next
generation sequencer. The y-axis shows the relative abundance of the operational
taxonomic units (OTUs). The OTUs corresponding to the isolated strains from the
B#5-AMP#2 and B#5-AMP#3 mice are indicated in a box and were selected for
further analysis. Amp, ampicillin; MNZ, metronidazole; STM, streptomycin; Chloro,
chloroform; Tylo, tylosin.

[fig.13]Fig. 13 shows a schematic in which the percentage of colonic IFN-positive
CD8 T cells were assessed in each of the groups of mice that had been inoculated with
cecal contents from mouse B#5. Mouse B5-Amp#2 and mouse BS-Amp#3 were found
to have the highest induction of IFN-positive CDS8 T cells, and cecal contents were
collected and cultured from these mice. Amp, ampicillin; MNZ, metronidazole; STM,
streptomycin; Chlo, chloroform; Tylo, tylosin.

[fig.14]Fig. 14 shows 16S rRNA gene sequence data of 26 isolated strains from the
B#5-AMP#2 and B#5-AMP#3 mice. The OTUs of the 26 strains broadly cover the
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bacterial species colonized in the B#5-AMP#2 and B#5-AMP#3 mice. Amp,
ampicillin; MNZ, metronidazole; STM, streptomycin; Chloro, chloroform; Tylo,
tylosin.

[fig.15]Fig. 15 shows the species of the 26 isolated bacterial strains.

[fig.16]Fig. 16 shows the 21 isolated bacterial strains selected for further analysis,
indicated in a box. Five of the 26 isolated bacterial strains were excluded due to a
negative correlation with induction of IFN-positive CD8 T cells.

[fig.17]Fig. 17 shows a schematic of a germ-free mouse orally inoculated with a
bacterial mixture of the 21 isolated bacterial strains shown in Fig. 16.

[fig.18]Fig. 18 shows data on the mixture of 21 isolated strains which was orally ad-
ministered to germ free mice. As compared to germ-free mice, inoculation with the
mixture of 21 isolated bacterial strains resulted in an induction of colonic IFN-positive
CD8 T cells. CD3, CDS, TCR and IFN were stained with antibodies and analyzed by
flow cytometry. Expression of CD8 and IFN by the gated CD3 and TCR positive cells
is shown for representative mice.

[fig.19]Fig. 19 shows data on the mixture of 21 isolated bacterial strains which was
orally administered to germ free mice. As compared to germ-free mice, inoculation
with the mixture of 21 isolated bacterial strains resulted in an induction of GzmB
positive IFN-positive CD8 T cells. CD3, TCR, CDS§, CD103, IFN and GzmB were
stained with antibodies and analyzed by flow cytometry. Expression of GzmB by the
gated CD8 T cells is shown for representative mice.

[fig.20]Fig. 20 shows the 11 isolated bacterial strains selected for further analysis,
indicated in a box. The selected 11 isolated bacterial strains were found to be
positively correlated with induction of IFN-positive CD8 T cells.

[fig.21]Fig. 21 shows data on the mixture of the 21 strains or 11 strains (11 strain
mixture (“11-mix” or “11 mix”) corresponds to strains # 1-11; See Table 1), which
were orally administered to germ free mice. Inoculation with the mixture of 11
isolated bacterial strains was sufficient to induce IFN-positive CD8 T cells. CD3,
TCR, CDS8 and IFN were stained with antibodies and analyzed by flow

cytometry. Expression of CD8 and IFN by the gated CD3 and TCR positive cells is
shown for representative mice.

[fig.22]Fig. 22 shows the other 10 isolated bacterial strains of the set of 21 isolated
bacterial strains (Fig. 16) that were excluded from further analysis, indicated by the
upper box.

[fig.23]Fig. 23 shows data on the mixture of the 11 isolated strains (““11 mix”) or the
other 10 isolated strains that had been excluded, shown in Fig. 22 (“the other 10 mix”,
“the 10 other”). Inoculation with the mixture of 10 isolated bacterial strains resulted in

lower levels of IFN-positive CD8 T cells, as compared to mice that had been in-
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oculated with the mixture of 11 isolated bacterial strains. CD3, TCR, CDS8 and IFN
were stained with antibodies and analyzed by flow cytometry. Expression of CD8 and
IFN by the gated CD3 and TCR positive cells is shown for representative mice.
[fig.24]Fig. 24 shows data on the mixture of 11 isolated strains (11 mix”) or the other
10 isolated strains that had been excluded, shown in Fig. 22 (*the other 10 mix”, “the
10 other”). Inoculation with the mixture of the other 10 isolated bacterial strains
resulted in lower levels of GzmB-positive IFN-positive CD8 T cells, as compared to
mice that had been inoculated with the mixture of 11 isolated bacterial

strains. Expression of GzmB by the gated CDS8 T cells is shown for representative
mice.

[fig.25]Fig. 25 shows a schematic of a non-limiting model in which the mixture of 11
isolated bacterial strains may induce IFN-positive CD8 T cells through activation of
dendritic cell populations.

[fig.26]Fig. 26 shows the results from the experiments of Example 6. The experiments
show that Batf3 is required for the 11-mix to induce CD8-T cells, as evidenced by the
flow cytometry and the percentage of IFN+ in the CD8+ population of cells isolated
from the indicated mice.

[fig.27]Fig. 27 shows the results from the experiments of Example 6. The experiments
show that Irf4 is required for the 11-mix to induce CD8-T cells, as evidenced by the
flow cytometry and the percentage of IFN+ in the CD8+ population of cells isolated
from the indicated mice.

[fig.28]Fig. 28 shows a schematic of a non-limiting model in which ligands from the
mixture of 11 isolated bacterial strains induce IFN-positive CD8 T cells through ac-
tivation of Batf3-dependent and Irf4-dependent dendritic cell populations.

[fig.29]Fig. 29 shows the 11 isolated bacterial strains selected for further analysis,
indicated in a box. The 4 strains indicated with arrows are non-Bacteroides strains,
whereas the other 7 strains are Bacteroides strains.

[fig.30]Fig. 30 shows data relating to Example 2. The mixtures of the 11 strains (“11
mix”), 7 Bacteroides strains (““7 mix”’) or 4 non-Bacteroides strains (“4 mix’’) indicated
in Fig. 29, were orally administered to germ free mice. CD3, TCR, CD8 and IFN were
stained with antibodies and analyzed by flow cytometry. The expression of CD8 and
IFN by the gated CD3 and TCR positive cells of representative mice is show in right
panel, as indicated by the percentage of IFN*cells in CDS8T cells.

[fig.31]Fig. 31 shows a schematic of a non-limiting model in which the mixture of 11
isolated bacterial strains contains 4 effector strains and 7 supporter strains, which act
together, and produce ligands that induce IFN-positive CD8 T cells through activation
of Batf3-dependent and Irf4-dependent dendritic cell populations.

[fig.32]Fig. 32 presents plots showing the abundance of each of the indicated bacterial
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strains in the fecal microbiota of 104 human volunteers. Abundance is shown as the
number of mapped reads/kbase/1M read for each of the bacterial strains.

[fig.33]Fig. 33 shows data of experiments with the indicated purified bacterial
mixtures, which were orally administered to germ free mice. Lymphocytes were
isolated from the lamina propria of the large intestine and stimulated with PMA /
ionomycin for 3.5 hours. CDS8 and IFN were stained with antibodies and analyzed by
flow cytometry. The graph presents a summary of the data of the percentages of IFN
positive cells within CD8+ cell population. Each symbol represents an individual
mouse. *** denotes statistical significance. The bacterial strains present in each of the
purified bacterial mixtures are shown below. A diagonal slash indicates strains of the
11 isolated bacterial strains (“11 mix”) that are absent from the respective mixtures of
9 strains (9 mix”) or 8 strains (“8 mix”).

[fig.34]Fig. 34 shows the results from the experiments of Example 7. The experiments
show that the 11-mix is effective in clearing Listeria from infected mice, as evidenced
in a decrease in the amount of Listeria CFUs in the feces.

[fig.35]Fig. 35 shows the results from the experiments of Example 7. The experiments
show that inoculation with the mixture of 11 isolated bacterial strains prevented in-
testinal pathology in Listeria infected mice.

[fig.36]Fig. 36 shows data from the experiments with the MC38 tumor model
described in Example 4. Mice were administered anti-PD1 antibody (“+a-PD1 Ab”)
on the indicated days. Mice were gavaged with the mixture of 11 isolated bacterial
strains (“11-mix”) on the indicated days. Tumor volume was measured. *, **, and
*#* Indicate increasing amounts of statistical significance.

[fig.37]Fig. 37 shows photographs of the tumors isolated from mice described in Fig.
36.

[fig.38]Fig. 38 shows show data on lymphocytes isolated from tumor cells described in
Example 4. CD3, TCR, CDS8 and IFN were stained with antibodies and analyzed by
flow cytometry. Expression of CD8 and IFN by the gated CD3 and TCR positive cells
is shown for representative mice (left panel). Summarized data of the percentages of
IFN*cells in in CD8T cells (right panel). *, **, and *** indicate increasing amounts of
statistical significance.

[fig.39]Fig. 39 shows data on lymphocytes isolated from tumor cells described in
Example 4. The number of gp70-reactive IFN*cells in CD8 T cells, GzmB+ IFN*cells
in CD8 T cells, and percentage of IFN*CDST cells was assessed by flow cytometry
analysis. *, ** and *** indicate increasing amounts of statistical significance.
[fig.40]Fig. 40 shows data on experiments with MC38 tumor model described in
Example 4. Mice were administered anti-CTLA4 antibody (“+aCTLA4 Ab”) on the

indicated days. Mice were gavaged with the mixture of 11 isolated bacterial strains on
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the indicated days (“11-mix”). Tumor volume was measured. * indicates statistical
significance.

[fig.41]Fig. 41 shows data on experiments using the Braf Pten melanoma model
described in Example 5. Mice were administered anti-PD1 antibody (“+aPD1 Ab”) on
the indicated days. Mice were gavaged with the mixture of 11 isolated bacterial strains
on the indicated days (“11-mix”). Tumor volume was measured. *** indicates sta-
tistical significance.

[fig.42]Fig. 42 shows a schematic of a non-limiting model schematic model in which
the mixture of 11 isolated bacterial strains (“11-mix”) and checkpoint inhibitors may
be used for the treatment of cancer.

[fig.43A-M]Figs. 43A-43M show isolation and identification of 11 bacterial strains
from healthy human microbiota that induce IFN+CDS8 T cells. Figs. 43A and 43B
show the percentage of IFN+ cells among CD3+TCR+CDS8 T cells in the indicated
organs (1ILN, inguinal lymph node; SI, small intestine) of SPF mice (Fig 43A) and in
the colon and small intestine lamina propria of SPF and GF mice (Fig. 43B). Fig. 43C
shows the percentages of CD103+ and GzB+ cells among the colonic IFN+CD8 T cell
populations of SPF and GF mice. Fig. 43D shows the percentage of colonic CD8 T
cells that are IFN+ from GF mice orally inoculated with faecal samples from one of six
(A-F) healthy human donors. The arrow indicates mouse BS, which was chosen for
further analysis. Fig. 43E shows the percentage of CD8 T cells that are IFN+ from GF
mice inoculated with the caecal contents from mouse B35, in the absence of antibiotics
or the presence of the indicated antibiotics in the drinking water (B5+the indicated an-
tibiotic), or from GF mice inoculated with chloroform-treated caecal contents from
mouse B5 (“Chlo B5”). The arrows indicate mouse B5-Amp2 and mouse B5-Amp3,
which were chosen for further analysis. Fig. 43F shows the caecal microbiota com-
position of each mouse as determined by 16S rRNA gene sequencing. OTUs that
positively correlated with the frequency of IFN+CD8 T cells are indicated with a “#”;
OTUs that were detected in +Chlo B5 mice are indicated with a “+”; and OTUs that
did not significantly correlate with the frequency of IFN+CDS8 T cells are indicated
with a “-”. OTUs corresponding to the 26 isolated strains are indicated with a

“*”_ Fig. 43G shows a list of the 26 strains isolated from mice BS-Amp2 and
B5-Amp3. The closest species/strain to each of the isolated strains and the %
similarity to the RDP database are indicated. Figs. 43H-43M show the percentages of
IFN+CDS8 T (Figs. 43H, 43I, and 43M), GrB+IFN+CD8 T (Fig. 43J), TH1 cells (Fig.
43K, left panel), and TH17 cells (Fig. 43K, right panel) from GF mice inoculated with
the indicated mixture of bacterial strains. Fig. 43L shows the histology score for
colons from the indicated mice 4-weeks post-colonization. SPF mice from CLEA
were analyzed in Figs. 43A-43C. In Figs. 43A-43E and 43H-43M, each circle
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represents an individual animal, and the height of the bars indicates the mean. Data are
representative of at least two independent experiments. Error bars, s.d. ***P < 0.001;
**P < 0.01; *P < 0.05; ns, not significant.

[fig.44A-K]Figs. 44A-44K show data relating to DC-mediated IFN+CDS8 T cell
induction by the mixture of 11 bacterial strains (11-mix). Fig. 44A shows the
percentage of IFN+CDS8 T cells in the colon of GF mice orally administered the
mixture of 11 bacterial strains, either live or heat-killed (“HK”). Fig. 44B shows fluo-
rescence in situ hybridization (FISH) staining with DAPI (blue), EUB338 FISH probe
(green), and Mucin 2 (MUC?2, red) of the proximal colon of GF+11-mix mice. Scale
bar, 25 m. Fig. 44C shows the percentage of IFN+CDS8 T cells in the indicated organs
of GF mice (light gray columns) or GF mice inoculated with the 11-mix (GF+11mix)
I-week post-colonization (dark gray columns) (cIEL, colonic intraepithelial
lymphocyte; MLN, mesenteric lymph node; iLN, inguinal lymph node; PBL, pe-
ripheral blood lymphocyte). Fig. 44D shows expression of chemokine transcripts
(Cxcl9 and Cxcl10) normalized to -actin in colonic epithelial cells (ECs), as quantified
by qPCR. Fig. 44E shows the percentages of Ki67+ cells (left panel) and IFN+ cells
(middle panel) among the CD8 T cell population and CD103+ cells (right panel)
among the IFN+CD8 T cell population in GF mice that were inoculated with the
mixture of the 11 bacterial strains at the indicated time points. Fig. 44F shows the
percentage of IFN+ cells among colonic lamina propria CD8 T cells from mice of the
indicated genetic background, colonized with the mixture of 11 bacterial strains
(GF+11mix) or without (GF). Fig. 44G shows the frequencies of V gene usage among
IFN+CD8 T cells (left panel) and IFN-CDS8 T cells (right panel) from GF mice and GF
mice inoculated with the mixture of 11 bacterial strains (GF+11-mix). Figs. 44H-44J)
show the percentage of IFN+ cells among colonic lamina propria CD8 T cells from the
indicated GF mice or GF mice colonized with the mixture of 11 bacterial strains
(GF+11mix). Fig. 44K shows H-2Kb expression by the indicated subset of dendritic
cells from GF mice and GF mice colonized with the mixture of 11 bacterial strains
(GF+11-mix) at 1-week post-colonization). In Figs. 44A and 44C-44], each circle
represents an individual animal, and the height of each bar indicates the mean. The
means are connected with a line in Fig. 44E. Data are representative of at least two in-
dependent experiments. Error bars, s.d. ***P < (0.001; **P < 0.01; *P < 0.05; ns, not
significant.

[fig.45A-H]Figs. 45A-45H show the mixture of 11 bacterial strains enhances the
immune response against Listeria monocytogenes (Lm) infection. Fig. 45A shows the
experimental design. C57BL/6 SPF mice obtained from SLC mice (IFN+CD8+ T low
mice, see Fig. 47E) were treated with AVMN (ampicillin, vancomycin, metronidazole,

neomycin), then reconstituted with SPF faecal microbiota (SPFfae) by oral gavage. In
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the group that received the mixture of 11 bacterial strains (+11mix), the initial admin-
istration of the 11-mix was done simultaneously with SPFfae, followed by repeated
oral gavage with the 11-mix at the indicated time points. Then, the mice were infected
orally (Figs. 45D-45G) or intraperitoneally (Fig. 45H) with Lm (Figs. 45D-45F
and45H) or Lm-OVA (Fig. 45G). Fig. 45B shows the percentage of IFN+ cells among
colonic lamina propria CD8+ T cells in control mice and mice colonized with the
mixture of 11 bacterial strains (+11mix) prior to Lm infection on day 0. Fig. 45C
shows expression of the indicated genes normalized to -actin in colonic epithelial cells
in control mice (Cont) and mice colonized with the mixture of 11 bacterial strains
(+11mix) prior to Lm infection on day 0. Fig. 45D shows Lm CFU in faeces of control
mice (Cont) and mice colonized with the mixture of 11 bacterial strains (+11mix)
following the Lm gavage. Fig. 45E shows photomicrographs of haematoxylin and
eosin stained samples (scale bar, 50 m) and a histology score of the colon of control
mice infected with Lm (Cont+Lm; Cont) or mice colonized with the 11 mix and
infected with Lm (+11mx+Lm; +11mix). Fig. 45F shows the percent weight change
following Lm gavage during the course of Lm infection of control mice (Cont) or mice
colonized with the mixture of 11 bacterial strains (+11mix). Fig. 45G shows the
number of SIINFEKL-specific colonic IFN+CD8+ T cells induced after Lm-OVA
infection of control mice (Cont) or mice colonized with the mixture of 11 bacterial
strains (+11mix), as enumerated by FACS on day 7 post-infection. Fig. 45H shows
Lm CFU in livers and spleens of control mice (Cont) or mice colonized with the
mixture of 11 bacterial strains on day 3 post-intraperitoneal infection with Lm. In
Figs. 45B-45H, each circle represents an individual animal. In Figs. 45B, 45C, 45E,
45G, and 45H, the height of the bars indicates the mean. Data are representative of at
least two independent experiments. Error bars, s.d. **P < 0.01; *P < 0.05.
[fig.46A-J]Figs. 46A-46] show administration of the mixture of 11 bacterial strains
suppresses tumour growth. Fig. 46A shows the experimental design. SPF mice
obtained from SLC were subjected to treatment with AVMN (ampicillin, vancomycin,
metronidazole, neomycin) (from day -7 to day 2) followed by subcutaneous im-
plantation of MC38 adenocarcinoma cells (Figs. 46B-46I) or BRAFV600EPTEN-/-
melanoma cells (Fig. 46J) on day 0. The mice were reconstituted with SPF faecal mi-
crobiota (SPFfae) on day 3. The groups that received the mixture of 11 bacterial
strains, the initial oral administration of the 11-mix was done simultaneously with the
SPFfae on day 3, followed by repeated dosing of the 11-mix alone 2 or 3 times per
week until the end of the experiment. The anti-PD1 antibody (PD1 mAb) (Figs.
46B-46H and 46J) or anti-CTLA4 antibody (CTLA4 mAb) (Fig. 46I) was injected in-
traperitoneally every third day between days 3 and 9. Figs. 46B, 461, and 46] show

representative tumour growth data of MC38 adenocarcinoma (Figs. 46B and 46I) and
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BRAFV600EPTEN-/- melanoma (Fig. 46J). Figs. 46C-46H show the number or
percentage of tumour-infiltrating CD8+ T cells (Fig. 46C), IFN+CD8+ and
GrB+IFN+CD8+ T cells (Fig. 46D), PD-1+ ICOS+IFN+CDS8+ T cells (Fig. 46E),
p15E-specific IFN+CD8+ T cells (Fig. 46F), MHC class II+CD11c+ DCs (Fig. 46G),
and mean fluorescence intensity of H-2Kb on DCs (Fig. 46H), as determined by flow
cytometry. Each circle in Figs. 46C-46H represents an individual animal, and the
height of the bars indicates the mean. The symbols in Figs. 46B, 461, and 46]
represent the means. Data are representative of at least two independent ex-
periments. Error bars, s.d. ***P < 0.001; **P < 0.01; *P < 0.05; ns, not significant.
[fig.47A-E]Figs. 47A-47E show characterization of intestinal IFN+CD8 T cell pop-
ulations in GF and SPF mice. Fig. 47A shows representative flow cytometry plots
showing expression of CD8+, IFN, TCR, CDS, CD44, GrB, T-bet, CD103, and ICOS
by colonic lamina propria CD3+CD8+ or CD3+TCR+CD8+ T cells from SPF mice
obtained from CLEA. Fig. 47B shows the number of IFN+CD3+TCR+CDS8 T cells in
the colonic or small intestinal lamina propria cells of GF and SPF mice. Fig. 47C
shows data from GF mice (7 weeks old) that were orally inoculated with the faecal mi-
crobiome from SPF CLEA mice (SPFfae). After 4 weeks, the percentage of IFN+ cells
among CDS8 T cells was analyzed. Fig. 47D shows the percentage of IFN+ cells
among CDS8 T cells in the colonic lamina propria of CLEA SPF mice treated with/
without AVMN (ampicillin, vancomycin, metronidazole, neomycin) via the drinking
water for 4 weeks (from 8 to 12 weeks old). Fig. 47E shows the percentage of IFN+
cells among colonic CD8 T cells in the colonic lamina propria of SPF C57BL/6 mice
(10 weeks old) reared at the indicated institute or vendor (left panel). SPF C57BL/6
mice (8 weeks old) obtained from Charles River were co-housed with C57BL/6 mice
from CLEA for 2 or 6 weeks. The percentage of IFN+ cells among colonic CD8 T
cells in the colonic lamina propria of co-housed Charles River mice are shown (Fig.
47E, right panel). Each circle represents an individual animal (n= 3-5), and the height
of the bars indicates the mean. Data are representative of at least two independent ex-
periments. Error bars, s.d. ***P < 0.001; *P < 0.05.

[fig.48]Fig. 48 shows a schematic representation of the strategy for isolating
IFN+CD8+ T cell-inducing bacteria from healthy human gut microbiota.
[fig.49A-B]Figs. 49A and 49B show induction of IFN+CD8+ T cells by healthy
human gut microbiota from various donors. Fig. 49A shows representative flow
cytometry plots showing expression of IFN and CD8 by colonic (top panels) or small
intestine (SI; bottom panels) LP CD3+TCR+ T cells from GF mice orally inoculated
with faecal samples from the indicated healthy human donors (donors A to F). The bar
graph summarizes the frequency of IFN+ cells among the CD34+TCR+CD8+ parent T

cell population in the small intestine lamina propria. Fig. 49B shows representative
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flow cytometry plots (left) showing the frequency of IFN+CD103+ cells among the
colonic LP CD3+TCR+CD8+ parent population in GF mice orally inoculated with
caecal contents from mouse BS and treated with the indicated antibiotics (B5+Abx),
untreated (B5), or GF mice inoculated with chloroform-treated caecal contents from
mouse B5 (Chlo B5). The bar graph (Fig. 49B, right) summarizes the frequency of
IFN+CD103+ cells among the colonic lamina propria CD3+TCR+CD8+ parent
population of cells in each group of mice. Each symbol represents an individual
animal (n=4-9), and the height of the bars indicates the mean. Error bars, s50]Fig. 50
shows a Spearman’s correlation between OTUs and IFN+CDS8 T cells. The
Spearman’s correlation coefficient (r) between the number of reads of individual
bacterial OTUs (among 3000 reads) detected in mice shown in Fig. 43F and the
percentage of IFN+ among the colonic CD3+TCR+CD8+ parent population of cells
shown in Fig. 43E was calculated using GraphPad PrismR with a P value for the cor-
relation between the two variables. OTUs that were significantly positively correlated
and significantly negatively correlated with the frequency of colonic IFN+CD8+ T
cells (P < 0.05) are indicated with an “+” and *“-”, respectively. OTUs that were

Gexjery

detected in +Chlo B5 mice are indicated with a “-*“ or “*”. OTUs showing no sig-
nificant correlation (P > 0.05) are shown in grey. The closest species/strain to the
indicated OTUs and individual r values for each OTU are also shown.
[fig.51A-B]Figs. 5S1A and 51B show the phenotype of IFN+CDS8 T cells induced by
the mixture of 11 bacterial strains. Fig. 51A shows representative flow cytometry plots
showing expression of IFN, CD8, CD103, ICOS, KLRG1, GrB, T-bet, CD44, Foxp3,
and IL17A by colonic lamina propria CD3+TCR+ or CD3+TCR+CD8+ T cells from
GF mice and GF mice colonized with the mixture of 11 bacterial strains (GF
+11-mix). Fig. 51B shows percentages of IFN+ cells among the CD3+TCR+CD4 T
cells (TH1 cells) (left panel), IFN+ cells among CD3+TCR+CD4-negative T cells
(mostly CDS8 T cells) (middle panel), and IL-17A+ cells among the CD34+TCR+CD4 T
cells (TH17 cells) (right panel) in the colonic lamina propria of the indicated

mice. Each circle represents an individual animal, and the height of the bars indicates
the mean. Data are representative of at least two independent experiments. Error bars,
s.d. **P < 0.001; **P < 0.01.

[fig.52A-C]Figs. 52A-52C show data relating to immunomodulation by the mixture of
11 bacterial strains without causing inflammation. Fig. 52A shows expression of the
indicated genes (116 and Lcn2) in colonic epithelial cells of GF, GF colonized with the
mixture of 11 bacterial strains (GF+11-mix) (4 week post-colonization), and SPF mice,
as determined by qPCR. Each symbol represents an individual animal, and the height
of the bars indicates the mean. Fig. 52B shows representative photographs of the

colons of GF, GF+11-mix, and SPF mice. Fig. 52C shows haemotoxylin and eosin
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stained photomicrographs of colons from SPF mice and GF mice colonized with the
mixture of 11 bacterial strains (GF+11-mix). Scale bar, 50 m. Data are representative
of at least two independent experiments. Error bars, s.d. ns, not significant.
[fig.53]Fig. 53 presents a table showing 16S rRNA gene and genome sequencing
analysis of the 26 strains. Bacterial DNA was isolated from each of the 26

strains. The 16S rRNA gene sequences were determined by PCR and Sanger se-
quencing. Genome sequencing was conducted for the 21 strains using Illumina
MiSeqR sequencer. The 16S rRNA and gene encoding 42 ribosomal proteins
predicted from the assembled draft genome of each strain were compared to the RDP
database and the NCBI genome database (Refseq genome representative), respectively,
to find the closest reference species or strain. The top hit organisms with the 16S
rRNA sequence and ribosomal proteins of each strain (more than 37 ribosomal proteins
hit) are listed in the table, whereas bacteria with less similarity (less than 34 proteins
hit) are shown with parentheses. The percent similarity refers to the average sequence
similarity of the hit ribosomal protein genes. The percent similarity of each ribosomal
protein gene was calculated between the isolated strain and the closest reference
bacteria using a global-local alignment search program (GLSEARCH).

[fig.54]Fig. 54 shows the phylogenetic distribution of the 11 isolated strains. The phy-
logenetic tree was constructed by comparing 37-42 ribosomal protein gene sequences
concatenated together using the MEGA v5.0 package and the neighbour-joining
method with a bootstrap of 500 replicates. Whole-genome phylogenetic analysis of the
11 strains was performed based on the Mash distances.

[fig.55A-B]Figs. 55A and 55B show colonic colonization and induction of IFN-
stimulated genes in colonic epithelial cells by the mixture of 11 bacterial strains. Fig.
55A shows data related to the luminal contents from the indicated anatomical positions
of the gut and faecal samples from three GF mice colonized with the mixture of 11
bacterial strains 3-4 weeks post-colonization. The relative abundance of DNA from
each of the 11 strains was determined by qPCR (top panel). For each anatomical
location, the strains are, from left to right, 81A6, 81B11, 81C1, 81E7, §1H9, §2A6,
82B1, 82F11, 82G1, 82GS, and 82GY (top panel). The percentage of IFN+CDS8 T cells
in the small intestine lamina propria, caecum, and colonic lamina propria of GF mice
(left columns) and GF mice colonized with the mixture of 11 bacterial strains (right
columns, GF+11-mix) is shown in the bottom panel. Fig. 55B shows the relative ex-
pression of the indicated genes in colonic epithelial cells of GF mice and GF mice
colonized with the 11-mix (GF+11-mix) 1-week post-colonization, as determined by
gPCR. Each circle represents an individual animal (n= 3-4), and the height of the bars
indicates the mean. Error bars, s.d. ***P < 0.001; **P < 0.01; *P < 0.05.
[fig.56A-B]Figs. S6A and 56B show induction of IFN+CDS8 T cell induction by the
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mixture of 11 bacterial strains in the context of a complex microbiota. Fig. S6A shows
the experimental design. SPF mice obtained from SLC were either left untreated or
treated with AVMN (ampicillin, vancomycin, metronidazole, neomycin), and then re-
constituted with SPF faecal microbiota (“SPFfae”). For the groups that received the
mixture of 11 bacterial strains, the initial oral administration was simultaneous with
SPFfae. The single gavage group (“‘single”) did not receive any further administration
of the 11-mix, while the groups that received repeated gavage (“rep.”), received the
11-mix orally every 3-4 days. Fig. 56B shows the percentage of colonic IFN+CD8 T
cells on day 28, as analyzed by FACS. Each circle represents an individual animal (n=
4-7), and the height of the bars indicates the mean. Error bars, s.d. ***P < 0.001; **P
<0.01.

[fig.57A-B]Figs. 57A-57B shows to the efficacy of the mixture of 11 bacterial strains
in enhancing treatment of MC38 tumours. SPF mice were subjected to treatment with
AVMN (ampicillin, vancomycin, metronidazole, neomycin) (from day -7 to day 2)
followed by subcutaneous implantation of MC38 adenocarcinoma cells (day

0). Abx-treated mice were reconstituted with SPF faecal microbiota on day 3. For the
groups that received the mixture of 11 bacterial strains, the initial administration of the
11-mix was done simultaneously with SPF faecal microbiota on day 3, followed by
repeated gavage 2-3 times per week until the end of the experiment. The anti-PD-1
antibody (aPD-1) or anti-CTLA4 antibody (aCTLA4) was injected intraperitoneally
every third day between days 3 and 9. Fig. 57A shows a photograph of representative
MC38 tumours on day 27 from mice having received the indicated treatments. Fig.
57B shows haematoxylin and eosin staining and a histology score of the colons on day
27 (no treatment “-”, +aPD1 mAb, +11mix, and +11mix+aPD1 mAb) and day 44
(0oCTLA4 mAb and +11mix+aCTLA4 mAb). For comparison, the histology score of
the colon of SPF I110-/- mice (colitis prone mice) is shown. Scale bar, 50 um. Each
symbol represents an individual animal (n= 4-8), and the height of the bars indicates
the mean. Error bars, s.d.

[fig.58A-B]Figs. S8A and 58 B show the level of abundance of the 11 strains in the
human gut microbiome. Draft genomes of the 11 strains were split into 1 kilobase pair
(kbp) regions and mapped against NCBI RefSeq (~85 k genomes) to identify regions
with no or weak similarity to known isolates (Identity < 80%, Coverage < 85%). Of
these, consecutive regions with a minimum 5 kbp were defined as marker regions that
are unique to each strain. Gut metagenome samples with at least 1M quality controlled
reads across various datasets (HMP1-2%, LLDeep*}, MetaHIT?*+*, SO0FG?, HMP23
(only first time point used), and healthy Japanese adults* (“Japanese”)) were mapped
to 1 kbp regions in all strains (filtered by 95% mapping identity). The mapped read
counts were normalized to reads per kbp per million (RPKM). Fig. 58A shows the
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median abundance across all marker regions plotted against marker genes

coverage. Points with high abundance at low coverage, e.g. <75%, indicate limited
marker region resolution and likely represent other strains of a species. Fig. 58B
shows data related to detection of strains. A strain was deemed detected if at least 95%
of the 1 kbp regions in the marker region was detected. Among the 11 strains, 5 strains
were detected in 15 out of 3039 microbiome samples evaluated.

[fig.59]Fig. 59 shows the species level abundance of the 11 strains in the human gut
microbiome. The abundance at a species level was calculated as a median abundance
across all 1 kbp regions in a genome using 3039 metagenome samples with at least 1M
quality controlled reads (mapped reads were filtered at 95% mapping identity). The
mapped read counts were normalized to reads per kilobase per million (RPKM). The
abundance of the 11 strains is shown for each of the datasets used.

[fig.60A-B]Figs. 60A and 60B show the abundance of the 11 strains in the faeccal mi-
crobiome of healthy human donors. Fig. 60A shows the abundance of the strain
specific marker regions in the faecal microbiome of six healthy Japanese volunteers
(Donors A to F), as performed in Figs. S8A and 58B. A strain was deemed detected if
at least 95% of the 1 kbp regions in the marker region were detected. Two strains were
detected in the same from donor B . Fig. 60B shows the abundance at species level,
which was calculated as in Fig. 59. The mapped read counts were normalized to reads
per kilobase per million (RPKM).

[fig.61A-I]Figs. 61A - 611 show the isolation and identification of 11 IFNy*CD8 T
cell-inducing bacterial strains from the microbiome of healthy human donors. Figs.
61A and 61B show the percentage of IFNy+* cells among CD3*TCRB+CDS8 T cells in
the indicated organs (iLN, inguinal lymph nodes) of SPF mice (Fig. 61A) and in the
colonic and small intestine lamina propria (SI LP) of SPF and GF mice (Fig.

61B). Fig. 61C shows the percentage of colonic CD8 T cells that were IFNy*+ from GF
mice orally inoculated with one of six (A-F) healthy human faecal samples. Arrow
indicates mouse B5, which was selected for follow-up analysis. Fig. 61D shows the
percentage of CD8 T cells that are IFNy* from GF mice inoculated with caecal contents
from mouse B5 and treated with or without the indicated antibiotics via the drinking
water (BS + Abx), or from GF mice inoculated with chloroform-treated caecal contents
from mouse B5 (Chlo BS). The arrow indicates mice B5-Amp2 and B5-Amp3, which
were selected for further analysis. Fig. 61E shows the composition of the caecal mi-
crobiota of each mouse as determined by 16S rRNA gene sequencing. OTUs
positively correlated with frequency of IFNy*CD8 T cells, those detected in Chlo B5
mice, and those not significantly correlated are marked OTUs corresponding to the 26
isolated strains are also marked. Fig. 61F is a list of the 26 strains isolated from mice

B5-Amp2 and B5-Amp3. The closest species/strain and percent similarity in the RDP
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database are indicated. Figs. 61G, 61H, and 61J show the percentage of CD8 T cells
that were IFNy* from GF mice inoculated with the indicated mixture of bacterial
strains. Fig. 611 shows the percentage of CD8 T cells that were IFNy+ (left panel) and
percentage of IFNy+*CDS8 T cells that were CD103* (right panel) in GF mice at the
various time points following inoculation. Each circle in Figs. 61A-61D and 61G-61J
represents an individual animal. The height of each bar, and horizontal line at each
time point in Fig. 611, indicates the mean. Error bars, s.d. ***P<0.001; **P<0.01;
*P<0.05; ns, not significant.

[fig.62A-L]Figs. 62A-62L show DC-mediated IFNy+CDS8 T cell induction by the 11
strains. Fig. 62A shows the percentage of colonic lamina propria (LP) CD8 T cells
that were IFNy+ from GF mice that were orally administered the mixture of 11
bacterial strains live or heat-killed (HK) (“+11-mix”). Fig. 62B shows fluorescence in
situ hybridization (FISH) staining with DAPI, EUB338 FISH probe, and mucin 2
(MUC?2) of the proximal colon from GF mice that were administered the 11 bacterial
strains. The dashed line outlines the mucus layer. Scale bar, 25 um. Fig. 62C shows
the expression of chemokine transcripts Cxcl9 and Cxcl10 normalized to 3-actin in
colonic epithelial cells (ECs) (day 7 post-colonization with the mixture of 11 bacterial
strains), as quantified by qPCR. Figs. 62D, 62H, 621, and 62K show the percentage of
IFNv+ cells among colonic LP CD8 T cells from the indicated mice colonized with or
without the mixture of 11 bacterial strains (+11mix) for 1 week (Fig. 62D) or 4 weeks
(Figs. 62H, 621, and 62K). Fig. 62E shows the percentage of Ki67 cells among the
IFNy+CDS8 T cell population in GF mice were colonized with the mixture of 11
bacterial strains (+11-mix) for 1 week. Fig. 62F shows the frequencies of V[3 gene
usage among IFNy+CDS8 T cells (left panel) and IFNy-CD8 T cells (right panel) from
the colon of GF mice or GF mice that were colonized with the mixture of 11 bacterial
strains (+11-mix), as determined by flow cytometry. 2-way ANOVA interaction p-
values: 0.0001 (IFNy+ subset), 0.31 (IFNy- subset). Fig. 62G shows the percentage of
IFNv+ cells among the CD8 T cell population after the indicated ex vivo stimulation:
lysate from the mixture of 11 bacterial strains (“+11 st. lysate”), lysate from the
mixture of 10 bacterial strains (“+10 st. lysate”), PMA+ionomycin. Fig. 62J shows
H2-Kb expression by the indicated subset of DC cells (CD11b-CD103+,
CD11b+CD103+) from GF mice or GF mice that were colonized with the mixture of
11 bacterial strains (+11-mix) (1 week post-colonization). Fig. 62L shows the
percentage of CD8 T cells that were IFNy+ in the indicated organs of GF mice 1 week
following colonization with the mixture of 11 bacterial strains (cIEL, colonic intraep-
ithelial lymphocytes; MLN, mesenteric lymph nodes; PBL, peripheral blood lym-
phocytes). Each circle represents an individual mouse (Figs. 62A, 62C, 62D, 62E,
62H, 621, 62K,62K) or a pool of mice (Figs. 62F and 62G, n=3-5) and the height of
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each bar indicates the mean. Error bars, s.d. ***P < 0.001; **P < 0.01; *P < 0.05; ns,
not significant.

[fig.63A-J]Figs. 63A-63] show enhancement of host immune responses against
Listeria monocytogenes infection mediated by colonization with the mixture of 11
bacterial strains. For Figs. 63A-63D, the C57BL/6 GF mice were colonized with the
mixture of 11 bacterial strains or the mixture of 10 bacterial strains, or left uncolonized
as a control. Then, the mice were orally infected with Lm-WT (Fig. 78 A shows the
experimental design). Figs. 63A and 63C show the colon histology score on day 3 or
5, respectively, and Figs. 63B and 63D show the percent weight change over the
course of Listeria monocytogenes infection. Figs. 63E-63J show C57BL/6 SPF mice
were treated with AVMN, then reconstituted with SPF faecal microbiota (SPFfae) by
oral gavage. As shown in the experimental design in Fig. 78D, the group that was
colonized with the mixture of 11 bacterial strains (+11mix) received the initial admin-
istration of the mixture simultaneously with SPFfae, followed by repetitive oral gavage
of the 11-mix alone thereafter. Then, the mice were orally (Figs. 63E-63H, and Fig.
63J) or intraperitoneally (Figs. 631) infected with Lm-InlA™ (Figs. 63E-63G and Fig.
63J), Listeria monocytogenes (Lm) Lm-OVA (Fig. 63H) or Lm-WT (Fig. 63I). Figs.
63E and 63F show the colon histology score and percent weight change at various time
points following Lm-InlA™ gavage. Figs. 63G, 631, and 63J show colony forming
units (CFU) of Lm in the indicated tissues over the course of the experiment (Fig.
63G), on day 3 (Fig. 631), or on day 5 (Fig. 63]) post-infection. Fig. 63H shows the
number of SIINFEKL (SEQ ID NO: 71)-specific colonic IFNy+CD8 T cells induced
after Lm-OVA infection, as enumerated by flow cytometry on day 7 post-

infection. For depletion of CD8 T cells, anti-CD8a mAb was administered intraperi-
toneally 1 day before the administration of 11-mix, and every 3 to 4 days

thereafter. For each graph, each circle represents an individual animal. The mean of
each group is represented by the lines in the line graphs and by the height of each bar
in the bar graphs. pep. stim., peptide stimulation. Error bars, s.d. ***P < 0.001; **P <
0.01; *P< 0.05; ns, not significant.

[fig.64A-K]Figs. 64A-64K show that colonization with the mixture of 11 bacterial
strains suppresses tumour growth and enhances immune checkpoint inhibitor (ICI)
treatment efficacy. As shown in the experimental design in Fig. 79D, for Figs.
64A-64C, C57BL/6 GF mice were colonized with the mixture of 11 bacterial strains
(11-mix) or mixture of 10 bacterial strains (10-mix) on day -7, or left un-

colonized. The mice were subjected to subcutaneous implantation of MC38 adeno-
carcinoma cells on day 0. Anti-PD-1 mAb (aPD-1) was injected intraperitoneally
every third day between days 3 and 9. For the depletion of CD8 T cells, anti-CD8

mAb (aCD8) was administered intraperitoneally 1 day before the administration of
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mixture of 11 bacterial strains, and every 3 to 4 days thereafter. Figs. 64A and 64C
show representative MC38 tumour growth data (tumour volume). Fig. 64B shows the
percentage of IFNy+ among CD8 T cells isolated from the tumours. Figs. 64D-64K
show C57BL/6 SPF mice were subjected to treatment with AVMN (from day -7 to day
2) and subcutaneous implantation of MC38 adenocarcinoma cells (Figs. 64D-641J) or
BRAFV®EPTEN-/- melanoma cells (Fig. 64K) on day 0. The mice were reconstituted
with SPFfae on day 3. For the groups of mice that were colonized with the mixture of
11 bacterial strains or mixture of 10 bacterial strains, the initial oral administration of
the mixtures was done simultaneously with SPFfae on day 3, followed by repetitive
dosing of the mixtures alone, 2 or 3 times per week until the end of the experiment. As
shown in the experimental design in Fig. 80A, the anti-PD-1 mAb (aPD-1) (Figs.
64D-64I, Fig. 64K) or anti-CTLA-4 mAb (aCTLA-4) (Fig. 64J) was injected intraperi-
toneally every third day between days 3 and 9. Figs. 64D, 64J, 64K show repre-
sentative tumour growth data of MC38 tumours (tumour volume) (Figs. 64D and 64J)
and BRAFV$EPTEN-/- tumours (Fig. 64K) (tumour volume). Fig. 64E shows the
percentage of tumour-infiltrating IFNy+CDS cells. Fig. 64G shows the percentage of
GrB+IFNy+CDS8 T cells. Fig. 64H shows the number of MHC class II+CD11c+ DCs
per gram tumour. Fig. 641 shows the mean fluorescence intensity (MFI) of H2-Kb on
DCs, as determined by flow cytometry. Fig. 64F shows the percentage of IFNvy+ cells
among the CD8+ TIL cell population from MC38 tumours in SPF mice colonized with
the mixture of 11 bacterial strains and administered the PD-1 mAb (+11-mix+PD-1)
following ex vivo stimulation with the indicated antigens: p15E peptide (p15E pep),
lysate from the 11 strains (+11 st lysate), +PMA and ionomycin (+PMA+iono). Each
circle in Figs. 64B, 64E-641 represents an individual mouse, and the height of each bar
indicates the mean. Each circle in Figs. 64A, 64C, 64D, 64J, 64K represents the mean
of a group of mice, and the number of mice for each group are shown in the
parentheses. The asterisks show significance of the +11-mix+PD-1 mAb, +11-mix,
and +11-mix+CTLA-4 mAb groups. Dotted brackets in a denote comparison with the
GF+10-mix group. Error bars, s.d. ***P < (0.001; **P < 0.01; *P < 0.05; ns, not sig-
nificant.

[fig.65A-F]Figs. 65A-65F show the characterization of the intestinal IFNy+CDS8 T cell
population in GF and SPF mice. Figs. 65A and 65B show representative flow
cytometry plots and histograms showing the expression of CD8a, IFNy, CD8f3, CD44,
T-bet, ICOS, CD103, KLRG1, and GrB by colonic LP CD3+TCRp+ or
CD3+TCRpB+CDS8a+ T cells isolated from SPF mice obtained from CLEA. Fig. 65C
shows the number of IFNy+CDS8 T cells in the colonic or small intestinal lamina
propria (SI LP) of GF and SPF mice. Fig. 65D shows the percentage of IFNvy+ cells
among CDS8 T cells in the colonic lamina propria (LP) of CLEA SPF mice (between 8
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and 12 weeks old) that received AVMN or no antibiotics via the drinking water for 4
weeks. Fig. 65Eshows the percentage of IFNy+ cells among CD8 T cells in the
colonic LP of SPF C57BL/6 mice from CLEA (between 8-12 weeks old) treated with
or without AVMN via the drinking water for 4 weeks. Fig. 65F shows the percentage
of IFNy+ cells among CDS8 T cells in the colonic LP of SPF C57BL/6 mice (10 weeks
old), reared at the indicated institute or vendor (left panel). SPF C57BL/6 mice (8
weeks old) obtained from Charles River Laboratories (‘“Charles’) were cohoused with
C57BL/6 mice from CLEA for 0, 2, or 6 weeks, and percentage of IFNy+ cells among
colonic LP CD8 T cells was analyzed (right panel). Each circle represents an in-
dividual mouse, and the height of each bar indicates the mean. Error bars, s.d. ***P <
0.001; *P < 0.05.

[fig.66]Fig. 66 shows a schematic representation of the strategy for isolating IFNvy+
CD8 T cell-inducing bacteria from the gut microbiota of healthy human donors.
[fig.67A-B]Figs. 67A and 67B show induction of IFNy+CD8+ T cells by gut mi-
crobiota from various healthy human donors (A-F). Fig. 67A shows representative
flow cytometry plots showing expression of IFNy and CD8a by colonic or SI LP
CD3+TCRp+ T cells from GF mice orally inoculated with faecal samples from healthy
human donors (from donors A to F). Fig. 67B shows a bar graph summarizing the
frequency of IFNvy+ cells among the CD8 T cell population in the SI LP. Note that the
induction was more pronounced in the colon than in the SI (Fig. 67A), potentially due
to preferential colonic colonization. Each circle represents an individual mouse, and
the height of each bar indicates the mean. Error bars, s.d. ***P < 0.001; **P < 0.01;
*P < 0.05.

[fig.68]Fig. 68 shows the Spearman’s correlation between OTU relative abundance and
IFNy+CD8 T cell frequency. The Spearman’s correlation coefficient (r) and p-value
for the relationship between the number of individual bacterial OTUs (among 3000
reads) detected in mice (shown in Fig. 61E) and the percentage of IFNy+ cells among
the colonic CD8 T cell population (shown in Fig. 61D) were calculated using
GraphPad PrismR. OTUs significantly positively and significantly negatively
correlated with the frequency of colonic IFNy+CD8 T cells (P < 0.05) are shown with
“+7 and “-”, respectively. OTUs detected in GF+Chlo BS mice are indicated with “-”
and “+”, respectively. The closest species/strain and individual r value for each OTU
are shown.

[fig.69A-D]Figs. 69A-69D show characterization of IFNy+CDS8 T cells induced by the
mixture of 11 bacterial strains. Fig. 69A shows the percentage of IFNy+ cells among
colonic LP CD8 T cells from mice of the indicated genetic background, colonized with
or without the mixture of 11 bacterial strains. Figs. 69B and 69C show representative

flow cytometry plots and histograms showing the expression of CD8a, IFNy, CD103,
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PD-1, CD44, Tbet, ICOS, KLLRGI1, and GrB by colonic LP CD3+TCRp+ CD8+ IFNvy+
cell (Fig. 69B) or CD3+TCRf+ CD8o+ cells from GF mice and GF mice colonized
with the mixture of 11 bacterial strains 4 week post-colonization. Fig. 69D shows the
percentages of IFNy+ cells among CD3+TCRB+CD4- T cells (representing primarily
CDS8 T cells) (left panel), IFN+ of CD4+ T cells (Ty1 cells) (middle panel), and 1L-
17A+ of CD4+ T cells (Ty17) (right panel) in the colonic LP of the indicated

mice. Each circle represents an individual animal, and the height of each bar indicates
the mean. Error bars, s.d. ***P < 0.001; **P < 0.01; *P < 0.05.

[fig.70A-E]Figs. 70A-70E show non-inflammatory immunomodulation by the mixture
of 11 bacterial strains. Fig. 70A shows expression of the indicated pro-inflammatory
genes (116 (left panel) and Len?2 (right panel)) in colonic ECs from GF mice and GF
mice colonized with the mixture of 11 bacterial strains (4 weeks post-colonization),
and SPF mice, as determined by qPCR. Figs. 70B shows representative photographs
of the caecums and colons from GF mice, GF mice colonized with the mixture of 11
bacterial strains (4 weeks post-colonization), and SPF mice. Fig. 70C shows repre-
sentative photomicrographs of haematoxylin and eosin-stained colon sections from GF
mice and GF mice colonized with the mixture of 11 bacterial strains 4 weeks or 6
months following colonization (scale bar, 50 um). Fig. 70D shows the histology score
for colons from GF mice and GF mice colonized with the mixture of 11 bacterial
strains 4 weeks (“4w”) or 6 months (“6m”) following colonization. Fig. 70E shows the
percentage of IFNy+ cells among CD8 T cells in the colonic LP GF mice and GF mice
colonized with the mixture of 11 bacterial strains 4 weeks (“4w’’) or 6 months (“6m”)
following colonization. Each circle represents an individual animal and the height of
each bar indicates the mean. Error bars, s.d. ***P < 0.001; ns, not significant.
[fig.71]Fig. 71 shows results from 16S rRNA gene and genome sequencing analysis of
the 26 isolated strains. DNA was extracted from each of the 26 strains and 16S rRNA
gene sequences were determined via PCR and Sanger sequencing. Genome se-
quencing was conducted for 21 strains using an Illumina MiSeq sequencer. To identify
the closest reference species or strain, 16S rRNA and genes encoding 42 ribosomal
proteins predicted from the assembled draft genome of each strain were compared to
the RDP and NCBI genome databases (Refseq genome representative), re-

spectively. Top-hit strains were defined as those with the highest 16S rRNA sequence
similarity or those with the highest ribosomal gene sequence similarity for the
maximum percentage of the 42 queried genes (strains for which this is <37/42 are
listed in parentheses). Percent similarity refers to average sequence similarity between
ribosomal genes of the isolated strain and those of the top-hit reference strain.
[fig.72]Fig. 72 shows the phylogenetic distribution of the 11 isolated strains. A phy-

logenetic tree was constructed by comparing 40 concatenated ribosomal gene
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sequences of each isolate using the MEGA v7.0 package and the neighbor-joining
method with a bootstrap of 1000 replicates.

[fig.73A-C]Figs. 73A-73C show induction of IFN-stimulated genes in colonic ep-
ithelial cells (ECs) following colonic colonization with the mixture of 11 bacterial
strains. Fig. 73A shows the relative expression of the indicated genes in colonic ECs
of GF mice and GF mice colonized with the mixture of 11 bacterial strains 1 week
post-colonization, as determined by qPCR. Each circle represents an individual
animal, and the height of each bar indicates the mean. Fig. 73B shows the luminal
contents from the indicated anatomical positions of the gastrointestinal tract as well as
faecal samples collected from three GF mice colonized with the mixture of 11 bacterial
strains 3-4 weeks post-colonization. The relative abundance of DNA of each of the 11
strains was determined by qPCR (top panel). The percentage of IFNy+CDS8 T cells in
the SI LP, caecum, and colonic LP of GF mice and GF mice colonized with the
mixture of 11 bacterial strains was enumerated by flow cytometry (bottom panel). Fig.
73C shows MLN and caecal contents collected from GF mice colonized with the
mixture of 11 bacterial strains 1 week post-colonization. The relative abundance of
DNA from each of the 11 strains was determined by qPCR. Each circle represents an
individual animal, and the height of each bar indicates the mean. n.d., not

detected. Error bars, s.d. ***P < 0.001; **P < 0.01; *P < 0.05.

[fig.74A-B]Figs. 74A and 74B show characterization of IFNy+CDS8 T cells induced in
the iLNs following colonization with the mixture of 11 bacterial strains. Fig. 74A
shows representative flow cytometry histograms showing expression of IFNy, CD103,
PD-1, CD44, ICOS, and KLLRGI1 by iLLN or colonic LP CD3+TCRpB+CD8a+ or
CD3+TCRpB+CD8a+IFNy+ cells from GF mice or GF mice colonized with the mixture
of 11 bacterial strains. Note that the expression patterns of these surface markers by
iILN IFNy+CD8 T cells were similar between GF and GF mice colonized with the
mixture of 11 bacterial strains. Fig. 74B, top row, shows the frequencies of V[3 gene
usage among IFNy+CDS8 T cells (left panel) and IFNy-CD8 T cells (right panel) from
the iLNs of GF mice or GF mice colonized with the mixture of 11 bacterial

strains. For each gene, the left column corresponds to GF mice and the right column
corresponds to GF mice colonized with the mixture of 11 bacterial strains. Fig. 74B,
bottom row, shows the frequencies of V{3 gene usage among IFNy+CD8 T cells (left
panel) and IFNy-CDS8 T cells (right panel) from the colons or iLNs of GF mice
colonized with the mixture of 11 bacterial strains. For each gene, the left column cor-
responds to the column and the right column corresponds to the iLN of GF mice
colonized with the mixture of 11 bacterial strains. Each circle represents an individual
mouse (for iLN data) or a pool of mice (n=5, for colon data), and the height of each bar

indicates the mean. Error bars, s.d. *P < 0.05.
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[fig.75A-D]Figs. 75A-75D show metabolomic analysis of mice colonized with the
mixture of 11 bacterial strains. Fig. 75A, left panel, shows a Principal Component
Analysis (PCA) plot of the water-soluble caecal metabolome from GF mice, SPF mice,
and mice colonized with a mixture of 4 bacterial strains, 7 bacterial strains, 11 bacterial
strains (left panel). Fig. 75A, right panel, shows a PCA plot of the water-soluble
caecal metabolome from GF mice and mice colonized with a mixture of 10 bacterial
strains for 1 week (10 Mix (1w)), 10 bacterial strains for 4 weeks (10 Mix (4w)), 11
bacterial strains for 1 week (11 Mix (1w)), and 11 bacterial strains for 4 weeks (11 Mix
(4w)). Figs. 75B-75D show heatmaps depicting differentially elevated metabolites in
the caecum (Figs. 75B and 75C) or serum (Fig. 75D) of GF mice, GF mice colonized
with a mixture of 11 bacterial strains for 1 week or 4 weeks, and GF mice colonized
with a mixture of 10 bacterial strains for 1 week or 4 weeks. Raw metabolomic data
were screened for metabolites specifically elevated in GF mice colonized with the
mixture of 11 bacterial strains only (Figs. 75B and 75C) or in GF mice colonized with
the mixture of 11 bacterial strains and GF mice colonized with the mixture of 4
bacterial strains only (Fig. 75B) with at least 4-fold enrichment as compared to GF
controls and at least 2-fold enrichment compared to the other gnotobiotic groups, with
a cutoff p-value of 0.05. Overlapping metabolites between the two datasets were
selected (highlighted), and their levels in the serum were queried (Fig.

75D). Candidate effector molecules for the local and systemic effects observed in
GF+11-mix mice were identified by considering the metabolomic data in light of the
phenotypic immunomodulatory data, and are indicated with asterisks (Figs.
75B-75D). Heatmap shading represent the z-score normalized Area/ISTD values for
each metabolite (red and blue indicate high and low abundance, respectively). Caecal
contents were isolated 4 weeks post-gavage unless otherwise noted (1w, 1week; 4w, 4
weeks). Rib5P, ribose-5-phosphate; RuSP, ribulose-5-phosphate; XuSP, xylulose-
S-phosphate; GlcNAc 6P, N-acetyl-D-glucosamine 6-phosphate; GlcNAc 1P, N-
acetyl-D-glucosamine 1-phosphate; 3PG, 3-phospho-D-glycerate; 2PG,
2-phospho-D-glycerate.

[fig. 76 A-C]Figs. 76 A-76C show IFNy+CDS8 T cell induction following colonization
with the mixture of 11 bacterial strains in the context of a complex microbiota. Fig.
76A shows the experimental design. SPF mice were either left untreated or treated
with AVMN (ampicillin, vancomycin, metronidazole, neomycin), and then recon-
stituted with SPF faecal microbiota (SPFfae). For the administration of the mixture of
11 bacterial strains, the initial oral administration was done simultaneously with
SPFfae, followed by repetitive oral gavage of the mixture of 11 bacterial strains alone
at the indicated time points. The single gavage group (“‘single”) did not receive any

further administration of the mixture of 11 bacterial strains, while the repetitive gavage
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group (“rep.”) received the mixture of 11 bacterial strains orally every 3-4 days. The
group that received SPFfae without the mixture of 11 bacterial strains and the single
gavage group received PBS orally every 3-4 days. Fig. 76B shows the percentage of
colonic IFNy+CDS8 T cells on day 28 as determined by flow cytometry. Figs. 76C
shows SPF mice that were treated with AVMN, then reconstituted with SPFfae by oral
gavage. In the group of mice that received the mixture of 11 bacterial strains (+11mix)
were administered the initial mixture of 11 bacterial strains simultaneously with
SPFfae, followed by repetitive oral gavage of the mixture of 11 bacterial strains alone
at the indicated time points. The percentage of IFNy+ cells of the colonic LP CD8 T
cells was determined, and expression of the indicated genes normalized to 3-actin in
colonic ECs was quantified. Each circle represents an individual animal and the height
of each bar indicates the mean. Error bars, s.d. ***P < 0.001; **P < 0.01; *P < 0.05.
[fig.77]Fig. 77 shows induction of IFNy+CDS8 T cells in common marmoset monkeys
following colonization with the mixture of 11 bacterial strains. As shown in the
schematic of the experimental design, conventional common marmoset monkeys were
treated with vancomycin (50 mg/head), then orally administered the mixture of 11
bacterial strains or medium only (control) at the indicated time points. The percentage
of IFNv+ cells among colonic and SI LP CD8 T cells are shown for control monkeys
(“Cont”) and monkeys that were colonized with the mixture of 11 bacterial

strains. Each circle represents an individual animal and the height of each bar
indicates the mean. Error bars, s.d. *P < 0.05.

[fig. 78 A-I]Figs. 78 A-781 show enhancement of host protection against Listeria mono-
cytogenes (Lm) infection following administration of the mixture of 11 bacterial
strains. Fig. 78A shows a schematic of the experimental design for experiments using
GF mice. C57BL/6 GF mice were colonized with the mixture of 11 bacterial strains , a
mixture of 10 bacterial strains, or were left uncolonized as a control. Then, the mice
were orally infected with wild-type Lm (“Lm-WT?”). Fig. 78B shows colony forming
units (CFU) of Lm in the colon on day 3 post-infection. Fig. 78C shows representative
micrographs of haematoxylin and eosin (H&E) stained tissue sections from day 3 post
infection of GF mice infected with Lm-W'T, GF mice colonized with the mixture of 10
bacterial strains and infected with Lm-W'T, GF mice colonized with the mixture of 11
bacterial strains and infected with Lm-WT, and GF mice colonized with the mixture of
11 bacterial strains infected with Lm-WT and treated with an anti-CD8 mAb (scale
bar, 50 um). Fig. 78D shows a schematic of the experimental design for experiments
using SPF mice. C57BL/6 SPF mice were treated with AVMN, then reconstituted
with SPFfae by oral gavage. The group of mice that received the mixture of 11
bacterial strains were administered the initial mixture of 11 bacterial strains simul-

taneously with SPFfae, followed by repetitive oral gavage of the mixture of 11
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bacterial strains alone at the indicated time points. Then, the mice were orally infected
with Lm-InlA™(Fig. 78E) or Lm-WT (Figs. 78F-78I). Fig. 78E shows representative
micrographs of haematoxylin and eosin (H&E) stained tissue sections from day 5 post
infection of SPF mice infected with Lm-InlA™; SPF mice colonized with the mixture of
11 bacterial strains and infected with Lm-InlA™; and SPF mice colonized with the
mixture of 11 bacterial strains, treated with an anti-CD8 mAb and infected with Lm-
InlAr. Fig. 78F shows representative micrographs of haematoxylin and eosin (H&E)
stained tissue sections from day 5 post infection of SPF mice infected with Lm-WT
and SPF mice colonized with the mixture of 11 bacterial strain and infected with Lm-
WT. Scale bar, 50 um. Fig. 78G shows colonic histology score at the indicated time
points after Lm-WT infection of SPF mice or SPF mice colonized with the mixture of
11 bacterial strains. For each time point, the left column corresponds SPF mice, and
the right column corresponds to SPF mice colonized with the mixture of 11 bacterial
strains. Figs. 78H and 78I show percent weight change over the course of Lm-WT
infection. In Fig. 78I, to deplete CD8 T cells, an anti-CD8 mAb (aCDS) was ad-
ministered intraperitoneally 1 day prior to administration of the mixture of 11 bacterial
strains and every 3 to 4 days thereafter. Each circle represents an individual

animal. The mean of each group is represented by the lines in the line graphs, and by
the height of each bar in the bar graphs. Error bars, s.d. **P < 0.01; *P < 0.05.
[fig.79A-C]Figs. 79A-79C show characterization of IFNy+CD8 TILs induced by colo-
nization with the mixture of 11 bacterial strains. Fig. 79A shows a schematic of the
experimental design for experiments with GF mice. C57BL/6 GF mice were colonized
with a mixture of 11 bacterial strains or 10 bacterial strains, or left uncolonized, and
were subjected to subcutaneous (“sc”’) implantation of MC38 adenocarcinoma cells
(“tumour”) on day 0. An anti-PD-1 mAb (aPD-1) was injected intraperitoneally every
third day between days 3 and 9. Fig. 79B shows representative flow cytometry
histograms showing expression of IFNy, CD103, PD-1, CD44, ICOS, and KLRGI by
TIL or colonic LP CD3+TCRB+CD8a+ cells or CD3+TCRB+CD8a+IFNy+ cells from
the indicated mice. Fig. 79C, left panel, shows the frequencies of V[3 gene usage
among IFNy+CD8 TILs from GF mice that received the anti-PD-1 mAb (left column
for each gene) or GF that were colonized with the mixture of 11 bacterial strains and
received the anti-PD-1 mAb (right column for each gene). For each gene, the left
column Fig. 79C, right panel, shows the frequencies of V[} gene usage among
IFNvy+CDS8 T cells from the colons of GF mice that were colonized with the mixture of
11 bacterial strains (left column for each gene) and GF mice that were colonized with
the mixture of 11 bacterial strains and received the anti-PD-1 mAb. Each circle
represents an individual mouse (for TIL data) or a pool of mice (n=5, for colon data),
and the height of each bar indicates the mean. Error bars, s.d. **P <0.01; *P < 0.05.
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[fig.80A-C]Figs. 80A-80C show the efficacy of colonization with the mixture of 11
bacterial strains in enhancing treatment of MC38 tumours. Fig. 80A shows a
schematic of the experimental design for experiments with SPF mice. SPF mice were
subjected to treatment with AVMN (from day -7 to day 2) and then subcutaneous im-
plantation of MC38 adenocarcinoma cells on day 0. The mice were reconstituted with
SPFfae on day 3. For the groups that received the mixture of 11 bacterial strains or 10
bacterial strains, the initial oral administration of the mixture was done simultaneously
with SPFfae on day 3, followed by repetitive dosing of the mixture of 11 or 10
bacterial strains alone 2 or 3 times per week until the end of the experiment. The anti-
PD-1 mAb or anti-CTLA-4 mAb was injected intraperitoneally every third day
between days 3 and 9. Fig. 80B shows a representative photograph of excised MC38
tumours from mice of the indicated groups on day 23 (scale bar, 10 mm). Fig. 80C
shows representative microphotographs of haematoxylin and eosin stained tissue
sections, along with a graph showing the histology score, of the colon on day 27 (SPF,
SPF+0PD-1 mAb, SPF+1 1mix, and SPF+11mix+aPD-1 mAb groups) and on day 44
(SPF+aCTLA-4 mAb, and SPF+11mix+aCTLA-4 mAb groups) (scale bar, 50

um). For comparison, the colonic histology score of SPF I110-/- (colitis-prone) mice is
shown. Each circle represents an individual animal, and the height of each bar
indicates the mean.

[fig.81A-B]Figs. 81A-81B shows the strain-level abundance of the 11 isolates in the
human gut microbiome. Draft genomes of the 11 strains were split into 1 kilobase pair
(kbp) regions and mapped against NCBI RefSeq (~85k gnomes) to identify regions
with no or weak similarity to known isolates (Identity < 80%, Coverage <85%). Of
these, consecutive regions with minimum 5 kbp were defined as marker regions that
are unique to each strain. 3327 gut metagenome samples with at least 1M quality
controlled reads across various datasets (HMP1-2, LLDeep, MetHIT, S00FG, HMP2
(only the first time point was used), healthy Japanese adults, and three microbiome in
cancer immunotherapy studies were mapped to 1 kbp regions in all strains (filtered by
95% mapping identity). The mapped read counts were normalized to reads per kbp per
million (RPKM). Fig. 81A shows plots of the detection and abundance of the strain-
specific marker regions of the indicated strains. Median abundance across all marker
regions was plotted against maker gene coverage. Points with high abundance at low
coverage, €.g. <75%, indicate limited marker region resolution and likely represent
other strains of a species. Fig. 81B shows among the 11 strains, 4 were detected in 16
out of 3327 microbiome samples evaluated. A strain was deemed detected if at least
95% of 1 kbp regions in the marker region were detected.

[fig.82]Fig. 82 shows species-level abundance of 11 isolates in the human gut mi-

crobiome. The abundance at the species level was calculated as the median abundance
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across all 1 kbp regions in a genome using 3327 metagenome samples with at least 1M
quality controlled ready’s (mapped reads were filtered at 95% mapping identity). The
mapped read counts were normalized to reads per RPKM.

[fig.83A-B]Figs. 83A-83B shows the abundance of the 11 strains in the faecal mi-
crobiome of healthy human donors. Fig. 83A shows the abundance of the strain-
specific marker regions in the faeccal microbiome of the six healthy Japanese volunteers
(Donors A to F), as shown in Fig. 81. A strain was deemed detected if at least 95% of
the 1 kbp regions in the marker region were detected. At this sequencing depth, three
strains were detected in the Donor B sample, and one in the Donor A sample. Fig. 83B
shows the abundance at the species-level, calculated as in Fig. 82. The mapped read
counts were normalized to RPKM.

[fig.84A-B]JFigs. 84A and 84B show that antigen-specificity and TCR V{3 usage of
IFNy+CDS8 T cells induced by the mixture of 11 bacterial strains differed by
anatomical location. Fig. 84A shows the percentage of IFNvy+ cells among the CD8 T
cell population in colons from GF mice colonized with the mixture of 11 bacterial
strains (left panel) or MC38 tumours isolated from GF mice colonized with the mixture
of 11 bacterial strains and treated with the anti-PD-1 mAb, after ex vivo stimulation
with the indicated antigens (right panel). Fig. 84B shows Principal Component
Analysis (PCA) plots of TCR V[f3 usage by the IFNy+ and IFNy- CD8 T cell subsets
isolated from the indicated tissues of GF mice (left panel) or GF mice colonized with
the mixture of 11 bacterial strains (right panel). For TILs data, IFNy+ and IFNy- CD8
T cells were isolated from GF mice+11mix+MC38+PD-1 mAb. Two-way ANOVA
interaction p-values comparing two populations at a time were as follows: GF group:
0.006 (CLP IFNvy+ vs. iLN IFNvy+), 0.50 (CLP IFNvy+ vs. TIL IFNy+), 0.20 GLN
IFNvy+ vs. TIL IFNvy+), <0.0001 (CLP IFNy- vs. iLN IFNy-), <0.0001 (CLP IFNy- vs.
TIL IFNy-), 0.0024 (iLN IFNy- vs. TIL IFNy-). GF+11-mix group: <0.0001 (CLP
IFNy+ vs. iLN IFNy+), <0.0001 (CLP IFNvy+ vs. TIL IFNy+), 0.0001 (iLN IFNvy+ vs.
TIL IFNy+), <0.0001 (CLP IFNy- vs. iLN IFNy-), <0.0001 (CLP IFNy- vs. TIL. IFNy-
), 0.0009 (iLN IFNy-vs. TIL IFNy-).Each circle represents an individual mouse (for
iLN and TIL data) or a pool of mice (n=3, for colon data), and the height of each bar
indicates the mean. Error bars, s.d. ***P < (0.001; **P < 0.01; ns, not significant.
[fig.85]Fig. 85 shows that the 11-mix elicits induction of colonic IFNy+* CD8 T

cells. C57BL/6 specific pathogen free (SPF) mice were treated with AVMN
(ampicillin, vancomycin, metronidazole, neomycin), as shown in Fig. 78D, then recon-
stituted with a fecal suspension from untreated SPF mice (SPFae) by oral gavage. In
the 11 mix treatment group (+11 mix), initial administration of the 11 mix was si-
multaneous with SPFae, followed by repetitive oral gavage of the 11 mix alone at days

1, 3,5, and 7. Mice were then orally treated with Listeria monocytogenes-ovalbumin
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((Lm)-OVA). The number of ovalbumin (OVA) peptide SIINFEKL-specific or
general (determined by PMA + ionomycin stimulation) colonic IFNy+* CD8 T cells
induced after (Lm)-OVA infection were assessed, as measured by flow cytometry at
the indicated time points. The mean of each group is represented by a line. Each
circle represents an individual animal, and the number of mice per time point is
indicated. Error bars, s.d. **P < 0.01; *P < 0.05.

[fig.86A-C]Figs. 86A-86C show the efficacy of colonization with the 11 mix bacterial
strains in enhancing treatment of MC38 tumours. Fig. 86A shows a schematic of the
experimental design for experiments with C57BL/6 germ free (GF) mice. On day 0,
GF mice were colonized with a faecal microbiota sample from human donor C
(“GF+C”) or left uncolonized (“GF”). For the groups that received the 11-mix of
bacterial strains or the 10-mix of bacterial strains, the initial oral administration of the
mixture of bacterial strains was performed simultaneously with the donor C faecal
sample on day 0, followed by repeated dosing of the 11-mix or 10-mix alone 2 or 3
times per week until the end of the experiment. Fig. 86B shows the relative abundance
of each of the 11 strains as assessed by quantifying DNA from each strain by

gPCR. Faeces were collected at 0, 3, 7, 14, and 20 days post inoculation. Colonization
with each of the 11 strains was confirmed. FIG. 86C shows the percentage of IFNy+
CD8 T cells in the colonic lamina propria (colon) and inguinal lymph nodes (iLN) at
day 21 post inoculation as quantified by flow cytometry. Data presented show the
mean and standard error of the mean (Fig. 86B) or standard deviation (Fig. 86C). ***P
< 0.001; ** P <0.01; *P < 0.05; one-way ANOVA with Tukey’s test.

Description of Embodiments

DETAILED DESCRIPTION

Provided herein are compositions and methods for the induction and/or proliferation
of CD8+ T-cells, and methods for the treatment of diseases and conditions that can be
treated through the induction and/or proliferation of CD8+ T-cells, including infectious
diseases and cancers.

In one aspect, the disclosure provides compositions comprising one or more bacterial
strains with unique biological properties. In one aspect, the compositions of the
bacterial strains disclosed herein, also referred to as bacterial compositions, can induce
the proliferation and/or accumulation of CD8+ T-cells. In one aspect, the com-
positions of the bacterial strains disclosed herein can induce the proliferation and/or ac-
cumulation of CD8+ T-cells.

In one aspect, the bacteria of the compositions disclosed herein can be identified by
their 16S rRNA (or 16S rDNA) nucleic acid sequence. In general, bacteria are

classified as belonging to a specific species and/or genus based on their 16S TRNA
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nucleic acid sequence. Bacteria, such as bacteria derived from the microbiome, may
also be classified into phylogenetic clusters with other closely related strains and
species. (See e.g., Rajilic-Stojanovic, M., and de Vos, W.M. (2014). The first 1000
cultured species of the human gastrointestinal microbiota. FEMS Microbiol Rev 38,
996-1047). Methods for determining the identity of specific bacterial species based on
their 16S rRNA (or 16S rDNA) nucleic acid sequence are well known in the art (See
e.g., Jumpstart Consortium Human Microbiome Project Data Generation Working, G.
(2012). Evaluation of 16S rDNA-based community profiling for human microbiome
research. PLoS One 7, €¢39315).

Aspects of the present disclosure provide compositions comprising purified bacterial
mixtures as described in PCT Publication No. WO 2018 /117263, which is in-
corporated herein by reference in its entirety. In one aspect, the present disclosure
provides compositions comprising a purified bacterial mixture comprising one or more
bacterial strains comprising 16S rDNA sequences of at least 95% sequence identity to
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, or SEQ ID
NO:11. In some embodiments of the compositions provided herein, the purified
bacterial mixture comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least
8, at least 9, at least 10, or at least 11 bacterial strains.

In some embodiments, the purified bacterial mixture comprises bacterial strains
comprising 16S rDNA sequences of at least 95% sequence identity to SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11. In some
embodiments, the purified bacterial mixture comprises bacterial strains comprising 16S
rDNA sequences of at least 95% sequence identity to SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11. In
some embodiments, the purified bacterial mixture comprises bacterial strains
comprising 16S rDNA sequences of at least 95% sequence identity to SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:5, and SEQ ID NO:10.

In some embodiments, the purified bacterial mixture consists of bacterial strains
comprising 16S rDNA sequences of at least 95% sequence identity to SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11. In some
embodiments, the purified bacterial mixture consists of bacterial strains comprising
16S rDNA sequences of at least 95% sequence identity to SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID
NO:11. In some embodiments, the purified bacterial mixture consists of bacterial

strains comprising 16S rDNA sequences of at least 95% sequence identity to SEQ ID
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NO:1, SEQ ID NO:2, SEQ ID NO:5, and SEQ ID NO:10.

In some embodiments, the purified bacterial mixture consists essentially of bacterial
strains comprising 16S rDNA sequences of at least 95% sequence identity to SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11. In
some embodiments, the purified bacterial mixture consists essentially of bacterial
strains comprising 16S rDNA sequences of at least 95% sequence identity to SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and
SEQ ID NO:11. In some embodiments, the purified bacterial mixture consists es-
sentially of bacterial strains comprising 16S rDNA sequences of at least 95% sequence
identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, and SEQ ID NO:10.

In one aspect, the present disclosure provides compositions comprising a purified
bacterial mixture comprising two or more bacterial strains comprising 16S rDNA
sequences of at least 95% sequence identity to SEQ ID NO:2 and SEQ ID NO:10, or
SEQ ID NO:3 and SEQ ID NO:4. In some embodiments of the compositions provided
herein, the purified bacterial mixture comprises at least 3, at least 4, at least 5, at least
6, at least 7, at least 8, at least 9, at least 10, or at least 11 bacterial strains.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:2 and SEQ ID NO:10. In some embodiments of the
compositions described herein, the composition further comprises one or more (e.g., 1,
2, 3, 4, 5 or more) bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to 16S rDNA sequences selected from the group consisting of SEQ
ID NO:1, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11. In some embodiments of the com-
positions described herein, the composition further comprises two bacterial strains
comprising 16S rDNA sequences of at least 95% sequence identity to 16S rDNA
sequences selected from the group consisting of SEQ ID NO:1, SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and
SEQ ID NO:11. In some embodiments of the compositions described herein, the com-
position further comprises three bacterial strains comprising 16S rDNA sequences of at
least 95% sequence identity to 16S rDNA sequences selected from the group
consisting of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11. In some em-
bodiments of the compositions described herein, the composition further comprises
four bacterial strains comprising 16S rDNA sequences of at least 95% sequence
identity to 16S rDNA sequences selected from the group consisting of SEQ ID NO:1,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
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NO:8, SEQ ID NO:9, and SEQ ID NO:11. In some embodiments of the compositions
described herein, the composition further comprises five bacterial strains comprising
16S rDNA sequences of at least 95% sequence identity to 16S rDNA sequences
selected from the group consisting of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ
ID NO:11.

In some embodiments of the compositions described herein, the composition further
comprises six bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to 16S rDNA sequences selected from the group consisting of SEQ
ID NO:1, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11. In some embodiments of the com-
positions described herein, the composition further comprises seven bacterial strains
comprising 16S rDNA sequences of at least 95% sequence identity to 16S rDNA
sequences selected from the group consisting of SEQ ID NO:1, SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and
SEQ ID NO:11. In some embodiments of the compositions described herein, the com-
position further comprises eight bacterial strains comprising 16S rDNA sequences of at
least 95% sequence identity to 16S rDNA sequences selected from the group
consisting of SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11. In some em-
bodiments of the compositions described herein, the composition further comprises
nine bacterial strains comprising 16S rDNA sequences of at least 95% sequence
identity to 16S rDNA sequences selected from the group consisting of SEQ ID NO:1,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:8, SEQ ID NO:9, and SEQ ID NO:11.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:3 and SEQ ID NO:4. In some embodiments of the
compositions described herein, the composition further comprises one or more (e.g., 1,
2, 3, 4, 5 or more) bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to 16S rDNA sequences selected from the group consisting of SEQ
ID NO:1, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8,
SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11. In some embodiments of the
compositions described herein, the composition further comprises two bacterial strains
comprising 16S rDNA sequences of at least 95% sequence identity to 16S rDNA
sequences selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10,

and SEQ ID NO:11. In some embodiments of the compositions described herein, the
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composition further comprises three bacterial strains comprising 16S rDNA sequences
of at least 95% sequence identity to 16S rDNA sequences selected from the group
consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11. In some
embodiments of the compositions described herein, the composition further comprises
four bacterial strains comprising 16S rDNA sequences of at least 95% sequence
identity to 16S rDNA sequences selected from the group consisting of SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8§, SEQ ID
NO:9, SEQ ID NO:10, and SEQ ID NO:11. In some embodiments of the compositions
described herein, the composition further comprises five bacterial strains comprising
16S rDNA sequences of at least 95% sequence identity to 16S rDNA sequences
selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8§, SEQ ID NO:9, SEQ ID NO:10, and SEQ
ID NO:11. In some embodiments of the compositions described herein, the com-
position further comprises six bacterial strains comprising 16S rDNA sequences of at
least 95% sequence identity to 16S rDNA sequences selected from the group
consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11. In some
embodiments of the compositions described herein, the composition further comprises
seven bacterial strains comprising 16S rDNA sequences of at least 95% sequence
identity to 16S rDNA sequences selected from the group consisting of SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8§, SEQ ID
NO:9, SEQ ID NO:10, and SEQ ID NO:11. In some embodiments of the compositions
described herein, the composition further comprises eight bacterial strains comprising
16S rDNA sequences of at least 95% sequence identity to 16S rDNA sequences
selected from the group consisting of SEQ ID NO:1, SEQ ID NO: 2, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8§, SEQ ID NO:9, SEQ ID NO:10, and SEQ
ID NO:11. In some embodiments of the compositions described herein, the com-
position further comprises nine bacterial strains comprising 16S rDNA sequences of at
least 95% sequence identity to 16S rDNA sequences selected from the group
consisting of SEQ ID NO:1, SEQ ID NO: 2, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ
ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11. In some
embodiments of the compositions described herein, the purified bacterial mixture

consists of bacterial strains comprising 16S rDNA sequences of at least 95% sequence
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identity to SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 97%
sequence identity to SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ
ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11. In some
embodiments of the compositions described herein, the purified bacterial mixture
consists of bacterial strains comprising 16S rDNA sequences of at least 97% sequence
identity to SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:1, SEQ ID NO: 2, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11. In
some embodiments of the compositions described herein, the purified bacterial mixture
consists of bacterial strains comprising 16S rDNA sequences of at least 95% sequence
identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NO:§, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 97%
sequence identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQ
ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11. In some
embodiments of the compositions described herein, the purified bacterial mixture
consists of bacterial strains comprising 16S rDNA sequences of at least 97 sequence
identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NO:§, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ
ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11. In some
embodiments of the compositions described herein, the purified bacterial mixture
consists of bacterial strains comprising 16S rDNA sequences of at least 95% sequence
identity to SEQ ID NO: 2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 97%
sequence identity to SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ
ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11. In some



48

WO 2019/156234 PCT/JP2019/004703

[0104]

[0105]

[0106]

[0107]

[0108]

embodiments of the compositions described herein, the purified bacterial mixture
consists of bacterial strains comprising 16S rDNA sequences of at least 97% sequence
identity to SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NO:§, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:5, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:10, and SEQ ID NO:11. In some
embodiments of the compositions described herein, the purified bacterial mixture
consists of bacterial strains comprising 16S rDNA sequences of at least 95% sequence
identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:10, and SEQ ID NO:11.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 97%
sequence identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:5, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:10, and SEQ ID NO:11. In some
embodiments of the compositions described herein, the purified bacterial mixture
consists of bacterial strains comprising 16S rDNA sequences of at least 97% sequence
identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:10, and SEQ ID NO:11.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:5, SEQ ID NO:6, SEQ ID NO:9, and SEQ ID NO:10. In some embodiments of
the compositions described herein, the purified bacterial mixture consists of bacterial
strains comprising 16S rDNA sequences of at least 95% sequence identity to SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:9, and SEQ ID NO:10.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of at least 97%
sequence identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:5, SEQ ID NO:6, SEQ ID NO:9, and SEQ ID NO:10. In some embodiments of
the compositions described herein, the purified bacterial mixture consists of bacterial
strains comprising 16S rDNA sequences of at least 97% sequence identity to SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:9, and SEQ ID NO:10.

In any of the compositions described herein, the purified bacterial mixture does not

comprises one or more bacterial strains comprising 16S rDNA sequences of at least
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95% sequence identity to 16S rDNA sequences selected from the group consisting of
SEQ ID NO:1, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID
NO:9, and SEQ ID NO:11. In some embodiments, the purified bacterial mixture does
not comprise a bacterial strain comprising a 16S rDNA sequence of at least 95%
sequence identity to a 16S rDNA provided by SEQ ID NO:1. In some embodiments,
the purified bacterial mixture does not comprise a bacterial strain comprising a 16S
rDNA sequence of at least 95% sequence identity to a 16S rDNA provided by SEQ ID
NO:2. In some embodiments, the purified bacterial mixture does not comprise a
bacterial strain comprising a 16S rDNA sequence of at least 95% sequence identity to a
16S rDNA provided by SEQ ID NO:3. In some embodiments, the purified bacterial
mixture does not comprise a bacterial strain comprising a 16S rDNA sequence of at
least 95% sequence identity to a 16S rDNA provided by SEQ ID NO:4. In some em-
bodiments, the purified bacterial mixture does not comprise a bacterial strain
comprising a 16S rDNA sequence of at least 95% sequence identity to a 16S rDNA
provided by SEQ ID NO:5. In some embodiments, the purified bacterial mixture does
not comprise a bacterial strain comprising a 16S rDNA sequence of at least 95%
sequence identity to a 16S rDNA provided by SEQ ID NO:6. In some embodiments,
the purified bacterial mixture does not comprise a bacterial strain comprising a 16S
rDNA sequence of at least 95% sequence identity to a 16S rDNA provided by SEQ ID
NO:7. In some embodiments, the purified bacterial mixture does not comprise a
bacterial strain comprising a 16S rDNA sequence of at least 95% sequence identity to a
16S rDNA provided by SEQ ID NO:8. In some embodiments, the purified bacterial
mixture does not comprise a bacterial strain comprising a 16S rDNA sequence of at
least 95% sequence identity to a 16S rDNA provided by SEQ ID NO:9. In some em-
bodiments, the purified bacterial mixture does not comprise a bacterial strain
comprising a 16S rDNA sequence of at least 95% sequence identity to a 16S rDNA
provided by SEQ ID NO:10. In some embodiments, the purified bacterial mixture
does not comprise a bacterial strain comprising a 16S rDNA sequence of at least 95%
sequence identity to a 16S rDNA provided by SEQ ID NO:11.

In some embodiments of any of the compositions described herein, the purified
bacterial mixture does not comprises one or more bacterial strains comprising 16S
rDNA sequences of at least 97% sequence identity to 16S rDNA sequences selected
from the group consisting of SEQ ID NO:1, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11. In some embodiments, the
purified bacterial mixture does not comprise a bacterial strain comprising a 16S rDNA
sequence of at least 97% sequence identity to a 16S rDNA provided by SEQ ID NO:1.
In some embodiments, the purified bacterial mixture does not comprise a bacterial

strain comprising a 16S rDNA sequence of at least 97% sequence identity to a 16S
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rDNA provided by SEQ ID NO:2. In some embodiments, the purified bacterial
mixture does not comprise a bacterial strain comprising a 16S rDNA sequence of at
least 97% sequence identity to a 16S rDNA provided by SEQ ID NO:3. In some em-
bodiments, the purified bacterial mixture does not comprise a bacterial strain
comprising a 16S rDNA sequence of at least 97% sequence identity to a 16S tDNA
provided by SEQ ID NO:4. In some embodiments, the purified bacterial mixture does
not comprise a bacterial strain comprising a 16S rDNA sequence of at least 97%
sequence identity to a 16S rDNA provided by SEQ ID NO: 5. In some embodiments,
the purified bacterial mixture does not comprise a bacterial strain comprising a 16S
rDNA sequence of at least 97% sequence identity to a 16S rDNA provided by SEQ ID
NO:6. In some embodiments, the purified bacterial mixture does not comprise a
bacterial strain comprising a 16S rDNA sequence of at least 97% sequence identity to a
16S rDNA provided by SEQ ID NO:7. In some embodiments, the purified bacterial
mixture does not comprise a bacterial strain comprising a 16S rDNA sequence of at
least 97% sequence identity to a 16S rDNA provided by SEQ ID NO:8. In some em-
bodiments, the purified bacterial mixture does not comprise a bacterial strain
comprising a 16S rDNA sequence of at least 97% sequence identity to a 16S tDNA
provided by SEQ ID NO:9. In some embodiments, the purified bacterial mixture does
not comprise a bacterial strain comprising a 16S rDNA sequence of at least 97%
sequence identity to a 16S rDNA provided by SEQ ID NO:10. In some embodiments,
the purified bacterial mixture does not comprise a bacterial strain comprising a 16S
rDNA sequence of at least 97% sequence identity to a 16S rDNA provided by SEQ ID
NO:11.

In some embodiments of the compositions described herein, the purified bacterial
mixture consists of bacterial strains comprising 16S rDNA sequences of at least 97%
sequence identity to SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, and SEQ ID NO:10.

In some embodiments of the compositions described herein, the purified bacterial
mixture essentially consists of bacterial strains comprising 16S rDNA sequences of at
least 97% sequence identity to SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, and SEQ
ID NO:10.

It should be appreciated that for all compositions provided herein, in some em-
bodiments, the bacterial strains are purified. Thus, for example the disclosure provides
a purified bacterial mixture comprising two or more bacterial strains comprising 16S
rDNA sequences of at least 95% sequence identity to SEQ ID NO:2 and SEQ ID
NO:10, or SEQ ID NO:3 and SEQ ID NO:4. In some embodiments, the composition
comprises a purified bacterial mixture comprises at least 2, at least 3, at least 4, at least
5, at least 6, at least 7, at least 8, at least 9, at least 10, or at least 11 bacterial

strains. The bacterial strains disclosed herein originally may have been obtained and
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purified from the microbiota of one or more human individuals or obtained from
sources other than the human microbiota, including soil and non-human mi-

crobiota. As provided herein, in some embodiments, bacteria isolated from the human
microbiota, non-human microbiota, soil, or any alternative source are purified prior to
use in the compositions and methods provided herein.

In one aspect, the disclosure provides a purified bacterial mixture comprising two or
more bacterial strains comprising 16S rDNA sequences of at least 97% sequence
identity to SEQ ID NO:2 and SEQ ID NO:10, or SEQ ID NO:3 and SEQ ID NO:4. In
some embodiments, the composition comprises a purified bacterial mixture comprises
at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at Ieast 8, at least 9, at
least 10, or at least 11 bacterial strains. The bacterial strains disclosed herein originally
may have been obtained and purified from the microbiota of one or more human in-
dividuals or obtained from sources other than the human microbiota, including soil and
non-human microbiota. As provided herein, in some embodiments, bacteria isolated
from the human microbiota, non-human microbiota, soil, or any alternative source are
purified prior to use in the compositions and methods provided herein.

In one aspect, the disclosure provides bacterial strains with 16S rDNA sequences that
have homology to a nucleic acid sequence of any one of the sequences of the bacterial
strains or species described herein. In some embodiments, the bacterial strain has at
least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%;, at least
84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at least 90%,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%, at
least 99.8%, at least 99.9%, or up to 100% homology relative to any of the strains or
bacterial species described herein over a specified region or over the entire
sequence. It would be appreciated by one of skill in the art that the term “homology”
or “percent homology,” in the context of two or more nucleic acid sequences or amino
acid sequences, refers to a measure of similarity between two or more sequences or
portion(s) thereof. The homology may exist over a region of a sequence that is at least
about 50 nucleotides in length, or more preferably over a region that is 100 to 500 or
1000 or more nucleotides in length. In some embodiments, the homology exists over
the length the 16S rRNA or 16S rDNA sequence, or a portion thereof.

In one aspect, the disclosure provides bacterial strains with 16S rDNA sequences that
have sequence identity to a nucleic acid sequence of any one of the sequences of the
bacterial strains or species described herein. In some embodiments, the bacterial strain
has at least 60%, at least 70%, at least 80%, at least 81%, at least 82%, at least 83%, at
least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%;, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
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at least 97%, at least 98%, at least 99%, at least 99.5%, at least 99.6%, at least 99.7%,
at least 99.8%, at least 99.9%, or up to 100% sequence identity relative to any of the
strains or bacterial species described herein over a specified region or over the entire
sequence. Additionally, or alternatively, two or more sequences may be assessed for
the identity between the sequences. The terms "identical" or percent "identity" in the
context of two or more nucleic acids or amino acid sequences, refer to two or more
sequences or subsequences that are the same. Two sequences are "substantially
identical" if two sequences have a specified percentage of amino acid residues or nu-
cleotides that are the same (e.g., at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
99.5%, 99.6%, 99.7%, 99.8% or 99.9% identical) over a specified region or over the
entire sequence, when compared and aligned for maximum correspondence over a
comparison window, or designated region as measured using one of the following
sequence comparison algorithms or by manual alignment and visual in-

spection. Optionally, the identity exists over a region that is at least about 50 nu-
cleotides in length, or more preferably over a region that is 100 to 500 or 1000 or more
nucleotides in length. In some embodiments, the identity exists over the length the 16S
rRNA or 16S rDNA sequence.

Additionally, or alternatively, two or more sequences may be assessed for the
alignment between the sequences. The terms "alignment" or percent "alignment” in
the context of two or more nucleic acids or amino acid sequences, refer to two or more
sequences or subsequences that are the same. Two sequences are "substantially
aligned" if two sequences have a specified percentage of amino acid residues or nu-
cleotides that are the same (e.g., at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
99.5%, 99.6%, 99.7%, 99.8% or 99.9% identical) over a specified region or over the
entire sequence, when compared and aligned for maximum correspondence over a
comparison window, or designated region as measured using one of the following
sequence comparison algorithms or by manual alignment and visual in-
spection. Optionally, the alignment exists over a region that is at least about 50 nu-
cleotides in length, or more preferably over a region that is 100 to 500 or 1000 or more
nucleotides in length. In some embodiments, the identity exists over the length the 16S
rRNA or 16S rDNA sequence.

For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. Methods of alignment of sequences for
comparison are well known in the art. See, e.g., by the local homology algorithm of
Smith and Waterman (1970) Adv. Appl. Math. 2:482c, by the homology alignment
algorithm of Needleman and Wunsch, J. Mol. Biol. 48:443, 1970, by the search for
similarity method of Pearson and Lipman. Proc. Natl. Acad. Sci. USA 85:2444, 1988,
by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and
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TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group.
Madison. WI), or by manual alignment and visual inspection (see. e.g., Brent et al.,
Current Protocols in Molecular Biology, John Wiley & Sons, Inc. (Ringbou ed.,
2003)). Two examples of algorithms that are suitable for determining percent
sequence identity and sequence similarity are the BLAST and BLAST 2.0 algorithms,
which are described in Altschul et al., Nuc. Acids Res. 25:3389-3402, 1977; and
Altschul et al., J. Mol. Biol. 215:403-410, 1990, respectively.

In one aspect, the disclosure provides compositions comprising multiple purified
bacterial strains. In one aspect, the 16S rDNA sequences of purified bacterial strains
of the compositions were compared to 16S rDNA sequences of known bacterial
species/strains in a bacterial genome database to identify the closest known related
bacterial species to the bacterial strains disclosed herein (See e.g., Table 1). It should
be appreciated that multiple bacterial strains of the compositions disclosed herein may
have the same closest related bacterial species.

In one aspect, the present disclosure provides compositions comprising bacterial
strains comprising 16S rDNA sequences of at least 95% sequence identity to SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, or SEQ ID NO:11. In
some embodiments of the compositions provided herein, the compositions described
herein comprise at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9,
at least 10, or at least 11 bacterial strains.

In some embodiments, the composition comprises bacterial strains comprising 16S
rDNA sequences of at least 95% sequence identity to SEQ ID NO:1, SEQ ID NO:2,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11. In some embodiments, the
composition comprises bacterial strains comprising 16S rDNA sequences of at least
95% sequence identity to SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11. In some embodiments, the com-
position comprises bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, and SEQ ID NO:10.

In some embodiments, the composition consists of bacterial strains comprising 16S
rDNA sequences of at least 95% sequence identity to SEQ ID NO:1, SEQ ID NO:2,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11. In some embodiments, the
composition consists of bacterial strains comprising 16S rDNA sequences of at least
95% sequence identity to SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11. In some embodiments, the com-

position consists of bacterial strains comprising 16S rDNA sequences of at least 95%
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sequence identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:5, and SEQ ID NO:10.

In some embodiments, the composition consists essentially of bacterial strains
comprising 16S rDNA sequences of at least 95% sequence identity to SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11. In some
embodiments, the composition consists essentially of bacterial strains comprising 16S
rDNA sequences of at least 95% sequence identity to SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO 6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11. In
some embodiments, the composition consists essentially of bacterial strains comprising
16S rDNA sequences of at least 95% sequence identity to SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:5, and SEQ ID NO:10.

In one aspect, the disclosure provides compositions comprising two or more bacterial
strains comprising 16S rDNA sequences of at least 95% sequence identity to SEQ ID
NO:2 and SEQ ID NO:10, or SEQ ID NO:3 and SEQ ID NO:4. In some em-
bodiments, the compositions disclosed herein comprise two or more bacterial
strains. In some embodiments, the compositions described herein comprise at least 2,
at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, or at
least 11 bacterial strains (e.g., purified bacterial strains).

In one aspect, the disclosure provides bacterial strains and combinations of bacterial
strains that are homologous or have a high percent of homology with bacterial strains
comprising 16S rDNA sequences provided by SEQ ID NOs:1-11. As discussed
previously, in some embodiments, the bacterial strains are purified. The bacterial
strains disclosed herein that have a 16S rDNA sequence with a nucleic acid sequence
provided by SEQ ID NOs:1-11 have a high percent of homology (e.g., greater than
90%) or sequence identity, with 16S rDNA sequences of bacterial strains that have
been described in various databases (See e.g., the National Center for Biotechnology
Information). Table 1 provides the closest known species by homology when the 16S
rDNA sequences comprising SEQ ID NOs:1-11 are compared to 16S rDNA sequences
of bacterial species available in public databases.

By way of example, the bacterial strain comprising a 16S rDNA sequence with SEQ
ID NO:1 disclosed herein has the highest homology with a bacterial strain of the
species Phascolarctobacterium faecium as defined by NCBI Accession # LN998073
(having 16S rDNA sequence SEQ ID NO:27). While the bacterial strain with SEQ ID
NO:1 has homology with other published bacterial strains as well, the highest
homology is with a bacterial strain of the species Phascolarctobacterium faecium as
defined by NCBI Accession # LN998073. It should be appreciated that multiple
bacterial strains disclosed herein may have the highest homology with the same

species.
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It should further be appreciated that the bacterial strains disclosed herein that have a
16S rDNA sequence with a nucleic acid sequence selected from the group consisting
of SEQ ID NOs:1-11, are also homologous to other strains based on their whole
genome sequence, or subset of their whole genome sequence.

Thus, it should be appreciated that, in one aspect, the disclosure also provides com-
positions and methods comprising bacterial species with close homology to the
bacterial strains that have a 16S rDNA sequence with a nucleic acid sequence selected
from the group consisting of SEQ ID NOs:1-11.

The disclosure also encompasses compositions comprising bacterial strains that are
close in homology to and/or fall within the species Subdoligranulum sp., Phascolarcto-
bacterium faecium, Bacteroides dorei, Parabacteroides gordonii, Alistipes sp., Parabac-
teroides distasonis, Fusobacterium ulcerans, Bacteroides uniformis, Paraprevotella xy-
laniphila, Parabacteroides johnsonii, and Eubacterium limosum.

Aspects of the present disclosure provide compositions comprising purified bacterial
mixtures as described in PCT Publication No. WO 2018 /117263, which is in-
corporated herein by reference in its entirety. Aspects of the present disclosure provide
compositions comprising a purified bacterial mixture comprising two or more bacterial
strains of species selected from Subdoligranulum sp., Phascolarctobacterium faecium,
Bacteroides dorei, Parabacteroides gordonii, Alistipes sp., Parabacteroides distasonis,
Fusobacterium ulcerans, Bacteroides uniformis, Paraprevotella xylaniphila, Parabac-
teroides johnsonii, and Eubacterium limosum. In some embodiments of the com-
positions described herein, wherein the purified bacterial mixture comprises at least 3,
at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at Ieast 10, or at least 11
bacterial strains.

In some embodiments, the composition comprises a purified bacterial mixture
comprising Phascolarctobacterium faecium, Fusobacterium ulcerans, Bacteroides
dorei, Bacteroides uniformis, Subdoligranulum sp., Paraprevotella xylaniphila,
Parabacteroides johnsonii, Alistipes sp., Parabacteroides gordonii, Eubacterium
limosum, and Parabacteroides distasonis. In some embodiments, the composition
comprises a purified bacterial mixture comprising Parabacteroides distasonis, Parabac-
teroides gordonii, Alistipes sp., Parabacteroides johnsonii, Paraprevotella xylaniphila,
Bacteroides dorei, and Bacteroides uniformis. In some embodiments, the composition
comprises a purified bacterial mixture comprising Eubacterium limosum, Sub-
doligranulum sp., Phascolarctobacterium faecium, and Fusobacterium ulcerans.

As described herein, in some embodiments, the compositions comprise effector
bacterial strains. As described herein, in some embodiments, the compositions
comprise supporter bacterial strains. In some embodiments, the compositions

comprise effector bacterial strains and supporter bacterial strains. In some em-
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bodiments, the composition comprises one or more effector bacterial strains selected
from the group consisting of Eubacterium limosum, Subdoligranulum sp., Phascolarc-
tobacterium faecium, and Fusobacterium ulcerans. In some embodiments, the com-
position comprises the effector bacterial strains Eubacterium limosum, Sub-
doligranulum sp., Phascolarctobacterium faecium, and Fusobacterium ulcerans. In
some embodiments, the composition comprises one or more supporter bacterial strains
selected from the group consisting of Parabacteroides distasonis, Parabacteroides
gordonii, Alistipes sp., Parabacteroides johnsonii, Paraprevotella xylaniphila, Bac-
teroides dorei, and Bacteroides uniformis. In some embodiments, the composition
comprises the supporter bacterial strains Parabacteroides distasonis, Parabacteroides
gordonii, Alistipes sp., Parabacteroides johnsonii, Paraprevotella xylaniphila, Bac-
teroides dorei, and Bacteroides uniformis. In some embodiments, the composition
comprises one or more effector bacterial strains selected from the group consisting of
Eubacterium limosum, Subdoligranulum sp., Phascolarctobacterium faecium, and Fu-
sobacterium ulcerans, and one or more supporter bacterial strains selected from the
group consisting of Parabacteroides distasonis, Parabacteroides gordonii, Alistipes sp.,
Parabacteroides johnsonii, Paraprevotella xylaniphila, Bacteroides dorei, and Bac-
teroides uniformis. In some embodiments, the composition comprises the effector
bacterial strains Eubacterium limosum, Subdoligranulum sp., Phascolarctobacterium
faecium, and Fusobacterium ulcerans, and the supporter bacterial strains Parabac-
teroides distasonis, Parabacteroides gordonii, Alistipes sp., Parabacteroides johnsonii,
Paraprevotella xylaniphila, Bacteroides dorei, and Bacteroides uniformis.

In some embodiments, the composition comprises a purified bacterial mixture
consisting of Phascolarctobacterium faecium, Fusobacterium ulcerans, Bacteroides
dorei, Bacteroides uniformis, Subdoligranulum sp., Paraprevotella xylaniphila,
Parabacteroides johnsonii, Alistipes sp., Parabacteroides gordonii, Eubacterium
limosum, and Parabacteroides distasonis. In some embodiments, the composition
comprises a purified bacterial mixture consisting of Parabacteroides distasonis,
Parabacteroides gordonii, Alistipes sp., Parabacteroides johnsonii, Paraprevotella xy-
laniphila, Bacteroides dorei, and Bacteroides uniformis. In some embodiments, the
composition comprises a purified bacterial mixture consisting of Eubacterium
limosum, Subdoligranulum sp., Phascolarctobacterium faecium, and Fusobacterium
ulcerans.

In some embodiments, the composition comprises a purified bacterial mixture
consisting essentially of Phascolarctobacterium faecium, Fusobacterium ulcerans, Bac-
teroides dorei, Bacteroides uniformis, Subdoligranulum sp., Paraprevotella xylaniphila,
Parabacteroides johnsonii, Alistipes sp., Parabacteroides gordonii, Eubacterium

limosum, and Parabacteroides distasonis. In some embodiments, the composition
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comprises a purified bacterial mixture consisting essentially of Parabacteroides
distasonis, Parabacteroides gordonii, Alistipes sp., Parabacteroides johnsonii, Para-
prevotella xylaniphila, Bacteroides dorei, and Bacteroides uniformis. In some em-
bodiments, the composition comprises a purified bacterial mixture consisting es-
sentially of Eubacterium limosum, Subdoligranulum sp., Phascolarctobacterium
faecium, and Fusobacterium ulcerans.

Aspects of the present disclosure provide compositions comprising a purified
bacterial mixture comprising two or more bacterial strains of species selected from Fu-
sobacterium ulcerans and Eubacterium limosum, or Bacteroides dorei and Bacteroides
uniformis. In some embodiments of the compositions described herein, the com-
positions comprise a purified bacterial mixture comprising Fusobacterium ulcerans and
Eubacterium limosum. In some embodiments of the compositions described herein,
the compositions comprise a purified bacterial mixture comprising Bacteroides dorei
and Bacteroides uniformis. In some embodiments of the compositions described
herein, wherein the purified bacterial mixture comprises at least 3, at least 4, at least 5,
at least 6, at least 7, at least 8, at least 9, at least 10, or at least 11 bacterial strains.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises Fusobacterium ulcerans and Eubacterium limosum. In some em-
bodiments, the purified bacterial mixture further comprises one or more (e.g., 1, 2, 3, 4,
5 or more) bacterial strains of species selected from the group consisting of Phasco-
larctobacterium faecium, Subdoligranulum sp., Parabacteroides gordonii, Para-
prevotella xylaniphila, Alistipes sp., Parabacteroides johnsonii, Parabacteroides
distasonis, Bacteroides dorei, and Bacteroides uniformis. In some embodiments of the
compositions described herein, the purified bacterial mixture further comprises two
bacterial strains of species selected from the group consisting of Phascolarctobacterium
faecium, Subdoligranulum sp., Parabacteroides gordonii, Paraprevotella xylaniphila,
Alistipes sp., Parabacteroides johnsonii, Parabacteroides distasonis, Bacteroides dorei,
and Bacteroides uniformis. In some embodiments of the compositions described
herein, the purified bacterial mixture further comprises three bacterial strains of species
selected from the group consisting of Phascolarctobacterium faecium, Sub-
doligranulum sp., Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes sp.,
Parabacteroides johnsonii, Parabacteroides distasonis, Bacteroides dorei, and Bac-
teroides uniformis. In some embodiments of the compositions described herein, the
purified bacterial mixture further comprises four bacterial strains of species selected
from the group consisting of Phascolarctobacterium faecium, Subdoligranulum sp.,
Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes sp., Parabacteroides
johnsonii, Parabacteroides distasonis, Bacteroides dorei, and Bacteroides uniformis. In

some embodiments of the compositions described herein, the purified bacterial mixture
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further comprises five bacterial strains of species selected from the group consisting of
Phascolarctobacterium faecium, Subdoligranulum sp., Parabacteroides gordonii, Para-
prevotella xylaniphila, Alistipes sp., Parabacteroides johnsonii, Parabacteroides
distasonis, Bacteroides dorei, and Bacteroides uniformis. In some embodiments, the
purified bacterial mixture further comprises six bacterial strains of species selected
from the group consisting of Phascolarctobacterium faecium, Subdoligranulum sp.,
Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes sp., Parabacteroides
johnsonii, Parabacteroides distasonis, Bacteroides dorei, and Bacteroides uniformis. In
some embodiments of the compositions described herein, the purified bacterial mixture
further comprises seven bacterial strains of species selected from the group consisting
of Phascolarctobacterium faecium, Subdoligranulum sp., Parabacteroides gordonii,
Paraprevotella xylaniphila, Alistipes sp., Parabacteroides johnsonii, Parabacteroides
distasonis, Bacteroides dorei, and Bacteroides uniformis. In some embodiments of the
compositions described herein, the purified bacterial mixture further comprises eight
bacterial strains of species selected from the group consisting of Phascolarctobacterium
faecium, Subdoligranulum sp., Parabacteroides gordonii, Paraprevotella xylaniphila,
Alistipes sp., Parabacteroides johnsonii, Parabacteroides distasonis, Bacteroides dorei,
and Bacteroides uniformis. In some embodiments of the compositions described
herein, the purified bacterial mixture further comprises nine bacterial strains of species
selected from the group consisting of Phascolarctobacterium faecium, Sub-
doligranulum sp., Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes sp.,
Parabacteroides johnsonii, Parabacteroides distasonis, Bacteroides dorei, and Bac-
teroides uniformis.

[0135]  In some embodiments of the compositions described herein, the purified bacterial
mixture comprises Bacteroides dorei and Bacteroides uniformis. In some em-
bodiments of the compositions described herein, the purified bacterial mixture further
comprises one or more (e.g., 1, 2, 3, 4, 5 or more) bacterial strains of species selected
from the group consisting of Phascolarctobacterium faecium, Subdoligranulum sp.,
Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes sp., Parabacteroides
johnsonii, Parabacteroides distasonis, Fusobacterium ulcerans and Eubacterium
limosum. In some embodiments of the compositions described herein, the purified
bacterial mixture further comprises two bacterial strains of species selected from the
group consisting of Phascolarctobacterium faecium, Subdoligranulum sp., Parabac-
teroides gordonii, Paraprevotella xylaniphila, Alistipes sp., Parabacteroides johnsonii,
Parabacteroides distasonis, Fusobacterium ulcerans and Eubacterium limosum. In
some embodiments of the compositions described herein, the purified bacterial mixture
further comprises three bacterial strains of species selected from the group consisting

of Phascolarctobacterium faecium, Subdoligranulum sp., Parabacteroides gordonii,
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Paraprevotella xylaniphila, Alistipes sp., Parabacteroides johnsonii, Parabacteroides
distasonis, Fusobacterium ulcerans and Eubacterium limosum. In some embodiments
of the compositions described herein, the purified bacterial mixture further comprises
four bacterial strains of species selected from the group consisting of Phascolarcto-
bacterium faecium, Subdoligranulum sp., Parabacteroides gordonii, Paraprevotella xy-
laniphila, Alistipes sp., Parabacteroides johnsonii, Parabacteroides distasonis, Fu-
sobacterium ulcerans and Eubacterium limosum. In some embodiments of the com-
positions described herein, the purified bacterial mixture further comprises five
bacterial strains of species selected from the group consisting of Phascolarctobacterium
faecium, Subdoligranulum sp., Parabacteroides gordonii, Paraprevotella xylaniphila,
Alistipes sp., Parabacteroides johnsonii, Parabacteroides distasonis, Fusobacterium
ulcerans and Eubacterium limosum. In some embodiments of the compositions
described herein, the purified bacterial mixture further comprises six bacterial strains
of species selected from the group consisting of Phascolarctobacterium faecium, Sub-
doligranulum sp., Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes sp.,
Parabacteroides johnsonii, Parabacteroides distasonis, Fusobacterium ulcerans and Eu-
bacterium limosum. In some embodiments of the compositions described herein, the
purified bacterial mixture further comprises seven bacterial strains of species selected
from the group consisting of Phascolarctobacterium faecium, Subdoligranulum sp.,
Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes sp., Parabacteroides
johnsonii, Parabacteroides distasonis, Fusobacterium ulcerans and Eubacterium
limosum. In some embodiments of the compositions described herein, the purified
bacterial mixture further comprises eight bacterial strains of species selected from the
group consisting of Phascolarctobacterium faecium, Subdoligranulum sp., Parabac-
teroides gordonii, Paraprevotella xylaniphila, Alistipes sp., Parabacteroides johnsonii,
Parabacteroides distasonis, Fusobacterium ulcerans and Eubacterium limosum. In
some embodiments of the compositions described herein, the purified bacterial mixture
further comprises nine bacterial strains of species selected from the group consisting of
Phascolarctobacterium faecium, Subdoligranulum sp., Parabacteroides gordonii, Para-
prevotella xylaniphila, Alistipes sp., Parabacteroides johnsonii, Parabacteroides
distasonis, Fusobacterium ulcerans and Eubacterium limosum.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises Fusobacterium ulcerans, Eubacterium limosum, Bacteroides dorei,
Bacteroides uniformis, Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes
sp., Parabacteroides johnsonii, and Parabacteroides distasonis. In some embodiments
of the compositions described herein, the purified bacterial mixture consists of Fu-
sobacterium ulcerans, Eubacterium limosum, Bacteroides dorei, Bacteroides uniformis,

Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes sp., Parabacteroides
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johnsonii, and Parabacteroides distasonis.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises Fusobacterium ulcerans, Eubacterium limosum, Phascolarcto-
bacterium faecium, Subdoligranulum sp., Bacteroides dorei, Bacteroides uniformis,
Alistipes sp., Parabacteroides johnsonii, and Parabacteroides distasonis. In some em-
bodiments of the compositions described herein, the purified bacterial mixture consists
of Fusobacterium ulcerans, Eubacterium limosum, Phascolarctobacterium faecium,
Subdoligranulum sp., Bacteroides dorei, Bacteroides uniformis, Alistipes sp., Parabac-
teroides johnsonii, and Parabacteroides distasonis.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises Fusobacterium ulcerans, Eubacterium limosum, Phascolarcto-
bacterium faecium, Subdoligranulum sp., Bacteroides dorei, Bacteroides uniformis,
Parabacteroides gordonii, and Paraprevotella xylaniphila. In some embodiments of the
compositions described herein, the purified bacterial mixture consists of Fu-
sobacterium ulcerans, Eubacterium limosum, Phascolarctobacterium faecium, Sub-
doligranulum sp., Bacteroides dorei, Bacteroides uniformis, Parabacteroides gordonii,
and Paraprevotella xylaniphila.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises Subdoligranulum sp., Phascolarctobacterium faecium, Bacteroides
dorei, Bacteroides uniformis, Parabacteroides gordonii, Paraprevotella xylaniphila,
Alistipes sp., Parabacteroides johnsonii, and Parabacteroides distasonis. In some em-
bodiments of the compositions described herein, the purified bacterial mixture consists
of Subdoligranulum sp., Phascolarctobacterium faecium, Bacteroides dorei, Bac-
teroides uniformis, Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes sp.,
Parabacteroides johnsonii, and Parabacteroides distasonis.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises Fusobacterium ulcerans, Eubacterium limosum, Subdoligranulum
sp., Phascolarctobacterium faecium, Parabacteroides gordonii, Paraprevotella xy-
laniphila, Alistipes sp., Parabacteroides johnsonii, and Parabacteroides distasonis. I n
some embodiments of the compositions described herein, the purified bacterial mixture
consists of Fusobacterium ulcerans, Eubacterium limosum, Subdoligranulum sp., Phas-
colarctobacterium faecium, Parabacteroides gordonii, Paraprevotella xylaniphila,
Alistipes sp., Parabacteroides johnsonii, and Parabacteroides distasonis.

In some embodiments of any of the compositions described herein, the purified
bacterial mixture does not comprise any one or more bacterial strains of species
selected from the group consisting of Phascolarctobacterium faecium, Sub-
doligranulum sp., Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes sp.,

Parabacteroides johnsonii, Parabacteroides distasonis, Fusobacterium ulcerans, Eu-
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bacterium limosum, Bacteroides dorei, and Bacteroides uniformis. In some em-
bodiments, the purified bacterial mixture does not comprise Phascolarctobacterium
faecium. In some embodiments, the purified bacterial mixture does not comprise Sub-
doligranulum sp.. In some embodiments, the purified bacterial mixture does not
comprise Parabacteroides gordonii. In some embodiments, the purified bacterial
mixture does not comprise Paraprevotella xylaniphila. In some embodiments, the
purified bacterial mixture does not comprise Alistipes sp. In some embodiments, the
purified bacterial mixture does not comprise Parabacteroides johnsonii. In some em-
bodiments, the purified bacterial mixture does not comprise Parabacteroides

distasonis. In some embodiments, the purified bacterial mixture does not comprise Fu-
sobacterium ulcerans. In some embodiments, the purified bacterial mixture does not
comprise Eubacterium limosum. In some embodiments, the purified bacterial mixture
does not comprise Bacteroides dorei. In some embodiments, the purified bacterial
mixture does not comprise Bacteroides uniformis.

In some embodiments of the compositions described herein, the purified bacterial
mixture comprises Fusobacterium ulcerans, Eubacterium limosum, Bacteroides dorei
and Bacteroides uniformis.

In some embodiments of the compositions described herein, the purified bacterial
mixture consists of Fusobacterium ulcerans, Eubacterium limosum, Bacteroides dorei
and Bacteroides uniformis.

In some embodiments of the compositions described herein, the purified bacterial
mixture essentially consists of Fusobacterium ulcerans, Eubacterium limosum, Bac-
teroides dorei and Bacteroides uniformis.

In some embodiments of the compositions provided herein, at least 50% of the
bacterial strains belong to the order of Bacteriodales. In some embodiments of the
compositions provided herein, at least 50% of the bacterial strains belong to the genus
Bacteroides or Parabacteroides. In some embodiments of the compositions provided
herein, one or more strains belongs to the genus Bacteroides and one or more strains
belongs to the genus Parabacteroides. In some embodiments of the compositions
provided herein, at least 25% of the bacterial strains belong to the family of Bac-
teroidaceae. In some embodiments of the compositions provided herein, one or more
of the bacterial strains belongs to the genus Bacteroides. In some embodiments of the
compositions provided herein, one or more of the bacterial strains belongs to the genus
Parabacteroides.

In some embodiments of the compositions provided herein, the composition does not
include bacterial strains that belong to the order of Bacteriodales.

In some embodiments of the compositions provided herein, one or more of the

bacterial strains belong to the order of Bacteriodales and one or more of the bacterial
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strains belong to the order of Clostridiales. In some embodiments of the compositions
provided herein, at least 50% of the bacterial strains belong to the order of Bacte-
riodales and one or more of the bacterial strains belong to the order of Clostridiales. In
some embodiments of the compositions provided herein, at least 75% of the bacterial
strains belong to the order of Bacteriodales and one or more of the bacterial strains
belong to the order of Clostridiales. In some embodiments of the compositions
provided herein, at least 90% of the bacterial strains belong to the order of Bacte-
riodales and one or more of the bacterial strains belong to the order of Clostridiales.

In some embodiments, the compositions provided herein do not include E. coli. In
some embodiments, the compositions provided herein do not include Bifi-
dobacterium. In some embodiments, the compositions provided herein do not include
Bacillus. In some embodiments, the compositions provided herein do not include En-
terococcus. In some embodiments, the compositions provided herein do not include
Barnesiella. In some embodiments, the compositions provided herein do not include
B. fragilis. In some embodiments, the compositions provided herein do not include B.
thetaiotaomicron. In some embodiments, the compositions provided herein do not
include Akkermansia. In some embodiments, the compositions provided herein do not
include Proteobacteria. In some embodiments, the compositions provided herein do
not include Burkholderia. In some embodiments, the compositions provided herein do
not include clostridium species belonging to Cluster IV. In some embodiments, the
compositions provided herein do not include Faecalibacterium. In some embodiments,
the compositions provided herein do not include Clostridium species belonging to
Cluster XIVa. In some embodiments, the compositions do not comprise fungi, such as
Monilla species.

In one aspect, the disclosure provides purified fractions of human stool sample that
can induce CD8 T cells.

In some embodiments of the compositions provided herein, one or more of the
bacterial strains are human-derived bacteria. In some embodiments of the com-
positions provided herein, all of the bacterial strains are human-derived bacteria. In
some embodiments of the compositions provided herein, the bacterial strains are
derived from more than one human donor.

The bacterial strains used in the compositions provided herein generally are isolated
from the microbiome of healthy individuals. In some embodiments, the compositions
include strains originating from a single individual. In some embodiments, the com-
positions include strains originating from multiple individuals. In some embodiments,
the bacterial strains are obtained from multiple individuals, isolated and grown up indi-
vidually. The bacterial compositions that are grown up individually may subsequently

be combined to provide the compositions of the disclosure. It should be appreciated
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that the origin of the bacterial strains of the compositions provided herein is not limited
to the human microbiome from a healthy individual. In some embodiments, the
bacterial strains originate from a human with a microbiome in dysbiosis. In some em-
bodiments, the bacterial strains originate from non-human animals or the environment
(e.g., soil or surface water). In some embodiments, the combinations of bacterial
strains provided herein originate from multiple sources (e.g., human and non-human
animals).

In some embodiments of the compositions provided herein, the composition includes
one or more anaerobic bacteria. In some embodiments of the compositions provided
herein, the composition includes only anaerobic bacteria. In some embodiments of the
compositions provided herein, the composition includes one or more facultative
anaerobic bacteria. In some embodiments of the compositions provided herein, the
composition includes only facultative anaerobic bacteria. In some embodiments of the
compositions provided herein, the composition includes one or more obligate
anaerobic bacteria. In some embodiments of the compositions provided herein, the
composition includes only obligate anaerobic bacteria.

In some embodiments of the compositions provided herein, one or more of the
bacterial strains does not have an antibiotic resistance gene. In some embodiments of
the compositions provided herein, the bacterial strains do not have an antibiotic re-
sistance gene that renders the bacterial strain resistant to vancomycin.

In some embodiments of the compositions provided herein, the compositions do not
include bacterial strains that are resistant to one or more antibiotics. It should be ap-
preciated that it may be desirable to have a mechanism to remove the bacterial com-
positions provided herein from the body after administration. One such mechanism is
to remove the bacterial compositions by antibiotic treatment. Thus, in some em-
bodiments, the compositions do not include bacterial strains that are resistant to one or
more antibiotics. In some embodiments, the compositions do not include bacterial
strains that are resistant to one or more antibiotics selected from the group consisting
of penicillin, benzylpenicillin, ampicillin, sulbactam, amoxicillin, clavulanate,
tazobactam, piperacillin, cefmetazole, vancomycin, imipenem, meropenem,
metronidazole and clindamycin. In some embodiments, the compositions do not
include bacterial strains that are resistant to vancomycin.

In some embodiments, the compositions include bacterial strains that are susceptible
to at least four antibiotics that are efficacious in humans. In some embodiments, the
compositions include bacterial strains that are susceptible to at least three antibiotics
that are efficacious in humans. In some embodiments, the compositions include
bacterial strains that are susceptible to at least two antibiotics that are efficacious in

humans. In some embodiments, the compositions include bacterial strains that are sus-
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ceptible to at least one antibiotic that is efficacious in humans. In some embodiments,
the compositions include only bacterial strains that are susceptible to at least four an-
tibiotics that are efficacious in humans. In some embodiments, the compositions
include only bacterial strains that are susceptible to at least three antibiotics that are ef-
ficacious in humans. In some embodiments, the compositions include only bacterial
strains that are susceptible to at least two antibiotics that are efficacious in humans. In
some embodiments, the compositions include bacterial strains that are susceptible to at
least one antibiotic that is efficacious in humans. (An “antibiotic that is efficacious in
a human” as used herein is an antibiotic that has been used to successfully treat
bacterial infections in a human).

In some embodiments of the compositions provided herein, one or more of the
bacterial strains is a spore-former. In some embodiments of the compositions provided
herein, one or more of the bacterial strains is in spore form. In some embodiments of
the compositions provided herein, one or more of the bacterial strains is a non-spore
former.

In some embodiments, the compositions described herein comprise spore forming
and non-spore forming bacterial strains. In some embodiments, the compositions
described herein comprise spore-forming bacterial strains. In some embodiments, the
compositions described herein comprise only spore-forming bacterial strains. In some
embodiments, the compositions described herein comprise only non-spore forming
bacterial strains. The spore-forming bacteria can be in spore form (i.e., as spores) or in
vegetative form (i.e., as vegetative cells). In spore form, bacteria are generally more
resistant to environmental conditions, such as heat, acid, radiation, oxygen, chemicals,
and antibiotics. In contrast, in the vegetative state or actively growing state, bacteria
are more susceptible to such environmental conditions, compared to in the spore
form. In general, bacterial spores are able to germinate from the spore form into a
vegetative/actively growing state, under appropriate conditions. For instance, bacteria
in spore format may germinate when they are introduced in the intestine.

In some embodiments, at least one (e.g., 1, 2, 3, 4, 5, or more) of the bacterial strains
in the composition is a spore former. In some embodiments, at least one (e.g., 1, 2, 3,
4, 5, or more) of the bacterial strains in the composition is in spore form. In some em-
bodiments, at least one (e.g., 1, 2, 3, 4, 5, or more) of the bacterial strains in the com-
position is a non-spore former. In some embodiments, at least one (e.g., 1,2, 3,4, 5, or
more) of the bacterial strains in the composition is in vegetative form (as discussed
above, spore forming bacteria can also be in vegetative form). In some embodiments,
at least one (e.g., 1, 2, 3, 4, 5, or more) of the bacterial strains in the composition is in
spore form and at least one (e.g., 1, 2, 3, 4, 5, or more) of the bacterial strains in the

composition is in vegetative form. In some embodiments, at least one bacterial strain
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that is considered able to form spores (i.e., a spore-former) but is present in the com-

position in vegetative form. In some embodiments, at least one bacterial strain that is

considered able to form spores is present in the composition both in spore form and in
vegetative form.

It is envisioned that the bacterial strains of the compositions provided herein are alive
and will be alive when they reach the target area (e.g., the intestines). Bacterial spores
are considered to be alive in this regard. In some embodiments, bacteria that are ad-
ministered as spores may germinate in the target area (e.g., the intestines). It should
further be appreciated that not all of the bacteria are alive and the compositions can
include a percentage (e.g., by weight) that is not alive. In addition, in some em-
bodiments, the compositions include bacterial strains that are not alive when ad-
ministered or at the time when the composition reaches the target area (e.g., the in-
testines). It is envisioned that non-living bacteria may still be useful by providing
some nutrients and metabolites for the other bacterial strains in the composition.

In one aspect, the bacterial strains of the compositions provided herein are alive. In
some embodiments, one or more of the bacterial strains of the compositions provided
herein is alive. In some embodiments, all of the bacterial strains of the compositions
provided herein are alive. Without being limiting to a specific mechanism, in some
embodiments, the combination of the bacterial strains of the compositions provided
herein act synergistically in the induction of proliferation and/or accumulation of
CD8+ T-cells because the combination of the strains is particularly well-suited to
generate metabolites and/or cellular signals that stimulate the induction of proliferation
and/or accumulation of CD8+ T-cells. In some embodiments, if one or more of the
bacterial strains is not alive, the combination of the bacterial strains may no longer be
able to generate sufficient metabolites and/or cellular signals that stimulate the
induction of proliferation and/or accumulation of CD8+ T-cells. In some em-
bodiments, the mere presentation of non-viable bacteria and/or bacterial fragments as
antigens is not sufficient to induce the proliferation and/or accumulation of CD8+ T-
cells.

In any of the compositions provided herein, in some embodiments, the bacterial
strains are purified. In any of the compositions provided herein, in some embodiments,
the bacterial strains are isolated. Any of the bacterial strains described herein may be
isolated and/or purified, for example, from a source such as a culture or a microbiota
sample (e.g., fecal matter). The bacterial strains used in the compositions provided
herein generally are isolated from the microbiome of healthy individuals. However,
bacterial strains can also be isolated from individuals that are considered not to be
healthy. In some embodiments, the compositions include strains originating from

multiple individuals. As used herein, the term “isolated” bacteria that have been
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separated from one or more undesired component, such as another bacterium or
bacterial strain, one or more component of a growth medium, and/or one or more
component of a sample, such as a fecal sample. In some embodiments, the bacteria are
substantially isolated from a source such that other components of the source are not
detected. As also used herein, the term “purified” refers to a bacterial strain or com-
position comprising such that has been separated from one or more components, such
as contaminants. In some embodiments, the bacterial strain is substantially free of
contaminants. In some embodiments, one or more bacterial strains of a composition
may be independently purified from one or more other bacteria produced and/or
present in a culture or a sample containing the bacterial strain. In some embodiments,
a bacterial strain is isolated or purified from a sample and then cultured under the ap-
propriate conditions for bacterial replication, e.g., under anaerobic culture
conditions. The bacteria that is grown under appropriate conditions for bacterial
replication can subsequently be isolated/purified from the culture in which it is grown.
In one aspect, the disclosure provides bacterial strains and mixtures of bacterial
strains with unique biological properties. In some embodiments of the compositions
provided herein, the composition induces proliferation and/or accumulation of CD8+
T-cells. In some embodiments, the bacterial strains of the compositions provided
herein can induce proliferation and/or accumulation of CD8+ T-cells, because of the
synergy between the bacterial strains. Thus, without being limiting to a specific
mechanism, in some embodiments, the combination of the bacterial strains of the com-
positions provided herein act synergistically in the induction of proliferation and/or ac-
cumulation of CD8+ T-cells because the combination of the strains is particularly well-
suited to generate metabolites and/or cellular signals that stimulate the induction of
proliferation and/or accumulation of CD8+ T-cells. The bacterial compositions may
do so, for instance through the use of nutrients in the intestinal tract (e.g., the colon or
the cecum), and/or metabolic interactions that result in metabolites and/or cellular
signals that stimulate the induction of proliferation and/or accumulation of CD8+ T-
cells. In addition, without being limiting to a specific mechanism, in some em-
bodiments, the combination of the bacterial strains of the compositions provided herein
act synergistically in the induction of proliferation and/or accumulation of CD8+ T-
cells because the combination of the strains is superior in engrafting specific niches in
the intestinal tract (e.g., the colon or the cecum) that will result in the induction of pro-
liferation and/or accumulation of CD8+ T-cells (e.g., by providing a favorable mi-
croenvironment). In some embodiments, the combination of the bacterial strains of the
compositions provided herein act synergistically in the induction of proliferation and/
or accumulation of CD8+ T-cells because the combination of the strains is particularly

well-suited to generate metabolites and/or cellular signals that stimulate the induction
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of proliferation and/or accumulation of CD8+ T-cells, and the combination is well
suited to engraft in specific niches, that result in localization of the metabolites and/or
cellular signals to a target for the induction of proliferation and/or accumulation of
CD8+ T-cells. Any of the compositions described herein that induces CD8+ T-cells,
or bacterial strain that induces CD8+ T-cells, may be referred to as a CD8-inducing
composition or CD8-inducing bacterial strain, respectively.

In some embodiments, the purified bacterial mixture comprises one or more bacterial
strain that is of low abundance in a population of subjects. In some embodiments, the
purified bacterial mixture comprises one or more bacterial strain that is detected in less
than 5% (e.g., 5%, 4%, 3%, 2%, 1%, or less) of the population of subjects. Methods of
assessing the abundance of one or more bacterial strains in a subject (or a sample
thereof, e.g., a fecal sample) will be evident to one of ordinary skill in the art. See,
e.g., Example 8.

Methods

In one aspect, the disclosure provides methods and compositions for colonizing
mucus layers. In some embodiments, the disclosure provides methods and com-
positions for colonizing mucus layers of the intestine. In some embodiments, the
disclosure provides methods and compositions for colonizing mucus layers of the
colon and the caecum. In some embodiments, the disclosure provides compositions
that colonize the mucus layer and induce the proliferation and/or accumulation of
CD8+ T-cells. Without being limited to a specific mechanism, it is thought that the
ability of the bacterial strains of the compositions to colonize the mucus layer, allows
for the induction of proliferation and/or accumulation of CD8+ T-cells. By colonizing
the mucus layer, the bacterial strains can secrete metabolites in sufficient quantity and
proximity to epithelial cells and/or cells of the immune system, that will induce pro-
liferation and/or accumulation of CD8+ T-cells. In some embodiments, the bacterial
strains of the compositions provided herein colonize the mucus layer but do not in-
filtrate the epithelial layer.

In one aspect, the disclosure provides methods and compositions for systemically
inducing the proliferation and/or accumulation of CD8+ T-cells. As provided herein,
the compositions when administered to the intestine (e.g., colon or ceacum) induce the
proliferation and/or accumulation of CD8+ T-cells in many tissues, including lymph
nodes lung and spleen. Thus, surprisingly, the combinations provided herein allow for
the induction of proliferation and/or accumulation of CD8+ T-cells in many
tissues. Without being limited to a specific mechanism it is thought that the bacterial
strains of the compositions provide signaling events that result in the proliferation and/
or accumulation of CD8+ T-cells in many tissues, predominantly in the caecum and the

colon, but also in the additional tissues, such as lymph nodes lung and spleen.
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In one aspect, the disclosure provides methods and compositions for providing a
long- term induction of the proliferation and/or accumulation of CD8+ T-cells. In
some embodiments, the CD8+ T-cells are interferon-gamma (IFN-gamma) expressing
CD8+ T-cells. In some embodiments, the IFNgamma+ CD8+ T-cells express the
alphabeta T cell receptor (TCR), CD8alpha/beta, CD44 and T-bet. In some em-
bodiments, the IFNgamma+ CD8+ T-cells. In some embodiments, the IFNgamma+
CD8+ T-cells were primarily activated or memory cells that differentiated from con-
ventional CD8 T cells.

In one aspect, the disclosure provides methods and compositions for providing a
long-term induction of the proliferation and/or accumulation of CD8+ T-cells. In some
embodiments, the induction is present one months, two months, three months, four
months, five months, six months or more after the administration of the com-
position. In some embodiments, the disclosure provides methods and compositions
that allow for persistent level of CD8+ T-cells. In some embodiments, the disclosure
provides methods and compositions that allow for persistent level of IFNgamma+
CD8+ T-cells. In some embodiments, the disclosure provides methods and com-
positions that allow for persistent level of CD103+ IFNgamma+ CD8+ T-cells. In
some embodiments, the persistent level of CD8+ T-cells and/or CD103+ IFNgamma+
CD8+ T-cells is achieved by a single administration of the compositions of the
disclosure. In some embodiments, the persistent level of CD8+ T-cells, IFNgamma+
CD8+ T-cells, and/or CD103+ IFNgamma+ CD8+ T-cells is achieved by multiple ad-
ministrations of the compositions of the disclosure.

In one aspect, the disclosure provides methods and compositions for upregulating the
expression of chemokines that can induce proliferation and/or accumulation of CD8+
T-cells. In some embodiments, the disclosure provides methods and compositions for
upregulating the expression of chemokines CXCL9 and CXCL10. In some em-
bodiments, the disclosure provides methods and compositions for upregulating the ex-
pression of chemokines CxCI9 and CxCl110 in epithelial cells. Without being limited
to a specific mechanism the activation of CxCl9 and CxCl110 may be one of the
mechanisms through which the bacterial strains of the compositions of the disclosure
induce proliferation and/or accumulation of CD8+ T-cells.

In some embodiments, the proliferation and/or accumulation of IFNy+CDS8 T cells is
facilitated by colonic recruitment. In some embodiments, the proliferation and/or ac-
cumulation of IFNy*CDS8 T cells is facilitated by cellular expansion. In some em-
bodiments, the proliferation and/or accumulation of IFNy+*CD8 T cells is facilitated by
bacterial antigen-mediated differentiation. In some embodiments, the proliferation
and/or accumulation of IFNy*CD8 T cells is facilitated by colonic recruitment and

cellular expansion. In some embodiments, the proliferation and/or accumulation of
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IFNy+CDS8 T cells is facilitated by cellular expansion and bacterial antigen-mediated
differentiation. In some embodiments, the proliferation and/or accumulation of IFNvy+*
CD8 T cells is facilitated by colonic recruitment and bacterial antigen-mediated differ-
entiation. In some embodiments, the proliferation and/or accumulation of IFNy+CD8 T
cells is facilitated by due to the cumulative effects of colonic recruitment, cellular
expansion, and bacterial antigen-mediated differentiation.

In one aspect, the disclosure provides methods and compositions for inducing
changes in the T-cell repertoire (e.g., the induction of CD8+ T-cells). In some em-
bodiments, the disclosure provides methods and compositions for expanding Vbeta6
and Vbeta8. In some embodiments, the disclosure provides methods and compositions
for reducing VbetaS. In some embodiments, the disclosure provides methods and com-
positions for expanding Vbetab and Vbeta8, while reducing VbetaS.

In one aspect, the disclosure provides methods and compositions for induction of ac-
cumulation and proliferation of CD11b- CD103+ and CD11b+ CD103+ dendritic
cells. In some embodiments, the disclosure provides methods and compositions for
induction of CD11b- CD103+ and CD11b+ CD103+ dendritic cells that have MHC
class I presentation. In some embodiments, the MHC calls I presentation are MHC
class Ia molecules.

In one aspect, the disclosure provides methods and compositions for the induction of
accumulation and proliferation of CD11b- CD103+ dendritic cells. In some em-
bodiments, the disclosure provides methods and compositions for induction of CD11b-
CD103+ dendritic cells that have MHC class I presentation. In some embodiments, the
MHC calls I presentation are MHC class Ia molecules.

In one aspect, the disclosure provides methods and compositions for the induction of
accumulation and proliferation of CD11b+ CD103+ dendritic cells. In some em-
bodiments, the disclosure provides methods and compositions for induction of
CD11b+ CD103+ dendritic cells that have MHC class I presentation. In some em-
bodiments, the MHC calls I presentation are MHC class Ia molecules.

In some embodiments, the disclosure provides methods and compositions for
induction of CD8+ T cells that is independent of the H2-M3 pathway.

In some embodiments, the disclosure provides methods and compositions for
induction of CD8+ T cells that is independent of the pathways prevalent in skin
cells.

In one aspect, the disclosure provides methods and compositions for induction of the
proliferation and/or accumulation of CD11+ dendritic cells. In some embodiments, the
disclosure provides methods and compositions for induction of the proliferation and/or
accumulation of CD11+ dendritic cells with heightened MHC class I expression. In

some embodiments, the MHC calls I presentation are MHC class Ia molecules.
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In one aspect, the disclosure provides methods and compositions for the treatment of
infections by a pathogenic agent. In some embodiments, the disclosure provides
methods and compositions for the treatment of infection by a pathogenic agent through
the induction of proliferation and/or accumulation of CD8+ T-cells. In some em-
bodiments, the disclosure provides methods and compositions for the treatment of
infection by a pathogenic agent through the induction of antimicrobial genes. In some
embodiments, the disclosure provides methods and compositions for the treatment of
infection by a pathogenic agent through the induction of proliferation and/or accu-
mulation of CD8+ T-cells, and the induction of antimicrobial genes. In some em-
bodiments, the infection by a pathogenic agent is an intracellular infection.

In one aspect, the disclosure provides methods and compositions for induction of an-
timicrobial genes. In some embodiments, the disclosure provides methods and com-
positions for induction of antimicrobial genes in epithelial cells. In some em-
bodiments, the disclosure provides methods and compositions for induction of an-
timicrobial genes in colonic epithelial cells. Antibiotic genes that can be induced
according to the methods and compositions of the disclosure include genes that control
the expression of guanylate-binding proteins, interferon-induced proteins, Cxcl10 and
autophagy-related Irgm1. Without being limited to a specific mechanism it is thought
that the expression of such antimicrobial genes results in the release of antimicrobial
compounds that can target an infection by a pathogenic agent (e.g., an intracellular
infection). It should further be appreciated that the targeting of an infection by a
pathogenic agent can be potentiated through both the release of antimicrobial
compounds and the induction of accumulation and/or proliferation of CD8+ T-cells at
the same time.

In one aspect, the disclosure provides methods and compositions for the systemic
treatment of infections by a pathogenic agent. As provided herein, administration of
the compositions provided herein to the intestine allows for the treatment of infection
by a pathogenic agent in organs other than the intestine. For instance, as provided
herein, administration of the compositions provided herein to the intestine allows for
the treatment of an intracellular infection in the liver and spleen. In some em-
bodiments, the disclosure provides methods and compositions for the systemic
treatment of infection by a pathogenic agent through the induction of proliferation and/
or accumulation of CD8+ T-cells. In some embodiments, the disclosure provides
methods and compositions for the systemic treatment of infection by a pathogenic
agent through the induction of antimicrobial genes. In some embodiments, the
disclosure provides methods and compositions for the systemic treatment of infection
by a pathogenic agent through the induction of proliferation and/or accumulation of

CD8+ T-cells, and the induction of antimicrobial genes.
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In one aspect, the disclosure provides methods and compositions for inducing the
proliferation and/or accumulation of tumor infiltrating CD8+ T-cells. In some em-
bodiments, the disclosure provides methods and compositions for inducing the pro-
liferation and/or accumulation of PD1+ and ICOS+ CD8+ T-cells. In some em-
bodiments, the disclosure provides methods and compositions for inducing the pro-
liferation and/or accumulation of PD1+ and ICOS+ tumor infiltrating CD8+ T-
cells. In some embodiments, the disclosure provides methods and compositions for
inducing the proliferation and/or accumulation of tumor infiltrating IFNgamma+ CD8+
T-cells. In some embodiments, the disclosure provides methods and compositions for
inducing the proliferation and/or accumulation of PD1+4 ICOS+ IFNgamma+ CD8+ T-
cells. In some embodiments, the disclosure provides methods and compositions for
inducing the proliferation and/or accumulation of PD1+, ICOS+, IFNgamma+ tumor
infiltrating CD8+ T-cells.

In some embodiments, the compositions provided herein comprise one or more
antigens derived from the one or more bacterial strains provided herein. While not
being limited to a specific mechanism, in one embodiment, the one or more antigens
induce or support the induction of the proliferation and/or accumulation of CD8+ T-
cells. It should be appreciated that any one of the antigen-based compositions
provided herein, in some embodiments, also include one or more anticancer agents
(e.g., a PD-1 inhibitor or a CTLA-4 inhibitor). The methods disclosed herein in some
embodiments include the one or more antigen comprising compositions.

In some embodiments, the methods described herein involve evaluating whether a
subject has one or more bacterial strains (e.g., one or more bacterial strains of any of
the compositions described herein) in the microbiome of the subject. In some em-
bodiments, the methods described herein involve evaluating whether a subject has one
or more bacterial strain (e.g., one or more bacterial strain of any of the compositions
described herein) present in the microbiome of the subject at a level sufficient to
induce a desired immune response (e.g., induce CD8+ T-cells). Methods of evaluating
the presence of one or more bacterial strains and/or the level of the one or more
bacterial strain in the microbiome of the subject will be evident to one of ordinary skill
in the art and include, without limitation, sequencing, transcriptional analysis, and
culturing methods. In some embodiments, if the subject does not have detectable
levels of the one or more bacterial strains, the subject may be administered any of the
compositions described herein. In some embodiments, if the subject does not have one
or more bacterial strains present in the microbiome at a level sufficient to induce a
desired immune response (e.g., induce CD8+ T-cells), the subject may be administered
any of the compositions described herein.

Metabolites
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In one aspect, the disclosure provides compositions and methods comprising
metabolites produced by the bacterial strains and combinations of bacterial strains
disclosed herein. It should be appreciated that the bacterial strains and combinations
thereof of the compositions disclosed herein produce one or more metabolites. While
not being limited to a specific mechanism, in one embodiment, the one or more
metabolites induce or support the induction of the proliferation and/or accumulation of
CD8+ T-cells. In some embodiments, the one or more metabolites that induce or
support the induction of the proliferation and/or accumulation of CD8+ T-cells are
metabolites that are observed in the sera.

In one aspect, the disclosure provides a composition comprising one or more
metabolites selected from the group consisting of mevalonate, dimethylglycine, hy-
poxanthine, IMP, 2-deoxy-glucose 6P, TMP, 6PG, Rib5SP, Ru5P, Xu5p, GDP, GlcNAc
6P, UMP, GMO, CDP, Pyridoine B6, Opthalomic acid, Ctp, GTP, ATP, F6P,
S-methyltetrahydrofolic acid, adenylosuccinate, G6P, 3-hydroxyanthranalinic acid,
glycerol 3P, sedoheptulose 7P, 2-keto-4-methylthiobutyrate, dUMP, histamine, valeric
acid, 3PG + 2 PG, G1P, thymidine, CMP, dopamine, phosphoenolpuryvate, HPO4,
iso-butyrate, allotoin, acetylcarnitine, and thymine. In some embodiments, the com-
position comprises one or more metabolites selected from the group consisting of
mevalonate, dimethylglycine, hypoxanthine, IMP, 2-deoxy-glucose 6P, TMO, 6PG,
Rib5P, RuSP, Xu5p, GDP, GlcNAc 6P, UMP, GMO, and CDP. In some em-
bodiments, the composition comprises one or more metabolites selected from the
group consisting of mevalonate and dimethylglycine. In some embodiments, the com-
position comprises mevalonate. Mevalonate is also referred to as mevalonic acid or
the carboxylate anion of mevalonic acid. In some embodiments, the composition
comprises dimethylglycine. In some embodiments, the composition comprises
dimethylglycine and mevalonate. In some embodiments, the composition comprises
mevalonate and a pharmaceutically acceptable carrier. In some embodiments, the
composition comprises dimethylglycine and a pharmaceutically acceptable carrier. In
some embodiments, the composition comprising the one or more metabolites comprise
a pharmaceutically acceptable carrier. In some embodiments, the composition
comprises dimethylglycine and mevalonate and a pharmaceutically acceptable carrier.

It should be appreciated that in some embodiments, the compositions comprising the
one or more metabolites further comprise one or more anticancer agents. In some em-
bodiments of the compositions provided herein, the anticancer agent is a chemotherapy
agent. In some embodiments of the compositions provided herein, the anticancer agent
is a cancer immunotherapy agent. In some embodiments of the compositions provided
herein, the cancer immunotherapy agent is an immune checkpoint inhibitor. In some

embodiments of the compositions provided herein, the immune checkpoint inhibitor is
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a PD-1 inhibitor, PD-L-1 inhibitor, or CTLA-4 inhibitor. In some embodiments of the
compositions provided herein, the immune checkpoint inhibitor is a PD-1 inhibitor,
PD-L-1 inhibitor, CTLA-4 inhibitor, IDO1 inhibitor, LAG3 inhibitor, or TIM3
inhibitor. In some embodiments of the compositions provided herein, the immune
checkpoint inhibitor is a PD-1 inhibitor. In some embodiments, the PD-1 inhibitor is
nivolumab. In some embodiments, the PD-1 inhibitor is pembrolizumab. In some em-
bodiments, the PD-1 inhibitor is pidiluzimab. In some embodiments of the com-
positions provided herein, the immune checkpoint inhibitor is a PD-L-1 inhibitor. In
some embodiments, the PD-L-1 inhibitor is atezolizumab. In some embodiments, the
PD-L-1 inhibitor is avelumab. In some embodiments, the PD-L-1 inhibitor is
durvalumab. In some embodiments of the methods provided herein, the immune
checkpoint inhibitor is a CTLA-4 inhibitor. In some embodiments, the CTLA-4
inhibitor is an anti-CTLA-4 antibody. Examples of anti-CTLA-4 antibodies include,
without limitation, ipilimumab, tremelimumab (CP-675,206), 9H10, 4F10, and

9D9. In some embodiments, the CTLA-4 inhibitor is ipilimumab. In some em-
bodiments, the CTLA-4 inhibitor is tremelimumab.

It should further be appreciated that multiple anticancer agents (e.g., immune
checkpoint inhibitors) may be included in the compositions and methods disclosed
herein. For instance, in a non-limiting example, the compositions and methods
disclosed include both a PD-1 inhibitor and a CTLA-4 inhibitor.

In one aspect, the compositions comprising the one or more metabolites further
comprise one or more bacterial strains or combinations of bacterial strains disclosed
herein.

In one aspect, the compositions comprising the one or more metabolites and one or
more bacterial strains or combinations of bacterial strains disclosed herein, further
comprise one or more anticancer agents.

It should be appreciated that in some embodiments, the compositions used in any one
of the methods disclosed herein, including any one of the treatment methods, include
compositions comprising the one or more metabolites.

It should be appreciated that in some embodiments, the compositions used in any one
of the methods disclosed herein, including any one of the treatment methods, include
compositions comprising the one or more metabolites and the one or more bacterial
strains.

It should be appreciated that in some embodiments, the compositions used in any one
of the methods disclosed herein, including any one of the treatment methods, include
compositions comprising the one or more metabolites and the one or more anticancer
agents (e.g., a PD-1 inhibitor or a CTLA-4 inhibitor).

It should be appreciated that in some embodiments, the compositions used in any one
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of the methods disclosed herein, including any one of the treatment methods, include
compositions comprising the one or more metabolites, the one or more bacterial strains
and the one or more anticancer agents (e.g., a PD-1 inhibitor or a CTLA-4 inhibitor).
In one aspect, the disclosure provides compositions and methods comprising
bacterial strains that produce one or more of the metabolites provided herein. Thus, in
one aspect, the disclosure provides a composition comprising one or more bacterial
strains that produce metabolites selected from the group consisting of mevalonate,
dimethylglycine, hypoxanthine, IMP, 2-deoxy-glucose 6P, TMP, 6PG, Rib5SP, Ru5P,
Xu5p, GDP, GlcNAc 6P, UMP, GMO, CDP, Pyridoine B6, Opthalomic acid, Ctp,
GTP, ATP, F6P, 5-methyltetrahydrofolic acid, adenylosuccinate, G6P,
3-hydroxyanthranalinic acid, glycerol 3P, sedoheptulose 7P,
2-keto-4-methylthiobutyrate, dUMP, histamine, valeric acid, 3PG + 2 PG, G1P,
thymidine, CMP, dopamine, phosphoenolpuryvate, HPO4, iso-butyrate, allotoin,
acetylcarnitine, and thymine. It should be appreciated that a single bacterial strain may
produce multiple of the recited metabolites. It should also be appreciated that multiple
bacterial strains may be needed in combination to produce one or more of the
metabolites. In some embodiments, the composition comprises one or more bacterial
strains that produce metabolites selected from the group consisting of mevalonate,
dimethylglycine, hypoxanthine, IMP, 2-deoxy-glucose 6P, TMO, 6PG, Rib5P, Ru5P,
Xu5p, GDP, GlcNAc 6P, UMP, GMO, and CDP. In some embodiments, the com-
position comprises one or more bacterial strains that produce metabolites selected from
the group consisting of mevalonate and dimethylglycine. In some embodiments, the
composition comprises one or more bacterial strains that produce mevalonate. Many
bacterial strains comprise the mevalonate pathway and have the ability to produce
mevalonate (See e.g., Mizorki, Arch Biochem Biophys. 2011 Jan 15: 505(2): 131-143).

It should further be appreciated that, in some embodiments, the compositions

comprise bacterial strains in which a mevalonate pathway has been introduced (See
e.g., Yang et al. Microb Cell Fact. 2016; 15: 14.). In some embodiments, the com-
position comprises one or more bacterial strains that produce

dimethylglycine. Bacterial strains that produce dimethylglycine are known in the art
and include e.g., Eubacterium limosum (See e.g., Muller et al. Applied and Envi-
ronmental Microbiology, 1981, 439-445). The disclosure also includes, in some em-
bodiments, bacterial strains in which a dimethylglycine pathway has been in-
troduced. In some embodiments, the composition comprises one or more bacterial
strains that produce dimethylglycine and mevalonate. In some embodiments, the com-
position comprises one or more bacterial strains that produce mevalonate and a phar-
maceutically acceptable carrier. In some embodiments, the composition comprises one

or more bacterial strains that produce dimethylglycine and a pharmaceutically ac-
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ceptable carrier. In some embodiments, the composition comprising one or more
bacterial strains that produce the one or more metabolites comprise a pharmaceutically
acceptable carrier. In some embodiments, the composition comprises one or more
bacterial strains that produce dimethylglycine and mevalonate and a pharmaceutically
acceptable carrier.

It should further be appreciated that in some embodiments, in any of the com-
positions and methods provided herein, the bacterial strains that produce one or more
metabolites may combined with bacterial strains that induce proliferation and/or accu-
mulation of CD8+ T cells.

PD-1 Inhibitors

Programmed death protein 1 (PD-1) is a surface protein on activated T cells which is
an immune-checkpoint protein which is responsible for preventing the immune system
from attacking the body’s own tissues. Without wishing to be bound by any particular
mechanism, it is generally thought that when PD-1 binds either of its ligands,
programmed cell death 1 ligand 1/2 (PD-L1 or PD-L2), the T cell becomes inactivated,
thus inhibiting the immune checkpoint blockade. Many tumor cells express PD-L1,
and inhibition of the interaction between PD-1 and PD-L1 can enhance T-cell response
in vitro and mediate preclinical antitumor activity.

PD-1 is an immune checkpoint that guards against autoimmunity through two
mechanisms. First, PD-1 promotes apoptosis of antigen-specific T-cells in lymph
nodes. Second, PD-1 reduces apoptosis in anti-inflammatory, regulatory T
cells. PD-L1 is highly expressed in several cancers and monoclonal antibodies
targeting PD-1 that boost the immune system are known in the art.

Examples of PD-1 inhibitors include, without limitation, nivolumab (OPDIVOR,
Bristol Myers Squibb and Ono Pharmaceutical), pembrolizumab (KEYTRUDAR,
Merck), and pidilizumab (CT-011, Curetech). In some embodiments, the PD-1
inhibitor is a PD-L1 inhibitor. In some embodiments, the PD-L1 inhibitor is ate-
zolizumab (TECENTRIQR, Genentech and Roche), avelumab (BAVENCIOR, Merck
KGaA, Pfizer, and Eli Lilly), durvalumab (IMFINZI®, Medlmmune and AstraZeneca),
MPDL3280A (RG7446, Roche), MEDI4736 (AstraZeneca), or MSB0010718C (Merck
Serono).

Nivolumab is a human IgG4 monoclonal antibody which inhibits the binding of PD-1
and its ligands PD-L.1 and PD-L2. A detailed description of the properties and
mechanism of action of nivolumab can be found in, for example, in PCT Publication
No. WO 2013/173223, the contents of which are incorporated herein in their
entirety. Briefly, nivolumab is a checkpoint inhibitor which blocks PD-1 ligand
(PD-L1) binding to PD-1. Nivolumab is thought to bind primarily to the surface-
exposed N-loop in PD-1 with high affinity and inhibit the interaction with both PD-L1
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and PD-L2, thereby stimulating regulatory T cells against antigen-specific T cell pro-
liferation. Nivolumab has been approved in the United States for the treatment of
melanoma, squamous lung cancer, Hodgkin’s Lymphoma, head and neck cancer,
urothelial carcinoma, colorectal cancer, hepatocellular carcinoma, and metastatic non-
small cell lung cancer.

In some embodiments, a PD-1 inhibitor is pembrolizumab (KEYTRUDAR). A
detailed description of the properties and mechanism of action of pembrolizumab can
be found in U.S. Patents 8,354,509 and 8,900,587, the contents of which are in-
corporated herein in their entirety. Briefly, pembrolizumab binds and inhibits the
activity of PD-1 on T cells, allowing the immune system to recognize and destroy
cancer cells. Pembrolizumab is a humanized IgG4 immunoglobulin monoclonal
antibody which binds primarily to the surface-exposed CD loop in PD-1 with high
affinity and inhibits interaction with its ligands PD-L.1 and PD-L2. Pembrolizumab
has been approved in the United States for the treatment of metastatic melanoma, non-
small cell lung cancer, head and neck cancer, Hodkgin’s Lymphoma, urothelial
carcinoma, gastric cancer, and cervical cancer.

Anti-PD-1 antibodies such as nivolumab and pembrolizumab may also be useful in
treatment of chronic viral infection, such as HIV.

Treatment of diseases

Cancer

In one aspect, the disclosure includes compositions and methods for the treatment of
diseases in a subject. In some embodiments of the methods provided herein, the
subject has cancer. In one aspect, the cancers that can be treated according to the com-
positions and methods provided herein, include without limitation, carcinoma, glioma,
mesothelioma, melanoma, lymphoma, leukemia, adenocarcinoma, breast cancer,
ovarian cancer, cervical cancer, glioblastoma, multiple myeloma, prostate cancer,
Burkitt's lymphoma, head and neck cancer, colon cancer, colorectal cancer, non-small
cell lung cancer, small cell lung cancer, cancer of the esophagus, stomach cancer,
pancreatic cancer, hepatobiliary cancer, cancer of the gallbladder, cancer of the small
intestine, rectal cancer, kidney cancer, bladder cancer, prostate cancer, penile cancer,
urethral cancer, testicular cancer, vaginal cancer, uterine cancer, thyroid cancer,
parathyroid cancer, adrenal cancer, pancreatic endocrine cancer, carcinoid cancer, bone
cancer, skin cancer, retinoblastomas, Hodgkin's lymphoma, non-Hodgkin's lymphoma,
Kaposi's sarcoma, multicentric Castleman's disease, AIDS-associated primary effusion
lymphoma, neuroectodermal tumors, or thabdomyosarcoma. In some embodiments of
the methods provided herein, the cancer is prostate cancer, bladder cancer, non-small
cell lung cancer, urothelial carcinoma, melanoma, or renal cell carcinoma. In some

embodiments of the methods provided herein, the subject is undergoing radiation
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administering one or more anticancer agents. In some embodiments of the methods
provided herein, the anticancer agent is a chemotherapy agent. In some embodiments
of the methods provided herein, the anticancer agent is a cancer immunotherapy
agent.

In some embodiments of the methods provided herein, the cancer immunotherapy
agent is an immune checkpoint inhibitor. In some embodiments of the methods
provided herein, the immune checkpoint inhibitor is a PD-1 inhibitor, PD-L-1
inhibitor, or CTLA-4 inhibitor. In some embodiments of the methods provided herein,
the immune checkpoint inhibitor is a PD-1 inhibitor. In some embodiments of the
methods provided herein, the immune checkpoint inhibitor is a CTLA-4 inhibitor.

In some embodiments of the methods provided herein, the cancer immunotherapy
agent is a cancer vaccine that acts to increase the response of a subject’s immune
system to cancer cells. For example, cancer vaccines include cancer antigen(s) that act
to induce or stimulate an immune response against cells bearing the cancer
antigen(s). The immune response induced or stimulated can include an antibody
(humoral) immune response and/or a T-cell (cell-mediated) immune response. CD8+
T-cells can differentiate into cytotoxic T-cells that kill target cells bearing the antigen
recognized by CD8+ T-cells. Induction of CD8+ T-cells can, therefore, enhance the
immune response to cancer antigens provided in a cancer vaccine.

In some embodiments of the methods provided herein, the cancer immunotherapy
agent is a CAR-T therapeutic. CAR-T cells include T-cells taken from a patient that
are genetically engineered to produce chimeric antigen receptors (CARs) on their
surface. The CARs are engineered to recognize a specific antigen on cancer
cells. After the CAR-T cells are infused into the patient, they recognize and kill cancer
cells that express the specific antigen on their surfaces. Induction of CD8+ T-cells is
useful to provide cells for conversion into CAR-T cells.

In some embodiments of the methods provided herein, the method further includes
administering one or more cytokines. In some embodiments of the methods provided
herein the cytokine is IL-2, IL-15, or IL-21.

In some embodiments of the methods provided herein, the method further includes
administering one or more costimulatory agents. In some embodiments of the methods
provided herein the costimulatory agent is a CD-28 antibody, OX-40 antibody, 4-1BB
antibody, CD40 antibody, ICOS/CD278, CD28-type molecule, CD27/TNFRSF7,
CD30/TNFRSEFS, or GITR/CD357.

In some embodiments of the methods provided herein, the method further includes

administering one or more vaccines. In some embodiments of the methods provided
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herein, the vaccine is a dendritic cell vaccine.

In some embodiments of the methods provided herein, the method further includes ad-
ministering adoptive cell transfer therapy. In some embodiments of the methods
provided herein, the adoptive cell transfer therapy is the use of engineered T-cell
receptors or chimeric antigen receptors.

In some embodiments of the compositions provided herein, the composition further
comprises one or more anticancer agents. In some embodiments of the compositions
provided herein, the anticancer agent is a chemotherapy agent. In some embodiments
of the compositions provided herein, the anticancer agent is cancer immunotherapy
agent. In some embodiments of the compositions provided herein, the cancer im-
munotherapy agent is an immune checkpoint inhibitor. In some embodiments of the
compositions provided herein, the immune checkpoint inhibitor is a PD-1 inhibitor,
PD-L-1 inhibitor, or CTLA-4 inhibitor. In some embodiments of the compositions
provided herein, the immune checkpoint inhibitor is a PD-1 inhibitor, PD-L-1
inhibitor, CTLA-4 inhibitor, IDO1 inhibitor, LAG3 inhibitor or TIM3 inhibitor. In
some embodiments of the compositions provided herein, the immune checkpoint
inhibitor is a PD-1 inhibitor. In some embodiments, the PD-1 inhibitor is
nivolumab. In some embodiments, the PD-1 inhibitor is pembrolizumab. In some em-
bodiments, the PD-1 inhibitor is pidiluzimab. In some embodiments of the com-
positions provided herein, the immune checkpoint inhibitor is a PD-L-1 inhibitor. In
some embodiments, the PD-L-1 inhibitor is atezolizumab. In some embodiments, the
PD-L-1 inhibitor is avelumab. In some embodiments, the PD-L-1 inhibitor is
durvalumab. In some embodiments of the methods provided herein, the immune
checkpoint inhibitor is a CTLA-4 inhibitor. In some embodiments, the CTLA-4
inhibitor is an anti-CTLA-4 antibody. Examples of anti-CTLA-4 antibodies include,
without limitation, ipilimumab, tremelimumab (CP-675,206), 9H10, 4F10, and
9D9. In some embodiments, the CTLA-4 inhibitor is ipilimumab. In some em-
bodiments, the CTLA-4 inhibitor is tremelimumab. It should further be appreciated
that multiple anticancer agents (e.g., immune checkpoint inhibitors) may be included in
the compositions and methods disclosed herein. For instance, in a non-limiting
example, the compositions and methods disclosed include both a PD-1 inhibitor and a
CTLA-4 inhibitor.

In one aspect, the disclosure provides a composition comprising a purified bacterial
mixture comprising two or more bacterial strains of species selected from Fu-
sobacterium ulcerans and Eubacterium limosum, or Bacteroides dorei and Bacteroides
uniformis and a PD-1 inhibitor. In some embodiments, the purified bacterial mixture
comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at

least 10, or at least 11 bacterial strains.
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In one aspect, the disclosure provides a composition comprising a purified bacterial
mixture comprising two or more bacterial strains of species selected from Fu-
sobacterium ulcerans and Eubacterium limosum, or Bacteroides dorei and Bacteroides
uniformis and a PD-L-1 inhibitor. In some embodiments, the purified bacterial
mixture comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least
9, at least 10, or at least 11 bacterial strains.

In one aspect, the disclosure provides a composition comprising a purified bacterial
mixture comprising two or more bacterial strains of species selected from Fu-
sobacterium ulcerans and Eubacterium limosum, or Bacteroides dorei and Bacteroides
uniformis and a CTLA-4 inhibitor. In some embodiments, the purified bacterial
mixture comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least
9, at least 10, or at least 11 bacterial strains.

In one aspect, the disclosure provides compositions comprising a purified bacterial
mixture comprising two or more bacterial strains comprising 16S rDNA sequences of
at least 95% sequence identity to SEQ ID NO:2 and SEQ ID NO:10, or SEQ ID NO:3
and SEQ ID NO:4, and a PD-1 inhibitor. In some embodiments, the purified bacterial
mixture comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least
9, at least 10, or at least 11 bacterial strains.

In one aspect, the disclosure provides compositions comprising a purified bacterial
mixture comprising two or more bacterial strains comprising 16S rDNA sequences of
at least 95% sequence identity to SEQ ID NO:2 and SEQ ID NO:10, or SEQ ID NO:3
and SEQ ID NO:4, and a PD-L-1 inhibitor. In some embodiments, the purified
bacterial mixture comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least
8, at least 9, at least 10, or at least 11 bacterial strains.

In one aspect, the disclosure provides compositions comprising a purified bacterial
mixture comprising bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to SEQ ID NO:2 and SEQ ID NO:10, or SEQ ID NO:3 and SEQ ID
NO:4, and a CTLA-4 inhibitor. In some embodiments, the purified bacterial mixture
comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at
least 10, or at least 11 bacterial strains.

In one aspect, the disclosure provides compositions comprising a purified bacterial
mixture comprising two or more bacterial strains comprising 16S rDNA sequences of
at least 97% sequence identity to SEQ ID NO:2 and SEQ ID NO:10, or SEQ ID NO:3
and SEQ ID NO:4, and a PD-1 inhibitor. In some embodiments, the purified bacterial
mixture comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least
9, at least 10, or at least 11 bacterial strains.

In one aspect, the disclosure provides compositions comprising a purified bacterial

mixture comprising two or more bacterial strains comprising 16S rDNA sequences of
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at least 97% sequence identity to SEQ ID NO:2 and SEQ ID NO:10, or SEQ ID NO:3
and SEQ ID NO:4, and a PD-L-1 inhibitor. In some embodiments, the purified
bacterial mixture comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least
8, at least 9, at least 10, or at least 11 bacterial strains.

In one aspect, the disclosure provides compositions comprising a purified bacterial
mixture comprising two or more bacterial strains comprising 16S rDNA sequences of
at least 97% sequence identity to SEQ ID NO:2 and SEQ ID NO:10, or SEQ ID NO:3
and SEQ ID NO:4, and a CTLA-4 inhibitor. In some embodiments, the purified
bacterial mixture comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least
8, at least 9, at least 10, or at least 11 bacterial strains.

In some embodiments of the compositions provided herein, the composition further
includes one or more cytokines. In some embodiments of the compositions provided
herein, the cytokine is IL-2, IL-15, or IL-21. In some embodiments of the com-
positions provided herein, the composition further comprises one or more cos-
timulatory agents. In some embodiments of the compositions provided herein, the cos-
timulatory agent is a CD-28 antibody, OX-40 antibody, 4-1BB antibody, CD40
antibody, ICOS/CD278, CD28-type molecule, CD27/TNFRSF7, CD30/TNFRSFS, or
GITR/CD357.

In some embodiments of the compositions provided herein, the composition further
comprises one or more vaccines. In some embodiments of the compositions provided
herein, the vaccine is a dendritic cell vaccine. In some embodiments of the com-
positions provided herein, the composition is combined with adoptive cell transfer
therapy. In some embodiments of the compositions provided herein, the adoptive cell
transfer therapy is the use of engineered T-cell receptors or chimeric antigen receptors.

Infectious disease

In one aspect, the disclosure includes compositions and methods for the treatment of
diseases in a subject. In some embodiments of the methods provided herein, the
subject has an infectious disease. In some embodiments of the methods provided
herein, the infectious disease is a bacterial infection, a viral infection, a parasitic
infection, or a fungal infection. In some embodiments of the methods provided herein,
the infectious disease is a viral infection. In some embodiments of the methods
provided herein, the viral infection is HIV. In some embodiments of the methods
provided herein, the infection is an infection by a hepatitis virus.

In some embodiments, the compositions provided herein can be used as a pharma-
ceutical composition for preventing or treating (reducing, partially or completely the
adverse effects of) an infectious disease, such as a bacterial infection, a viral infection,
a parasitic infection, and a fungal infection.

In some embodiments, the methods provided herein increase the protection of a
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subject against infectious disease. In some embodiments, the methods provide herein
reduce the likelihood that a subject will acquire an infectious disease. In some em-
bodiments, the methods provide herein reduce the likelihood that a subject will acquire
an infectious disease upon exposure to an infectious agent. In some embodiments, ad-
ministering the compositions of the disclosure will result in activation of the immune
system (e.g., by the induction of proliferation and/or accumulation of the immune
system, thereby reducing the likelihood that an infectious agent can take residence and
multiple in the subject, or in the cells of the subject.

Bacterial infections that can be treated according to the methods provided herein
include, but are not limited to P. aeruginosa, E. coli, C. tetani, N. gonorrhoeae, C.
botulinum, Klebsiella sp., Serratia sp., Pseudomonas sp., P. cepacia, Acinetobacter sp.,
S. epidermis, E. faecalis, S. pneumonias, S. aureus; S. mutans, Haemophilus sp.,
Neisseria Sp., N. meningitides, Bacteroides sp., Citrobacter sp., Branhamella sp.,
Salmonella sp., Shigella sp., S. pyogenes, Proteus sp., Clostridium sp., Erysipelothrix
sp., Listeria sp., Pasteurella multocida, Streptobacillus sp., Spirillum sp., Fu-
sospirocheta sp., Treponema pallidum, Borrelia sp., Actinomycetes, Mycoplasma sp.,
Chlamydia sp., Rickettsia sp., Spirochaeta, Borellia burgdorferi, Legionella sp., My-
cobacteria sp., Ureaplasma sp, Streptomyces sp., Trichomoras sp., P. mirabilis; Vibrio
cholera, enterotoxigenic Escherichia coli, Clostridium difficile, Salmonella typhi, C.
diphtheria, Mycobacterium leprae, Mycobacterium lepromatosi. Bacterial infections
caused by drug resistant bacteria that can be treated according to the methods provided
herein include, but are not limited to Clostridium perfringens; Clostridium botulinum;
Clostridium tributrycum; Clostridium sporogenes; Escherichia coli; Pseudomonas
aeruginosa, such as Multidrug Resistant Pseudomonas aeruginosa; Vancomycin
Resistant Enterococci (VRE); Carbapenem Resistant Enterobacteriaceae (CRE);
Neisseria gonorrheae; Acinetobacter, Multidrug Resistant Acinetobacter; Campy-
lobacter; Multidrug-resistant Campylobacter; Candida, Fluconazole-Resistant Candida,
Extended spectrum beta-lactamase (ESBL) producing Enterobacteriaceae; Salmonella,
Salmonella Typhimurium, Drug resistant non-typhoid Salmonella spp.; Drug resistant
Salmonella Typhi; Drug resistant Shigella; Staphylococcus aureus, such as Methicillin
Resistant S. aureus or vancomycin resistant S. aureus; Drug resistant Streptococcus
pneumoniae; Drug resistant Tuberculosis; Erythromycin Resistant Group A Strep-
tococcus; Clindamycin resistant Group B Streptococcus, and any combinations
thereof. In some embodiments, the bacterial infection is an intracellular bacterial
infection. In some embodiments, the bacterial infection is an infection by Listeria
monocytogenes.

Viral infections that can be treated according to the methods provided herein include,

but are not limited to, picornaviridae, caliciviridae, togaviridae, flaviviridae, coron-
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aviridae, rhabdoviridae, filoviridae, paramyxoviridae, orthomyxoviridae, bunyaviridae,
arenaviridae, reoviridae, retroviridae, hepadnaviridae, parvoviridae, papovaviridae,
adenoviridae, herpesviridae, poxviridae, rotavirus, parainfluenza virus, influenza virus
A and B, hepatitis virus, syphilis, HIV, rabies virus, Epstein-Barr virus, and herpes
simplex virus.

Viral infections that can be treated according to the methods provided herein include,
but are not limited to Plasmodium falciparum, P. vivax, P. ovale, P. malaria,
Toxoplasma gondii, Leishmania mexicana, L. tropica, L. major, L. aethiopica, L.
donovani, Trypanosoma cruzi, T. brucei, Schistosoma mansoni, S. haematobium, S.
japonium, Trichinella spiralis, Wuchereria bancrofti, Brugia malayli, Entamoeba his-
tolytica, Enterobius vermiculoarus, Taenia solium, T. saginata, Trichomonas vaginatis,
T. hominis, T. tenax; Giardia lamblia, Cryptosporidium parvum, Pneumocytis carinii,
Babesia bovis, B. divergens, B. microti, Isospore belli, L hominis, Dientamoeba
jragiles, Onchocerca volvulus, Ascaris lumbricoides, Necator americanis, Ancylostoma
duodenale, Strongyloides stercoralis, Capillaria philippinensis, Angiostrongylus can-
tonensis, Hymenolepis nana, Diphyllobothrium latum, Echinococcus granulosus, E.
multilocularis, Paragonimus westermani, P. caliensis, Chlonorchis sinensis,
Opisthorchis felineas, G. viverini, Fasciola hepatica, Sarcoptes scabiei, Pediculus
humanus, Phthirius pubis, and Dermatobia hominis.

Fungal infections that can be treated according to the methods provided herein
include, but are not limited to Cryptococcus neoformans, Blastomyces dermatitidis,
Aiellomyces dermatitidis, Histoplasfria capsulatum, Coccidioides immitis, Candida
species, including C. albicans, C. tropicalis, C. parapsilosis, C. guilliermondii and C.
krusei, Aspergillus species, including A. fumigatus, A. flavus, A. niger, Rhizopus
species, Rhizomucor species, Cunninghammella species, Apophysomyces species,
including A. saksenaea, A. mucor and A. absidia, Sporothrix schenckii, Paracoc-
cidioides brasiliensis, Pseudallescheria boydii, Torulopsis glabrata; and Dermatophyres
species.

In one aspect, the disclosure provides a vaccine comprising any of the compositions
provided herein and an antigen. In some embodiments of the vaccines provided
herein, the antigen is an HIV antigen. In some embodiments of the vaccines provided
herein, the antigen is a hepatitis antigen. In some embodiments, the bacterial com-
positions are administered as an adjuvant in combination with antigenic material. The
antigenic material can include one or more portions of the protein coat, protein core, or
functional proteins and peptides of a pathogen, or a full pathogen (live, killed, in-
activated, or attenuated), or may comprise one or a plurality of cancer epitopes or
cancer antigens. The antigenic material can be co-administered, administered before,

or after the bacterial composition. The bacterial composition may also be administered
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with existing mucosal vaccines such as influenza vaccines, (e.g., FluMist from
MedImmune or NASOVAC from Serum Institute of India), rotavirus vaccines (e.g.
RotaTeq from Merck or Rotarix from GlaxoSmithKline), typhoid vaccines (e.g.,
Vivotif from Crucell, Ty21A), cholera vaccines (e.g., Orochol from Crucell, Shanchol
from Shantha Biotechnics), traveller's diarrhea vaccines (e.g., Dukoral from Valneva),
and with antigens of live attenuated Influenza A virus HI strain, live attenuated
Influenza A virus H3 strain, Influenza B virus, live attenuated HIN1 influenza virus
(swine flu), live attenuated rotavirus, mono- and multi-valent poliovirus, live at-
tenuated Salmonella typhi, live recombinant Vibrio cholerae lacking cholera toxin
subunit A, whole killed Vibrio cholerae 01 classical and El Tor biotypes with or
without cholera toxin subunit B, cancer antigens, cancer epitopes, and combinations
thereof.

Autoimmune disease or allergic disease

In one aspect, the disclosure includes compositions and methods for the treatment of
diseases in a subject. In some embodiments of the methods provided herein, the
subject has an autoimmune disease or an allergic disease.

The compositions and methods of the current disclosure can be used for preventing
or treating autoimmune disease and allergic disease. Autoimmune disease that can be
treated include, but are not limited to, inflammatory bowel disease, systemic lupus ery-
thematosus, rheumatoid arthritis, multiple sclerosis, or Hashimoto's disease. Allergic
diseases that can be treated include, but are not limited to, food allergy, pollenosis, or
asthma.

Additional examples of autoimmune and allergic disease that can be treated
according to the methods and compositions provided herein include, without
limitation, rejection in organ transplantations, such as inflammatory bowel disease
(IBD), ulcerative colitis, Crohn's disease, sprue, autoimmune arthritis, rheumatoid
arthritis, Type I diabetes, multiple sclerosis, graft vs. host disease following bone
marrow transplantation, osteoarthritis, juvenile chronic arthritis, Lyme arthritis,
psoriatic arthritis, reactive arthritis, spondyloarthropathy, systemic lupus ery-
thematosus, insulin dependent diabetes mellitus, thyroiditis, asthma, psoriasis,
dermatitis scleroderma, atopic dermatitis, graft versus host disease, acute or chronic
immune disease associated with organ transplantation, sarcoidosis, atherosclerosis, dis-
seminated intravascular coagulation, Kawasaki's disease, Grave's disease, nephrotic
syndrome, chronic fatigue syndrome, Wegener's granulomatosis, Henoch-Schoenlejn
purpurea, microscopic vasculitis of the kidneys, chronic active hepatitis, uveitis, septic
shock, toxic shock syndrome, sepsis syndrome, cachexia, acquired immunodeficiency
syndrome, acute transverse myelitis, Huntington's chorea, Parkinson's disease,

Alzheimer's disease, stroke, primary biliary cirrhosis, hemolytic anemia, polyglandular
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deficiency type I syndrome and polyglandular deficiency type II syndrome, Schmidt's
syndrome, adult (acute) respiratory distress syndrome, alopecia, alopecia areata,
seronegative arthopathy, arthropathy, Reiter's disease, psoriatic arthropathy,
chlamydia, Yersinia and Salmonella associated arthropathy, spondyloarthropathy,
atheromatous disease/arteriosclerosis, allergic colitis, atopic allergy, food allergies
such as peanut allergy, tree nut allergy, egg allergy, milk allergy, soy allergy, wheat
allergy, seafood allergy, shellfish allergy, or sesame seed allergy, autoimmune bullous
disease, pemphigus vulgaris, pemphigus foliaceus, pemphigoid, linear IgA disease, au-
toimmune haemolytic anaemia, Coombs positive haemolytic anaemia, acquired
pernicious anaemia, juvenile pernicious anaemia, myalgic encephalitis/Royal Free
Disease, chronic mucocutaneous candidiasis, giant cell arteritis, primary sclerosing
hepatitis, cryptogenic autoimmune hepatitis, Acquired Immunodeficiency Disease
Syndrome, Acquired Immunodeficiency Related Diseases, Hepatitis C, common varied
immunodeficiency (common variable hypogammaglobulinaemia), dilated car-
diomyopathy, fibrotic lung disease, cryptogenic fibrosing alveolitis, postinflammatory
interstitial lung disease, interstitial pneumonitis, connective tissue disease associated
interstitial lung disease, mixed connective tissue disease associated lung disease,
systemic sclerosis associated interstitial 1ung disease, rheumatoid arthritis associated
interstitial lung disease, systemic lupus erythematosus associated 1ung disease, der-
matomyositis/polymyositis associated lung disease, Sjogren's disease associated lung
disease, ankylosing spondylitis associated lung disease, vasculitic diffuse lung disease,
haemosiderosis associated lung disease, drug-induced interstitial lung disease,
radiation fibrosis, bronchiolitis obliterans, chronic eosinophilic pneumonia, lym-
phocytic infiltrative 1ung disease, postinfectious interstitial lung disease, gouty
arthritis, autoimmune hepatitis, type-l autoimmune hepatitis (classical autoimmune or
lupoid hepatitis), type-2 autoimmune hepatitis (anti-LKM antibody hepatitis), au-
toimmune mediated hypoglycemia, type B insulin resistance with acanthosis nigricans,
hypoparathyroidism, acute immune disease associated with organ transplantation,
chronic immune disease associated with organ transplantation, osteoarthrosis, primary
sclerosing cholangitis, idiopathic leucopenia, autoimmune neutropenia, renal disease
NOS, glomerulonephritides, microscopic vasulitis of the kidneys, discoid lupus, ery-
thematosus, male infertility idiopathic or NOS, sperm autoimmunity, multiple sclerosis
(all subtypes), insulin dependent diabetes mellitus, sympathetic ophthalmia, pulmonary
hypertension secondary to connective tissue disease, Goodpasture's syndrome,
pulmonary manifestation of polyarteritis nodosa, acute rheumatoid fever, rheumatoid
spondylitis, Still's disease, systemic sclerosis, Takayasu's disease/arteritis, autoimmune
thrombocytopenia, idiopathic thrombocytopenia, autoimmune thyroid disease, hyper-

thyroidism, goitrous autoimmune hypothyroidism (Hashimoto's disease), atrophic au-
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toimmune hypothyroidism, primary myxoedema, phacogenic uveitis, primary
vasculitis, vitiligo, allergic rhinitis (pollen allergies), anaphylaxis, pet allergies, latex
allergies, drug allergies, allergic rhinoconjuctivitis, eosinophilic esophagitis, hypere-
osinophilic syndrome, eosinophilic gastroenteritis cutaneous lupus erythematosus,
eosinophilic esophagitis, hypereosinophilic syndrome, eosinophilic gastroenteritis, and
diarrhea.

In some embodiments of the methods and compositions provided herein, the com-
position further comprises one or more anti-inflammatory agents. In some em-
bodiments of the methods and compositions provided herein, the anti-inflammatory
agent is a non-steroidal anti-inflammatory drug (NSAID). Exemplary NSAIDs include,
but are not limited to, aspirin, ibuprofen, naproxen, celecoxib, rofecoxib, diclofenac,
diflunisal, etodolac, fenoprofen, flurbiprofen, ketoprofen, ketorolac, mefenamic acid,
meloxicam, nabumetone, oxaprozin, piroxicam, sulindac, tolmetin and combinations
thereof. In some embodiments, the NSAID is an immune selective anti-inflammatory
derivative (ImSAID).

Treatment of disease

In one aspect, the disclosure provides compositions and methods of treatment for
disease in a subject. In one aspect, and without being limiting, the compositions
disclosed herein can treat disease because their administration results in the induction
of proliferation and/or accumulation of CD8+ T-cells. In some embodiments, the
disclosure provides compositions and methods of treatment for disease in a subject for
diseases that can be treated by the induction of proliferation and/or accumulation of
CD8+ T-cells. In some embodiments, the diseases that can be treated by the induction
of proliferation and/or accumulation of CD8+ T-cell is cancer, an infectious disease, an
autoimmune disease or allergic disease.

In one aspect, the disclosure provides a method of treating a disease in a subject
comprising administering any of the compositions provided herein to the subject in an
effective amount to treat the disease. In some embodiments of the methods provided
herein, the administration of the composition to the subject results in the induction of
proliferation and/or accumulation of CD8+ T-cells in the intestine of the subject. In
some embodiments of the methods provided herein, the proliferation and/or accu-
mulation of CD8+ T-cells in the intestine of the subject is increased by at least 10%, at
least 20%, at least 30%, at least 40%, at least 50%, at least 100%, or at least 200%
when compared to the proliferation and/or accumulation of CD8+ T-cells in the
intestine of the subject before the administration of the composition In some em-
bodiments of the methods provided herein, the administration of the composition to the
subject results in an increase of IFN-gamma production in the intestine of the subject

when compared to the IFN-gamma production in the intestine of the subject before the
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administration of the composition. In some embodiments of the methods provided
herein, the administration of the composition to the subject results in an increase of
IFN-gamma production in the intestine of the subject by at least 10%, at least 20%, at
least 30%, at least 40%, at least 50%, at least 100%, or at least 200% when compared
to the IFN-gamma production in the intestine of the subject before the administration
of the composition.

In one aspect, the disclosure provides methods of treating a disease in a subject
comprising administering any one of the compositions provided herein to the subject in
an effective amount to treat the disease, wherein the treatment minimizes adverse
events. In some embodiments, the disclosure provides methods of treating a disease in
a subject comprising administering any one of the compositions provided herein to the
subject in an effective amount to treat the disease, wherein the treatment minimizes
undesired inflammatory events. In some embodiments, the disclosure provides
methods of treating a disease in a subject comprising the induction of proliferation
and/or accumulation of CD8+ T-cells wherein the treatment minimizes adverse
events. In some embodiments, the disclosure provides methods of treating a disease in
a subject comprising the induction of proliferation and/or accumulation of CD8+ T-
cells, wherein the treatment minimizes undesired inflammation. In some em-
bodiments, the disclosure provides methods of treating a disease in a subject
comprising the induction of proliferation and/or accumulation of CD8+ T-cells,
wherein the treatment minimizes undesired inflammation in the intestine. In some em-
bodiments, the disclosure provides methods of treating cancer in a subject comprising
the induction of proliferation and/or accumulation of CD8+ T-cells, wherein the
treatment minimizes undesired inflammation in the intestine. In some embodiments,
the disclosure provides methods of treating cancer in a subject comprising the
induction of proliferation and/or accumulation of CD8+ T-cells, wherein the treatment
minimizes the development of colitis or other inflammatory bowel diseases. In some
embodiments, the disclosure provides methods of treating cancer in a subject
comprising the administration of one or more of the bacterial compositions provided
herein and one or more immune checkpoint inhibitors, wherein the treatment
minimizes the development of colitis or other inflammatory bowel diseases.

As shown herein, the compositions of the disclosure when administered in com-
bination with immune checkpoint inhibitors increase the efficacy of the immune
checkpoint inhibitor while simultaneously minimizing adverse events associated with
immune checkpoint inhibitor therapy. Thus, in some embodiments, the disclosure
provides methods and compositions that minimize adverse events that are caused by
administration of an anticancer therapy (e.g., a checkpoint inhibitor). The term

“adverse event” may be used interchangeably with the term “side effect” or toxicity”
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and refers to any undesired effect that is caused by administration of the anticancer
therapy. An adverse event is considered to be caused by the anticancer therapy if the
adverse event occurs subsequent to the initiation of the anticancer therapy. In general,
the adverse event may be directly or indirectly caused by the anticancer therapy. In
some embodiments, the adverse event is used as an indicator that the anticancer
therapy is effective.

Examples of adverse events that may be caused by anticancer therapy include,
without limitation, undesired immune responses, colitis, inflammation, dermatological
toxicity, diarrhea, nausea, fatigue, hepatotoxicity, hypophysitis, eosinophilia, and au-
toimmune thyroid disease. Additional adverse events caused by the anticancer therapy
will be evident to one of skill in the art.

Adverse events associated with checkpoint inhibitor therapy are summarized for
instance in Postow et al., Up to Date June 2017, Toxicities associated with checkpoint
inhibitor immunotherapy, authors Postow M and Wolchok J, editors Atkins M and
Ross M., Yang et al., Recognizing and managing toxicities in cancer immunotherapy,
Tumor Biology March (2017): 1-13; and Linardou et al., Toxicity management of im-
munotherapy for patients with metastatic melanoma”. Ann Transl. Med (2016) 4 (14)
22, which are all incorporate herein by reference in their entirety.

In some embodiments, the adverse event is immune-checkpoint inhibitor induced
colitis (See e.g., Prieux-Clotz et al., Target Oncology 2017, 12, 301-308).

Any of the compositions described herein may be administered to a subject in a ther-
apeutically effective amount or a dose of a therapeutically effective amount to treat or
prevent a disease (e.g., cancer or infectious disease). The terms “treat” or “treatment”
refer to reducing or alleviating one or more of the symptoms associated with a disease
(e.g., cancer or infectious disease). The terms “prevent” or “prevention” encompass
prophylactic administration and may reduce the incidence or likelihood of the oc-
currence of the disease (e.g., cancer or infectious disease). For instance, in some em-
bodiments, administration of the compositions provided herein result in a healthy mi-
crobiome that induces proliferation and/or accumulation of CD8+ T-cells thereby
protecting a subject against cancer and/or infectious disease.

As used herein, a “therapeutically effective amount” of composition, such as a phar-
maceutical composition, is any amount that results in a desired response or outcome in
a subject, such as those described herein, including but not limited to prevention of
infection, an immune response or an enhanced immune response and/or augmentation
of cancer treatment. It should be appreciated that the term effective amount may be
expressed in number of bacteria or CFUs to be administered. It should further be ap-
preciated that the bacteria can multiply once administered. Thus, administration of

even a relatively small amount of bacteria may have therapeutic effects.
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In some embodiments, the therapeutically effective amount of any of the compositions
described herein is an amount sufficient to treat the disease, e.g., enhance survival of
the subject, suppress an infection and/or treat the cancer.

Any of the methods described herein may be for the treatment of cancer in a
subject. As used herein, methods of treating cancer involve relieving or alleviating at
least one symptom associated with the cancer, or slowing or reversing the cancer pro-
gression. A method of treating cancer may, for example, eliminate or reduce a
subject's tumor burden, reduce the number or replication of cancer cells, and/or
prevent, delay or inhibit metastasis.

Also provided herein are methods for the treatment or prevention of an infectious
disease in a subject. As used herein, methods of treating an infectious disease may
involve relieving or alleviating at least one symptom associated with infection, or
slowing or reversing the progression of the infection. A method of treating an in-
fectious disease may, for example, eliminate or reduce the load of an infectious
organism (e.g., bacteria, virus, fungus, or parasite), or inhibit or reduce one or more

% <é

symptoms of the infection. As also used herein, the terms “prevent,” “prevention,” and
“preventing,” include the administration of a composition to a subject to reduce, or
delay the onset of the manifestation of clinical or subclinical symptoms, complications,
pathologies or biochemical indicia of the infection, or to reduce or inhibit the spread/
transmission of the infectious organism (e.g., bacteria, virus, fungus, or parasite).

Aspects of the present disclosure are related to methods for treating a disease or
condition in a subject by administering a therapeutically effective amount of any of the
compositions described herein. In some embodiments, the subject is a mammalian
subject, such as a human, non-human primate, rodent, rabbit, sheep, pig, dog, cat,
horse, or cow. In some embodiments, the subject is a human subject.

The compositions and methods described herein may be utilized in conjunction with
other types of therapy (i.e., combination treatment), such as additional therapeutic
agents. Examples of additional combination therapies include, without limitation,
surgery, radiation, gene therapy, and administration of additional therapeutic agents,
such as chemotherapeutics, antibiotics, antivirals, anti-fungals, anti-parasitics, im-
munomodulatory agents, anti-inflammatory agents. In general, combination therapies
can be administered simultaneously or sequentially (in any order) with the com-
positions and methods described herein. In some embodiments, any of the com-
positions described herein is administered simultaneously with one or more additional
therapeutic agents, for example in a single dose or in multiple doses that are ad-
ministered at substantially the same time.

In some embodiments, the compositions described herein are administered to a

subject concomitantly with one or more additional therapeutic agents. In some em-
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bodiments, the compositions described herein are administered to a subject followed
by administration of one or more additional therapeutic agent. In some embodiments,
any of the compositions described herein is administered at least about 1 day, 2 days, 3
days, 4 days, 5 days, 6 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7
weeks, 8 weeks, 9 weeks, 10 weeks, 11 weeks, 12 weeks, 3 months, 4 months, 5
months, 6 months or more prior to administration of the one or more additional
therapeutic agent. Alternatively, in some embodiments, one or more therapeutic agent
administered to a subject followed by administration of any of the compositions
described herein. In some embodiments, one or more therapeutic agent is administered
at least about 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 1 week, 2 weeks, 3 weeks,
4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 9 weeks, 10 weeks, 11 weeks, 12 weeks,
3 months, 4 months, 5 months, 6 months or more prior to administration of any the
compositions described herein.

Additional methods

Also within the scope of the present disclosure are methods of assessing whether one
or more bacterial strains of any of the compositions described herein are present in the
intestine of a subject. In some embodiments, if fewer than a threshold number of
bacterial strains are detected in the intestine of the subject, any of the compositions
described herein are administered to the subject to increase the number of the bacterial
strains in the intestine of the subject. In some embodiments, the method further
comprises identifying the subject as a candidate for a treatment of the disease based on
the number of bacterial strains detected in the intestine.

Measuring the levels of the biomarker sets may also be useful in the evaluation and
treatment of a disease.

In general, the bacterial population of the intestine (e.g., presence or absence of one
or more bacterial strains) may be determined by assessing a sample obtained from the
subject, such as a fecal sample.

In some embodiments of the compositions provided herein, administration of the
composition to a subject results in the induction of proliferation and/or accumulation of
CD8+ T-cells in the intestine of the subject. In some embodiments of the compositions
provided herein, administration of the composition to a subject results in an increase in
IFN-gamma production in the intestine of a subject. In some embodiments of the com-
positions provided herein, administration of the composition to a subject results in the
presence of one or more bacterial strains of the administered composition in the
intestine of the subject. In some embodiments of the compositions provided herein,
the one or more bacterial strains of the administered composition was not previously
present in the intestine of the subject. In some embodiments of the compositions

provided herein, administration of the composition to a subject results in the en-
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graftment of one or more bacterial strains of the administered composition in the
intestine of the subject. In some embodiments of the compositions provided herein,
the one or more bacterial strains of the administered composition was not previously
engrafted in the intestine of the subject. In some embodiments of the compositions
provided herein, administration of the composition to a subject results in an increase in
the number of the bacterial strains of the administered composition in the intestine of
the subject. In some embodiments of the compositions provided herein, administration
of the composition to a subject results in an increase in the engrafted number of the
bacterial strains of the administered composition in the intestine of the subject. In
some embodiments of the compositions provided herein, administration of the com-
position to a subject results in an increase in the abundance of total bacteria of the
bacterial strains of the administered composition in the intestine of the subject. In
some embodiments of the compositions provided herein, administration of the com-
position to a subject results in an increase in the engrafted total bacterial strains of the
administered composition in the intestine of the subject.

In one aspect, the disclosure provides a method that includes determining if one or
more bacterial species of any of the compositions provided herein are present in the
intestine of a subject, wherein if less than 100%, less than 90%, less than 80%, less
than 70%, less than 60%, less than 50%, less than 40%, less than 30%, less than 20%,
less than 10%, or none of the bacterial species are present, the composition is ad-
ministered to the subject.

In some embodiments of the methods provided herein, the subject is undergoing, or
will be undergoing, cancer treatment.

In one aspect, the disclosure provides a method for determining if a subject is
expected to respond positively to cancer treatment, wherein the method includes de-
termining if one or more bacterial species of any of the compositions provided herein
are present in the intestine of a subject, wherein if less than 100%, less than 90%, less
than 80%, less than 70%, less than 60%, less than 50%, less than 40%, less than 30%,
less than 20%, less than 10%, or none of the bacterial species are present, the subject is
not expected to respond positively to cancer treatment.

In some embodiments of the methods provided herein, the cancer treatment is cancer
immunotherapy treatment.

In one aspect, the disclosure provides a method for reducing the risk of a viral
infection in a subject, wherein the method includes determining if one or more
bacterial species of any of the compositions provided herein are present in the intestine
of a subject, wherein if less than 100%, less than 90%, less than 80%, less than 70%,
less than 60%, less than 50%, less than 40%, less than 30%, less than 20%, less than

10%, or none of the bacterial species are present, the composition is administered to
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the subject, thereby reducing the risk of a viral infection in the subject.

In one aspect, the disclosure provides a method for reducing the risk of a bacterial
infection in a subject, wherein the method includes determining if one or more
bacterial species of any of the compositions provided herein are present in the intestine
of a subject, wherein if less than 100%, less than 90%, less than 80%, less than 70%,
less than 60%, less than 50%, less than 40%, less than 30%, less than 20%, less than
10%, or none of the bacterial species are present, the composition is administered to
the subject, thereby reducing the risk of a bacterial infection in the subject. In some
embodiments, the bacterial infection is an intracellular bacterial infection.

In some embodiments of the methods provided herein, determining the presence of
one or more of the bacterial species is done by sequencing fecal matter of the subject.

Pharmaceutical compositions

In one aspect, the disclosure provides pharmaceutical compositions comprising the
bacterial strains and combinations of bacterial strains provided herein. In some em-
bodiments of the compositions provided herein, the composition is a pharmaceutical
composition. In some embodiments of the pharmaceutical compositions provided
herein, the pharmaceutical composition comprises a pharmaceutically acceptable
excipient. In some embodiments of the pharmaceutical compositions provided herein,
the pharmaceutical composition is formulated for oral administration. In some em-
bodiments of the pharmaceutical compositions provided herein, the pharmaceutical
composition is formulated for rectal administration. In some embodiments of the phar-
maceutical compositions provided herein, the pharmaceutical composition is
formulated for delivery to the intestine. In some embodiments of the pharmaceutical
compositions provided herein, the pharmaceutical composition is formulated for
delivery to the colon. In some embodiments of the pharmaceutical compositions
provided herein, one or more of the bacterial strains is lyophilized. In some em-
bodiments of the pharmaceutical compositions provided herein, the pharmaceutical
composition is in the form of a capsule. In some embodiments of the pharmaceutical
compositions provided herein, the pharmaceutical composition further comprises a pH
sensitive composition comprising one or more enteric polymers.

Any of the compositions described herein, including the pharmaceutical com-
positions and food products comprising the compositions, may contain bacterial strains
in any form, for example in an aqueous form, such as a solution or a suspension,
embedded in a semi-solid form, in a powdered form or freeze dried form. In some em-
bodiments, the composition or the bacterial strains of the composition are
lyophilized. In some embodiments, a subset of the bacterial strains in a composition is
lyophilized. Methods of lyophilizing compositions, specifically compositions
comprising bacteria, are well known in the art. See, e.g., US 3,261,761; US 4,205,
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132; PCT Publications WO 2014/029578 and WO 2012/098358, herein incorporated
by reference in their entirety. The bacteria may be lyophilized as a combination and/or
the bacteria may be lyophilized separately and combined prior to administration. A
bacterial strain may be combined with a pharmaceutical excipient prior to combining it
with the other bacterial strain or multiple lyophilized bacteria may be combined while
in lyophilized form and the mixture of bacteria, once combined may be subsequently
be combined with a pharmaceutical excipient. In some embodiments, the bacterial
strain is a lyophilized cake. In some embodiments, the compositions comprising the
one or more bacterial strains are a lyophilized cake. In some embodiments, one or
more of the bacterial strains of the compositions, including pharmaceutical com-
positions and food products, has been spray-dried. In some embodiments, a subset of
the bacterial strains is spray-dried. The process of spray-drying refers to production of
dry powder from a liquid comprising bacterial compositions. (See, €.g., Ledet et al.,
Spray-Drying of Pharmaceuticals in “Lyophilized Biologics and Vaccines” pages
273-294, Springer). In general, the process involves rapidly drying the bacterial com-
positions with a hot gas. A bacterial strain may be combined with a pharmaceutical
excipient prior to combining it with the other bacterial strains or multiple spray-dried
bacterial strains may be combined while in spray-dried form and the mixture of
bacterial strains, once combined may be subsequently be combined with a pharma-
ceutical excipient.

The bacterial strains of the composition can be manufactured using fermentation
techniques well known in the art. In some embodiments, the active ingredients are
manufactured using anaerobic fermenters, which can support the rapid growth of
anaerobic bacterial species. The anaerobic fermenters may be, for example, stirred tank
reactors or disposable wave bioreactors. Culture media such as BL. media and EG
media, or similar versions of these media devoid of animal components, can be used to
support the growth of the bacterial species. The bacterial product can be purified and
concentrated from the fermentation broth by traditional techniques, such as cen-
trifugation and filtration, and can optionally be dried and lyophilized by techniques
well known in the art.

In some embodiments, the composition of bacterial strains may be formulated for ad-
ministration as a pharmaceutical composition. The term “pharmaceutical composition”
as used herein means a product that results from the mixing or combining of at least
one active ingredient, such as any two or more purified bacterial strains described
herein, and one or more inactive ingredients, which may include one or more pharma-
ceutically acceptable excipient.

An “acceptable” excipient refers to an excipient that must be compatible with the

active ingredient and not deleterious to the subject to which it is administered. In some
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embodiments, the pharmaceutically acceptable excipient is selected based on the
intended route of administration of the composition, for example a composition for
oral or nasal administration may comprise a different pharmaceutically acceptable
excipient than a composition for rectal administration. Examples of excipients include
sterile water, physiological saline, solvent, a base material, an emulsifier, a suspending
agent, a surfactant, a stabilizer, a flavoring agent, an aromatic, an excipient, a vehicle,
a preservative, a binder, a diluent, a tonicity adjusting agent, a soothing agent, a
bulking agent, a disintegrating agent, a buffer agent, a coating agent, a lubricant, a
colorant, a sweetener, a thickening agent, and a solubilizer.

Pharmaceutical compositions can be prepared in accordance with methods well
known and routinely practiced in the art (see e.g., Remington: The Science and
Practice of Pharmacy, Mack Publishing Co. 20th ed. 2000). The pharmaceutical com-
positions described herein may further comprise any carriers or stabilizers in the form
of a lyophilized formulation or an aqueous solution. Acceptable excipients, carriers, or
stabilizers may include, for example, buffers, antioxidants, preservatives, polymers,
chelating reagents, and/or surfactants. Pharmaceutical compositions are preferably
manufactured under GMP conditions. The pharmaceutical compositions can be used
orally, nasally or parenterally, for instance, in the form of capsules, tablets, pills,
sachets, liquids, powders, granules, fine granules, film-coated preparations, pellets,
troches, sublingual preparations, chewables, buccal preparations, pastes, syrups, sus-
pensions, elixirs, emulsions, liniments, ointments, plasters, cataplasms, transdermal ab-
sorption systems, lotions, inhalations, aerosols, injections, suppositories, and the like.

In some embodiments, the bacteria are formulated for delivery to the intestines (e.g.,
the small intestine and/or the colon). In some embodiments, the bacteria are
formulated with an enteric coating that increases the survival of the bacteria through
the harsh environment in the stomach. The enteric coating is one which resists the
action of gastric juices in the stomach so that the bacteria which are incorporated
therein will pass through the stomach and into the intestines. The enteric coating may
readily dissolve when in contact with intestinal fluids, so that the bacteria enclosed in
the coating will be released in the intestinal tract. Enteric coatings may consist of
polymer and copolymers well known in the art, such as commercially available
EUDRAGIT (Evonik Industries). (See e.g., Zhang, AAPS PharmSciTech (2016) 17
(1), 56-67).

The bacteria may also be formulated for rectal delivery to the intestine (e.g., the
colon). Thus, in some embodiments, the bacterial compositions may be formulated for
delivery by suppository, colonoscopy, endoscopy, sigmoidoscopy or enema. A phar-
maceutical preparation or formulation and particularly a pharmaceutical preparation

for oral administration, may include an additional component that enables efficient
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delivery of the compositions of the disclosure to the intestine (e.g., the colon). A
variety of pharmaceutical preparations that allow for the delivery of the compositions
to the intestine (e.g., the colon) can be used. Examples thereof include pH sensitive
compositions, more specifically, buffered sachet formulations or enteric polymers that
release their contents when the pH becomes alkaline after the enteric polymers pass
through the stomach. When a pH sensitive composition is used for formulating the
pharmaceutical preparation, the pH sensitive composition is preferably a polymer
whose pH threshold of the decomposition of the composition is between about 6.8 and
about 7.5. Such a numeric value range is a range in which the pH shifts toward the
alkaline side at a distal portion of the stomach, and hence is a suitable range for use in
the delivery to the colon. It should further be appreciated that each part of the intestine
(e.g., the duodenum, jejunum, ileum, cecum, colon and rectum), has different bio-
chemical and chemical environment. For instance, parts of the intestines have different
pHs, allowing for targeted delivery by compositions that have a specific pH sen-
sitivity. Thus, the compositions provided herein may be formulated for delivery to the
intestine or specific parts of the intestine (e.g., the duodenum, jejunum, ileum, cecum,
colon and rectum) by providing formulations with the appropriate pH sensitivity. (See
e.g., Villena et al., Int J Pharm (2015) 487 (1-2): 314-9).

Another embodiment of a pharmaceutical preparation useful for delivery of the com-
positions to the intestine (e.g., the colon) is one that ensures the delivery to the colon
by delaying the release of the contents (e.g., the bacterial strains) by approximately 3
to 5 hours, which corresponds to the small intestinal transit time. In one embodiment
of a pharmaceutical preparation for delayed release, a hydrogel is used as a shell. The
hydrogel is hydrated and swells upon contact with gastrointestinal fluid, with the result
that the contents are effectively released (released predominantly in the
colon). Delayed release dosage units include drug-containing compositions having a
material which coats or selectively coats a drug or active ingredient to be ad-
ministered. Examples of such a selective coating material include in vivo degradable
polymers, gradually hydrolyzable polymers, gradually water-soluble polymers, and/or
enzyme degradable polymers. A wide variety of coating materials for efficiently
delaying the release is available and includes, for example, cellulose-based polymers
such as hydroxypropyl cellulose, acrylic acid polymers and copolymers such as
methacrylic acid polymers and copolymers, and vinyl polymers and copolymers such
as polyvinylpyrrolidone.

Additional examples of pharmaceutical compositions that allow for the delivery to
the intestine (e.g., the colon) include bioadhesive compositions which specifically
adhere to the colonic mucosal membrane (for example, a polymer described in the

specification of US Patent No. 6.368.586) and compositions into which a protease
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inhibitor is incorporated for protecting particularly a biopharmaceutical preparation in
the gastrointestinal tracts from decomposition due to an activity of a protease.

Another example of a system enabling the delivery to the intestine (e.g., the colon) is
a system of delivering a composition to the colon by pressure change in such a way
that the contents are released by utilizing pressure change caused by generation of gas
in bacterial fermentation at a distal portion of the stomach. Such a system is not par-
ticularly limited, and a more specific example thereof is a capsule which has contents
dispersed in a suppository base and which is coated with a hydrophobic polymer (for
example, ethyl cellulose).

A further example of a system enabling the delivery of a composition to the intestine
(e.g., the colon), is a composition that includes a coating that can be removed by an
enzyme present in the gut (e.g., the colon), such as, for example, a carbohydrate
hydrolase or a carbohydrate reductase. Such a system is not particularly limited, and
more specific examples thereof include systems which use food components such as
non-starch polysaccharides, amylose, xanthan gum, and azopolymers.

The compositions provided herein can also be delivered to specific target areas, such
as the intestine, by delivery through an orifice (e.g., a nasal tube) or through
surgery. In addition, the compositions provided herein that are formulated for delivery
to a specific area (e.g., the cecum or the colon), may be administered by a tube (e.g.,
directly into the small intestine). Combining mechanical delivery methods such as
tubes with chemical delivery methods such as pH specific coatings, allow for the
delivery of the compositions provided herein to a desired target area (e.g., the cecum or
the colon).

The compositions comprising bacterial strains are formulated into pharmaceutically
acceptable dosage forms by conventional methods known to those of skill in the
art. Dosage regimens are adjusted to provide the optimum desired response (e.g., the
prophylactic or therapeutic effect). In some embodiments, the dosage form of the
composition is a tablet, pill, capsule, powder, granules, solution, or suppository. In
some embodiments, the pharmaceutical composition is formulated for oral admin-
istration. In some embodiments, the pharmaceutical composition is formulated such
that the bacteria of the composition, or a portion thereof, remain viable after passage
through the stomach of the subject. In some embodiments, the pharmaceutical com-
position is formulated for rectal administration, e.g. as a suppository. In some em-
bodiments, the pharmaceutical composition is formulated for delivery to the intestine
or a specific area of the intestine (e.g., the colon) by providing an appropriate coating
(e.g., a pH specific coating, a coating that can be degraded by target area specific
enzymes, or a coating that can bind to receptors that are present in a target area).

Dosages of the active ingredients in the pharmaceutical compositions can be varied
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so as to obtain an amount of the active ingredient which is effective to achieve the
desired pharmaceutical response for a particular subject, composition, and mode of ad-
ministration, without being toxic or having an adverse effect on the subject. The
selected dosage level depends upon a variety of factors including the activity of the
particular compositions employed, the route of administration, the time of admin-
istration, the duration of the treatment, other drugs, compounds and/or materials used
in combination with the particular compositions employed, the age, sex, weight,
condition, general health and prior medical history of the subject being treated, and
like factors.

A physician, veterinarian or other trained practitioner, can start doses of the pharma-
ceutical composition at levels lower than that required to achieve the desired
therapeutic effect and gradually increase the dosage until the desired effect (e.g.,
treatment of a pathogenic infection, reduction of bacterial burden of pathogenic
infection, reduction or inhibition of toxin production) is achieved. In general, effective
doses of the compositions disclosed herein, for the prophylactic treatment of groups of
people as described herein vary depending upon many different factors, including
routes of administration, physiological state of the subject, whether the subject is
human or an animal, other medications administered, and the therapeutic effect
desired. Dosages need to be titrated to optimize safety and efficacy. In some em-
bodiments, the dosing regimen entails oral administration of a dose of any of the com-
positions described herein. In some embodiments, the dosing regimen entails oral ad-
ministration of multiple doses of any of the compositions described herein. In some
embodiments, the composition is administered orally the subject once, twice, 3 times, 4
times, 5 times, 6 times, 7 times, 8 times, 9 times, or at least 10 times. In some em-
bodiments, the subject is treated with antibiotics prior to administration of one or more
doses of the composition. In some embodiments, the subject is treated with antibiotics
prior to composition is administered orally to the subject once, twice, 3 times, 4 times,
5 times, 6 times, 7 times, 8 times, 9 times, or at least 10 times.

In some embodiments, the subject may be administered one or more doses of an an-
tibiotic prior to or concurrently with the CDS8 T cell inducing bacterial compositions
provided herein. Antibiotics may be administered for a variety of reasons. For
instance, antibiotics may be administered to remove bacterial species from the colon
and/or intestine prior to administration of the CD8 T cell inducing bacterial com-
positions provided herein. In some embodiments, antibiotics are administered to
increase the ability of the bacterial strains of the CD8 T cell inducing bacterial com-
positions to engraft in the colon and/or intestine. It should be appreciated that, in some
embodiments, it is desirable to remove bacterial species from the microbiome that

induce immune responses that are undesired in cancer treatment. In some em-
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bodiments, antibiotics are administered to decrease the number of Treg inducing
bacterial species present in the microbiome. It should be appreciated that bacterial
species that belong to clostridium clusters IV and/or XIVa can induce Treg cells (See
e.g., Atarahi et al. Nature 500, 232 (2013)). In some embodiments, antibiotics are ad-
ministered to decrease the number of bacterial species of clostridium clusters IV and/or
XIVa present in the microbiome. In some embodiments, antibiotics that have an an-
tibiotic spectrum directed to bacterial species of clostridium clusters IV and/or XIVa
are administered. In some embodiments, the antibiotic is vancomycin. Antibiotics
may also be administered to suppress unwanted infections in the case of anticancer
therapy. In some instances, antibiotics may be administered as a treatment method for
an infectious disease. In some instances, antibiotics may be administered together with
the CD8 T cell inducing bacterial compositions as a treatment method for an infectious
disease. Examples of antibiotics that can be administered include, without limitation,
kanamycin, gentamicin, colistin, metronidazole, vancomycin, clindamycin, fi-
daxomicin, and cefoperazone. In some embodiments, the antibiotic is vancomycin.

In some embodiments, the subject is administered a single dose of an antibiotic prior
to the administration of the CD8 T cell inducing bacterial compositions. In some em-
bodiments, the subject is administered multiple doses of an antibiotic prior to the ad-
ministration of the CD8 T cell inducing bacterial compositions. In some embodiments,
the subject is administered at least 2, 3, 4, 5 or more doses of an antibiotic prior to the
administration of the CD8 T cell inducing bacterial compositions. In some em-
bodiments, the subject is administered a dose of an antibiotic at substantially the same
time as the administration of the CD8 T cell inducing bacterial com-
positions. Examples of antibiotics that can be administered include, without limitation,
kanamycin, gentamicin, colistin, metronidazole, vancomycin, clindamycin, fi-
daxomicin, and cefoperazone.

In some embodiments, the disclosure provides compositions comprising an antibiotic
and an anticancer agent (e.g., an immune checkpoint inhibitor). In some embodiments,
the disclosure provides compositions comprising vancomycin and an anticancer agent
(e.g., an immune checkpoint inhibitor). In some embodiments, the disclosure provides
compositions comprising an antibiotic and CD8 T cell inducing bacterial com-
positions. In some embodiments, the disclosure provides compositions comprising
vancomycin and CDS8 T cell inducing bacterial compositions. In some embodiments,
the disclosure provides compositions comprising an antibiotic, an anticancer agent
(e.g., an immune checkpoint inhibitor) and CD8 T cell inducing bacterial com-
positions. In some embodiments, the disclosure provides compositions comprising
vancomycin, an anticancer agent (e.g., an immune checkpoint inhibitor) and CD§ T

cell inducing bacterial compositions.
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In some embodiments, in any one of the methods provided herein an antibiotic is ad-
ministered together with an anticancer agent (e.g., an immune checkpoint inhibitor). In
some embodiments, in any one of the methods provided herein vancomycin is ad-
ministered together with an anticancer agent (e.g., an immune checkpoint inhibitor). In
some embodiments, in any one of the methods provided herein an antibiotic is ad-
ministered together with CD8 T cell inducing bacterial compositions. In some em-
bodiments, in any one of the methods provided herein vancomycin is administered
together with CDS8 T cell inducing bacterial compositions. In some embodiments, in
any one of the methods provided herein an antibiotic is administered together with an
anticancer agent (e.g., an immune checkpoint inhibitor) and CDS8 T cell inducing
bacterial compositions. In some embodiments, in any one of the methods provided
herein vancomycin is administered together with an anticancer agent (e.g., an immune
checkpoint inhibitor) and CD8 T cell inducing bacterial compositions.

In some embodiments in any one the methods provided herein, a subject is evaluated
for the presence of CDS8 T cell inducing bacterial strains in the microbiome. In some
embodiments if the subject does not have, or only has a low level of CD8 T cell
inducing bacterial strains in the microbiome, any one of the compositions provided
herein may be administered. In some embodiments, if a person does not have, or only
has a low level of CD8 T cell inducing bacterial strains in its microbiome any one of
the compositions provided herein may be administered, without the administration of
an antibiotic.

In some embodiments in any one the methods provided herein, a subject is evaluated
for the presence of CD8 T cells. In some embodiments if the subject does not have, or
only has a low level of CD8 T cells, any one of the compositions provided herein may
be administered. In some embodiments, if a person does not have, or only has a low
level of CD8 T cells any one of the compositions provided herein may be ad-
ministered, without the administration of an antibiotic.

In some embodiments, the subject is treated with antibiotics prior to administration of
one or more doses of the composition. In some embodiments, the composition is ad-
ministered in combination with additional commensal bacteria. In some embodiments,
the subject is treated with antibiotics prior to administration of one or more doses of
the composition in combination with additional commensal bacteria.

In some embodiments, the disclosure provides methods of treatment comprising ad-
ministering one or more of the compositions provided herein and evaluating if the
bacterial strains colonized in the intestine. In some embodiments, the disclosure
provides methods of treatment comprising administering one or more of the com-
positions provided herein, evaluating if the bacterial strains colonized in the intestine,

wherein if one or more of the bacterial strains did not colonize in the intestine, ad-
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ditional administrations of one or more of the compositions provided herein are
performed. In some embodiments, evaluating if the bacterial strains colonized in the
intestine of a subject is done by whole genome sequencing and/or qPCR of fecal matter
of the subject. In some embodiments, the methods further comprise one or more
nucleic acid sequences that allow for the detection of the bacterial strains. In some em-
bodiments, the nucleic acid sequences are primers for gPCR. In some embodiments,
the primers include one or more sequences selected from SEQ ID NOs: 16-26, and
38-48.

The compositions, including the pharmaceutical compositions disclosed herein,
include compositions with a range of active ingredients (e.g., live bacteria, bacteria in
spore format). The amount of bacteria in the compositions may be expressed in
weight, number of bacteria and/or CFUs (colony forming units). In some em-
bodiments, the pharmaceutical compositions disclosed herein contain about 10, about
102, about 107, about 104, about 105, about 10¢, about 107, about 10#, about 10°, about
1010, about 10", about 102, about 10'* or more of each of the bacteria of the com-
position per dosage amount. In some embodiments, the pharmaceutical compositions
disclosed herein contain about 10, about 102, about 103, about 10, about 10°, about 10°,
about 107, about 108, about 10°, about 10'°, about 10", about 102, about 103 or more
total bacteria per dosage amount. It should further be appreciated that the bacteria of
the compositions may be present in different amounts. Thus, for instance, as a non-
limiting example, a composition may include 10° of bacteria A, 10* of bacteria B and
10¢ of bacteria C. In some embodiments, the pharmaceutical compositions disclosed
herein contain about 10, about 102, about 103, about 104, about 105, about 10¢, about 10
7, about 108, about 10°, about 109, about 10!, about 10!2, about 10'? or more CFUs of
each of the bacteria in the composition per dosage amount. In some embodiments, the
pharmaceutical compositions disclosed herein contain about 10!, about 102, about 103,
about 10#, about 10°, about 10¢, about 107, about 108, about 10°, about 10¢, about 10!,
about 102, about 10" or more CFUs in total for all of the bacteria combined per dosage
amount. As discussed above, bacteria of the compositions may be present in different
amounts. In some embodiments, the pharmaceutical compositions disclosed herein
contain about 107, about 10-¢, about 105, about 104, about 103, about 102, about 10! or
more grams of each of the bacteria in the composition per dosage amount. In some
embodiments, the pharmaceutical compositions disclosed herein contain about 107,
about 106, about 10, about 104, about 10-3, about 102, about 10! or more grams in
total for all of the bacteria combined per dosage amount. In some embodiment, the
dosage amount is one administration device (e.g., one table, pill or capsule). In some
embodiment, the dosage amount is the amount that is administered in a particular

period (e.g., one day or one week).
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between 10 and 10!3, between 102 and 1013, between 10° and 103, between 10* and 103
, between 10° and 1013, between 10¢ and 103, between 107 and 103, between 108 and
1013, between 10° and 10'3, between 109 and 103, between 10! and 103, between 102
and 1043, between 10 and 102, between 102 and 102, between 10° and 102, between 10
4 and 102, between 10% and 102, between 10¢ and 102, between 107 and 102, between
10% and 102, between 10° and 102, between 10'° and 102, between 10! and 102,
between 10 and 10!, between 102 and 10!, between 10° and 103, between 10* and 1013
, between 10° and 1013, between 10¢ and 103, between 107 and 10", between 108 and
10!, between 10° and 10!, between 10! and 10!, between 10 and 10, between 10?2
and 10'°, between 10° and 10, between 10* and 109, between 10° and 10'°, between
10¢ and 100, between 107 and 1019, between 10® and 10'°, between 10° and 1010,
between 10 and 10°, between 10% and 10°, between 10? and 10°, between 10* and 10°,
between 105 and 10°, between 10° and 10°, between 107 and 10°, between 10% and 10°,
between 10 and 10%, between 10% and 108, between 10° and 108, between 10* and 108,
between 10° and 108, between 10° and 108, between 107 and 10%, between 10 and 107,
between 10? and 107, between 10° and 107, between 10* and 107, between 10° and 107,
between 106 and 107, between 10 and 10°, between 102 and 106, between 10° and 100,
between 104 and 10, between 10° and 10, between 10 and 10°, between 102 and 10°,
between 10° and 10°, between 10* and 10°, between 10 and 104, between 102 and 104,
between 10° and 104, between 10 and 103, between 102 and 10°, or between 10 and 102
of each of the bacteria of the composition per dosage amount. In some embodiments,
the pharmaceutical compositions disclosed herein contain between 10 and 10'3,
between 102 and 103, between 10° and 10'3, between 10* and 103, between 10° and 10
13 between 106 and 103, between 107 and 103, between 10% and 103, between 10° and
1013, between 10! and 1013, between 10! and 103, between 10'2 and 103, between 10
and 102, between 10% and 102, between 10° and 102, between 10* and 102, between
10° and 102, between 10°¢ and 102, between 107 and 102, between 10% and 1012,
between 10° and 102, between 10'° and 102, between 10! and 102, between 10 and 10
11 between 102 and 101, between 10° and 103, between 10* and 103, between 10° and
1013, between 10°¢ and 10'3, between 107 and 10!, between 10® and 10!, between 10°
and 10!, between 10'° and 10!, between 10 and 109, between 102 and 10'°, between
10° and 10, between 10* and 109, between 105 and 10'°, between 10¢ and 1010,
between 107 and 10'°, between 108 and 10, between 10° and 109, between 10 and 10°,
between 10? and 107, between 10° and 10°, between 10* and 10°, between 10° and 10°,
between 106 and 10°, between 107 and 10°, between 108 and 10°, between 10 and 108,
between 10? and 108, between 10° and 108, between 10* and 10%, between 10° and 108,
between 106 and 108, between 107 and 108, between 10 and 107, between 102 and 107,
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between 10° and 107, between 104 and 107, between 10° and 107, between 10¢ and 107,
between 10 and 10¢, between 102 and 10¢, between 10? and 10¢, between 10* and 109,
between 105 and 10¢, between 10 and 103, between 102 and 105, between 10° and 105,
between 104 and 105, between 10 and 10?4, between 102 and 104, between 10° and 104,
between 10 and 10%, between 10? and 103, or between 10 and 10? total bacteria per
dosage amount.

In some embodiments, the pharmaceutical compositions disclosed herein
contain between 10 and 10!3, between 102 and 1013, between 10° and 103, between 104
and 1013, between 105 and 103, between 10¢ and 103, between 107 and 1013, between
10% and 103, between 10° and 103, between 10'° and 103, between 10! and 103,
between 1012 and 103, between 10 and 102, between 10? and 102, between 10° and 10
12 between 104 and 102, between 10° and 102, between 10¢ and 102, between 107 and
1012, between 10® and 102, between 10° and 102, between 10'° and 102, between 10!
and 102, between 10 and 10'!, between 10% and 10", between 10° and 10%3, between 10*
and 103, between 10° and 10%3, between 10°¢ and 10", between 107 and 10!, between
108 and 10", between 10° and 10!, between 10'° and 10", between 10 and 109,
between 10? and 10'°, between 10° and 10'°, between 10* and 10'°, between 10° and 10
10 between 10¢ and 10'°, between 107 and 10'°, between 108 and 10'°, between 10° and
101, between 10 and 10°, between 10?2 and 10°, between 10° and 10°, between 10* and
10°, between 10° and 10, between 10° and 10°, between 107 and 10°, between 108 and
10°, between 10 and 108, between 10?2 and 108, between 10° and 108, between 10* and
108, between 105 and 108, between 10¢ and 108, between 107 and 108, between 10 and
107, between 102 and 107, between 10° and 107, between 10* and 107, between 10° and
107, between 10° and 107, between 10 and 10¢, between 102 and 10¢, between 10° and
10¢, between 104 and 106, between 10° and 109, between 10 and 105, between 102 and
10°, between 102 and 105, between 10* and 105, between 10 and 104, between 102 and
104, between 102 and 104, between 10 and 103, between 102 and 10?, or between 10 and
10? CFUs of each of the bacteria of the composition per dosage amount. In some em-
bodiments, the pharmaceutical compositions disclosed herein contain between 10 and
1013, between 10% and 103, between 10° and 103, between 104 and 103, between 105
and 1013, between 10° and 103, between 107 and 103, between 10% and 1013, between
10° and 103, between 10'° and 103, between 10! and 103, between 102 and 1013,
between 10 and 102, between 102 and 102, between 10? and 102, between 10* and 102
, between 10° and 102, between 10¢ and 102, between 107 and 102, between 108 and
10'2, between 10° and 102, between 10'° and 102, between 10" and 10'2, between 10
and 10!, between 10% and 10", between 10° and 10", between 10* and 103, between
10° and 10", between 10° and 10'3, between 107 and 10!, between 10% and 10!,
between 10° and 10'!, between 10'° and 10!, between 10 and 10'°, between 10? and 10
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10/ between 10° and 10'°, between 10* and 10!, between 10° and 109, between 10°¢ and
101, between 107 and 1010, between 10 and 109, between 10° and 10'°, between 10
and 10°, between 102 and 10°, between 10° and 10°, between 10* and 10°, between 103
and 10°, between 10°¢ and 10°, between 107 and 10°, between 10% and 10°, between 10
and 108, between 10? and 108, between 10° and 10%, between 10* and 108, between 103
and 108, between 10°¢ and 108, between 107 and 10%, between 10 and 107, between 10?2
and 107, between 10° and 107, between 10% and 107, between 105 and 107, between 106
and 107, between 10 and 10¢, between 102 and 106, between 10° and 10¢, between 10*
and 10¢, between 10° and 10¢°, between 10 and 105, between 102 and 10°, between 10°
and 105, between 10* and 105, between 10 and 104, between 102 and 10#, between 10°
and 104, between 10 and 103, between 102 and 103, or between 10 and 10? total CFUs
per dosage amount.

In some embodiments, the pharmaceutical compositions disclosed herein contain
between 107 and 107!, between 10¢ and 10!, between 105 and 10!, between 10+ and
10", between 107 and 10!, between 102 and 10!, between 107 and 102, between 10°
and 102, between 10 and 102, between 10+ and 102, between 102 and 102, between
107 and 1073, between 10 and 107, between 10 and 107, between 10+ and 1073,
between 107 and 10, between 10° and 104, between 10 and 10+, between 107 and
10-%between 10 and 103, or between 107 and 10-¢ grams of each of the bacteria in the
composition per dosage amount. In some embodiments, the pharmaceutical com-
positions disclosed herein contain between 107 and 10!, between 10 and 10!,
between 10 and 107!, between 10+ and 10!, between 102 and 10!, between 102 and
101, between 107 and 102, between 10-¢ and 102, between 10~ and 102, between 10+
and 102, between 107 and 102, between 107 and 103, between 10¢ and 1073, between
105 and 1073, between 104 and 103, between 107 and 104, between 10¢ and 104,
between 10 and 104, between 107 and 10--between 10-¢ and 105, or between 107 and
10 grams of all of the bacteria combined per dosage amount.

In one aspect, the disclosure provides a food product comprising any of the com-
positions provided herein and a nutrient. Also with the scope of the present disclosure
are food products comprising any of the bacterial strains described herein and a
nutrient. Food products are, in general, intended for the consumption of a human or an
animal. Any of the bacterial strains described herein may be formulated as a food
product. In some embodiments, the bacterial strains are formulated as a food product
in spore form. In some embodiments, the bacterial strains are formulated as a food
product in vegetative form. In some embodiments, the food product comprises both
vegetative bacteria and bacteria in spore form. The compositions disclosed herein can
be used in a food or beverage, such as a health food or beverage, a food or beverage for

infants, a food or beverage for pregnant women, athletes, senior citizens or other
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specified group, a functional food, a beverage, a food or beverage for specified health
use, a dietary supplement, a food or beverage for patients, or an animal

feed. Non-limiting examples of the foods and beverages include various beverages
such as juices, refreshing beverages, tea beverages, drink preparations, jelly beverages,
and functional beverages; alcoholic beverages such as beers; carbohydrate-containing
foods such as rice food products, noodles, breads, and pastas; paste products such as
fish hams, sausages, paste products of seafood; retort pouch products such as curries,
food dressed with a thick starchy sauces, soups; dairy products such as milk, dairy
beverages, ice creams, cheeses, and yogurts; fermented products such as fermented
soybean pastes, yogurts, fermented beverages, and pickles; bean products; various con-
fectionery products such as Western confectionery products including biscuits,
cookies, and the like, Japanese confectionery products including steamed bean-jam
buns, soft adzuki-bean jellies, and the like, candies, chewing gums, gummies, cold
desserts including jellies, cream caramels, and frozen desserts; instant foods such as
instant soups and instant soy-bean soups; microwavable foods; and the like. Further,
the examples also include health foods and beverages prepared in the forms of
powders, granules, tablets, capsules, liquids, pastes, and jellies.

Food products containing bacterial strains described herein may be produced using
methods known in the art and may contain the same amount of bacteria (e.g., by
weight, amount or CFU) as the pharmaceutical compositions provided
herein. Selection of an appropriate amount of bacteria in the food product may depend
on various factors, including for example, the serving size of the food product, the
frequency of consumption of the food product, the specific bacterial strains contained
in the food product, the amount of water in the food product, and/or additional
conditions for survival of the bacteria in the food product.

Examples of food products which may be formulated to contain any of the bacterial
strains described herein include, without limitation, a beverage, a drink, a bar, a snack,
a dairy product, a confectionery product, a cereal product, a ready-to-eat product, a nu-
tritional formula, such as a nutritional supplementary formulation, a food or beverage
additive.

In some embodiments, the subject has not received a dose of an antibiotic prior to ad-
ministration of the bacterial composition. In some embodiments, the subject has not
been administered an antibiotic at least 1, at least 2, at least 3, at least 5, at least 10, at
least 15, at least 20, at least 25, at least 30, at least 60, at least 90, at least 120, at least
180 or at least 360 days prior to administration of the compositions provided herein. In
some embodiments, the subject is treated with an amount of antibiotics sufficient to
allow for the grafting of the one or more strains of the bacterial compositions provided

herein.
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In some embodiments, the subject may be administered one or more doses of an an-
tibiotic prior to or concurrently with a bacterial composition. Antibiotics may be ad-
ministered for a variety of reasons. For instance, antibiotics may be administered to
remove bacterial species from the colon and/or intestine prior to administration of the
bacterial compositions provided herein. Antibiotics may also be administered to
suppress unwanted infections in the case of cancer treatment. In some instances, an-
tibiotics may be administered as a treatment method for an infectious disease.

In some embodiments, the subject is administered a single dose of an antibiotic prior
to the bacterial composition. In some embodiments, the subject is administered
multiple doses of an antibiotic prior to the bacterial composition. In some em-
bodiments, the subject is administered at least 2, 3, 4, 5 or more doses of an antibiotic
prior to the bacterial composition. In some embodiments, the subject is administered a
dose of an antibiotic at substantially the same time as the bacterial com-
position. Examples of antibiotics that can be administered include, without limitation,
kanamycin, gentamicin, colistin, metronidazole, vancomycin, clindamycin, fi-
daxomicin, and cefoperazone.

Diagnostics and prognostic methods

Also described herein are diagnostic methods (e.g., companion diagnostics) for use in
determining whether a subject should receive a treatment, such as a composition as
described herein and/or any of the immune checkpoint inhibitors described
herein. Such methods can be used for diagnosing a disease, monitoring the progress of
a disease, assessing the efficacy of a treatment for the disease, and/or identifying
patients suitable for a particular treatment.

Accordingly, the methods described herein are based on the level of a marker in a
sample (e.g., a biological sample containing lymphocytes) obtained from a subject. In
some embodiments, the methods involve analyzing the presence and/or level of a
marker in one or more samples from a subject.

In some embodiments, the level of the marker in a sample obtained from a subject
can then be compared with a reference sample or a control sample to determine a value
indicating the amount of the marker in the sample. In some embodiments, a value for a
marker is obtained by comparing the level of a marker in a sample to the level of
another marker (e.g., an internal control or internal standard) in the sample. The value
of the marker can be compared to a reference value to determine whether the subject
has or is at risk for the disease. In some embodiments, the level of the marker is
compared to a predetermined threshold for the marker, a deviation from which may
indicate the subject has a disease. In some embodiments, if the level or value of the
marker is higher than a reference level or value, the subject can be identified as having

or at risk for a disease, as described herein. In some embodiments, if the level or value
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of the marker is lower than a reference level or value, the subject can be identified as
having or at risk for a disease, as described herein.

In some embodiments, the level of the marker in a sample from a subject is compared
to the level of the marker in another sample obtained from the same subject, for
example, a sample obtained from the subject at a different time. In some em-
bodiments, the level of the marker in a sample from a subject is compared to the level
of the marker in a sample obtained from the subject at an earlier time, such as prior to
administration of any of the compositions described herein. In some embodiments, the
level of the marker in a sample from a subject is compared to the level of the marker in
a sample obtained from the subject at a later time, such as after administration of any
of the compositions described herein.

In some embodiments, if the level or value of the marker is higher in a sample as
compared to the level or value of the marker in a sample from the subject obtained
prior to administration of a composition described herein, the subject is administered
an immune checkpoint inhibitor and a composition described herein. In some em-
bodiments, if the level or value of the marker is higher in a sample as compared to the
level or value of the marker in a sample from the subject obtained prior to admin-
istration of a composition described herein, the subject continues a therapy involving
administration of an immune checkpoint inhibitor and a composition described
herein. In some embodiments, the level or value of the marker in a sample is enhanced
at least 10%, 15%, 20%, 25%, 30%, 35%. 40%, 45%. 50%, 55%, 60%, 65%, 710%,
75%, 80%, 85%, 90%, 95%, 100%, 110%, 120%, 130%, 140%, 150%, 160%, 170%,
180%, 190%, or at least 200% as compared the level of value of the marker in a
sample prior to administration of a composition as described herein.

In some embodiments, if the level or value of the marker is not increased (e.g., equal
to or lower) in a sample as compared to the level or value of the marker in a sample
from the subject obtained prior to administration of a composition described herein,
administration of an immune checkpoint inhibitor and a composition described herein
is discontinued. In some embodiments, if the level or value of the marker is not
increased (e.g., equal to or lower) in a sample as compared to the level or value of the
marker in a sample from the subject obtained prior to administration of a composition
described herein, the administration of an immune checkpoint inhibitor and a com-
position described herein is reanalyzed after administration of a composition as
described herein. In some embodiments, the level or value of the marker in a sample is
reduced at least 10%, 15%, 20%, 25%, 30%, 35%, 40%., 45%, 50%, 55%, 60%, 65%,
70%, 15%, 80%, 85%, 90%, 95%, 100%, 110%, 120%, 130%, 140%, 150%, 160%,
170%, 180%, 190%, or at least 200% as compared the level of value of the marker in a

sample prior to administration of a composition as described herein.
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In some embodiments, the level of the marker is determined by analyzing the ex-
pression of the marker (e.g., protein or nucleic acid level) and/or the cell type in which
the marker is expressed. Any method known the art may be used to analyze the ex-
pression of the marker and/or cell type in which the marker is expressed.

In some embodiments, the disclosure provides methods and compositions that allow
for the detection and/or quantification of one or more bacterial strains of the com-
positions. In some embodiments, the disclosure provides methods and compositions
that allow for the detection and/or quantification of one or more bacterial strains of the
compositions in fecal matter. In some embodiments, the disclosure further comprises
one or more nucleic acid sequences that allow for the detection of the bacterial
strains. In some embodiments, the nucleic acid sequences are primers for gPCR. In
some embodiments, the primers include one or more sequences selected from SEQ ID
NOs: 16-26, and 38-48.

Also provided herein are methods based on the level or degree of IFN production in a
sample (e.g., a biological sample containing splenocytes) obtained from a subject. In
some embodiments, the methods involve analyzing the presence and/or level of IFN
production in one or more samples from a subject.

In some embodiments, the level of IFN production in a sample obtained from a
subject can then be compared with a reference sample or a control sample to determine
a value indicating the amount of the IFN production in the sample. In some em-
bodiments, a value for IFN production is obtained by comparing the level of IFN
production in a sample to the level of another molecule (e.g., an internal control or
internal standard) in the sample. The value of IFN production can be compared to a
reference value to determine whether the subject has or is at risk for the disease. In
some embodiments, the level of IFN production is compared to a predetermined
threshold for IFN production, a deviation from which may indicate the subject has a
disease. In some embodiments, if the level or value of IFN production is higher than a
reference level or value, the subject can be identified as having or at risk for a disease,
as described herein. In some embodiments, if the level or value of IFN production is
lower than a reference level or value, the subject can be identified as having or at risk
for a disease, as described herein.

In some embodiments, the level of IFN production in a sample from a subject is
compared to the level of IFN production in another sample obtained from the same
subject, for example, a sample obtained from the subject at a different time. In some
embodiments, the level of IFN production in a sample from a subject is compared to
the level of IFN production in a sample obtained from the subject at an earlier time,
such as prior to administration of any of the compositions described herein. In some

embodiments, the level of IFN production in a sample from a subject is compared to
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the level of IFN production in a sample obtained from the subject at a later time, such
as after administration of any of the compositions described herein.

In some embodiments, if the level or value of IFN production is higher in a sample as
compared to the level or value of IFN production in a sample from the subject obtained
prior to administration of a composition described herein, the subject is administered
an immune checkpoint inhibitor and a composition described herein. In some em-
bodiments, if the level or value of IFN production is higher in a sample as compared to
the level or value of IFN production in a sample from the subject obtained prior to ad-
ministration of a composition described herein, the subject continues a therapy
involving administration of an immune checkpoint inhibitor and a composition
described herein. In some embodiments, the level or value of IFN production in a
sample is enhanced at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 710%, 715%, 80%, 85%, 90%, 95%, 100%, 110%, 120%, 130%, 140%,
150%, 160%, 170%, 180%, 190%, or at least 200% as compared the level of value of
IFN production in a sample prior to administration of a composition as described
herein.

In some embodiments, if the level or value of IFN production is not increased (e.g.,
equal to or lower) in a sample as compared to the level or value of IFN production in a
sample from the subject obtained prior to administration of a composition described
herein, administration of an immune checkpoint inhibitor and a composition described
herein is discontinued. In some embodiments, if the level or value of IFN production
is not increased (e.g., equal to or lower) in a sample as compared to the level or value
of IFN production in a sample from the subject obtained prior to administration of a
composition described herein, the administration of an immune checkpoint inhibitor
and a composition described herein is reanalyzed after administration of a composition
as described herein. In some embodiments, the level or value of IFN production in a
sample is reduced at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 710%, 715%, 80%, 85%, 90%, 95%, 100%, 110%, 120%, 130%, 140%,
150%, 160%, 170%, 180%, 190%, or at least 200% as compared the level of value of
IFN production in a sample prior to administration of a composition as described
herein.

In some embodiments, the level of IFN production is determined by analyzing the
expression of IFN (e.g., protein or nucleic acid level) and/or the cell type by which IFN
is produced. Any method known the art may be used to analyze the expression of IFN
and/or identify the cell type that produces IFN.

The control level can also be a predetermined level or threshold. Such a prede-
termined level can represent the level of the marker or IFN production in a population

of subjects that do not have or are not at risk for the target disease. It can also
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represent the level of the marker or IFN production in a population of subjects that
have the target disease.

The predetermined level can take a variety of forms. For example, it can be single
cut-off value, such as a median or mean. In some embodiments, such a predetermined
level can be established based upon comparative groups, such as where one defined
group is known to have a target disease and another defined group is known to not
have the target disease. Alternatively, the predetermined level can be a range, for
example, a range representing the levels of the metabolite in a control population.

As used herein, “an elevated level” or “an increased level” means that the level of the
marker or IFN production is higher than a reference value or the level in another
sample, such as a sample obtained from the subject prior to administration of any of
the compositions described herein. An elevated level of a marker or IFN production
includes a level of the marker or IFN production that is, for example, 1%, 5%, 10%,
20%, 30%, 40%, 50%, 60%, 710%, 80%, 90%, 100%, 150%, 200%, 300%, 400%,
500% or more above a reference value or above the level in another sample from the
subject. In some embodiments, the level of the marker or IFN production in the test
sample is at least 1.1, 1.2, 1.3, 1.4, 15, 1.6, 1.7, 1.8, 1.9, 2, 2.5, 3,3.5,4,4.5,5,5.5, 6,
7, 8,9, 10, 50, 100, 150, 200, 300, 400, 500, 1000, 10000-fold or more, higher than the
level in a reference sample or the level in another sample from the subject.

As used herein, “a decreased level” means that the level of the marker or IFN
production is lower than a reference value or the level in another sample, such as a
sample obtained from the subject prior to administration of any of the compositions
described herein. A decreased level of the marker or IFN production includes a level
of the marker or IFN production that is, for example, 1%, 5%, 10%, 20%, 30%, 40%,
50%, 60%., 70%, 80%, 90%, 100%, 150%, 200%, 300%, 400%, 500% or more lower
than a reference value or the level in another sample from the subject. In some em-
bodiments, the level of the marker or IFN production in the test sample is at least 1.1,
1.2,1.3,14,15,16,1.7,18,19,2,2.5,3,3.5,4,45,5,55,6,7, 8,9, 10, 50, 100,
150, 200, 300, 400, 500, 1000, 10000-fold or more lower than the level of the marker
or IFN production in a reference sample or the level in another sample from the
subject.

A subject identified in the methods described herein may be subject to a suitable
treatment, such as treatment with a combination of an immune checkpoint inhibitor
and any of the composition, as described herein.

The assay methods and kits described herein also can be applied for evaluation of the
efficacy of a treatment for a disease, such as those described herein, given the cor-
relation between the level of the marker or IFN production and such diseases. For

examples, multiple biological samples can be collected from a subject to whom a
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treatment is performed either before and after the treatment or during the course of the
treatment. The levels of a marker or IFN production may be indicative as to whether
the treatment is effective.

If the subject is identified as not responsive to the treatment, a higher dose and/or
frequency of dosage of the composition and/or immune checkpoint inhibitors are ad-
ministered to the subject identified. In some embodiments, the dosage or frequency of
dosage of the therapeutic agent is maintained, lowered, or ceased in a subject identified
as responsive to the treatment or not in need of further treatment. Alternatively, a
different treatment can be applied to the subject who is found as not responsive to the
first treatment.

In other embodiments, the values of a marker or IFN production can also be relied on
to identify a disease may be treatable, for example by administering the compositions
described herein.

Screening methods

Provided herein are methods for screening bacteria or physiologically active
substances derived from bacteria to identify bacteria or physiologically active
substances thereof that produce a desired response. For example, in some em-
bodiments, the screening methods are used to identify bacteria or physiologically
active substances derived from bacteria that induce activation of CD8+ IFN-producing
T cells. In some embodiments, the screening methods are used to identify bacteria or
physiologically active substances derived from bacteria that induce activation of CD8+
IFN-producing T cells. In some embodiments, the screening methods are used to
identify bacteria or physiologically active substances derived from bacteria as an im-
munostimulatory agent.

Also provided herein are methods for screening test substances to identify substances
that induce activation induce or exacerbate a disease caused by CD8+ IFN-producing T
cells.

In general, the screening methods may be performed in vitro (e.g., using cells) or in
vivo (e.g., using non-human animal models). In some embodiments, the methods
involve contacting a population of cells (e.g., intestinal epithelial cells, peripheral
blood mononuclear cells) with a test substance (e.g., bacteria or physiologically active
substances thereof) and assessing a response. In some embodiments, the response is
the number and/or activity of a desired cell population (e.g., CD8+ IFN T cells).

In some embodiments, the methods involve inoculating a non-human animal model
with a test substance (e.g., bacteria or physiologically active substances thereof) and
assessing a response. In some embodiments, the non-human animal model ingests the
test substance. In some embodiments, the response is the number and/or activity of a

desired cell population (e.g., CD8+ IFN T cells). In some embodiments, the response
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is an improvement of a disease or symptom thereof, or induction/exacerbation of a
disease or symptom thereof.

In some embodiments, the bacteria and/or the physiologically active substances
derived from bacteria identified in any of the screening methods described herein may
be administered to a subject, for example for the treatment of a disease.

In one aspect, the disclosure provides a rationally-designed consortium of human gut
commensal microorganisms that induces CD8 T cells and modulates host anti-cancer
immunity. Clinical data suggests the gut microbiome influences a response to
checkpoint inhibitor therapy, however the precise identity and mode of action of
commensals associated with a clinical response has not been elucidated. Provided
herein is the generation of a consortium of human gut-derived commensal mi-
croorganisms capable of inducing CD8 T cells and augmenting anti-cancer
immunity. The microbiota of healthy humans was used to inoculate germ-free mice
and assess the level of CD8 T cell induction. Human-derived commensals were
isolated from inoculated mice exhibiting high levels of CD8 T cell induction and
sequenced. Consortia consisting of isolated human commensals were tested for the
ability to induce CD8 T cells in germ-free (GF) and specific-pathogen free (SPF)
mice. A minimal consortium capable of inducing CD8 T cells was administered with
checkpoint inhibitor antibodies to tumor-bearing mice to assess anti-cancer activity and
the level of accumulation of tumor infiltrating lymphocytes. Interferon-gamma
producing CD8 T are abundant in the intestines of SPF but not germ-free mice. A
consortium of 11 strains (the “11-mix,” also referred to as “VE800”) of human-
derived commensals which robustly induces CD8 T cells in germ-free mice was
identified. Administration of the 11-mix promotes activation of intestinal dendritic
cells and stimulation of interferon-gamma producing CD8 T cells is dependent on the
transcription factor BATF3. Comparative gene pathway analysis revealed several of
the strains of the 11-mix are related to strains associated with favorable clinical
response in metastatic melanoma patients treated with immunotherapy. Administration
of the “11-mix” cocktail with anti-CTLA4 enhanced anti-tumor activity and survival in
the MC38 tumor model. The 11-mix” cocktail also enhanced the anti-tumor activity of
anti-PD1 in the MC38 and B-raf Pten melanoma tumor models. The “11-mix” cocktail
alone was sufficient to enhance the level of tumor-infiltrating CD8 T cells in the MC38
model to a level comparable to anti-PD1 alone, however the combination of the
“11-mix” cocktail and anti-PD1 antibody promoted the highest level of tumor in-
filtrating CDS8 T cells in the MC38 model as well as in the more aggressive B-raf Pten
model. The “11-mix” cocktail administration promoted enhanced accumulation of in-
terferon-gamma producing CD8 T cells in the spleens of tumor-bearing mice in-

dicating the consortium promotes systemic cellular immune cell activation. A ra-
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tionally-designed consortium of human gut-derived commensals induced CD8 T cells
in vivo and potentiated anti-cancer immunity when administered with checkpoint in-
hibitors. Given the consortium can be produced via cGMP manufacturing and ad-
ministered orally on a repeated basis, the “11-mix” cocktail constitutes a safe agent for
alteration of the microbiome of cancer patients to enhance anti-cancer immunity.

Kits

The present disclosure also provides kits for use in evaluating the immune system ac-
tivation, for example based on the degree or level of IFN production in
splenocytes, involving administering to a subject any of the compositions as described
herein. In some embodiments, a sample may be obtained from the subject prior to,
during, and/or after administration of any of the compositions described herein.

In some embodiments, the kit contains one or more molecules for detecting and/or
measuring the amount of IFN production in a sample. In some embodiments, the
molecule that detects or measures the amount of IFN production can comprise one or
more binding agents that specifically bind to IFN. In some embodiments, the binding
agent is an antibody that specifically binds to IFN. In some embodiments, the binding
agent is part of a reporter system, such as a receptor on a cell that binds to the IFN and
induces expression of a gene encoding a reporter molecule. In some embodiments, the
kit also contains a standard or control sample to which the amount of IFN in the
sample(s) obtained from the subject may be compared.

In some embodiments, the kit may be for carrying out any of the companion di-
agnostic methods described herein.

In some embodiments, the kit contains one or more molecules for detecting and/or
measuring the amount or presence of any one of the bacterial species described herein,
or component thereof. In some embodiments, the molecule that detects or measures
the amount of a bacterial strain can comprise one or more binding agents that
specifically bind to the bacterial strain. In some embodiments, the binding agent
specifically binds to a feature of one or more bacterial species that identifies the
bacterial species. In some embodiments, the binding agent is a nucleic acid that
specifically binds to a nucleic acid sequence of one or more of the bacterial species
described herein, such as a specific 16S rRNA sequence. In some embodiments, the
kit also contains a standard or control sample to which the sample(s) obtained from the
subject may be compared.

The present disclosure also provides kits for use in determining a treatment method,
for example, a tumor therapy, involving analyzing the expression of a marker (e.g.,
CD44, CD8, IFN, GzmB, gp70 MC38 peptide (KSPWFTTL (SEQ ID NO:
53))-specific TCR, or an antigen-derived ligand-specific TCR), prior to, during, and/or

after administration of any of the compositions described herein. Also provided herein



112

WO 2019/156234 PCT/JP2019/004703

[0301]

[0302]

[0303]

[0304]

are kits comprising companion diagnostics for tumor therapy with an immune
checkpoint inhibitor (e.g., a PD-1 inhibitor).

In some embodiments, the kit includes one or more components for analyzing or
monitoring expression levels of a marker, such as CD44, CD8, IFN, GzmB, or a
tumor antigen-derived ligand-specific TCR. In some embodiments, the marker is
analyzed by detecting the presence of the marker, by measuring the level (amount) of
the marker, and/or a specific cell type on which the marker is presented. In some em-
bodiments, the molecule that detects or measures the amount of the marker can
comprise one or more binding agents that specifically bind to the marker. In some em-
bodiments, the binding agent is an antibody that specifically binds to the marker. In
some embodiments, the binding agent is an MHC multimer that specifically binds to
the marker.

In some embodiments, the marker is analyzed by detecting the presence of a nucleic
acid encoding the marker, by measuring the level (amount) of a nucleic acid encoding
the marker, and/or a specific cell type in which the nucleic acid encoding the marker is
expressed. In some embodiments, the kit includes one or more reagents for the
isolation of nucleic acids (e.g., RNA) from a sample obtained from subject.

In some embodiments, the kits further comprise a detection agent (e.g., an antibody
binding to the binding agent) for detecting binding of the agent to the target (e.g., IFN,
bacterial species) in the sample. The detection agent can be conjugated to a label. In
some embodiments, the detection agent is an antibody that specifically binds to at least
one of the binding agents. In some embodiments, the binding agent comprises a tag
that can be identified and, directly or indirectly, bound by a detection agent.

In some embodiments, the kits further comprise one or more nucleic acid sequences
that allow for the detection of the bacterial strains. In some embodiments, the nucleic
acid sequences are primers for gPCR. In some embodiments, the primers include one
or more sequences selected from SEQ ID NOs: 16-26, and 38-48.

In some embodiments, the kit may further include one or more therapeutics and/or
compositions for administering to the subject. For example, in some embodiments, the
kit may include one or more immune checkpoint inhibitor (e.g., PD-1 inhibitor, PD-L1
inhibitor, CTLA-4 inhibitor). In some embodiments, the kit may include a com-
position comprising one or more of the bacterial strains described herein.

In some embodiments, the kits may be for screening bacteria or substances derived
from bacteria, for example of activation of CD8+ IFN-producing T cells. In some em-
bodiments, the kits include cells, such as cells of a cell line. In some embodiments, the
cells are intestinal epithelial cells, peripheral blood mononuclear cells.

In some embodiments, the kit or device further includes a support member. In some

embodiments, the support member is a membrane, such as a nitrocellulose membrane,
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[0305]

[0306]

[0307]

[0308]

[0309]

[0310]

a polyvinylidene fluoride (PVDF) membrane, or a cellulose acetate membrane. In
some examples, the immunoassay may be in a Western blot assay format or a lateral
flow assay format.

In some embodiments, the support member is a multi-well plate, such as an ELISA
plate. In some embodiments, the immunoassays described herein can be carried out on
high throughput platforms. In some embodiments, multi-well plates, e.g., 24-, 48-,
96-, 384- or greater well plates, may be used for high throughput detection assays.

In the kit or detecting device, one or more of the binding agents may be immobilized
on a support member, which can be a membrane, a bead, a slide, or a multi-well
plate. Selection of an appropriate support member for the immunoassay will depend
on various factor such as the number of samples and method of detecting the signal
released from label conjugated to the second agent.

The kit can also comprise one or more buffers as described herein but not limited to a
coating buffer, a blocking buffer, a wash buffer, and/or a stopping buffer.

In some embodiments, the kit can comprise instructions for use in accordance with
any of the methods described herein. The instructions relating to the use of the kit
generally include information as to the amount of each component and suitable
conditions for performing the assay methods described herein. The components in the
kits may be in unit doses, bulk packages (e.g., multi-dose packages), or sub-unit
doses. Instructions supplied in the kits of the present disclosure are typically written
instructions on a label or package insert (e.g., a paper sheet included in the kit), but
machine-readable instructions (e.g., instructions carried on a magnetic or optical
storage disk) are also acceptable.

The label or package insert indicates that the kit is used for evaluating the level of
immune system activation, selecting a treatment, and/or diagnostic
purposes. Instructions may be provided for practicing any of the methods described
herein.

The kits of this present disclosure are in suitable packaging. Suitable packaging
includes, but is not limited to, vials, bottles, jars, flexible packaging (e.g., sealed Mylar
or plastic bags), and the like.

Kits may optionally provide additional components such as interpretive information,
such as a control and/or standard or reference sample. Normally, the kit comprises a
container and a label or package insert(s) on or associated with the container. In some
embodiments, the present disclosure provides articles of manufacture comprising
contents of the kits described above.

Table 1 below provides sequence identifier numbers (SEQ ID NOs) used in the com-
positions of the experiments disclosed herein. The closest bacterial species to the

indicated strain is presented by genus-species. The 16S rDNA sequence associated
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[0311]

[0312]

with each genus species identified as the closest related genus species is also

provided. The percent alignment presents the percent identity between the sequence of
the indicated strain with the sequence from the closest genus species and the length of
the alignment. The GenBank Accession Number of the closest related species is
provided in the last column.

[Table 1]

Table 1: Strains and species with highest homology

| NCBI SEQID of
Strain# SEQL D NQ| Strain 1D Species with highest homology accession # | NCBI 165

5 of 168 locus loeus

1 1 2GS |Phascolarctobacterium faecium LN998073 27

2 2 1A6  [Fusobacterium ulcerans KR822463 28

3 3 1811 |Bacteroides dorei CPO11531

4 4 2G1  Bacteroides uniformis NR112945 30

5 5 281  |Subdoligranulum sp. KMO98109 31

6 & 2A6  |Paraprevatetla xylaniphila NR113078 32

7 7 2F11  |Parabacteroides johnsonii NRD41464 33

8 ] 1E7  Alistipes sp. LT223566 34

9 9 1H9  |Parabactercides gordonii NR112835 35

10 10 | 1C1 [Eubacteriumlimosum NR113248 36

11 i1 | 2G9 [|parabacteroides distasonis NRD41342 37

The nucleic acid sequences of the 16S rDNA, or portion thereof, for the bacterial
strains described herein are provided below:

SEQ ID NO:1 strain 1 2G5_Phascolarctobacterium faecium_ILN998073 GAC-
GAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGGAGAATTTTATTT
CGGTAGAATTCTTAGTGGCGAACGGGTGAGTAACGCGTAGGCAACCTACC
CTTTAGACGGGGACAACATTCCGAAAGGAGTGCTAATACCGGATGTGATC
ATCTTGCCGCATGGCAGGATGAAGAAAGATGGCCTCTACAAGTAAGCTATC
GCTAAAGGATGGGCCTGCGTCTGATTAGCTAGTTGGTAGTGTAACGGACTA
CCAAGGCGATGATCAGTAGCCGGTCTGAGAGGATGAACGGCCACATTGGG
ACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCAGTGGGGAATCTTCC
GCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGATT
TCGGTCTGTAAAGCTCTGTTGTTTATGACGAACGTGCAGTGTGTGAACAAT
GCATTGCAATGACGGTAGTAAACGAGGAAGCCACGGCTAACTACGTGCCA
GCAGCCGCGGTAATACGTAGGTGGCGAGCGTTGTCCGGAATTATTGGGCGT
AAAGAGCATGTAGGCGGCTTAATAAGTCGAGCGTGAAAATGCGGGGCTCA
ACCCCGTATGGCGCTGGAAACTGTTAGGCTTGAGTGCAGGAGAGGAAAGG
GGAATTCCCAGTGTAGCGGTGAAATGCGTAGATATTGGGAGGAACACCAG
TGGCGAAGGCGCCTTTCTGGACTGTGTCTGACGCTGAGATGCGAAAGCCAG
GGTAGCGAACGGGATTAGATACCCCGGTAGTCCTGGCCGTAAACGATGGG
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TACTAGGTGTAGGAGGTATCGACCCCTTCTGTGCCGGAGTTAACGCAATAA
GTACCCCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGA
CGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGACGCAACGCG
AAGAACCTTACCAAGGCTTGACATTGATTGAACGCTCTAGAGATAGAGATT
TCCCTTCGGGGACAAGAAAACAGGTGGTGCATGGCTGTCGTCAGCTCGTGT
CGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTATCCTATGTT
ACCAGCAAGTAAAGTTGGGGACTCATGGGAGACTGCCAGGGACAACCTGG
AGGAAGGCGGGGATGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTAC
ACACGTACTACAATGGTCGGAAACAGAGGGAAGCGAAGCCGCGAGGCAG
AGCAAACCCCAGAAACCCGATCTCAGTTCGGATCGCAGGCTGCAACCCGC
CTGCGTGAAGTCGGAATCGCTAGTAATCGCAGGTCAGCATACTGCGGTGAA
TACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGTTGGTAA
CACCCGAAGCCGGTGAGGTAACCTA[0313]

SEQ ID NO:2 strain 2 1A6_ Fusobacterium ulcerans_ KR822463 GATGAACGCT-
GACAGAATGCTTAACACATGCAAGTCTACTTGATCCTTCGGGTGAAGGTGG
CGGACGGGTGAGTAACGCGTAAAGAACTTGCCTTACAGACTGGGACAACA
TTTGGAAACGAATGCTAATACCGGATATTATGATTGGGTCGCATGATCTGA
TTATGAAAGCTATATGCGCTGTGAGAGAGCTTTGCGTCCCATTAGTTAGTT
GGTGAGGTAACGGCTCACCAAGACGATGATGGGTAGCCGGCCTGAGAGGG
TGAACGGCCACAAGGGGACTGAGACACGGCCCTTACTCCTACGGGAGGCA
GCAGTGGGGAATATTGGACAATGGACCAAAAGTCTGATCCAGCAATTCTGT
GTGCACGAAGAAGTTTTTCGGAATGTAAAGTGCTTTCAGTTGGGAAGAAGT
CAGTGACGGTACCAACAGAAGAAGCGACGGCTAAATACGTGCCAGCAGCC
GCGGTAATACGTATGTCGCAAGCGTTATCCGGATTTATTGGGCGTAAAGCG
CGTCTAGGCGGCTTAGTAAGTCTGATGTGAAAATGCGGGGCTCAACCCCGT
ATTGCGTTGGAAACTGCTAAACTAGAGTACTGGAGAGGTAGGCGGAACTA
CAAGTGTAGAGGTGAAATTCGTAGATATTTGTAGGAATGCCGATGGGGAA
GCCAGCCTACTGGACAGATACTGACGCTAAAGCGCGAAAGCGTGGGTAGC
AAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGATTACTAGG
TGTTGGGGGTCGAACCTCAGCGCCCAAGCTAACGCGATAAGTAATCCGCCT
GGGGAGTACGTACGCAAGTATGAAACTCAAAGGAATTGACGGGGACCCGC
ACAAGCGGTGGAGCATGTGGTTTAATTCGACGCAACGCGAGGAACCTTAC
CAGCGTTTGACATCCCAAGAAGTTAACAGAGATGTTTTCGTGCCTCTTCGG
AGGAACTTGGTGACAGGTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGA
TGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCTTTCGTATGTTACCATCA
TTAAGTTGGGGACTCATGCGAGACTGCCTGCGATGAGCAGGAGGAAGGTG
GGGATGACGTCAAGTCATCATGCCCCTTATACGCTGGGCTACACACGTGCT
ACAATGGGTAGTACAGAGAGCTGCAAACCTGCGAGGGTAAGCTAATCTCA
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TAAAACTATTCTTAGTTCGGATTGTACTCTGCAACTCGAGTACATGAAGTT
GGAATCGCTAGTAATCGCAAATCAGCTATGTTGCGGTGAATACGTTCTCGG
GTCTTGTACACACCGCCCGTCACACCACGAGAGTTGGTTGCACCTGAAGTA
ACAGGCCTAACCGTAA[0314]

SEQ ID NO:3 strain 3 1B11_Bacteroides dorei_ CP011531
AGTTTGNNNTATGGCTCAGGATGAACGCTAGCTACAGGCTTAACACATGCA
AGTCGAGGGGCAGCATGGTCTTAGCTTGCTAAGGCTGATGGCGACCGGCG
CACGGGTGAGTAACACGTATCCAACCTGCCGTCTACTCTTGGCCAGCCTTC
TGAAAGGAAGATTAATCCAGGATGGGATCATGAGTTCACATGTCCGCATG
ATTAAAGGTATTTTCCGGTAGACGATGGGGATGCGTTCCATTAGATAGTAG
GCGGGGTAACGGCCCACCTAGTCAACGATGGATAGGGGTTCTGAGAGGAA
GGTCCCCCACATTGGAACTGAGACACGGTCCAAACTCCTACGGGAGGCAG
CAGTGAGGAATATTGGTCAATGGGCGATGGCCTGAACCAGCCAAGTAGCG
TGAAGGATGACTGCCCTATGGGTTGTAAACTTCTTTTATAAAGGAATAAAG
TCGGGTATGCATACCCGTTTGCATGTACTTTATGAATAAGGATCGGCTAAC
TCCGTGCCAGCAGCCGCGGTAATACGGAGGATCCGAGCGTTATCCGGATTT
ATTGGGTTTAAAGGGAGCGTAGATGGATGTTTAAGTCAGTTGTGAAAGTTT
GCGGCTCAACCGTAAAATTGCAGTTGATACTGGATGTCTTGAGTGCAGTTG
AGGCAGGCGGAATTCGTGGTGTAGCGGTGAAATGCTTAGATATCACGAAG
AACTCCGATTGCGAAGGCAGCCTGCTAAGCTGCAACTGACATTGAGGCTCG
AAAGTGTGGGTATCAAACAGGATTAGATACCCTGGTAGTCCACACGGTAA
ACGATGAATACTCGCTGTTTGCGATATACGGCAAGCGGCCAAGCGAAAGC
GTTAAGTATTCCACCTGGGGAGTACGCCGGCAACGGTGAAACTCAAAGGA
ATTGACGGGGGCCCGCACAAGCGGAGGAACATGTGGTTTAATTCGATGAT
ACGCGAGGAACCTTACCCGGGCTTAAATTGCACTCGAATGATCCGGAAAC
GGTTCAGCTAGCAATAGCGAGTGTGAAGGTGCTGCATGGTTGTCGTCAGCT
CGTGCCGTGAGGTGTCGGCTTAAGTGCCATAACGAGCGCAACCCTTGTTGT
CAGTTACTAACAGGTGATGCTGAGGACTCTGACAAGACTGCCATCGTAAGA
TGTGAGGAAGGTGGGGATGACGTCAAATCAGCACGGCCCTTACGTCCGGG
GCTACACACGTGTTACAATGGGGGGTACAGAGGGCCGCTACCACGCGAGT
GGATGCCAATCCCTAAAACCCCTCTCAGTTCGGACTGGAGTCTGCAACCCG
ACTCCACGAAGCTGGATTCGCTAGTAATCGCGCATCAGCCACGGCGCGGTG
AATACGTTCCCGGGCCTTGTACACACCGCCCGTCAAGCCATGGGAGCCGGG
GGTACCTGAAGTGCGTAACCGCGAGGAT[0315]

SEQ ID NO:4 strain 4 2G1_Bacteroides uniformis_ NR_112945 GATGAACGC-
TAGCTACAGGCTTAACACATGCAAGTCGAGGGGCAGCATGAACTTAGCTTG
CTAAGTTTGATGGCGACCGGCGCACGGGTGAGTAACACGTATCCAACCTGC
CGATGACTCGGGGATAGCCTTTCGAAAGAAAGATTAATACCCGATGGCAT
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AGTTCTTCCGCATGGTAGAACTATTAAAGAATTTCGGTCATCGATGGGGAT
GCGTTCCATTAGGTTGTTGGCGGGGTAACGGCCCACCAAGCCTTCGATGGA
TAGGGGTTCTGAGAGGAAGGTCCCCCACATTGGAACTGAGACACGGTCCA
AACTCCTACGGGAGGCAGCAGTGAGGAATATTGGTCAATGGACGAGAGTC
TGAACCAGCCAAGTAGCGTGAAGGATGACTGCCCTATGGGTTGTAAACTTC
TTTTATACGGGAATAAAGTGAGGCACGTGTGCCTTTTTGTATGTACCGTAT
GAATAAGGATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGAT
CCGAGCGTTATCCGGATTTATTGGGTTTAAAGGGAGCGTAGGCGGACGCTT
AAGTCAGTTGTGAAAGTTTGCGGCTCAACCGTAAAATTGCAGTTGATACTG
GGTGTCTTGAGTACAGTAGAGGCAGGCGGAATTCGTGGTGTAGCGGTGAA
ATGCTTAGATATCACGAAGAACTCCGATTGCGAAGGCAGCCTGCTGGACTG
TAACTGACGCTGATGCTCGAAAGTGTGGGTATCAAACAGGATTAGATACCC
TGGTAGTCCACACCAGTAAACGATGAATACTCGCTGTTTGCGATATACAGT
AAGCGGCCAAGCGAAAGCGTTAAGTATTCCACCTGGGGAGTACGCCGGCA
ACGGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGAGGAACAT
GTGGTTTAATTCGATGATACGCGAGGAACCTTACCCGGGCTTGAATTGCAA
CTGAATGATGTGGAGACATGTCAGCCGCAAGGCAGTTGTGAAGGTGCTGC
ATGGTTGTCGTCAGCTCGTGCCGTGAGGTGTCGGCTTAAGTGCCATAACGA
GCGCAACCCTTATCGATAGTTACCATCAGGTGATGCTGGGGACTCTGTCGA
GACTGCCGTCGTAAGATGTGAGGAAGGTGGGGATGACGTCAAATCAGCAC
GGCCCTTACGTCCGGGGCTACACACGTGTTACAATGGGGGGTACAGAAGG
CAGCTACACGGCGACGTGATGCTAATCCCGAAAGCCTCTCTCAGTTCGGAT
TGGAGTCTGCAACCCGACTCCATGAAGCTGGATTCGCTAGTAATCGCGCAT
CAGCCACGGCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCA
AGCCATGAAAGCCGGGGGTACCTGAAGTGCGTAACCGCAAGGAGI[0316]
SEQ ID NO:5 strain 5

2B1_ Subdoligranulum sp. 4 3 54A2FAA_NZ-ACWWO00000000 GACGAACGCTG-
GCGGCGCGCCTAACACATGCAAGTCGAACGGAGCTGTTTTCTCTGAAGTTT
TCGGATGGAAGAGAGTTCAGCTTAGTGGCGAACGGGTGAGTAACACGTGA
GCAACCTGCCTTTCAGTGGGGGACAACATTTGGAAACGAATGCTAATACCG
CATAAGACCACAGTGTCGCATGGCACAGGGGTCAAAGGATTTATCCGCTG
AAAGATGGGCTCGCGTCCGATTAGCTAGATGGTGAGGTAACGGCCCACCA
TGGCGACGATCGGTAGCCGGACTGAGAGGTTGAACGGCCACATTGGGACT
GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACA
ATGGGGGAAACCCTGATGCAGCGACGCCGCGTGGAGGAAGAAGGTCTTCG
GATTGTAAACTCCTGTCCCAGGGGACGATAATGACGGTACCCTGGGAGGA
AGCACCGGCTAACTACGTGCCAGCAGCCGCGGTAAAACGTAGGGTGCAAG
CGTTGTCCGGAATTACTGGGTGTAAAGGGAGCGCAGGCGGATTGGCAAGT
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TGGGAGTGAAATCTATGGGCTCAACCCATAAATTGCTTTCAAAACTGTCAG
TCTTGAGTGGTGTAGAGGTAGGCGGAATTCCCGGTGTAGCGGTGGAATGCG
TAGATATCGGGAGGAACACCAGTGGCGAAGGCGGCCTACTGGGCACTAAC
TGACGCTGAGGCTCGAAAGCATGGGTAGCAAACAGGATTAGATACCCTGG
TAGTCCATGCCGTAAACGATGATTACTAGGTGTGGGAGGATTGACCCCTTC
CGTGCCGCAGTTAACACAATAAGTAATCCACCTGGGGAGTACGACCGCAA
GGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCAGTGGAGTATG
TGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCGGAT
GCATACCTAAGAGATTAGGGAAGTCCTTCGGGACATCCAGACAGGTGGTG
CATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACG
AGCGCAACCCTTATCGTTAGTTACTACGCAAGAGGACTCTAGCGAGACTGC
CGTTGACAAAACGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCTT
TATGACCTGGGCTACACACGTACTACAATGGCTATTAACAGAGAGAAGCG
ATACCGCGAGGTGGAGCAAACCTCACAAAAATAGTCTCAGTTCGGATCGC
AGGCTGCAACCCGCCTGCGTGAAGCCGGAATTGCTAGTAATCGCGGATCA
GCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACAC
CATGAGAGCCGGGGGGACCCGAAGTCGGTAGTCTAACCGC[0317]

SEQ ID NO:6 strain 6 2A6_Paraprevotella xylaniphila_ AB331897 GATGAACGC-
TAGCTACAGGCTTAACACATGCAAGTCGAGGGGCAGCATGAACTTAGCTTG
CTAAGTTTGATGGCGACCGGCGCACGGGTGAGTAACGCGTATCCAACCTGC
CCTTTACCCGGGGATAGCCTTCTGAAAAGGAAGTTTAATACCCGATGAATT
CGTTTAGTCGCATGGCTNGATGAATAAAGATTAATTGGTAAAGGATGGGG
ATGCGTCCCATTAGCTTGTTGGCGGGGTAACGGCCCACCAAGGCGACGATG
GGTAGGGGTTCTGAGAGGAAGGTCCCCCACATTGGAACTGAGACACGGTC
CAAACTCCTACGGGAGGCAGCAGTGAGGAATATTGGTCAATGGGCGCGAG
CCTGAACCAGCCAAGTAGCGTGGAGGACGACGGCCCTACGGGTTGTAAAC
TCCTTTTATAAGGGGATAAAGTTGGCCATGTATGGCCATTTGCAGGTACCT
TATGAATAAGCATCGGCTAATTCCGTGCCAGCAGCCGCGGTAATACGGAA
GATGCGAGCGTTATCCGGATTTATTGGGTTTAAAGGGAGCGTAGGCGGGCT
GTCAAGTCAGCGGTCAAATGGCGCGGCTCAACCGCGTTCCGCCGTTGAAAC
TGGCAGCCTTGAGTATGCACAGGGTACATGGAATTCGTGGTGTAGCGGTGA
AATGCTTAGATATCACGAGGAACTCCGATCGCGCAGGCATTGTACCGGGGC
ATTACTGACGCTGAGGCTCGAAGGTGCGGGTATCAAACAGGATTAGATAC
CCTGGTAGTCCGCACAGTAAACGATGAATGCCCGCTGTCGGCGACATAGTG
TCGGCGGCCAAGCGAAAGCGTTAAGCATTCCACCTGGGGAGTACGCCGGC
AACGGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGAGGAAC
ATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCCGGGCTTGAATCGC
AGGTGCATGGGCCGGAGACGGCCCTTTCCTTCGGGACTCCTGCGAAGGTGC
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TGCATGGTTGTCGTCAGCTCGTGCCGTGAGGTGTCGGCTTAAGTGCCATAA
CGAGCGCAACCCCCCTCCCCAGTTGCCACCGGGTAATGCCGGGCACTTTGG
GGACACTGCCACCGCAAGGTGCGAGGAAGGTGGGGATGACGTCAAATCAG
CACGGCCCTTACGTCCGGGGCGACACACGTGTTACAATGGGGGGTACAGA
GGGCCGCTGCCCGGTGACGGTTGGCCAATCCCTAAAACCCCTCTCAGTTCG
GACTGGAGTCTGCAACCCGACTCCACGAAGCTGGATTCGCTAGTAATCGCG
CATCAGCCATGGCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCG
TCAAGCCATGAAAGCCGGGGGTGCCTGAAGTCCGTNNCCGCGA[0318]

SEQ ID NO:7 strain 7 2F11_Parabacteroides johnsonii_AB261128 GATGAACGC-
TAGCGACAGGCTTAACACATGCAAGTCGAGGGGCAGCATGGTAAGTAGCA
ATACTTATTGATGGCGACCGGCGCACGGGTGAGTAACGCGTATGCAACTTA
CCTATCAGAGGGGGATAGCCCGGCGAAAGTCGGATTAATACTCCATAAAA
CAGGGGTTCCGCATGGGACTATTTGTTAAAGATTCATCGCTGATAGATAGG
CATGCGTTCCATTAGGCAGTTGGCGGGGTAACGGCCCACCAAACCGACGAT
GGATAGGGGTTCTGAGAGGAAGGTCCCCCACATTGGTACTGAGACACGGA
CCAAACTCCTACGGGAGGCAGCAGTGAGGAATATTGGTCAATGGCCGAGA
GGCTGAACCAGCCAAGTCGCGTGAAGGATGAAGGATCTATGGTTTGTAAA
CTTCTTTTATAGGGGAATAAAGTGTGGGACGTGTTCCATTTTGTATGTACCC
TATGAATAAGCATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAG
GATGCGAGCGTTATCCGGATTTATTGGGTTTAAAGGGTGCGTAGGTGGTAA
TTTAAGTCAGCGGTGAAAGTTTGTGGCTCAACCATAAAATTGCCGTTGAAA
CTGGGTTACTTGAGTGTGTTTGAGGTAGGCGGAATGCGTGGTGTAGCGGTG
AAATGCATAGATATCACGCAGAACTCCAATTGCGAAGGCAGCTTACTAAA
CCATAACTGACACTGAAGCACGAAAGCGTGGGTATCAAACAGGATTAGAT
ACCCTGGTAGTCCACGCAGTAAACGATGATTACTAGGAGTTTGCGATACAC
AGTAAGCTCTACAGCGAAAGCGTTAAGTAATCCACCTGGGGAGTACGCCG
GCAACGGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGAGGA
ACATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCCGGGTTTGAACG
TAGTCAGACCGACCTTGAAAGAGGTTTTCTAGCAATAGCTGATTACGAGGT
GCTGCATGGTTGTCGTCAGCTCGTGCCGTGAGGTGTCGGCTTAAGTGCCAT
AACGAGCGCAACCCTTATCACTAGTTACTAACAGGTTAAGCTGAGGACTCT
GGTGAGACTGCCAGCGTAAGCTGTGAGGAAGGTGGGGATGACGTCAAATC
AGCACGGCCCTTACATCCGGGGCGACACACGTGTTACAATGGCATGGACA
AAGGGCAGCTACCTGGCGACAGGATGCTAATCTCTAAACCATGTCTCAGTT
CGGATCGGAGTCTGCAACTCGACTCCGTGAAGCTGGATTCGCTAGTAATCG
CGCATCAGCCATGGCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCC
CGTCAAGCCATGGGAGCCGGGGGTACCTGAAGTCCGTAACCGCAA[0319]
SEQ ID NO:8 strain 8 1E7_Alistipes sp. JC136_NZ-CAEG00000000 GATGAACGC-
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TAGCGGCAGGCCTAACACATGCAAGTCGAGGGGCAGCGGGATTGAAGCTT
GCTTCAGTTGCCGGCGACCGGCGCACGGGTGCGTAACGCGTATGCAACCTA
CCCATAACAGGGGGATAACACTGAGAAATCGGTACTAATATCCCATAACA
TCAAGAGGGGCATCCCTTTTGGTTGAAAACTCCGGTGGTTATGGATGGGCA
TGCGTTGTATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATAC
ATAGGGGGACTGAGAGGTTAACCCCCCACATTGGTACTGAGACACGGACC
AAACTCCTACGGGAGGCAGCAGTGAGGAATATTGGTCAATGGACGCAAGT
CTGAACCAGCCATGCCGCGTGCAGGATGACGGCTCTATGAGTTGTAAACTG
CTTTTGTACGAGGGTAAACCCGGATACGTGTATCCGGCTGAAAGTATCGTA
CGAATAAGGATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGA
TTCAAGCGTTATCCGGATTTATTGGGTTTAAAGGGTGCGTAGGCGGTTTGA
TAAGTTAGAGGTGAAATACCGGTGCTTAACACCGGAACTGCCTCTAATACT
GTTGAGCTAGAGAGTAGTTGCGGTAGGCGGAATGTATGGTGTAGCGGTGA
AATGCTTAGAGATCATACAGAACACCGATTGCNGAAGGCAGCTTACCAAA
CTATATCTGACGTTNGAGGCACGAAAGCGTGGGGGAGCAAACAGGATTAG
ATACCCTGGTAGTCCACGCAGTAAACGATGATAACTCGCTGTCGGCGATAC
ACAGTCGGTGGCTAAGCGAAAGCGATAAGTTATCCACCTGGGGAGTACGT
TCGCAAGAATGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGAGG
AACATGTGGTTTAATTCGATGATACGCGAGGAACCTTACCCGGGCTTGAAA
GTTACTGACGATTCTGGAAACAGGATTTCCCTTCGGGGCAGGAAACTAGGT
GCTGCATGGTTGTCGTCAGCTCGTGCCGTGAGGTGTCGGGTTAAGTCCCAT
AACGAGCGCAACCCCTACCGTTAGTTGCCATCAGGTCAAGCTGGGCACTCT
GGCGGGACTGCCGGTGTAAGCCGAGAGGAAGGTGGGGATGACGTCAAATC
AGCACGGCCCTTACGTCCGGGGCTACACACGTGTTACAATGGTAGGTACAG
AGGGCAGCTACCCAGTGATGGGATGCGAATCTCGAAAGCCTATCTCAGTTC
GGATTGGAGGCTGAAACCCGCCTCCATGAAGTTGGATTCGCTAGTAATCGC
GCATCAGCCATGGCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCC
GTCAAGCCATGGAAGCTGGGGGTGCCTGAAGTTCGTGAC[0320]

SEQ ID NO:9 strain 9 1H9_Parabacteroides gordonii_AB470343 GATGAACGC-
TAGCGACAGGCTTAACACATGCAAGTCGAGGGGCAGCAGGAAGTAGCAAT
ACTTTGCTGGCGACCGGCGCACGGGTGAGTAACGCGTATGCAACCTACCTA
TCAGAGGGGGATAACCCGGCGAAAGTCGGACTAATACCGCATAAAACAGG
GGTCCCGCATGGGAATATTTGTTAAAGATTTATTGCTGATAGATGGGCATG
CGTTCCATTAGATAGTTGGTGAGGTAACGGCTCACCAAGTCTTCGATGGAT
AGGGGTTCTGAGAGGAAGGTCCCCCACACTGGTACTGAGACACGGACCAG
ACTCCTACGGGAGGCAGCAGTGAGGAATATTGGTCAATGGGCGAGAGCCT
GAACCAGCCAAGTCGCGTGAAGGATGAAGGATCTATGGTTCGTAAACTTCT
TTTATAGGGGAATAAAGTGCAGGACGTGTCCTGTTTTGTATGTACCCTATG
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[0313]

AATAAGGATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATC
CGAGCGTTATCCGGATTTATTGGGTTTAAAGGGTGCGTAGGTGGCTTTTTA
AGTCAGCGGTGAAAGTTTGTGGCTCAACCATAAAATTGCCGTTGAAACTGG
AGGGCTTGAGTATATTTGAGGTAGGCGGAATGCGTGGTGTAGCGGTGAAA
TGCATAGATATCACGCAGAACTCCAATTGCGAAGGCAGCTTACTAAACTAT
AACTGACACTGAAGCACGAAAGCGTGGGGATCAAACAGGATTAGATACCC
TGGTAGTCCACGCAGTAAACGATGATTACTAGGAGTTTGCGATACACAGTA
AGCTCTACAGCGAAAGCGTTAAGTAATCCACCTGGGGAGTACGCCGGCAA
CGGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGAGGAACATG
TGGTTTAATTCGATGATACGCGAGGAACCTTACCCGGGTTTGAACGTAAGT
TGACCGGAGTGGAAACACTCTTTCTAGCAATAGCAATTTACGAGGTGCTGC
ATGGTTGTCGTCAGCTCGTGCCGTGAGGTGTCGGCTTAAGTGCCATAACGA
GCGCAACCCTTATCTTTAGTTACTAACAGGTCGAGCTGAGGACTCTAAAGA
GACTGCCAGCGTAAGCTGTGAGGAAGGTGGGGATGACGTCAAATCAGCAC
GGCCCTTACATCCGGGGCGACACACGTGTTACAATGGTGGGGACAAAGGG
CAGCTACCTGGCGACAGGATGCTAATCTCCAAACCCCATCTCAGTTCGGAT
CGAAGTCTGCAACCCGACTTCGTGAAGCTGGATTCGCTAGTAATCGCGCAT
CAGCCATGGCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCA
AGCCATGGGAGTTGGGGGTACCTAAAGTCCGTNACCGCAAG
SEQ ID NO:10 strain 10 1C1_Eubacterium limosum_AB595134 GAC-

GAACGCTGGCGGTATGCTTAACACATGCAAGTCGAACGAGAAGGTTTTGAT
GGATCCTTCGGGTGACATTAGAACTGGAAAGTGGCGAACGGGTGAGTAAC
GCGTGGGTAACCTGCCCTATGGAAAGGAATAGCCTCGGGAAACTGGGAGT
AAAGCCTTATATTATGGTTTTGTCGCATGGCAAGATCATGAAAACTCCGGT
GCCATAGGATGGACCCGCGTCCCATTAGCTAGTTGGTGAGATAACAGCCCA
CCAAGGCGACGATGGGTAACCGGTCTGAGAGGGCGAACGGTCACACTGGA
ACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGC
GCAATGGGGGCAACCCTGACGCAGCAATACCGCGTGAGTGAAGAAGGTTT
TCGGATCGTAAAGCTCTGTTATTGGGGAAGAAGAATGACGGTACCCAATG
AGGAAGTCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGGA
CAAGCGTTGTCCGGAATGACTGGGCGTAAAGGGCGCGTAGGCGGTCTATT
AAGTCTGATGTGAAAGGTACCGGCTCAACCGGTGAAGTGCATTGGAAACT
GGTAGACTTGAGTATTGGAGAGGCAAGTGGAATTCCTAGTGTAGCGGTGA
AATGCGTAGATATTAGGAGGAACACCAGTGGCGAAGGCGGCTTGCTGGAC
AAATACTGACGCTGAGGTGCGAAAGCGTGGGGAGCGAACAGGATTAGATA
CCCTGGTAGTCCACGCCGTAAACGATGAATGCTAGGTGTTGGGGAAACTCA
GTGCCGCAGTTAACACAATAAGCATTCCGCCTGGGGAGTACGACCGCAAG
GTTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCAGCGGAGCATGT
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GGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTG
ACGAGCCTAGAGATAGGAAGTTTCCTTCGGGAACAGAGAGACAGGTGGTG
CATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACG
AGCGCAACCCCTGCCTTTAGTTGCCAGCATTAAGTTGGGCACTCTAGAGGG
ACTGCCGTAGACAATACGGAGGAAGGTGGGGACGACGTCAAATCATCATG
CCCCTTATGACCTGGGCTACACACGTGCTACAATGGTCTGAACAGAGGGCC
GCGAAGCCGCGAGGTGAAGCAAATCCCTTAAAACAGATCCCAGTTCGGAT
TGCAGGCTGCAACTCGCCTGCATGAAGTTGGAGTTGCTAGTAATCGCGGAT
CAGAATGCCGCGGTGAATGCGTTCCCGGGTCTTGTACACACCGCCCGTCAC
ACCACGAGAGTTGGCAACACCCGAAGCCTGTGAGAGAACCGTAAGGACTC
AGCAGT[0322]

SEQ ID NO:11 strain 11 2G9_Parabacteroides distasonis. HE974920 GATGAACGC-
TAGCGACAGGCTTAACACATGCAAGTCGAGGGGCAGCACAGGTAGCAATA
CCGGGTGGCGACCGGCGCACGGGTGAGTAACGCGTATGCAACTTGCCTATC
AGAGGGGGATAACCCGGCGAAAGTCGGACTAATACCGCATGAAGCAGGGG
CCCCGCATGGGGATATTTGCTAAAGATTCATCGCTGATAGATAGGCATGCG
TTCCATTAGGCAGTTGGCGGGGTAACGGCCCACCAAACCGACGATGGATA
GGGGTTCTGAGAGGAAGGTCCCCCACATTGGTACTGAGACACGGACCAAA
CTCCTACGGGAGGCAGCAGTGAGGAATATTGGTCAATGGCCGAGAGGCTG
AACCAGCCAAGTCGCGTGAGGGATGAAGGTTCTATGGATCGTAAACCTCTT
TTATAAGGGAATAAAGTGCGGGACGTGTCCCGTTTTGTATGTACCTTATGA
ATAAGGATCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGATCC
GAGCGTTATCCGGATTTATTGGGTTTAAAGGGTGCGTAGGCGGCCTTTTAA
GTCAGCGGTGAAAGTCTGTGGCTCAACCATAGAATTGCCGTTGAAACTGGG
GGGCTTGAGTATGTTTGAGGCAGGCGGAATGCGTGGTGTAGCGGTGAAAT
GCATAGATATCACGCAGAACCCCGATTGCGAAGGCAGCCTGCCAAGCCAT
TACTGACGCTGATGCACGAAAGCGTGGGGATCAAACAGGATTAGATACCC
TGGTAGTCCACGCAGTAAACGATGATCACTAGCTGTTTGCGATACACTGTA
AGCGGCACAGCGAAAGCGTTAAGTGATCCACCTGGGGAGTACGCCGGCAA
CGGTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGAGGAACATG
TGGTTTAATTCGATGATACGCGAGGAACCTTACCCGGGTTTGAACGCATTC
GGACCGAGGTGGAAACACCTTTTCTAGCAATAGCCGTTTGCGAGGTGCTGC
ATGGTTGTCGTCAGCTCGTGCCGTGAGGTGTCGGCTTAAGTGCCATAACGA
GCGCAACCCTTGCCACTAGTTACTAACAGGTAAAGCTGAGGACTCTGGTGG
GACTGCCAGCGTAAGCTGCGAGGAAGGCGGGGATGACGTCAAATCAGCAC
GGCCCTTACATCCGGGGCGACACACGTGTTACAATGGCGTGGACAAAGGG
AAGCCACCTGGCGACAGGGAGCGAATCCCCAAACCACGTCTCAGTTCGGA
TCGGAGTCTGCAACCCGACTCCGTGAAGCTGGATTCGCTAGTAATCGCGCA
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[0314]

[0315]

[0316]

TCAGCCATGGCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTC
AAGCCATGGGAGCCNGGGGTACCTGAAGTCCGTAACCGCGA[0323]
SEQ ID NO:27 16S RNA sequence corresponding to LN998073
SEQ ID NO:28 16S RNA sequence corresponding to KR822463
SEQ ID NO:30 16S RNA sequence corresponding to NR112945
SEQ ID NO:31 16S RNA sequence corresponding to KM098109
SEQ ID NO:32 16S RNA sequence corresponding to NR113078
SEQ ID NO:33 16S RNA sequence corresponding to NR041464
SEQ ID NO:34 16S RNA sequence corresponding to LT223566
SEQ ID NO:35 16S RNA sequence corresponding to NR112835
SEQ ID NO:36 16S RNA sequence corresponding to NR113248
SEQ ID NO:37 16S RNA sequence corresponding to NR041342
The invention is not limited in its application to the details of construction and the ar-
rangement of components set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments and of being practiced or of
being carried out in various ways. Also, the phraseology and terminology used herein

is for the purpose of description and should not be regarded as limiting. The use of

% <é Y e bR AN Y

“including,” “comprising,” or “having,” “containing,” “involving,” and variations
thereof herein, is meant to encompass the items listed thereafter and equivalents
thereof as well as additional items.

Unless otherwise defined herein, scientific and technical terms used in connection
with the present disclosure shall have the meanings that are commonly understood by
those of ordinary skill in the art. Further, unless otherwise required by context,
singular terms shall include pluralities and plural terms hall include the singular. The
methods and techniques of the present disclosure are generally performed according to
conventional methods well-known in the art. Generally, nomenclatures used in
connection with, and techniques of biochemistry, enzymology, molecular and cellular
biology, microbiology, virology, cell or tissue culture, genetics and protein and nucleic
chemistry described herein are those well-known and commonly used in the art. The
methods and techniques of the present disclosure are generally performed according to
conventional methods well known in the art and as described in various general and
more specific references that are cited and discussed throughout the present speci-
fication unless otherwise indicated.

The present invention is further illustrated by the following Examples, which in no
way should be construed as further limiting. The entire contents of all of the
references (including literature references, issued patents, published patent ap-
plications, and co-pending patent applications) cited throughout this application are

hereby expressly incorporated by reference, in particular for the teaching that is
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[0319]
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referenced hereinabove. However, the citation of any reference is not intended to be
an admission that the reference is prior art.
Examples

Example 1: Identification of a CD8+ T-cell inducing bacterial cocktail

Fig. 1 shows that IFN-gamma expressing CD8 T cells were found to be present in
various organs. This population usually constitute 15% of the CD8 T cells in
lymphoid and non-lymphoid organs, whereas it is more than 50% in the intestinal
lamina propria. This frequency was found to be markedly decreased in the colon and
small intestine of germ-free mice (Fig. 2), suggesting that the microbiota plays a role in
the accumulation of IFN-+CD8+ T cells in the intestine.

Figure 3 shows that the frequency of IFN+CD8+ T-cells differed between SPF
C57BL/6 mice purchased from Charles River Laboratories Inc. and Japan SLC Inc. as
compared to SPF C57BL/6 mice purchased from CLEA Japan Inc. and mice bred in
RIKEN. When SPF C57BL/6 mice from Charles River Laboratories Inc. were co-
housed together with CLEA mice in the same cage, an increase of IFN+CD8+ T-cells
was observed in mice delivered from Charles River Laboratories Inc. (Fig. 3). This
finding strongly supports a hypothesis that there are specific microbial species in the
mouse microbiota which induce and accumulate IFN+CD8+ T cells in the intestine.

Next, it was investigated whether the human gut microbiota contained microbes
which were able to induce IFN+CD8+ T cells (Fig. 4). Stool samples were collected
from six healthy human volunteers (A~F) (Fig. 5). The samples were individually ad-
ministered orally into germ free C57BL/6 mice kept in sterile isolators (five or six
mice per group). Four weeks after oral inoculation of stool samples, mice were
sacrificed, and small intestine and colons were harvested and investigated for
IFN+CD8+ T-cells by FACS.

As shown in Fig. 6, colonic IFN+CD8+ T-cells were most remarkably induced in
mice inoculated with a stool sample collected from donor B. Among mice inoculated
with the donor B stool sample, we selected a mouse that exhibited the highest
frequency of IFN+CD8+ T cells (called ‘mouse B#5’ hereafter; Fig. 7). In order to
concentrate microbes responsible for IFN+CD8+ T cell induction, cecal contents were
collected from the mouse B#5 and inoculated into further germ-free mice (Fig. 8 and
9). The mice were then orally administrated drinking water with or without
Ampicillin, Metronidazole, Streptomycin or Tylosin (five mice per group) (Fig.

10). Alternatively, cecal contents of mouse B#5 were treated with 3% chloroform and
orally inoculated into another five germ-free mice (‘B#5+Chrolo’). Fig. 11 shows that
Ampicillin treatment enhanced induction of colonic lamina propria IFN+CD8+ T-cells

by the mouse B#5 microbiota, whereas other antibiotic treatment or chloroform
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treatment reduced the induction capability of IFN+CD8+ T-Cells by the mouse B#5
microbiota.

Fig. 12 shows the operational taxonomic unit (OTU) analysis of intestinal contents of
mice inoculated with mouse B#5 microbiota and treated with/without antibiotics or
chloroform. Cecal contents were collected from two B#5+AMP mice that exhibited
the highest frequency of IFN+CD8+ T cells (mouse B#5+AMP-2 and mouse
B#5+AMP-3) and cultured in an anaerobic chamber (Fig. 13). 304 colonies were
picked and sequencing of the 16S rRNA gene revealed that 26 strains were isolated
(Figs. 14 and 15). Twenty-one strains were selected from the 26 strains, excluding 5
strains which were included in the microbiota of B#5+Chrolo mice (therefore predicted
to be unnecessary for induction of IFN+CD8+ T-cells) (Fig. 15). The mixture of 21
strains was orally inoculated into germ free mice and strong induction of IFN+CD8+
T-cells was observed (Figs. 17 and 18). IFN+CD8+ T cells induced by the 21 strains
also expressed Granzyme B as well (Fig. 19). A mixture of 11 strains with the highest
correlation with IFN+CD8+ T-cells was inoculated into GF mice as well. The mixture
of 11 strains (11 mix) was orally a strong induction of IFN+CD8+ T-cells, even when
compared to the 21 strains mixture (21 mix) (Fig. 21). Identification of the bacterial
species with the highest homology to each of the strains in the 11 mix is provided in
Table 1.

Example 1A: Further characterization of the mixture of 11 strains

The strains of Table 1 where characterized further by resequencing of the 16S
sequences and by whole genome sequencing. The results of the further charac-

terization are found in Table 2.
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Example 2: Further characterization of a CD8+ T-cell inducing bacterial cocktail

Twenty six strains isolated from cecal contents of B#5+AMP mice that exhibited
high frequencies of IFNy+CD8+ T cells are shown in Fig. 15. Among the 26 strains,
11 strains (““11 mix”) were positively correlated with the frequency of IFNy+CD8+ T
cells. Therefore, these 11 strains were selected for further experiments, and the
mixture of 11 strains (*11-mix”) was inoculated into germ-free mice (see also Table
2). Colonization with the 11-mix resulted in a strong induction of colonic IFNy+
CD8+ T cells, whereas the other 10 strains (“10-mix”) weakly induced IFNy+ CD8+ T
cells and GzmB+ CD8+ T cells compared to the levels induced by the 11-mix (Figs.
22-24)

A phylogenetic comparison using 16S rRNA gene sequences showed that the 11
strain mixture (also referred to as “the 11 mix”) consists of 7 strains falling within Bac-
teroidales (“7 strains”) and 4 strains of non-Bacteroidales: 2 Clostridiales, 1 Fusobac-
teriales and 1 Selenomonadales (“4 strains”) (See Fig. 29).

Inoculation with the mixture of 4 non-Bacteroidales strains (“4-mix’’) resulted in a
strong accumulation of colonic IFNy+CD8+ T cells, comparable to the level of colonic
IFNy+CD8+ T cells observed in mice colonized with the 11 mix. In contrast, colo-
nization with 7 Bacteroidales strains (“7-mix”) weakly induced IFNy+CD8+ T cells
(Fig. 30). The 11-mix is more effective than either the 7-mix or the 4-mix.

Identification of the bacterial species with the highest homology to each of the strains

in the 4 mix is provided in Table 3, below.

[Table 3]
Table 3: Mixture of 4 strains
NCBI SEQID of
accession # NCB! 165
Strain # | SEQ D NQ | Strain 1D |Species with highest homology of 165 focus focus
1 1 2G5  |Phascolarctobacterium fascium LNGS8073 27
2 2 1A6  |Fuschacterium ulcerans KR822463 28
5 5 281  [Subdoligranulum sp. KMO98109 31
10 10 1C1  [Eubacterium limosum NR113248 36
Example 3: Anti-cancer characteristics of CD8+ T-cell inducing bacterial cocktails in

combination with an anti-PD1 antibody

To investigate whether colonization with the 11-mix in combination with immune
checkpoint inhibitor anti-PD1 could enhance anticancer immune responses, a MC38
colon cancer cell line was subcutaneously injected into mice.

Mice were administered an anti-PD1 antibody (arrows on the timelines in Fig. 36)
and/or the 11-mix (arrows with asterisk on the timelines in Fig. 36). The 11-mix was
administered to the indicated groups of mice by gavage. Mice that received the com-

bination of the anti-PD1 antibody and the 11-mix had reduced tumor volume (Figs 36
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and 37) compared to the other groups of mice.

Infiltrating lymphocytes from the groups of mice were also analyzed. It was found
that mice that received the combination of the anti-PD1 antibody and the 11-mix had
increased levels of infiltrating IFN+ CDS8+T cells and increased levels of gp70-reactive
IFN+ CD8+ T cells and GzmB+ IFN+ CD8+ T cells (Figs. 38 and 39).

Example 4: Anti-cancer characteristics of CD8+ T-cell inducing bacterial cocktail in
combination with CTLA-4 immune checkpoint inhibitor

To investigate whether colonization with the 11-mix in combination with immune
checkpoint inhibitor anti-PD1 antibody could enhance anticancer immune responses, a
MC38 colon cancer cell line was subcutaneously injected into mice.

Mice were administered an anti-CTLA4 antibody (arrows on the timelines in Fig. 40)
and/or the 11-mix (arrows with asterisk on the timelines in Fig. 40). The 11-mix was
administered to the indicated groups of mice by gavage. Mice that received the com-
bination of the anti-CTLA4 antibody and the 11-mix had reduced tumor volume (Fig.
40) compared to the other groups of mice.

Example 5: Anti-cancer characteristics of CD8+ T-cell inducing bacterial cocktail
combination with an anti-PD1 antibody in a melanoma model

A melanoma engraftment mouse model was used to evaluate the efficacy of the
11-mix in combination with a PD-1 antibody in the treatment of melanoma. Mice
were engrafted with Braf Pten melanoma cells. Mice were administered an anti-PD1
antibody (arrows on the timelines in Fig. 41) and/or the 11-mix (arrows with asterisk
on the timelines in Fig. 41). The 11-mix was administered to the indicated groups of
mice by gavage. Mice that received the combination of the anti-PD1 antibody and the
11-mix had reduced tumor volume (Fig. 41), as compared to the other groups of mice.

These results show that treatment with 11-mix in combination with the anti-PD1
antibody systemically activates CD8 T cells in the melanoma.

Example 6: The role of transcription factors BATF3 and Irf4

The 11-mix was administered to mice that have the BATF3 transcription factor and
mice that do not have the BATF3 transcription factor. Mice that do not have the tran-
scription factor BATF3 are not susceptible to CD8 T cell induction by the 11-mix (Fig.
26). Itis likely that CD103-CD11b dendritic cells are required for stimulation of IFN-
gamma producing CD8 and Th1 cells. The induction of Th17 cells by the 11-mix
cocktail is independent of BAFT3 status. (Fig. 43C). Figs. 43 and 44 show the results
from the experiments of Example 8. The experiments show that BATF3 is required for
the 11-mix to induce CD8-T cells. BATF3 is not required to induce Th17.

The 11-mix was also administered to mice that have the Irf4 transcription factor and
mice that do not have the Irf4 transcription factor. Mice that do not have the tran-

scription factor Irf4 are not susceptible to CD8 T cell induction by the 11-mix (Fig.
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27). The experiments show that Irf4 is required for the 11-mix to induce CD§-T
cells.

These results suggest that the mixture of 11 isolated bacterial strains, or ligands from
the mixture, induces IFN+ CD8+ T cells through BATF3-dependent dendritic cells
and/or Irf4-depdendent dendritic cells (Fig. 28).

Example 7: Treatment of Listeria infected mice

Since IFNg+CD8+ T cells have been reported to play critical roles in controlling in-
tracellular pathogens, it was evaluated whether oral supplementation with the 11 strain
mixture in a multiple dosing regimen could augment host protective immunity against
Listeria monocytogenes infection. SPF mice were treated with AVMN (ampicillin,
vancomycin, metronidazole, neomycin) for 5 days via the drinking water. After one
day washout of antibiotics, multiple oral administrations of the 11-mix (4 times) were
performed. To reconstitute complex microbiota, fecal microbiota from SPF mice were
introduced together with the first administration of 11-mix. The mice were then orally
infected with Listeria monocytogenes on day 0. Fecal Listeria CFU and body weight
of mice were determined. Treatment with 11-mix significantly reduced Listeria mono-
cytogenes colonization of the gut lumen (Fig. 34).

Intestines from Listeria infected mice were also evaluated by histology. Treatment
with 11-mix significantly reduced intestinal pathology and histology score of Listeria
monocytogenes infected mice (Fig. 34).

Thus, administration of the 11 strain-mixture can provide protective immunity
against an intracellular, infectious pathogen.

Example 8: Abundance of bacterial strains in healthy human microbiota

The fecal microbiota from 104 healthy volunteers was analyzed to determine the
abundance of each of the bacterial strains of the 11 mixture. Briefly, fecal samples
were processed and sequenced. As shown in Fig. 32, many of the 11 bacterial strains
were found to be rare or of very low abundance in the human microbiome samples. In
particular, two effector strains, Fusobacterium ulcerans and Eubacterium limosum
were found to have low abundance, even in the sample from the donor from which
these strains were isolated.

Example 9: Further analysis of the mixture of 11 bacterial strains

The mixture of 11 bacterial strains was further analyzed to determine whether
specific strains were important components for the induction of IFN producing CD8+
T cells. As shown in Fig. 33, several bacterial mixtures containing 8§ or 9 strains from
the 11 strain mixture were prepared.

Briefly, bacterial mixtures that lacked Fusobacterium ulcerans and Eubacterium
limosum were found to induce reduced levels of IFN producing CD8+ T cells

compared to the 11 strain mixture (Fig. 33). Additionally, bacterial mixtures that
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lacked Bacteroides dorei and Bacteroides uniformis were found to induce reduced
levels of IFN producing CD8+ T cells compared to the 11 strain mixture (Fig. 33).

Example 10: A defined consortium of human gut commensals induces CD8 T cells
and modulates host microbial and cancer immunity

There is a growing appreciation for the importance of the gut microbiota as a
therapeutic target in various diseases, including infection and cancer!. However, there
are only a handful of known commensal strains (either single species or defined com-
munities) that can potentially be utilized to manipulate specific host physiological
functions, such as the immune response*’. In this study, we rationally isolated a
consortium of commensal bacteria from healthy human donor faeces that was capable
of robustly inducing interferon- (IFNYy)-producing CD8 T cells in the intestine and
enhancing anti-microbial and anti-tumour immunity. IFN+*CD8 T cells were highly
abundant in the intestines of specific pathogen-free (SPF) mice but were greatly di-
minished in germ-free (GF) mice. To identify and isolate human-associated IFN*CDS§
T cell-inducing bacteria, GF mice were colonised with faecal microbiota from healthy
human volunteers. Individual stool samples showed considerable variability in their
ability to induce colonic IFN*CDS T cells. Focusing on the sample that elicited the
greatest induction, we performed a series of rigorous selection steps to narrow the
candidate effector bacteria down to 11 strains without sacrificing IFN*CD8 T cell-
induction potency. These 11 strains act cooperatively to mediate colonic IFN*CD8 T
cell induction through the activation of Batf3-dependent and IRF4-dependent dendritic
cell subsets without causing inflammation. Repetitive administration of the 11-strain
mixture to SPF mice enhanced both host resistance against Listeria monocytogenes
infection and therapeutic efficacy in syngeneic tumour models when given in con-
junction with PD-1 or CTLA4 monoclonal antibody (mAb) immune checkpoint in-
hibitors. The 11 strains primarily represent rare, low-abundance components of the
human microbiome, and thus have great potential as broadly effective biotherapeutics.

IFN--expressing CD8 T cells were constitutively present at high frequencies in the
colonic and small intestinal (SI) lamina propria (LP) as compared to other organs in
SPF mice (C57BL/6 obtained from CLEA Japan) (Fig. 43A), reminiscent of the pref-
erential localization of T helper 17 (T17) and regulatory T (T,,) cells to the gut #3°. A
large proportion of colonic LP IFN+*CDS8 T cells expressed the -T cell receptor (TCR),
CD8/, CD44, and T-bet (Fig. 47A), indicating they were primarily activated/memory
cells differentiated from conventional CD8 T cells. Many of the IFN*CDS8 T cells
expressed inducible T cell costimulator (ICOS) and the -chain (CD103) of integrin E7
(Fig. 47A), both markers of tissue-resident memory T (Trum) cells!®12. A subset of IFN*
CD8 T cells also expressed granzyme B (GrB) (Fig. 47A). The frequency and number
of both colonic and SI LP IFN*CDS8 T cells were markedly decreased in GF as
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compared to SPF mice (Fig. 43B and Fig. 47B), suggesting that the microbiota plays a
critical role in IFN*CDS8 T cell accumulation. This microbiota dependence was also
clearly observed in the CD103+ and GrB+ cell fractions of IFN+CDS8 T cells (Fig. 43C).
Oral administration of faecal suspensions from SPF mice ameliorated the deficit in
colonic IFN*CD8 T cells in GF mice (Fig. 47C). Conversely, treatment of adult SPF
mice with an antibiotic cocktail of ampicillin, vancomycin, metronidazole, and
neomycin (AVMN) markedly reduced IFN*CDS8 T cell frequency (Fig. 47D). Fur-
thermore, this subpopulation in SPF mice varied with housing conditions (high in mice
obtained from CLEA; low in those from SLC and Charles), and co-housing of mice
with high versus low frequencies for 2 weeks resulted in all mice ultimately displaying
a high-frequency phenotype (Fig. 47E). Collectively, these results suggest that the
frequency of IFN*CDS8 T cells is plastic, with specific members of the microbiota
promoting their accumulation in the intestine in an inducible and reversible manner.

From a translational perspective we mined the human, rather than the murine, faecal
microbiota for bacterial strains that could induce the accumulation of IFN*CD8 T cells
in the intestine (experimental procedure outlined in Fig. 48). Faecal samples were
obtained from six healthy Japanese volunteers (Donors A to F) and were each orally
administered to GF mice housed in separate gnotobiotic isolators. The extent of
colonic IFN*CD8+* T cell induction varied greatly between samples (Fig. 43D). Faeces
from Donor B elicited the strongest induction, to a degree comparable to that observed
in SPF mice (compare Figs. 43B and 43D). The induction was more pronounced in the
colon than in the SI (Fig. 49A), potentially due to preferential colonic colonization. We
then selected the mouse that exhibited the strongest IFN*CDS8 T cell induction (“mouse
B5”) (Fig. 43D), suspended its caecal contents in broth media, and gavaged this
suspension into GF mice (GF+B5 mice). Next, the mice were treated with either
ampicillin (Amp), metronidazole (MNZ), streptomycin (STM), tylosin (Tyl), or a
vehicle control via the drinking water. Chloroform (Chlo)-treated caecal contents of
mouse B5 were inoculated into an additional group of GF mice (GF+Chlo B5 mice) to
examine the effects of spore-forming commensal bacteria®. As expected, colonization
with the caecal microbiota from mouse B5 resulted in a significant increase in
frequency of colonic IFN+CD8 T cells as compared to GF controls (Fig. 43E).
Treatment with MNZ, STM, or Tyl, however, resulted in a substantial decrease in IFN*
CD8 T cell induction relative to the untreated group, and Chlo treatment abrogated it
altogether (Fig. 43E). In contrast, Amp treatment enhanced the induction of IFN+CDS§
T cells (Fig. 43E). This trend was mirrored by the CD103*IFN*+*CD8 subpopulation,
representing IFN* Try cells (Fig. 49B). We followed up on the two Amp-treated mice
that exhibited the strongest IFNy*CDS8 T cell induction (denoted B5-Amp2 and

B5-Amp3) and cultured their caecal contents in vitro in a variety of media under
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anaerobic conditions (Fig. 43E). We picked 206 distinct colonies and analysed them by
16S ribosomal RNA (rRNA) gene sequencing to elaborate a consortium of 26 unique
strains (Fig. 43QG).

In addition, we examined the caecal microbiota composition of all mice from the an-
tibiotic experiment by 16S rRNA gene sequencing. The relative abundance of each op-
erational taxonomic unit (OTU) was determined in every sample by subjecting 3000
quality filter-passed reads to OTU analysis with a similarity threshold of 97%,
revealing that the 26 isolated strains together roughly recapitulate the microbiota of
mice BS-Amp2 and B5-Amp3 (Figs. 43F and 43G). To identify functionally relevant
isolates, we excluded five strains detected in the microbiome of GF+Chlo B5 mice
(indicated with “+” in Figs. 43F and 43G) and selected the remaining 21 for further
analysis (Fig. 43G). To ascertain whether the 21 strains had IFN*CDS8 T cell-inducing
capacity, they were cultured individually and introduced as a mixture (21-mix) into GF
mice (GF+21-mix mice). For comparison, we also analysed mice colonised with a
mixture of 17 T, cell-inducing Clostridia strains (GF+Treg 17mix) that were
previously isolated from a human faecal sample®. We observed a very strong induction
of IFN*CDS8 T cells in the colonic LP of GF+21-mix mice, with a magnitude
comparable to that in SPF mice (compare Figs. 43B and 43H). GF+Treg 17mix mice
showed no induction above the GF baseline (Fig. 43H). We then performed a
Spearman’s rank correlation test comparing the relative abundances of the 21 strains
with IFN*CDS8 T cell frequency using data from the aforementioned antibiotic ex-
periment. Among the 21 strains, 11 were positively associated with IFN+CD8 T cell
frequency (indicated with a “#” in Figs. 43F and 43G) and 10 showed no significant
association (indicated with a “-”in Figs. 43F and 43G) (see, also Fig. 50). To hone in
on the effector microbes, we compared the efficacy of the 11 versus 10 strains in
inducing colonic IFN*CDS8 T cells. GF+11-mix mice exhibited a robust induction, to
the same extent as did GF+21 mix mice (compare Figs. 43H and 43I). IFN+*CD8 T
cells induced by the 11-mix were largely positive for T-bet and CD44, and included
subsets of GrB+ cells and KLRG 1 ICOS+CD103+ cells (Fig. 43 and Fig. 51A). The
induction of IFN+CDS8 T cells in GF+10-mix mice was significantly lower than that
observed in GF+11-mix mice (Fig. 431), and that of GrB*IFN+*CD8 T cells was non-
existent (Fig. 43J). The inductive ability of the 11-mix was not confined to CD§ T
cells, but extended to CD4 T cells as well. Indeed, a significant increase in the fre-
quencies of colonic Ty17 cells and Tyl cells was observed after colonization with the
11-mix. However, these responses were significantly weaker than those induced by the
20 reported Ty17 cell-inducing human associated strains (T;17 20mix, ref. °), and by a
reported Ty1 cell-inducing Klebsiella pneumoniae strain (Kp2H7, ref. 13), respectively
(Fig. 43K and Fig. 51). Importantly, the induction of IFN*CDS8 T cells by the 11-mix
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was not inflammatory in origin, as there were no gross, histological, or transcriptional
signs of colonic inflammation in GF+11-mix mice (Fig. 43L and Figs. 52A-52C).
Taken together, these data suggest that the 11 strains were major contributors to the
IFN+*CDS8 T cell induction observed in mice inoculated with Donor B faeces and have
non-inflammatory immunomodulatory activity that is relatively specific to CD8 T
cells.

To fully characterize each of the 11 strains, we sequenced their genomes using a
MiSeq Illumina platform, attaining between 100- and 200-fold coverage per strain
(Fig. 53). No prominent virulence factors or toxins were identified (data not shown).
Although tetracycline-resistance and beta-lactamase genes were present in most of the
genomes, multidrug-resistant strains were not identified (data not shown). A phy-
logenetic comparison revealed that the 11 strains comprised 7 Bacteroidales and 4 non-
Bacteroidales species (Fig. 43G, Fig. 53, and Fig. 54). When inoculated into GF mice,
the 7 Bacteroidales-mix (7-mix) failed to induce IFN+*CDS8 T cells, whereas the 4 non-
Bacteroidales-mix (4-mix) displayed a significantly better induction capacity compared
to the 7-mix. However, the 4-mix alone was not sufficient to achieve the full inductive
effect of the 11-mix (Fig. 43M). These results suggest that the 11 strains act as a
community wherein the 4 non-Bacteroidales species act as effector elements and the 7
Bacteroidales play a supporting role.

We next sought to gain insight into the mechanism by which the consortium of 11
strains induces colonic IFN*CD8 T cells. Treating GF mice with heat-killed 11-mix via
the drinking water for four weeks failed to induce IFN+*CD8 T cells (Fig. 44A), in-
dicating that bacterial viability is required for immunomodulation. Fluorescence in situ
hybridization performed on colonic samples from GF+11-mix mice highlighted the
strains’ ability to enter the mucus layer, though no invasion into the epithelial layer
was detected (Fig. 44B). This implies that active colonization, likely of the mucus
layer, is necessary for IFN+CD8 T cell induction. The 11 strains mainly colonised the
caecum and colon, which was reflected by a prominent induction of IFN*CDS8 T cells
at these sites (Fig. 44C and Fig. 55). Nevertheless, the immunomodulatory phenotype
extended beyond the intestine, as an increase in IFN+*CD8 T cell frequency was also
observed in several additional organs, including the inguinal lymph nodes, lungs, and
spleen, although the magnitude in each was much smaller than that in the colon (Fig.
44C). Notably, the IFN-*CD8 T cell frequency in the peripheral blood was reduced
after 11-mix administration (Fig. 44C). Therefore, the effect of the 11-mix is systemic
as it affects the overall tissue distribution of IFN-+CD8 T cells. Colonic epithelial cells
(ECs) upregulated expression of Cxcl9 and Cxcll0 chemokine transcripts along with
those encoding other IFN-inducible genes as early as 1 week post-inoculation of the
11-mix (Fig. 44D and Fig. 55B), which likely contributed to the recruitment and accu-
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mulation of IFN*CDS8 T cells in the colon '°. Time course analyses of IFN+*CDS8 T cell
accumulation as well as expression of CD103 and the proliferation marker Ki67 in
GF+11-mix mice revealed that expansion of CD8 T cells (Ki67-positive) occurred
within a one-week timeframe and was accompanied by a dramatic increase in IFN+
CD8 T cell frequency (Fig. 44E). The accumulated IFN*CDS8 T cells at 1-week post-
colonization were primarily CD103-, though the CD103* Ty subset gradually
increased in frequency thereafter and persisted stably for at least 12 weeks (Fig. 44E),
suggesting a stepwise differentiation pattern. The baseline level and induction
magnitude of IFN+CDS8 T cells varied substantially depending on genetic background,
with the greatest induction occurring in C57BL/6 mice (Fig. 44F). Furthermore, IFN*
CDS8 T cell TCR Vp usage differed significantly between GF+11-mix and GF mice:
the GF+11-mix group showed a relative enrichment for V36+ and V[38+ subsets, at the
expense of the V[(35+ subset (Fig. 44G). In contrast, there was no difference in IFN-
negative CD8 T cell TCR V composition between GF and GF+11-mix mice (Fig.
44G). Taken together, these data suggest that the accumulation of IFN*CDS8 T cells is
likely due to the cumulative effects of colonic homing, cellular expansion, and TCR-
mediated differentiation.

We next examined the contribution of major innate signalling pathways and dendritic
cells (DCs). Neither Myd88-Trif”, Il1br”, nor 11187 GF+11-mix mice showed any
difference in IFN*CDS8 T cell inductive capacity as compared to wild-type (WT)
controls (Fig. 44H). In contrast, the 11-mix treatment failed to induce colonic IFN*
CD8+ T cells in Batf3- mice and Xcrl+e x R26:1acZbpAf*DTA mice (Fig. 441), both
of which lack the intestinal CD11b-CD103+ DC subset crucial for antigen cross-
presentation to CD8 T cells'#16. Interestingly, the induction was also abrogated in
CDl11c-Cre x Irf4%f (Irf4P¢) mice and CD11c-Cre x Notch2®f (Notch2P¢) mice (Fig.
44]), which have defective CD11b+*CD103+ DC subsets!¢!7, Colonization with the
11-mix enhanced expression of MHC class I (H2-KP) in both CD11b-CD103* and
CD11b+*CD103* colonic LP DC populations (Fig. 44K). These results are consistent
with the hypothesis that the 11 strains localize to the colonic mucus layer and produce
Toll-like receptor-independent ligands that activate CD11b-CD103+ and CD11b*
CD103* LP DCs to induce IFN+*CD8 T cell accumulation.

We next examined whether the 11-mix was capable of augmenting IFN+CDS8 T cell
accumulation in the context of a complex microbiota. In SPF mice with a fully intact
gut microbiota, the 11 strains failed to induce IFN*CD8 T cells even after repetitive
oral gavage (Figs. 56A and 56B). To open up niches in the intestinal environment, SPF
mice were treated with AVMN or a vehicle control for 4 days via the drinking water
and then recolonised with a complex SPF faecal (SPFfae) microbiota supplemented or

without the 11-mix. One experimental group received only the initial 11-mix gavage,
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while another received subsequent repetitive oral gavage several times per week for
three weeks (Figs. S6A and 56B). The latter combination treatment (first with AVMN,
then with repetitive administration of the 11-mix) resulted in a significant increase in
the frequency of colonic IFN*CDS8 T cells, as compared to the other groups (Figs. S6A
and 56B).

Since IFN*CDS8 T cells are known to promote the clearance of intracellular pathogens
1218 we next tested whether oral administration of the 11 strains could augment host
protective immunity against Listeria monocytogenes (Lm) infection. SPF mice were
pre-treated with AVMN and gavaged once with SPFfae, followed by repetitive gavage
with the 11-mix (Fig. 45A). This led to the expected increase in frequency of colonic
IFN+*CDS8 T cells (Fig. 45B) and an upregulation of IFN-regulated antimicrobial genes
in colonic ECs, such as those encoding guanylate-binding proteins (GBPs), interferon-
induced proteins (IFIs), Cxcl10, and autophagy-related Irgm1 (Fig. 45C). The mice
were then orally infected with Lm. Pre-treatment with the 11-mix significantly fa-
cilitated Lm clearance, as evidenced by a rapid decrease in faecal Lm colony-forming
units (CFU) (Fig. 45D), markedly better colon histology scores (Fig. 45E), and reduced
weight loss (Fig. 45F) as compared to untreated controls. Treatment with the 11-mix
enhanced ovalbumin (OVA)-specific CD8 T cell proliferation in response to OV A-
expressing Lm (Lm-OVA, ref. 1°) infection (Fig. 45G). It was also effective in
protecting mice from systemic infection after intraperitoneal injection of Lm, as
reflected by enhanced clearance from the liver and spleen (Fig. 45H).

In addition to fending off intracellular pathogens, IFN+*CD8 T cells also play a
critical role in anti-tumour immunity and mediate immune checkpoint inhibitor (ICI)
therapies like mAbs targeting PD-1, PD-L1, and CTLA-4 (refs 3202%). We thus
examined whether colonization with the 11 strains could enhance the therapeutic
efficacy of ICIs in murine cancer models. SPF mice were treated with AVMN and sub-
cutaneously engrafted with MC38 adenocarcinoma cells, followed by microbiota re-
constitution with SPFfae either with or without repetitive dosing of the 11-mix.
Tumour growth was then tracked in the presence or absence of intraperitoneal PD-1
mAb administration (Fig. 46A). Consistent with previous reports*>>, PD-1 mAb
monotherapy significantly suppressed tumour growth (Fig. 46B). Notably, repetitive
dosing of the 11-mix alone controlled tumour growth to the same extent as PD-1 mAb
therapy, and the combination of PD-1 and 11-mix treatment was significantly more
effective than either monotherapy (Fig. 46B, Fig. 57A, and Fig. 57B). In keeping with
these observations, the combination therapy increased the number of tumour-in-
filtrating CD8 T lymphocytes (TILs) (Fig. 46C), many of which were IFN* with a
comparatively large GrB* subpopulation (Fig. 46D). IFN+*CDS8 TILs were mostly PD-1
+and ICOS* (Fig. 46E) and included a subset specific for the MC38 tumour-associated
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antigen p15E (ref. *) (Fig. 46F). Additionally, combination therapy resulted in an
increase in number of tumour-infiltrating CD11c*MHC class 11+ DCs (Fig. 46G),
which exhibited heightened expression of MHC class I (Fig. 46H). To test the general-
izability of our findings, we next probed the ability of the 11-mix to modulate the
efficacy of CTLA-4 mAb ICI treatment in the MC38 cancer model. Combination
therapy of the 11-mix and CTLA-4 mAb significantly enhanced the host anti-tumour
response (Fig. 46I). Importantly, there was no histological evidence of colitis in any of
the experimental groups, a frequently observed adverse effect of ICI therapies®?’ (Fig.
57B). In addition to enhancing treatment efficacy in the highly immunogenic MC38
tumour model, the combination of PD-1 mAb and the 11-mix was also effective
against the less immunogenic BRAFVEPTEN" melanoma 2627, although, unlike in the
MC38 case, neither PD-1 nor 11-mix monotherapy slowed tumour growth (Fig. 46J).
Collectively, these results suggest that the 11 strains modulate anti-tumour immunity
and have the capability to enhance ICI therapies.

Finally, to evaluate the abundance of the 11 strains in the average human gut mi-
crobiome, we mined 3039 samples from metagenomic datasets, including JPGM,
HMP1-2, LLDeep, MetaHIT, SO0FG, and HMP2. We found that most of the 11 strains
are generally rare, low-abundance components of the human microbiota (Figs.
58A-60). At strain-level resolution, 5 of the 11 were detected in very few individuals
(15 out of the 3039 evaluated samples) (Fig. 58B). Even at the species level, bacteria
corresponding to Fusobacterium ulcerans (strain 1A6), Eubacterium limosum (strain
1C1), Parabacteroides gordonii (strain 81H9), and Alistipes senegalensis (strain 81E7)
were particularly rare in the human gut microbiome across all cohorts (Fig. 59).
Similarly, most of the strains were below the detection limit even in the microbiome of
Donor B, from which they were isolated (Fig. 60).

In this study, we have identified 11 healthy human-associated bacterial strains that
act together to induce intestinal IFN+*CD8 T cells with a Try phenotype via activation
of DCs. IFNy released by these cells can promote an anti-pathogenic environment in
the gut by upregulating a number of IFN-induced antimicrobial genes and chemokines,
likely conferring resistance to the intracellular pathogen Lm in this fashion. Moreover,
the 11-strain consortium was effective in inhibiting tumour growth in syngeneic cancer
models in conjunction with ICIs. These findings are consistent with previous reports
demonstrating the important role of IFN+*CD8 T cells and DCs in tumour immunity
3142022 More research will be needed to elucidate the molecular mechanism by which
the 11 strains effect the observed immunomodulation. One possibility is TCR cross-
reactivity between bacterial and tumour antigens, though this is less likely given that
the immunomodulatory response was seen in two distinct cancer models. It is also

possible that DCs activated in the colon may migrate into the tumour to stimulate CD8
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T cells. Alternatively, bacterial products released by the 11 strains may directly and/or
indirectly stimulate DCs and CD8 T cells within the tumour microenvironment to
support the development of tumour-specific CD8 T cells.

Several reports have demonstrated that the composition of the gut microbiome in-
fluences response to ICIs in humans and mice, suggesting that its manipulation holds
immense therapeutic potential®*2!28-3°. However, the specific microbiota members as-
sociated with enhanced clinical response vary substantially between studies. Cross-
referencing human gut microbiome datasets, we found that most of the 11 strains are
rare, low-abundance components of the human microbiota. Although further inves-
tigation is required to assess whether the IFNy*CDS8 T cell-inducing strains identified
in this study are functionally related to those correlated with improved ICI efficacy in
recent reports?*3°, our findings provide an example of rare species that can induce IFN*
CD8 T cells and enhance infection and cancer treatment with a potentially large effect
size®!. The contribution of such species may be underestimated by traditional,
sequence-oriented microbiome analysis. Our isolated strains have great biotherapeutic
potential and could be broadly applicable to enhancing the treatment of cancer and in-
fectious disease, as they are severely underrepresented in the gut microbiota of most
individuals.

Example 11:

IFNy-expressing CD8 T cells were constitutively present at high frequencies in the
colonic and small intestinal (SI) lamina propria (LP) as compared to other organs in
SPF mice (Fig. 61A), reminiscent of the preferential localization of T helper 17
(TH17) and regulatory T (Treg) cells to the gut**°. A large proportion of colonic LP
IFNy+*CD8 T cells expressed the af3-T cell receptor (TCR), CD8a/f3, CD44, T-bet, and
inducible T cell costimulator (ICOS) (Fig. 65A), indicating they were primarily
activated/memory cells differentiated from conventional CD8 T cells. The IFNy+CDS§
T cells contained subsets expressing CD103, a marker of tissue-resident memory T
(TRM) cells'®'2, and granzyme B (GrB), a key effector molecule of cytotoxic T cells
(Figs. 65A, 65B). The frequency and number of both colonic and SI LP IFNy+CD8 T
cells were markedly decreased in GF as compared to SPF mice (Fig. 61B and Fig.
65C). Similarly, treatment of adult SPF mice with an antibiotic cocktail significantly
reduced IFNy+*CD8 T cell frequency (Fig. 65D). Conversely, oral administration of
faecal suspensions from SPF mice (SPFfae) ameliorated the deficit in GF mice (Fig.
65E). Furthermore, the relative abundance of this cell population in SPF mice varied
with housing conditions, and co-housing for 2 weeks resulted in all mice ultimately
displaying a high-frequency phenotype (Fig. 65F). Collectively, these results
suggested that the frequency of IFNy*CDS8 T cells is plastic, with specific members of

the microbiota promoting their intestinal accumulation in an inducible and reversible
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was mined for bacterial strains that could induce the accumulation of IFNy+*CD8 T
cells in the intestine (outlined in Fig. 66). Faecal samples were obtained from six
healthy volunteers (Donors A to F) and were each orally administered to GF mice
housed in separate gnotobiotic isolators. The extent of colonic IFNy*CD8 T cell
induction varied greatly between samples (Fig. 61C and Fig. 67). Faeces from Donor
B elicited the strongest induction, to a degree comparable to that observed in SPF mice
(compare Figs. 61B and 61C). Then the mouse that exhibited the strongest induction
(“mouse B5”) (Fig. 61C) was selected and gavaged a suspension of its caecal contents
into GF mice (GF+B5 mice). These mice were treated with either ampicillin (Amp),
metronidazole (MNZ), streptomycin (STM), tylosin (Tyl), or a vehicle control via the
drinking water. Chloroform-treated caecal contents of mouse BS were inoculated into
an additional group of GF mice (GF+Chlo B5 mice) to examine the effects of spore-
forming commensal bacteria®. As expected, GF+B5 mice showed a significant
increase in frequency of colonic IFNy*CD8 T cells (Fig. 65D). Treatment with MNZ,
STM, or Tyl, however, resulted in a substantial decrease, and chloroform treatment
abrogated induction altogether (Fig. 65D). In contrast, Amp treatment enhanced the
observed induction (Fig. 65D). The two Amp-treated mice exhibiting the strongest
IFNy*CD8 T cell induction (denoted BS-Amp2 and B5-Amp3) were selected for
further analysis and their caecal contents were cultured in vitro in a variety of
media. 206 distinct colonies were picked and analysed by 16S ribosomal RNA
(rRNA) gene sequencing to elaborate a consortium of 26 unique strains (Fig. 61F).
Analysis of caecal microbiota composition revealed that the 26 isolated strains
together roughly recapitulated the microbiota of mice B5-Amp2 and B5-Amp3 (Figs
61E, 61F). From these 26 strains, five strains detected in the microbiome of GF+Chlo
B5 mice (Figs. 61E, 61F) were excluded and the remaining 21 were selected for further
analysis (Fig. 61F). The 21 strains were cultured individually and introduced as a
mixture (21-mix) into GF mice (GF+21-mix mice). For comparison, mice colonized
with a mixture of 17 Treg cell-inducing Clostridia strains (GF+Treg 17-mix) that were
previously isolated from a human faecal sample were analyzed®. A very strong
induction of IFNy*CDS8 T cells was observed in the colonic LP of GF+21-mix mice,
with a magnitude comparable to that in SPF mice (compare Figs 61B, 61G), whereas
GF+Treg 17-mix mice showed no induction above the GF baseline (Fig. 61G). A
Spearman’s rank correlation test was performed comparing the relative abundances of
the 21 strains with IFNy*CD8 T cell frequency. Among the 21 strains, 11 were
positively associated with IFNy*CDS8 T cell frequency (Figs. 61E and 61F) and 10
showed no significant association (Figs. 61E and 61F) (see also Fig. 68). The efficacy
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of the 11 strains was compared versus the efficacy of the 10 strains in inducing colonic
IFNy+CD8 T cells. GF+11-mix mice exhibited a robust induction, to the same extent
as did GF+21-mix mice, whereas GF+10-mix mice did not (Fig. 61H). The
11-mix-mediated increase in IFNy+*CD8 T cells was observed in mice of various
genetic backgrounds, although the baseline and induction magnitude varied sub-
stantially between groups (Fig. 69A). IFNy+*CDS8 T cells induced by the 11-mix were
largely PD-1inemediae CD44+ T-bet+, [COS+, and KLRG1-, and a small subset was GrB+
(Figs. 69B and 69C). Time course analysis of GF+11-mix mice revealed that the
dramatic increase in IFNy+*CD8 T cells occurred within a one-week timeframe (Fig.
61I). These incipient IFNy+CDS8 T cells were primarily CD103-, though the CD103+*
trv phenotype subset gradually increased in frequency thereafter (Fig. 611 and Fig.
69B), suggesting a stepwise differentiation pattern. Importantly, IFNy*CDS8 T cells
persisted stably for 6 months, and neither gross, histological, nor transcriptional signs
of colonic inflammation were observed in GF+11-mix mice (Fig. 70). The inductive
ability of the 11-mix was not confined to CD8 T cells, but extended to CD4 T cells as
well. Indeed, a significant increase in the frequencies of colonic TH17 and THI cells
was observed, although these responses were significantly weaker than those induced
by 20 reported TH17 cell-inducing strains (TH17 20-mix®,) and by a reported TH1
cell-inducing Klebsiella pneumoniae strain (Kp2H7'%), respectively (Fig. 69D). These
data suggested that the 11 strains have non-inflammatory immunomodulatory activity
that is relatively specific to CD8 T cells.

A phylogenetic comparison revealed that the 11 strains comprised 7 Bacteroidales
and 4 non-Bacteroidales species (Figs. 61F, 71, and 72). When inoculated into GF
mice, the 7 Bacteroidales-mix (7-mix) failed to induce IFNy+CDS8 T cells, whereas the
4 non-Bacteroidales-mix (4-mix) displayed a significantly better induction
capacity. However, the 4-mix alone was not sufficient to achieve the full inductive
effect of the 11-mix (Fig. 61J). These results suggested that the 11 strains act as a
consortium wherein the 4 non-Bacteroidales species act as effector elements, and the 7
Bacteroidales play a supporting role.

The mechanisms underlying 11-mix-mediated IFNy*CDS8 T cell accumulation in the
colon were further elucidated. No accumulation was observed after treating GF mice
with heat-killed 11-mix (Fig. 62A), and fluorescence in situ hybridization (FISH)
highlighted the strains’ ability to enter the colonic mucus layer, though no invasion
into the epithelium was detected (Fig. 62B). Colonization with live 11-mix up-
regulated the expression of chemokines Cxcl9 and Cxcl10 as well as other IFN-
inducible genes in colonic epithelial cells (ECs) (Figs. 62C and 73A), and gnotobiotic
Ifngrl-/- mice displayed markedly suppressed IFNy*CDS8 T cell induction (Fig.

62D). These results suggested that active colonization near ECs might establish an
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IFNymediated feed-forward loop that plays a role in the recruitment and accumulation
of IFNy+*CD8 T cells. Furthermore, approximately half of the IFNy+CD8 T cells were
undergoing active proliferation one week post-colonization, as evidenced by their Ki67
expression (Fig. 62E), suggesting that cellular expansion is at least partially re-
sponsible for the observed accumulation. Additionally, IFNy+*CDS8 T cell TCR Vf(3
usage differed significantly between GF+11-mix and GF mice: the GF+11-mix group
showed a relative enrichment for the V36+ and V[38+subsets, at the expense of VB35+
subset (2-way ANOVA interaction p-value = 0.0001) (Fig. 62F). In contrast, there was
no difference in IFNynegative CD8 T cell TCR Vf3 composition between GF and
GF+11-mix mice (p-value = 0.31) (Fig. 62F). The antigen specificity of the induced
colonic IFNy+CD8 T cells was also probed, and it was found that a substantial fraction
of the cells recognized bacterial antigens derived from the 11 strains (Fig.

62G). Taken together, these data suggested that the accumulation of IFNy+CD8 T cells
is likely due to the cumulative effects of colonic recruitment, cellular expansion, and
bacterial antigen-mediated differentiation.

The contributions of major innate signalling pathways and dendritic cells (DCs) was
next examined. Neither Irf9” (type I IFN signalling-deficient), Myd88-Trif”-
(Toll-like receptor signalling-deficient), I11br”, nor 11187~ GF+11-mix mice showed
any difference in IFNy*CDS8 T cell inductive capacity as compared to wild-type (WT)
controls (Fig. 62H). In contrast, the 11-mix treatment failed to induce colonic IFNy*
CD8 T cells in Batf3-/- mice and Xcrl+eex R26:lacZbpAf*DTA mice (Fig. 621), both
of which lack the intestinal CD11b-CD103+ DC subset!+!6. Induction was also
abrogated in CD11c-Cre x Irf4%1 (Irf4yDC) mice and CD11c-Cre x Notch2%1
(Notch2yDC) mice (Fig. 62I), which have defective CD11b*CD103+ DC subsets!®-17
. Colonization with the 11-mix enhanced expression of MHC class I (H2-KP) in both
CD11b-CD103+ and CD11b*CD103* colonic LP DC populations in WT mice (Fig.
62J). Additionally, IFNy+*CD8 T cell accumulation was dramatically impaired in MHC
class Ia-deficient (K*D""), but not MHC class Ib-deficient (H2-M3-), mice (Fig.
62K). These results were consistent with the hypothesis that the 11 strains activate
signalling independent of major innate immune pathways, which conditions CD103+
LP DCs to induce IFNy+CDS8 T cell accumulation in a classical MHC class Ia-
dependent manner.

The systemic effects of 11-mix colonization were examined. All strains prefer-
entially localized to the caecum and colon, which was reflected by a prominent
induction of IFNy*CDS8 T cells at these sites (Figs. 621, 73B). Nevertheless, the im-
munomodulatory phenotype extended well beyond the intestine, as an increase in IFNy
*CDS8 T cell frequency was observed in several additional organs (Fig. 62L). The

systemic effects of the 11-mix were likely due neither to bacterial dissemination (Fig.
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73C) nor to systemic circulation of gut-origin IFNy+CDS8 T cells, as the colonic and
systemic subsets were phenotypically distinct (Fig. 74). It is hypothesized that the
systemic effects may be due to circulating metabolites induced by the 11

strains. Indeed, examination of caecal contents from GF, GF+4-mix, GF+7-mix,
GF+11-mix, and GF+10-mix revealed differences in the overall metabolomic profile of
each group, though GF+11-mix and GF+4-mix mice clustered more tightly than other
groups, consistent with their immunomodulatory phenotype (Fig. 75A). Several
molecules, such as mevalonate and dimethylglycine, were elevated in both the caecal
contents and the sera of GF+11-mix mice (Figs. 75B-75D), suggesting a potential
mechanistic role.

With the goal of clinical translation, the 11 strains’ genomes were examined and no
prominent virulence factors or toxins were found (Table 4). Although tetracycline-re-
sistance and [3-lactamase genes were present in most of the genomes, no strains were
multidrug-resistant (Tables 5 and 6). The effects of the 11-mix in the context of a
complex microbiota were also examined. In SPF mice, the 11 strains failed to induce
IFNy+CDS8 T cells even after repetitive oral gavage (Fig. 76). In contrast, antibiotic
pre-treatment coupled with repetitive 11-mix gavage resulted in a significant induction
of colonic IFNy*CDS8 T cells and an upregulation of IFN-inducible genes in colonic
ECs (Fig. 76). To further probe clinical translatability, vancomycin-treated marmoset
monkeys were gavaged with the 11-mix, and significant increases in IFNy*CDS8 T cell
frequency were observed in the colonic and SI LP (Fig. 77), suggesting that these
strains are therapeutically applicable across vastly different species.

To further evaluate the effects of the 11-mix in the context of a complex microbiota,
germ free mice were colonized with faecal microbiota samples from donor C or left
uncolonized (Fig. 86A). The mice were then gavaged repeatedly with PBS (control) or
a bacterial composition (11-mix or 10-mix) and assessed for colonization with each of
the bacterial strains of the composition. Each of the bacterial strains was detected, in-
dicating colonization (Fig. 86B). On day 21 post inoculation, the percentage IFN+
CD8+ T-cells were quantified in the colonic lamina propria and iLNs. As shown in
Fig. 86C, administration of the 11-mix resulted in the induction of IFN+ CD8+ T-cells

even in complex microbiota-colonized mice.
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Since IFNy+CD8 T cells are known to promote the clearance of intracellular
pathogens'>!®, the 11 strains were tested to determine if they could augment host
protective immunity against orally-administered Listeria monocytogenes
(Lm). GF+11-mix mice exhibited enhanced Lm clearance, as evidenced by markedly
improved colon histology scores, reduced weight loss, and a decrease in colon tissue
Lm colony-forming units (CFU) as compared to GF and GF+10-mix mice (Figs. 61A,
61B, and 78A-78C). Anti-CD8 mAb-mediated CD8 T cell depletion significantly di-
minished the protective effects of the 11-mix (Figs. 61C, 61D, and 78C). These trends
were replicated under SPF conditions, in infection models using an invasive mutant
(Lm-InlA™,'8) or a WT strain (Figs. 63E-63G and 78D-I). Moreover, in an ovalbumin-
expressing Lm (Lm-OVA'") infection model, treatment with the 11-mix enhanced
OV A-specific CD8 T cell proliferation (Figs. 63H, 85). Colonization with the 11-mix
also protected mice from systemic infection after intraperitoneal injection of WT Lm
or oral gavage with invasive Lm-InlA™ (Figs. 631 and 63)J).

IFNy*CDS8 T cells also play a critical role in anti-tumour immunity and mediate
immune checkpoint inhibitor (ICI) therapies®?°22, so it was also examined whether col-
onization with the 11 strains could enhance ICI therapeutic efficacy. GF, GF+11-mix,
and GF+10-mix mice were subcutaneously engrafted with MC38 adenocarcinoma
cells, and tumour growth was monitored with or without intraperitoneal ant-PD-1 mAb
administration (Fig. 79A). Anti-PD-1 mAb treatment was strikingly more efficacious
in GF+11-mix than in GF+10-mix or GF mice (Fig. 64A). This therapeutic efficacy
was accompanied by an increase in frequency of IFNy+*CDS8 tumour-infiltrating lym-
phocytes (TILs)(Fig. 64B), and antibody-mediated CD8 T cell depletion significantly
diminished the protective effects (Fig. 64C). IFNy+*CDS8 TILs in GF+11-mix+PD-1
mAb mice were primarily PD-1teh CD103-, and relatively enriched for the V[313+
subset, and thus are phenotypically distinct from the IFNy+CD8 T cells induced in the
colon (2-way AVOVA interaction p-value = 0.0001) (Figs. 79 and 84B). Interestingly,
11-mix colonization significantly suppressed tumour growth even in the absence of
PD-1 mAb treatment (Fig. 64A). Collectively, these results suggested that the 11
strains are sufficient and specific in enhancing both spontaneous and ICI-mediated
anti-tumor immunity in a CD8 T cell-dependent manner. The 11-mix was also
effective in the more clinically-relevant setting of complex-microbiota colonized mice
(Figs. 64D, 64E, 80A and 80B). A subset of the IFNy+CD8 TILs expressed TCRs
specific for the MC38 tumour-associated antigen p15E?3, though none were specific to
11-mix antigens (Fig. 64F). Additionally, combination therapy resulted in an increase
in both frequency of GrB*IFNy*CDS8 T cells and in MHC class I-expression by
tumour-infiltrating DCs (Figs. 64G-641I). Supplementation with the 11-mix was
similarly effective when combined with anti-CTLA-4 mAb in the MC38 model (Fig.
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64J) and with anti-PD-1 mAb in the less immunogenic BRAFV¢"FPTEN" melanoma
model**? (Fig. 64K). Importantly, there was no histological evidence of colitis in the
11-mix treatment groups, a frequently observed adverse effect of ICI therapy?2¢(Fig.
80C). Collectively, these results suggested that the 11 strains modulate anti-tumour
immunity and have the capacity to simultaneously enhance ICI therapies and negate
their colitogenic side effects.

Finally, the abundance of the 11 strains in the human gut microbiome was evaluated
using several metagenomic datasets. Most of the 11 strains were found to be are
generally rare, low-abundance components of the human microbiota at both strain- and
species-level resolution (Figs. 81-83). Most of the strains were scarce even in the mi-
crobiome of Donor B, from which they were isolated (Fig. 83). Similar low-
abundance trends were observed in both responder and non-responder melanoma
patients treated with ICIs in the reported datasets?’-> (Figs. 81 and 82).

In this study, 11 healthy human-associated bacterial strains were identified that act
together to induce IFNy*CDS8 T cells, confer resistance to the intracellular pathogen
Lm, and are effective in inhibiting tumour growth in conjunction with ICIs. More
research will be needed to elucidate the cellular and molecular mechanism by which
the 11 strains effect the observed local and systemic immunomodulation. Several
reports have demonstrated that the composition of the gut microbiota influences
response to ICIs in both humans and mice, suggesting that its manipulation holds
immense therapeutic potential®*?!27>°. However, the specific microbiota members as-
sociated with enhanced clinical response vary substantially between studies. The
isolated strains in this study have great biotherapeutic potential and could be broadly
applicable to enhancing the treatment of cancer and infectious disease, as they are
severely underrepresented in the gut microbiota of most individuals.

Discussion

The gut microbiota is an attractive therapeutic target for the treatment and/or
prevention of infectious and inflammatory disease, and also for boosting the efficacy
of cancer immunotherapy. In this context, bacterial strains that can potently affect the
development and function of intestinal CD4 T cells, including SFB (a Ty17-inducer)®+?
, Clostridia (T,.-inducers)®#, and Klebsiella spp. (Ty1-inducers)!* were previously
identified and isolated using gnotobiotic animal models. I n contrast, the relationship
between the microbiota and intestinal CD8 T cells remains poorly characterized and
largely unknown. In this study, a consortium of 11 bacterial strains from the healthy
human gut that act together to induce the accumulation of IFNy*CD8 T cells in the
colon and also at distal sites were rationally isolated. This 11-strain mixture was able
to enhance both host resistance against Listeria infection and therapeutic efficacy of

PD-1 and CTLA-4 monoclonal antibody therapies against cancer.
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Possible mechanisms of 11-mix-mediated colonic (local) IFN+CDS8 T-cell induction.

The 11 strain-driven colonic IFN+*CDS8 T cell accumulation is likely mediated
through complex multi-cellular and molecular pathways. Supporting this notion,
11-mix-induced colonic IFN*CDS8 T cells constituted a highly heterogeneous
population characterized by distinct expression levels of CD103, GrB, and PD-1, as
well as distinct TCR V usage and antigen specificity. In particular, colonic IFN+CD8
T cells induced by the 11-mix contained both CD103+ and CD103- subpopulations
(Figs. 611 and 69B). CD103 is the -chain of integrin E7 and a marker of tissue-resident
memory T (Try) cells!®2. Earlier studies have shown that CD8 T cells upregulate
CD103 upon chronic TCR stimulation, particularly in the presence of transforming
growth factor-f3 (TGF)!°. Therefore, the CD103+*IFN+CDS8 T cell subset might be
induced by an active and sustained response to bacteria or bacteria-derived antigens in
the TGF-rich gut microenvironment**. Consistent with the hypothesis of sustained
TCR activation-mediated differentiation, IFN+*CD8 T cells in GF+11-mix mice
expressed intermediate levels of PD-1 (Fig. 69B), though expression was lower than
that by TILs isolated from MC38 tumours (Fig. 79B). As PD-1 expression is known to
be induced and maintained by chronic TCR signaling*’, it is likely that the observed
IFN*CDS8 T cell accumulation is at least in part mediated by sustained TCR
stimulation. Additionally, examination of TCR V usage revealed that IFN*CDS8 T cell
TCR composition differed significantly between GF+11-mix and GF mice: the
GF+11-mix group showed a relative enrichment for the V6+ and V8* subsets (Fig.
62F). Furthermore, investigation of antigen specificity revealed that a substantial
fraction of colonic IFN+*CDS8 T cells in GF+11-mix mice recognized 11 strain-derived
antigen(s) (Fig. 62G). Finally, the accumulation of IFN*CDS8 T cells was dramatically
impaired in CD103+ dendritic cell (DC)-deficient (Batf3--, XCR-DTA, Irf4°¢, Notch2
by and MHC class Ia-deficient (KbDb*) mice (Figs. 62I and 62K). Taken together,
these data indicated that the 11-mix-mediated IFN*CDS8 T cell induction can at least in
part be attributed to TCR-driven de novo differentiation.

In addition to differentiation, colonic recruitment and maintenance are likely
mechanisms by which the observed IFN+CD8 T cell induction is
affected. Transcriptomic analysis of colonic epithelial cells (ECs) revealed significant
upregulation of Cxcl9 and Cxcl10 chemokine transcripts, along with those encoding
other IFN-inducible genes, as early as one week post-inoculation of the 11-mix (Figs.
62C and 73A). These chemokines are ligands for CXCR3 and are reported to be the
key molecules that facilitate effector CD8 T cell recruitment**>%; therefore, they likely
to contribute to IFN+CDS8 T cell recruitment to the colon. Consistent with this notion,
the IFN*CDS8 T cell frequency in the peripheral blood was reduced after 11-mix admin-
istration (Fig. 62L). It is noteworthy that Cxcl9 and Cxcl10 are both IFN-inducible
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genes®!, and that IFNR1- mice showed significantly reduced colonic IFN*CD8 T cell
induction (Fig. 62D). These results suggest that 11-mix colonization establishes a
feed-forward IFN loop, leading to a robust and sustained accumulation of IFN*CD8 T
cells. Moreover, approximately half of the colonic IFN+*CDS8 T cells were positive for
proliferation marker Ki67 at one week post-colonization (Fig. 62E), indicating that
they were undergoing active proliferation. Therefore, cellular expansion is also at least
partially responsible for the observed accumulation. Taking all of this data into
account, the accumulation of IFN+CDS8 T cells is likely due to the cumulative effects of
colonic recruitment, cellular expansion, and bacterial antigen-mediated differentiation.
Our data additionally suggest that bacterial localization and metabolic output may
also be relevant to the aforementioned cellular mechanisms. Investigation of the
bacterial spatial distribution in the colon by FISH revealed that the 11 strains can enter
and colonize the mucus layer (Fig. 62B). Since localization across different niches in
the gut has been known to influence bacterial effects on the immune system®2, the fact
that the 11 strains colonize the mucus layer (i.e., near the epithelium) may be mecha-
nistically related to the observed CD8 T cell activation. Additionally, since heat-killed
bacteria had no effect (Fig. 62A), and since the immunomodulation occurred inde-
pendently of major innate immune signalling, such as those involving TLRs, IL-1, IL-
18 and type I IFN (Fig. 62H), it was hypothesized that metabolites, rather than mi-
croorganism-associated molecular patterns, may be responsible for the IFN*CD8 T cell
induction. Based on phenotypic data, it is likely that the effector metabolite(s) is
produced most efficiently by the 11-strain consortium, and to a lesser extent by the
4-mix (Fig. 61J). Consistent with this hypothesis, GF+11-mix and GF+4-mix mice
showed similar caecal metabolomic profiles, and several metabolites were found to be
elevated specifically in GF+11-mix mice or in both GF+11-mix and GF+4-mix mice
(Fig. 75A). For example, the level of mevalonate mirrored the extent of colonic IFN*
CD8 T cell induction across groups and was elevated in the serum of GF+11-mix mice
(Figs. 75B-D), immediately suggesting a potential mechanistic role at both the local
and systemic levels (see below). Interestingly, the mevalonate pathway has been
reported to affect T cell function and differentiation: the sterol branch of mevalonate
metabolism provides precursors for cholesterol biosynthesis, thus affecting T cell pro-
liferation and function, while the non-sterol branch is involved in protein prenylation,
controlling T cell migration and signaling>-4. Mevalonate derivatives can also act as T
cell extrinsic cues and potent T cell agonists>*4. Dimethylglycine is another
metabolite that was elevated in the caecal contents of both GF+11-mix and GF+4-mix
mice and tended to be increased in the serum of GF+11-mix mice, and thus may
contribute to the induction of local and systemic IFN*CDS8 T cells. Dimethylglycine is

a key intermediate of choline metabolism and is purported to be effective in enhancing
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neurological functions and managing autism®. It has also been shown to enhance T
cell-mediated immune responses>.

In summary, without being bound by a particular mechanism, in the current model,
the 11 strains localize near the colonic epithelium and produce certain immunos-
timulatory ligands (possibly metabolites) and antigens, which could contact ECs,
CD103* DCs, and/or CD8 T cells to activate MyD88- and type I IFN-independent but
IFNR-dependent signaling pathways. This, in turn, could lead to elevated chemokine
expression and MHC class I upregulation, among other things, resulting in the re-
cruitment, proliferation, and differentiation of 11-strain antigen-specific and -
nonspecific IFN*CD8 T cells. Narrowing down these non-mutually exclusive hy-
potheses to determine the actual 11-strain-mediated immunomodulatory mechanism of
action will require substantial work in the future, and could enhance both our under-
standing of basic immunobiology and the effectiveness of current therapeutics.

Possible mechanisms of 11-mix-mediated systemic immunomodulation.

The CD8 T cell accumulation observed at organs other than the intestine in
GF+11-mix mice could theoretically result from a number of mechanisms, including
systemic circulation of: 1) gut-induced CD8 T cells, 2) bacteria, bacterial antigen, or
bacteria-loaded DCs, or 3) metabolites (induced or produced by the 11 strains) and/or
cytokines. It is unlikely that CD8 T cells of gut origin migrate out of the intestine,
circulate systemically, and modulate the immune response against subcutaneous
tumours and splenic or hepatic Listeria monocytogenes infection, as the IFN*CD8 T
cells that accumulated in the colon, tumour, and at distal organs were phenotypically
distinct. Indeed, the CD103* subpopulation was exclusively induced in the intestine
(Figs. 74A and 79B), and it is unlikely that these Try phenotype cells leave their site of
induction. Moreover, the expression level of PD-1 was significantly different (Figs.
74A and 79B), and there was no overlap in V usage between colonic, systemic, and
tumour IFN+*CD8 T cells (2-way ANOVA interaction p-value < 0.0001) (Fig.
84B). Additionally, 11 strain-specific, Listeria (Lm-OV A)-specific, and tumour-
specific T cells were differentially detected at distinct anatomical sites (Figs. 62G,
63H, 64F, and 84A). That is, a substantial fraction of the accumulated colonic IFN+
CD8 T cells was specific for 11-strain-derived bacterial antigens, while no response
was observed against MC38-derived p15E tumor antigen”’ or melanoma-derived gly-
coprotein 100 (gp100) antigen>®%. Conversely, IFN*CD8 TILs from MC38 tumours
mounted a response to p15E antigen, but not to the heat-killed 11 strains (Figs. 64F
and 84A). Although the possible systemic circulation of gut-origin IFN*CD8 T cells
(in particular, the CD103-negative non-Tgry subpopulation) cannot be excluded, it is
highly likely that the IFN*CDS8 T cells accumulated in the colon, tumour, and distal

organs are induced locally and independently of one another. Systemic circulation of
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bacterial antigens or bacteria-loaded DCs is also unlikely because we detected neither
bacterial translocation (Fig. 73C) nor overlap in TCR V usage or antigen specificity at
different anatomical sites (Fig. 84). The simplest and most likely explanation is that
the accumulation of IFN*CDS8 T cells in organs distal to the intestine is due to the
general proliferation and activation of CD8 T cells that do not necessarily recognize
11-strain-derived antigen. Since there were elevated levels of known im-
munomodulatory metabolites, such as mevalonate and dimethylglycine, in the sera of
GF+11-mix mice (Fig. 75D), systemic immune activation across different tissues may
be mediated by circulating metabolites rather than by specific bacterial antigen-driven
CD8 T cell de novo differentiation or by cross-reactivity between bacteria-specific
TCRs and tumour antigens. Nevertheless, further investigation is required to establish
the definitive mechanism(s) of the observed systemic and local induction of IFN+CD8§
T cells.

Towards clinical application

The 11 strains conferred resistance to intracellular pathogenic infections such as L.
monocytogenes. In particular, 11 strain colonization protected against bacterial
invasion as well as systemic dissemination (Figs. 63 and 78). The clinical benefits
endowed by the 11-mix are mediated not just by intestinal luminal competition, but at
least in part by CD8 T cells, as antibody-mediated depletion of CD8 T cells in
GF+11-mix mice significantly diminished protection (Figs. 63 and 78). IFN released
by CD8 T cells may promote an anti-pathogenic environment in the gut by up-
regulating a number of IFN-induced antimicrobial genes and chemokines (Figs. 73A
and 76C), thereby conferring resistance to invading pathogens like Lm. Since the 11
strains are capable of inducing Tyl and Ty17 cells (Fig. 69D), the enhancement of anti-
microbial immunity might also be due in part to these effector CD4 T cells. Intestinal
barrier dysfunction and bacterial translocation are well known to cause and perpetuate
inflammation in various diseases®-6%; as such, supplementation with the 11 strains
might aid in the prevention and management of such conditions.

In addition to defending against pathogens, the 11-strain consortium was effective in
inhibiting tumour growth in syngeneic cancer models in conjunction with ICIs (Fig.
64). The recent development of ICI therapies like anti-PD-1, anti-PD-L1, and
antiCTLA-4 mAbs represents a significant advance in cancer treatment. However,
patients’ responses to ICIs are heterogeneous and not always durable®%, so there is an
urgent need to understand and enhance their efficacy. In this context, several reports
have demonstrated that the composition of the gut microbiome influences response to
ICIs in humans and mice, suggesting that its manipulation could be therapeutically
viable*%¢. Favorable microbiome signatures have been associated with enhanced CD8

T cell and IFN responses216-68 However, the specific microbiota members associated
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with such responses vary substantially between studies: one implicates Akkermansia
spp.?’, another, Faecalibacterium spp.?’, and yet another, Bifidobacterium spp.?®, as
important effectors. One reason for this variability could be that several bacterial
consortia may be able to induce IFN+*CD8 T cells and regulate anti-tumour immunity
like the 11-mix. Further investigation is required to assess the functional similarity
between the 11 strains and those associated with improved clinical outcomes in cancer
patients treated with ICIs. Another possible reason for the variability could be that
bona fide effector species represent minor members of the microbiota, and that the
previously reported species play a supporting role for the effectors (akin to the 7-mix
supporting the effector 4-mix in our model). The contribution of such minor species is
likely underestimated by traditional, sequence-oriented microbiome analysis. In fact,
the 11 strains primarily represent rare, low-abundance components of the human mi-
crobiota. Mining the metagenomic datasets HMP1-2, LLDeep, MetaHIT, S00FG,
HMP2, and JPGM, which included 3327 samples from individuals in Europe, the
United States, China, and Japan, revealed that most of the 11 strains are generally rare,
low-abundance components of the human microbiota. At strain-level resolution, 4 of
the 11 were detected in very few individuals (16 out of the 3327 evaluated samples)
(Fig. 81). Even at the species level, Fusobacterium ulcerans (strain §1A6), Eu-
bacterium limosum (strain 81C1), Parabacteroides gordonii (strain 81H9), and
Alistipes senegalensis (strain 81E7) were particularly rare across all cohorts (Fig.
82). Most of the strains were scarce even in the microbiome of Donor B, from which
they were isolated (Fig. 83). Similar results were also obtained from a dataset of
melanoma patients treated with ICIs?”?°, and as such the 11 strains lacked enough
power to stratify individuals into responder vs. non-responder groups (Figs. 81 and
82). The data demonstrate that preferentially enriching certain low-abundance
members of the intestinal microbiota can have profound immunological effects in the
context of infectious disease treatment and cancer immunotherapy. The current data
could form the basis of a clinical drug development program in which the 11 strains
are uniquely positioned to be used as powerful biotherapeutics, as they are safe (seeing
as they were isolated from healthy microbiota, do not have prominent toxins, and are
not multi-drug resistant) and potentially broadly applicable (as they are effective in
both mice and marmosets, and are not detectable in most individuals’ microbiota).
These findings are consistent with previous reports demonstrating the important roles
of CD8 T cells, IFN, and CD103+ DCs in anti-tumour responses?*?2°. The precise
mechanism by which the 11 strains support anti-tumour immunity requires further in-
vestigation. Given that the effect was observed in at least two different tumour models
and that there was no cross-reactivity between TCRs recognizing 11 strain-derived

antigens and those recognizing tumour antigens, the improved anti-tumour immunity is
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likely occurring in an antigen-independent fashion. As described above, one hy-
pothesis is that bacterial products released by the 11 strains may directly and/or in-
directly stimulate DCs within the tumour microenvironment or in the draining LN to
support priming of tumour-specific CD8 T cells.

Methods

Mice

SPF or GF C57BL/6, BALB/c, and IQI mice were purchased from Sankyo Labo-
ratories Japan, SLC Japan, CLEA Japan, and Charles River Japan. GF and gnotobiotic
mice were bred and maintained within the gnotobiotic facility of Keio University or
RIKEN. Ifngrl+,Batf3+, 1118+, lllr1+, CD11c-Cre x Irf4?, CD11c-Cre x Notch2%,
and 11107 mice were purchased from the Jackson Laboratories. Myd88-Trif*mice
were purchased from Oriental Bio Service. Xcrl+ee x R26:lacZbpAf**DTA mice were
generated as previously described”. Irf9 and H2-M37- mice (RBRC00916, 10034)
was provided by the RIKEN BRC through the National Bio-Resource Project of the
MEXT/AMED, Japan. K°’D®" mice were purchased from MMRRC. GF rederivation
was performed at the gnotobiotic facilities of RIKEN and Keio University. All animal
experiments were approved by the Keio University Institutional Animal Care and Use
Committee, and the RIKEN Yokohama Institute. Unless otherwise noted, all SPF mice
were C57BL/6 mice obtained from CLEA Japan.

Human faecal samples, bacterial culture, and the generation of gnotobiotic animals

Human faecal samples were collected at the RIKEN institute and Keio University
according to the study protocol approved by the institutional review board. Informed
consent was obtained from each subject. Faecal samples and mouse B5 caecal
contents were suspended in equal volume (w/v) of PBS containing 20% glycerol/PBS,
snap-frozen in liquid nitrogen, and stored at -80°C until use. The frozen stocks were
thawed, suspended in TS broth, filtered through a 100 m cell strainer, and orally in-
oculated into GF mice (approximately 5-60 mg / 250 pL. per mouse). After 24 hours of
inoculation, some mice were treated with ampicillin (1 g/L), metronidazole (1 g/L),
tylosin (0.5 g/L) or streptomycin (0.5 g/L) via the drinking water. For chloroform
treatment of B5 caecal contents, the caecal content suspension was mixed with
chloroform (final concentration 3%) and incubated in a shaking water bath for 60 min
followed by evaporation of chloroform via bubbling with N, gas for 30 min. To isolate
IFN+*CDS8 T cell-inducing bacterial strains, caecal contents from GF+B5-Amp2 and
GF+B5-Amp3 mice were serially diluted with PBS and seeded onto nonselective and
selective agar plates (GAM, CMO151, and BBE). After culture under anaerobic
conditions (80% N,, 10% H,, 10% CO,) in an anaerobic chamber (Coy Laboratory
Products) at 37°C for 2 to 4 days, individual colonies were picked, and the 16S rRNA

gene region was amplified with universal primers (27F:
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5S’-AGRGTTTGATYMTGGCTCAG-3’ (SEQ ID NO:12), 1492R:
5S’-GGYTACCTTGTTACGACTT-3’(SEQ ID NO:13)) and sequenced. Individual
isolates in the culture collection were grouped as “strains” if their 16S rRNA gene
sequences had 100% identity. The resulting strain sequences were compared to those
in the RDP database and to OTUs observed in caecal samples from GF+B5-Amp2 and
GF+B5-Amp3 to determine closely related species or strains and their corresponding
OTUs. To prepare a bacterial mixture, bacterial strains were individually grown in
GAM, CM0149, or EG broth to confluence and equal volumes of media were
mixed. For culture of strain 82GS5, succinate was added to EG or CM0149 (final con-
centration 100 mM). The mixture of isolates was orally administered to GF mice
(approximately 1-2 x 108 CFU of each strain in 250 uL. medium per mouse). All mice
receiving a given mixture of bacterial strains were maintained in a single gnotobiotic
isolator. For administration of heat-killed bacteria, 11 strains cultured individually for
3 days were mixed, washed with autoclaved water, heat-killed at 121°C for 30 min,
and given to GF mice via the drinking water (2-10 x 107 equivalent CFU of each strain
per 1 mL) for 4 weeks. C57BL/6 GF mice (6-12 weeks old) were used and analysed
3-4 weeks after bacterial colonization unless otherwise indicated.

16S rRNA gene pyrosequencing

Frozen caecal contents and faecal pellets from mice were thawed and suspended in
850 L TE10 (10mM Tris-HCI, 10mM EDTA) buffer containing RNase A (final con-
centration of 100 pg/mL, Invitrogen) and lysozyme (final 3.0 mg/mL, Sigma). The
suspension was incubated for 1 h at 37°C with gentle mixing. Purified achro-
mopeptidase (Wako) was added to a final concentration of 2,000 unit/mL, and the
sample was further incubated for 30 min at 37°C. Then, sodium dodecyl sulfate (final
concentration 1%) and proteinase K (final concentration 1 mg/mL., Nacalai) were
added to the suspension and the mixture was incubated for 1 h at
55°C. High-molecular mass DNA was extracted with phenol:chloroform:isoamyl
alcohol (25:24:1), precipitated with isopropanol, washed with 70% ethanol, and re-
suspended in 200 L of TE. PCR was performed using 27Fmod
5-AGRGTTTGATYMTGGCTCAG-3’ (SEQ ID NO:14) and 338R
5-TGCTGCCTCCCGTAGGAGT-3’ (SEQ ID NO:15) to the V1-V2 region of the 16S
rRNA gene. Amplicons generated from each sample (~330 bp) were subsequently
purified using AMPure XP (Beckman Coulter). DNA was quantified using a Quant-iT
Picogreen dsDNA assay kit (Invitrogen) and a TBS-380 Mini-Fluorometer (Turner
Biosystems). The 16S metagenomic sequencing was performed according to the
Illumina protocol. Two paired-end reads were merged using the fastq-join program
based on overlapping sequences. Reads with an average quality value of <25 and

inexact matches to both universal primer were filtered off. Filter-passed reads were
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used for further analysis after trimming off both primer sequences. For each sample,
3000 quality filter-passed reads were rearranged in descending order according to the
quality value and then clustered into operational taxonomic units (OTUs) with a 97%
pairwise-identity cutoff using the UCLUST program (Edgar 2010) version 5.2.32
(www.drive5S.com/). Taxonomic assignments of each OTU were made by similarity
searching against the Ribosomal Database Project (RDP) and the National Center for
Biotechnology Information genome database using the GLSEARCH program.

Bacterial genome sequencing

The genomic DNA of the 11 strains was extracted by a method similar to that
described above as a part of the 16S rRNA gene pyrosequencing. The genome
sequences were determined by using a whole-genome shotgun strategy with the
Illumina MiSeq sequencer. The genomic DNA was sheared by sonication to obtain
DNA fragments. Template DNA was prepared according to each supplier’s
protocol. Sequences concatenated with genes encoding 40 ribosomal proteins(large
subunits L1, L2, L3, L4, LS, L6, L7/L12, L9, L10, L11, L13, L14, L15, L16, L17,
L18, L19, L.20, L21, L.22, L.23, L.24, L27, L.28, L29, L32 and L35, and small subunits
S5, S6, S7, S8, S9, S10, S11, S12, S13, S15, S16, S19 and S20) predicted from the
genomes of each strain were used to construct a phylogenetic tree. The sequences of
other bacterial species used for the tree construction were obtained from the ribosomal
multi-locus sequencing typing (MLST) database. The calculation was performed using
the MEGA v5.0 package and the neighbor-joining method with a bootstrap of 1,000
replicates.

Isolation and flow cytometric analysis of intestinal lymphocytes, DCs, and ECs

For analysis of intestinal lymphocytes, DCs, and ECs, intestines were opened longi-
tudinally and washed with PBS to remove luminal contents. All samples were
incubated in 20 mL of Hanks’ balanced salt solution (HBSS) containing 5 mM EDTA
for 20 min at 37°C in a shaking water bath to remove ECs. After vigorous vortexing,
colonic ECs released into suspension were centrifuged, immediately frozen in liquid
nitrogen, and stored at -80°C until further analysis. An aliquot of ECs was subjected to
PERCOLLR gradient separation to isolate colonic intraepithelial lymphocytes
(clELs). After removal of the ECs, the muscle layer and adipose tissue were removed
manually using forceps. The remaining LP layer was cut into small pieces and
incubated in 10 mL of RPMI1640 containing 4% fetal bovine serum, 0.5 mg/mL col-
lagenase D (Roche), 0.5 mg/mL dispase (Gibco), and 40 pg/mL DNase I (Roche) for
45 min at 37°C in a shaking water bath. The digested tissues were washed with 10 mL
of HBSS containing 5 mM EDTA, resuspended in 5 mL of 40% PERCOLLR(GE
Healthcare), and underlaid with 2.5 mL of 80% Percoll in a 15 mL Falcon
tube. PERCOLLR gradient separation was performed by centrifugation at 900g for 30
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min at 25°C. The fraction containing lymphocytes and antigen presenting cells was
collected from the interface of the two layers and washed with RPMI1640 containing
10% FBS. For DC staining, the cells were labeled with Ghost Dye 780 (Tonbo Bio-
sciences) and then stained with anti-I-A/I-E (FITC, Biolegend), CD11c (APC,
Biolegend), CD103 (PE/Cy7, Biolegend), CD11b (BV605, Biolegend) and H-2Kb
(PacificBlue, Biolegend). For cytokine detection, the cells were stimulated with 50 ng/
mL PMA and 750 ng/mL ionomycin (both from Sigma) in the presence of
GOLGISTOPR (BD Biosciences) at 37°C for 3.5 h. After labeling with Ghost Dye
780, the cells were permeabilized and stained with anti-CD3 (BV605 or BV650;
Biolegend), CD4 (BV510 or FITC; Biolegend), CD8y (APC, BV421 or PE/Cy7;
Biolegend), TCRp (PerCP-Cy5.5 or BV711; Biolegend), CD8y (PerCP-Cy5.5), CD103
(BV421 or FITC), GranzymeB (APC or PacificBlue; Biolegend), ICOS
(PE/Dazz1e594, PE or FITC; Biolegend), CD44 (PE or BV786; Biolegend), KLRG1
(BV711 or PE/Dazz1e594; Biolegend), PD-1 (BV510; Biolegend), IFNy (PE/Cy7 or
FITC; Biolegend), IL-17A (PE; BD Bioscience), T-bet (PE/Cy7, BV421 or BV785;
Biolegend) and Ki67 (AF488; Biolegend) using the Foxp3/Transcription Factor
Staining Buffer Kit (eBiosciences) as per the manufacturer’s instructions. For analysis
of TCRV( repertoire of CD8 T cells, lymphocytes were stained using the Anti-Mouse
TCRVf Screening Panel (BD Bioscience). All data were collected on a BD LSR-
Fortessa or FACSAria Illu (BD Biosciences) instrument and analysed with Flowjo
software (TreeStar). CD8 T cells were defined as the CD8y+*TCRB+*CD3+* population
within the live cell gate. For assessment of the IFNy responses against bacterial lysate,
the 11 strains were cultured individually for 3 days, washed with PBS, heat-killed at
70°C for 30 min, and used at a final concentration of 1-2 x 106 CFU/mL of each
strain. PERCOLLR-enriched colonic LP cells, which include T cells and antigen-
presenting cells, isolated from GF+11-mix mice were stimulated ex vivo with bacterial
lysate for 18 h, then GOLGISTOPR was added and the suspension was incubated for
an additional 3.5 h.

Colonization of SPF mice with the 11-mix

SPF C57BL/6 mice (6-7-weeks old) from SLC Japan (which display a relatively low-
frequency IFNy+CDS8 T cell phenotype, see Fig. 65F) were treated or not with AVMN
[ampicillin (1 g/L), vancomycin (500 mg/L), metronidazole (1 g/L) and neomycin (1 g/
L)] for 5-9 days via the drinking water. After a one-day washout of antibiotics, a
faecal suspension from untreated SPF mice (SLC Japan, approximately 1 mg per
mouse) was orally introduced along with or without the initial 11-mix by gavage. For
repetitive administration, oral gavage of the 11-mix was performed 2 or 3 times per
week. For each inoculation, the 11 strains were grown for 2 or 3 days in GAM,
CMO0149, or EG broth and approximately 1-2 x 108 CFU of each strain were used to
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inoculate each mouse. Faeces or caecal contents were collected and DNA was
extracted as a part of the aforementioned 16S rRNA gene pyrosequencing. Con-
firmation of colonization was achieved by qPCR with the following specific primers
for each strain:

81A6 (5-TGCACTGTTGGATTTTCTAAAAAGG-3’ (SEQ ID NO:16), 5’-
ACTTTGGGCATGCTAAACCA-3’ (SEQ ID NO:17));

81B11 (5-GCATATATCTTGACTGAGCCGA-3’ (SEQ ID NO:18),
5-TTCCCCCGATGAATAAAGCGT-3’ (SEQ ID NO:19));

81C1 (5-CCGCACAAGAGAAATAAACGCCA-3, (SEQ ID NO:20)
5-TGGCAAATTCAAAGGTGAGCGAA-3’ (SEQ ID NO:21)),

81E7 (5'-GGGAATAAAGCTGTTCCGATATGC-3’ (SEQ ID NO:22),
5-TCATGCAACATTCTTTCGTTGG-3" (SEQ ID NO:23)),

81H9 (5’-TTCACCTTCTACGGCTACTACTACG-3" (SEQ ID NO:24),
5’-ACATAACGATCAAGGGTGCTGAAG-3’ (SEQ ID NO:25)),

82A6 (5’-GCTCTTTTTAGCCTGTATCCGGT-3" (SEQ ID NO:26),
5-ATACGATACGAACGACCAACCT-3" (SEQ ID NO:38)),

82B1 (5-CTTCGTTGTTCTTGAACTTCTCGCC-3’ (SEQ ID NO:39),
5-CAGACATTTCCGAAAACCTCCAG-3’ (SEQ ID NO:40)),

82F11 (5-GCACAGATTCTACACTCCCCT-3’ (SEQ ID NO:41),
5’-AGCAACGAAACAACCTGTGA-3" (SEQ ID NO:42)),

82G1 (5-GAGGAAGTGAACCTTGGGTGTG-3’ (SEQ ID NO:43),
5’-AAAAAGTGGACATGATAAAGCGGAT-3’ (SEQ ID NO:44)),

82G5 (5'-AGGATCCCTTCGCTGTAGTAAAAGA-3’ (SEQ ID NO:45),
5’-ACAATCCGGTCTGATGATCAATG-3" (SEQ ID NO:46)),

82G9 (5’-GCCCGCCTCAACTTAGAATCAC-3" (SEQ ID NO:47),
5-TCTATGTGTTTCCGGTTTGTTACG-3" (SEQ ID NO:48)).

For detection of bacteria in the MLNs, the organs were homogenized and total DNA
was isolated according to the faecal DNA isolation protocol, followed by qPCR using
the specific primers described above. We confirmed the detection of bacterial DNA
with this method by analyzing MLNs from mice infected with the invasive Listeria
monocytogenes strain (Lm-InlA™).

gqPCR analysis

Total RNA was isolated from colonic ECs and DCs using TRIzol reagent
(Invitrogen) as per the manufacturer's instructions. For real-time qPCR analysis,
cDNA was synthesized using SuperScript VILO Master Mix (Thermo Fisher), and
gqPCR was performed using the Thunderbird SYBR qPCR Mix (TOYOBO) on a
LightCycler 480 (Roche). The following primer pairs were used:

Actb, 5-TTGCTGACAGGATGCAGAAG-3’ (SEQ ID NO:49) and
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5-ATCCACATCTGCTGGAAGGTG-3" (SEQ ID NO:50);
Gbpl, 5-ATGGGCCACGTCTAAAAAGC-3’ (SEQ ID NO:51) and
5-TTTGCACTGCTGCTGAGTTC-3" (SEQ ID NO:52);
Gbp6, 5-AATGCCTTGAAGCTGATCCC -3’ (SEQ ID NO:54) and
5-GTTCTTTGTCATGCGTTGGC -3’ (SEQ ID NO:55);
Ifid4, 5’-AGACAAGAGGCATTGCTGTG-3’ (SEQ ID NO:56) and
5-AGCAGAACTCGTGTTTGCTG-3" (SEQ ID NO:57);
Ifi204, 5’-AAGCAAGGGGGACATTTGTG-3’ (SEQ ID NO:58) and
5-TGGTTCACACCTGACATTGG-3’ (SEQ ID NO:59);
Cxcl9, 5-CGAGGCACGATCCACTACAA-3’ (SEQ ID NO:60) and
5’-CCGGATCTAGGCAGGTTTGA-3" (SEQ ID NO:61);
Cxcll0, 5-TCCTGCCCACGTGTTGAGAT-3’ (SEQ ID NO:62) and
5-TGCGTGGCTTCACTCCAGTT-3’ (SEQ ID NO:63);
Irgm1, 5’-TTCCAGGAAGGCCACTAACATC-3" (SEQ ID NO:64) and
5-AGCCTGTTTGGTATGACGTG-3’ (SEQ ID NO:65);
116, 5’-CTGCAAGAGACTTCCATCCAGTT-3’ (SEQ ID NO:66) and
5’-AAGTAGGGAAGGCCGTGGTT-3’ (SEQ ID NO:67);
Len2, 5'-AATGTCACCTCCATCCTGGTC-3” (SEQ ID NO:68) and
5-GTGGCCACTTGCACATTGTA-3’ (SEQ ID NO:69).

Listeria monocytogenes (Lm) infection

SPF C57BL/6 mice (6-7 weeks old) from SLC Japan were treated with AVNM
through the drinking water, then reconstituted with SPFfae at day-13. For the 11-mix
treatment group, an initial oral administration of the 11-mix was done in conjunction
with SPFfae, followed by repetitive oral gavage of the 11-mix alone at day -13, -12, -8,
and -3. For the oral infection group, mice were orally gavaged with approximately 5 X
10° CFU of Lm-WT (strain EGD) or Lm-OVA, or 1x10'! CFU of Lm-InlA™ on day O..
For quantitation of bacterial titers, colons, MLNSs, spleens, liver, or facces were ho-
mogenized in PBS, plated on CHROMagar Listeria (CHROMagar) for 2 days at 37°C,
and colonies with white halos were counted at the indicated times after infection. For
systemic infection, Lm strain EGD (1x10° CFU) was injected intraperitoneally at day
0. To quantify the bacterial titers, livers or spleens were homogenized in PBS and
plated on LB agar for 2 days at 37°C. For the Lm-OVA (Nanjing Sungyee
Biotech)-specific IFN response of CD8 T cells, colonic LP cells containing lym-
phocytes and antigen presenting cells were isolated and OV A-specific IFN*CD8 T
cells were detected by stimulation with 5 g/mL. OV A-derived peptide SIINFEKL
(MBL) in the presence of GOLGISTOP (BD Biosciences) at 37°C for 5 h. For GF
mice-based studies, C57BL/6 GF mice were colonized with 11- or 10-mix, or left
untreated, on day -7. Then, the mice were orally infected with 1 x 10° CFU of Lm-WT
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(strain EGD). For depletion of CD8 T cells, 200 pg of CD8y mAb (Clone 2.43,
BioXCell) was administered intraperitoneally 1 day before administration of 11-mix,
and every 3 to 4 days thereafter.

Subcutaneous tumour model

The MC38 adenocarcinoma cell line was a gift from the Surgery Branch, National
Cancer Institute, National Institutes of Health (Bethesda, MD, USA). BRAFY®EPTEN
- melanoma cells were isolated and cultured at Keio University from a tumour induced
in BRaf® Pten'® Tyr::CreER™ mice (ref. 27, purchased from Jackson laboratory) by
the treatment with 4-OH-tamoxifen on the mice’s clean-shaven back skin. SPF
C57BL/6 mice (6-7 weeks old, from SLC Japan) were treated with AVNM through the
drinking water (from day -7 to day 2), and 3 x 10° MC38 adenocarcinoma cells or 7 x
10° BRAFV°:PTEN~ melanoma cells were subcutaneously implanted on day 0. The
mice were reconstituted with a faecal SPF microbiota on day 3. For the 11-mix
treatment groups, the initial dosing of 11-mix was done together with the SPF mi-
crobiota on day 3, followed by repetitive dosing 2 or 3 times per week until the end of
the experiment. Mice were injected intraperitoneally with 200 g anti-PD1 mAb (Clone
J43, BioXCell) or anti-CTLA4 mAb (Clone 9H10, BioXCell) every 3 days staring
from day 3 to 9. Tumour size was measured 2 or 3 times per week and the volume was
determined as length x width? x 0.5. Mice were sacrificed either at indicated time
points or when their tumours reached an endpoint volume of 2000 mm? and the tumour
weight was determined. For GF mouse-based studies, C57BL/6 GF mice were
colonized with 11- or 10-mix, or left untreated, and were subjected to subcutaneous
implantation of 3 x 10° MC38 adenocarcinoma cells on day 0. Anti-PD-1 mAb
injection and tumour measurement were performed as described above in the SPF
mouse-based study section. For depletion of CD8 T cells, 200 pg of CD8y mAb
(Clone 2.43, BioXCell) was administered intraperitoneally 1 day before administration
of 11-mix, and every 3 to 4 days thereafter. For isolation of TILs and myeloid cells,
tumours were cut into small pieces and incubated in 10 mL of RPMI1640 containing
4% fetal bovine serum, 0.5 mg/mL collagenase D (Roche), 0.5 mg/mL dispase
(Gibco), and 40 pg/mL DNase I (Roche) for 45 min at 37°C in a shaking water
bath. The digested tumour cells were resuspended with 10 mL of HBSS containing 5
mM EDTA and passed through a 100 m cell strainer. Cell suspensions corresponding
to 0.5g of the total tumour weight were used for 40-80% Percoll gradient separation
described above. Lymphocytes and myeloid cells were collected from the interface of
the Percoll gradient and washed with RPMI1640 containing 10% FBS and stimulated
with 50 ng/mL. PMA and 750 ng/mL ionomycin (both from Sigma) in the presence of
Golgistop (BD Biosciences) at 37°C for 4.5 h. For the p15E peptide-specific IFN
response of CDS8T cells, the cells were stimulated with 5 g /mL p15E peptide
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KSPWFTTL (SEQ ID NO:69) (MBL) or bacterial lysate (1-2 x 10° CFU/mL of each
strain, prepared as described above) for 18h, the GOLGISTOPR was added and the
suspension was incubated for an additional 3.5h in the presence of Golgistop (BD Bio-
sciences) at 37°C for 5 h. Staining and FACS analysis were performed as described
above.

Histological analysis

For fluorescence in situ hybridization staining (FISH), colon tissue was fixed with
methanol-Carnoy’s solution and embedded in paraffin®>. The sections were treated
with 0.1 M HCI and hybridized with the 5" Alexa 488-labeled EUB338
(5’-GCTGCCTCCCGTAGGAGT-3’ (SEQ ID NO:29)) probe in hybridization buffer
[0.9 M NaCl, 0.02 M Tris-HCI (pH 7.6), 0.01% sodium dodecyl sulfate] at 50°C
overnight. Then slides were incubated with FISH washing buffer [0.45 M Na(l, 0.02
M Tris-HCI (pH 7.6), 0.01% sodium dodecyl sulfate] preheated to 50°C for 10 min and
washed three times in PBS. For mucus visualization, sections were incubated with
blocking buffer (1% BSA, 2% FBS, 0.05% Tween20 in PBS) at room temperature for
60 min and stained with a rabbit anti-Muc?2 antibody (1:1000, Santa Cruz
Biotechnology) for 120 min, followed by Alexa 546-labeled goat anti-rabbit IgG
(1:500, Life Technologies) in blocking buffer for 60 min. All sections were coun-
terstained with 4,6-diamidino-2-phenylindole (DAPI, Dojindo, 1:5000), mounted with
Fluoromount/Plus (Diagnostics BioSystems) and visualized using a TCS SP5 confocal
microscope.

To evaluate the development and severity of colitis, colons were fixed with 4%
paraformaldehyde, embedded in paraffin, sectioned, and stained with hematoxylin and
eosin. The degree of colitis was graded according to the following criteria: in-
flammatory cell infiltration (score, 0-4), mucosa thickening (score, 0-4), goblet cell
depletion (score, 0-4), crypt abscess (score, 0-4) and destruction of architecture (score,
0-4). The final histological score was defined as the sum of the scores of these pa-
rameters.

Metagenome sequencing of faecal microbiota from healthy volunteers (A-F)

Faecal DNA from donors A-F was isolated as described above. Whole-genome
shotgun libraries were prepared using the TruSeq DNA PCR-Free Sample Preparation
kit (Illumina). 300 bp at each end of the libraries was sequenced on a MiSeq in-
strument with the MiSeq Reagent kit v3 (600 cycles; Illumina).

Abundance profiling across metagenomic datasets

Draft genomes of the 11 strains were split into 1 kilobase pair (kbp) regions and
mapped against NCBI RefSeq (~85k genomes) to identify regions with no or weak
similarity to known isolates (Identity < 80%, Coverage < 85%). Of these, consecutive

regions of at minimum 5 kbp were defined as marker regions unique to each
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strain. Gut metagenome samples with at least 1M quality-controlled reads across
various datasets [HMP1-2 33, LLDeep *4, MetaHIT *>-*¢, S00FG ¥, HMP2 (first time
point only) *, and JPGM*] were mapped to the 1 kbp regions in all strains (filtered by
95% mapping identity). The mapped read counts were normalized to reads per kbp per
million (RPKM). A strain was deemed detected if at least 95% of the 1 kbp regions
within the marker region were detected, and the abundance was calculated as median
abundance across all marker regions in the genome. Species level abundance was
calculated as median abundance across all 1 kbp regions in the genome.

Sample preparation for metabolome analysis

Metabolite extraction from serum and caecal contents for metabolome analyses was
performed as described previously®. Briefly, frozen caecal contents together with
internal standard (IS) compounds (see below) were homogenized in ice-cold methanol
(500 uL.) using a manual homogenizer (Finger Masher (AM79330), Sarstedt) followed
by the addition of an equal volume of chloroform and 0.4 times the volume of
ultrapure water (LC/MS grade, Wako). 40uL of serum spiked with the ISs were added
with ice-cold methanol (400 uL) followed by the addition of an equal volume of
chloroform and 120 uL of ultrapure water. These suspensions were then centrifuged at
15,000g for 15 min at 4°C. After centrifugation, the aqueous phase was ultrafiltered
using an ultrafiltration tube (Ultrafree MC-PLHCC, Human Metabolome Tech-
nologies). The filtrate was concentrated with a vacuum concentrator (SpeedVac,
Thermo). The concentrated filtrate was dissolved in ultrapure water and used for LC-
MS/MS and IC-MS analyses.

Qualification and quantification of metabolites by internal and external standards

We used both IS (added to the samples before extraction) and external standard (ES)
compounds to determine the m/z value and the specific retention time for all
metabolites examined. The detailed methods are as follows. Internal standard (IS)
compounds: we used 2-morpholinoethanesulfonic acid (MES) and L-methionine
sulfone as ISs for anionic and cationic metabolites, respectively. These compounds are
not present in the samples analyzed; thus, they serve as ideal standards. Loss of en-
dogenous metabolites during sample preparation was corrected by calculating the
recovery rate (%) for each sample measurement. ES compounds: before sample
analysis, we measured the mixture of authentic compounds of target metabolites in
ultrapure water to determine both the m/z value and the retention time of all
metabolites examined.

Ion chromatography-tandem mass spectrometry for anionic metabolites

Anionic metabolites were measured using an orbitrap-type MS (Q-Exactive focus,
Thermo Fisher Scientific, San Jose, CA), connected to a high performance ion-

chromatography system (ICS-5000+, Thermo Fisher Scientific) that enables us to



161

WO 2019/156234 PCT/JP2019/004703

[0397]

[0398]

[0399]

perform highly selective and sensitive metabolite quantification owing to the IC-
separation and Fourier Transfer MS principle**.

The IC was equipped with an anion electrolytic suppressor (Thermo Scientific
Dionex AERS 500) to convert the potassium hydroxide gradient into pure water before
the sample enters the mass spectrometer. The separation was performed using a
Thermo Scientific Dionex IonPac AS11-HC, 4-um particle size column. IC flow rate
was 0.25 mL/min supplemented post-column with 0.18 mL/min makeup flow of
MeOH. The potassium hydroxide gradient conditions for IC separation are as follows:
from 1 mM to 100 mM (0-40 min), 100 mM (40-50 min), and 1 mM (50.1-60 min), at
a column temperature of 30°C. The Q Exactive focus mass spectrometer was operated
under an ESI negative mode for all detections. Full mass scan (m/z 70-900) was used
at a resolution of 70,000. The automatic gain control (AGC) target was set at 3 x 10°
ions, and maximum ion injection time (IT) was 100 ms. Source ionization parameters
were optimized with the spray voltage at 3 kV and other parameters were as follows:
transfer temperature was 320°C, S-Lens level was 50, heater temperature was 300°C,
Sheath gas was 36, and Aux gas was 10.

Liquid chromatography-tandem mass spectrometry for amino acid measurement

The amounts of various cationic metabolites were quantified using liquid chro-
matography-tandem mass spectrometry (LC-MS/MS)*. Briefly, a triple-quadrupole
mass spectrometer equipped with an electrospray ionization (ESI) ion source
(LCMS-8060, Shimadzu Corporation) was used in the positive and negative-ESI and
multiple reaction monitoring (MRM) modes. The samples were resolved on the
Discovery HS F5-3 column (2.1 mmlI.D. x 150 mmL, 3um particle, Sigma-Aldrich),
using a step gradient with mobile phase A (0.1% formate) and mobile phase B (0.1%
acetonitrile) at ratios of 100:0 (0-5 min), 75:25 (5-11 min), 65:35 (11-15 min), 5:95
(15-20 min) and 100:0 (20-25 min), at a flow rate of 0.25 mL/min and a column tem-
perature of 40°C.

Colonization of common marmoset monkeys with the 11-mix

Marmoset experiments were approved by the Institutional Animal Care and Use
Committee of the Central Institute for Experimental Animals (CIEA) and were
performed at CIEA. Six male common marmosets (8 months old) were purchased from
CLEA Japan and intragastrically gavaged with a single dose of 2 mL of vancomycin
(25 mg/mL). Each of the 11 strains was cultured in 10 mL media for 2 or 3 days, as
described above. Then, all confluent cultures were collected, centrifuged at 6000g for
5 min, and resuspended in 10mL of PBS. Three marmosets were intragastrically
gavaged with 2 mL of the mixture of 11 strains 24 hours after vancomycin
treatment. The 11-mix was repeatedly inoculated on day 3 and 7, and colonization was

confirmed by qPCR of faecal DNA. Three weeks after the first 11-mix inoculation,
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marmosets were sacrificed, and large and small intestines were collected to quantify
IFNvy+CDS8 T cells. Isolation of lymphocytes and flow cytometric analysis were
performed as in the mouse experiments, using anti-CD3 BV605 (BV605, clone
SP34-2), CDS (PE, clone 6F10) and IFNy (FITC, clone B27) (Biolegend).

Statistical analysis

All statistical analyses were performed using GraphPad PrismR software (GraphPad
Software, Inc.) with two-tailed unpaired Student’s t-test (parametric) or Mann-Whitney
test (nonparametric), one-way analysis of variance (ANOVA) followed by Tukey’s
post hoc test (3 or more groups, parametric), and two-way ANOVA with Tukey’s test
(time course experiments with 3 or more groups).
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Example 12:

Clinical data suggests the gut microbiome influences response to checkpoint inhibitor
therapy however the precise identity and mode of action of commensals associated
with clinical response has not been elucidated. We report the generation of a
consortium of human gut derived commensals capable of inducing CD8 T cells and
augmenting anti-cancer immunity.

The microbiota of healthy humans was used to inoculate germ-free mice and assess
the level of CD8 T cell induction. Human derived commensals were isolated from in-
oculated mice exhibiting high levels of CDS8 T cell induction and sequenced. Consortia
consisting of isolated human commensals were tested for the ability to induce CD8 T
cells in germ-free and SPF mice. A minimal consortium capable of inducing CD8 T
cells was administered with checkpoint inhibitor antibodies to tumor-bearing mice to
assess anti-cancer activity and the level of accumulation of tumor infiltrating lym-
phocytes.

Interferon-gamma producing CD8 T cells are abundant in the intestines of SPF but
not germ-free mice. A consortium of human-derived commensals dubbed VES0O (also
referred to herein as “11-mix”) which robustly induces CD8 T cells in germ-free mice
was identified. VES800 administration promotes activation of intestinal dendritic cells
and stimulation of interferon-gamma producing CD8 T cells is dependent on the tran-
scription factor BATF3. Comparative gene pathway analysis revealed several of the
VES8OO strains are related to strains associated with favorable clinical response in
metastatic melanoma patients treated with immunotherapy. Administration of the
VES800 cocktail with anti-CTLA4 antibodies enhanced anti-tumor activity and survival
in the MC38 tumor model. VE800 also enhanced the anti-tumor activity of anti-PD1 in
the MC38 and B-raf Pten melanoma tumor models. VE80O treatment alone is
sufficient to enhance the level of tumor infiltrating CD8 T cells in the MC38 model to
a level comparable to anti-PD1 antibodies alone however the combination of VES00
and anti-PD1 antibodies promoted the highest level of tumor infiltrating CD8 T cells in
the MC38 model as well as in the more aggressive B-raf Pten model. VES800 admin-
istration promoted enhanced accumulation of interferon-gamma producing CD8 T cells
in the spleens of tumor-bearing mice indicating the consortium promotes systemic
cellular immune cell activation.

A rationally-designed consortium of human gut-derived commensals induces CD8 T
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cells in vivo and potentiates anti-cancer immunity when administered with checkpoint
inhibitors. Given the consortium can be produced via cGMP manufacturing and ad-
ministered orally on a repeated basis, VE80O constitutes a safe agent for alteration of

the microbiome of cancer patients to enhance anti-cancer immunity.
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Claims

A composition comprising a purified bacterial mixture comprising two
or more bacterial strains of species selected from Fusobacterium
ulcerans and Eubacterium limosum, or Bacteroides dorei and Bac-
teroides uniformis.

The composition of claim 1, wherein the purified bacterial mixture
comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least 8,
at least 9, at least 10, or at least 11 bacterial strains.

The composition of claim 1 or 2, wherein the purified bacterial mixture
comprises Fusobacterium ulcerans and Eubacterium limosum and
further comprises one or more bacterial strains of species selected from
the group consisting of Phascolarctobacterium faecium, Sub-
doligranulum sp., Parabacteroides gordonii, Paraprevotella xylaniphila,
Alistipes sp., Parabacteroides johnsonii, Parabacteroides distasonis,
Bacteroides dorei, and Bacteroides uniformis.

The composition of claim 1 or 2, wherein the purified bacterial mixture
comprises Bacteroides dorei and Bacteroides uniformis and further
comprises one or more bacterial strains of species selected from the
group consisting of Phascolarctobacterium faecium, Subdoligranulum
sp., Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes sp.,
Parabacteroides johnsonii, Parabacteroides distasonis, Fusobacterium
ulcerans and Eubacterium limosum.

The composition of any one of the preceding claims, wherein the
purified bacterial mixture comprises Fusobacterium ulcerans, Eu-
bacterium limosum, Bacteroides dorei, Bacteroides uniformis, Parabac-
teroides gordonii, Paraprevotella xylaniphila, Alistipes sp., Parabac-
teroides johnsonii, and Parabacteroides distasonis.

The composition of any one of the preceding claims, wherein the
purified bacterial mixture comprises Fusobacterium ulcerans, Eu-
bacterium limosum, Phascolarctobacterium faecium, Subdoligranulum
sp., Bacteroides dorei, Bacteroides uniformis, Alistipes sp., Parabac-
teroides johnsonii, and Parabacteroides distasonis.

The composition of any one of the preceding claims, wherein the
purified bacterial mixture comprises Fusobacterium ulcerans, Eu-
bacterium limosum, Phascolarctobacterium faecium, Subdoligranulum
sp., Bacteroides dorei, Bacteroides uniformis, Parabacteroides gordonii,

and Paraprevotella xylaniphila.
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The composition of any one of the preceding claims, wherein the
purified bacterial mixture comprises Subdoligranulum sp., Phascolarc-
tobacterium faecium, Bacteroides dorei, Bacteroides uniformis,
Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes sp.,
Parabacteroides johnsonii, and Parabacteroides distasonis.

The composition of any one of the preceding claims, wherein the
purified bacterial mixture comprises Fusobacterium ulcerans, Eu-
bacterium limosum, Subdoligranulum sp., Phascolarctobacterium
faecium, Parabacteroides gordonii, Paraprevotella xylaniphila, Alistipes
sp., Parabacteroides johnsonii, and Parabacteroides distasonis.

The composition of any one of the preceding claims, wherein the
purified bacterial mixture does not comprise any one or more bacterial
strains of species selected from the group consisting of Phascolarcto-
bacterium faecium, Subdoligranulum sp., Parabacteroides gordonii,
Paraprevotella xylaniphila, Alistipes sp., Parabacteroides johnsonii, and
Parabacteroides distasonis.

A composition comprising a purified bacterial mixture comprising one
or more bacterial strains of species selected from the group consisting
of Phascolarctobacterium faecium, Fusobacterium ulcerans, Bac-
teroides dorei, Bacteroides uniformis, Subdoligranulum sp., Para-
prevotella xylaniphila, Parabacteroides johnsonii, Alistipes sp.,
Parabacteroides gordonii, Eubacterium limosum, and Parabacteroides
distasonis.

A composition comprising a purified bacterial mixture comprising one
or more bacterial strains of species selected from the group consisting
of Phascolarctobacterium faecium, Fusobacterium ulcerans, Bac-
teroides dorei, Bacteroides uniformis, Subdoligranulum sp., Para-
prevotella xylaniphila, Parabacteroides johnsonii, Alistipes sp.,
Parabacteroides gordonii, Eubacterium limosum, and Parabacteroides
distasonis.

A composition comprising a purified bacterial mixture comprising one
or more bacterial strains of species selected from the group consisting
of Parabacteroides distasonis, Parabacteroides gordonii, Alistipes sp.,
Parabacteroides johnsonii, Paraprevotella xylaniphila, Bacteroides
dorei, and Bacteroides uniformis.

A composition comprising a purified bacterial mixture comprising one
or more bacterial strains of species selected from the group consisting

of Eubacterium limosum, Subdoligranulum sp., Phascolarctobacterium
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faecium, and Fusobacterium ulcerans.

The composition of any one of the preceding claims, wherein the
bacterial strain of species Fusobacterium ulcerans is found in less than
10% of microbiota of healthy human subjects.

The composition of any one of the preceding claims, wherein the
bacterial strain of species Fusobacterium ulcerans is found in less than
1% of microbiota of healthy human subjects.

The composition of any one of the preceding claims, wherein the
bacterial strain of species Eubacterium limosum is found in less than
10% of microbiota of healthy human subjects.

The composition of any one of the preceding claims, wherein the
bacterial strain of species Eubacterium limosum is found in less than
1% of microbiota of healthy human subjects.

A composition comprising a purified bacterial mixture comprising two
or more bacterial strains comprising 16S rDNA sequences of at least
95% sequence identity to SEQ ID NO:2 and SEQ ID NO:10, or SEQ
ID NO:3 and SEQ ID NO:4.

The composition of claim 19, wherein the purified bacterial mixture
comprises at least 2, at least 3, at least 4, at least 5, at least 6, at least 7,
at least 8, at least 9, at least 10, or at least 11 bacterial strains.

The composition of claim 19 or 20, wherein the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of
at least 95% sequence identity to SEQ ID NO:2 and SEQ ID NO:10,
and further comprises one or more bacterial strains comprising 16S
rDNA sequences of at least 95% sequence identity to 16S rDNA
sequences selected from the group consisting of SEQ ID NO:1, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NO:§, SEQ ID NO:9, and SEQ ID NO:11.

The composition of claim 19 or 20, wherein the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of
at least 95% sequence identity to SEQ ID NO:3 and SEQ ID NO:4, and
further comprises one or more bacterial strains comprising 16S rDNA
sequences of at least 95% sequence identity to 16S rDNA sequences
selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID
NO:9, SEQ ID NO:10, and SEQ ID NO:11.

The composition of any of the preceding claims, wherein the purified

bacterial mixture comprises bacterial strains comprising 16S tDNA
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sequences of at least 95% sequence identity to SEQ ID NO:1, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7,
SEQ ID NO:8, SEQ ID NO:9, and SEQ ID NO:11.

The composition of any of the preceding claims, wherein the purified
bacterial mixture comprises bacterial strains comprising 16S tDNA
sequences of at least 95% sequence identity to SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8,
SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11.

The composition of any of the preceding claims, wherein the purified
bacterial mixture comprises bacterial strains comprising 16S tDNA
sequences of at least 95% sequence identity to SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8,
SEQ ID NO:9, SEQ ID NO:10, and SEQ ID NO:11.

The composition of any of the preceding claims, wherein the purified
bacterial mixture comprises bacterial strains comprising 16S tDNA
sequences of at least 95% sequence identity to SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:7,
SEQ ID NO:§, SEQ ID NO:10, and SEQ ID NO:11.

The composition of any of the preceding claims, wherein the purified
bacterial mixture comprises bacterial strains comprising 16S tDNA
sequences of at least 95% sequence identity to SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:9, and SEQ ID NO:10.

A composition comprising a purified bacterial mixture comprising one
or more bacterial strains comprising 16S rDNA sequences of at least
95% sequence identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:§, SEQ ID NO:9, SEQ ID NO:10, or SEQ ID NO:11.

The composition of any of the preceding claims, wherein the purified
bacterial mixture comprises bacterial strains comprising 16S tDNA
sequences of at least 95% sequence identity to SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7, SEQ ID NO:§, SEQ ID NO:9, SEQ ID NO:10, and SEQ
ID NO:11.

The composition of any of the preceding claims, wherein the purified
bacterial mixture comprises bacterial strains comprising 16S tDNA
sequences of at least 95% sequence identity to SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9,



WO 2019/156234

[Claim 31]

[Claim 32]

[Claim 33]

[Claim 34]

[Claim 35]

[Claim 36]

[Claim 37]

171

PCT/JP2019/004703

and SEQ ID NO:11.

The composition of any of the preceding claims, wherein the purified
bacterial mixture comprises bacterial strains comprising 16S tDNA
sequences of at least 95% sequence identity to SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:5, and SEQ ID NO:10.

The composition any one of the preceding claims, wherein the one or
more bacterial strain comprises 16S rDNA sequences of at least 96%,
at least 97%, at least 98%, or at least 99% sequence identity to the SEQ
ID NOs.

The composition of any one of the preceding claims, wherein the
purified bacterial mixture does not comprise one or more bacterial
strains comprising 16S rDNA sequences of at least 95% sequence
identity to 16S rDNA sequences selected from the group consisting of
SEQ ID NO:1, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:8, SEQ ID NO:9, and SEQ ID NO:11.

A composition comprising a purified bacterial mixture comprising two
or more bacterial strains comprising 16S rDNA sequences of at least
95% sequence identity to the sequences of the following NCBI
accession numbers: KR822463 and NR113248, or CP0O11531 and
NR_112945.

The composition of claim 26, wherein the purified bacterial mixture
comprises at least 3, at least 4, at least 5, at least 6, at least 7, at least 8,
at least 9, at least 10, or at least 11 bacterial strains.

The composition of claim 34 or 35, wherein the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of
at least 95% sequence identity to the sequences of NCBI accession
numbers KR822463 and NR 113248, and further comprising one or
more bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to the sequences of the following NCBI accession
numbers: CPO11531, NR_112945, LN998073, KM(098109,
NR_113078, NR_041464, L. T223566, NR_112835, and NR041342.
The composition of claim 34 or 35, wherein the purified bacterial
mixture comprises bacterial strains comprising 16S rDNA sequences of
at least 95% sequence identity to the sequences of NCBI accession
numbers CPO11531 and NR_112945, and further comprising one or
more bacterial strains comprising 16S rDNA sequences of at least 95%
sequence identity to the sequences of the following NCBI accession
numbers: KR822463, NR113248, LN998073, KM098109,
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NR_113078, NR_041464, L. T223566, NR_112835, and NR041342.
The composition of any of the preceding claims, wherein the purified
bacterial mixture comprises bacterial strains comprising 16S tDNA
sequences of at least 95% sequence identity to the sequences of the
following NCBI accession numbers: CPO11531, NR_112945,
LN998073, KM098109, NR_113078, NR_041464, LT223566,
NR_112835, and NR041342.

The composition of any of the preceding claims, wherein the purified
bacterial mixture comprises bacterial strains comprising 16S tDNA
sequences of at least 95% sequence identity to the sequences of the
following NCBI accession numbers: KR822463, NR113248,
LN998073, KM098109, NR_113078, NR_041464, LT223566,
NR_112835, and NR041342.

The composition of any one of the preceding claims, wherein the two
or more bacterial strains comprises 16S rDNA sequences with at least
96%, at least 97%, at least 98%, or at least 99% sequence identity to the
sequences of the NCBI accession numbers.

The composition of any one of the preceding claims, wherein the
purified bacterial mixture does not comprise one or more bacterial
strains comprising 16S rDNA sequences of at least 95% sequence
identity to the sequences of the following NCBI accession numbers:
LN998073, KM098109, NR_113078, NR_041464, LT223566,
NR_112835, and NR041342.

The composition of any one of the preceding claims, wherein at least
50% of the bacterial strains belong to the order of Bacteriodales.

The composition of any one of the preceding claims, wherein one or
more of the bacterial strains belong to the order of Bacteriodales and
one or more of the bacterial strains belong to the order of Clostridiales.
The composition of any one of the preceding claims, wherein at least
25% of the bacterial strains belong to the family of Bacteroidaceae.
The composition of any one of the preceding claims, wherein one or
more of the bacterial strains belongs to the genus Bacteroides.

The composition of any one the preceding claims, wherein the com-
position does not include bacterial strains that belong to the order of
Bacteriodales.

The composition of any one of the preceding claims, wherein one or
more of the bacterial strains is a spore-former.

The composition of any one of the preceding claims, wherein one or
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more of the bacterial strains is in spore form.

The composition of any one of the preceding claims, wherein the com-
position comprises only obligate anaerobic bacterial strains.

The composition of any one of the preceding claims, wherein one or
more of the bacterial strains does not have an antibiotic resistance gene.
The composition of claim 50, wherein the antibiotic resistance gene
renders the bacterial strain resistant to vancomycin.

The composition of any one of the preceding claims, wherein the
bacterial strains are human-derived bacteria.

The composition of any one of the preceding claims, wherein the
bacterial strains are derived from more than one human donor.

The composition of any one of the preceding claims, wherein the com-
position induces proliferation and/or accumulation of CD8+ T cells.
The composition of any one of the preceding claims, wherein the com-
position activates CD8+ IFN-gamma producing T-cells through
Irf4-dependent and/or Batf3-dependent dendritic cells.

The composition of any one of the preceding claims, wherein the com-
position is a pharmaceutical composition.

The pharmaceutical composition of claim 56, wherein the pharma-
ceutical composition comprises a pharmaceutically acceptable
excipient.

The pharmaceutical composition of claim 57, wherein the pharma-
ceutical composition is formulated for oral administration.

The pharmaceutical composition of any one of the preceding claims,
wherein the pharmaceutical composition is formulated for rectal admin-
istration.

The pharmaceutical composition of any one of the preceding claims,
wherein the pharmaceutical composition is formulated for delivery to
the intestine.

The pharmaceutical composition of any one of the preceding claims,
wherein the pharmaceutical composition is formulated for delivery to
the colon.

The pharmaceutical composition of any one of the preceding claims,
wherein one or more of the bacterial strains is lyophilized.

The pharmaceutical composition of any one of the preceding claims,
wherein the pharmaceutical composition is in the form of a capsule.
The pharmaceutical composition of any one of the preceding claims,

wherein the pharmaceutical composition further comprises a pH
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sensitive composition comprising one or more enteric polymers.

A food product comprising the composition or the pharmaceutical com-

position of any one of the preceding claims and a nutrient.

The composition of any one of claims, wherein the composition further

comprises one or more anticancer agents.

The composition of any one of the preceding claims, wherein the
ticancer agent is a chemotherapy agent.

The composition of any one of the preceding claims, wherein the
ticancer agent is cancer immunotherapy agent.

The composition of any one of the preceding claims, wherein the
cancer immunotherapy agent is an immune checkpoint inhibitor.

The composition of any one of the preceding claims, wherein the

dan-

dan-

immune checkpoint inhibitor is a PD-1 inhibitor, PD-L-1 inhibitor, or

CTLA-4 inhibitor.

The composition of any one of the preceding claims, wherein the
immune checkpoint inhibitor is a PD-1 inhibitor.

The composition of any one of the preceding claims, wherein the
immune checkpoint inhibitor is a CTLA-4 inhibitor.

The composition of any one of the preceding claims, wherein the
position further comprises one or more cytokines.

The composition of any one of the preceding claims, wherein the
cytokine is 1L-2, IL-15, or IL-21.

The composition of any one of the preceding claims, wherein the
position further comprises one or more costimulatory agents.
The composition of any one of the preceding claims, wherein the
timulatory agent is a CD-28 antibody, OX-40 antibody, 4-1BB
antibody, CD40 antibody, ICOS/CD278, CD28-type molecule,
CD27/TNFRSF7, CD30/TNFRSFS, or GITR/CD357.

The composition of any one of the preceding claims, wherein the
position further comprises one or more vaccines.

The composition of any one of the preceding claims, wherein the
vaccine is a dendritic cell vaccine.

The composition of any one of the preceding claims, wherein the
position is combined with adoptive cell transfer therapy.

The composition of any one of the preceding claims, wherein the

com-

com-

COS-

com-

com-

adoptive cell transfer therapy is the use of engineered T-cell receptors

or chimeric antigen receptors.

A vaccine comprising the composition of any one of the preceding
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claims and an antigen.

The vaccine of any one of the preceding claims, wherein the antigen is
an HIV antigen.

The vaccine of any one of the preceding claims, wherein the antigen is
a hepatitis antigen.

The composition of any one of the preceding claims, wherein the com-
position further comprises one or more anti-inflammatory agents.

The composition of any one of the preceding claims, wherein the anti-
inflammatory agent is an NSAID.

The composition of any one of the preceding claims, wherein admin-
istration of the composition to a subject results in the induction of pro-
liferation and/or accumulation of CD8+ T-cells in the intestine of the
subject.

The composition of any one of the preceding claims, wherein admin-
istration of the composition to a subject results in an increase in IFN-
gamma production in the intestine of a subject.

The composition of any one of the preceding claims, wherein admin-
istration of the composition to a subject results in activation of CD8+
IFN-gamma producing T-cells through Irf4-dependent and/or
Batf3-dependent dendritic cells.

The composition of any one of the preceding claims, wherein admin-
istration of the composition to a subject results in the presence of one or
more bacterial strains of the administered composition in the intestine
of the subject.

The composition of any one of the preceding claims, wherein one or
more bacterial strains of the administered composition was not
previously present in the intestine of the subject.

The composition of any one of the preceding claims, wherein admin-
istration of the composition to a subject results in the engraftment of
one or more bacterial strains of the administered composition in the
intestine of the subject.

The composition of any one of the preceding claims, wherein one or
more bacterial strains of the administered composition was not
previously engrafted in the intestine of the subject.

The composition of any one of the preceding claims, wherein admin-
istration of the composition to a subject results in an increase in the
number of the bacterial strains of the administered composition in the

intestine of the subject.
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The composition of any one of the preceding claims, wherein admin-
istration of the composition to a subject results in an increase in the
number of the bacterial strains of the administered composition
engrafted in the intestine of the subject.

The composition of any one of the preceding claims, wherein admin-
istration of the composition to a subject results in an increase in the
amount of bacteria of the bacterial strains of the administered com-
position in the intestine of the subject.

The composition of any one of the preceding claims, wherein admin-
istration of the composition to a subject results in an increase in amount
of bacteria of the bacterial strains of the administered composition
engrafted in the intestine of the subject.

A method of treating a disease in a subject, the method comprising ad-
ministering the composition of any one of the preceding claims to the
subject in an effective amount to treat the disease.

The method of claim 97, wherein administration of the composition to
the subject results in the induction of proliferation and/or accumulation
of CD8+ T-cells in the intestine of the subject.

The method of any one of the preceding claims, wherein the CD8+ T-
cells are IFN-gamma producing CD8+ T-cells.

The method of any one of the preceding claims, wherein the induction
of CD8+ T-cells is dependent on CD103+ dendritic cells.

The method of any one of the preceding claims, wherein the pro-
liferation and/or accumulation of CD8+ T-cells in the intestine of the
subject is increased by at least 10%, at least 20%, at least 30%, at least
40%, at least 50%, at least 100%, or at least 200% when compared to
the proliferation and/or accumulation of CD8+ T-cells in the intestine
of the subject before the administration of the composition.

The method of any one of the preceding claims, wherein the admin-
istration of the composition to the subject results in an increase of IFN-
gamma production in the intestine of the subject when compared to the
IFN-gamma production in the intestine of the subject before the admin-
istration of the composition.

The method of claim 102, wherein the IFN-gamma is produced in the
intestine by CD8+ IFN-gamma producing T-cells.

The method of claim 103, wherein the CD8+ IFN-gamma producing T-
cells are activated through Irf4-dependent and/or Batf3-dependent

dendritic cells.
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The method of any one of the preceding claims, wherein the admin-
istration of the composition to the subject results in an increase of IFN-
gamma production in the intestine of the subject by at least 10%, at
least 20%, at least 30%, at least 40%, at least 50%, at least 100%, or at
least 200% when compared to the IFN-gamma production in the
intestine of the subject before the administration of the composition.
The method of any of the preceding claims, wherein the administration
results in systemic induction of CD8+ T cells.

The method of any of the preceding claims, wherein the administration
results in a long-term induction of CD8+ T cells.

The method of any one of the preceding claims, wherein an antibiotic is
administered prior to the administration of any one of the compositions.
The method of any one of the preceding claims, wherein the antibiotic
is vancomycin.

The method of any one of the preceding claims, wherein the subject has
cancer.

The method of any one of the preceding claims, wherein the cancer is
cancer is carcinoma, glioma, mesothelioma, melanoma, lymphoma,
leukemia, adenocarcinoma, breast cancer, ovarian cancer, cervical
cancer, glioblastoma, multiple myeloma, prostate cancer, Burkitt's
lymphoma, head and neck cancer, colon cancer, colorectal cancer, non-
small cell lung cancer, small cell lung cancer, cancer of the esophagus,
stomach cancer, pancreatic cancer, hepatobiliary cancer, cancer of the
gallbladder, cancer of the small intestine, rectal cancer, kidney cancer,
bladder cancer, prostate cancer, penile cancer, urethral cancer, testicular
cancer, vaginal cancer, uterine cancer, thyroid cancer, parathyroid
cancer, adrenal cancer, pancreatic endocrine cancer, carcinoid cancer,
bone cancer, skin cancer, retinoblastomas, Hodgkin's lymphoma, non-
Hodgkin's lymphoma, Kaposi's sarcoma, multicentric Castleman's
disease, AIDS-associated primary effusion lymphoma, neuroec-
todermal tumors, or rhabdomyosarcoma.

The method of any one of the preceding claims, wherein the cancer is
prostate cancer, bladder cancer, non-small cell lung cancer, urothelial
carcinoma, melanoma, or renal cell carcinoma.

The method of any one of the preceding claims, wherein the subject is
undergoing radiation treatment.

The method of any one of the preceding claims, further comprising ad-

ministering one or more anticancer agents.
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The method of any one of the preceding claims, wherein the anticancer
agent is a chemotherapy agent.

The method of any one of the preceding claims, wherein the anticancer
agent is a cancer immunotherapy agent.

The method of any one of the preceding claims, wherein the cancer im-
munotherapy agent is an immune checkpoint inhibitor.

The method of claim 117, wherein the immune checkpoint inhibitor is a
PD-1 inhibitor, PD-L-1 inhibitor, or CTLA-4 inhibitor.

The method of claim 117, wherein the immune checkpoint inhibitor is a
PD-1 inhibitor.

The method of claim 117, wherein the immune checkpoint inhibitor is a
CTLA-4 inhibitor.

The method of any one of the preceding claims, wherein the cancer im-
munotherapy agent is a PD-1 inhibitor and a CTLA-4 inhibitor.

The method of any one of the preceding claims, wherein the admin-
istration does not induce an adverse event.

The method of any one of the preceding claims, wherein the admin-
istration does not induce a checkpoint inhibitor associated adverse
event.

The method of any one of the preceding claims, wherein the admin-
istration does not induce colitis.

The method of any one of the preceding claims, further comprising ad-
ministering one or more cytokines.

The method of any one of the preceding claims, wherein the cytokine is
IL-2, IL-15, or IL-21.

The method of any one of the preceding claims, further comprising ad-
ministering one or more costimulatory agents.

The method of any one of the preceding claims, wherein the cos-
timulatory agent is a CD-28 antibody, OX-40 antibody, 4-1BB
antibody, CD40 antibody, ICOS/CD278, CD28-type molecule,
CD27/TNFRSF7, CD30/TNFRSFS, or GITR/CD357.

The method of any one of the preceding claims, further comprising ad-
ministering one or more vaccines.

The method of any one of the preceding claims, wherein the vaccine is
a dendritic cell vaccine.

The method of any one of the preceding claims, further comprising ad-
ministering adoptive cell transfer therapy.

The method of any one of the preceding claims, wherein the adoptive
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cell transfer therapy is the use of engineered T-cell receptors or
chimeric antigen receptors.

The method of any one of the preceding claims, wherein the subject has
an infectious disease.

The method of claim 133, wherein the infectious disease is a bacterial
infection, a viral infection, a parasitic infection, or a fungal infection.
The method of claim 134, wherein the infectious disease is a viral
infection.

The method of claim 135, wherein the viral infection is HIV.

The method of any one of the preceding claims, wherein the subject has
an autoimmune disease or an allergic disease.

The method of any one of the preceding claims, wherein the com-
position further comprises one or more anti-inflammatory agents.

The method of any one of the preceding claims, wherein the anti-
inflammatory agent is an NSAID.

The method of any one of the preceding claims, wherein the com-
position is administered as more than one dose.

A method for activating the immune system, the method comprising
administering to a subject the compositions of any one of claims 1-96.
A method for activating CD8+ IFN-gamma producing T-cells, the
method comprising administering to a subject the composition of any
one of claims 1-96.

The method of claim 142, wherein the CD8+ IFN-gamma producing T-
cells are activated through Irf4-dependent and/or Batf3-dependent
dendritic cells.

A method for inducing the proliferation and/or accumulation of CD8+
T cells in the intestine, the method comprising administering to a
subject the composition of any one of claims 1-96, wherein the admin-
istration results in the induction of proliferation and/or accumulation of
CD8+ T cells in the intestine of the subject.

The method of claim 144, wherein the CD8+ IFN-gamma producing T-
cells are activated through Irf4-dependent and/or Batf3-dependent
dendritic cells.

A method for treating, assisting in treatment, and/or preventing cancer
or viral infection, the method comprising administering to a subject the
composition of any one of claims 1-96, wherein the administration
results in the treatment, assisting in treatment, and/or preventing of

cancer or viral infection.
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A vaccine composition containing an antigen derived from constituents
and/or metabolites of the bacterial species of the compositions of any
one of claims 1-96.

A method for inducing an immune response in a subject, the method
comprising administering to the subject the vaccine composition of
claim 147, wherein the administration results in the induction of an
immune response in the subject.

The method of any one of the preceding claims, wherein one or more
bacterial strains of the administered composition was not previously
present in the intestine of the subject.

The method of any one of the preceding claims, wherein administration
of the composition to a subject results in the engraftment of one or
more bacterial strains of the administered composition in the intestine
of the subject.

The method of any one of the preceding claims, wherein one or more
bacterial strains of the administered composition was not previously
engrafted in the intestine of the subject.

The method of any one of the preceding claims, wherein administration
of the composition to a subject results in an increase in the number of
the bacterial strains of the administered composition in the intestine of
the subject.

The method of any one of the preceding claims, wherein administration
of the composition to a subject results in an increase in the number of
the bacterial strains of the administered composition engrafted in the
intestine of the subject.

The method of any one of the preceding claims, wherein administration
of the composition to a subject results in an increase in the amount of
bacteria of the bacterial strains of the administered composition in the
intestine of the subject.

The method of any one of the preceding claims, wherein administration
of the composition to a subject results in an increase in amount of
bacteria of the bacterial strains of the administered composition
engrafted in the intestine of the subject.

The method of any one of the preceding claims, wherein the induction
of CD8 T cells does not result in inflammation in the subject.

A method comprising, evaluating if a subject has one or more CDS§
inducing bacterial strains in its microbiome, wherein if the subject does

not have detectable levels of the one or more CDS8 inducing bacterial
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strains, any of the compositions of the preceding claims is administered
to the subject.

A method comprising, evaluating if a subject has one or more CDS§
inducing bacterial strains in its microbiome at a level sufficient to
induce a CD8 T cell response, wherein if the subject does not have one
or more CDS inducing bacterial strains at a level sufficient to induce a
CD8 T cell response, any of the compositions of the preceding claims is
administered to the subject.

The method of any one of the preceding claims, wherein the method
does not include a step of administering an antibiotic.

The method of any one of the preceding claims, wherein the subject is
not administered an antibiotic.

A composition comprising one or more metabolites selected from the
group consisting of mevalonate, dimethylglycine, hypoxanthine, IMP,
2-deoxy-glucose 6P, TMP, 6PG, Rib5P, Ru5P, Xu5p, GDP, GlcNAc
6P, UMP, GMO, CDP, Pyridoine B6, Opthalomic acid, CTP, GTP,
ATP, F6P, 5-methyltetrahydrofolic acid, adenylosuccinate, G6P,
3-hydroxyanthranalinic acid, glycerol 3P, sedoheptulose 7P,
2-keto-4-methylthiobutyrate, dUMP, histamine, valeric acid, 3PG + 2
PG, G1P, thymidine, CMP, dopamine, phosphoenolpuryvate, HPO4,
iso-butyrate, allotoin, acetylcarnitine, and thymine and a pharma-
ceutically acceptable carrier.

A composition comprising one or more metabolites selected from the
group consisting of mevalonate, dimethylglycine, hypoxanthine, IMP,
2-deoxy-glucose 6P, TMP, 6PG, Rib5P, Ru5P, Xu5p, GDP, GlcNAc
6P, UMP, GMO, and CDP, and a pharmaceutically acceptable carrier.
A composition comprising one or more metabolites selected from the
group consisting of mevalonate and dimethylglycine, and a pharma-
ceutically acceptable carrier.

A composition comprising mevalonate and a pharmaceutically ac-
ceptable carrier.

A composition comprising dimethylglycine and a pharmaceutically ac-
ceptable carrier.

A composition comprising mevalonate, dimethylglycine and a pharma-
ceutically acceptable carrier.

The composition of any one of claims 161-166, wherein the com-
position further comprises one or more anticancer agents.

The composition of claim 167, wherein the anticancer agent is a
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chemotherapy agent.

The composition of claim 167, wherein the anticancer agent is a cancer
immunotherapy agent.

The composition of claim 169, wherein the cancer immunotherapy
agent is an immune checkpoint inhibitor.

The composition of claim 170, wherein the immune checkpoint
inhibitor is a PD-1 inhibitor, PD-L-1 inhibitor, or CTLA-4 inhibitor.
The composition of claim 170, wherein the immune checkpoint
inhibitor is a PD-1 inhibitor.

The composition of claim 170, wherein the immune checkpoint
inhibitor is a CTLA-4 inhibitor.

The composition of any of claims 1-96, wherein the composition
further comprises one or more metabolites selected from the group
consisting of mevalonate, dimethylglycine, hypoxanthine, IMP,
2-deoxy-glucose 6P, TMO, 6PG, RibSP, RuSP, Xu5p, GDP, GlcNAc
6P, UMP, GMP, CDP, Pyridoine B6, Opthalomic acid, Ctp, GTP, ATP,
F6P, 5-methyltetrahydrofolic acid, adenylosuccinate, G6P,
3-hydroxyanthranalinic acid, glycerol 3P, sedoheptulose 7P,
2-keto-4-methylthiobutyrate, dUMP, histamine, valeric acid, 3PG + 2
PG, G1P, thymidine, CMP, dopamine, phosphoenolpuryvate, HPO4,
iso-butyrate, allotoin, acetylcarnitine, and thymine.

The composition of any of claims 1-96, wherein the composition
further comprises one or more metabolites selected from the group
consisting of mevalonate, dimethylglycine, hypoxanthine, IMP,
2-deoxy-glucose 6P, TMP, 6PG, Rib5P, Ru5P, Xu5p, GDP, GlcNAc
6P, UMP, GMO, and CDP.

The composition of any of claims 1-96, wherein the composition
further comprises one or more metabolites selected from the group
consisting of mevalonate and dimethylglycine.

The composition of any of claims 1-96, wherein the composition
further comprises mevalonate.

The composition of any of claims 1-96, wherein the composition
further comprises dimethylglycine.

The composition of any of claims 1-96, wherein the composition
further comprises mevalonate and dimethylglycine.

A method of treating a disease in a subject, the method comprising ad-
ministering the composition of any one of claims 161-179 to the subject

in an effective amount to treat the disease.
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The method of claim 180, wherein administration of the composition to
the subject results in the induction of proliferation and/or accumulation
of CD8+* T-cells in the intestine of the subject.

The method of claim 181, wherein the proliferation and/or accu-
mulation of CD8* T-cells in the intestine of the subject is increased by
at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at
least 100%, or at least 200% when compared to the proliferation and/or
accumulation of CD8* T-cells in the intestine of the subject before the
administration of the composition.

The method of any one of claims 180-182, wherein the administration
of the composition to the subject results in an increase of IFN-vy
production in the intestine of the subject when compared to the IFN-y
production in the intestine of the subject before the administration of
the composition.

The method of claim 183, wherein the IFN-y is produced in the
intestine by CD8* IFN-vy producing T-cells.

The method of claim 184, wherein the CD8* IFN-y producing T-cells
are activated through Irf4-dependent and/or Batf3-dependent dendritic
cells.

The method of any one of claims 180-185, wherein the administration
of the composition to the subject results in an increase of IFN-vy
production in the intestine of the subject by at least 10%, at least 20%,
at least 30%, at least 40%, at least 50%, at least 100%, or at least 200%
when compared to the IFN-gamma production in the intestine of the
subject before the administration of the composition.

The method of any one of claims 180-186, wherein the subject has
cancer.

The method of claim 187, wherein the cancer is cancer is carcinoma,
glioma, mesothelioma, melanoma, lymphoma, leukemia, adeno-
carcinoma, breast cancer, ovarian cancer, cervical cancer, glioblastoma,
multiple myeloma, prostate cancer, Burkitt's lymphoma, head and neck
cancer, colon cancer, colorectal cancer, non-small cell lung cancer,
small cell lung cancer, cancer of the esophagus, stomach cancer,
pancreatic cancer, hepatobiliary cancer, cancer of the gallbladder,
cancer of the small intestine, rectal cancer, kidney cancer, bladder
cancer, prostate cancer, penile cancer, urethral cancer, testicular cancer,
vaginal cancer, uterine cancer, thyroid cancer, parathyroid cancer,

adrenal cancer, pancreatic endocrine cancer, carcinoid cancer, bone
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cancer, skin cancer, retinoblastomas, Hodgkin's lymphoma, non-
Hodgkin's lymphoma, Kaposi's sarcoma, multicentric Castleman's
disease, AIDS-associated primary effusion lymphoma, neuroec-
todermal tumors, or rhabdomyosarcoma.

The method of claim 187 or 188, wherein the cancer is prostate cancer,
bladder cancer, non-small cell lung cancer, urothelial carcinoma,
melanoma, or renal cell carcinoma.

The method of any one of claims 180-185, wherein the subject has an
infectious disease.

The method of claim 190, wherein the infectious disease is a bacterial
infection, a viral infection, a parasitic infection, or a fungal infection.
The method of claim 190, wherein the infectious disease is a viral
infection.

The method of claim 191 or 192, wherein the viral infection is HIV.
The method of any one of claims 180-185, wherein the subject has an
autoimmune disease or an allergic disease.

The composition of any one of claims 171-179 or method of any one of
claims 118, 119, or 125-140, wherein the PD-1 inhibitor is nivolumab.
The composition of any one of claims 171-179 or method of any one of
claims 118, 119, or 125-140, wherein the PD-1 inhibitor is pem-
brolizumab.

The composition of any one of claims 171-179 or method of any one of
claims 118, 119, or 125-140, wherein the PD-1 inhibitor is pidiluzimab.
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