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1
COMPOSITIONS CONTAINING
COMBINATIONS OF BIOACTIVE
MOLECULES DERIVED FROM
MICROBIOTA FOR TREATMENT OF
DISEASE

RELATED APPLICATIONS

This application is a national stage filing under 35 U.S.C.
§371 of PCT International application PCT/US2014/
045801, filed Jul. 8, 2014, which was published under PCT
Article 21(2) in English, and claims the benefit under 35
U.S.C. §119(e) of U.S. provisional application Ser. No.
61/844,204, filed Jul. 9, 2013, the disclosures of which are
incorporated by reference herein in their entireties.

FIELD

Described here are therapeutic combinations of molecules
derived from the gut microbiota, more particularly thera-
peutic combinations of protein antigens and small molecules
administered orally via colonic delivery systems.

BACKGROUND

Animals, including humans, host a multitude of microbes
(collectively referred to as the host’s microbiota) in ana-
tomical locations including the mouth, esophagus, stomach,
small intestine, large intestine, caecum, colon, rectum,
vagina, skin, nasal cavities, ear, and lungs. The human
microbiota is responsible for a multitude of critical pro-
cesses, including development of the immune system,
metabolism of carbohydrates, proteins, and xenobiotics for-
mation and regeneration of the epithelium, fat storage,
production of hormones, production of vitamins, and pro-
tection from pathogen infections, among others (Hooper L
V, Gordon J 1. Science. 2001;292:1115; Rakoff-Nahoum S,
Paglino J, Eslami-Varzaneh F, Edberg S, Medzhitov R. Cell.
2004;118:229; Backhed F, et al. Proc. Natl. Acad. Sci.
U.S.A. 2004;101:15718; Stappenbeck T S, Hooper L V,
Gordon J 1. Proc. Natl. Acad. Sci. U.S.A. 2002;99:15451;1
Sonnenburg J L, Angenent L. T, Gordon J I. Nat. Immunol.
2004;5:569; Hooper L V, et al. Science. 2001; 291:881).
Alterations 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, have been associated with a number of infectious
diseases (e.g., C. difficile infections), inflammatory, autoim-
mune, and allergic diseases (e.g., ulcerative colitis, Crohn’s
disease, Type ldiabetes, food allergies, asthma, rheumatoid
arthritis), and metabolic diseases (e.g., Type 2 diabetes,
metabolic syndrome, obesity, malnutrition), among others.
These alterations can lead to a loss of tolerance against
benign food antigens or benign commensal bacterial anti-
gens, subsequent excessive inflammatory responses, meta-
bolic dysregulation, and damage to the intestinal tissue,
which compromises its ability to serve as a barrier between
the gut lumen and the systemic circulation. Approaches for
countering the harmful effects of microbiota alterations on
health are limited, despite the key role that such alterations
play in promoting human pathology. Interventions known to
modulate the microbiota include antibiotics, prebiotics, pro-
biotics and fecal transplants, each of which has limited
effects and potential adverse effects. Additional approaches
to countering the detrimental effects of microbiome altera-
tions on human health which are efficacious are clearly
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needed, particularly compositions that can be manufactured
with the quality standards of a pharmaceutical product.

SUMMARY

It is an object of the present disclosure to provide com-
positions that counter the detrimental effects of microbiome
alterations on human health, are efficacious and can be
manufactured with the quality standards of a pharmaceutical
product. In particular, in order to develop drugs that induce
tolerance to the microbiota, strengthen the gut barrier, and
maintain or restore metabolic and immune homeostasis, it
may be desirable to identify physiologically active sub-
stances produced by the microbiota that are responsible for
its beneficial effects on the host and to devise methods to
deliver these substances to the precise anatomical location
where they can mediate such beneficial effects.

Compositions and methods of the present disclosure have
been made in view of the above-described problems in the
art. Certain microbiota-derived antigens and microbiota-
derived small molecules, in combination, have synergistic
effects on induction of tolerance, gut barrier integrity and
reduction of inflammation, individually or in any combina-
tion thereof (e.g., on induction of tolerance and gut barrier
integrity, on induction of tolerance and reduction of inflam-
mation, on gut barrier integrity and reduction of inflamma-
tion, or on induction of tolerance, gut barrier integrity and
reduction of inflammation. Described herein are composi-
tions that (1) comprise (a) one or more short-chain fatty acid
or one or more short-chain fatty acid derivative, (b) a (at
least one, one or more) GPR109 ligand, (c) a (at least one,
one or more) GPR43 ligand, (d) a (at least one, one or more)
histone-deacetylase (HDAC) inhibitor, (¢) one or more
antigen derived from one or more bacteria belonging to
Clostridium Cluster 1V, or Clostridium Cluster XIVa, or
Clostridium Cluster XVIII, or one or more antigen derived
from bacteria from any combination of Clostridium Cluster
1V, Clostridium Cluster XIVa, and Clostridium Cluster
XVIII (e.g., one or more antigen derived from bacteria from
Clostridium Cluster IV and one or more antigen derived
from bacteria from Clostridium Cluster XIVa, one or more
antigen derived from bacteria from Clostridium Cluster IV
and one or more antigen derived from Clostridium Cluster
XVIII, one or more antigen derived from bacteria from
Clostridium Cluster XIVa and one or more antigen derived
from bacteria from Clostridium Cluster XVIII, one or more
antigen derived from bacteria from Clostridium Cluster 1V,
or one or more antigen derived from bacteria from
Clostridium Cluster XIVa and one or more antigen derived
from bacteria from Clostridium Cluster XVIII), or (f) a (at
least one, one or more) flagellin polypeptide, or that com-
prise (g) a combination of at least one of (a)-(d) and at least
one of (e)-(f); and (2) induce tolerance (e.g., induce prolif-
eration and/or accumulation of regulatory T cells (Tregs)),
strengthen gut barrier integrity, reduce inflammation, or any
combination thereof. For example, a composition may (1)
comprise a combination of (a) and (e), (a) and (f), (b) and
(e), (b) and (f), (c) and (e), (c) and (), (d) and (e) or (d) and
(®); and (2) only induce tolerance, only strengthen gut barrier
integrity, only reduce inflammation, induce tolerance and
strengthen gut barrier integrity, induce tolerance and reduce
inflammation, strengthen gut barrier integrity and reduce
inflammation, or induce tolerance, strengthen gut barrier
integrity and reduce inflammation.

In some embodiments, the combination of (g) include any
combination of: one of the following: (a) one or more
short-chain fatty acid or one or more short-chain fatty acid
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derivative; or (b) a (at least one, one or more) GPR109
ligand; or (c) a (at least one, one or more) GPR43 ligand; or
(d) a (atleast one, one or more) histone-deacetylase (HDAC)
inhibitor, and either: (e) one or more antigen derived from
one or more bacteria belonging to Clostridium Cluster 1V, or
Clostridium Cluster XIVa, or Clostridium Cluster XVIII or
one or more antigen derived from bacteria from any com-
bination of Clostridium Cluster 1V, Clostridium Cluster
X1Va, and Clostridium Cluster XVIII (e.g., one or more
antigen derived from bacteria from Clostridium Cluster IV
and one or more antigen derived from bacteria from
Clostridium Cluster XIVa; one or more antigen derived from
bacteria from Clostridium Cluster IV and one or more
antigen derived from Clostridium Cluster XVIII; one or
more antigen derived from bacteria from Clostridium Clus-
ter XIVa and one or more antigen derived from bacteria from
Clostridium Cluster XVIII; one or more antigen derived
from bacteria from Clostridium Cluster 1V, one or more
antigen derived from bacteria from Clostridium Cluster
XIVa and one or more antigen derived from bacteria from
Clostridium Cluster XVIII) or (f) a (at least one, one or
more) flagellin polypeptide.

Described herein are compositions that (1) comprise (a)
one or more short-chain fatty acid or short-chain fatty acid
derivative; (b) a (at least one or more) GPR109 ligand; (c)
a (at least one or more) GPR43 ligand; (d) a (at least one or
more) histone-deacetylase (HDAC) inhibitor; (e) one or
more antigen derived from one or more bacteria belonging
to Clostridium Cluster 1V, or Clostridium Cluster XIVa, or
Clostridium Cluster XVIII; (f) a flagellin polypeptide; or (g)
a combination of at least one of (a)-(d) and one of (e)-(f), and
(2) induce tolerance (e.g., induce proliferation and/or accu-
mulation of regulatory T cells (Tregs), strengthen gut barrier
integrity, and reduce inflammation. The present invention
pertains to therapeutic combinations of molecules derived
from the gut microbiota, more particularly to combinations
of protein antigens and small molecules administered orally
via colonic delivery systems.

In one embodiment, the short-chain fatty acid or short-
chain fatty acid derivative is a substance selected from the
group consisting of: butyrate, isobutyrate, propionate,
acetate, tributyrin, pivaloyloxymethyl butyrate, and mono-
acetone glucose 3-butyrate. In one embodiment, the
GPR109 ligand is a substance selected from the group
consisting of: pyridine-3-carboxylic acid (also known as
niacin or Vitamin B3), a niacin derivative, 4,5-Dihydro-5-
methyl-4-0x0-5-phenyl-2-furancarboxylic acid, 5-carboxy-
2-methyl-1-oxidopyrazin-1-ium, GSK-256073,
GSK256073, ARI-3037MO, INCB019602, INCB19602,
MK-0354, MK-0354, a barbituric acid derivative, an anthra-
nilic acid derivative, a pyrazole derivative, an isoxazole
derivative, a xanthine derivative, a cycloalkane derivative, a
pyrazolopyrimidine, and a thyophene. In one embodiment,
the GPR43 ligand is a substance selected from the group
consisting of: acetate, formate, phenylacetamide 1 [(S)-2-
(4-chlorophenyl)-3-methyl-N-(thiazol-2-yl)butanamide],
phenylacetamide 2 [(S)-2-(4-chlorophenyl)-N-(5-fluorothi-
azol-2-y1)-3-methylbutanamide], propionate, and valerate.
In another aspect, the HDAC inhibitor is a substance
selected from the group consisting of: trichostatin A, (N-(2-
aminophenyl)-N'-phenyl-octanediamide), 2-(4-butoxyphe-
nyl)-N-hydroxyacetamide, MS-275, suberoylanilide
hydroxamic acid, and RG 2833. In some embodiments, the
one or more antigen derived from bacteria belonging to
Clostridium Cluster 1V, or Clostridium Cluster XIVa, or
Clostridium Cluster XVIII is a substance selected from the
group consisting of: one or more heat treated inactivated
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bacteria belonging to Clostridium Cluster IV, or Clostridium
Cluster XIVa, or Clostridium Cluster XVIII, a purified
membrane fraction from one or more bacteria belonging to
Clostridium Cluster 1V, or Clostridium Cluster XIVa, or
Clostridium Cluster XVIII, flagellin, a flagellin-like
sequence, a flagellin component protein, CBirl, Fla-X, FliC,
FliD, FlgK, FlgC, and FIgE.

In one embodiment, the compositions contain a mixture
of short-chain fatty acids including sodium acetate, sodium
propionate, sodium butyrate, sodium isobutyrate or any
combination of two, three, four (or more) of short-chain
fatty acids including, but not limited to, sodium acetate,
sodium propionate, sodium butyrate, and sodium isobu-
tyrate, which can optimally promote the production of
active-form TGF-f, a cytokine which regulates inflamma-
tion via induction of Tregs and controls the permeability of
the gut barrier.

The composition described herein is administered orally
to an individual in need thereof, such as a patient in need
thereof. The composition may be administered in a number
of oral forms that preferentially deliver the active agents to
colonic tissue, including pH-sensitive formulations (e.g.,
formulations coated with enteric polymers that release drug
when the pH becomes more alkaline after passage through
the stomach); formulations that delay the release of the drug
for a lag time of 3-5 hours, roughly equivalent to small
intestinal transit time, thereby securing delivery to the colon;
formulations containing bioadhesive polymers that selec-
tively provide adhesion to the colonic mucosa; and formu-
lations containing molecules that target receptors preferen-
tially expressed in dendritic cells, intestinal epithelial cells,
and macrophages.

In one aspect, administration of a composition described
herein causes induction of Tregs that are transcription factor
Foxp3-positive Tregs or IL.-10-producing Tregs. Assessment
of'the extent of induction of proliferation or accumulation of
Tregs that results from administration of a composition
described herein can be carried out by a variety of
approaches, such as by measurement of the number of
Foxp3-expressing Tregs in a patient sample (such as a
biopsy or blood sample), promotion of IL-10 expression,
promotion of CTLLA4 expression, promotion of IDO expres-
sion, or suppression of IL.-4 expression.

Immunity in an individual can be suppressed through
administration of the subject composition, such as through
administration of a pharmaceutical composition or through
ingestion of the composition in a food or beverage or as a
dietary supplement. The subject composition can be used,
for example, to prevent or treat autoimmune disease, allergic
diseases, inflammatory diseases, to suppress the immuno-
logical rejection of a transplanted organ, or to treat cancer.

Also provided herein are methods of inducing tolerance,
strengthening the gut barrier, and/or reducing inflammation
in an individual in need thereof. The method comprises
administering to an individual a composition described
herein. In some embodiments, the composition comprises
(a) one or more short-chain fatty acid or short-chain fatty
acid derivative; (b) a GPR109 ligand; (c) a GPR43 ligand;
(d) a histone-deacetylase inhibitor; (e) one or more antigen
derived from bacteria belonging to Clostridium Clusters 1V,
X1IVa, and XVIII; (f) a flagellin polypeptide; or (g) a
combination of at least one of (a)-(d) and one of (e)-(f), and
is administered to an individual in need of prevention,
reduction or treatment of a condition or disease.

Also provided is a method for detecting and quantifying
induction of tolerance in a subject. The method quantifies, in
a sample from a subject, the frequency of Tregs that recog-
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nize antigens expressed by bacteria belonging to
Clostridium Cluster IV, or bacteria belonging to Clostridium
Cluster XIVa, or bacteria belonging to Clostridium Cluster
XVIII. In some embodiments, the antigen that is recognized
by Tregs is flagellin. Complexes comprising four MHC
Class II tetramers with streptavidin, a molecule having
tetrameric binding sites for biotin to which a fluorochrome
is bound, are prepared. The MHC Class Il chains are
obtained by recombinant expression of polynucleotides
encoding a desired epitope, for example an epitope present
in an antigen expressed by bacteria belonging to Clostridium
Cluster IV, or Clostridium Cluster XIVa, or Clostridium
Cluster XVIII.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows representative FACS plots showing that
butyrate (But) induces the accumulation of Tregs cells in
vitro.

FIG. 2 shows a ChIP-PCR analysis of the Foxp3 promoter
and enhancer regions performed in CD4+ T cells cultured
with (blank bars) or without (filled bars) butyrate, using
anti-acetyl histone H3 antibody (AcH3) or rabbit 1gG as a
negative reference.

FIG. 3 shows the concentration of active-form TGF-f#1 in
culture supernatants of epithelial cell line HT29 which has
been stimulated either with 0.5 mM sodium acetate, sodium
propionate, sodium butyrate, sodium isobutyrate, or their
mixture (SCFA mix) for 24h.

FIG. 4a shows a schematic representation of a cognate
antigen-driven suppression assay.

FIG. 4b shows that clostridial antigens are recognized by
Treg cells in the lamina propria of gnotobiotic mice colo-
nized with clostridium bacteria.

FIG. 5 shows that CD4+CD25+ lamina propria T cells
from gnotobiotic mice colonized with a mixture of 17
Clostridium strains substantially inhibited the OT-I ovalbu-
min (OVA) peptide-driven proliferation of OT-1 CDS8 T cells,
and this suppression was markedly enhanced in the presence
of autoclaved caecal content from Clostridium-colonized
mice or autoclaved Clostridiumstrains cultured in vitro, but
not in the presence of caecal content from GF mice.

DETAILED DESCRIPTION

1. Definitions

The term “microbiota” refers, collectively, to the entirety
of microbes found in association with a higher organism,
such as a human.

The term “commensal” refers to organisms that are nor-
mally harmless to a host, and can also establish mutualistic
relations with said host.

The term “human microbiome” refers to the totality of
microbes, their genetic elements (genomes), and environ-
mental interactions in the human body

The terms “tolerance” and “immune tolerance” refer to
the process by which the immune system does not attack an
antigen.

The terms “tolerance induction” or “inducing tolerance”
refer to a process by which tolerance to external antigens can
be created by manipulating the immune system.

The term “regulatory T cells” or “Tregs” refers to T cells
that suppress an abnormal or excessive immune response
and play a role in immune tolerance. The regulatory T cells
are typically transcription factor Foxp3-positive CD4-posi-
tive T cells. The regulatory T cells of the present invention
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also include transcription factor Foxp3-negative regulatory
T cells that are IL.-10-producing CD4-positive T cells.

The term “induces proliferation or accumulation of regu-
latory T cells” refers to an effect of inducing the differen-
tiation of immature T cells into regulatory T cells, which
differentiation leads to the proliferation and/or the accumu-
lation of regulatory T cells. Further, the meaning of “induces
proliferation or accumulation of regulatory T cells” includes
in-vivo effects, in vitro effects, and ex vivo effects.

The term “strengthening gut barrier integrity” refers to a
process of improving the ability of the epithelial barrier of
the gastrointestinal tract to act as a barrier between the
“outside” lumen and host tissues by reducing its permeabil-
ity or leakiness. Several defects related to intestinal barrier
function have been found in patients with autoimmune and
inflammatory diseases. For example, a “leaky gut” is a
primary defect in inflammatory bowel disease (IBD) patho-
genesis; substances that damage the barrier, such as
NSAIDs, may cause flares in IBD patients, and defects in the
gut barrier are sufficient to trigger chronic gut inflammation.
II. Compositions Having Effect of Inducing Tolerance,
Strengthening Gut Barrier Integrity, and Reducing Inflam-
mation

The authors have discovered that bacteria belonging to
Clostridium Cluster 1V, or Clostridium Cluster XIVa, or
Clostridium Cluster XVIII, previously shown to have the
ability of inducing colonic regulatory T cells and preventing
the development of IBD in animals (Atarashi et al., Science,
331(6015):337-41, 2011), produce two types of secretions
that, together, synergize to induce tolerance, strengthen
barrier function, and reduce inflammation. The two types of
secretions are short-chain fatty acids, particularly butyrate,
and protein antigens, particularly flagellin polypeptides.

Described herein are compositions that induce tolerance
(e.g., induce proliferation and/or accumulation of regulatory
T cells (Tregs), strengthen gut barrier integrity, and reduce
inflammation. In some embodiments, the compositions com-
prise, as active ingredient(s), (a) one or more short-chain
fatty acid or short-chain fatty acid derivative; (b) a (at least
one or more) GPR109 ligand; (c) a (at least one or more)
GPR43 ligand; (d) a (at least one or more) histone-deacety-
lase (HDAC) inhibitor; (e) one or more antigen derived from
bacteria belonging to Clostridium Cluster IV, or Clostridium
Cluster XIVa, or Clostridium Cluster XVIII; (f) a flagellin
polypeptide; or (g) a combination of at least one of (a)-(d)
and one of (e)-(9).

In one embodiment, the short-chain fatty acid is a sub-
stance selected from the group consisting of: butyrate,
isobutyrate, propionate, and acetate. Such molecules are
naturally produced in large amounts by bacteria belonging to
Clostridium Cluster 1V, or Clostridium Cluster 1Va, or
Clostridium Cluster VIII in the human colon. In a preferred
embodiment, the short-chain fatty acid substance is butyrate.
Synthetic derivatives of butyrate with similar properties as
their natural counterpart such as tributyrin, pivaloyloxym-
ethyl butyrate, and monoacetone glucose 3-butyrate can also
be used to that effect.

A composition containing a mixture of sodium acetate,
sodium propionate, sodium butyrate, and sodium isobu-
tyrate, can optimally promote the production of active-form
TGF-f in culture supernatants of epithelial cell lines. In turn,
an environment rich in active-form TGF-f helps expansion
and differentiation of Tregs, reduces inflammation, and
strengthens the gut barrier integrity.

In one embodiment, substances that bind to GPR109A can
be used as a component of the compositions described
herein. GPR109A is a G-protein-coupled receptor expressed
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in the lumen-facing apical membrane of colonic and intes-
tinal epithelial cells that recognizes butyrate with low affin-
ity, as previously shown in the art. Typical concentrations of
butyrate in colonic lumen (millimolar) are sufficient to
activate the receptor maximally. GPR109A-binding sub-
stances used as components of the compositions described
herein can be selected from the group consisting of: pyri-
dine-3-carboxylic acid (also known as niacin or Vitamin
B3), a niacin derivative, 4,5-Dihydro-5-methyl-4-oxo-5-
phenyl-2-furancarboxylic acid, 5-carboxy-2-methyl-1-oxi-
dopyrazin-1-ium, GSK-256073, GSK256073, ARI-
3037MO, INCB019602, INCB19602, MK-0354, MK-0354,
a barbituric acid derivative, an anthranilic acid derivative, a
pyrazole derivative, an isoxazole derivative, a xanthine
derivative, a cycloalkane derivative, a pyrazolopyrimidine,
and a thyophene.

In one embodiment, substances that bind to GPR43 can be
used as a component of the compositions described herein.
GPR43 is a G-protein-coupled receptor that recognizes
acetate and propionate. GPR43-binding substances used as
components of the compositions described herein can be
selected from the group consisting of: acetate, formate,
phenylacetamide 1 [(S)-2-(4-chlorophenyl)-3-methyl-N-
(thiazol-2-yl)butanamide], phenylacetamide 2 [(S)-2-(4-
chlorophenyl)-N-(5-fluorothiazol-2-y1)-3-methylbutana-
mide], propionate, and valerate.

In one embodiment, substances that inhibit a histone
deacetylase (HDAC) can be used as a component of the
compositions described herein. Treatment of naive T cells
with butyrate enhances histone H3 acetylation in the Foxp3
gene locus and butyrate thus regulates differentiation of Treg
cells by mediating epigenetic modifications. HDAC inhib-
iting substances used as components of the compositions
described herein can be selected from the group consisting
of: trichostatin A, (N-(2-aminophenyl)-N'-phenyl-octanedi-
amide), 2-(4-butoxyphenyl)-N-hydroxyacetamide, MS-275,
suberoylanilide hydroxamic acid, and RG 2833.

Production of short-chain fatty acids alone does not fully
account for the ability of bacteria belonging to Clostridium
Cluster 1V, or Clostridium Cluster 1Va, or Clostridium
Cluster VIII to induce tolerance, strengthen barrier function,
and reduce inflammation. Antigens expressed by bacteria
belonging to Clostridium Cluster 1V, or Clostridium Cluster
IVa, or or Clostridium Cluster VIII also contribute to induce
tolerance, strengthen barrier function, and reduce inflamma-
tion. In some embodiments, the compositions described
herein contain one or more bacterial antigen selected from
the group consisting of: one or more heat treated inactivated
bacteria belonging to Clostridium Cluster IV, or Clostridium
Cluster XIVa, or Clostridium Cluster XVIII or any combi-
nation of bacteria belonging to Clostridium Cluster 1V, or
Clostridium Cluster XIVa, or Clostridium Cluster XVIII; a
purified membrane fraction from one or more bacteria
belonging to Clostridium Cluster 1V, or Clostridium Cluster
X1Va, or Clostridium Cluster XVIII or any combination of
bacteria belonging to Clostridium Cluster IV, or Clostridium
Cluster XIVa, or Clostridium Cluster XVIII, flagellin, a
flagellin-like sequence, a flagellin component protein,
CBirl, Fla-X, FliC, FliD, FlgK, FlgC, and FIgE. Purified
membrane fractions refer to bacterial membranes that have
been at least partially purified from other components of a
bacterial cell. Purified membrane fractions from bacteria
belonging Clostridium Cluster 1V, or Clostridium Cluster
X1Va, or Clostridium Cluster XVIII can be obtained by
using methods known in the art such as mechanical grinding
of bacterial cells followed by ultracentrifugation and fol-
lowed by extraction with trifluoroethanol and chloroform. In
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a preferred embodiment, a purified membrane fraction is
obtained from one or more bacteria belonging to
Clostridium Cluster 1V, or Clostridium Cluster XIVa, or
Clostridium Cluster XVIII any combination of bacteria
belonging to Clostridium Cluster 1V, or Clostridium Cluster
XIVa, or Clostridium Cluster XVIII, selected from
Clostridium  saccharogumia,  Clostridium  ramosum
JCM1298, Clostridium ramosum, Flavonifractor plautii,
Pseudoflavonifractor capillosus ATCC 29799, Clostridium
hathewayi, Clostridium saccharolyticum WM, Bacteroides
sp. MANG, Clostridium saccharolyticum, Clostridium scin-
dens, Lachnospiraceae bacterium 5_1_5TFAA, Lachno-
spiraceae bacterium 6_1_63FAA, Clostridium sp. 14616,
Clostridium bolteae ATCC BAA-613, cf. Clostridium sp.
MLGOS55,  Erysipelotrichaceae  bacterium  2_2_44A,
Clostridium indolis, Anaerostipes caccae, Clostridium bol-
teae, Lachnospiraceae bacterium DIF_VP30, Lachno-
spiraceae bacterium 3_1_5TFAA_CT1, Anaerotruncus coli-
hominis, Anaerotruncus colihominis DSM 17241,
Ruminococcus sp. 1D8, Lachnospiraceae bacterium
2_1_46FAA, Clostridium lavalense, Clostridium asparagi-
forme DSM 15981, Clostridium symbiosum, Clostridium
symbiosum ~ WAL-14163,  Fubacterium  contortum,
Clostridium sp. DS, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp. 316002/08, and Clostridiales
bacterium 1_7_4TFAA, Blautia cocoides, and Anaerostipes
caccae DSM 14662. Flagellin proteins are abundantly pro-
duced by bacteria belonging to Clostridium Clusters 1V,
X1Va, and XVIII. Flagellin, flagellin-like sequences, flagel-
lin component proteins, and flagellin polypeptides can be
manufactured using methods known in the art including, for
example, production in bacterial recombinant hosts or lig-
uid-phase or solid-phase peptide synthesis.

The composition may be administered in the form of a
pharmaceutical composition, a dietary supplement, or a food
or beverage (which may also be an animal feed), or may be
used as a reagent for an animal model experiment. The
composition can be used suitably as a composition having an
immunosuppressive effect. The immunosuppressive effect
can be evaluated, for example, as follows. Regulatory T cells
isolated from an experimental animal, such as a mouse, to
which the composition of the present invention is orally
administered are caused to act on effector T-cells (CD4+
CD25- cells) isolated from the spleen, and the proliferation
ability thereof is measured by using the intake amount of
[3H]-thymidine as an index.

Specific examples of target diseases for which the com-
position is useful for treatment (reducing adverse effects or
prevention) include autoimmune diseases, allergic diseases,
infectious diseases, and rejection in organ transplantations,
such as inflammatory bowel disease (IBD), ulcerative coli-
tis, Crohn’s disease, sprue, autoimmune arthritis, rheuma-
toid arthritis, Type 1 diabetes, multiple sclerosis, graft vs.
host disease following bone marrow transplantation,
osteoarthritis, juvenile chronic arthritis, Lyme arthritis, pso-
riatic arthritis, reactive arthritis, spondy loarthropathy, sys-
temic lupus erythematosus, insulin dependent diabetes mel-
litus, thyroiditis, asthma, psoriasis, dermatitis scleroderma,
atopic dermatitis, graft versus host disease, acute or chronic
immune disease associated with organ transplantation, sar-
coidosis, atherosclerosis, disseminated intravascular coagu-
lation, Kawasaki’s disease, Grave’s disease, nephrotic syn-
drome,  chronic  fatigne  syndrome,  Wegener’s
granulomatosis, Henoch-Schoenlejn purpurea, microscopic
vasculitis of the kidneys, chronic active hepatitis, uveitis,
septic shock, toxic shock syndrome, sepsis syndrome,
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cachexia, acquired immunodeficiency syndrome, acute
transverse myelitis, Huntington’s chorea, Parkinson’s dis-
ease, Alzheimer’s disease, stroke, primary biliary cirrhosis,
hemolytic anemia, polyglandular deficiency type I syndrome
and polyglandular deficiency type II syndrome, Schmidt’s
syndrome, adult (acute) respiratory distress syndrome, alo-
pecia, alopecia areata, seronegative arthopathy, arthropathy,
Reiter’s disease, psoriatic arthropathy, chlamydia, yersinia
and salmonella associated arthropathy, spondyloarhopathy,
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, autoim-
mune bullous disease, pemphigus vulgaris, pemphigus folia-
ceus, pemphigoid, linear IgA disease, autoimmune haemo-
Iytic anaemia, Coombs positive haemolytic anaemia,
acquired pernicious anaemia, juvenile pernicious anaemia,
myalgic encephalitis/Royal Free Disease, chronic mucocu-
taneous candidiasis, giant cell arteritis, primary sclerosing
hepatitis, cryptogenic autoimmune hepatitis, Acquired
Immunodeficiency Disease Syndrome, Acquired Immuno-
deficiency Related Diseases, Hepatitis C, common varied
immunodeficiency (common variable hypogammaglobuli-
naemia), dilated cardiomyopathy, fibrotic lung disease, cryp-
togenic fibrosing alveolitis, postinflammatory interstitial
lung disease, interstitial pneumonitis, connective tissue dis-
ease associated interstitial lung disease, mixed connective
tissue disease associated lung disease, systemic sclerosis
associated interstitial lung disease, rheumatoid arthritis asso-
ciated interstitial lung disease, systemic lupus erythematosus
associated lung disease, dermatomyositis/polymyositis asso-
ciated lung disease, Sjogren’s disease associated lung dis-
ease, ankylosing spondy litis associated lung disease, vas-
culitic diffuse lung disease, haemosiderosis associated lung
disease, drug-induced interstitial lung disease, radiation
fibrosis, bronchiolitis obliterans, chronic eosinophilic pneu-
monia, lymphocytic infiltrative lung disease, postinfectious
interstitial lung disease, gouty arthritis, autoimmune hepa-
titis, type-1 autoimmune hepatitis (classical autoimmune or
lupoid hepatitis), type-2 autoimmune hepatitis (anti-LKM
antibody hepatitis), autoimmune 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 scleros-
ing cholangitis, idiopathic leucopenia, autoimmune neutro-
penia, renal disease NOS, glomerulonephritides, micro-
scopic vasulitis of the kidneys, discoid lupus,
erythematosus, male infertility idiopathic or NOS, sperm
autoimmunity, multiple sclerosis (all subtypes), insulinde-
pendent diabetes mellitus, sympathetic ophthalmia, pulmo-
nary hypertension secondary to connective tissue disease,
Goodpasture’s syndrome, pulmonary manifestation of pol-
yarteritis nodosa, acute rtheumatio fever, rheumatoid spon-
dylitis, Still’s disease, systemic sclerosis, Takayasu’s dis-
ease/arteritis, autoimmune thrombocytopenia, idiopathic
thrombocytopenia, autoimmune thyroid disease, hyperthy-
roidism, goitrous autoimmune hypothyroidism (Hashimo-
to’s disease), atrophic autoimmune hypothyroidism, primary
myxoedema, phacogenic uveitis, primary vasculitis, vitiligo,
allergic rhinitis (pollen allergies), anaphylaxis, pet allergies,
latex allergies, drug allergies, allergic rhinoconjuctivitis,
eosinophilic esophagitis, hypereosinophilic syndrome,
eosinophilic gastroenteritis cutaneous lupus erythematosus,
eosinophilic esophagitis, hypereosinophilic syndrome, and
eosinophilic gastroenteritis, and diarrhea.
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Additional examples of target diseases for which the
composition is useful for treatment include colon cancer,
cystic fibrosis, celiac disease, Type 2 diabetes, and autism-
related immunopathologies. These diseases are character-
ized by a reduction of bacteria belonging to Clostridium
Clusters IV and X1V, or a reduction of bacteria belonging to
Clostridium Cluster IV or Clostridium Cluster XIV, in the
gastrointestinal microbiota.

Compositions described herein can also be used as a
pharmaceutical composition for preventing or treating infec-
tious diseases in an individual whose resistance to the
infectious diseases is impaired, for example because of
damage due to excessive inflammation caused by the immu-
nity or due to an alteration of the patient’s microbiome.
Examples of infectious pathogens that impair maintenance
or recovery of homeostasis of a host, and which eventually
bring about such immunopathological tissue damage include
Salmonella, Shigella, Clostridium difficile, Mycobacterium
(which cause the disease tuberculosis), protozoa (which
cause malaria), filarial nematodes (which cause the disease
filariasis), Schistosoma (which cause schistosomiasis),
Toxoplasma (which cause the disease toxoplasmosis),
Leishmania (which cause the disease leishmaniasis), HCV
and HBV (which cause the disease hepatitis C and hepatitis
B), and herpes simplex viruses (which cause the disease
herpes).

The amount of the composition to be administered or
ingested can be determined empirically, taking into consid-
eration such factors as the age, body weight, gender, symp-
toms, health conditions, of an individual who will receive it,
as well as the kind of composition (a pharmaceutical prod-
uct, a food or beverage) to be administered or ingested. For
example, the amount per administration or ingestion is
generally 0.01 mg/kg body weight to 100 mg/kg body
weight, and, in specific embodiments, 1 mg/kg body weight
to 10 mg/kg body weight. The composition may be admin-
istered to an individual once, or it may be administered more
than once. If the composition is administered more than
once, it can be administered on a regular basis (for example,
once a day, once every two days, once a week, once every
two weeks, once a month, once every 6 months, or once a
year) or on an as needed or irregular basis. The appropriate
frequency of administration (which may depend on host
genetics, age, gender, and health or disease status of the
subject, among other factors) may be determined empiri-
cally.

II1. Delivery Systems

The combined effects of Clostridium-derived short-chain
fatty acids and Clostridium-derived antigens on induction of
tolerance, gut barrier integrity, and reduction of inflamma-
tion are strongly dependent on physical proximity of these
substances to the gut barrier. In a physiological context,
these substances are typically secreted by bacteria that live
in close proximity to the colonic intestinal wall. If the
Clostridium-derived  short-chain  fatty acids and
Clostridium-derived antigens are administered orally to a
subject without being formulated in a colonic delivery
system, they have limited or inadequate efficacy because the
Clostridium-derived antigens are degraded by proteases
during passage in the gastrointestinal tract and the short-
chain fatty acids are rapidly absorbed in the small intestine
before reaching the colon. Formulating the compositions
described herein in delivery systems that preferentially
target their release to colonic tissue greatly enhances the
ability of the compositions to induce tolerance, increase gut
barrier integrity, and reduce of inflammation.
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General Strategies to Enable Delivery to the Colon

Numerous methods have been described in the art to
enable general delivery of drugs to the colon, and any of
them can be combined with the novel features of this
invention to improve delivery to a niche in the colon. Such
methods include pH-sensitive formulations (e.g., formula-
tions coated with enteric polymers that release drug when
the pH move towards a more alkaline range, after passage
through the stomach); formulations that delay the release of
the drug for a lag time of 3-5 hours, roughly equivalent to
small intestinal transit time, thereby securing delivery to the
colon; drugs coated with bioadhesive polymers that selec-
tively provide adhesion to the colonic mucosa (e.g., see U.S.
Pat. No. 6,368,586); delivery systems that incorporate pro-
tease inhibitors to prevent proteolytic activity in the gastro-
intestinal tract from degrading biologic drug agents; and
formulations containing molecules that target receptors pref-
erentially expressed in dendritic cells, such as CD205 Den-
dritic-Cell Specific Intercellular Adhesion Molecule 3-Grab-
bing Nonintegrin (DC-SIGN) and Langerin, receptors
preferentially expressed in intestinal epithelial cells, and
receptors preferentially expressed in macrophages such as
anionic lipids, muramyl tripeptide (MTP), Arg-Gly-Asp
(RGD), anti-VCAM-1, Anti-CC52, Anti-CC531, Ancti-
CD11¢/DEC-205, lectins (such as Mann-C4-Chol,
Man2DOG, aminophenyl-alfa-D-mannopyranoside, Man3-
DPPE), bovine serum albumin derivatives, O-steroly amy-
lopectin, fibronectin, and galactosyl.

Formulations are prepared using a pharmaceutically
acceptable “carrier” composed of materials that are consid-
ered safe and effective and may be administered to an
individual without causing undesirable biological side
effects or unwanted interactions. The “carrier” is all com-
ponents present in the pharmaceutical formulation other than
the active ingredient or ingredients. The term “carrier”
includes but is not limited to diluents, binders, lubricants,
desintegrators, fillers, and coating compositions. “Carrier”
also includes all components of the coating composition
which may include plasticizers, pigments, colorants, stabi-
lizing agents, and glidants. The delayed release dosage
formulations may be prepared as described in references
such as “Pharmaceutical dosage form tablets”, eds. Liber-
man et. al. (New York, Marcel Dekker, Inc., 1989), “Rem-
ington—The science and practice of pharmacy”, 20th ed.,
Lippincott Williams & Wilkins, Baltimore, Md., 2000, and
“Pharmaceutical dosage forms and drug delivery systems”,
6th Edition, Ansel et. al., (Media, Pa.: Williams and Wilkins,
1995) which provides information on carriers, materials,
equipment and process for preparing tablets and capsules
and delayed release dosage forms of tablets, capsules, and
granules.

Examples of suitable coating materials include, but are
not limited to, cellulose polymers such as cellulose acetate
phthalate, hydroxypropyl cellulose, hydroxypropyl methyl-
cellulose, hydroxypropyl methylcellulose phthalate and
hydroxypropyl methylcellulose acetate succinate; polyvinyl
acetate phthalate, acrylic acid polymers and copolymers, and
methacrylic resins that are commercially available under the
trade name Eudragit® (Roth Pharma, Westerstadt, Ger-
many), Zein, shellac, and polysaccharides.

Additionally, the coating material may contain conven-
tional carriers such as plasticizers, pigments, colorants,
glidants, stabilization agents, pore formers and surfactants.

Optional pharmaceutically acceptable excipients present
in the drug-containing tablets, beads, granules or particles
include, but are not limited to, diluents, binders, lubricants,
disintegrants, colorants, stabilizers, and surfactants.
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Diluents, also termed “fillers,” are typically necessary to
increase the bulk of a solid dosage form so that a practical
size is provided for compression of tablets or formation of
beads and granules. Suitable diluents include, but are not
limited to, dicalcium phosphate dihydrate, calcium sulfate,
lactose, sucrose, mannitol, sorbitol, cellulose, microcrystal-
line cellulose, kaolin, sodium chloride, dry starch, hydro-
lyzed starches, pregelatinized starch, silicone dioxide, tita-
nium oxide, magnesium aluminum silicate and powder
sugar.

Binders are used to impart cohesive qualities to a solid
dosage formulation, and thus ensure that a tablet or bead or
granule remains intact after the formation of the dosage
forms. Suitable binder materials include, but are not limited
to, starch, pregelatinized starch, gelatin, sugars (including
sucrose, glucose, dextrose, lactose and sorbitol), polyethyl-
ene glycol, waxes, natural and synthetic gums such as
acacia, tragacanth, sodium alginate, cellulose, including
hydroxypropylmethylcellulose,  hydroxypropylcellulose,
ethylcellulose, and veegum, and synthetic polymers such as
acrylic acid and methacrylic acid copolymers, methacrylic
acid copolymers, methyl methacrylate copolymers, amino-
alkyl methacrylate copolymers, polyacrylic acid/polymeth-
acrylic acid and polyvinylpyrrolidone.

Lubricants are used to facilitate tablet manufacture.
Examples of suitable lubricants include, but are not limited
to, magnesium stearate, calcium stearate, stearic acid, glyc-
erol behenate, polyethylene glycol, talc, and mineral oil.

Disintegrants are used to facilitate dosage form disinte-
gration or “breakup” after administration, and generally
include, but are not limited to, starch, sodium starch glyco-
late, sodium carboxymethyl starch, sodium carboxymethyl-
cellulose, hydroxypropyl cellulose, pregelatinized starch,
clays, cellulose, alginine, gums or cross linked polymers,
such as cross-linked PVP (Polyplasdone XI. from GAF
Chemical Corp).

Stabilizers are used to inhibit or retard drug decomposi-
tion reactions which include, by way of example, oxidative
reactions.

Surfactants may be anionic, cationic, amphoteric or non-
ionic surface active agents. Suitable anionic surfactants
include, but are not limited to, those containing carboxylate,
sulfonate and sulfate ions. Examples of anionic surfactants
include sodium, potassium, ammonium of long chain alkyl
sulfonates and alkyl aryl sulfonates such as sodium dode-
cylbenzene sulfonate; dialkyl sodium sulfosuccinates, such
as sodium dodecylbenzene sulfonate; dialkyl sodium sulfo-
succinates, such as sodium bis-(2-ethylthioxyl)-sulfosucci-
nate; and alkyl sulfates such as sodium lauryl sulfate.
Cationic surfactants include, but are not limited to, quater-
nary ammonium compounds such as benzalkonium chloride,
benzethonium chloride, cetrimonium bromide, stearyl dim-
ethylbenzyl ammonium chloride, polyoxyethylene and
coconut amine. Examples of nonionic surfactants include
ethylene glycol monostearate, propylene glycol myristate,
glyceryl monostearate, glyceryl stearate, polyglyceryl-4-
oleate, sorbitan acylate, sucrose acylate, PEG-150 laurate,
PEG-400 monolaurate, polyoxyethylene monolaurate, poly-
sorbates, polyoxyethylene octylphenylether, PEG-1000
cetyl ether, polyoxyethylene tridecyl ether, polypropylene
glycol butyl ether, Poloxamer® 401, stearoyl monoisopro-
panolamide, and polyoxyethylene hydrogenated tallow
amide. Examples of amphoteric surfactants include sodium
N-dodecyl-.beta.-alanine, sodium N-lauryl-.beta.-iminodi-
propionate, myristoamphoacetate, lauryl betaine and lauryl
sulfobetaine.






