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regulatory T cells (Treg cells) in the colon and suppress
immune functions. Pharmaceutical compositions containing
these bacteria can be used to prevent and treat immune-me-
diated diseases such as autoimmune diseases.
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HUMAN-DERIVED BACTERIA THAT
INDUCE PROLIFERATION OR
ACCUMULATION OF REGULATORY T
CELLS

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 14/362,097, filed May 30, 2014, which is a
national stage filing under 35 U.S.C. §371 of International
Application PCT/JP2012/007687, filed Nov. 29, 2012, which
claims the benefit under 35 U.S.C. 119(e) of U.S. Provisional
Application No. 61/565,976, filed Dec. 1, 2011 and U.S.
Provisional Application No. 61/607,360, filed Mar. 6, 2012.
The entire teachings of the referenced applications are incor-
porated herein by reference.

TECHNICAL FIELD

[0002] The subject matter described herein relates to a
composition of human-derived bacteria that induces prolif-
eration, accumulation, or proliferation and accumulation of
regulatory T cells and which comprises, as an active compo-
nent, (a) one or more (a, at least one) human-derived bacteria
that belongs to the Clostridia class, (b) culture supernatant of
one or more (a, at least one) of the bacteria; (c) a physiologi-
cally active substance derived from one or more of the bac-
teria or (d) a combination of any two or more of the foregoing.
It also relates to a method for inducing proliferation, accu-
mulation or proliferation and accumulation of regulatory T
cells. The composition, which comprises any of (a)-(d) above,
is referred to as a bacterial composition. Moreover, the sub-
ject matter relates to a method for treating or preventing at
least one disease or condition that is responsive to induction
of regulatory T cells, such as autoimmune diseases, inflam-
matory diseases, and infectious diseases, by administering
the bacterial composition to an individual in need thereof.

BACKGROUND

[0003] Hundreds of species of commensal microorganisms
are harbored in the gastrointestinal tracts of mammals, where
they interact with the host immune system. Research using
germ-free (GF) animals has shown that the commensal
microorganisms influence the development of the mucosal
immune system, such as histogenesis of Peyer’s patches
(PPs) and isolated lymphoid follicles (ILFs), secretion of
antimicrobial peptides from the epithelium, and accumula-
tion of unique lymphocytes in mucosal tissues, including
immunoglobulin A-producing plasma cells, intraepithelial
lymphocytes, 1L-17-producing CD4-positive T cells (Th 17),
and IL-22-producing NK-like cells (Non-Patent Literature
(NPL) 1 to 7). Consequently, the presence of intestinal bac-
teria enhances protective functions of the mucous mem-
branes, enabling the host to mount robust immune responses
against pathogenic microbes invading the body. On the other
hand, the mucosal immune system maintains unresponsive-
ness to dietary antigens and harmless microbes (NPL Docu-
ment 3). Abnormality in the regulation of cross-talk between
commensal bacteria and the immune system (intestinal dys-
biosis) may lead to overly robust immune response to envi-
ronmental antigens and inflammatory bowel disease (IBD)
may result (NPL 8 to 10).

[0004] Recent studies have shown that individual commen-
sal bacteria control differentiation of their specific immune
cells in the mucosal immune system. For example, Bacteroi-
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des fragilis, which is a commensal bacterium in humans,
specifically induces a systemic Thl cell response and a
mucosal IL-10-producing T cell response in mice, and plays
arole in protecting the host from colitis, which is caused by a
pathogen (NPL 3). Segmented filamentous bacteria, which
are intestinal commensal bacteria in mice, induce mucosal
Th17 cell response and enhance resistance against infection
of gastrointestinal tracts of the host with a pathogen (NPL 11
to 13). In addition, short-chain fatty acids derived from sev-
eral commensal bacteria are known to suppress intestinal
inflammation (NPL 14). Moreover, it has been observed that
the presence of some species of intestinal microbiota greatly
influences the differentiation of regulatory T cells (hereafter
referred to as “Treg cells”) which help maintain homeostasis
of the immune system. Although specific species of murine
bacterial commensals that can strongly stimulate Tregs have
been identified (NPL 15), it is still unknown whether species
of human commensal bacteria exert an equivalent influence
on the human immune system. Furthermore, the human intes-
tinal tract harbors more than a thousand bacterial species,
many of which have not yet been cultured (NPL 16). It is not
feasible to guess a priori which ones, if any, might have an
effect on Tregs.

[0005] In order to develop drugs, dietary supplements, or
foods with beneficial immune functions for human use, it is
desirable to identify commensal microorganisms that natu-
rally colonize humans and have immune-modulating proper-
ties. Furthermore, since many of the commensals in the
human microbiome have yet to be cultured, it is necessary to
develop methods to cultivate them so that they can be pro-
duced by traditional industrial fermentation processes and
subsequently incorporated in pharmaceutical or food formu-
lations.

[0006] CD4* T cells are regulatory T cells that have been
identified as a cell subset that suppresses immunity. A tran-
scription factor, Foxp3, is expressed in CD4* T cells, which
are known to play an important role in maintaining immuno-
logical homeostasis (NPL 8,9, 17, and 18). Foxp3-expressing
cells are present in large numbers in the colon and only Treg
cells present locally in the colon constantly express IL.-10, an
immunosuppressive cytokine, at a high level (NPL 19). Ani-
mals having CD4* Foxp3™ cells from which IL-10 is specifi-
cally removed develop inflammatory bowel disease (NPL
20).

[0007] Accordingly, there is a need to identify human-de-
rived commensal bacterial species with the ability to strongly
induce Treg cells to produce IL-10 in the colon at a high level
and to develop methods to culture such species. Such species
could be used to enhance immunosuppression, which, in turn,
can be applied to treatment of autoimmune diseases, such as
inflammatory bowel disease, inflammatory diseases, aller-
gies, or organ transplantation, among other diseases and con-
ditions.

Non Patent Literature
[0008] [NPL 1]7J.7J. Cebra, “Am J Clin Nutr”, May, 1999,
69, 1046S
[0009] [NPL 2] A. J. Macpherson, N. L. Harris, “Nat Rev

Immunol”, June 2004, 4, 478

[0010] [NPL 3] 1. L. Round, S. K. Mazmanian, “Nat Rev
Immunol”, May 2009, 9, 313

[0011] [NPL 4] D. Bouskra et al., “Nature”, Nov. 27, 2008,
456, 507
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[0012] [NPL 5] K. Atarashi et al., “Nature”, Oct. 9, 2008,
455, 808
[0013] [NPL 6] Ivanov, ITet al., “Cell Host Microbe”, Oct.

16, 2008, 4, 337

[0014] [NPL 7]S. L. Sanos et al., “Nat Immunol”, January
2009, 10, 83

[0015] [NPL 8] M. A. Curotto de Lafaille, J. J. Lafaille,
“Immunity”, May 2009, 30, 626

[0016] [NPL 9] M. J. Barnes, F. Powrie, “Immunity”, Sep.
18, 2009, 31, 401

[0017] [NPL 10] W. S. Garrett et al., “Cell”, Oct. 5, 2007,
131,33

[0018] [NPL 11] Ivanov, I I et al., “Cell”, Oct. 30, 2009,
139, 485.

[0019] [NPL 12]V. Gaboriau-Routhiau et al., “Immunity”,

Oct. 16, 2009, 31, 677
[0020] [NPL 13]N. H. Salzman et al., “Nat Immunol”, 11,
76.

[0021] [NPL 14] K. M. Maslowski et al., “Nature”, Oct. 29,
2009, 461, 1282

[0022] [NPL 15] K. Atarashi et al., “Science”, Jan. 21,
2011, 331, 337

[0023] [NPL 16]J. Quinetal., “Nature”, Mar. 4, 2010, 464,
59

[0024] [NPL 17]L.F.Lu, A. Rudensky, “Genes Dev”, Jun.
1, 2009, 23, 1270

[0025] [NPL 18] S. Sakaguchi, T. Yamaguchi, T. Nomura,
M. Ono, “Cell”, May 30, 2008, 133, 775

[0026] [NPL 19] C. L. Maynard et al., “Nat Immunol”,
September 2007, 8, 931

[0027] [NPL 20] Y. P. Rubtsov et al., “Immunity”, April
2008, 28, 546

SUMMARY

[0028] The present compositions and methods have been
made in view of the above-described problems in the art.
Described herein are methods of identifying and culturing
intestinal commensal bacteria, isolated from humans, which
induce, preferably strongly induce, the proliferation, accu-
mulation, or proliferation and accumulation of regulatory T
cells. Described are compositions, also referred to as bacterial
compositions, that (1) comprise (a) one or more of the iden-
tified intestinal commensal (human-derived) bacteria; (b) a
culture supernatant of one or more of the bacteria; (c) one or
more physiologically active substance derived from one or
more of the bacteria or from one or more of the culture
supernatant; (d) or a combination of any two or three of (a)-(c)
and (2) induce the proliferation and/or accumulation of regu-
latory T cells (Treg cells). Alternatively, a composition com-
prises (a) one or more of the identified intestinal commensal
(human-derived) bacteria; (b) a culture supernatant of one or
more of the bacteria; or (¢) one or more physiologically active
substance derived from the bacteria or from the culture super-
natant, wherein the composition induces proliferation and/or
accumulation of regulatory T cells. In some embodiments, the
composition comprises one or more of the identified intesti-
nal commensal (human-derived) bacteria. In some embodi-
ments, the composition comprises a culture supernatant of
one or more of the bacteria. In some embodiments, the com-
position comprises one or more physiologically active sub-
stance derived from the bacteria or from the culture superna-
tant. In some embodiments, the one or more bacteria or one or
more physiologically active substance derived from the bac-
teria is three or more. In some embodiments, the one or more
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bacteria or one or more physiologically active substance
derived from the bacteria is five or more. In some embodi-
ments, the one or more bacteria or one or more physiologi-
cally active substance derived from the bacteria is seventeen
or more. In some embodiments, the one or more bacteria or
one or more physiologically active substance derived from
the bacteria is twenty-three or more. In some embodiments,
the one or more bacteria or one or more physiologically active
substance derived from the bacteria is 23. In specific embodi-
ments, the bacterial compositions induce, and preferably
strongly induce, proliferation, accumulation, or proliferation
and accumulation of regulatory T cells that produce an immu-
nosuppressive cytokine, such as I[.-10, in the colon (e.g., the
human colon) at high levels. Such bacterial compositions are
useful, for example, to enhance immunosuppression and, as a
result, to treat autoimmune diseases. Bacterial compositions
comprise, as an active component, at least one organism
and/or at least one substance selected from the group consist-
ing of: 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_STFAA, Lachnospi-
raceae bacterium 6_1_63FAA, Clostridium sp. 14616,
Clostridium bolteae ATCC BAA-613, cf. Clostridium sp.
MLGOSS5,  Erysipelotrichaceae  bacterium  2_2_44A,
Clostridium indolis, Anaerostipes caccae, Clostridium bolt-
eae, Lachnospiraceae bacterium DIF_VP30, Lachnospi-
raceae bacterium 3_1_STFAA_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, Eubacterium contortum,
Clostridium sp. D5, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_47TFAA, Blautia cocoides, Anaerostipes caccae
DSM 14662; a culture supernatant of at least one (a, one or
more) of the bacteria described/listed herein; a physiologi-
cally active substance derived from (a, one or more) bacteria
described/listed herein or any combination of two or three of
the foregoing. Alternatively, bacterial compositions com-
prise, as an active component, at least one organism or at least
one substance selected from the group consisting of:
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_STFAA, Lachnospi-
raceae bacterium 6_1_63FAA, Clostridium sp. 14616,
Clostridium bolteae ATCC BAA-613, cf. Clostridium sp.
MLGOSS5,  Erysipelotrichaceae  bacterium  2_2_44A,
Clostridium indolis, Anaerostipes caccae, Clostridium bolt-
eae, Lachnospiraceae bacterium DIJF_VP30, Lachnospi-
raceae bacterium 3_1_STFAA_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,  Eubacterium  contortum,
Clostridium sp. D5, Oscillospiraceae bacterium NML
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061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_47FAA, Blautia cocoides, Anaerostipes caccae
DSM 14662; a culture supernatant of at least one (a, one or
more) of the bacteria described/listed herein; a physiologi-
cally active substance derived from (a, one or more) bacteria
described/listed herein. In some embodiments, a bacterial
composition comprises at least one organism selected from
the group consisting of: Clostridium saccharogumia,
Clostridium ramosum JCM1298, Clostridium ramosum, Fla-
vonifractor plautii, Pseudoflavonifractor capillosus ATCC
29799, Clostridium hathewayi, Clostridium saccharolyticum
WML, Bacteroides sp. MANG, Clostridium saccharolyti-
cum, Clostridium scindens, Lachnospiraceae bacterium
5_1_57FAA, Lachnospiraceae bacterium 6_1_63FAA,
Clostridium sp. 14616, Clostridium bolteae ATCC BAA-
613, cf. Clostridium sp. MLGOS5S, Erysipelotrichaceae bac-
terium 2_2_44A, Clostridium indolis, Anaerostipes caccae,
Clostridium bolteae, Lachnospiraceae bacterium DIF_
VP30, Lachnospiraceae bacterium 3_1_STFAA_CTI,
Anaerotruncus colihominis, Anaerotruncus colihominis
DSM 17241, Ruminococcus sp. 1D8, Lachnospiraceae bac-
terium 2_1_46FAA, Clostridium lavalense, Clostridium
asparagiforme DSM 15981, Clostridium symbiosum,
Clostridium symbiosum WAL-14163, Fubacterium contor-
tum, Clostridium sp. DS, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp. 316002/08, and Clostridiales bac-
terium 1_7_47TFAA, Blautia cocoides, Anaerostipes caccae
DSM 14662. In some embodiments, a bacterial composition
comprises a culture supernatant of at least one (a, one or
more) of the bacteria described/listed herein. In some
embodiments, a bacterial composition comprises a physi-
ologically active substance derived from (a, one or more)
bacteria described/listed herein. In some embodiments, the
one or more bacteria or one or more physiologically active
substance derived from the bacteria is three or more. In some
embodiments, the one or more bacteria or one or more physi-
ologically active substance derived from the bacteria is five or
more. In some embodiments, the one or more bacteria or one
or more physiologically active substance derived from the
bacteria is 17 or more. In some embodiments, the one or more
bacteria or one or more physiologically active substance
derived from the bacteria is 23 or more. In some embodi-
ments, the one or more bacteria or one or more physiologi-
cally active substance derived from the bacteria is 23. Bacte-
rial compositions can comprise any bacteria (Clostridia or
other bacteria) that contain DNA comprising a nucleotide
sequence having sufficient homology with sequences pro-
vided herein and that exhibit substantially the same effect on
regulatory T cells as that exerted by any one of the following:
Clostridium  sacchavogumia,  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_STFAA, Lachnospi-
raceae 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 bolt-
eae, Lachnospiraceae bacterium DIJF_VP30, Lachnospi-
raceae bacterium 3_1_S5TFAA_CT1, Anaerotruncus coli-
hominis, Anaerotruncus colihominis DSM 17241,
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Ruminococcus sp. 1DS8, Lachnospiraceae bacterium
2_1_46FAA, Clostridium lavalense, Clostridium asparagi-
forme DSM 15981, Clostridium symbiosum, Clostridium
symbiosum ~ WAL-14163,  Eubacterium  contortum,
Clostridium sp. D5, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_4TFAA, Blautia cocoides, and Anaerostipes cac-
cae DSM 14662. In some embodiments, bacteria present in
bacterial compositions have at least 90% (90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%) homology
with sequences provided herein, such as, but not limited to,
the nucleotide sequences designated OTU herein and listed,
for example, at the pages following the last Example. In
specific embodiments, such bacteria contain DNA compris-
ing a nucleotide sequence that has at least 90% (90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%)
homology with one or more DNA sequence designated herein
as follows: OTU136; OTU46; OTU221; OTU9; OTU296;
OTU21; OTU166; OTU73; OTU174; OTU14; OTU5S5;
OTU337; OTU314; OTU195; OTU306; OTU87; OTUS86;
OTU152; OTU253; OTU259; OTU281; OTU288; OTU334;
OTU359; OTU362; or OTU367. Alternatively, bacteria con-
tain DNA comprising a nucleotide sequence that has at least
90% (90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100%) homology with DNA of one or more of the
following: Clostridium saccharogumia, Clostridium ramo-
sum JCM1298, Clostridium ramosum, Flavonifractor plau-
tii,  Pseudoflavonifractor  capillosus  ATCC 29799,
Clostridium hathewayi, Clostridium saccharolyticum WM1,
Bacteroides sp. MANG, Clostridium saccharolyticum,
Clostridium  scindens,  Lachnospiraceae  bacterium
5_1_57FAA, Lachnospiraceae bacterium 6_1_63FAA,
Clostridium sp. 14616, Clostridium bolteae ATCC BAA-
613, cf. Clostridium sp. MLGOSS, Erysipelotrichaceae bac-
terium 2_2_44A, Clostridium indolis, Anaerostipes caccae,
Clostridium bolteae, Lachnospiraceae bacterium DIF_
VP30, Lachnospiraceae bacterium 3_1_STFAA_CT1,
Anaerotruncus  colihominis, Anaerotruncus colihominis
DSM 17241, Ruminococcus sp. 1D8, Lachnospiraceae bac-
terium 2_1_46FAA, Clostridium lavalense, Clostridium
asparagiforme DSM 15981, Clostridium symbiosum,
Clostridium symbiosum WAL-14163, Fubacterium contor-
tum, Clostridium sp. DS, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_4TFAA, Blautia cocoides, and Anaerostipes cac-
cae DSM 14662. In specific embodiments, bacterial
compositions comprise bacteria (such as human-derived bac-
teria) that contain DNA comprising a nucleotide sequence
having at least 97%, 98% or 99% homology with sequences
provided herein, such as, but not limited to, the nucleotide
sequences designated OTU herein and listed, for example, at
the pages following the last Example. In specific embodi-
ments, the bacteria in bacterial compositions contain DNA
comprising a nucleotide sequence that has at least 97%, 98%
or 99% homology with one or more DNA sequence desig-
nated herein as follows: OTU136; OTU46; OTU221; OTU9Y;
OTU296; OTU21; OTU166; OTU73; OTU174; OTU14;
OTUSS; OTU337; OTU314; OTU195; OTU306; OTUS87,
OTU86; OTU152; OTU253; OTU259; OTU281; OTU288;
0OTU334; OTU359; OTU362; or OTU367. Alternatively, the
bacteria contain DNA comprising a nucleotide sequence that
has at least 97%, 98% or 99% homology with DNA of one or
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more of the following: Clostridium saccharogumia,
Clostridium ramosum JCM1298, Clostridium ramosum, Fla-
vonifractor plautii, Pseudoflavonifractor capillosus ATCC
29799, Clostridium hathewayi, Clostridium saccharolyticum
WML, Bacteroides sp. MANG, Clostridium saccharolyti-
cum, Clostridium scindens, Lachnospiraceae bacterium
5_1_57FAA, Lachnospiraceae bacterium 6_1_63FAA,
Clostridium sp. 14616, Clostridium bolteae ATCC BAA-
613, cf. Clostridium sp. MLGOSS5, Erysipelotrichaceae bac-
terium 2_2_44A, Clostridium indolis, Anaerostipes caccae,
Clostridium bolteae, Lachnospiraceae bacterium DIF_
VP30, Lachnospiraceae bacterium 3_1_STFAA_CT1,
Anaerotruncus colihominis, Anaerotruncus colihominis
DSM 17241, Ruminococcus sp. 1D8, Lachnospiraceae bac-
terium 2_1_46FAA, Clostridium lavalense, Clostridium
asparagiforme DSM 15981, Clostridium symbiosum,
Clostridium symbiosum WAL-14163, FEubacterium contor-
tum, Clostridium sp. DS, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp. 316002/08, and Clostridiales bac-
terium 1_7_47FAA, Blautia cocoides, Anaerostipes caccae
DSM 14662. Any of the bacteria of the Clostridia class can be
present in spore form or vegetative form.

Solution of Problem

[0029] As described herein, among the more than a thou-
sand species of bacteria in the human microbiome, there are
several species that strongly induce the accumulation of Tregs
in the colon. As also described, although most bacterial spe-
cies present in fecal samples from healthy individuals do not
have the ability to stimulate Tregs, species that belong to the
Clostridia class have the ability to cause a robust induction of
Tregs in the colon. Moreover, the inventors have obtained in
vitro cultures of each of the bacterial species identified and
shown that inoculating mice with the in vitro cultured species
also leads to a robust accumulation of Tregs in the colon.
[0030] Asdescribed herein, compositions that comprise, as
an active component, (a) one or more of certain species of
bacteria that belong to the Clostridia class or bacteria that
contain DNA comprising a nucleotide sequence having at
least 90% homology with sequences provided herein, in spore
form or in vegetative form; (b) a culture supernatant of one or
more such bacteria; (c) one or more physiologically active
substance derived from (a) or (b); or (d) a combination of any
two or three of (a), (b) and (¢) and induce the proliferation
and/or accumulation of regulatory T cells (Treg cells) sup-
press immune functions.

[0031] More specifically:

[0032] One embodiment is a composition that induces pro-
liferation, accumulation or both proliferation and accumula-
tion of regulatory T cells, the composition comprising, as an
active component, at least one organism and/or at least one
substance selected from the group consisting of: Clostridium
saccharogumia, Clostridium  ramosum  JCM1298,
Clostridium ramosum, Flavonifractor plautii, Pseudofla-
vonifractor capillosus ATCC 29799, Clostridium hathewayi,
Clostridium saccharolyticum WML, Bacteroides sp. MANG,
Clostridium saccharolyticum, Clostridium scindens, Lachno-
spiraceae bacterium 5_1_STFAA, Lachnospiraceae bacte-
rium 6_1_63FAA, Clostridium sp. 14616, Clostridium bolt-
eae ATCC BAA-613, cf. Clostridium sp. MLGOSS5,
Erysipelotrichaceae bacterium 2_2_44A, Clostridium indo-
lis, Anaerostipes caccae, Clostridium bolteae, Lachnospi-
raceae bacterium DJF_VP30, Lachnospiraceae bacterium
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3_1_57FAA_CT1, Anaerotruncus colihominis, Anaerotrun-
cus colihominis DSM 17241, Ruminococcus sp. 1D8, Lach-
nospiraceae bacterium 2_1_46FAA, Clostridium lavalense,
Clostridium asparagiforme DSM 15981, Clostridium sym-
biosum, Clostridium symbiosum WAL-14163, FEubacterium
contortum, Clostridium sp. DS, Oscillospiraceae bacterium
NML 061048, Oscillibacter valericigenes, Lachnospiraceae
bacterium A4, Clostridium sp. 316002/08, and Clostridiales
bacterium 1_7_4TFAA, Blautia cocoides, Anaerostipes cac-
cae DSM 14662; a culture supernatant of at least one of the
bacteria described/listed herein, and a physiologically active
substance derived from a bacterium described/listed herein.

[0033] Insome embodiments, the active component is one
or more of Clostridium saccharogumia, Clostridium ramo-
sum JCM1298, Clostridium ramosum, Flavonifractor plau-
tii,  Pseudoflavonifractor  capillosus ~ ATCC 29799,
Clostridium hathewayi, Clostridium saccharolyticum WM1,
Bacteroides sp. MANG, Clostridium saccharolyticum,
Clostridium  scindens,  Lachnospiraceae  bacterium
5_1_57FAA, Lachnospiraceae bacterium 6_1_63FAA,
Clostridium sp. 14616, Clostridium bolteae ATCC BAA-
613, cf. Clostridium sp. MLGOS5S, Erysipelotrichaceae bac-
terium 2_2_44A, Clostridium indolis, Anaerostipes caccae,
Clostridium bolteae, Lachnospiraceae bacterium DIF_
VP30, Lachnospiraceae bacterium 3_1_5TFAA_CTI,
Anaerotruncus colihominis, Anaerotruncus colihominis
DSM 17241, Ruminococcus sp. 1D8, Lachnospiraceae bac-
terium 2_1_46FAA, Clostridium lavalense, Clostridium
asparagiforme DSM 15981, Clostridium symbiosum,
Clostridium symbiosum WAL-14163, Fubacterium contor-
tum, Clostridium sp. D5, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_47FAA, Blautia cocoides, Anaerostipes caccae
DSM 14662. In some embodiments, the active component is
a culture supernatant of one or more of the bacteria described/
listed herein. In some embodiments, the active component is
one or more physiologically active substances derived from a
bacterium described/listed herein. In some embodiments, the
one or more bacteria or one or more physiologically active
substance derived from the bacteria is three or more. In some
embodiments, the one or more bacteria or one or more physi-
ologically active substance derived from the bacteria is five or
more. In some embodiments, the one or more bacteria or one
or more physiologically active substance derived from the
bacteriais 17 or more. In some embodiments, the one or more
bacteria or one or more physiologically active substance
derived from the bacteria is 23 or more. In some embodi-
ments, the one or more bacteria or one or more physiologi-
cally active substance derived from the bacteria is 23.

[0034] A bacterial composition as described herein com-
prises at least one of the following: one bacteria as described
herein; at least one culture supernatant obtained from culture
in which one (or more) of the bacteria was present (grown or
maintained) or a fraction of such a supernatant; one or more
physiologically active substance derived from one or more
bacteria (such as from the bacteria named herein) or a com-
bination of any two or three of the foregoing. The term com-
position/bacterial composition refers to all such combina-
tions.

[0035] Thebacteria in the composition can be, for example,
Clostridium  saccharogumia,  Clostridium  ramosum
JCM1298, Clostridium ramosum, Flavonifractor plautii,
Pseudoflavonifractor capillosus ATCC 29799, Clostridium
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hathewayi, Clostridium saccharolyticum WM, Bacteroides
sp. MANG, Clostridium saccharolyticum, Clostridium scin-
dens, Lachnospiraceae bacterium 5_1_STFAA, Lachnospi-
raceae bacterium 6_1_63FAA, Clostridium sp. 14616,
Clostridium bolteae ATCC BAA-613, cf. Clostridium sp.
MLGOS5,  Erysipelotrichaceae  bacterium  2_2_44A,
Clostridium indolis, Anaerostipes caccae, Clostridium bolt-
eae, Lachnospiraceae bacterium DIJF_VP30, Lachnospi-
raceae bacterium 3_1_S5TFAA_CTI1, Anaerotruncus coli-
hominis, Anaerotruncus  colihominis DSM 17241,
Ruminococcus sp. 1D8, Lachnospiraceae bacterium
2_1_46FAA, Clostridium lavalense, Clostridium asparagi-
Jforme DSM 15981, Clostridium symbiosum, Clostridium
symbiosum  WAL-14163,  Eubacterium  contortum,
Clostridium sp. D5, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium Ad, Clostridium sp. 316002/08, and Clostridiales bac-
terium 1_7_47FAA, Blautia cocoides, Anaerostipes caccae
DSM 14662 or any bacteria (such as human-derived bacteria)
that contain DNA comprising at least 90% homology (e.g.,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% homology) with sequences provided herein, such as,
but not limited to, the nucleotide sequences designated OTU
herein and listed, for example, at the pages following the last
Example. In specific embodiments, the bacteria contain DNA
comprising a nucleotide sequence that has at least 97%, at
least 98% or at least 99% homology with one or more DNA
sequence designated herein as follows: OTU136; OTU46;
OTU221; OTUY9; OTU296; OTU21; OTU166; OTU73;
OTU174; OTU14; OTUSS; OTU337; OTU314; OTU195;
OTU306; OTU87; OTU86;, OTU152; OTU253; OTU259;
OTU281; OTU288; OTU334; OTU359; OTU362; or
OTU367. Alternatively, the bacteria contain DNA comprising
anucleotide sequence that has at least 97% (97%, 98%, 99%,
100%) homology with DNA of one or more of the following:
Clostridium  saccharogumia,  Clostridium  ramosum
JCM1298, Clostridium ramosum, Flavonifractor plautii,
Pseudoflavonifractor capillosus ATCC 29799, Clostridium
hathewayi, Clostridium saccharolyticum WM1, Bacteroides
sp. MANG, Clostridium saccharolyticum, Clostridium scin-
dens, Lachnospiraceae bacterium 5_1_STFAA, Lachnospi-
raceae bacterium 6_1_63FAA, Clostridium sp. 14616,
Clostridium bolteae ATCC BAA-613, cf. Clostridium sp.
MLGO55,  Erysipelotrichaceae  bacterium  2_2_44A,
Clostridium indolis, Anaerostipes caccae, Clostridium bolt-
eae, Lachnospiraceae bacterium DIF_VP30, Lachnospi-
raceae 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,  Eubacterium contortum,
Clostridium sp. D5, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_47FAA, Blautia cocoides, and Anaerostipes cac-
cae DSM 14662.

[0036] In one embodiment, the composition induces regu-
latory T cells that are transcription factor Foxp3-positive
regulatory T cells or IL-10-producing regulatory T cells. In
another embodiment, the composition has an immunosup-
pressive effect.

[0037] One embodiment is a pharmaceutical composition
that induces proliferation, accumulation or both proliferation
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and/or accumulation of regulatory T cells and suppresses
immune function. The pharmaceutical composition com-
prises a bacterial composition described herein and a phar-
maceutically acceptable component, such as a carrier, a sol-
vent or a diluent. In specific embodiments, such a
pharmaceutical composition comprises (a) (1) one or more
species of bacteria belonging to the Clostridia class, as
described herein, in spore form or in vegetative form, (2) a
culture supernatant of such bacteria, (3) a physiologically
active substance derived therefrom or (4) a combination of
any two or three of (1), (2) and (3) and (b) a pharmaceutically
acceptable component, such as carrier, a solvent or a diluent.
In specific embodiments, (a) above is at least one organism or
substance selected from the group consisting of: Clostridium
saccharogumia,  Clostridium  ramosum  JCM1298,
Clostridium vamosum, Flavonifractor plautii, Pseudofla-
vonifractor capillosus ATCC 29799, Clostridium hathewayi,
Clostridium saccharolyticum WML, Bacteroides sp. MANG,
Clostridium saccharolyticum, Clostridium scindens, Lachno-
spiraceae bacterium 5_1_STFAA, Lachnospiraceae bacte-
rium 6_1_63FAA, Clostridium sp. 14616, Clostridium bolt-
eae ATCC BAA-613, cf. Clostridium sp. MLGOSS,
Erysipelotrichaceae bacterium 2_2_44A, Clostridium indo-
lis, Anaerostipes caccae, Clostridium bolteae, Lachnospi-
raceae bacterium DIJF_VP30, Lachnospiraceae bacterium
3_1_57FAA_CT1, Anaerotruncus colihominis, Anaerotrun-
cus colihominis DSM 17241, Ruminococcus sp. 1D8, Lach-
nospiraceae bacterium 2_1_46FAA, Clostridium lavalense,
Clostridium asparagiforme DSM 15981, Clostridium sym-
biosum, Clostridium symbiosum WAL-14163, Eubacterium
contortum, Clostridium sp. DS, Oscillospiraceae bacterium
NML 061048, Oscillibacter valericigenes, Lachnospiraceae
bacterium A4, Clostridium sp. 316002/08, and Clostridiales
bacterium 1_7_4TFAA, Blautia cocoides, Anaerostipes cac-
cae DSM 14662, a culture supernatant of one or more of the
bacteria, and a physiologically active substance derived from
one or more of the bacteria. In some embodiments, (a) above
is at least one organism selected from the group consisting of:
Clostridium  saccharogumia,  Clostridium  ramosum
JCM1298, Clostridium ramosum, Flavonifractor plautii,
Pseudoflavonifractor capillosus ATCC 29799, Clostridium
hathewayi, Clostridium saccharolyticum WM1, Bacteroides
sp. MANG, Clostridium saccharolyticum, Clostridium scin-
dens, Lachnospiraceae bacterium 5_1_S5TFAA, Lachnospi-
raceae bacterium 6_1_63FAA, Clostridium sp. 14616,
Clostridium bolteae ATCC BAA-613, cf. Clostridium sp.
MLGOSS5,  Erysipelotrichaceae  bacterium  2_2_44A,
Clostridium indolis, Anaerostipes caccae, Clostridium bolt-
eae, Lachnospiraceae bacterium DIJF_VP30, Lachnospi-
raceae bacterium 3_1_5TFAA_CT]1, 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,  Eubacterium contortum,
Clostridium sp. D5, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_47TFAA, Blautia cocoides, Anaerostipes caccae
DSM 14662. In some embodiments, (1) above is a culture
supernatant of one or more of the bacteria. In some embodi-
ments, (1) above is a physiologically active substance derived
from one or more of the bacteria. In some embodiments, the
at least one organism or substances is three or more. In some
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embodiments, the at least one organism or substances is five
or more. In some embodiments, the at least one organism or
substances is 17 or more. In some embodiments, the at least
one organism or substances is 23 or more. In some embodi-
ments, the at least one organism or substances is 23. In further
embodiments, (a)(1) above is bacteria (such as human-de-
rived bacteria) that contain DNA comprising at least 90%
homology (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99% or 100% homology) with sequences pro-
vided herein, such as, but not limited to, the nucleotide
sequences designated OTU herein and listed, for example, at
the pages following the last Example. In specific embodi-
ments of the pharmaceutical composition, the bacteria con-
tain DNA comprising a nucleotide sequence that has at least
97%, at least 98% or at least 99% homology with one or more
DNA sequence designated herein as follows: OTU136;
OTU46; OTU221; OTUY9; OTU296; OTU21; OTUI166;
OTU73; OTU174; OTU14; OTUSS; OTU337; OTU314;
OTU195; OTU306; OTU87, OTU86; OTU152; OTU253;
OTU259; OTU281; OTU288; OTU334; OTU359; OTU362;
or OTU367. Alternatively, the bacteria in the pharmaceutical
composition contain DNA comprising a nucleotide sequence
that has at least 97% (97%, 98%, 99%, 100%) homology with
DNA of one or more of the following: Clostridium saccha-
rogumia, Clostridium ramosum JCM1298, Clostridium
ramosum, Flavonifractor plautii, Pseudoflavonifractor cap-
illosus ATCC 29799, Clostridium hathewayi, Clostridium
saccharolyticum WM, Bacteroides sp. MANG, Clostridium
saccharolyticum, Clostridium scindens, Lachnospiraceae
bacterium  5_1_STFAA, Lachnospiraceae  bacterium
6_1_63FAA, Clostridium sp. 14616, Clostridium bolteae
ATCC BAA-613, cf. Clostridium sp. MLGOS5S, Erysipelot-
richaceae bacterium 2_2_44A, Clostridium indolis, Anaero-
stipes caccae, Clostridium bolteae, Lachnospiraceae bacte-
rium DIF_VP30, Lachnospiraceae bacterium 3_1_STFAA _
CT1, Anaerotruncus colihominis, Anaerotruncus colihominis
DSM 17241, Ruminococcus sp. ID8, Lachnospiraceae bac-
terium 2_1_46FAA, Clostridium lavalense, Clostridium
asparagiforme DSM 15981, Clostridium symbiosum,
Clostridium symbiosum WAL-14163, Eubacterium contor-
tum, Clostridium sp. DS, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_47FAA, Blautia cocoides, Anaerostipes caccae
DSM 14662.

[0038] The pharmaceutical composition induces the prolif-
eration and/or accumulation of regulatory T cells (Treg cells)
and suppresses immune function.

[0039] Also provided is a method of inducing proliferation,
accumulation or both proliferation and accumulation of regu-
latory T cells in an individual (e.g., an individual in need
thereof, such as an individual in need of induction of prolif-
eration and/or accumulation of regulatory T cells). The
method comprises administering to the individual a bacterial
composition described herein or a pharmaceutical composi-
tion comprising a bacterial composition described herein. In
the method at least one organism or substance selected from
the group consisting of: Clostridium saccharogumia,
Clostridium ramosum JCM1298, Clostridium ramosum, Fla-
vonifractor plautii, Pseudoflavonifractor capillosus ATCC
29799, Clostridium hathewayi, Clostridium saccharolyticum
WML, Bacteroides sp. MANG, Clostridium saccharolyti-
cum, Clostridium scindens, Lachnospiraceae bacterium
5_1_57FAA, Lachnospiraceae bacterium 6_1_63FAA,
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Clostridium sp. 14616, Clostridium bolteae ATCC BAA-
613, cf. Clostridium sp. MLGOSS, Erysipelotrichaceae bac-
terium 2_2_44A, Clostridium indolis, Anaerostipes caccae,
Clostridium bolteae, Lachnospiraceae bacterium DIF_
VP30, Lachnospiraceae bacterium 3_1_5TFAA_CTI,
Anaerotruncus colihominis, Anaerotruncus colihominis
DSM 17241, Ruminococcus sp. 1D8, Lachnospiraceae bac-
terium 2_1_46FAA, Clostridium lavalense, Clostridium
asparagiforme DSM 15981, Clostridium symbiosum,
Clostridium symbiosum WAL-14163, Fubacterium contor-
tum, Clostridium sp. D5, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_47TFAA, Blautia cocoides, Anaerostipes caccae
DSM 14662; a culture supernatant of one or more of the
bacteria or one or more component of the culture supernatant;
a physiologically active substance derived from one or more
of the bacteria or a combination of two or three of the fore-
going is administered to an individual (also referred to as an
individual in need thereof) who can be a healthy individual or
an individual in need of prevention, reduction or treatment of
a condition or disease. For example, the compositions
described may be administered to an individual in need of
treatment, reduction in the severity of or prevention of a
disease or condition such as an autoimmune disease, an
inflammatory disease, an allergic disease, and an infectious
disease

[0040] Optionally, administration of the bacterial compo-
sition may be in combination with, or preceded by, a course of
one or more antibiotics.

[0041] Optionally, administration of the bacterial compo-
sition may be in combination with administration of at least
one prebiotic substance that preferentially favors the growth
of the species in the bacterial composition over the growth of
other human commensal bacterial species. In one embodi-
ment, the prebiotic substance(s) is, for example, a nondigest-
ible oligosaccharide. In specific embodiments, the one or
more prebiotic substance(s) is selected from the group con-
sisting of almond skin, inulin, oligofructose, raffinose, lactu-
lose, pectin, hemicellulose, amylopectin, acetyl-Co A, biotin,
beet molasses, yeast extracts, and resistant starch. Also con-
templated herein is a composition that comprises the bacterial
composition and at least one prebiotic substance.

[0042] The bacterial composition may be administered in
combination with a substance selected from the group con-
sisting of corticosteroids, mesalazine, mesalamine, sulfasala-
zine, sulfasalazine derivatives, immunosuppressive drugs,
cyclosporin A, mercaptopurine, azathiopurine, prednisone,
methotrexate, antihistamines, glucocorticoids, epinephrine,
theophylline, cromolyn sodium, anti-leukotrienes, anti-cho-
linergic drugs for rhinitis, anti-cholinergic decongestants,
mast-cell stabilizers, monoclonal anti-IgE antibodies, vac-
cines, anti-TNF inhibitors such as infliximab, adalimumab,
certolizumab pegol, golimumab, or etanercept, and combina-
tions thereof. Also described herein is a composition that
comprises the bacterial composition and at least one sub-
stance selected from the group consisting of corticosteroids,
mesalazine, mesalamine, sulfasalazine, sulfasalazine deriva-
tives, immunosuppressive drugs, cyclosporin A, mercaptopu-
rine, azathiopurine, prednisone, methotrexate, antihista-
mines, glucocorticoids, epinephrine, theophylline, cromolyn
sodium, anti-leukotrienes, anti-cholinergic drugs for rhinitis,
anti-cholinergic decongestants, mast-cell stabilizers, mono-
clonal anti-IgE antibodies, vaccines, anti-TNF inhibitors
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such as infliximab, adalimumab, certolizumab pegol, goli-
mumab, or etanercept, and combinations thereof.

[0043] In a further embodiment, the bacterial composition
can be used as an adjuvant to improve the efficacy ofa vaccine
formulation. For example, the bacterial composition can be
used as an adjuvant to a vaccine for the prophylaxis or treat-
ment of an autoimmune disease or an allergic disease. Insome
embodiments, a method for prophylaxis or treatment is pro-
vided, the method comprising administering the bacterial
composition and administering a vaccine.

[0044] Assessment of the extent of induction of prolifera-
tion or accumulation of regulatory T cells that results from
administration of a composition described herein can be car-
ried 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 a blood sample), promotion of I1L-10
expression, promotion of CTLA4 expression, promotion of
IDO expression, suppression of IL.-4 expression, or coloniza-
tion of an individual with the bacterial composition. The
results of such assessments are used as an index of the induc-
tion of proliferation or accumulation of regulatory T cells in
the individual.

[0045] In one embodiment, administration of a composi-
tion described herein causes induction of the regulatory T
cells that are transcription factor Foxp3-positive regulatory T
cells or IL-10-producing regulatory T cells.

[0046] The composition described herein can be adminis-
tered by a variety of routes and in one embodiment, is admin-
istered 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, such as in spore-form (in a dry powder
or dissolved in a liquid formulation), in enteric capsules, in
sachets, or in a food matrix, such as yogurt, or a drink.
[0047] Also provided is a method to predict a subject’s
response to treatment (predict whether the subject will or will
not respond to treatment) with compositions of the invention.
The method comprises (a) obtaining a (at least one, one or
more) sample, such as a fecal sample or a colonic biopsy,
from a patient before he or she is treated with a bacterial
composition described herein; (b) measuring or determining
the percentage or absolute counts in the sample of at least one
bacterial species selected from the group consisting of:
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_STFAA, Lachnospi-
raceae bacterium 6_1_63FAA, Clostridium sp. 14616,
Clostridium bolteae ATCC BAA-613, cf. Clostridium sp.
MLGOS5,  Erysipelotrichaceae  bacterium — 2_2_44A,
Clostridium indolis, Anaerostipes caccae, Clostridium bolt-
eae, Lachnospiraceae bacterium DIJF_VP30, Lachnospi-
raceae bacterium 3_1_S5TFAA_CTI1, Anaerotruncus coli-
hominis, Anaerotruncus  colihominis DSM 17241,
Ruminococcus sp. 1D8, Lachnospiraceae bacterium
2_1_46FAA, Clostridium lavalense, Clostridium asparagi-
Jforme DSM 15981, Clostridium symbiosum, Clostridium
symbiosum  WAL-14163,  Eubacterium  contortum,
Clostridium sp. D5, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium Ad, Clostridium sp. 316002/08, and Clostridiales bac-
terium 1_7_4TFAA, Blautia cocoides, and Anaerostipes cac-
cae DSM 14662, thereby producing a percentage or count,
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and (c) comparing the resulting percentage or count (mea-
surement) to a baseline value of the same measurement in a
healthy subject, wherein a percentage or count in the sample
obtained from the patient that is lower than the baseline value
indicates that the subject may respond favorably to adminis-
tration of the bacterial composition. In some embodiments,
the method further comprises (d) administering the bacterial
composition to the patient if the percentage or count in the
sample obtained from the patient is lower than the baseline
value. Optionally, the method may further comprise measur-
ing in a patient’s sample (e.g., a fecal sample or a colonic
biopsy) the percentages or absolute counts of other commen-
sal species that belong to Clostridium Clusters IV and XIVa,
but are not present in the bacterial composition, wherein a
value of the percentage or absolute count (measurement)
lower than baseline further indicates that the subject may
respond favorably to administration of the bacterial compo-
sitions. In some embodiments, the method further comprises
administering the bacterial composition to the patient if the
value of the percentage or absolute count (measurement) is
lower than baseline. In one embodiment, the patient being
assessed suffers from inflammatory bowel disease or a C.
difficile infection.

[0048] Also provided is a method of monitoring a subject’s
response to treatment with the bacterial compositions of the
invention, comprising: (a) obtaining a (at least one) sample,
such as a fecal sample or a colonic biopsy from a patient
before treatment with a bacterial composition described
herein; (b) obtaining, a (at least one) corresponding sample
from the patient after treatment with a bacterial composition
described herein; and (¢) comparing the percentage or abso-
lute counts of at least one bacterial species selected from the
group consisting oft  Clostridium  saccharogumia,
Clostridium ramosum JCM1298, Clostridium ramosum, Fla-
vonifractor plautii, Pseudoflavonifractor capillosus ATCC
29799, Clostridium hathewayi, Clostridium saccharolyticum
WM1, Bacteroides sp. MANG, Clostridium saccharolyti-
cum, Clostridium scindens, Lachnospiraceae bacterium
5_1_57FAA, Lachnospiraceae bacterium 6_1_63FAA,
Clostridium sp. 14616, Clostridium bolteae ATCC BAA-
613, cf. Clostridium sp. MLGOSS, Erysipelotrichaceae bac-
terium 2_2_44A, Clostridium indolis, Anaerostipes caccae,
Clostridium bolteae, Lachnospiraceae bacterium DIF_
VP30, Lachnospiraceae bacterium 3_1_5STFAA_CTI,
Anaerotruncus colihominis, Anaerotruncus colihominis
DSM 17241, Ruminococcus sp. ID8, Lachnospiraceae bac-
terium 2_1_46FAA, Clostridium lavalense, Clostridium
asparagiforme DSM 15981, Clostridium symbiosum,
Clostridium symbiosum WAL-14163, Fubacterium contor-
tum, Clostridium sp. DS, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_47TFAA, Blautia cocoides, Anaerostipes caccae
DSM 14662 in the sample obtained in (a) with the percentage
or absolute counts of the same at least one bacterial species in
the sample obtained in (b), wherein a higher value in the
sample obtained in (b) (after treatment with the bacterial
composition) than in the sample obtained in (a) (before treat-
ment) indicates that the subject has responded favorably to
treatment (e.g. is a positive indicator of enhanced immuno-
suppression in the subject). In some embodiments, the
method further comprises (d) further administering the bac-
terial composition to the patient or ceasing administration of
the bacterial composition to the patient based on the compari-
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son in (c). Optionally, the method may further comprise mea-
suring in the subject’s samples the percentages or absolute
counts of other commensal species that belong to Clostridium
Clusters IV and XIVa, but are not present in the bacterial
composition, wherein a higher value after treatment than
before treatment indicates that the subject has responded
favorably to treatment.

Effects of Compositions and Methods Described
Herein

[0049] The compositions described herein, which contain,
as an active component, selected bacteria belonging to the
Clostridia class or other bacteria, as described herein; a cul-
ture supernatant of such bacteria; a physiologically active
substance derived from such bacteria; or a combination of
two or three of the foregoing are excellent at inducing the
proliferation or accumulation of regulatory T cells (Treg
cells).

[0050] Immunity in an individual can be suppressed
through administration of the subject composition, such as
through ingestion of the bacterial composition in a food or
beverage or as a dietary supplement or through administration
of a pharmaceutical composition comprising the bacterial
composition. The subject composition can be used, for
example, to prevent or treat autoimmune diseases, allergic
diseases, infectious diseases, as well as to suppress immuno-
logical rejection in organ transplantation or the like. In addi-
tion, if a food or beverage, such as a health food, comprises
the subject composition, healthy individuals can ingest the
composition easily and routinely. As a result, it is possible to
induce the proliferation and/or accumulation of regulatory T
cells and thereby to improve immune functions.

[0051] The composition described herein provides for a
natural, long-lasting, patient-friendly, and benign treatment
alternative for immune-mediated conditions. For example,
inflammatory bowel disease is currently managed with syn-
thetic drugs that may have severe side effects (such as corti-
costeroids, TNF inhibitors), cannot be administered orally
(such as TNF inhibitors), have inconvenient dosing involving
several pills a day (such as mesalazine or sulfasalazine) or
have limited efficacy and short-lived effects (such as currently
marketed probiotics, e.g. Lactobacillus GG, Lactobacillus
acidophilus, Bifidobacterium longum, etc).

BRIEF DESCRIPTION OF DRAWINGS

[0052] FIG. 1A is a histogram showing Foxp3 expression
gated CD4 cells from colonic lamina propia (C LPL, left
panel) and small intestinal lamina propria (SI LPL, right
panel) of GF mice or GF mice colonized with untreated
(+huUT, n=4, numbering from #A1 to #A4) or chloroform-
treated (+huChloro, n=4, numbering from #B1 to #B4)
human feces. Numbers above bracketed lines indicate the
percentage of the population.

[0053] FIG. 1B is a histogram showing Helios expression
in Foxp3*CD4" cells from colonic lamina propia (left panel)
and small intestinal lamina propria (right panel) of GF mice or
GF mice colonized with untreated (+huUT) or chloroform-
treated (+huChloro) human feces. Numbers above bracketed
lines indicate the percentage of the population.

[0054] FIGS. 1C-1D are graphs showing, respectively,
combined data for Foxp3 expression in CD4+ cells, and for
Helios expression in Foxp3*CD4* cells, from colonic lamina
propia (left panel) and small intestinal lamina propria (right
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panel) of GF mice or GF mice colonized with untreated
(+huUT) or chloroform-treated (+huChloro) human feces.
Each circle in FIG. 1C and FIG. 1D represents a separate
animal, and error bars indicate the SD. *P<0.05; **P<0.001,
unpaired t test.

[0055] FIG. 1E shows representative flow cytometry dot
plots for the intracellular expressions of IL.-17 and IFN- in
CD4* cells from colonic lamina propia (upper panel) and
small intestinal lamina propria (lower panel) of GF mice or
GF mice colonized with untreated (+huUT) or chloroform-
treated (+huChloro) human feces. The number in each quad-
rant indicates the percentage of the population.

[0056] FIGS. 1F-1G show, respectively, combined data of
all mice for IL.-17 and IFN- expression in CD4+ cells from
colonic lamina propia (left panel) and small intestinal lamina
propria (right panel) of GF mice or GF mice colonized with
untreated (+huUT) or chloroform-treated (+huChloro)
human feces. Each circle in FIG. 1F and FIG. 1G represents
aseparate animal, and error bars indicate the SD. ¥*P<0.05; ns,
not significant (P>0.05), unpaired t test.

[0057] FIGS. 2A-2C shows representative plots (FIG. 2A)
and combined data (FIGS. 2B-2C) for Foxp3 expression in
CD4+ cells (upper panel in FIG. 2A, left panel in FIG. 2B), or
Helios expression in Foxp3+CD4+ cells (lower panel in FIG.
2A, right panel in FIG. 2C) for GF mice and GF mice orally
inoculated (once a week for 4 weeks) with a suspension of
chloroform-treated human feces that had been previously
autoclaved. Numbers above bracketed lines in FIG. 2A indi-
cate the percentage of the population. Each circle in FIG. 2B
and FIG. 2C represents a separate animal, and error bars
indicate the SD. ns, not significant (P>0.05), unpaired t test.

[0058] FIGS. 3A-3B shows representative plots (FIG. 3A,
data of mouse #C4 is shown here) and combined data (FIG.
3B) for Foxp3 expression in CD4+ cells from colonic and
small intestinal lamina propria lymphocytes for GF mice and
GF mice orally inoculated with chloroform-treated human
feces (+huChloro, n=7, numbering from #C1 to #C7). Num-
bers above bracketed lines in FIG. 3A indicate the percentage
of'the population. Each circle in FIG. 3B represents a separate
animal, and error bars indicate the SD. **P<0.001, unpaired
t test.

[0059] FIGS. 4A-4B shows representative plots (FIG. 4A)
and combined data (FIG. 4B) for Foxp3 expression in CD4*
cells from colonic lamina propria (C LPL) and small intesti-
nal lamina propria (SI LPL) for GF mice and GF (numbering
from #D1 to #D6) that were co-housed with #C6 and #C7
ex-GF mice colonized with chloroform-treated human feces.
Numbers above bracketed lines in FIG. 4A indicate the per-
centage of the population. Each circle in FIG. 4B represents a
separate animal, and error bars indicate the SD. **P<0.001,
unpaired t test.

[0060] FIGS. 5A-5C shows representative plots and com-
bined data for Foxp3 expression in CD4+ cells (FIG.5A, 5B),
or Helios expression in Foxp3*CD4™* cells (FIG. 5C) from
colonic lamina propria (C LPL) and small intestinal lamina
propria (SI LPL) for GF mice, GF mice that were inoculated
with 2000-fold (+x2000, n=4, numbering from #E1 to #E4)
or 20000-fold (+x20000, n=8, numbering from #F1 to #F8)
diluted fecal suspension from #C4 mouse. Numbers above
bracketed lines in FIG. 5A indicate the percentage of the
population. Each circle in FIG. 5B and FIG. 5C represents a
separate animal, and error bars indicate the SD. *P<0.05;
**P<0.001, unpaired t test.
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[0061] FIGS. 6A-6D shows representative plots (FIGS. 6A,
6B) and combined data (FIGS. 6C, 6D) for Foxp3 expression
in CD4* cells (FIG. 6A, 6C), or Helios expression in Foxp3*
CD4* cells (FIGS. 6B, 6D) from colonic lamina propria (C
LPL) and small intestinal lamina propria (SI LPL) for GF
mice, and GF mice that were inoculated with fecal suspension
of #F3 (n=5), #F7 (n=4) or #F8 (n=4) mouse. Numbers above
bracketed lines in FIG. 6 A and FIG. 6B indicate the percent-
age of the population. Each circle in FIG. 6C and FIG. 6D
represents a separate animal, and error bars indicate the SD.
*P<0.05; **P<0.001, unpaired t test.

[0062] FIG. 7A-7C shows representative plots (FIG. 7A)
and combined data (FIGS. 7B, 7C) for Foxp3 expression in
CD4+ cells (FIG. 7A, 7B) or Helios expression in Foxp3*
CD4* cells for GF mice and GF mice that were inoculated
with 3 isolated strains of bacteria from cecal content of #F8
mouse (n=4, numbering from #J1 to #J4). Numbers above
bracketed lines in FIG. 7A indicate the percentage of the
population. Each circle in FIG. 7B and FIG. 7C represents a
separate animal, and error bars indicate the SD. ns, not sig-
nificant (P>0.05), unpaired t test.

[0063] FIG. 8 shows the relative abundances of OTUs hav-
ing the same closest relative in each cecal sample (bacterial
DNA was extracted from the cecal contents of mouse #Al,
#C4, #F8, #G2, #H3, #13, #J3 and #K3, shown in the bars).
Total number of OTUs detected in each sample is depicted
below the bar. The detected OTU names in sample #H3, #13 or
#K3, their closest relative and their similarity with the closest
relative are depicted in the right table.

[0064] FIGS. 9A-9C shows representative plots (FIG. 9A)
and combined data (FIGS. 9B, 9C) for Foxp3 expression in
CD4* cells (FIG. 9A, 9B), or Helios expression in Foxp3*
CD4" cells (FIGS. 9A, 9C) from colonic lamina propria (C
LPL) and small intestinal lamina propria (SI LPL) for GF
mice and GF mice that were inoculated with bacteria collec-
tions from culture plate of cecal content of #G2 mouse (n=4,
numbering from #K1 to #K4. Numbers above bracketed lines
in FIG. 9A indicate the percentage of the population. Each
circle in FIG. 9B and FIG. 9C represents a separate animal,
and error bars indicate the SD. ¥*P<0.05; **P<0.001, unpaired
t test.

[0065] FIGS. 10A-10C shows representative plots (FIG.
10A) and combined data (FIGS. 10B, 10C) for Foxp3 expres-
sion in CD4* cells (FIG. 10A, 10B), or Helios expression in
Foxp3*CD4* cells (FIG. 10A, 10C) from colonic lamina
propria (C LPL) and small intestinal lamina propria (SI LPL)
for GF mice and GF mice that were inoculated with a mixture
0f23 bacterial strains that were isolated and shown in Table 2
(23mix). Numbers above bracketed lines in FIG. 10A indicate
the percentage of the population. Each circle in FIG. 10B and
FIG. 10C represents a separate animal, and error bars indicate
the SD. *P<0.05; **P<0.001, unpaired t test.

[0066] FIG. 11 shows a representative plot of the accumu-
lation of Foxp3*CD4™ cells in adult GF mice that were inocu-
lated with 2x10* to 2x107-fold diluted caecal samples from
+huChlo mice. Experiments were performed more than
twice. Error bars indicate SD. **P<0.01, *P<0.03, as calcu-
lated by Student’s t-test.

[0067] FIG. 12 shows a representative plot of the accumu-
lation of Foxp3"CD4™ cells in the colon of adult GF mice that
were inoculated with a mixture of 23 bacterial strains that
were isolated and shown in Table 2 (23-mix), chloroform-
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treated human feces (+huChlo) and Faecalibacterium praus-
nitzii (+Faecali). Error bars indicate SD. **P<0.01, as calcu-
lated by Student’s t-test.

[0068] FIG. 13 shows a representative plot of the accumu-
lation of Foxp3*CD4" cells in adult GF mice that were the
secondary (+2x10*re) and tertiary (+2x10*-re-re) recipients
of inoculations with the caecal content of +2x10* mice, and
adult GF mice inoculated with 2x10*-fold diluted caecal
samples from +2x10* mice (+(2x10%)?).

[0069] FIG. 14 shows the results of 16s rDNA pyrose-
quencing the caecal contents from the defined mice (+hu,
+huChlo, +2x10% +2x10%re, (+2x10%?, +23-mix) using a
454 sequencer. The relative abundance of OTUs (%) in the
caecal bacterial community in each mouse and the closest
strains in the database and the corresponding isolated strain
number for the indicated OTUs are shown.

[0070] FIG. 15 shows a representative plot of the accumu-
lation of Foxp3*CD4* cells in the colons of adult IQI, BALB
and B6 GF mice on inoculation with a mixture of 17 bacterial
strains that were isolated and shown in Table 4 (17-mix),
**¥P<0.01, as calculated by Student’s t-test.

[0071] FIG. 16 shows a representative plot of the accumu-
lation of Foxp3*CD4" cells in adult IQI GF mice mono-
colonized with each of the 17 strains listed in Table 4 (17-
mix).

[0072] FIG. 17 shows a representative plot of the accumu-
lation of Foxp3*CD4™ cells in adult IQI GF mice colonized
with 3-mix, Smix-A, 5-mix-B, 5-mix-C or 17-mix as listed in
Table 4. Circles indicate individual animals. Experiments are
performed more than twice with similar results. Error bars
indicate SD. **P<0.01, *P<0.05, ns, not significant, as cal-
culated by Student’s t-test.

[0073] FIG. 18 shows a representative plot of the accumu-
lation of Foxp3*CD4" cells in adult SPF mice repeatedly
inoculated with 17-mix(SPF+17mix; n=5) or control (SPF+
cont; n=6). **P<0.01, as calculated by Student’s t-test.
[0074] FIG. 19 shows the effects of inoculation with
17-mix on an OVA model of diarrhea, as measured by a
qualitative diarrhea score. *P<0.05, as calculated by Stu-
dent’s t-test.

[0075] FIG. 20 shows the survival of adult mice inoculated
with a mixture of 17 bacterial strains listed in Table 4 (17-
mix) following exposure to trinitrobenzene sulfonic acid
(TNBS), an agent used in experimental models of colitis.
[0076] FIG. 21 shows the relative abundance of each of the
17-mix strains in the human fecal microbiota of ulcerative
colitis and healthy subjects. The publically available reads of
15 healthy and 20 ulcerative colitis subjects in the MetaHIT
database were aligned to the genome of the 17 strains. The
mean numbers of mapped reads in healthy and UC groups for
each of the 17 strain genomes are shown. Error bars represent
SEM. #P<0.05, as calculated by the Student’s t-test.

[0077] Table 1 shows the numbers of detected reads and the
closest relatives for each OTU obtained from classification of
sequences (3400 reads for each sample) resulting from
16srRNA coding gene amplification and PCR metasequenc-
ing of bacterial DNA extracted from the cecal contents of
mouse #Al, #C4, #F8, #G2, #H3, #13, #J3 and #K3 (classi-
fication on the basis of sequence similarity, >97% identity to
sequences in nucleic acid databases using BLAST)

[0078] Table 2 shows, for each of seventeen bacterial
strains isolated from the cecal contents of mouse #F8, #G2,
#11 and #K3 using BL agar or EG agar plates, the closest
relative in known species, the maximum similarity with the
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closest relative, its classification in the Clostridiaceae cluster,
origin of mouse ID, and culture medium for isolation.
[0079] Table 3 shows, for each of 31 bacterial strains iso-
lated from the caecal contents of mouse #F8, #G2, #I1 and
#K3 using BL agar or EG agar plates, the closest relative in
known species, the maximum similarity with the closest rela-
tive, the database used for BLAST search, and similarity
between strains.

[0080] Table 4 shows 16S rDNA analysis for each of 31
strains that were isolated. Bacterial DNA was isolated from
each of the 31 strains and the 16S rDNA of the isolates was
amplified by colony-PCR. Each amplified DNA was purified,
sequenced, and aligned using the ClustalW software pro-
gram. Based on the sequence of 16S rDNA for each strain,
their closest species, % similarity with the closest species,
and the similarity to other strains are shown. Strains that were
included in the 23-mix, 17-mix, 5-mixA, 5-mixB, 5-mixC,
and 3-mix are marked in the right hand column.

DETAILED DESCRIPTION

Composition Having Effect of Inducing Proliferation
or Accumulation of Regulatory T Cells

[0081] Described herein is a composition that induces pro-
liferation, accumulation of regulatory T cells or both prolif-
eration and accumulation of regulatory T cells. The compo-
sition comprises, as an active ingredient, one or more of the
following: a (at least one, one or more) organism selected
from the group consisting of: Clostridium saccharogumia,
Clostridium ramosum JCM1298, Clostridium ramosum, Fla-
vonifractor plautii, Pseudoflavonifractor capillosus ATCC
29799, Clostridium hathewayi, Clostridium saccharolyticum
WMI, Bacteroides sp. MANG, Clostridium saccharolyti-
cum, Clostridium scindens, Lachnospiraceae bacterium
5_1_57FAA, Lachnospiraceae bacterium 6_1_63FAA,
Clostridium sp. 14616, Clostridium bolteae ATCC BAA-
613, cf. Clostridium sp. MLGOS5S, Erysipelotrichaceae bac-
terium 2_2_44A, Clostridium indolis, Anaerostipes caccae,
Clostridium bolteae, Lachnospiraceae bacterium DIF_
VP30, Lachnospiraceae bacterium 3_1_STFAA_CTI,
Anaerotruncus colihominis, Anaerotruncus colihominis
DSM 17241, Ruminococcus sp. ID8, Lachnospiraceae bac-
terium 2_1_46FAA, Clostridium lavalense, Clostridium
asparagiforme DSM 15981, Clostridium symbiosum,
Clostridium symbiosum WAL-14163, Fubacterium contor-
tum, Clostridium sp. DS, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_47FAA, Blautia cocoides, Anaerostipes caccae
DSM 14662, a culture supernatant of one or more of the
bacteria, a component of culture medium in which a (at least
one, one or more) bacterium described herein has grown, a
physiologically active substance derived from a (at least one;
one or more) bacterium described herein; and a (at least one;
one or more) bacterium containing DNA comprising a nucle-
otide sequence having at least 97% homology to the nucle-
otide sequence of DNA of any of the bacterial species
described herein, such as those listed above. Bacteria
described herein were isolated from human fecal samples
using the methods outlined in Examples 19 to 28.

[0082] The term “regulatory T cells” refers to T cells that
suppress an abnormal or excessive immune response and play
a role in immune tolerance. The regulatory T cells are typi-
cally transcription factor Foxp3-positive CD4-positive T
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cells. The regulatory T cells of the present invention also
include transcription factor Foxp3-negative regulatory T cells
that are IL-10-producing CD4-positive T cells.

[0083] The term “induces proliferation or accumulation of
regulatory T cells” refers to an effect of inducing the differ-
entiation 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. All of the
following effects are included: an effect of inducing in vivo
proliferation or accumulation of regulatory T cells through
administration or ingestion of the aforementioned bacteria
belonging to the Clostridia class, a culture supernatant of the
bacteria or supernatant component(s), or a physiologically
active substance derived from the bacteria; an effect of induc-
ing proliferation or accumulation of cultured regulatory T
cells by causing the aforementioned bacteria belonging to the
Clostridia class, a culture supernatant of the bacteria or super-
natant component(s), or a physiologically active substance
derived from the bacteria to act on the cultured regulatory T
cells; and an effect of inducing proliferation or accumulation
of regulatory T cells which are collected from a living organ-
ism and which are intended to be subsequently introduced
into a living organism, such as the organism from which they
were obtained or another organism, by causing the aforemen-
tioned bacteria belonging to the Clostridia class, a culture
supernatant of the bacteria or supernatant component(s), or
the physiologically active substance derived from the bacteria
to act on the regulatory T cells. The effect of inducing prolif-
eration or accumulation of regulatory T cells can be evalu-
ated, for example, as follows. Specifically, the aforemen-
tioned bacteria belonging to the Clostridia class, a culture
supernatant of the bacteria or supernatant component(s), or a
physiologically active substance derived from the bacteria is
orally administered to an experimental animal, such as a
germ-free mouse, then CD4-positive cells in the colon are
isolated, and the ratio of regulatory T cells contained in the
CD4-positive cells is measured by flow cytometry (refer to
Example 7).

[0084] The regulatory T cells whose proliferation or accu-
mulation is induced by the composition of the present inven-
tion are preferably transcription factor Foxp3-positive regu-
latory T cells or IL-10-producing regulatory T cells.

[0085] In the present invention, “human-derived bacteria”
means bacterial species that have been isolated from a fecal
sample or from a gastrointestinal biopsy obtained from a
human individual or whose ancestors were isolated from a
fecal sample or from a gastrointestinal biopsy obtained from
a human (e.g., are progeny of bacteria obtained from a fecal
sample or a gastrointestinal biopsy). For example, the bacte-
rial species may have been previously isolated from a fecal
sample or from a gastrointestinal biopsy obtained from a
human and cultured for a sufficient time to generate progeny.
The progeny can then be further cultured or frozen. The
human-derived bacteria are naturally occurring commensals
that populate the gastrointestinal tract of human individuals,
preferably healthy human individuals.

[0086] In the present invention, the term “Clostridia class”
(as in “compositions containing bacteria belonging to the
Clostridia class”) refers to a class of Gram+, obligate anaero-
bic bacteria belonging to the Firmicutes phylum that have the
ability to form spores. It is important to note that while cur-
rently most bacteria in this class are included in the Clostridi-
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ales order, this categorization is still partly based on old
methods and is likely to be redefined in the future based on
new advances in sequencing technologies that are enabling
sequencing of the full genomes of bacteria in this class. Table
2 provides a summary of the categorization of 17 abundant
species belonging to the Clostridia class which have been
identified by the inventors as strong Treg-inducers and cul-
tured in vitro. All of these species fall, under current catego-
rization rules, in the Clostridiaceae family, and belong to
clusters IV, XIVa, XVI, and XVIII.

[0087] The composition of the present invention may
include one strain alone (only one strain) of any of the afore-
mentioned bacterial species, but two or more strains of the
bacteria can be used together. For example, one, two, three,
four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen,
fourteen, fifteen, sixteen or seventeen of the strains listed in
Table 2 or Table 4, in any combination, can be used together
to affect regulatory T cells. In some embodiments, the 23, 17,
5, or 3 species mixes listed in Table 4 can be used together
(and administered in one or several compositions) to affect
regulatory T cells. In some embodiments, the following
strains can be combined (the composition comprises): strain
1 (OTU136, closest species: Clostridium saccharogumia,
Clostridium ramosum JCM1298), strain 3 (OTU221, closest
species: Flavonifractor plautii, Pseudoflavonifractor capil-
losus ATTC 29799), strain 4 (OTU9, closest species:
Clostridium hathewayi, Clostridium saccharolyticum WM1),
strain 5 (OTU296, closest species: Clostridium scindens,
Lachnospiraceae bacterium 5_1_STFAA), strain 6 (OTU21,
closest species: Blautia coccoides, Lachnospiraceae bacte-
rium 6_1_63FAA), strain 7 (OUT 166, closest species:
Clostridium sp., Clostridium bolteae ATCC BAA-613),
strain 8 (OTU73, closest species: cf. Clostridium sp.
MLGOS5S5, Erysipelotrichaceae bacterium 2_2_44A), strain 9
(OTU174, closest species: Clostridium indolis, Anaerostipes
caccae DSM 14662), strain 10 (OTU166, closest species:
Clostridium bolteae, Clostridiu bolteae ATCC BAA-613),
strain 12 (OTUSS, closest species: Lachnospiraceae bacte-
rium DIF_VP30, Lachnospiraceae bacterium 3_1_STFAA _
CT1), strain 13 (OTU337, closest species: Anraerotruncus
colihominis, Anaerotruncus colihominis DSM 17241), strain
14 (OTU314, closest species: Ruminococcus sp. 1D8, Lach-
nospiraceae bacterium 2_1_46FAA), strain 15 (OTU195,
closest species: Clostridium lavalense, Clostridium aspar-
agiforme DSM 15981), strain 16 (OTU306, closest species:
Clostridium symbiosum, Clostridium symbiosum WAL-
14163), strain 18 (OTU46, closest species: Clostridium
ramosum, Clostridium ramosum), strain 21 (OTU87, closest
species: Eubacterium contortum, Clostridium sp. D5), strain
23 (OTU152, closest species: Lachnospiraceae bacterium
DIF_VP30, Lachnospiraceae bacterium 3_1_STFAA_CT1),
strain 24 (OTU253, closest species: Oscillospiraceae bacte-
rium NML 061048, Oscillibacter valericigenes), strain 25
(OTU259, closest species: FEubacterium contortum,
Clostridium sp. D5), strain 26 (OTU281, closest species:
Clostridium  scindens,  Lachnospiraceae  bacterium
5_1_57FAA), strain 27 (OTU288, closest species: Lachno-
spiraceae bacterium A4, Lachnospiraceae bacterium 3_1_
STFAA_CT1), strain 28 (OTU344, closest species:
Clostridium sp. 316002/08, Clostridiales bacterium
1_7_47FAA), and strain 29 (OTU359, closest species: Lach-
nospiraceae bacterium A4, Lachnospiraceae bacterium
3_1_57FAA_CT1) as described in Table 4.
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[0088] In some embodiments, the following strains can be
combined (the composition comprises: strain 1 (OTU136,
closest species: Clostridium saccharogumia, Clostridium
ramosum JCM1298), strain 3 (OTU221, closest species: Fla-
vonifractor plautii, Pseudoflavonifractor capillosus AI'TC
29799), strain 4 (OTU9, closest species: Clostridium
hathewayi, Clostridium saccharolyticum WM1), strain 6
(OTU21, closest species: Blautia coccoides, Lachnospi-
raceae bacterium 6_1_63FAA), strain 7 (OUT 166, closest
species: Clostridium sp., Clostridium bolteae ATCC BAA-
613), strain 8 (OTU73, closest species: cf. Clostridium sp.
MLGOSS, Erysipelotrichaceae bacterium 2_2_44A), strain 9
(OTU174, closest species: Clostridium indolis, Anaerostipes
caccae DSM 14662), strain 13 (OTU337, closest species:
Anaerotruncus colihominis, Anaervotruncus colihominis
DSM 17241), strain 14 (OTU314, closest species: Rumino-
coccus sp. 1D8, Lachnospiraceae bacterium 2_1_46FAA),
strain 15 (OTU195, closest species: Clostridium lavalense,
Clostridium asparagiforme DSM 15981), strain 16
(OTU306, closest species: Clostridium  symbiosum,
Clostridium symbiosum WAL-14163), strain 18 (OTU46,
closest species: Clostridium ramosum, Clostridium ramo-
sum), strain 21 (OTU87, closest species: Eubacterium con-
tortum, Clostridium sp. D5), strain 26 (OTU281, closest spe-
cies: Clostridium scindens, Lachnospiraceae bacterium 5_1_
57FAA), strain 27 (OTU288, closest species:
Lachnospiraceae bacterium A4, Lachnospiraceae bacterium
3_1_57FAA_CT1), strain 28 (OTU344, closest species:
Clostridium sp. 316002/08, Clostridiales bacterium
1_7_47FAA), and strain 29 (OTU359, closest species: Lach-
nospiraceae bacterium A4, Lachnospiraceae bacterium
3_1_57FAA_CT1) as described in Table 4.

[0089] In some embodiments, the following strains can be
combined (the composition comprises): strain 1 (OTU136,
closest species: Clostridium saccharogumia, Clostridium
ramosum JCM1298), strain 4 (OTU9, closest species:
Clostridium hathewayi, Clostridium saccharolyticum WM1),
strain 16 (OTU306, closest species: Clostridium symbiosum,
Clostridium symbiosum WAL-14163), strain 27 (OTU288,
closest species: Lachnospiraceae bacterium A4, Lachnospi-
raceae bacterium 3_1_5TFAA_CTI1), and strain 29
(OTU359, closest species: Lachnospiraceae bacterium A4,
Lachnospiraceae bacterium 3_1_STFAA_CT1) as described
in Table 4. In some embodiments, the following strains can be
combined: strain 6 (OTU21, closest species: Blautia coc-
coides, Lachnospiraceae bacterium 6_1_63FAA), strain 8
(OTU73, closest species: cf. Clostridium sp. MLGOSS, Ery-
sipelotrichaceae bacterium 2_2_44A), strain 13 (OTU337,
closest species: Anaerotruncus colihominis, Anaerotruncus
colihominis DSM 17241), strain 14 (OTU314, closest spe-
cies: Ruminococcus sp. 1D8, Lachnospiraceae bacterium
2_1_46FAA), and strain 26 (OTU281, closest species:
Clostridium  scindens,  Lachnospiraceae  bacterium
5_1_57FAA) as described in Table 4. In some embodiments,
the following strains can be combined: strain 3 (OTU221,
closest species: Flavonifractor plautii, Pseudoflavonifractor
capillosus ATTC 29799), strain 7 (OUT 166, closest species:
Clostridium sp., Clostridium bolteae ATCC BAA-613),
strain 9 (OTU174, closest species: Clostridium indolis,
Anaerostipes caccae DSM 14662), strain 15 (OTU195, clos-
est species: Clostridium lavalense, Clostridium asparagi-
forme DSM 15981), and strain 28 (OTU344, closest species:
Clostridium sp. 316002/08, Clostridiales bacterium
1_7_47FAA) as described in Table 4 In some embodiments,
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the following strains can be combined: strain 1 (OTU136,
closest species: Clostridium saccharogumia, Clostridium
ramosum JCM1298), strain 2 (OTU46, closest species: Fla-
vonifractor plautii, Pseudoflavonifractor capillosus ATCC
29799) and strain 3 (OTU221, closest species: Flavonifractor
plautii, Pseudoflavonifractor capillosus ATTC 29799) as
described in Table 4. The use of multiple strains of the afore-
mentioned species of bacteria, preferably belonging to the
Clostridium cluster XIVaor the cluster IV in combination can
bring about an excellent effect on regulatory T cells. In addi-
tion to the bacteria belonging to clusters XIVa and 1V,
Clostridium ramosum, Clostridium saccharogumia (belong-
ing to cluster XVIII) and cf. Clostridium sp. MLGOS5S (be-
longing to cluster XVI) can also be used. If more than one
strain of bacteria is used (e.g., one or more strain belonging to
cluster XIVa, one or more strain belonging to cluster IV, one
or more strain belonging to clusters XVIII or XVI or a com-
bination of any of the foregoing), the number and ratio of
strains used can vary widely. The number and ratio to be used
can be determined based on a variety of factors (e.g., the
desired effect, such as induction or inhibition of proliferation
oraccumulation of regulatory T cells; the disease or condition
to be treated, prevented or reduced in severity; the age or
gender of the recipient; the typical amounts of the strains in
healthy humans). The strains can be present in a single com-
position, in which case they can be consumed or ingested
together (in a single composition), or can be present in more
than one composition (e.g., each can be in a separate compo-
sition), in which case they can be consumed individually or
the compositions can be combined and the resulting combi-
nation (combined compositions) consumed or ingested. Any
number or combination of the strains that proves effective
(e.g., any number from one to 22, such as 1t0 20, 1t0 15,1 to
10,1to0 5, 1t0 3, 1 to 2, and any number therebetween or one
to 23, suchas 1t023,3t023,5t023,1t020,1t0 17,3t0 17,
5t017,1t015,1t010,1t05,31t05,1t03,1to2,and any
number therebetween) can be administered. In certain
embodiments of the present invention, a combination of some
or all of the 22 or 23 (e.g., the 23 strains in Example 32 and
Table 4) strains described in the present disclosure is used.
For example, at least one, two or more, three, three or more,
four, four or more, five, five or more, six, six or more or any
other number of the 22 or 23 described strains, including 22 or
23 strains, can be used. In some embodiments, the specific
combinations of 3, 5, 17, or 23 strains described in Table 4 can
be used (the composition comprises combinations of 3, 5, 17
or 23 strains described in Table 4). They can be used in
combination with one another and in combination with
strains not described in the cited reference.

[0090] Cells of bacteria belonging to the Clostridia class,
such as these specifically described herein, can be used in
spore form or in vegetative form. From the viewpoint of
stability to high temperature and pressure conditions,
extended shelf life, ease of handling, resistance to antibiotics,
and lack of need for a cold chain storage and distribution, the
bacteria may be preferably in the form of spore. From the
viewpoint of abiding by the directives of certain manufactur-
ing organizations that do not tolerate spore contamination in
their facilities, the bacteria may alternatively be produced
(and later administered) in the form of vegetative cells.

[0091] The term the “physiologically active substance
derived from bacteria belonging to the Clostridia class” of the
present invention includes substances contained in the bacte-
ria, secretion products of the bacteria, and metabolites of the
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bacteria. Such a physiologically active substance can be iden-
tified by purifying an active component from the bacteria, a
culture supernatant thereof, or intestinal tract contents in the
intestinal tract of a mouse in which only bacteria belonging to
the Clostridia class are colonized by an already known puri-
fication method.

[0092] “Chloroform treatment” of a fecal sample obtained
from ahuman is a method that isolates the bacteria in the fecal
sample that have the ability to form spores, and is not particu-
larly limited, as long as the spore-forming fraction is obtained
by treating feces of a human with chloroform (for example,
3% chloroform), and has the effect of inducing proliferation
or accumulation of regulatory T cells, including mammalian
regulatory T cells such as murine regulatory T cells and
human regulatory T cells.

[0093] When the aforementioned “bacteria belonging to
the Clostridia class” are cultured in a medium, substances
contained in the bacteria, secretion products and metabolites
produced by the bacteria are released from the bacteria. The
meaning of the active ingredient “culture supernatant of the
bacteria” in the composition of the present invention includes
such substances, secretion products, and metabolites. The
culture supernatant is not particularly limited, as long as the
culture supernatant has the effect of inducing proliferation or
accumulation of regulatory T cells. Examples of the culture
supernatant include a protein fraction of the culture superna-
tant, a polysaccharide fraction of the culture supernatant, a
lipid fraction of the culture supernatant, and a low-molecular
weight metabolite fraction of the culture supernatant.

[0094] The bacterial composition may be administered in
the form of a pharmaceutical composition, a dietary supple-
ment, 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 pharmaceutical composition, the dietary
supplement, the food or beverage, and the reagent induce
proliferation or accumulation of regulatory T cells. An
example presented herein revealed that regulatory T cells
(Treg cells) induced by bacteria or the like belonging to the
Clostridia class suppressed the proliferation of effector
T-cells. The composition of the present invention 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 compo-
sition 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 mea-
sured by using the intake amount of [*H]-thymidine as an
index (refer to Example 14).

[0095] The bacterial composition of the present invention
can be used, for example, as a pharmaceutical composition
for preventing or treating (reducing, partially or completely,
the adverse effects of) an autoimmune disease. such as
chronic inflammatory bowel disease, systemic lupus erythe-
matosus, rheumatoid arthritis, multiple sclerosis, or Hash-
imoto’s disease; an allergic disease, such as a food allergy,
pollenosis, or asthma; an infectious disease, such as an infec-
tion with Clostridium difficile; an inflammatory disease such
as a TNF-mediated inflammatory disease (e.g., an inflamma-
tory disease of the gastrointestinal tract, such as pouchitis, a
cardiovascular inflammatory condition, such as atherosclero-
sis, or an inflammatory lung disease, such as chronic obstruc-
tive pulmonary disease); a pharmaceutical composition for
suppressing rejection in organ transplantation or other situa-
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tions in which tissue rejection might occur; a supplement,
food, or beverage for improving immune functions; or a
reagent for suppressing the proliferation or function of effec-
tor T-cells.

[0096] More specific examples of target diseases for which
the composition is useful for treatment (reducing adverse
effects or prevention) include autoimmune diseases, allergic
diseases, infectious diseases, and rejection in organ trans-
plantations, such as inflammatory bowel disease (IBD), ulcer-
ative 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, 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  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 trans-
verse myelitis, Huntington’s chorea, Parkinson’s disease,
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, alope-
cia, 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, autoimmune
bullous disease, pemphigus vulgaris, pemphigus foliaceus,
pemphigoid, linear IgA disease, autoimmune haemolytic
anaemia, Coombs positive haemolytic anaemia, acquired per-
nicious anaemia, juvenile pernicious anaemia, myalgic
encephalitis/Royal Free Disease, chronic mucocutaneous
candidiasis, giant cell arteritis, primary sclerosing hepatitis,
cryptogenic autoimmune hepatitis, Acquired Immunodefi-
ciency Disease Syndrome, Acquired Immunodeficiency
Related Diseases, Hepatitis C, common varied immunodefi-
ciency (common variable hypogammaglobulinaemia),
dilated cardiomyopathy, fibrotic lung disease, cryptogenic
fibrosing alveolitis, postinflammatory interstitial lung dis-
ease, interstitial pneumonitis, connective tissue disease asso-
ciated interstitial lung disease, mixed connective tissue dis-
ease associated lung disease, systemic sclerosis associated
interstitial lung disease, rheumatoid arthritis associated inter-
stitial lung disease, systemic lupus erythematosus associated
lung disease, dermatomyositis/polymyositis associated lung
disease, Sjogren’s disease associated lung disease, ankylos-
ing spondy litis associated lung disease, vasculitic diffuse
lung disease, haemosiderosis associated lung disease, drug-
induced interstitial lung disease, radiation fibrosis, bronchi-
olitis obliterans, chronic eosinophilic pneumonia, lympho-
cytic infiltrative lung disease, postinfectious interstitial lung
disease, gouty arthritis, autoimmune hepatitis, type-1 autoim-
mune hepatitis (classical autoimmune or lupoid hepatitis),
type-2 autoimmune hepatitis (anti-LKM antibody hepatitis),
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autoimmune mediated hypoglycemia, type B insulin resis-
tance with acanthosis nigricans, hypoparathyroidism, acute
immune disease associated with organ transplantation,
chronic immune disease associated with organ transplanta-
tion, osteoarthrosis, primary sclerosing cholangitis, idio-
pathic leucopenia, autoimmune neutropenia, renal disease
NOS, glomerulonephritides, microscopic vasulitis of the kid-
neys, discoid lupus, erythematosus, male infertility idio-
pathic or NOS, sperm autoimmunity, multiple sclerosis (all
subtypes), insulindependent diabetes mellitus, sympathetic
ophthalmia, pulmonary hypertension secondary to connec-
tive tissue disease, Goodpasture’s syndrome, pulmonary
manifestation of polyarteritis nodosa, acute rheumatio fever,
rheumatoid spondylitis, Still’s disease, systemic sclerosis,
Takayasu’s disease/arteritis, autoimmune thrombocytopenia,
idiopathic thrombocytopenia, autoimmune thyroid disease,
hyperthyroidism, goitrous autoimmune hypothyroidism
(Hashimoto’s disease), atrophic autoimmune hypothyroid-
ism, primary myxoedema, phacogenic uveitis, primary vas-
culitis, vitiligo, allergic rhinitis (pollen allergies), anaphy-
laxis, pet allergies, latex allergies, drug allergies, allergic
rhinoconjuctivitis, eosinophilic esophagitis, hypereosino-
philic syndrome, eosinophilic gastroenteritis cutaneous lupus
erythematosus, eosinophilic esophagitis, hypereosinophilic
syndrome, and eosinophilic gastroenteritis, and diarrhea.
[0097] 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 characterized
by a reduction of Clostridium Clusters IV and XIV in the
gastrointestinal microbiota.

[0098] Compositions described herein can also beused as a
pharmaceutical composition for preventing or treating infec-
tious diseases in an individual whose resistance to the infec-
tious diseases is impaired, for example because of damage
due to excessive inflammation caused by the immunity 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, Shi-
gella, 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).

[0099] Pharmaceutical preparations can be formulated
from the bacterial compositions described by drug formula-
tion methods known to those of skill in the art. For example,
the composition can be used orally or parenterally in the form
of capsules, tablets, pills, sachets, liquids, powders, granules,
fine granules, film-coated preparations, pellets, troches, sub-
lingual preparations, chewables, buccal preparations, pastes,
syrups, suspensions, elixirs, emulsions, liniments, ointments,
plasters, cataplasms, transdermal absorption systems,
lotions, inhalations, aerosols, injections, suppositories, and
the like.

[0100] For formulating these preparations, the bacterial
compositions can be used in appropriate combination with
carriers that are pharmacologically acceptable or acceptable
for ingestion, such as in a food or beverage, including one or
more of the following: sterile water, physiological saline,
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vegetable oil, solvent, a base material, an emulsifier, a sus-
pending 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, a
flavor corrigent, a solubilizer, and other additives.

[0101] A pharmaceutical preparation or formulation and
particularly a pharmaceutical preparation for oral administra-
tion, comprises an additional component that enables effi-
cient delivery of the bacterial composition of the present
invention to the colon, in order to more efficiently induce
proliferation or accumulation of regulatory T cells in the
colon. A variety of pharmaceutical preparations that enable
the delivery of the bacterial composition to 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 decomposi-
tion 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.

[0102] Another embodiment of a pharmaceutical prepara-
tion useful for delivery of the bacterial composition to the
colon is one that ensures the delivery to the colon by delaying
the release of the contents (e.g., the bacterial composition) by
approximately 3 to 5 hours, which corresponds to the small
intestinal transit time. In one embodiment of a pharmaceuti-
cal 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 com-
positions having a material which coats or selectively coats a
drug or active ingredient to be administered. 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.

[0103] Examples of the composition enabling the delivery
to the colon further include bioadhesive compositions which
specifically adhere to the colonic mucosal membrane (for
example, a polymer described in the specification of U.S. Pat.
No. 6,368,586) and compositions into which a protease
inhibitor is incorporated for protecting particularly a biophar-
maceutical preparation in the gastrointestinal tracts from
decomposition due to an activity of a protease.

[0104] Anexample of a system enabling the delivery to 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 particularly limited, and a more specific
example thereof is a capsule which has contents dispersed in
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a suppository base and which is coated with a hydrophobic
polymer (for example, ethyl cellulose).

[0105] Another example of the system enabling the deliv-
ery to the colon is a system of delivering a composition to the
colon, the system being specifically decomposed by an
enzyme (for example, a carbohydrate hydrolase or a carbo-
hydrate reductase) present in the colon. 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 azopoly-
mers.

[0106] When used as a pharmaceutical preparation, the
bacterial composition may be used in combination with an
already known pharmaceutical composition for use in immu-
nosuppression. In some embodiments, the pharmaceutical
preparation can comprise both the bacterial composition and
the already known pharmaceutical composition. Such a
known pharmaceutical composition is not particularly lim-
ited, and may be at least one therapeutic composition selected
from the group consisting of corticosteroids, mesalazine,
mesalamine, sulfasalazine, sulfasalazine derivatives, immu-
nosuppressive drugs, cyclosporin A, mercaptopurine, azathi-
opurine, prednisone, methotrexate, antihistamines, glucocor-
ticoids, epinephrine, theophylline, cromolyn sodium, anti-
leukotrienes, anti-cholinergic drugs for rhinitis, anti-
cholinergic decongestants, mast-cell stabilizers, monoclonal
anti-IgE antibodies, vaccines (preferably vaccines used for
vaccination where the amount of an allergen is gradually
increased), anti-TNF inhibitors such as infliximab, adali-
mumab, certolizumab pegol, golimumab, or etanercept, and
combinations thereof. It is preferable to use these therapeutic
compositions in combination with the bacterial composition
described herein. The bacterial composition can also be used
as an adjuvant to improve the efficacy of a vaccine formula-
tion such as a vaccine for the prophylaxis or treatment of an
autoimmune disease or an allergic disease.

[0107] The bacterial composition can be used as a food or
beverage, such as a health food or beverage, a food or bever-
age for infants, a food or beverage for pregnant women,
athletes, senior citizens or other 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. Specific examples of the foods and beverages
include various beverages such as juices, refreshing bever-
ages, tea beverages, drink preparations, jelly beverages, and
functional beverages; alcoholic beverages such as beers; car-
bohydrate-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, and
Chinese soups; soups; dairy products such as milk, dairy
beverages, ice creams, cheeses, and yogurts; fermented prod-
ucts such as fermented soybean pastes, yogurts, fermented
beverages, and pickles; bean products; various confectionery
products such as Western confectionery products including
biscuits, cookies, and the like, Japanese confectionery prod-
ucts including steamed bean-jam buns, soft adzuki-bean jel-
lies, and the like, candies, chewing gums, gummies, cold
desserts including jellies, créme caramels, and frozen des-
serts; 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. The composition of the present invention
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can be used for animals, including humans. The animals,
other than humans, are not particularly limited, and the com-
position can be used for various livestock, poultry, pets,
experimental animals, and the like. Specific examples of the
animals include pigs, cattle, horses, sheep, goats, chickens,
wild ducks, ostriches, domestic ducks, dogs, cats, rabbits,
hamsters, mice, rats, monkeys, and the like, but the animals
are not limited thereto.

[0108] Without wishing to be bound by theory, individuals
in whom bacteria belonging to the group Firmicutes (the
group to which the Clostridium clusters IV and XIVa belong)
are relatively abundant gain more body weight than individu-
als in whom bacteria belonging to the group Bacteroidetes are
relatively abundant is large. The bacterial composition is
capable of conditioning absorption of nutrients and improv-
ing feed efficiency. From such a viewpoint, the bacterial
composition can be used for promoting body weight gain, or
for ahigh efficiency animal feed. Diseases and conditions that
would benefit from body weight gain include, e.g., starvation,
cancer, AIDS, gastrointestinal disorders (e.g., celiac disease,
peptic ulcer, inflammatory bowel disease (Crohns’ disease
and ulcerative colitis), pancreatitis, gastritis, diarrhea), hyper-
thyroidism, infection, renal disease, cardiac disease, pulmo-
nary disease, connective tissue disease, weight loss caused by
medications, anorexia, Addison’s disease, dementia, depres-
sion, hypercalcemia, Parkinson’s disease and tuberculosis.
[0109] The addition of the bacterial composition to an anti-
biotic-free animal feed makes it possible to increase the body
weight of an animal that ingests the animal feed to a level
equal to or higher than that achieved by animal ingesting
antibiotic-containing animal feeds, and also makes it possible
to reduce pathogenic bacteria in the stomach to a level equal
to those in animals consuming typical antibiotic-containing
animal feeds. The bacterial composition can be used as a
component of an animal feed that does not need the addition
of antibiotics.

[0110] In addition, unlike conventional bacteria (Lactoba-
cillus and Bifidobacteria) in commercial use, which are not
easy to incorporate into the livestock production, the present
bacterial composition in spore form can be pelletized,
sprayed, or easily mixed with an animal feed and can also be
added to drinking water.

[0111] Animal feed comprising the bacterial composition
can be fed to a wide variety of types of animals and animals of
a varying ages and can be fed at regular intervals or for a
certain period (for example, at birth, during weaning, or when
the animal is relocated or shipped).

[0112] The bacterial composition can be used to promote
weight gain and enhance energy absorption in humans and
nonhumans (e.g., farm or other food animals).

[0113] The bacterial active components of the bacterial
composition can be manufactured using fermentation tech-
niques well known in the art. In one embodiment, the active
ingredients are manufactured using anaerobic fermentors,
which can support the rapid growth of bacterial species
belonging to the Clostridia class. The anaerobic fermentors
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 compo-
nents can be used to support the growth of the bacterial
species. The bacterial product can be purified and concen-
trated from the fermentation broth by traditional techniques,
such as centrifugation and filtration, and can optionally be
dried and lyophilized by techniques well known in the art.
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[0114] A food or beverage comprising a bacterial compo-
sition described herein can be manufactured by manufactur-
ing techniques well known in the technical field. One or more
components (for example, a nutrient) which are effective for
the improvement of an immune function by an immunosup-
pressive effect may be added to the food or beverage. In
addition, the food or beverage may be combined with another
component or another functional food exhibiting a function
other than the function of the improvement of an immune
function to thereby serve as a multi-functional food or bev-
erage.

[0115] Moreover, the bacterial composition can be incor-
porated into foods requiring a processing step which may
destroy ordinary probiotic strains. Specifically, most com-
mercially usable probiotic strains cannot be incorporated into
foods that need to be processed, for example, by heat treat-
ment, long term storage, freezing, mechanical stress, or high-
pressure treatment (for example, extrusion forming or roll
forming). On the other hand, because of the advantageous
nature of forming spores, the bacterial composition described
herein can be easily incorporated into such processed foods.
For example, the bacterial composition in the form of spores
can survive even in a dried food, and can remain living even
after being ingested. The bacterial composition can withstand
low-temperature sterilization processes, typically processes
carried out at a temperature from about 70° C. to about 100°
C., both inclusive. The bacterial composition can be incorpo-
rated into dairy products that require a pasteurization step.
Furthermore, the bacterial composition can withstand long-
term storage of many years; high-temperature processing
such as baking and boiling; low-temperature processing such
as freezing and cold storage; and high-pressure treatments
such as extrusion forming and roll forming.

[0116] Many types of foods that need to be processed under
such harsh conditions include foods which need to be pro-
cessed in a microwave oven to be edible (for example, oat-
meal), foods which need to be baked to be edible (for
example, a muffin), foods which need to be subjected to a
sterilization high-temperature treatment for a short period of
time to be edible (for example, milk), and foods which need to
be heated to be drinkable (for example, hot tea).

[0117] The amount of the bacterial composition to be
administered or ingested can be determined empirically, tak-
ing into consideration such factors as the age, body weight,
gender, symptoms, health conditions, of an individual who
will receive it, as well as the kind of bacterial composition (a
pharmaceutical product, a food or beverage) to be adminis-
tered 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. Also described herein
is a method for suppressing the immunity (reducing the
immune response) of a subject, the method being character-
ized in that the bacteria belonging to the Clostridia class or the
physiologically active substance derived from the bacteria is
administered to or ingested by the subject as described above.
[0118] The bacterial composition may be administered 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,

38



US 2016/0193257 Al

gender, and health or disease status of the subject, among
other factors) may be determined empirically. For example, a
patient can be administered one dose of the composition, and
the levels of the bacterial strains of the composition in fecal
samples obtained from the patient can be measured at differ-
ent times (for example after 1 day, after 2 days, after 1 week,
after 2 weeks, after 1 month). When the levels of the bacteria
fall to, for example, one half of their maximum value, a
second dose can be administered, and so on.

[0119] A product comprising the bacterial composition (a
pharmaceutical product, a food or beverage, or a reagent) or a
manual thereof may be accompanied by document or state-
ment explaining that the product can be used to suppress the
immunity (including a statement that the product has an
immunosuppressive effect and a statement that the product
has an effect of suppressing the proliferation or function of
effector T-cells). Here, the “provision to the product or the
manual thereof with the note” means that the document or
statement is provided to a main body, a container, a package,
or the like of the product, or the note is provided to a manual,
a package insert, a leaflet, or other printed matters, which
disclose information on the product.

[0120] <Method for Inducing Proliferation or Accumula-
tion of Regulatory T Cells>

[0121] As described above, and as shown in Examples,
administration of the bacterial composition to an individual
makes it possible to induce proliferation or accumulation of
regulatory T cells in the individual. This provides a method of
inducing proliferation or accumulation of regulatory T cells
inanindividual, the method comprising: administering, to the
individual, at least one substance selected from the group
consisting of: (a) Clostridium saccharogumia, Clostridium
ramosum JCM1298, Clostridium ramosum, Flavonifractor
plautii, Pseudoflavonifractor capillosus ATCC 29799,
Clostridium hathewayi, Clostridium saccharolyticum WM1,
Bacteroides sp. MANG, Clostridium saccharolyticum,
Clostridium  scindens,  Lachnospiraceae  bacterium
5_1_S57FAA, Lachnospiraceae bacterium 6_1_63FAA,
Clostridium sp. 14616, Clostridium bolteae ATCC BAA-
613, cf. Clostridium sp. MLGOS5S, Erysipelotrichaceae bac-
terium 2_2_44A, Clostridium indolis, Anaerostipes caccae,
Clostridium bolteae, Lachnospiraceae bacterium DIF_
VP30, Lachnospiraceae bacterium 3_1_STFAA_CTI,
Anaerotruncus colihominis, Anaervotruncus colihominis
DSM 17241, Ruminococcus sp. 1D8, Lachnospiraceae bac-
terium 2_1_46FAA, Clostridium lavalense, Clostridium
asparagiforme DSM 15981, Clostridium symbiosum,
Clostridium symbiosum WAL-14163, Fubacterium contor-
tum, Clostridium sp. DS, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_47TFAA, Blautia cocoides, Anaerostipes caccae
DSM 14662; (b) aculture supernatant of at least one (a, one or
more) of the bacteria described/listed herein; (c) a physiologi-
cally active substance derived from a (one or more, at least
one) bacterium described/listed herein; or a combination of
any two or three of (a), (b) and (c). The bacterial composition
is administered (provided) to the individual in sufficient
quantity to produce the desired effect of inducing prolifera-
tion, accumulation or both proliferation and accumulation of
regulatory T cells. It may be administered to an individual in
need of treatment, reduction in the severity of or prevention of
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at least one disease selected from an autoimmune disease, an
inflammatory disease, an allergic disease, and an infectious
disease.

[0122] Note that, the “individual” or “subject” may be in a
healthy state or a diseased state.

[0123] The method may further comprise the optional step
of administering at least one (a, one or more) antibiotic pre-
ceding, or in combination with, the bacterial composition.
The antibiotic administered can be, for example, one which
facilitates recolonization of the gut by Gram-positive bacteria
of the Clostridia class, such as an antibiotic that reduces
Gram-negative bacteria. Examples of such antibiotics include
aminoglycoside antibiotics (amikacin, gentamicin, kanamy-
cin, neomycin, netilmicin, tobramycin, and paromomycin),
cephalosporin antibiotics (cefaclor, cefamandole, cefoxitin,
cefprozil, cefuroxime, cefixime, cefdinir, cefditoren, cefop-
erazone, cefotaxime, ceftazidime, ceftibuten, ceftizoxime,
ceftriaxone, and cefoxotin), sulfonamides, ampicillin, and
streptomycin.

[0124] Moreover, a prebiotic composition such as almond
skin, inulin, oligofructose, raffinose, lactulose, pectin, hemi-
cellulose (such as xyloglucan and alpha-glucans), amylopec-
tin, and resistant starch which are not decomposed in the
upper gastrointestinal tract and promote the growth of intes-
tinal microbes in the intestinal tract, as well as growth factors
such as acetyl-Co A, biotin, beet molasses, and yeast extracts,
preferentially contributes to the proliferation of the bacterial
species in the composition belonging to the Clostridia class. A
method of inducing proliferation and/or accumulation of
regulatory T cells in an individual can comprise administer-
ing, to the individual, at least one substance selected from the
above in combination with the bacterial composition. Also
contemplated herein is a composition comprising the bacte-
rial composition and a prebiotic composition.

[0125] The above-described antibiotic, and the above-de-
scribed prebiotic composition or growth factor may be used in
combination. Moreover, a therapeutic composition may be
administered to an individual together with at least one sub-
stance selected from the group consisting of the bacterial
composition, an antibiotic, and a prebiotic composition or
growth factor.

[0126] A therapeutic composition can be, for example, one
therapeutic composition selected from the group consisting
of corticosteroids, mesalazine, mesalamine, sulfasalazine,
sulfasalazine derivatives, immunosuppressive drugs,
cyclosporin A, mercaptopurine, azathiopurine, prednisone,
methotrexate, antihistamines, glucocorticoids, epinephrine,
theophylline, cromolyn sodium, anti-leukotrienes, anti-cho-
linergic drugs for rhinitis, anti-cholinergic decongestants,
mast-cell stabilizers, monoclonal anti-IgE antibodies, vac-
cines (preferably, vaccines used for vaccination where the
amount of an allergen is gradually increased), anti-TNF
inhibitors such as infliximab, adalimumab, certolizumab
pegol, golimumab, or etanercept, and combinations thereof.
These therapeutic compositions can be administered prior to,
in combination with or following administration of the bac-
terial composition and optionally, also in combination with an
antibiotic, a prebiotic composition, a growth factor or any
combination of an antibiotic, a prebiotic composition and a
growth factor.

[0127] There is no particular limitation imposed on the
combined use of the therapeutic composition with at least one
substance selected from the group consisting of the bacterial
composition, the “antibiotic”, and the “prebiotic composition
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or growth factor”. For example, the “one substance” and the
therapeutic composition are administered orally or parenter-
ally to an individual simultaneously or sequentially/individu-
ally at any appropriate time.

[0128] Whether administration of the bacterial composi-
tion induces the proliferation and/or accumulation of regula-
tory T cells can be determined by using, as an index, increase
or reinforcement of at least one of the following: the number
ofregulatory T cells, the ratio of regulatory T cells inthe T cell
group of the colon, a function of regulatory T cells, or expres-
sion of a marker of regulatory T cells. A specific approach is
measurement counts or percentage of Foxp3-expressing
Tregs in a patient sample, such as a biopsy or a blood sample,
promotion (enhancement) of IL-10 expression, promotion
(enhancement) of CTLA4 expression, promotion (enhance-
ment) of IDO expression, suppression of IL.-4 expression, or
colonization of an individual with the bacterial composition
administered as the index of the induction of proliferation or
accumulation of regulatory T cells.

[0129] Methods for detecting such expression include
northern blotting, RT-PCR, and dot blotting for detection of
gene expression at the transcription level; ELISA, radioim-
munoas says, immunoblotting, immunoprecipitation, and
flow cytometry for detection of gene expression at the trans-
lation level.

[0130] Samples that may be used for measuring such an
index include tissues and fluids obtained from an individual,
such as blood, obtained in a biopsy, and a fecal sample.
[0131] <Method for Predicting Response of an Individual
to the Bacteria Composition by Monitoring the Individual’s
Response to Treatment with the Composition>

[0132] Also described is a method in which an amount (e.g.
count) or the percentage of at least one bacterial species
selected from the group consisting of: Clostridium saccha-
rogumia, Clostridium ramosum JCM1298, Clostridium
ramosum, Flavonifractor plautii, Pseudoflavonifractor cap-
illosus ATCC 29799, Clostridium hathewayi, Clostridium
saccharolyticum WM, Bacteroides sp. MANG, Clostridium
saccharolyticum, Clostridium scindens, Lachnospiraceae
bacterium  5_1_STFAA, Lachnospiraceae  bacterium
6_1_63FAA, Clostridium sp. 14616, Clostridium bolteae
ATCC BAA-613, cf. Clostridium sp. MLGOSS, Erysipelot-
richaceae bacterium 2_2_44A, Clostridium indolis, Anaero-
stipes caccae, Clostridium bolteae, Lachnospiraceae bacte-
rium DIF_VP30, Lachnospiraceae bacterium 3_1_STFAA _
CT1, Anaerotruncus colihominis, Anaerotruncus colihominis
DSM 17241, Ruminococcus sp. 1D8, Lachnospiraceae bac-
terium 2_1_46FAA, Clostridium lavalense, Clostridium
asparagiforme DSM 15981, Clostridium symbiosum,
Clostridium symbiosum WAL-14163, Fubacterium contor-
tum, Clostridium sp. DS, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_47TFAA, Blautia cocoides, Anaerostipes caccae
DSM 14662 in a patient’s sample (e.g. a colonic biopsy or a
fecal sample) is determined. When the percentage or the
count of the bacteria selected from the list above is lower in an
individual than a base line value obtained by performing a
similar determination on a healthy individual (e.g., an indi-
vidual who does not have/has not been identified as having a
disease or condition for which the bacterial composition is a
potential treatment such as an auto-immune disease, an aller-
gic condition, cancer, organ rejection), it is determined that
the individual is likely to be responsive to the bacterial com-
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position. This determination can be used, for example, by a
clinician to determine whether an individual or a patient is
likely to benefit from treatment with the bacterial composi-
tion, or to select an individual or a patient for inclusion in a
clinical trial. The clinician can then administer the bacterial
composition to the individual or patient based on the deter-
mination that the individual or patient is likely to benefit from
treatment. This determination can also be used as a method to
monitor an individual’s response to treatment with the bacte-
rial compositions described, wherein a higher value of the
determination after treatment with the bacterial composition
(compared to a determination before treatment) indicates that
the individual has responded favorably to treatment (e.g. is a
positive indicator of successful colonization and enhanced
immunosuppression in the individual). Optionally, the prog-
nosis and monitoring methods described here may further
comprise the step of measuring in the individual’s samples
the percentages or absolute counts of other commensal spe-
cies belonging to Clostridium Clusters IV and XIVa that are
not present in the bacterial composition, wherein lower than
baseline values before treatment indicate a higher likelihood
of a positive response to treatment, and wherein an increased
value after treatment indicates that the individual has
responded favorably to treatment. In the prognosis and moni-
toring methods described here, a variety of known methods
can be used for determining the composition of the micro-
biota. For example, 16S rRNA sequencing can be used
[0133] <Vaccine Adjuvant Composition and Method for
Treating or Preventing Infectious Disease or Autoimmune
Disease by Using the Vaccine Composition>

[0134] As described above, and as shown in the Examples,
the induction of Treg cells in the colon by bacteria belonging
to the Clostridia class has an important role in local and
systemic immune responses. The bacterial composition can
also be used as an adjuvant to improve the efficacy of a
vaccine formulation. In one embodiment, the bacterial com-
position can be used as an adjuvant to a vaccine for the
prophylaxis or treatment of an autoimmune disease or an
allergic disease (for example, as an adjuvant for a vaccination
protocol where the amount of an allergen is gradually
increased).

[0135] Example of autoimmune diseases and allergic dis-
eases include those described as the “specific examples of
target diseases” in <Composition Having Effect of Inducing
Proliferation or Accumulation of Regulatory T cells>.

Other Embodiment

[0136] The bacterial composition can also be administered
to an individual who is also receiving antibiotic treatment.
The present inventors have demonstrated that antibiotics that
act against Gram+ bacteria, such as vancomycin or metron-
idazole, can effectively eliminate or greatly reduce bacterial
species belonging to the Clostridia class from the gastrointes-
tinal tract of mammals and subsequently decrease the levels
of regulatory T cells (Example 5, FIG. 30). Without wishing
to be bound by theory, the key role of bacteria belonging to the
Clostridia class in preserving immune tolerance strongly
indicates that their absence or reduced levels can play a key
role in autoimmune diseases characterized by failures of
immune tolerance. Accordingly, individuals undergoing
courses of antibiotics against Gram+ bacteria (for example,
individuals being treated for infections with pathogens such
as C. difficile and Giardia), who are at a high risk of experi-
encing a loss of the bacteria belonging to the Clostridia class
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and thus experience immune tolerance deficits, can be pre-
ventively “repopulated” through use of the bacterial compo-
sition. The bacterial composition can be administered before,
simultaneously with, or after the antibiotic treatment, but
preferably it is administered simultaneously or after the anti-
biotic treatment. The bacterial composition is preferably
administered in spore form, to improve its resistance to
residual antibiotics. Antibiotics against Gram-positive bacte-
ria include, but are not limited to, vancomycin, metronida-
zole, linezolid, ramoplanin, fidaxomicin, cephalosporin anti-
biotics (cephalexin, cefuroxime, cefadroxil, cefazolin,
cephalothin, cefaclor, cefamandole, cefoxitin, cefprozil, and
ceftobiprole); fluoroquinolone antibiotics (cipro, Levaquin,
floxin, tequin, avelox, and norflox); tetracycline antibiotics
(tetracycline, minocycline, oxytetracycline, and doxycy-
cline); penicillin antibiotics (amoxicillin, ampicillin, penicil-
lin V, dicloxacillin, carbenicillin, vancomycin, and methicil-
lin); and carbapenem antibiotics (ertapenem, doripenem,
imipenem/cilastatin, and meropenem).

[0137]

[0138] Also described is a method of obtaining bacteria
capable of inducing Tregs, comprising (1) isolating the bac-
terial spore-forming fraction from a fecal or biopsy sample
obtained from a mammal, preferably a human (e.g. by chlo-
roform treatment or by heat treatment), (2) optionally, orally
administering the spore-forming fraction to a non-human
mammal, preferably a germ-free non-human mammal; (3)
optionally, obtaining a fecal sample from the non-human
mammal, diluting the fecal sample (for example diluting it by
volume by a factor of 10, 100, 1,000, or 10,000), thereby
producing a diluted fecal sample, and orally administering the
diluted sample to a second germ-free non-human mammal,
wherein optional step (3) can be repeated more than one time,
(4) plating serial dilutions, under aerobic condition or strictly
anaerobic conditions, of either the spore-forming fraction
obtained in (1) or a sample of intestinal contents of the non-
human mammal of (3), and (5) picking a single colony from
the culture plate. The colony can be further assessed for the
ability of bacteria to induce proliferation of regulatory T cells
and/or accumulation of regulatory T cells using known meth-
ods, such as those described in the examples.

[0139] Following are examples, which describe specific
aspects. They are not intended to be limiting in any way.

[0140] Note that mice used in Examples were prepared or
produced as follows. In the following description, mice may
be referred to as “SPF” or “GF”. These “SPF” and “GF”
indicate that the mice were maintained in the absence of
specific pathogenic bacteria (specific pathogen-free, SPF),
and that the mice were maintained under Germ-Free (GF)
conditions, respectively.

[0141] <Mice>

[0142] C57BL/6, Balb/c, and IQI mice maintained under
SPF or GF conditions were purchased from Sankyo Labo
Service Corporation, Inc. (Japan), JAPAN SLC, INC. (Ja-
pan), CLEA Japan, Inc. (Japan), or The Jackson Laboratory
(USA). GF mice and gnotobiotic mice were bred and main-
tained within the gnotobiotic facility of The University of
Tokyo, Yakult Central Institute for Microbiological Research,
or Sankyo Labo Service Corporation, Inc. Myd88~,
Rip2~"~, and Card9~"mice were produced as described in
NPL 1 to 3, and backcrossed for 8 generations or more, so that
a C57BL/6 genetic background was achieved. Foxp3°“#¥
mice were purchased from the Jackson Laboratory.

<Methods to Select Treg-Inducing Organisms>
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[0143] <I110*°™ Mice>

[0144] To form a bicistronic locus encoding both 1110 and
Venus under control of an 1110 promoter, a targeting con-
struct was first created. Specifically, a cassette (IRES-Venus-
SV40 poly A signal cassette, refer to Non-Patent Document 4)
which was made of an internal ribosome entry site (IRES), a
yellow fluorescent protein (Venus), and a SV40 polyA signal
(SV40 polyA) and which was arranged next to a neomycin-
resistant gene (neo), was inserted between a stop codon and a
polyA signal (Exon 5) of a 1110 gene. Next, the obtained
targeting construct was used to cause homologous recombi-
nation with the 1110 gene region in the genome of mice. Thus,
1110""* mice having an 1110""* alleles were produced (re-
fer to FIG. 1). Note that in FIG. 1 “tk” represents a gene
coding thymidine kinase, “neo” represents the neomycin-
resistant gene, and “BamH1” represents a cleavage site by the
restriction enzyme BamH]1.

[0145] Genomic DNAs were extracted from the 1110
mice, treated with BamH1, and Southern blotted by use of a
probe shown in FIG. 1. FIG. 2 shows the obtained results.
Wild-type and 110" alleles were detected as bands having
sizes of 19 kb and 5.5 kb, respectively. Hence, as is apparent
from the results obtained, the homologous recombination
occurred in the genome of the 1110""* mice.

[0146] Further, CD4*Venus~ cells or CD4*Venus™ cells in
the colonic lamina propria of the 1110 mice were sorted
by use of a FACSAria. Then, real-time RT-PCR was carried
out on an ABI 7300 system by a method to be described later,
to determine the amount of IL-10 mRNA expressed. It was
found that, since the development of the IL-10 mRNA was
detected only in the CD4*Venus™ cells, the expression of
IL-10 mRNA in the 1110""“ mice was correctly reflected in
the expression of Venus. Note that the germ-free states of such
1110*"“ mice were established in Central Institute for
Experimental Animals (Kawasaki, Japan). The 1110%*"
mice in the germ-free states were maintained in vinyl isola-
tors in Sankyo Labo Service Corporation, Inc. (Tokyo,
Japan), and used in the following Examples.

[0147] Experiments and Analyses in Examples were Car-
ried Out as Follows.

[0148] <Method for Colonization of Mice with Murine
Bacteria and Analysis Thereof>

[0149] According to the description in NPL 5 and 6, mice in
which SFB or Clostridium were colonized were produced.
Cecal contents or feces of the obtained gnotobiotic mice were
dissolved in sterile water or an anaerobic dilution solution.
The dissolved cecal contents or feces as they were or after a
chloroform treatment were orally administered to GF mice.
Three strains of the Lactobacillus and 16 strains of the
Bacteroides were cultured separately from each other ina BL
or EG agar medium in an anaerobic manner. The cultured
bacteria were harvested, suspended in an anaerobic TS broth,
and orally administrated forcibly to GF mice. The state of the
colonization of the bacteria in the mice was assessed by
microscopic observation conducted on a smear preparation of
fecal pellets.

[0150] <Isolation of Intestinal Lamina Propria Lympho-
cytes and Flow Cytometry>

[0151] The small intestine and colon were collected and
opened longitudinally. The cecum was also isolated and cecal
content was directly frozen at -80° C. or suspended in 2 ml
PBS, then added 40% glycerol (final concentration 20%),
snap-frozen in liquid nitrogen and stored at -80° C. until use.
The colon and small intestine were washed in PBS to remove
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all luminal contents and shaken in Hanks’ balanced salt solu-
tion (HBSS) containing 5 mM EDTA for 20 min at 37° C.
After removing epithelial cells, muscle layers and fat tissue
using tweezers, the lamina propria layers were cut into small
pieces and incubated with RPMI1640 containing 4% fetal
bovine serum, 1 mg/ml collagenase D, 0.5 mg/ml dispase and
40 pg/ml DNase I (all Roche Diagnostics) for 1 hat37° C. in
a shaking water bath. The digested tissues were washed with
HBSS containing 5 mM EDTA, resuspended in 5 ml of 40%
Percoll (GE Healthcare) and overlaid on 2.5 ml of 80% Per-
coll in a 15-ml Falcon tube. Percoll gradient separation was
performed by centrifugation at 800 g for 20 min at 25° C. The
lamina propria lymphocytes were collected from the interface
of Percoll gradient and suspended in ice-cold PBS. For analy-
sis of regulatory T cells, isolated lymphocytes were labeled
with the LIVE/DEAD fixable violet dead cell stain kit (Invit-
rogen) to exclude dead cells in the analysis. The cells were
washed with staining buffer containing PBS, 2% FBS, 2 mM
EDTA and 0.09% NaN3 and stained surface CD4 with
PECy7-labeled anti-CD4 Ab (RM4-5, BD Biosciences).
Intracellular staining of Foxp3 and Helios was performed
using the Alexa700-labeled anti-Foxp3 Ab (FIK-16s, eBio-
science), Alexa647-labeled anti-Helios (22F6, eBioscience)
and Foxp3 Staining Buffer Set (eBioscience). For analysis of
Th1 and Th17 cells, isolated lymphocytes were stimulated for
4 hours with 50 ng/ml phorbol 12-myristate 13-acetate
(PMA, Sigma) and 1 pg/ml ionomycin (Sigma) in the pres-
ence of GolgiStop (BD Biosciences). After incubation for 4
hours, cells were washed in PBS, labeled with the LIVE/
DEAD fixable violet dead cell stain kit and stained surface
CD4 with PECy7-labeled anti-CD4 Ab. Cells were washed,
fixed in Cytofix/Cytoperm, permeabilized with Perm/Wash
buffer (BD Biosciences), and stained with the APC-labeled
anti-IL-17 Ab (eBio17B7, eBioscience) and FITC-labeled
anti-IFN-y Ab (XMG1.2, BD Biosciences). The Ab stained
cells were analyzed with a LSR Fortessa (BD Biosciences),
and data were analyzed using Flow Jo software (Treestar).
[0152] <Real-Time RT-PCR>

[0153] From an RNA prepared by using RNeasy Mini Kit
(Qiagen), a cDNA was synthesized by use of a MMV reverse
transcriptase (Promega KK). The cDNA obtained was ana-
lyzed by real-time RT-PCR using Power SYBR Green PCR
Master Mix (Applied Biosystems) and ABI 7300 real time
PCR system (Applied Biosystems), or real-time RT-PCR
using SYBR Premix Ex Taq (TAKARA) and Light Cycler
480. For each sample, a value obtained was normalized for the
amount of GAPDH. A primer set was designed by using
Primer Express Version 3.0 (Applied Biosystems), and those
exhibiting a 90% or higher sequence identity at an initial
evaluation were selected. The primer set used was as follows:

Foxp3
(SEQ ID NO: 1)
5'-GGCAATAGTTCCTTCCCAGAGTT-3"'

(SEQ ID NO: 2)
5'-GGGTCGCATATTGTGGTACTTG-3"'

CTLA4
(SEQ ID NO: 3)
5' -CCTTTTGTAGCCCTGCTCACTCT-3'

(SEQ ID NO: 4)
5'-GGGTCACCTGTATGGCTTCAG-3"'
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-continued
GITR

(SEQ ID NO: 5)
5'-TCAGTGCAAGATCTGCAAGCA-3'

(SEQ ID NO: 6)
5'-ACACCGGAAGCCAAACACA-3!

IL-10
(SEQ ID NO: 7)
5'-GATTTTAATAAGCTCCAAGACCAAGGT-3'

(SEQ ID NO: 8)
5'-CTTCTATGCAGTTGATGAAGATGTCAA-3'

GAPDH
(SEQ ID NO: 9)
5'-CCTCGTCCCGTAGACAAAATG-3"'

(SEQ ID NO: 10)
5'-TCTCCACTTTGCCACTGCAA-3'

Mmp2
(SEQ ID NO: 11)
5'-GGACATTGTCTTTGATGGCA-3"'

(SEQ ID NO: 12)
5'-CTTGTCACGTGGTGTCACTG-3"'

Mmp 9
(SEQ ID NO: 13)
5'-TCTCTGGACGTCAAATGTGG-3"'

(SEQ ID NO: 14)
5'-GCTGAACAGCAGAGCCTTC-3"

Mmpl3
(SEQ ID NO: 15)
5'-AGGTCTGGATCACTCCAAGG-3"

(SEQ ID NO: 16)
5'-TCGCCTGGACCATAAAGAA-3'

Idol
(SEQ ID NO: 17)
5'-AGAGGATGCGTGACTTTGTG-3"'

(SEQ ID NO: 18)
5'-ATACAGCAGACCTTCTGGCA-3"'.

[0154] <Preparation and Culturing of Large Intestinal Epi-
thelial Cells (IECs)>

[0155] First, the colon was collected, cut open longitudi-
nally, and rinsed with PBS. Subsequently, the colon was
treated with 1 mM dithiothreitol (DTT) at 37° C. for 30
minutes on a shaker, and then vortexed for one minute to
disrupt the epithelial integrity. The released intestinal epithe-
lial cells (IECs) were collected, and suspended in 5 ml of 20%
percoll. The suspension was overlayered on 2.5 ml of 80%
percoll ina 15-ml Falcon tube. Then, the tube was centrifuged
at 25° C. and 780 g for 20 minutes to conduct cell separation
by percoll density gradient centrifugation. Cells at the inter-
face were collected, and used as colonic IECs (purity: 90% or
higher, viability: 95%). The IECs obtained collected were
suspended in RPMI containing 10% FBS, and 1x10° cells of
the IECs were cultured in a 24-well plate for 24 hours. There-
after, the culture supernatant was collected, and measured for
active TGF-f1 level by ELISA (Promega).

[0156] Meanwhile, for culturing T cells in vitro, 1.5x10°
MACS-purified splenic CD4* T cells were cultured in each
well of a round-bottomed 96-well plate, together with a 50%
conditioned medium in which IECs isolated from GF mice or
Clostridium-colonized mice were cultured, and with 25
ng/ml of hIL-2 (Peprotech), in the presence or absence of 25
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ng/ml of an anti-TGF-f antibody (R&D). Note that 10 pg/ml
of an anti-CD3 antibody and an anti-CD28 antibody (BD
Bioscience) were bound to the round-bottomed plate. After a
5-day culture, the CD4*T cells were collected, and subjected
to a real-time PCR.

[0157] <Colitis Experimental Model>

[0158] A fecal suspension from Clostridium-colonized
mice was orally administered to C57BL/6 mice (2-week old),
which were grown in a conventional environment for six
weeks.

[0159] For preparing a DSS-induced colitis model, 2% (wt/
vol) DSS (reagent grade, DSS salt, molecular weight=36 to
50 kD, manufactured by MP Biomedicals), together with
drinking water, was given to the mice for six days.

[0160] Meanwhile, for preparing an oxazolone-induced
colitis model, the mice were presensitized by transdermally
applying, onto the mice, 150 pl of a 3% oxazolone
(4-ethoxymethylene-2-phenyl-2-oxazolin-5-one, Sigma-Al-
drich)/100% ethanol solution. Five days after that, 150 ul of a
1% oxazolone/50% ethanol solution was intrarectally admin-
istered again to the presensitized mice under a light anesthe-
sia. Note that the intrarectal administration was conducted by
using a 3.5 F catheter.

[0161] Each mouse was analyzed daily for body weight,
occult blood, bleeding visible with the naked eyes (gross
blood), and the hardness of stool. Moreover, the body weight
loss percentage, intestinal bleeding (no bleeding, occult
blood (hemoccult+), or bleeding visible with the naked eyes),
and the hardness of stool (normal stool, loose stool, or diar-
rhea) were evaluated numerically, and the disease activity
index (DAI) was calculated in accordance with the descrip-
tion in “S. Wirtz, C. Neufert, B. Weigmann, M. F. Neurath,
Nat Protoc 2, 541 (2007).”

[0162] <OVA Specific IgE Reaction>

[0163] BALB/c SPF mice were inoculated with a fecal
suspension from Clostridium-colonized mice (2-week old),
and grown in a conventional environment. Then, 1 pug of OVA
(grade V, Sigma) and 2 mg of alum (Thermo Scientific), 0.2
ml in total, were intraperitoneally injected to the mice (at their
ages of 4 weeks and 6 weeks). Sera were collected every week
from the mice at the root of their tail, and OVA-specific IgE
was measured by ELISA (Chondrex). Then, at their ages of 8
weeks, splenic cells were collected, inoculated in a 96-well
plate at 1x10° cells per well, and stimulated with OVA (100
pg/ml) for three days. Thereafter, the culture supernatant was
collected, and measured for IL.-4 and IL-10 levels by ELISA
(R&D).

[0164] <Statistical Analysis>

[0165] The difference between control and experimental
groups was evaluated by the Student’s t-test.

[0166] <Chloroform Treatment and Oral Inoculation with
Fecal Samples into GF Mice>

[0167] Human stool (2 g) from a healthy volunteer (Japa-
nese, male, 29 y old) was suspended with 20 ml phosphate-
buffered saline (PBS) and passed through a 70 um cell
strainer to eliminate clumps and debris. Then fecal suspen-
sion was mixed with or without chloroform (final concentra-
tion 3%), and incubated in a shaking water bath for 60 min.
The fecal suspensions without chloroform treatment were
orally inoculated into germ-free (GF) mice (250 pl/mouse).
After evaporation of chloroform by bubbling with N2 gas for
30 min, the aliquots containing chloroform-resistant (spore-
forming) fraction of human intestinal bacteria were inocu-
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lated into IQI GF mice. Each group of ex-GF mice was
separately kept in a vinyl isolator for 3 or 4 weeks.

[0168] <Co-Housing Experiment>

[0169] To evaluate whether Treg-inducing human bacteria
can be transmitted horizontally, IQI GF mice were co-housed
for 4 weeks with ex-GF mice colonized with chloroform-
treated human feces (Example 21 mice) in a vinyl isolator (6
mice, designated as mouse #D1 to #D6

[0170] <Inoculation with Diluted Cecal Contents into GF
Mice>
[0171] The frozen cecal content from ex-GF mice inocu-

lated with chloroform-treated human feces (#C 4) was sus-
pended in 10 times volume (w/v) of PBS, passed through a 70
um cell strainer and treated 3% chloroform. Then the suspen-
sion was diluted 2000 (for 4 mice, designated as mouse #E1
to #E4) or 20000 (for 8 mice, designated as mouse #F1 to
#F8)-fold with PBS and orally inoculated into GF IQI mice
(2.5x10° or 2.5x10* cells/250 pl/mouse). After 4 weeks, lym-
phocytes were collected from colon and small intestine and
analyzed for Foxp3+Treg cell proportion and their Helios
expression. Cecal contents were frozen and stored at —-80° C.
until use.

[0172] <Re-Colonization Experiments>

[0173] The frozen cecal content from ex-GF mice inocu-
lated with 20000-fold dilution (#F3, 7 and 8) was suspended
in 10 times volume (w/v) of PBS, passed through a 70 pum cell
strainer and treated 3% chloroform. The suspensions were
orally inoculated into GF IQI mice (5, 4 or 4 mice; designated
asmouse #G1 to #GS5, #H1 to #H4 or #11 to #14, respectively).
After 4 weeks, colon and small intestine were collected and
analyzed for Foxp3+ Treg cell proportion and their Helios
expression. Cecal contents were suspended in 20% glycerol
solution, snap-frozen in liquid nitrogen and stored at -80° C.
[0174] <Cultured Bacteria-Colonization Experiments>
[0175] The glycerol stock of cecal content from #G2 mouse
was diluted with PBS and seeded onto BL agar plate. After 48
hours, all bacterial colonies were collected by scraping the
plates with a plate scraper and inoculated into GF IQI mice (4
mice, designated as mouse #K1 to #K 4). Six bacterial strains
were isolated from the freeze stock of cecal content from #F8
mouse using BL agar plate. These isolated strains were inocu-
lated into GF IQI mice (4 mice, designated as mouse #J1 to
#14). (Details of the culture method are described below.)
[0176] <16S rRNA Gene Quantitative PCR Analysis
[0177] Using a QlAamp DNA Stool mini kit (QIAGEN),
bacterial genomic DNA was isolated from the human stool
from a healthy volunteer as described above (human stool),
cecal contents from GF mice gavaged with chloroform-
treated human stool (cecal content of B-4 mouse) or feces
from SPF ICR mouse (feces of SPF mouse). The isolated
DNA was used as template for quantitative PCR. The ampli-
fication program consisted of one cycle at 95° C. for 1 min,
followed by 50 cycles at 95° C. for 10 s and 60° C. for 30 s.
Quantitative PCR analysis was carried out using a LightCy-
cler 480 (Roche). Relative quantity was calculated by the ACt
method and normalized to the amount of total bacteria. The
following primer sets were used: total bacteria, 5'-GGT-
GAATACGTTCCCGG-3'(SEQ ID NO.: 45) and 5'-TACG-
GCTACCTTGTTACGACTT-3'(SEQ ID NO.. 46);
Clostridium cluster XIVa (Clostridium coccoides subgroup),
5'-AAATGACGGTACCTGACTAA-3"' (SEQ ID NO.: 47)
and 5-CTTTGAGTTTCATTCTTGCGAA-3'(SEQ ID NO.:
48); Clostridium cluster IV (Clostridium leptum) 5'-CCTTC-
CGTGCCGSAGTTA-3'(SEQ ID NO.: 49) and 5'-GAATTA

43



US 2016/0193257 Al

AACCACATACTCCACTGCTT-3(SEQ ID NO.. 50);
Bacteroides, 5'-GAGAGGAAGGTCCCCCAC-3'(SEQ ID
NO.: 51) and 5'-CGCTACTTGGCTGGTTCAG-3'(SEQ ID
NO.: 52); Bifidobacterium, 5'-CGGGTGAGTAATGCGT-
GACC-3' (SEQ ID NO.: 53) and 5'-TGATAGGACGCGAC-
CCCA-3'(SEQ ID NO.: 54). Note that mice gavaged with
chloroform-treated human stool exhibited high levels of
spore-forming bacteria, such as Clostridium clusters XIVa
and IV, and a severe decrease of non-spore-forming bacteria,
such as Bacteroides and Bifidobacterium, compared with the
human stool before chloroform treatment.

[0178] <Isolation of DNA from Cecal Contents for 16S
rRNA Gene Metasequence Analysis>

[0179] The cecal contents of Al-1, A2-4, B-4, E-3, E-7,
E-8, F-2, G-3, H-3, I-3 and J-3 were collected by centrifuga-
tion at 5000xg for 10 min at 4° C., suspended in 10 ml of
Tris-EDTA containing 10 mM Tris-HCI and 1 mM EDTA
(pH 8), and then used for DNA isolation. Lysozyme (SIGMA,
15 mg/ml) was added to the cell suspension. After incubation
at37° C. for 1 h with gentle mixing, a purified achromopep-
tidase (Wako) was added (final 2000 unit/ml) and incubated at
37° C. for 30 min. Then, sodium dodecy! sulfate (final 1%)
was added to the cell suspension and mixed well. Subse-
quently, proteinase K (Merck) was added (final 1 mg/ml) to
the suspension and the mixture was incubated at 55° C. for 1
h.

[0180] High-molecular-weight DNA was isolated and puri-
fied by phenol/chloroform extraction, ethanol, and finally
polyethyleneglycol precipitation.

[0181] <16S rRNA Gene Metasequence>

[0182] An aliquot of the DNA was used for PCR amplifi-
cation and sequencing of bacterial 16S rRNA genes. ~330 bp
amplicons, spanning variable region 1-2 (V1-2) of the gene
were generated by using (i) modified primer 8F (5'-CCATCT-
CATCCCTGCGTGTCTCCGACTCAG+Barcode+
agrgtttgatymtggcetcag-3' (SEQ ID NO.: 55)) which consists of
454 adaptor sequence (underlined), a sample specific, error
correcting barcode (10 bases, bold) and the universal bacte-
rial primer 8F and (ii) modified primer 338R (5'-CCTATC-
CCCTGTGTGCCTTGGCAGTCTCAG+tgctgectcecgtag-
gagt-3'(SEQ ID NO.: 56)) which contains 454 adaptor
sequence (underlined) and the bacterial primer 338R. Poly-
merase chain reactions were performed for each fecal DNA
sample: each 50-uL. reaction contained 40 ng of DNA, 5 ul of
10x Ex Taq buffer (TAKARA), 5 il 0f 2.5 mM dNTP mixture,
0.2 pl Ex Taq and 0.2 pM of each primer. PCR conditions
consisted of an initial denaturation step performed at 96° C.
for 2 min, followed by 20 cycles of denaturation (96° C.,305),
annealing (55° C., 45 s) and amplification (72° C., 1 min) and
final amplification step performed at 72° C. for 10 min.
Amplicons generated from each sample were subsequently
purified using AMPur XP (Beckman Coulter). The amount of
DNA was quantified using Quant-iT Picogreen dsDNA Assay
Kit (Invitrogen) and TBS-380mini Fluorometer (Turner Bio-
systems). The amplified DNA were used as template for 454
GS Junior (Roche) pyrosequencing. The sequences were per-
formed using GS Junior Titanium emPCR Kit-Lib-L, GS
Junior Titanium Sequencing Kit and GS Junior Titanium
PicoTiterPlate Kit (all Roche) according to the manufactur-
er’s manuals (GS Junior Titanium Series, emPCR Amplifica-
tion Method Manual—Lib-I. and Sequencing Method
Manual). Resulting sequences (3400 reads were produced for
each sample) were classified into OTU on the basis of
sequence similarity (>97% identity). Representative
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sequences from each OTU were compared with sequences in
nucleic acid databases (Ribosomal Database Project) using
BLAST to determine the closest relatives. Then, OTUs were
classified into species on the basis of the closest relatives. All
data of close relatives and the number of reads are shown in
Table. 1.

[0183] <Isolation of Bacterial Strains>

[0184] Bacterial strains were isolated from the cecal con-
tents of #F'8, #G2, #11 and #K3 by plating serial dilutions of
the cecal samples under aerobic condition or strictly anaero-
bic conditions (80% N2 10% H2 10% CO2) onto BL agar
(Eiken Chemical) or EG agar plates containing medium with
the following components (quantities expressed per liter):
Meat extract 500 ml; Proteose peptone No. 3 (10.0 g, Difco);
Yeast Extract (5.0 g, Difco); Na2HPO4 (4.0 g); D(+)-Glucose
(1.5 g); Soluble Starch (0.5 g); L-cystine (0.2 g), L-cysteine-
HCI-H20 (0.5 g); Tween80 (0.5 g); Bacto Agar (16.0 g,
Difco); defibrinated horse blood (50 ml). After culture at 37°
C. for 2 or 4 days, each single colony was picked up and
cultured for additional 2 or 4 days at 37° C. by ABCM broth
or EG agar plate. The isolated strains were collected into EG
stock medium (10% DMSO) and stored at —-80° C. For sus-
pension of isolated strains to re-inoculate mice, TS medium
(27.5 g of trypticase soy broth w/o dextrose, 0.84 g of
Na2CO03, 0.5 g of L-cysteine-HCI-H20, 1000 ml of distilled
water, pH adjusted to 7.2+/-0.2 with NaOH, then autoclaved
for 15 minutes at 115 degrees Celsius). To identify the iso-
lated strains, 16SrRNA coding gene sequences were per-
formed. The 16S rRNA genes were amplified by colony-PCR
using KOD FX (TOYOBO), 16S rRNA gene-specific primer
pairs: 8F (5-AGAGTTTGATCMTGGCTCAG-3'(SEQ ID
NO.: 57)) and 519R (5'-ATTACCGCGGCKGCTG-3'(SEQ
ID NO.: 58)) for C. indolis, C. bolteae, Bacteroides sp.
MANG, L. bacterium DIF_VP30, A. colihominis, Rumino-
coccus sp. 1D8, C. lavalense, C. symbiosum and E. contortum
or 1513R (5'-ACGGCTACCTTGTTACGACTT-3'(SEQ ID
NO.: 59)) for C. saccharogumia, C. ramosum, F. plautii, C.
hathewayi, C. scindens, Clostridium sp. 2335, Clostridium
sp. 14616 and cf Clostridium sp. MLGO55 and GeneAmp
PCR System 9700 (Applied Biosystems). The amplification
program consisted of one cycle at 98° C. for 2 min, followed
by 40 cycles at 98° C. for 10 s, 57° C. for 30s and 68° C. for
40 s. Each amplified DNA was purified from the reaction
mixture using [llustra GFX PCR DNA and Gel Band Purifi-
cation Kit (GE Healthcare). Sequence analysis was per-
formed using BigDye Terminator V3.1 Cycle Sequencing Kit
(Applied Biosystems) and Applied Biosystems 3730x1 DNA
analyzer (Applied Biosystems). The resulting sequences
were compared with sequences in nucleic acid databases
using BLAST to determine the closest relatives. The closest
relatives and % identity of all isolated strains, information for
genus-species of the closest relatives, Clostridium cluster, ID
of mouse from which was derived, maximum similarity and
culture medium of isolated strains were summarized in Table
2.

Example 1

[0185] First, it was investigated whether or not accumula-
tion of regulatory T cells (Treg cells) in the colonic lamina
propria was dependent on commensal bacteria. Specifically,
lymphocytes were isolated from peripheral lymph nodes
(pLN) of Balb/c mice bred in the absence of specific patho-
genic bacteria (SPF) or from lamina propria of the colon or
the small intestine (SI) of the mice. The CD4 and Foxp3 were
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stained by antibodies. Then, the ratio of Foxp3* cells in CD4*
lymphocytes was analyzed by flow cytometry. The results
showed that Foxp3*Treg cells were present at a high fre-
quency in the lamina propria of the gastrointestinal tracts,
especially in the colonic lamina propria, of the mice kept
under the environment free from specific pathogenic micro-
organisms (SPF). In addition, it was also found that the num-
ber of the Foxp3*Treg cells in the colonic lamina propria
gradually increased up to three months after their birth,
whereas the number of the Foxp3*Treg cells in the peripheral
lymph nodes was basically constant from the time of two
weeks after their birth.

Example 2

[0186] Next, it was investigated whether or not the tempo-
ral accumulation of the Treg cells in the colon as found in
Example 1 had a relationship with the colonization of intes-
tinal commensal microbiota. Specifically, the expression of
CD4 and the expression of Foxp3 in lymphocytes isolated
from the small intestine, the colon, and the peripheral lymph
nodes of mice bred under a germ-free (GF) or SPF environ-
ment (8 weeks old: Balb/c mice, IQI mice, and C57BL/6
mice) were analyzed. Similar results were obtained in three or
more independent experiments.
[0187] In addition, lamina propria lymphocytes were col-
lected from SPF mice and GF mice (Balb/c mice or C57BL/6
mice). CD4 and Foxp3 were stained with antibodies. Then,
the lamina propria lymphocytes were analyzed by FACS.
[0188] Further, lymphocytes were isolated from the lamina
propria of the colon, the lamina propria of the small intestine
(SI), Peyer’s patches (PPs), and mesenteric lymph nodes
(MLNSs) of mice (SPF C57BL/6 mice) to which antibiotics
were orally administered with water for eight weeks. CD4
and Foxp3 were stained with antibodies. Then, the lympho-
cytes were analyzed by FACS. Similar results (the ratio of the
Foxp3* cells in the CD4™* cells of an individual mouse) were
obtained in two or more independent experiments. Note that
the following antibiotics were used in combination in accor-
dance with the description in the following document:
ampicillin (A; 500 mg/L, Sigma)
vancomycin (V; 500 mg/L, NACALAI TESQUE, INC.)
metronidazole (M; 1 g/L, NACALAI TESQUE, INC.)
neomycin (N; 1 g/, NACALAI TESQUE, INC.)
[0189] Rakoff-Nahoum, J. Paglino, F. Eslami-Varzaneh, S.
Edberg, R. Medzhitov, Cell 118, 229 (Jul. 23, 2004)
[0190] Fagarasan et al., Science 298, 1424 (Nov. 15, 2002)
[0191] As is apparent from the results the frequencies and
the absolute numbers of Foxp3*CD4" cells in the small intes-
tine and the peripheral lymph nodes of the GF mice were
equal to or greater than those of the SPF mice. In addition, the
numbers of the Treg cells in the small intestinal lamina pro-
pria, Peyer’s patches, and mesenteric lymph nodes of the SPF
mice to which the antibiotics were orally administered for
eight weeks were equal to or greater than those of the SPF
mice that had not received antibiotics. Meanwhile, the num-
ber of the Foxp3*CD4™ cells in the colonic lamina propria of
the GF mice was decreased significantly in comparison with
that of the SPF mice. This decrease was commonly observed
among mice of different genetic backgrounds (Balb/c, 1QI,
and C57BL/6), as well as among mice bred in different animal
facilities. In addition, it was also shown that the number of
Treg cells in the colonic lamina propria of the SPF C57BL/6
mice to which the antibiotics were administered was
decreased significantly.
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Example 3

[0192] Next, it was directly checked whether or not the
decrease in the number of the Treg cells in the colonic lamina
propria of the GF mice shown in Example 2 was attributed to
the absence of microbiota. Specifically, a fecal suspension of
B6 SPF mice purchased from The Jackson Laboratory was
orally administered to GF-IQI mice (conventionalization).
Three weeks after the administration, lymphocytes were iso-
lated from the colonic lamina propria, and the expression of
Foxp3 in CD4*lymphocytes was analyzed. The results
showed that the number of Treg cells in the small intestinal
lamina propria did not change. However, the number of the
Treg cells in the colonic lamina propria increased signifi-
cantly. Hence, it was shown that host-microbial interaction
played an important role in the accumulation of Foxp3*Treg
cells in the colonic lamina propria, while the accumulation of
the Treg cells in the small intestinal lamina propria had a
different mechanism.

Example 4

[0193] Next, the relationship between the gut-associated
lymphoid tissues of mice and the number of Foxp3* cells in
the colonic lamina propria of the mice was investigated in
accordance with the method described in M. N. Kweon et al.,
J Immunol 174, 4365 (Apr. 1, 2005). Specifically, 100 pg of
an extracellular domain recombinant protein (a fusion protein
(LTPR-Ig) between a lymphotoxin f receptor (LTR) and a
Fc region of human IgG1, refer to Honda et al., J Exp Med
193, 621 (Mar. 5, 2001)) was injected intraperitoneally into
pregnant C57BL/6 mice 14 days after conception. The LT3R~
Ig was again injected intraperitoneally into fetuses obtained
from such mice, so that mice from which isolated lymphoid
follicles (ILFs), Peyer’s patches (PPs), and colonic-patches
(CPs) were completely removed were produced. Then, the
ratios of Foxp3™ cells in CD4" cells in the colonic lamina
propria of the mice treated with the LT R-Ig, and mice treated
with rat IgG (control) were analyzed by FACS. The results
show that the ratio of the Foxp3* cells in the colonic lamina
propria of the mice deficient in isolated lymphoid follicles,
Peyer’s patches, and the colonic-patches (the mice treated
with the UTfR-Ig) rather increased. Accordingly, it was sug-
gested that the decrease in the number of the Treg cells in the
colonic lamina propria of the GF mice and the mice treated
with the antibiotics was caused because the transmission of
specific signals which promotes the accumulation of Treg
cells in the colonic lamina propria and which is caused by the
intestinal microbes did not occur, rather than simply because
of a secondary effect of disorganized gut-associated lym-
phoid tissues.

Example 5

[0194] To investigate whether or not a specific intestinal
flora induced the accumulation of colonic Treg cells, vanco-
mycin as an antibiotic against Gram-positive bacteria or poly-
myxin B as an antibiotic against Gram-negative bacteria was
administered to SPF mice (from 4 weeks of age) for four
weeks, and analyzed for the ratio of Foxp3* cells in the CD4*
cell group ([%] Foxp3* in CD4).

[0195] Theresults show that the number of Treg cells in the
colon of the mice to which vancomycin was administered was
markedly decreased in comparison with that of the control. In
contrast, no influence was observed on the number of Treg
cells of the mice to which polymyxin B was administered.
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Those facts suggested that Gram-positive commensal bacte-
ria played a major role in accumulation of Treg cells.

Example 6

[0196] A recent report has suggested that spore-forming
bacteria play an important role in intestinal T cells response
(see V. Gaboriau-Routhiau et al., Immunity 31, 677 (Oct. 16,
2009)). In this respect, fecal microorganisms (spore-forming
fraction) resistant to 3% chloroform were orally administered
to GF mice, which were then analyzed for the ratio of Foxp3*
cells in the CD4* cell group ([%] Foxp3* in CD4).

[0197] Three weeks after the administration of the chloro-
form-treated feces, the number of Treg cells in the adminis-
tered mice was markedly increased to the same level as those
ofthe SPF mice and the GF mice to which the untreated feces
was forcibly administered.

[0198] Accordingly, considering the results shown in
Example 5 in combination, it was revealed that the specific
components of the indigenous microbiota were highly likely
to belong to the Gram-positive group, and that the spore-
forming fraction played an important role in the induction of
Treg cells.

Example 7

[0199] Next, the species of the intestinal microbiota which
induced the accumulation of Treg cells in the colon as sug-
gested in Examples 4 to 6 were identified. Specifically, seg-
mented filamentous bacteria (SFB), 16 strains of the
Bacteroides spp. (Bactero. (6 strains of B. vulgatus, 7 ofthe B.
acidifaciens group 1, and 3 of the B. acidifaciens group 2)), 3
strains of the Lactobacillus (Lacto. (L. acidophilus, L. fer-
mentum, and L. murinum)), and 46 strains of Clostridium spp.
(Clost., refer to “Itoh, K., and Mitsuoka, T. Characterization
of clostridia isolated from faeces of limited flora mice and
their effect on caecal size when associated with germ-free
mice. Lab. Animals 19: 111-118 (1985))”), or microbiota
collected from mice (SPF) bred under a conventional envi-
ronment was orally administered to GF-Balb/c mice or GF-
1QI mice. The mice were maintained in vinyl isolators for
three weeks. Then, CD4 cells were isolated from the colon
and the small intestine of these mice. The numbers of Treg
cells in the colon and the small intestine were analyzed by
flow cytometry.

[0200] The bacteria belonging to the genus Clostridium are
classified by sequencing of 16S rRNA gene, as follows. Spe-
cifically, the 16S rRNA genes of the bacteria were amplified
by PCR using 16S rRNA gene-specific primer pairs:
5-AGAGTTTGATCMTGGCTCAG-3' (SEQ ID NO: 60)
and 5'-ATTACCGCGGCKGCTG-3' (SEQIDNO: 61) (see T.
Aebischer et al., Vaccination prevents Helicobacter pylori-
induced alterations of the gastric flora in mice. FEMS Immu-
nol. Med. Microbiol. 46, 221-229(2006)). The 1.5-kb PCR
product was then introduced into pCR-Blunt Vector. The
inserts were sequenced and aligned using the ClustalW soft-
ware program. The resulting sequences of 16S rRNA genes
derived from strain 1-41 of 46 strains of Clostridium spp.
were shown in SEQ ID NO: 21-61. A phylogenetic tree was
constructed by the neighbor-joining method with the result-
ing sequences of the 41 strains of Clostridium and those of
known bacteria obtained from Genbank database using Mega
software.

[0201] The results showed no effect on the number of the
Treg cells in the colon was observed in the GF mice in which
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the segmented filamentous bacteria (SFB) were colonized.
Moreover, mice in which the cocktail of three strains of Lac-
tobacillus was colonized gave similar results. On the other
hand, it was shown that the accumulation of Foxp3™* cells in
the colonic lamina propria was strongly induced in the mice in
which 46 strains of Clostridium spp. were colonized. Impor-
tantly, such accumulation was promoted irrespective of the
genetic backgrounds of the mice, and led to the increase in
number similar to that in the SPF mice although intestinal
microbiota of only a single genus were colonized. It was also
shown that the colonization of the Clostridium did not change
the number of Treg cells in the small intestinal lamina propria.
Note that, when the 16 strains of Bactericides spp. were
colonized, the number of Treg cells in the colon was increased
significantly. However, the extent of the increase varied
depending on the genetic background of the mice in which the
bacteria were colonized.

Example 8

[0202] Next, CD4 expression, Foxp3 expression, and
Helios expression in LP lymphocytes of the thymuses and the
colons of SPF mice, GF mice, Lactobacillus-colonized mice,
and Clostridium-colonized mice were analyzed by flow
cytometry.

[0203] Theresults show that most Foxp3* cells found in the
SPF mice or the Clostridium-colonized mice did not express
Helios. Note that Helios is a transcription factor known to be
expressed in thymic-derived natural Treg cells (see A. M.
Thorntonetal., ] Immunol 184,3433 (Apr. 1, 2010)). Accord-
ingly, it was suggested that most of the Treg cells in the SPF
mice and the Clostridium-colonized mice were Treg cells
induced in peripheral portions (so-called iTreg cells).

Example 9

[0204] Next, it was investigated whether or not the coloni-
zation of the Clostridium or the like had an influence on other
T cells. Specifically, SFB, 16 strains of Bacteroides spp.
(Bactero.), 46 strains of Clostridium spp. (Clost.), or micro-
biota collected from mice bred under a conventional environ-
ment (SPF) was colonized in GF IQI mice. Three weeks later,
lymphocytes in the colonic lamina propria were isolated from
these mice, and stimulated with PMA (50 ng/ml) and iono-
mycin (1 pg/ml) for four hours in the presence of Golgistop
(BD Bioscience). After the stimulation was given, intracellu-
lar cytokines were stained by using an anti-IL-17 PE antibody
(TC11-18H10) and an anti-IFN-g FITC antibody (BD Bio-
science) in accordance with the manual of a cytofix/cytoperm
kit (BD Bioscience). Then, the ratio of IFN-y* cells or IL-17*
cells in CD4* leucocytes was analyzed by flow cytometry.
The results show that the colonization of the Clostridium did
not have any influence on Th1 cells (CD4*IFN-y* cells) in the
colon, and caused only a slight increase of Th17 cells (CD4*
IL-17* cells). Accordingly, it was suggested that the genus
Clostridium was a genus of bacteria which specifically
induced Treg cells.

Example 10

[0205] It has been reported that 46 strains of Clostridium
spp. exert an influence on the accumulation of CD8* intestinal
tract intraepithelial lymphocytes (IELs) in the colon. Accord-
ingly, it is conceivable that Clostridium regulates the immune
system in various aspects, and that Clostridium exhibits a
marked ability to induce and maintain Treg cells especially in
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the colon, as described above. In addition, a kind of cytokines,
transforming growth factor-f (TGF-f), is known to play an
important role in regulation of Treg cell generation.

[0206] In this respect, it was examined whether or not the
colonization of Clostridium provided a colonic environment
rich in TGF-f. Specifically, first, the whole colons of GF
mice, Clostridium-colonized mice, and Lactobacillus-colo-
nized mice were cultured for 24 hours, and the culture super-
natants thereof were measured for the concentration of active
TGF-B (TGF-p1) by ELISA (the number of mice analyzed
was four per group).

[0207] The results show that the amount of TGF-§ pro-
duced in the colons of the Clostridium-colonized mice was
significantly greater than that in colons of the GF mice and the
Lactobacillus-colonized mice.

[0208] Next, intestinal epithelial cells (IECs) of GF mice
and Clostridium-colonized mice were cultured for 24 hours,
and the culture supernatants thereof were measured for the
concentration of active TGF-p (TGF-f1) by ELISA (the
number of mice analyzed was four per group).

[0209] The results show that TGF-f was detected in the
culture supernatant of the IECs isolated from the
Clostridium-colonized mice, whereas no TGF-[} was detected
in the culture supernatant of the IECs isolated from the GF
mice.

[0210] Next, as described above, splenic CD4*T cells were
cultured for five days together with a 50% conditioned
medium in which IECs isolated from the GF mice or the
Clostridium-colonized mice were cultured, and with the anti-
CD3 antibody, in the presence or absence of an anti-TGF-f
antibody. Then, the T cells were collected, and analyzed for
expression of Foxp3 by real-time RT-PCR.

[0211] The results show that when the culture supernatant
ofthe IECs derived from the Clostridium-colonized mice was
added to the splenic CD4*T cells, differentiation into Foxp3-
expressing cells was accelerated. Meanwhile, differentiation
into Treg cells was inhibited by the anti-TGF-f3 antibody.

[0212] The expression of MMP2, MMP9, and MMP13,
which are thought to contribute to the activation of latent
TGF-f was investigated. The expression of indoleamine 2,3-
dioxygenase (IDO), which is thought to be involved in the
induction of Treg cells, was also investigated. Specifically, 46
bacterial strains of the genus Clostridium (Clost.), or three
bacterial strains of the genus Lactobacillus (Lacto.) were
orally administered to C57BL/6 germ-free mice. Three weeks
after administration, IECs were collected, and analyzed for
relative mRNA expression levels of MMP2, MMP9, MMP13,
and IDO genes by real-time RT-PCR (the number of mice
analyzed was three per group).

[0213] For the relationship between the activation of latent
TGF-f and the above-describe MMP, see D’ Angelo et al., J.
Biol. Chem. 276, 11347-11353, 2001; Heidinger et al., Biol.
Chem. 387, 69-78, 2006; Yu et al., Genes Dev. i4, 163-176,
2000. For the relationship between IDO and the induction of
Treg cells, see G. Matteoli et al., Gut 59, 595 (May, 2010).

[0214] The results show in agreement with the production
of TGF-f described above, that transcription products of the
genes encoding MMP2, MMP9, and MMP13 were expressed
at higher levels in the IECs derived from the Clostridium-
colonized mice than in those in the GF mice and in the
Lactobacillus-colonized mice.

Jul. 7,2016

[0215] Moreover, IDO was expressed only in the
Clostridium-colonized mice.

[0216] Accordingly, it was revealed that the Clostridium
activated the IECs, and led to the production of TGF-f and
other Treg cell-inducing molecules in the colon.

Example 11

[0217] Next, it was investigated whether or not the Treg cell
accumulation induced by the colonization of the Clostridium
was dependent on signal transmission by pathogen-associ-
ated molecular pattern recognition receptors. Specifically, the
numbers of Treg cells in the colonic lamina propria of each
SPF mice of Myd88~"~ (deficient in Myd88 (signaling adap-
tor for Toll-like receptor)), Rip2~~ (deficient in Rip2 (NOD
receptor adaptor)), and Card9~'~ (deficient in Card9 (essential
signal transmission factor for Dectin-1 signal transmission))
were examined. In addition, Clostridium spp. were caused to
be colonized in the Myd88~~ GF mice, and the change in the
number of Treg cells was investigated. The results show that
the number of Treg cells of each kind of the SPF mice defi-
cient in the associated factors of the pathogen-associated
molecular pattern recognition receptors did not change rela-
tive to that of wild-type mice of the same litter, which served
as a control. In addition, it was found that when Clostridium
spp. were colonized in GF mice deficient in Myd88, the
accumulation of Treg cells in the colonic lamina propria was
induced. Accordingly, it has been suggested that the mecha-
nism of inducing the accumulation of Treg cells in the colonic
lamina propria relies not on activation of recognition pathway
for major pathogen-associated molecular patterns as is
caused by most bacteria, but on specific commensal bacterial
species.

Example 12

[0218] Intestinal tract Foxp3*Treg cells are known to exert
some immunosuppressive functions through 1L-10 produc-
tion (refer to NPL 9). Meanwhile, animals having CD4*
Foxp3™ cells from which IL-10 is specifically removed are
known to develop inflammatory bowel disease (refer to NPL
18). In this respect, first, the expression of IL-10 in lympho-
cytes of various tissues was examined. Specifically, lympho-
cytes were isolated from various tissues of SPF 1110%*"
mice, and the expression of CD4 and the expression of Venus
were analyzed by flow cytometry.

[0219] Lymphocytes in the colonic lamina propria were
isolated from 1110""“ mice, and the expression of T cell
receptor [ chain (TCRf) on the surfaces of the cells was
detected by FACS.

[0220] Lymphocytes in the colonic lamina propria were
isolated from 1110"*"* mice. The lymphocytes were stimu-
lated with PMA (50 ng/ml) and ionomycin (1 m/ml) for four
hours in the presence of Golgistop (BD Bioscience). Then,
after the stimulation was given, intracellular cytokines were
stained by using an anti-IL.-17 PE antibody, an anti-I[.-4 APC
antibody (11B11), and an anti-IFN-g FITC antibody (BD
Bioscience) in accordance with the manual of a cytofix/cy-
toperm kit (BD Bioscience).

[0221] In addition, Foxp3*CD4* cells and Foxp3~CD4*
cells were isolated from the spleen (Spl) of Foxp3°?¥
reporter mice, and Venus™ cells were isolated from the colonic
lamina propria and the small intestine (SI) lamina propria of
1110**"* mice. The obtained cells were analyzed in terms of
expression of predetermined genes. The gene expression was
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analyzed by real-time RT-PCR using a Power SYBR Green
PCR Master Mix (Applied Biosystems) and an ABI 7300 real
time PCR system (Applied Biosystems). Here, the value for
each cell was normalized for the amount of GAPDH.

[0222] The results show that almost no Venus™ cells (IL-
10-producing cells) were detected in the cervical lymph
nodes (peripheral lymph nodes), thymus, peripheral blood,
lung, and liver of mice kept under the SPF conditions. Mean-
while, in the spleen, Peyer’s patches, and mesenteric lymph
nodes thereof, Venus* cells were slightly detected. On the
other hand, many Venus* cells were found in the lymphocytes
in the small intestine lamina propria and colonic lamina pro-
pria. In addition, most of the Venus* cells in the intestines
were positive for CD4, and also positive for T cell receptor §
chain (TCRp). It was found that the Venus* CD4*T cells
expressed Foxp3 and other Treg cell-associated factors such
as a cytotoxic T-Lymphocyte antigen (CTLA-4) and a gluco-
corticoid-induced ~ TNFR-associated protein (GITR),
although the Venus*CD4*T cells showed none of the pheno-
types of Th2 (IL-4-producing) and Th17 (IL-17-producing).
It was shown that the expression level of CTLA-4 in the
intestinal Venus® cells was higher than that in the splenic
GFP*Treg cells isolated from the Foxp3°“** reporter mice.

Example 13

[0223] Venus™ cells can be classified into at least two sub-
sets, namely, Venus*Foxp3* double positive (DP) Treg cells
and Venus*Foxp3~Treg cells on the basis of intracellular
Foxp3 expression. Cells of the latter subset correspond to
type 1 regulatory T cells (Tr1) (refer to NPL 8 and 9). In this
respect, the Venus™ cells (IL-10-producing cells) observed in
Example 8 were investigated in terms of the expression of
Foxp3. Specifically, the expression of CD4, Foxp3, and Venus
in the lamina propria of the colon and the lamina propria of
the small intestine of 1110""** mice kept under GF or SPF
conditions was analyzed by FACS, and the numbers of
Venus™* cells in the intestinal tract lamina propria were com-
pared between SPF and GF 1110"** mice.

[0224] In addition, the intracellular expression of Venus
and Foxp3 in CD4 cells in various tissues of SPF 1110
mice was analyzed by flow cytometry.

[0225] Inorder to investigate whether or not the presence of
commensal bacteria had any influence on the expression of
1L-10 in regulatory cells in the gastrointestinal tracts, germ-
free (GF) 1110¥"** mice were prepared. Then, predetermined
species of bacteria were caused to be colonized in the
obtained GF 1110"“"*° mice. Three weeks after the species of
bacteria were colonized, a CD4* cell group (V*F~, Venus*
Foxp3~cells; V'F*, Venus*Foxp3™ cells; and V'F*, Venus~
Foxp3™ cells) in which Foxp3 and/or Venus were expressed in
the colon and the small intestine was analyzed by flow cytom-
etry.

[0226] In order to check whether or not the presence of
commensal bacteria had any influence on the expression of
IL-10 in regulatory cells in the gastrointestinal tracts, antibi-
otics were orally given with water to five or six 11107 mice
per group for 10 weeks. The following antibiotics were used
in combination.

ampicillin (A; 500 mg/L. Sigma)

vancomycin (V; 500 mg/L NACALAI TESQUE, INC.)
metronidazole (M; 1 g/l NACALAI TESQUE, INC.)
neomycin (N; 1 g/l. NACALAI TESQUE, INC.)

[0227] Then, CD4 and Foxp3 of lymphocytes in the lamina
propria of the colon, the lamina propria of the small intestine
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(SI), mesenteric lymph nodes (MLN), and Peyer’s patches
(PPs) were stained with antibodies, and analyzed by FACS.
The results were obtained from two or more independent
experiments which gave similar results.

[0228] The results show that the small intestinal lamina
propria was rich in Venus*Foxp3~ cells, namely, Trl-like
cells, and that the Venus Foxp3*DP Treg cells were present at
a high frequency in the colon of the SPF mice. In contrast,
although sufficient numbers of Foxp3* cells were observed
also in other tissues, the expression of Venus was not observed
in almost all of the cells.

[0229] In addition, it was shown that all regulatory T cell
fractions of Venus*Foxp3~, Venus*Foxp3*, and Venus~
Foxp3™ in the colon significantly decreased under the GF
conditions. Moreover, similar decrease in Venus™ cells was
observed also in the SPF 1110""* mice treated with the
antibiotics.

[0230] The colonization of Clostridium spp. strongly
induced all regulatory T cell fractions of Venus*Foxp3~,
Venus*Foxp3*, and Venus Foxp3™ in the colon, and the
degrees of the induction thereof were equal to those in the
SPF mice. In addition, it was found that the colonization of
the three strains of Lactobacillus or the colonization of SFB
had an extremely small influence on the number of Venus*
and/or Foxp3™ cells in the colon. Moreover, the colonization
of 16 strains of Bacteroides spp. also induced Venus™ cells,
but the influence of the colonization was specific to Venus™
Foxp3~ Trl-like cells. On the other hand, it was found that
none of the bacterial species tested exerted any significant
influence on the number of IL.-10-producing cells in the small
intestinal lamina propria (refer to FIG. 26).

[0231] Hence, it was shown that the genus Clostridium
colonized in the colon or a physiologically active substance
derived from the bacteria provided a signal for inducing the
accumulation of IL-10* regulatory T cells in the colonic
lamina propria or the expression of IL-10 in T cells. It was
shown that the number of Venus™ cells in the small intestine
was not significantly influenced by the situation where no
commensal bacteria were present or commensal bacteria
were decreased, and that IL-10" regulatory cells (Trl-like
cells) accumulated in the small intestinal lamina propria inde-
pendently of commensal bacteria.

Example 14

[0232] 1t was investigated whether or not Venus™ cells
induced by the genus Clostridium had an immunosuppressive
function similar to that of Venus™ cells in the colon of SPF
mice. Specifically, CD4*CD25~ cells (effector T cells, Teff
cells) isolated from the spleen were seeded in a flat-bottomed
96-well plate at 2x10%well, and cultured for three days
together with 2x10% splenic CD11¢* cells (antigen-represent-
ing cells) subjected to 30 Gy radiation irradiation treatment,
0.5 pg/ml of an anti-CD3 antibody, and a lot of Treg cells. In
addition, for the last six hours, the CD4*CD25" cells were
cultured, with [*H]-thymidine (1 pCi/well) was added
thereto. Note that, Treg cells used in Example 14 were CD4™
GFP* T cells isolated from the spleen of Foxp3°“” reporter
mice, or CD4*Venus*T cells in the colonic lamina propria of
GF 1110 mice in which Clostridium spp. were colonized
or SPF 1110""* mice. Then, proliferation of the cells was
determined based on the uptake amount of [°H]-thymidine,
and represented by a count per minute (cpm) value.

[0233] The results show that Venus*CD4™ cells of the mice
in which the genus Clostridium was colonized suppressed in
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vitro proliferation of CD25-CD4™" activated T cells. The sup-
pression activity was slightly inferior to that of GFP* cells
isolated from the Foxp3°“*” reporter mice, but equal to that
of Venus* cells isolated from the SPF 1110*"** mice. Accord-
ingly, it has been shown that the genus Clostridium induces
IL-10-expressing T cells having sufficient immunosuppres-
sive activities, and thereby plays a critical role in maintaining
immune homeostasis in the colon.

Example 15

[0234] Next, the influence of the colonization of a large
number of Clostridium on the local immune response and the
resultant proliferation of Treg cells were investigated.

[0235] <Dextran Sulfate Sodium (DSS)-Induced Colitis
Model>
[0236] First, the DSS-induced colitis model was prepared

as described above, and the influence on the model mice of the
inoculation of the Clostridium and the proliferation of Treg
cells was investigated. Specifically, control mice and
Clostridium-inoculated mice were treated with 2% DSS, then
observed and measured for six days for body weight loss, the
hardness of stool, and bleeding, and then were evaluated
numerically. In addition, on day 6, the colons were collected,
dissected, and analyzed histologically by HE staining.
[0237] The results show that the symptoms of the colitis
such as body weight loss and rectal bleeding were signifi-
cantly suppressed in the mice having a large number of
Clostridium (hereinafter also referred to as “Clostridium-
abundant mice”) in comparison with the control mice
(C57BL/6 mice grown in a conventional environment for six
weeks and not inoculated with the fecal suspension). All the
features typical for colonic inflammation, such as shortening
of the colon, edema, and hemorrhage, were observed mark-
edly in the control mice in comparison with the Clostridium-
abundant mice. Moreover, histological features such as
mucosal erosion, edema, cellular infiltration, and crypt loss
were less severe in the DSS-treated Clostridium-abundant
mice than in the control mice.

[0238] <Oxazolone-Induced Colitis Model>

[0239] Next, the oxazolone-induced colitis model was pre-
pared as described above, and the influence on the model mice
ofthe inoculation of Clostridium and the proliferation of Treg
cells was investigated. Specifically, control mice and
Clostridium-inoculated mice were sensitized with oxazolone,
and subsequently the inside of the rectums thereof were
treated with a 1% oxazolone/50% ethanol solution. Then,
body weight loss was observed and measured. In addition, the
colons were dissected, and analyzed histologically by HE
staining.

[0240] The results show that the colitis proceeded along
with persistent body weight loss in the control mice. Mean-
while, the body weight loss of the Clostridium-abundant mice
was reduced. In addition, it was also revealed that portions
having histological diseases such as mucosal erosion, edema,
cellular infiltration, and hemorrhage were reduced in the
colon of the Clostridium-abundant mice.

Example 16

[0241] Next, the influence, on the systemic immune
response (systemic IgE production), of the colonization of a
large number of Clostridium and the resultant proliferation of
Treg cells was investigated. Specifically, as described above,
control mice and Clostridium-inoculated mice were immu-
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nized by administering alum-absorbed ovalbumin (OVA)
twice at a 2-week interval. Then, sera were collected from
these mice, and the OVA-specific IgE level thereof was inves-
tigated by ELISA. In addition, splenic cells were collected
from the mice in each group, and IL-4 and IL.-10 production
by in-vitro OVA restimulation was investigated.

[0242] Results show that the IgE level was significantly
lower in the Clostridium-abundant mice than in the control
mice. Moreover, the 1L.-4 production by the OVA restimula-
tion was reduced and the IL-10 production thereby was
increased in the splenic cells of the Clostridium-abundant
mice sensitized with OVA and alum, in comparison with
those of the control mice.

[0243] Accordingly, in consideration of the results shown
in Example 15 in combination, the induction of Treg cells by
Clostridium in the colon plays an important role in local and
systemic immune responses.

Example 17

[0244] Next, GF Balb/c were colonized with three strains of
Clostridium belonging to cluster IV (strains 22, 23 and 32
listed in FIG. 49). Three weeks later, colonic Foxp3*Treg
cells were analyzed by FACS. Results show that gnotobiotic
mice colonized with three strains of Clostridium showed an
intermediate pattern of Treg induction between GF mice and
mice inoculated with all 46 strains.

Example 18

[0245] Next, it was investigated whether or not a spore-
forming (for example, a chloroform resistant) fraction of a
fecal sample obtained from humans had the effect of inducing
proliferation or accumulation of regulatory T cells similar to
the spore-forming fraction of the fecal sample obtained from
mice.

[0246] Human stool from a healthy volunteer (Japanese,
male, 29 years old) was suspended with phosphate-buffered
saline (PBS), mixed with chloroform (final concentration
3%), and then incubated in a shaking water bath for 60 min.
After evaporation of chloroform by bubbling with N, gas, the
aliquots containing chloroform-resistant (for example, spore-
forming) fraction of human intestinal bacteria were orally
inoculated into germ-free (GF) mice (IQI, 8 weeks old). The
treated mice were kept in a vinyl isolator for 3 weeks. The
colon was collected and opened longitudinally, washed to
remove fecal content, and shaken in Hanks’ balanced salt
solution (HBSS) containing 5 mM EDTA for 20 min at 37° C.
After removing epithelial cells and fat tissue, the colon was
cut into small pieces and incubated with RPMI1640 contain-
ing 4% fetal bovine serum, 1 mg/ml collagenase D, 0.5 mg/ml
dispase and 40 pg/ml DNase I (all manufactured by Roche
Diagnostics) for 1 hour at 37° C. in a shaking water bath. The
digested tissue was washed with HBSS containing 5 mM
EDTA, resuspended in 5 ml of 40% Percoll (manufactured by
GE Healthcare) and overlaid on 2.5 ml of 80% Percoll in a
15-ml Falcon tube. Percoll gradient separation was per-
formed by centrifugation at 780 g for 20 min at 25° C. The
interface cells were collected and suspended in staining
buffer containing PBS, 2% FBS, 2 mM EDTA and 0.09%
NaN,; and stained for surface CD4 with Phycoerythrin-la-
beled anti-CD4 Ab (RM4-5, manufactured by BD Bio-
sciences). Intracellular staining of Foxp3 was performed
using the Alexa647-labeled anti-Foxp3 Ab (FJK-16s, manu-
factured by eBioscience) and Foxp3 Staining Buffer Set
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(manufactured by eBioscience). The percentage of Foxp3
positive cells within the CD4 positive lymphocyte population
was analyzed by flow cytometry.

[0247] Results show that when the spore-forming (for
example, the chloroform resistant) fraction of human intesti-
nal bacteria was colonized in GF mice, the accumulation of
Foxp3+ regulatory (Treg) cells in the colonic lamina propria
of the mice was induced.

[0248] Next, it was investigated what species of bacteria
grew by gavaging with chloroform-treated human stool.
[0249] Specifically, using a QIAamp DNA Stool mini kit
(manufactured by QIAGEN), bacterial genomic DNA was
isolated from the human stool from a healthy volunteer as
described above (human stool) or fecal pellets from GF mice
gavaged with chloroform-treated human stool (GF+Chloro.).
Quantitative PCR analysis was carried out using a LightCy-
cler 480 (manufactured by Roche). Relative quantity was
calculated by the ACt method and normalized to the amount
of total bacteria, dilution, and weight of the sample. The
following primer sets were used:

total bacteria

(SEQ ID NO: 62)
5'-GGTGAATACGTTCCCGG-3"'
and

(SEQ ID NO: 63)
5' - TACGGCTACCTTGTTACGACTT-3"'

Clostridium cluster XIVa (Clostridium
coccoides subgroup)
(SEQ ID NO: 64)
5'-AAATGACGGTACCTGACTAA-3"'
and

(SEQ ID NO: 65)
5'-CTTTGAGTTTCATTCTTGCGAA-3"'

Clostridium cluster IV (Clostridium leptum)

(SEQ ID NO: 66)
5'-GCACAAGCAGTGGAGT-3"'
and

(SEQ ID NO: 69)
5'-CTTCCTCCGTTTTGTCAA-3"'

Bacteroides

(SEQ ID NO: 67)
5'-GAGAGGAAGGTCCCCCAC-3"'
and

(SEQ ID NO: 68)
5'-CGCTACTTGGCTGGTTCAG-3' .

[0250] Results show that gavaged with chloroform-treated
human stool had large amounts of spore-forming bacteria,
such as Clostridium clusters XIVa and IV, and a severe
decrease of non-spore-forming bacteria, such as Bacteroides,
compared with the human stool before chloroform treatment.

Example 19

[0251] Human stool (2 g) from a healthy volunteer (Japa-
nese, male, 29 y old) was suspended with 20 ml phosphate-
buffered saline (PBS), mixed with or without chloroform
(final concentration 3%), and incubated in a shaking water
bath for 60 min. The chloroform was then evaporated by
bubbling with N2 gas for 30 min. The suspensions of
untreated human feces (designated as ‘huUT”) and chloro-
form-treated human feces (designated as ‘huChloro’) were
orally inoculated into Germ-free (GF) mice (IQI, 8 week old)
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(250 pl/mouse). The suspension of huUT was inoculated into
4 GF mice, which were numbered from #A1 to #A4, and that
of huChloro was inoculated into 4 GF mice numbered from
#B1 to #B4. Such GF mice which were inoculated with sus-
pensions of feces or the like are also referred to as “ex-GF
mice” hereinafter. Each group of ex-GF mice was separately
kept in a vinyl isolator to avoid further microbial contamina-
tion. After 3 weeks, the small intestinal and colonic lamina
propria lymphocytes from each mouse were separately col-
lected, and examined for the expressions of surface CD4 and
intracellular Foxp3, Helios, IL-17 and IFN-y by flow cytom-
etry. For intracellular IL.-17 and IFN-y staining, isolated lym-
phocytes were stimulated in vitro with PMA and ionomycin
for 4 hours. Foxp3 is the transcription factor essential for the
differentiation and function of Treg cells. Helios is a member
of the Ikaros transcription factor family and Helios-Foxp3+
Treg cells have been suggested to be Treg cells induced in the
periphery [so called induced Treg (iTreg) cells]. As shown in
FIGS. 1A-D, the percentages of Foxp3+Treg cells within
CD4+T cells in the small intestinal and colonic lamina pro-
pria of both groups of ex-GF mice were increased, compared
with those in GF mice. Marked increases were also observed
for the percentage of Helios-cells among Foxp3+ Treg cells in
small intestine and colon in both groups of ex-GF mice.
Notably, besides Foxp3+ Treg cells, a significant accumula-
tion of IL-17-expressing CD4+ cells (namely, Th17 cells) was
observed in exGF+huUT mice, whereas it was only margin-
ally observed in exGF+huChloro mice (FIG. 1E, F). In both
groups of mice, the percentages of IFN-y+ cells in CD4+ cells
were unchanged (FIG. 1E, G).

Example 20

[0252] To investigate whether dead bacteria also have an
effect on the induction of Treg cells, the suspension of chlo-
roform-treated human feces was autoclaved (121° C. for 20
min) and orally inoculated into GF mice (once a week for 4
weeks). After 4 weeks, mice were sacrificed, and the colonic
lamina propria lymphocytes from each mouse were examined
for the expression of CD4, Foxp3 and Helios by flow cytom-
etry. As shown in FIG. 2, the inoculation of dead bacteria
exhibited no effect on the numbers of Foxp3+ cells or Helios-
Foxp3+ cells. These results do not rule out the possibility that
the amount of dead bacteria inoculated was not sufficient, but
suggest that live bacteria are required for the induction of Treg
cells.

Example 21

[0253] To confirm the induction of Treg cells by chloro-
form-resistant bacteria, another stool was obtained from the
same person on a different day, treated with chloroform, and
inoculated into IQI GF mice (7 mice, numbered from #C1 to
C7). After 3-4 weeks, mice from #C1 to #C5 were sacrificed,
and the small intestinal and colonic lamina propria lympho-
cytes from each mouse were separately collected, and exam-
ined for the expression of CD4 and Foxp3 by flow cytometry.
Consistent with the findings in Example 19, colonization with
chloroform-treated human feces significantly induced the
accumulation of Foxp3+CD4+Treg cells in colonic and small
intestinal lamina propria (FIG. 3). These results further sup-
port the notion that chloroform-resistant spore-forming bac-
teria can induce differentiation, proliferation and/or recruit-
ment of Treg cells in intestinal lamina propria.
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Example 22

[0254] To test whether Treg cell induction by chloroform-
resistant spore-forming fraction of human intestinal bacteria
is horizontally transmissible, IQI GF mice (6 mice, numbered
from #D1 to #D6) were cohoused for 4 weeks with mice #C6
and #C7 in the same cage in a vinyl isolator. Lamina propria
lymphocytes from colon and small intestine were isolated and
examined for CD4 and Foxp3. Cohoused mice exhibited a
significant increase in the percentage of Foxp3+ cells among
CD4+ cells (FIG. 4). Therefore, Treg cell induction by human
intestinal bacteria is horizontally transmissible. These results
let us assume a role of prominent components of the intestinal
microbiota, rather than minor components, for the induction
of Treg cells.

Example 23

[0255] The frozen stock of cecal content from mouse #C4
was thawed, suspended in 10 times its volume (w/v) of PBS,
and passed through a 70 um cell strainer. The suspension was
then treated with 3% chloroform, diluted 2000- or 20000-fold
with PBS, and orally inoculated into GF IQI mice (2.5x10° or
2.5x10" bacterial cells/250 pl/head, respectively). The 2000-
fold diluted sample was orally inoculated into 4 mice (desig-
nated as exGF+2000, numbered from #E1 to #E4), whereas
20000-fold diluted sample was inoculated into 8 mice (des-
ignated as exGF+20000, numbered from #F1 to #F8). After 3
weeks, the intestinal lamina propria lymphocytes were iso-
lated and examined for CD4, Foxp3 and Helios. Both 2000-
and 20000-fold diluted samples similarly induced a marked
accumulation of Foxp3+CD4+ cells in the intestinal lamina
propria (FIG. 5). Therefore, the dose of bacteria for oral
inoculation can be minimized to less than 2.5x10" bacterial
cells.

Example 24

[0256] The frozen stock of cecal content from mouse #F3,
#F7 or #F8 was suspended in 10 times its volume (w/v) of
PBS, passed through a 70 um cell strainer, and treated with
3% chloroform. Then, the fecal suspension from mouse #F3
was orally inoculated into 5 GF mice (numbered from #G1 to
#GS5), that from #F7 mouse into 4 GF mice (numbered from
#H1 to #H4), and that from #F8 mouse into 4 GF mice
(numbered from #11 to #14). After 4 weeks, lymphocytes from
colonic and small intestinal lamina propria were isolated and
examined for CD4, Foxp3 and Helios expression by flow
cytometry. All #F, #G, and #H mice exhibited a significant
increase in the percentage of Foxp3™ cells among CD4™ cells
in the intestinal lamina propria compared with untreated GF
mice (FIG. 6). Therefore, the Treg cell induction by human
intestinal bacteria colonizing in exGF+20000 mice is also
transmissible. Moreover, as shown in the later meta 16S
rDNA sequencing data (FIG. 8), these mice commonly had
bacteria having 16S rDNA sequence similarities with 16S
rDNA sequence similarities with 20 species of known bacte-
ria (C. aminophilum, H. saccgarovorans, E. fissicatena, H.
Siliformis, C. clostridioforme, C. indolis, C. bolteae, Bacteroi-
des sp. MANG, L. bacterium DIF_VP30, Ruminococcus sp.
1D8, C. lavalense, C. symbiosum, E. contortum, C. saccha-
rogumia, C. ramosum, F. plautii, C. scindens, Clostridium sp.
2335, Clostridium sp. 14616 and cf Clostridium sp.
MLGO55).
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Example 25

[0257] A frozen stock of the cecal content from #F8 mouse
was serially diluted with 0.85% NaCl under an aerobic con-
dition and plated onto BL agar. After culture at 37° C. for 2 or
4 days, 50 single colonies were observed. Of the 50 colonies,
29 were picked up, cultured for additional 2 or 4 days at 37°
C. by ABCM broth, and stored in EG stock medium (10%
DMSO) at —80° C. The genomic DNA from each colony was
isolated, and 16S rRNA coding gene sequence was analyzed.
The sequence of 16S rRNA of each colony revealed that the
29 colonies observed were represented by three strains, each
having 100% similarity with Clostridium ramosum, 99.75%
with Clostridium saccharogumia, 100% with Flavonifractor
plautii, 99.17% with Clostridium hathewayi, 99.23% with
Clostridium scindens, or 99.66% with Clostridium sp. 2335.
Within the 29 colonies that were selected from the original 50
colonies, only Clostridium saccharogumia, Clostridium
ramosum, and Flavonifractor plautii were present (25, 3, and
1 colonies, respectively). These 3 isolated strains were propa-
gated, mixed and inoculated into GF IQI mice (4 mice, num-
bered from #J1 to J4). After 3-4 weeks, the colonic lamina
propria lymphocytes were collected, and examined for the
expressions of CD4, Foxp3, and Helios by flow cytometry.
Foxp3+ cells or Helios-cells were not induced or only weakly
induced by the colonization of these strains of bacteria in the
colon (FIG. 7). These results suggest that the combination of
Clostridium saccharogumia and Clostridium ramosum (both
within cluster XVIII) were insufficient to induce Treg cells in
the colon of mice. The effects of Flavonifractor plautii were
not clear, since the strain was only represented by 1 of the 29
colonies that were selected.

Example 26

[0258] The frozen glycerol stock of cecal content from #G2
mouse was suspended with PBS, seeded onto BL agar plate,
and incubated for 48 hours, similarly to the procedure done in
Example 19. Different from Example 19, all bacteria on the
plate were collected by scraping with a plate scraper, sus-
pended in TS broth and inoculated into GF IQI mice (4 mice,
numbering from #K1 to #K4). It should be noted that the
bacterial suspension used in this experiment included bacte-
ria that did not propagate but survived on the plate. After 4
weeks, lamina propria lymphocytes from colon and small
intestine of K1~K4 mice were isolated and examined for
CD4, Foxp3 and Helios expression. All 4 mice exhibited a
significant increase in the percentages of Foxp3* cells among
CD4* cells (FIGS. 9A, 9B) and Helios™ cells among Foxp3*
Treg cells (FIGS. 9A, 9C) in the intestinal lamina propria
compared with untreated GF mice. Considering that the
inoculation of mice with 6 strains of bacteria propagated on
the BL agar plate failed to induce Treg cells, bacteria that did
not propagate but survived on the plate might be responsible
for the induction of Treg cells.

Example 27

[0259] Bacterial DNA was extracted from the cecal con-
tents of mouse #A1, #C4, #F8, #G2, #H3, #13, #]3 and #K3.
Variable region 1-2 (V1-2) in bacterial 16S rRNA coding
gene were amplified by PCR and used as template for metase-
quencing. Resulting sequences (3400 reads for each sample)
were classified into operational taxonomic units (OTUs) on
the basis of sequence similarity (>97% identity). Represen-
tative sequences from each OTU were compared with
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sequences in nucleic acid databases using BLAST to deter-
mine their closest relatives in known species. The numbers of
detected reads and the closest relatives for each OTU are
shown in Table 1. The relative abundances of OTUs having
the same closest relative in each cecal sample are shown in
FIG. 8. In mouse #A1, 153 OTUs (their closest relatives were
93 species) were identified and half of them were related to
Bacteroides species. In contrast, in mouse #C4, 113 OTUs
were identified and most of them were related to species
belonging to the family Clostridiaceae. In mouse #F8, #G2,
#H3, #13, #J3 and #K3, 97-68 OTUs were identified. In these
mice, in which Treg cell accumulation was observed in the
intestine, the majority of bacteria consisted of bacteria having
16S rDNA sequence similarities with C. aminophilum, H.
saccgarovorans, E. fissicatena, H. filiformis, C. clostridio-
forme, C. indolis, C. bolteae, Bacteroides sp. MANG, L.
bacterium DIF_VP30, Ruminococcus sp. ID8, C. lavalense,
C. symbiosum, E. contortum, C. saccharogumia, C. ramo-
sum, E  plautii, C. scindens, Clostridium sp. 2335,
Clostridium sp. 14616 and cf Clostridium sp. MLGOS55.
[0260] In mouse #J3, in which Treg accumulation was not
observed, 3 OTUs were detected. Each has the 16S rDNA
sequence similarity with C. saccharogumia, C. ramosum or F.
plautii. These results suggest that the combination of these
three species are insufficient to induce the intestinal Treg cells
accumulation.

Example 28

[0261] Bacterial strains were isolated from the cecal con-
tents of mouse #F8, #G2, #11 and #K3 using BL agar or EG
agar plates. Applicant picked-up 144 colonies from EG agar
plates and 116 colonies from BL agar plates. BLAST search
of 16S rRNA coding sequence of these clones revealed that
they belonged to 17 species, and each had 93-100% similari-
ties with C. indolis, C. bolteae, Bacteroides sp. MANG, L.
bacterium DIF_VP30, A. colihominis, Ruminococcus sp.
1D8, C. lavalense, C. symbiosum, E. contortum, C. saccha-
rogumia, C. ramosum, F. plautii, C. hathewayi, C. scindens,
Clostridium sp. 2335, Clostridium sp. 14616 and cf
Clostridium sp. MLGO55) (Table 2). They all belonged to
Clostridium clusters IV, XIVa or XVIII (2 species of cluster
1V, 12 of cluster XIVa, 1 of cluster XVI and 2 of cluster
XVIID).

Example 29

[0262] Of the colonies selected in Example 28, additional
colonies were picked and isolated and these strains were
cultured using EG and BL media. BLAST search of 16S
rRNA coding sequence of these clones revealed that they
belonged to a total of 31 species (including the species men-
tioned in Example 28), and each had 93-100% similarities
with 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_STFAA, Lachnospi-
raceae bacterium 6_1_63FAA, Clostridium sp. 14616,
Clostridium bolteae ATCC BAA-613, cf. Clostridium sp.
MLGOS5,  Erysipelotrichaceae  bacterium  2_2_44A,
Clostridium indolis, Anaerostipes caccae, Clostridium bolt-
eae, Lachnospiraceae bacterium DIJF_VP30, Lachnospi-
raceae bacterium 3_1_S5TFAA_CTI1, Anaerotruncus coli-
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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,  Eubacterium contortum,
Clostridium sp. D5, Oscillospiraceae bacterium NML
061048, Oscillibacter valericigenes, Lachnospiraceae bac-
terium A4, Clostridium sp.316002/08, and Clostridiales bac-
terium 1_7_47TFAA, Blautia cocoides, Anaerostipes caccae
DSM 14662 (Table 3). The stocks of bacterial strains were
stored in 10% glycerol stock plus the media used to grow the
cultures, and tubes were stored in a —80° C. freezer.

Example 30

[0263] To investigate whether the strains in Example 29
have the ability to induce Tregs in GF mice, 31 strains on
Table 3 were mixed at equal amounts of media volume using
TS media and inoculated into GF mice. A detailed analysis of
the 16S rRNA sequences revealed that 8 of the 31 strains
overlapped with other strains (see Table 3, indicated by an
asterisk), resulting in 23 distinct bacterial strains. As shown in
FIG. 10, when orally administered to GF mice, the mixture of
the 23 strains (23mix) induced very strong levels of Tregs
(35-40% in the colon lamina propria, >10% in the small
intestine; FIG. 10). These Tregs observed with colonization
by 23mix were mostly Helios™.

Example 31

[0264] To investigate whether the abundant members of the
intestinal microbiota in the chloroform-resistant fraction of
human intestinal bacteria, rather than the minor members,
drive the induction of Treg cells, adult GF mice were inocu-
lated with diluted caecal samples from mice that had been
inoculated with the chloroform-resistant fraction of human
intestinal bacteria (+huChlo mice) as described in example
19. As shown in FIG. 11, even when the huChlo mice cecal
samples were diluted (diluted 2x10* and 2x10°) to create
+2x10* mice and 2x10° mice respectively, Tregs were
induced in these adult GF mice.

Example 32

[0265] To investigate whether the mix of 23 strains in
Example 30 has the ability to induce Tregs in adult GF 1QI
mice more effectively than Faecalibacterium prausnitzii, a
well-known human Clostridia strain characterized for
enhancing regulatory cell functions, 23 strains in table 4 were
mixed in equal amounts with media to make a cocktail, which
was then administered to adult IQI GF mice. For comparison,
Faecalibacterium prausnitzii was administered to another
group of IQI GF mice. As shown in FIG. 12, when orally
administered to adult IQI GF mice, the mixture of the 23
strains (23-mix) induced higher levels of Tregs than Faecali-
bacterium  prausnitzii.  Faecalibacterium  prausnitzii
(+Faecali.) showed negligible levels of Treg induction.

Example 33

[0266] To investigate whether the microbiota communities
in the +2x104 mice, described in example 31, were stable,
serial oral inoculation of adult GF mice was performed to
create +2x10*-re mice (secondary inoculation) and +2x10%-
re-re(tertiary inoculation). As shown in FIG. 13 there was
significant induction of Tregs in both the +2x10*-re mice and
the +2x10*re-re mice. To further eliminate nonessential
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components of the microbiota for Treg cell induction, the
caecal content of +2x10* mice, described in example 31, was
again diluted 2x10*-fold and orally inoculated into another
set of adult GF mice (+(2x10*)? mice). As shown in FIG. 13,
the +(2x10%)* mice exhibited a marked accumulation of Treg
cells in the colon.

Example 34

[0267] To assess the composition of the gut microbiota in
+huUT (+hu), +huChlo, +2x10%, +2x10*re and +(2x10%)?,
described in example 19, example 31, and example 33, bac-
terial DNA was extracted from the caecal contents of these
adult mice. The variable region (V1-V2) of the bacterial 16S
ribosomal DNA (rDNA) was amplified and metasequencing
using a 454 sequencer was performed. The resulting
sequences (3400 reads for each sample) were classified into
operational taxonomic units (OTUs) based on sequence simi-
larity (>96% identity). Representative sequences from each
OTU were compared with sequences deposited in publicly
available 16S and genome databases using BLAST to deter-
mine their closest species. As shown in FIG. 14, in +hu mice,
OTUs belonging to Bacteroidetes accounted for about 50% of
the caecal microbial community. In contrast, in most OTUs in
+huChlo mouse were related to species belonging to
Clostridia. In +2x10% +2x10*re and +(2x10%)? mice, the
majority of bacteria consisted of bacteria having 16S rDNA
sequence similarities with about 20 species of Clostridia
belonging to cluster XIVa (also referred to as C. leptum
group), IV, XVI, and XVIII, listed in FIG. 14.

Example 35

[0268] A meta analysis of 16S rDNA of caecal contents
from mice inoculated with the 23 strains isolated in example
30 (+23-mix mice) confirmed the presence of 17 of the 23
strains listed in FIG. 14 and Table 4. To determine whether
these 17 strains could induce Treg cells, a mixture of these 17
strains was inoculated into adult GF mice (+17-mix mice),
Each bacterial strain was cultured in 2 mL EG liquid media
and grown to confluence, and then these starter cultures were
mixed into a 50 mL tube (2 mL.x17 strains=34 mL). The
bacteria were spun down into a pellet and resuspended in 10
mL PBS. A 200 uL aliquot, containing ~1x105-1x107 of each
strain, was used to inoculate the adult GF mice. As shown in
FIG. 15, when orally administered to adult IQI, BALB, and
B6 mice, the mixture of 17 strains was able to induce Tregs in
these three mouse models.

Example 36

[0269] To investigate whether each of the 17 strains defined
in example 35 could individually induce Tregs, adult GF mice
were monocolonized with one of each of the 17 strains. As
shown in FIG. 16, adult GF mice monocolonized with a single
strain exhibited low to intermediate levels of Treg. Impor-
tantly, no single strain induced Tregs to the same extent as the
mix of 17 strains.

Example 37

[0270] To investigate whether subsets of the 17 strains
described in example 35 could induce Tregs, randomly
selected combinations of 3-5 strains were made: 3-mix,
SmixA, 5-mix B, and 5-mix C, as shown in table 4, and used
to inoculate adult GF mice. As shown in FIG. 17, only the
S-species mixes induced significant increases in the fre-
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quency of Treg cells, the magnitude of which was intermedi-
ate compared with that observed in +17-mix mice.

Example 38

[0271] To investigate the benefits of administration of the
mix of the 17 strains described in example 35 (17-mix), adult
SPF mice were orally inoculated with either 17-mix or con-
trol media and assessed for the induction of Foxp3+ Treg cells
three weeks later. As shown in FIG. 18, there was a significant
increase in the frequency of colonic Foxp3* Treg (CD4) cells
after three weeks of treatment.

Example 39

[0272] To evaluate the benefit of administration of 17-mix
in an animal model of allergic diarrhea, adult SPF mice were
orally inoculated with 17-mix or control media while being
treated with ovalbumin (OVA), an inducer of allergic diar-
rhea. As shown in FIG. 19, the occurrence and severity of
diarrhea (diarrhea score) was significantly reduced in mice
fed 17-mix relative to control mice.

Example 40

[0273] To evaluate the benefit of administration of 17-mix
in an animal model of colitis. Adult SPF mice were orally
inoculated with either 17-mix or control media while being
treated with trinitrobenzene sulfonic acid (TNBS), a fre-
quently used experimental inducer of colitis. As shown in
FIG. 20, SPF 17-mix mice demonstrated lower mortality than
control mice on exposure to TNBS.

Example 41

[0274] To evaluate the usefulness of the strains represented
in 17-mix as a diagnostic and monitoring tool for ulcerative
colitis, we examined the relative abundance of the 17 strains
in healthy and ulcerative colitis (UC) human subjects using
draft genomic sequences of the 17 strains and publicly avail-
able human faecal microbiome genomes generated through
the European MetaHIT project. UC subjects (N=20) showed
a a reduction of the 17 strains compared to healthy subjects
(N=15), as shown in FIG. 21.

[0275] SEQID NOs.: OTU136; OTU46; OTU221; OTUY;
OTU296; OTU21; OTU166; OTU73; OTU174; OTU14;
OTUSS; OTU337; OTU314; OTU195; OTU306; OTUS87,
OTU86; OTU152; OTU253; OTU259; OTU281; OTU28S;
OTU334; OTU359; OTU362; or OTU367 are SEQ ID NOs.
19-44, respectively.

INDUSTRIAL APPLICABILITY

[0276] As has been described above, the compositions and
methods described herein make it possible to provide an
excellent and well-characterized composition for inducing
proliferation or accumulation of regulatory T cells (Treg
cells) by utilizing certain human-derived bacteria belonging
to the Clostridia class or a physiologically active substance or
the like derived from the bacteria. Since the bacterial compo-
sition has immunosuppressive effects, the bacterial composi-
tion can be used, for example, to prevent or treat autoimmune
diseases or allergic diseases, as well as to suppress immuno-
logical rejection in organ transplantation or the like. In addi-
tion, healthy individuals can easily and routinely ingest the
bacterial composition, such as in food or beverage, (e.g., a
health food), to improve their immune functions.
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TABLE 1B
The number of OTU
OTU name The closest relative in known species Similarity (%) #Al #C4 #F8 #G2 #H3 #I3  #I3
3 Clostridium sp. 2335 98.46 1 0 13 18 10 13 8
9 Bacteroides sp. MANG 98.15 14 0 324 16 153 172 159
14 Bacteroides sp. MANG 99.07 4 34 46 401 28 27 14
16 Clostridium sp. 2335 96.9 0 0 8 2 0 2 1
21 Clostridium sp. 2335 99.69 19 53 325 322 376 410 358
23 Clostridium indolis 97.25 0 0 0 0 3 1 2
38 Bacteroides sp. MANG 96.26 0 0 6 0 1 1 4
46 Clostridium ramosum 99.67 47 28 70 67 85 101 188
49 Clostridium bolteae 95.98 1 0 7 0 17 28 0
65 Lachnospiraceae bacterium DJF__VP30 95.53 12 45 120 289 72 85 105
67 Bacteroides sp. MANG 96.27 3 0 93 0 27 38 20
86 Clostridium indolis 98.78 1 0 22 0 43 43 0
87 Eubacterium fissicatena 99.69 1 40 11 39 4 8 0
89 Lachnospiraceae bacterium DJF__VP30 95.18 1 0 4 0 0 2 0
92 Clostridium aminophilum 90.09 0 2 0 1 0 1 0
101 Clostridium clostridioforme 98.76 1 9 6 3 12 5 12
111 Clostridium aminophilum 91.64 0 1 0 0 0 1 1
114 Ruminococcus sp. ID8 95.98 0 4 3 40 0 1 18
119 Clostridium clostridioforme 98.77 0 1 1 9 0 1 2
125 Ruminococcus sp. ID8 97.25 0 0 11 12 13 15 43
131 Clostridium clostridioforme 97.23 1 0 1 3 2 1 9
136 Clostridium saccharogumia 97.02 10 1 23 16 36 43 12
137 Clostridium clostridioforme 98.15 1 0 12 10 28 51 47
144 Bacteroides sp. MANG 97.81 1 0 2 30 1 2 0
152 Lachnospiraceae bacterium DIF__ VP30 95.56 10 0 129 27 56 135 137
161 Clostridium lavalense 96.3 0 0 1 1 0 4 0
163 Clostridium aminophilum 90.74 0 0 3 0 1 2 0
165 Oscillibacter valericigenes 90.15 0 9 0 7 0 1 1
166 Clostridium sp. 14616 98.45 2 35 14 44 26 32 26
173 Clostridium sp. 2335 98.33 0 0 0 0 0 1 0
174 Clostridium indolis 100 0 13 98 103 205 152 465
181 Clostridium bolteae 97.56 0 0 5 0 12 2 0
182 Clostridium saccharogumia 94.37 0 2 1 0 3 1 1
189 Clostridium lavalense 94.12 0 0 0 0 0 1 0
195 Clostridium lavalense 98.47 0 0 47 0 33 31 0
196 Oscillibacter valericigenes 91.64 1 4 2 0 0 1 1
199 Clostridium ramosum 98.05 0 0 0 0 5 9 0
202 Clostridium symbiosum 97.52 0 0 0 0 0 1 0
204 Eubacterium fissicatena 96.62 0 14 4 30 0 16 15
211 Clostridium indolis 94.19 0 0 0 0 1 1 0
214 Clostridium clostridioforme 95.06 0 1 0 0 0 4 0
221 Flavonifiractor plautii 99.69 6 11 17 34 25 30 29
224 Roseburia hominis 98.54 0 2 0 0 0 1 0
225 Clostridium aminophilum 90.8 0 13 10 8 7 2 1
237 Clostridium sp. 14616 99.07 7 0 42 8 100 105 76
246 Clostridium indolis 95.11 0 0 1 1 0 1 0
253 Oscillibacter valericigenes 92.61 9 0 12 0 8 5 2
259 Eubacterium fissicatena 98.78 1 0 13 17 11 19 13
262 Clostridium lavalense 98.77 0 16 26 215 25 45 117
268 Ruminococcus sp. ID8 97.82 0 0 36 0 4 100 41
269 Clostridium lavalense 97.27 0 0 1 0 2 2 0
277 Clostridium sp. 2335 98.16 15 0 146 62 127 125 283
279 Lachnospiraceae bacterium DIF__VP30 95.55 1 0 11 0 5 10 0
280 Holdemania filiformis 93.9 14 33 46 41 15 31 33
281 Clostridium scindens 99.69 0 11 6 22 15 11 10
286 Clostridium sp. 2335 97.49 0 0 8 0 3 6 3
287 Eubacterium siraeum 87.3 0 0 0 0 0 1 0
288 Clostridium aminophilum 91.33 10 537 394 480 283 249 291
296 Clostridium scindens 99.69 0 7 9 7 10 3 7
297 Clostridium sp. 14616 94.82 0 21 41 52 27 56 22
303 Clostridium lavalense 98.73 2 0 38 0 45 104 54
304 Escherichia coli 100 0 0 0 0 0 1 0
306 Clostridium symbiosum 99.38 0 28 50 22 1 17 6
307 Clostridium sp. 14616 94.39 1 32 61 62 129 90 25
312 Clostridium aminophilum 91.69 0 0 0 0 0 1 0
313 Clostridium saccharogumia 98.01 5 254 238 184 127 361 294
314 Ruminococcus sp. ID8 97.53 0 24 12 88 6 11 39
319 Clostridium sp. 14616 93.19 0 0 1 0 0 5 0
326 Clostridium symbiosum 91.67 0 0 0 0 0 1 0
328 Bacteroides capillosus 92.9 1 3 4 3 1 2 0
333 Bacteroides capillosus 93.23 0 0 2 0 0 1 0
334 Clostridium lavalense 95.37 0 59 50 62 122 111 26
337 Anaerotruncus colihominis 99.38 2 1 6 3 3 8 2
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TABLE 1B-continued
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The number of OTU
OTU name The closest relative in known species Similarity (%) #Al #C4 #F8 #G2 #H3 #I3  #I3
339 Clostridium bolteae 96.63 0 0 0 1 2 0
340 Hydrogenoanaerobacterium saccharovorans 87 37 141 205 199 138 175 139
353 Clostridium sp. 2335 96.63 7 3 59 87 63 80 54
359 Clostridium aminophilum 90.46 1 7 11 18 4 7 8
362 Bacteroides sp. MANG 96.14 3 0 100 79 65 64 29
367 Clostridium aminophilum 90.43 2 0 101 17 111 75
TABLE 2
The Max
corresponding similarity Clostridiaceae  Origin of mouse  Cultured
Strain ~ OTU The close relative (%) Cluster sample Media
strainl  OTU136 Clostridium saccharogumia 99  XVII #F8 BL
strain2  OTU46 Clostridium ramosum 100 XVII #E8, #G2, #13 BL,EG
strain3  OTU221 Flavonifractor plautii 100 v #E8, #G2 BL
straind  OTU9 Clostridium hathewayi 99  XIVa #F8, #G2 BL
strain5  OTU296 Clostridium scindens 99  XIVa #F8 BL
strain6  OTU21 Clostridium sp. 2335 99  XIVa #F8, #G2 BL
strain7  OTU166 Clostridium sp. 14616 99  XIVa #G2 BL
OTU237
strain8  OTU73 cf. Clostridium sp. MLGO055 99  XVI #G2 BL
strain9  OTU174 Clostridium indolis 99 XIVa #G2, #I3 EG
strainl0  OTU166 Clostridium sp. 14616 97  XIVa #11 EG
OTU181 Clostridium bolteae 98
strainll OTU14 Bacteroides sp. MANG 99  XIVa #I1 EG
strainl2  OTU55 Lachnospiraceae bacterium 96  XIVa #I1 EG
DIF_VP30
strainl3 OTU337 Anaerotruncus colihominis 99 IV #11 EG
strainl4 OTU314 Ruminococcus sp. ID8 99 XIVa #11 EG
strainl5 OTU195 Clostridium lavalense 99  XIVa #I1 EG
strainl6 OTU306 Clostridium symbiosum 99  XIVa #11 EG
strainl7 OTU87 Eubacterium contortum 99  XIVa #11 EG
TABLE 3
Sequenced Similarity to
Strain OTU  length (bp) Closest Strain Similarity BLAST other strains
Strainl 136 1179 Clostridium saccharogumia 99.76 RDPiso
Clostridium ramosum JCM1298 96.78 genomeD
Strain2 46 1184 Clostridium ramosum 100 RDPiso
Clostridium ramosum JCM1298 100 genomeD
Strainl8 46 492 Clostridium ramosum 100 DDBIJ Strain 1
Clostridium ramosum 100 genomeDB  (>99%)
Strain3 211 1182 Flavonifractor plautii 100 RDPiso
Pseudoflavonifractor capillosus ATCC 29799 97.22 genomeD
Strain4 9 1154 Clostridium hathewayi 99.31 RDPiso
Clostridium saccharolyticum WM1 95.06 genomeD
Strainl1 14 437 Bacteroides sp. MANG 99.33 RDPiso Strain 4
Clostridium saccharolyticum WM1 949  genomeDB  (>99%)
Strainl9 9 474 Bacteroides sp. MANG 99 DDBJ Strain 4
Clostridium saccharolyticum 94.96 genomeDB  (>99%)
Strain20 14 470 Bacteroides sp. MANG 99 DDBJ Strain 4
Clostridium saccharolyticum 9531 genomeDB  (>99%)
Strain30 362 478 Bacteroides sp. MANG 99 DDBJ Strain 4
Clostridium saccharolyticum 94.68 genomeDB  (>99%)
Strain5 296 1182 Clostridium scindens 99.28 RDPiso
Lachnospiraceae bacterium 5__1_ 57FAA 99.08 genomeD
Strain6 21 1203 Blautia coccoides 99.92 RDPiso
Lachnospiraceae bacterium 6__1_ 63FAA 96.43 genomeD
Strain7 166 1149 Clostridium sp. 14616 99.56 RDPiso
Clostridium bolteae ATCC BAA-613 99.56 genomeD
Strain8 73 1199 cf. Clostridium sp. MLCO055 99.42 RDPiso
Erysipelotrichaceae bacterium 2_ 2_ 44A 92.71 genomeD
Strain9 174 1189 Clostridium indolis 99.24 RDPiso
Anaerostipes caccae DSM 14662 97.73 genomeD
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TABLE 3-continued

Jul. 7,2016

Sequenced Similarity to
Strain OTU  length (bp) Closest Strain Similarity BLAST other strains
Strain22 86 478 Clostridium indolis 100 DDBJ Strain 9
Anaerostipes caccae 96.96 genomeDB  (>99%)
Strainl0 166 491 Clostridium bolteae 98.03 RDPiso
Clostridium bolteae ATCC BAA-613 97.16 genomeD
Strainl2 96 487 Lachnospiraceae bacterium DJF__ VP30 96.08 RDPiso
Lachnospiraceae bacterium 3_I_57FAA_CTI 99.22 genomeD
Strainl3 337 490 Anaerotruncus colihominis 100 RDPiso
Anaerotruncus colihominis DSM 17241 100 genomeD
Strainl4 314 487 Ruminococcus sp. ID3 99.84 RDPiso
Lachnospiraceae bacterium 2__1_ 46FAA 96.5 genomeD
Strainl5 195 488 Clostridium lavalense 99.86 RDPiso
Clostridium asparagiforme DSM 15981 100 genomeD
Strainlé 306 470 Clostridium symbiosum 99.78 RDPiso
Clostridium symbiosum WAL-14163 99.56 genomeD
Strainl7 87 474 Eubacterium contortum 99.34 RDPiso
Clostridium sp. D5 99.12 genomeD
Strain21 87 490 Eubacterium contortum 99 DDBJ strain 11
Clostridium sp. D5 99.13 genomeDB  (>99%)
Strain23 152 491 Lachnospiraceae bacterium DJF__ VP30 98 DDBJ
Lachnospiraceae bacterium 3__1__87FAA_ CT1 93.43 genomeD
Strain24 253 476 Oscillospiraceae bacterium NML 061048 95 DDBJ
Oscillospiraceae valeriogenes 93.23 genomeD
Strain25 259 491 Eubacterium contortum 99 DDBJ
Clostridium sp. D5 99.78 genomeD
Strain26 281 490 Clostridium scindens 97 DDBJ
Lachnospiraceae bacterium 5__1_ 57FAA 98.03 genomeD
Strain27 288 488 Lachnospiraceae bacteriumA4 96 DDBJ
Lachnospiraceae bacterium 5__1__ 57FAA_ CT1 97.45 genomeD
Strain28 334 490 Clostridium sp. 316002/08 98 DDBIJ
Clostridiales bacterium 1_7_47FAA 99.56 genomeD
Strain29 369 488 Lachnospiraceae bacteriumA4 93 DDBI
Lachnospiraceae bacterium 1__1__57FAA_ CT1 97.5  genomeD
Strainll 367 459 Lachnospiraceae bacteriumA4 95 DDBJ Strain 19
Lachnospiraceae bacterium 3__3__ 57FAA_ CT1 97.8  genomeDB  (>99%)
TABLE 4
Se- Simi-
quenced larity Simi-
Corre- length Clos- with the larity Mix
spond- of 168 tridia closest Database to 5- 3- 5-
ing rDNA Clus- species used for other 23- 17-  mix- mix- mix- 3-
Strain ~ OUT (bp) Closest species ter (%) BLAST strain mix mix A B C mix
strainl ~ OTU1X® 1418  Clostridium saccharogumia XVIII 99.75 RCPiso
Clostridium ramosum JCM1298 96.78 genomaDB
strain2  OTUAD 1184  Clostridium ramosum XVIII 100 RCPiso strain
Clostridium ramosum JCM1298 100 genomaDB 18
>99%
strain3  OTU221 1427  Flavonifiactor plautii v 100 RDPiso
Pseudoflavonifractor capillosus 97.22 genomaDB
ATCC 29799
straind  OTU9 1430  Clostridium hathewayi XIVa 99.31 RCPiso
Clostridium saccharolyticum WM1 95.05 genomaCB
strain3  OTU26®D 1433 Clostridium scindens XIVa 99.23 RCPiso
Lachnospiraceae bacterium 99.05 genomaCB
5_1_57FAA
strain6  OTU21 1428 Blautia coccoides XIVa 99.92 RDPiso
Lachnospiraceae bacterium 96.43 genomaDB
6_1_63FAA
strain7  OTUI® 1432 Clostridium sp. XIVa 99.56 RCPiso
Clostridium bolteae 99.56 genomaDB
ATCC BAA-613
strain  OTU73 1433 cf. Clostridium sp. MLGO55 XVI 99.42 RDPiso
Erysipelotrichaceae bacterium 92.71 genomaDB
2_2_44A
strain9  OTU174 1434 Clostridium indolis XIVa 99.24 RCPiso
Anaerostipes caccae DSM 14662 97.73 genomaCB
strainl0 OTUI® 1431 Clostridium bolteae XIVa 98.03 RDPiso
Clostridium bolteae 97.15 genomaCB

ATCC BAA-613
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TABLE 4-continued

Se- Simi-
quenced larity Simi-
Corre- length Clos- with the larity Mix
spond- of 168 tridia closest Database to 5- 5- 5-
ing 1DNA Clus- species used for other 23- 17- mix- mix- mix- 3-
Strain ~ OUT (bp) Closest species ter (%) BLAST strain mix mix A B C mix
strainll OTU14 1430 Bacteroides sp. MANG XIVa 99.33 RCPiso strain
Clostridium saccharolyticum WM1 949 genomaDB 4
>99%
strainl2  OTU55 1431 Lachnospiraceae bacterium XIVa 96.08 RCPiso
DIJF_ VP30 99.12 genomaCB
Lachnospiraceae bacterium
3_1_STFAA_CT1
strainl3 OTU337 1418  Anaerotruncus colihominis v 100 RDPiso
Anaerotruncus colihominis 100 genomaDB
DSM 17241
strainl4 OTU314 1429  Ruminococcus sp. ID8 XIVa 99.54 RDPiso
Lachnospiraceae bacterium 96.5 genomaCB
2_1_A46FAA
strainl5  OTU195 1430 Clostridium lavalense XIVa 99.56 RDPiso
Clostridium asparagiforme 100 genomaCB
DSM 15981
strainl6 OTU3@ 1430 Clostridium symbiosum XIVa 99.78 RDPiso
Clostridium symbiosum 99.56 genomaDB
WAL-14163
strainl7 OTU37 474 Eubacterium contortum XIVa 99.34 RDPiso strain
Clostridium sp. D5 99.12 genomaDB 22
>99%
strainl8 OTU46 1422 Clostridium ramosum XVIII 100 OCBJ
Clostridium ramosum 100 genomaDB
strainl9 OTU9 474  Bacteroides sp. MANG XIVa 99 OCBJI strain
Clostridium saccharolyticum 9496 genomaDB 4
>99%
strain20 OTU14 1430  Bacteroides sp. MANG XIVa 99 OCBIJ strain
Clostridium saccharolyticum 95.81 genomaCB 4
>99%
strain21 OTU37 490  Eubacterium contortum XIVa 99 OCBJ
Clostridium sp. D5 99.13 genomaCB
strain22 OTU36 1424 Clostridium indolis XIVa 100 OCBJ strain
Anaerostipes caccae 96.96 genomaDB 9
>99%
strain23 OTU152 1430 Lachnospiraceae bacterium XIVa 95 DCBJI
DJF_VP30 98.48 genomaCB
Lachnospiraceae bacterium
3_1_57FAA_CTI1
strain24 OTU253 1427 Oscillospiraceae bacterium v 93 DDBJ
NML 061048 93.23 genomaDB
Oscillibacter valericigenes
strain25  OTU259 491  Eubacterium contortum XIVa 99 CCBJ
Clostridium sp. D5 99.78 genomaCB
strain26 OTU281 1433 Clostridium scindens XIVa 97 CCBJ
Lachnospiraceae bacterium 98.03 genomaDB
5_1_5T7FAA
strain27 OTU288 1431 Lachnospiraceae bacteriumA® XIVa 95 DDBJ
Lachnospiraceae bacterium 97.45 genomaCB
3_1_57FAA_CTI1
strain28 OTU344 1429 Clostridium sp. 316002/08 XIVa 98 DDBIJ
Clostridiales bacterium 99.56 genomaCB
1_7_47FAA
strain29 OTU359 1430 Lachnospiraceae bacteriumA® XIVa 95 DDBJ
Lachnospiraceae bacterium 97.8 genomaCB
3_1_57FAA_CTI1
strain30 OTUX®2 1430  Bacteroides sp. MANG XIVa 99 DCBJI strain
Clostridium saccharolyticum 94.68 genomaCB 4
>99%
strain31 OTU367 1430 Lachnospiraceae bacteriumA® XIVa 95 DCBI strain
Lachnospiraceae bacterium 97.8 genomaDB 29
3_1_57FAA_CTI1 >99%

@ indicates text missing or illegible when filed
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OTU3

(SEQ ID NO.: 70)
GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGAAGCACTAAGACGGATTTC
TTCGGATTGAAGTCTTTGTGACTGAGCGGCGGACGGTGAGTAACGCGTGGGTAACCTGCC
TCATACAGGGGGATAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGGACCGC
ATGGTCTGGTGTGAAAAACTCCGGTGGTATGAGATGGACCCGCGTCTGATTAGCTAGTTG
GAGGGTAACGGCCCACCGAAGGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCCAC
ATTGGGACTGAGACACGGCCCAG
OTU9

(SEQ ID NO.: 22)
GATGAACGCTGGCGGCGGTGCTTAACACATGCAAGT CGAGCGAAGCGGTTTCGAGTGAAG
TTTTGGATGGAATTGAAATTGACTTAGCGGCGGACGGGTGAGTAACGCGTGGGTAACCTG
CCTTACACTGGGGGATAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGGGCC
GCATGGTCTGGTGCGAAAAACTCCGGTGGTGTAAGATGGACCCGCGT CTGATTAGGTAGT
TGGTGGGGTAACGGCCCACCAAGCCGACGATCAGTAGCCGACCTGAGAGGGTGACCGGCC
ACATTGGGACTGAGACACGGCCCAA
OTUL14

(SEQ ID NO.: 28)
GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGAAGCGGTTTCAATGAAGTT
TTCGGATGGAATTGAAATTGACTTAGCGGCGGACGGGTGAGTAACGCGTGGGTAACCTGC
CTTACACTGGGGGATAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGGGCCG
CATGGTCTGGTGTGAAAAACTCCGGTGGTGTAAGATGGACCCGCGTCTGAT TAGGTAGTT
GGTGGGGTAACGGCCACCAAGCCGACGATCAGTAGCCGACCTGAGAGGGTGACCGGCCAC
ATTGGGGACTGAGACACGGCCCA
OTUL5

(SEQ ID NO.: 71)
GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGAAGCATTAAGACAGATTTC
TTCGGATTGAAGTCTTTGTGACTGAGCGGCGGACGGGTGAGTAACGCGTGGGTAACCTGC
CTCATACAGGGGGATAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGGGCCG
CATGGTCTGGTGTGAAAAACTCCGGTGGTGTAAGATGGACCCGCGTCTGAT TAGGTAGTT
GGTGGGGTAACGGCCCACCAAGCCGACGATCAGTAGCCGACCTGAGAGGGTGACCGGCCA
CATTGGGACTGAGACACGGCCCAA
OTU21

(SEQ ID NO.: 24)
GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGAAGCGCTAAGACAGATTTC
TTCGGATTGAAGTCTTTGTGGCTGAGCGGCGGACGGGTGAGTAACGCGTGGGTAACCTGC
CTCATACAGGGGGATAACAGT TAGAAATGACTGCTAATACCGCATAAGCGCACAGGACCG
CATGGTCTGGTGTGAAAAACTCCGGTGGTATGAGATGGACCCGCGTCTGATTAGCTAGTT
GGAGGGGTAACGGCCCACCAAGGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCCA
CATTGGGACTGAGACACGGCCCA
OTU23

(SEQ ID NO.: 72)
GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGAAGCATTTTGGAAGGAAGT

TTTCGGATGGAATTCCTTAATGACTGAGTGGCGGACGGGTGAGTAACGCGTGGGGAACCT

CCCTACTACAGGGGAGTAACAGCTGGAACGGACTGCTAATACCGCATAAGCGCACAGAAT
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-continued
CGCATGATTCGGTGTGAAAGC TCCGGCAGTATAGGATGGTCCCGCGTCTGATTAGCTGGT

TGGCGGGTAACGGCCCACCAAGGCGACGATCAGTAGCCGGCTTGAGAGAGTGGACGGCCA
CATTGGGACTGAGACACGGCCCAA
OTU38

(SEQ ID NO.: 73)
GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGAAGCGGTTTCAATGAAGTT
TTCGGATGGAAT TGAAATTGACT TAGCGGCGGACGGGTGAGTAACGCGTGGGTAACCTGC
CTCATACAGGGGGATAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGGACCG
CATGGTCTGGTGTGAAAAACTCCGGTGGTATGAGATGGACCCGCGTCTGATTAGCTAGTT
GGAGGGGTAACGGCCCACCAAGGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCCA
CATTGGGACTGAGACACGGCCCAG
OTU46

(SEQ ID NO.: 20)
GATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAACGCGAGCACTTGTGCTCGAGT
GGCGAACGGGTGAGTAATACATAAGTAACCTGCCCTAGACAGGGGGATAACTATTGGAAA
CGATAGCTAAGACCGCATAGGTACGGACACTGCATGGTGACCGTATTAAAGTGCCTCAAA
GCACTGGTAGAGGATGGACTTATGGCGCATTAGCTGGT TGGCGGGGTAACGGCCCACCAA
GGCGACGATGCGTAGCCGACCTGAGAGGGTGACCGGCCACACTGGGACTGAGACACGGCC
CAG
OTU49

(SEQ ID NO.: 74)
GATGAACGCTGGCGGCGTGCCTAACACACGCAAGACGAACGAAGCAATTAAAATGAAGTT
TTCGGATGGATTTTTGATTGACTGAGTGGCGGACGGGTGAGTAACGCGTGGATAACCTGC
CTCACACTGGGGGGATAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGTACC
GCATGGTACGTGTGAAAACTACCGGTGGTGTGAGATGGAGTCCCGCGTCTGATTAGCCAG
TTGGCGGGGTAACGGCCCACCAAAGCGACGAT CAGTAGCCGACCTGAGAGGGTGACCGGC
CACATTGGGGACTGAGACACGGGCCCAA
OTU55

(SEQ ID NO.: 29)
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGT TACACGGAGGAAGTT
TTCGGATGGAATCGGTATAACTTAGTGGCGGACGGGTGAGTAACGCGTGGGAAACCTGCC
CTGTACCGGGGGATAACACTTAGAAATAGGTGCTAATACCGCATAAGCGCACGGAACCGC
ATGGTTCCGTGTGAAAAACTACCGGTGGTACAGGATGGTCCCGCGTCTGATTAGCCAGTT
GGCAGGGTAACGGCCTACCAAAGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCCA
CATTGGGACTGAGACACAGCCCA
OTU57

(SEQ ID NO.: 75)
GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAGCGAAGCGGTTTCGATGAAGTT
TTCGGATGGATT TGAAATCGACTTAGCGGCGGACGGGTGAGTAACGCGTGGGTAACCTGC
CTTACACTGGGGGATAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGGGCCG
CATGGTCTGGTGCGAAAAACTCCGGTGGTGTAAGATGGACCCGCGTCTGAT TAGCCAGTT

GGCAGGGTAACGGCCTACCAAAGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCCA

CATTGGGACTGAGACACGGCCCAA
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0TU73

(SEQ ID NO: 26)
GATGAACGCTGGCGGCATGCCTAATACATGCAAGTCGAACGAAGTGAAGATAGCTTGCTA
TCGGAGCTTAGTGGCGAACGGGTGAGTAACACGTAGATAACCTGCCTGTATGACCGGGAT
AACAGTTGGAAACGACTGCTAATAC CGGATAGGCACAGAGGAGGCATCTCTTCTCTGTTA
AAGTTGGGATACAACGCAAACAGATGGATCTGCGATGCATTAGCTAGTTGGTGAGGTAAC
GGCCCACCAAGGCGATGATGCATAGCCGGCCTGAGAGGGCGAACGGCCACATTGGGACTG
AGACACGGCCCAA
0TUS6

(SEQ ID NO.: 35
GATGAACGCTGGCGGCETGCTTAACACATGCAAGTCGAACGAAGCAT TNTTGGAAGGAAG
TTTCGGATGGAATTCCTTAATGACTGAGTGGCGGACGEGTGAGTAACGCGTGGGGAACCT
ACCCTATACAGGGGGATAACAGC TGGAAACGGCTGC TAATACCGCATAAGCGCACAGAAT
CGCATGATTCGGTGTGAAAAGCTCCGGCAGTATAGGATGETCCCGCGTCTGATTAGCTGE
TTGGCGGETAACGGECCCACCAAGGCGACCATCAGTAGCCGGCT TGAGAGAGTGGACGGCC
ACATTGGGACTGAGACACGGCCCAA
oTU87

(SEQ ID NO.: 34)
GATGAACGCTGGCGGCETGCTTAACACATGCAAGTCGAGCGAAGCGCTTTACTTAGATTT
CTTCGGATTGAAAGTTTTGCGACTGAGCCGCCGACGGGTCGAGTAACGCGTGCETAACCTE
CCTCATACAGGGGGATAACAGTTAGAAATGAC TGCTAATACCGCATAAGACCACAGTACC
GCATGGTACAGTGGGAAAAACTCCGGTGGTATGAGATGGACCCGCGT CTGATTAGCTAGT
TGGTAAGGTAACGGCTTACCAAGGCGACGATCAGTAGCCGACC TGAGAGGGTGACCGGCC
ACATTGGGACTGAGACACGGCCCA
0TUS9

(SEQ ID NO.: 76
GATGAACGCTGGCGGCETGCTTAACACATGCAAGTCGAACGAAGCAT TTTGGAAGGAAGT
TTTCGGATGGAATCGGTATAACT TAGTGGCGCACGGGTGAGTAACGCGTGGGARACCTGC
CCTGTACCGGGGGATAACACT TAGAAATAGGTGC TAACACCGCATAAGCGCACGGAACCE
CATGGTTCTGTGTGARAAAAC TCCGGTGETACAGGATGGTCCCGCGTCTGATTAGCCAGT
TGGCGAGGGTAACGGCCTACCARAGACGACGATCAGTAGCCGGCCTGAGAGGGTGAACGE
CCACATTGGGACTGAGACACGGCCCAR
0TU92

(SEQ ID NO.: 77
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGGAGTTATGCAGAGGAAGTT
TTCGGATGGAATCGGCGTAAC TTAGTGGCGCACGGGTGAGTAACGCGTGGGARACCTGCC
CTGTACCGGGGGATAACACTTAGAAATAGGTGCTAATACCGCATAAGCGCACAGCTTCAC
ATGAGGCAGTGTGARAAACTCCGGTGGTGTAAGATCGGACCCGCGTCTGATTAGGTAGTTG
GTGGGGTAACGGCCCACCARGCCGACGATCAGTAGC CGACCTGAGAGGGTGACCGGCCAC
ATTGGGACTGAGACACGGCCCA
0TU101

(SEQ ID NO.: 78
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGAAGCAATTAAGATGAAGTT

TTCGGATGGAATCTTGATTGACTGAGTGGCGGACGGGTGAGTAACGCGTGGATAACCTGC

CTCACACTGGGGGATAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGTGCCG
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CATGGCAGTGTGTGAAAAACTCCGGTGCTGTGAGATGGATCCGCGTCTGATTAGCCAGTT
GGCGGGGTAACGGCCACCGAAAGCGACGAT CAGTAGCCGACCTGAGAGGGTGACCGGCCA
CACTGGGACTGAGACACGGCCCA
oTUL11

(SEQ ID NO.: 79
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGT TACACAGAGGAAGTT
TTCGGATGGAATCGGTATAACTTAGTGGCGGACGEGTGAGTAACGCGTGGGARACCTGCC
CTGTACCGGGGGATAACAC TTAGARATAGGTGCTAATACCGCATAAGCGCACAGCT TCAC
ATGAAGCAGTGTGAAAAACTCCGGTGGTACAGGATGGTCCCGCGTCTGATTAGCTGGTTG
GCGGGGTAACGGCCCACCAAGGCGACGATCAGTAGCCGGCTTGAGAGAGTGGACGGCCAC
ATTGGGACTGAGACACGGCCCA
0TU114

(SEQ ID NO.: 80
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAGCGAAGCGCTGTTTTCAGAATC
TTCGGAGGAAGAGGACAGTGACTGAGCGGCGGACGGGTGAGTAACGCGTGGGCAACCTGC
CTCATACAGGGGGATAACAGT TAGAAATGACTGC TAATACCGCATAAGCGCACAGGACCE
CATGGTGTAGTGTGAAAAACTCCGGTGGTATGAGATGGACCCGCGTCTGATTAGCCAGTT
GGCAGGGTAACGGCCTACCAAAGCGACGAT CAGTAGCCGGCCTGAGAGGGTGAACGGCCA
CATTGGGACTGAGACACGGCCCA
OTUL19

(SEQ ID NO.: 81
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCAATTAAGATGAAGTT
TTCGGATGGAATCTTGATTGACTGAGTGGCGGACGEGTGAGTAACGCGTGGATAACCTGC
CTCACACTGGGGGATAACAGT TAGARATGACTGC TAATACCGCATAAGCGCACAGTGCCG
CATGGCAGTGTGTGAAAAACTCCGGTGCTGTGAGATGGATCCGCGTCTGATTAGCCAGTT
GCGGGETAACGGCCCGACCAAAGCGACGGATCAGTAGC CGACCTGAGAGGGTNACCGECC
ACATTGGGACTGAGACACGGCCCA
oTU125

(SEQ ID NO.: 82)
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAGCGAAGCGCTGTTTTCAGAATC
TTCGGAGGAAGAGGACAGTGACTGAGCGECCEACGEGETGAGTAACGCGTGEGCAACCTGC
CTCATACAGEGGGATAACAGT TAGAAATGACTGC TAATACCGCATAAGCGCACAGEACCE
CATGGTGTAGTGTGAAAAACTCCGGTGGTATGAGATGGACCCGCGTCTGATTAGGTAGTT
GGTGGGTAAAGGCTACCGAAGCCGACGATCAGTAGCCGACCTGACGAGGGTGACCGGCCA
CGATTGGGACTGAGACACGGCCCAR
0TU131

(SEQ ID NO.: 83)
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCAATTAAGATGAAGTT
TTCGGATGGAATCTTGATTGACTGAGTGECGGACGEGTGAGTAACGCGTGGATAACCTGC
CTCACACTGGGGGATAACAGT TAGAAATGACTGC TAATACCGCATAAGCGCACAGTECCE
CATGGCAGTGTGTGAAAAACTCCGGTGCTGTGAGATGGATCCGCGTCTGAT TAGCCAGTT

GCGGGTAACGGCCACCGAAAGCGACGATCAGTAGCCGACCTGACGAGGGTNACCGGCACA

TTGGGACTGAGACACGGCCCAA
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0TU136

(SEQ ID NO.: 19
GATGAACGCTGGCGGCETGCCTAATACATGCAAGTCGAACGCGAGCACT TGTGCTCGAGT
GGCGAACGGGTGAGTAATACATAAGTAACCTGCCCT TTACAGGGGGATAACTATTGGARA
CGATAGCTAAGACCGCATAGGTARAGATACCGCATGGTAAGTTTATTARAAGTGCCAAGE
CACTGGTAGAGGATGGACT TATGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCARG
GCGACGATGCGTAGCCGACCTGAGAGGGTGACCEGCCACACTGEGACTGAGACACGECCC
AG
0TU137

(SEQ ID NO.: 84)
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGAAGCAATTAAGATGAAGTT
TTCGGATGGAATCTTGATTGACTGAGTGGCGCACGGGTGAGTAACGCGTGGATARCCTGC
CTCACACTGGGGGGATAACAGTTAGARATGAC TGCTAATACCGCATAAGCGCACAGTGCC
GCATGGCAGTGTGTGAAARACTCCGGTGGTGTGAGATGGATCCACGTCTGATTAGGTAGT
TGGTGGGETAACGGCCCACCAAGCCGACCATCAGTAGCCGACC TGAGAGGGTGACCGGCC
ACATTGGGACTGAGACACGGCCCAA
0TU144

(SEQ ID NO.: 85
GATGAACGCTGGCGGCETGCTTAACACATGCAAGTCGAGCGAAGCGGTTTCGATGAAGTT
TTTGGATGGAATTGARATTGACT TAGCGGCGGACGGGTGAGTAACGCGTGGGTAACCTGC
CTTACACTGGGGGATAACAGT TAGAAATGACTGCTAATACCGCATAAGCGCACAGGGCCE
CATGGTCTGGTGCGARAAACT CCGGTGETGTAAGATGGACCCGCGTCTGAT TAGGTAGTT
GGTGGGGTAACGGCCCACCGAAGCCGACGATCAGTAGC CGACCTGAGAGGGTGACCGGCA
CATTGGGACCTGAGACACGGGCCCA
OTU152

(SEQ ID NO.: 36
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGAAGTTAGACAGAGGAAGTT
TTCGGATGGAATCGGTATAAC TTAGTGGCGGACGGGTGAGTAACGCGTGGGARACCTGCC
CTGTACCGGGGGATAACACTTAGAAATAGGTGCTAATACCGCATARGCGCACGGAACCGC
ATGGGTTCTGTGTGARAACTCCGGTGGTACAGGATGGTCCCGCGTCTGATTAGCCAGTTG
GCAGGGTAACGGCCTACCARAGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCCAC
ATTGGGACTGAGACACGGCCCAA
OTU161

(SEQ ID NO.: 86
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGAAGCAT TTTAGATGAAGTT
TTCGGATGGATTCTGAGATGACTGAGTGGCGCACGGGTGAGTAACACGTGGATAACCTGC
CTCACACTGGGGGACAACAGT TAGAAATGACTGCTAATACCGCATAAGCGCACAGTACCE
CATGGTACGGTGTGAAAAACT CCGGTGGTACAGGATGGTCCCGCGTCTGATTAGCCAGTT
GGCAGGGTAACGGCCTACCARAGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCCA
CATTGGGACTGAGACACGGCCCAR
0TU163

(SEQ ID NO.: 87
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGTTACACGGAGGAAGTT

TTCGGATGGAATCGGTATAACTTAGTGGCGGACGGGTGAGTAACGCGTGGGAAACCTGCC

CTGTACCGGGGGATAACACTTAGAAATAGGTGCTAATACCGCATAAGCGCACGGAACCGC
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ATGGTTCCGTGTGAARAACTCCGGTGGTACAGGATGGTCCCGCGTCTGATTAGGTAGT TG
GTGGGETAACGGCCCACCAAGCCGACGATCAGTAGCCGACCTGAGAGGGTGACCGGCCAC
ATTGGGACTGAGACACGGCCCA
OTUL65

(SEQ ID NO.: 88
GATGAACGCTGGCGGCGTGCT TAACACATGCAAGTCGAACGGAGCACCCTTGACTGAGGT
TTCGGCCAAATGATAGGAATGCT TAGTGGCGGAC TGGTGAGTAACGCGTGAGGAACCTAC
CTTCCAGAGGGGACGAACAGT TGGAACGAC TGCTAATACCGCATGACGCATGACCGGGGC
GATCCCGGGCCGATGTCARAGAT TTTATTCGCTGGAAGATGGCCTCGCGTCTGATTAGCT
AGATGGTGGGGTAACGGCCCACCATGGCGACGAT CAGTAGCCGGACTGAGAGGTTGACCG
GCCACATTGGGACTGAGATACGGCCCA
OTU166

(SEQ ID NO.: 25
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCAATTARAATGAAGTT
TCGGATGGATTTTGATTGACTGAGTGGCGGACGGGTGAGTAACGCGTGGATAACCTGCCT
CACACTGGGGGATAACAGT TAGAAATGACTGCTAATACCGCATAAGCGCACAGTACCGCA
TGGTACGGTGTGAARAACT CCGGTGGTGTGAGATGGAT CCGCGTCTGAT TAGCCAGTTGG
CGEGGTAACGGCCCACCARAGCGACGATCAGTAGCCGACCTGAGAGGGTGACCGGCCACE
ATTGGGACTGAGACACGGCCCA
0TUL73

(SEQ ID NO.: 123)
GACGAACGCTGGCGGCGCGCCTAACACATGCAAGTCGAACGGAGT TGTGTTGAAAGCTTG
CTGGATATACAACTTAGTGGCGGACGGGTGAGTAACGCGTGGGTAACCTGCCTCATACAG
GGGGATAACAGT TAGAAATGACTGCTAATACCGCATAAGCGCACAGGATCGCATGGTCTG
GTGTGAAAAACTCCGGTGGTATGAGATGGACCCGCGTC TGATTAACTAGTTGGAGGGGTA
ACGGCCCACCAAGGCGACGAGTCAGTAGCCGGCCTGAGAGGGTGAACGGCCACGATTGGG
ACTGAGACACGGCCCAG
0TU174

(SEQ ID NO.: 27
GATGAACGCTGGCGGCGTGCT TAACACATGCAAGTCGAACGAAGCATTT TGGAAGGAAGT
TTTCGGATGGAATTCCTTAATGACTGAGTGGCGGACGGCTGAGTAACGCGTGGGGAACCT
GCCCTATACAGGGGGATAACAGC TGGAAACGECTGCTAATACCGCATAAGCGCACAGAAT
CGCATGATTCGGTGTGARAAGCT CCGGCAGTATAGGATGGTCCCGCGTCTGAT TAGCTGE
TTGGCGGGETAACGGCCCACCAAGGCGACGATCAGTAGCCGGCTTGAGAGAGTGGACGGC
CACATTGGGACTGAGACACGECCCA
oTulsl

(SEQ ID NO.: 89
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCAATT TAAAATGAAGT
TTTCGGATGGATTTTTGAT TGAC TGAGTGGCGGACGGGTGAGTAACGCGTGGATAACCTE
CCTCACGACTGGGGGATAACAGT TAGAAATGACTGCTAATACCGCATAAGCGCACAGTAC
CGCATGGTACGGTGTGARAAACT CCGGTGGTGTGAGATGGATCCGCGTCTGAT TAGCCAG

TTGCGGGGTAACGGCCCACCGAAAGCGACGAT CAGTAGCCGACCTGAGAGGGTGACCGGC

CACATTGGGGACTGAGACACGGCCCAA
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0TU182

(SEQ ID NO.: 90
GATGAACGCTGGCGGCETGCCTAATACATGCAAGTCGAACGCGAGCAGCAATGCCCGAGT
GGCGAACGGGTGAGTAATACATAAGTAACCTGCCCT TTACAGGGGGATAACTATTGGARA
CGATAGCTAAGACCGCATAGGTARAGATACCGCATGGTAAGTTTATTARAAGTGCCAAGE
CACTACGAGGGAGTAGTGATATGCGCATAGCTAGTTGGTGAGGTAACGGCTCACCAAGGC
GACGATGCGTAGCCGACCTGAGAGGGTGACCGGECCACACTGGGACTGAGACACGACCCAG
0TU189

(SEQ ID NO.: 91
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGAAGCAT TTTAGATGAAGTT
TTCGGATGGATTCTGAGATGACTGAGTGCCGCACGGGTGAGTAACACGTGGATAACCTGC
CTCACACTGGGGGACACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGCTTCAC
ATGAAGCAGTGTGAARAACTCCGGTGGTACAGCATGGTCCCGCETCTGATTAGCCAGTTG
GCAGGGTAACGGCCTACCARAGCGACGATCAGTAGC CGGCCTGAGAGGGTGAACGGCCAC
ATTGGGACTGAGACACGGCCCAG
0TU195

(SEQ ID NO.: 32)
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGAAGCAT TTTAGATGAAGTT
TTCGGATGGATTCTGAGATGACTGAGTGGCGCACGGGTGAGTAACACGTGGATAACCTGC
CTCACACTGGGGGACGAACAGTTAGAAATGAC TGCTAATACCGCATAAGCGCACAGTACC
GCATGGTACGGTGTGAAARACTCCGGTGGTGTGAGATGGATCCACGT CTGATTAGCCAGT
TGGCGGETAACGGCCCACCGARAGCGACGATCAGTAGCCGACC TGAGAGGGTGACCGGCC
ACATTGGGACTGAGACACGGCCCAA
0TU196

(SEQ ID NO.: 92)
GACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGAGCACCCCTGAATGAGGT
TTCGGCCARAGGAAGGGAATGCT TAGTGGCGGACTGGTGAGTAACGCGTGAGGAACCTEC
CTTTCAGAGGGGACAACAGTTGGAAACGACTGCTAATACCGCATGACACATGAATGGGGC
ATCCCATTGATGTCAAAGATTTATCGC TGARAGATGGCCTCGCGTCCCATTAGCTAGTAG
GCGGGGTAACGGCCCACCTAGGCGACCATGGGTAGC CGGACTGAGAGGT TGACCGGCCAC
ATTGGGACTGAGATACGGCCCA
0TU199

(SEQ ID NO.: 93)
GATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAACGCGAGCACT TGTGCTCGAGT
GGCGAACGGGTGAGTAATACATAAGTAACCTGCCCTAGACAGGGGGAGTAACTATTGGAA
CGATAGCTAAGACCGCATAGGTACGGACACTGCGTGGTGACCGTATTARAAAGTAGCCTCA
AAGACACTGGTAGAGGATGGACT TATGGCGCATTAGCTGGTTGGCGGGGTARCGGCCCAC
CCAAGGCGACGATGCGTAGCCGACCTGAGAGEGTGACCGGCCACACTGGGACTGAGACAC
GGCCCAG
0TU202

(SEQ ID NO.: 94)
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCAATT TAACGGAAGTT
TTCGGATGGAAGTTGAATTGACTGAGTGGCGCACGGGTGAGTAACGCGTGGETAACCTGC

CTTGTACTGGGGGACAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGTATCG

CATGATACAGTGTGAAAAACTCCGGTGGTACAAGATGGACCCGCGTCTGATTAGCTAGTT
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GGAGGGGTAACGGCCCACCAAGGCGACGAT CAGTAGCCGGCCTGAGAGGGTGAACGGCCA
CATTGGGACTGAGACACGGCCCAG
0TU204

(SEQ ID NO.: 95
GATGAACGCTGGCGGCGTGCT TAACACATGCAAGTCGAGCGAAGCACTAAGACGGATTTC
TTCGGATTGAAGTCTTTGTGACTGAGCGECGEACCEGTCAGTAACGCGTCEGTAACCTGC
CTCATACAGGGGGATAACAGT TAGAAATGACTGC TAATACCGCATAAGACCACAGTACCG
CATGGTACAGTGGGAAAAACTCCGGTGGTATGAGATGGACCCGCGTCTGATTAGCTAGTT
GGTAAGGTAACGGCTTACCAAGGCGACGATCAGTAGCCGACCTGAGAGGETGACCGGCCA
CATTGGGACTGAGACACGGCCCA
oTu211

(SEQ ID NO.: 96
GATGAACGCTGGCGGCGTGCT TAACACATGCAAGTCGAGCGAAGCGGTT TCGATGAAGTT
TTCGGATGGATTTGAAATCGACT TAGCGECGEACCEGTCAGTAACGCGTGEGTAACCTGC
CTTACACTGGGGGATAACAGCTGGARACGGCTGC TAATACCGCATAAGCGCACAGAATCG
CATGATTCGGTGCGARAAGCTCCGGCAGTATAGGATGGTCCCGCGTCTGATTAGCTGGTT
GGCGGEGTAACGGCCCACCAAGGCGACGATCAGTAGCCGGCTTGAGAGAGTGGACGGCCA
CATTGGGACTGAGACACGGCCCAA
0TU214

(SEQ ID NO.: 97
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCAATTAAGATGAAGTT
TTCGGATGGAATCTTGATTGACTGAGTGECGEACCEGTGAGTAACGCGTGEGTAACCTGC
CTCATACAGGGGGAGTAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGGGCT
GCATGGCCTGGTGTGAARAACTC CGGTGGTATGAGATGGACCCGCGTCTGATTAGC TAGT
TGGAGGGGTAACGGCCCACCAAGGCGACGATCAGTAGC CGGCCTGAGAGGGTGAACGECC
ACATTGGGACTGAGACACGGCCCA
oTu221

(SEQ ID NO.: 21
GATGAACGCTGGCGGCGTGCT TAACACATGCAAGTCGAACGGGGTGCTCATGACGGAGGA
TTCGTCCAACGGATTGAGT TACCCAGTGGECGGACGEGTGAGTAACGCGTGAGGAACCTGC
CTTGGAGAGEGGAATAACACTCCGARAGGAGTGC TAATACCGCATGATGCAGTTGGGTCE
CATGGCTCTGACTGCCAAAGATT TATCGCTCTGAGATGGCCTCGCGTCTGATTAGC TAGT
AGGCGGGGTAACGGCCCACCTAGGCGACGATCAGTAGCCGGACTGAGAGGTTGACCGGCC
ACATTGGGACTGAGACACGGCCCA
0TU224

(SEQ ID NO.: 98
GATGAACGCTGGCGGCGTGCT TAACACATGCAAGTCGAGCGAAGCACCTTGGCGGATTTC
TTCGGATTGAAGCCTTGGTGACTGAGCGECGGACGEGTGAGTAACGCGTGEGTAACCTGC
CCTGTACCGEGGCATAACACTTAGAAATAGGTGC TAATACCGCATAAGCGCACAGCTTCA
CATGAAGCAGTGTGAAAAACTCCGGCGGTACAGGATGGTCCCGCGTCTGATTAGCCAGTT

GACAGGGTAACGGCCTACCAAAGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCCA

CATTGGGACTGAGACACGGCCCA
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0TU225

(SEQ ID NO.: 99
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGGAAGTTATGCAGAGGAAGT
TTTCGGTATGGAATCGGCGTAACTTAGTGGCGGACGGGTGAGTAACGCGTGGGARACCTE
CCCTGTACCGGGGGAGTAACACT TAGAATAGGTGCTAATACCGCATAAGCGCACAGCTTC
ACATGAGGCAGTGTGAAAAACTCCGGTGETACAGGATGGTCCCGCGTCTGATTAGCCAGT
TGGCAGGETAACGGCCTACCARAGCGACGATCAGTAGCCGGCC TGAGAGGGTGARCGGCC
ACATTGGGACTGAGACACGGCCCA
0TU237

(SEQ ID NO.: 100
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGAAGCAATTGAAGGAAGT TT
TCGGATGGAATTCGATTGACTGAGTGGCGGACGGGTGAGTAACGCGTGGATAACCTGCCT
CACACTGGGGGATAACAGT TAGAAATGACTGC TAATACCGCATAAGCGCACAGTGCCGCA
TGGTACGGTGTGAAARACTCCGGTACTGTGACATGGATCCGCGTCTGATTAGCCAGTTGE
CGGECTAACGGCCCACCAAAGCGACGATCAGTAGCCGACC TGAGAGGGTGACCGGCCACA
TTGGGACTGAGACACGGCCCAA
0TU246

(SEQ ID NO.: 101
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGGAGTTATGCAGAGGAAGTT
TTCGGATGGAATCGGCGTAAC TTAGTGGCGGACGGGTGAGTAACGCGTGGGAAACCTGCC
CTATACAGGGGGATAACAGCTGGAAACGGCTGCTAATACCGCATAAGCGCACAGAATCGC
ATGATTCGGTGTGAARAGCTCCGGCAGTATAGGATGGTCCCGCGTCTGATTAGCTGETTG
GCGGGGTAACGGCCCACCARGGCGACGATCAGTAGC CGGCTTGAGAGAGTGGACGECCAC
ATTGGGACTGAGACACGGCCCAA
0TU253

(SEQ ID NO.: 37
GACGAACGCTGGCGGCETGCTTAACACATGCARATCGAACGGAGCACCCTTGACTGAGGT
TTCGGCCARATGATAGGAATGCT TAGTGGCGGACTGGTGAGTAACGCGTGAGGAACCTGC
CTTCCAGAGGGGGACAACAGT TGGAAACGACTGC TAATACCGCATGACGCATGACCGEGE
CATCCCGGGCATGTCARAGAT TTTATCGCTGGAAGATGGCCTCGCGT CTGATTAGCTAGA
TGGTGGGGTAACGGCCCACCATGGCGACGATCAGTAGCCGGAC TGAGAGGTTGACCGGCC
ACATTGGGACTGAGATACGGGCCCAG
0TU259

(SEQ ID NO.: 38
GATGAACGCTGGCGGCETGCTTAACACATGCAAGTCGAGCGAAGCGCTTTACTTAGATTT
CTTCGGATTGARAAGTTTTGCGACTGAGCGGCGGACGGGTGAGTAACGCGTGGGTAACCT
GCCTCATACAGGGGGATAACAGTTAGAAATGACTGC TAATACCGCATAAGACCACGGTAC
CGCATGGTACAGTGGGAAAAACTCCGGTGGTATGAGATGGACCCGCGTCTGATTAGCTAG
TTGGTAAGGTAACGGCTTACCAAGGCGACGAT CAGTAGCCGACCTGAGAGGGTGACCGGC
ACATTGGGACCTGAGACACGGCCCAA
0TU262

(SEQ ID NO.: 102)
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCAT TTTAGATGAAGTT

TTCGGATGGATTCTGAGATGACTGAGTGGCGGACGGGTGAGTAACACGTGGATAACCTGC

CTCACACTGGGGGACAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGTACCG
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CATGGTACAGTGTGAAAAACTCCGGTGCTGTGAGATGGATCCGCGTCTGATTAGCCAGTT
GGCGGEGTAACGGCCCACCAAAGCGACGAT CAGTAGCCGACCTGAGAGGCTGACCGGCCA
CATTGGGGACCTGAGACACGGCCCA
0TU268

(SEQ ID NO.: 103)
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAGCGAAGCGCTGTTTTCAGAATC
TTCGGAGGAAGAGGACAGTGACTGAGCGECGEACGEGTGAGTAACGCGTGEGCAACCTGC
CTCATACAGGGGGATAACAGT TAGAAATGACTGC TAATACCGCATAAGCGCACAGGACCG
CATGGTGTAGTGTGAAARACTCCGGTGCTATGAGATGGACCCGCGTCTGATTAGGTAGTT
GGTGGGGTAAAGGCCTACCAAGC CGACGATCAGTAGCCGACCTGAGACGGGTGACCGGCA
CATTGGGGACTGAGACACGGGCCCAR
OTU269

(SEQ ID NO.: 104)
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCATTT TAGATGAAGTT
TTCGGATGGATTCTGAGATGACTGAGTGGCGGACGGGTGAGTAACACGTGGATAACCTGC
CTCACACTGGGGGACGAACAGTTAGAAATAGACTGCTAATACCGCATAAGCGCACAGTAC
CGCATGGTACAGTGTGAAAAACTACCGGTGGTGTGAGATGGAT CCGCGCTGATTAGTCCA
GTTGGCGGGGTAACGGC CGAC CAAAGCGACGATCAGTAGCCGACC TGAGAGGGTGACCGE
CCGACAGT TGGGACTGAGACACGGCCCAR
0TU277

(SEQ ID NO.: 105)
GATGAACGCTGGCGGCGTGCT TAACACATGCAAGTCGAGCGAAGCACTAAGACGGATTTC
TTTGGATTGAAGTCTTTGTGACTGAGCGECGGACGEGTGAGTAACGCGTGEGTAACCTGC
CTCATACAGGGGGATAACAGT TAGARATGACTGC TAATACCGCATAAGCGCACAGGATCG
CATGGTCTGGTGTGGAAAAACTCCGGTGETATGAGATGGACCCGCGTCTGATTAGC TAGT
TGGAGGGGTAACGGCCCACCAAGGCGACGATCAGTAGC CGGCCTGAGAGGGTGAACGECC
ACGATTGGGACTGAGACACGGCCCAG
0TU279

(SEQ ID NO.: 106
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGT TAGACAGAGGAAGTT
TTCGGATGGAATCGGTATAACTTAGTGGCGGACGEGTGAGTAACGCGTGGGAACCTGCCC
TGTACCGGGEGAGTAACAC TTAGARATAGGTGCTAATACCGCATAAGCGCACGGAACCGC
ATGGTTCTGTGTGAAAAACTACCGGTGGTACAGGATGGTCCCGCGTCTGATTAGCCAGTT
GGCAGGGTAACGGCCTACCAAAGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCCA
CATTGGGACTGAGACACGGCCCA
0TU280

(SEQ ID NO.: 107
GATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAACGCTTTGTAAAGGAGCT TGCT
TCTTTACGAGGAGTGGCGAACGGGTGAGTAATACATAAGCAATCTGCCCATCGGCCTGEE
ATAACAGTTGGAAACGACTGC TAATACCGGATAGGT TAGT TTCTGGCATCAGGGACTAAT
TAAAGTTGGGATACAACACGGATGGATGAGCT TATGGCGTATTAGCTAGTAGGTGAGGTA

ACGGCCCACCTAGGCGATGATACGTAGCCGACCTGAGAGGGTGACCGGCCACATTGGGAC

TGAGACACGGCCCAA
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0TU281

(SEQ ID NO.: 39
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGAAGCGCTTCCGCCTGATTT
TCTTCGGAGATGAAGGCGECTGCGACTGAGTGGCGGACGEETCGAGTAACGCGTGGGCAAC
CTGCCTTGCACTGGGGGATAACAGC CAGAAATGGCTGCTAATACCGCATAAGACCGAAGE
GCCGCATGGCGCTGCGGCCARAGCCCCGGCGGTGCARGATGGGCCCGCETCTGATTAGGT
AGTTGGCGGEETAACGGCCCACCAAGCCAACGAT CAGTAGCCGACCTGAGAGGGTGACCS
GCCACATTGGGACTGAGACACGGCCCA
0TU286

(SEQ ID NO.: 108
GATGAACGCTGGCGGCETGCTTAACACATGCAAGTCGAGCGAAGCACTAAGACGGATTTC
TTCGGATTGAAGTCTTTGTGACTGAGCGECGEACGGGTGAGTAACGCGTGGGTARCCTEC
CTCATACAGGGGGATAACAGT TAGAAATGACTGCTAATACCGCATAAGCGCACAGGATCE
CATGGTCTGGTGTGARAAACT CCAGTGGTATGAGATGGACCCGCGTCTGATTAGCCAGTT
GGCAGGGTAACGGCCTACCAAAGCGACGAT CAGTAGCCGGCCTGAGAGGGTGAACGGCCA
CATTGGGACTGAGACACGGGCCCAR
0TU287

(SEQ ID NO.: 109
GACGAACGCTGGCGGCGCGCCTAACACATGCAAGTCGAACGGACACATCCGACGGAATAG
CTTGCTAGGAAGATGGATGTTGT TAGTGGCGGACGGGTGAGTAACACGTGAGCAACCTGC
CTCGGAGTGGGGGACAACAGT TGGAAACGACTGCTAATACCGCATACGGTGETCGGGGGA
CATCCCCTGGCCAAGAAAGGATTATATCCGCT CTGAGATGGGC TCGCGTCTGATTAGCTA
GTTGGCGGGTAATGGCCCGACCGAAGGCAACGAT CAGTAGCCGGACTGAGAGGTTGAACG
GCCACATTGGGACTGAGACACGGCCCCAG
0TU288

(SEQ ID NO.: 40
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGGAGTTATGCAGAGGAAGTT
TTCGGATGGAATCGGCGTAAC TTAGTGGCGGACGGGTGAGTAACGCGTGGGARACCTGCC
CTGTACCGGGGGATAACACTTAGAAATAGGTGCTAATACCGCATARGCGCACAGCTTCAC
ATGAARGCAGTGTGARRAACTCCGGTGGTACAGGATGGTCCCGCGTCTGATTAGCCAGTTG
GCAGGGTAACGGCCTACCARAGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCCAC
ATTGGGACTGAGACACGGCCCA
0TU296

(SEQ ID NO.: 23)
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGAAGCGCCTGGCCCCGACTT
CTTCGGAACGAGGAGCCTTGCGACTGAGTGGCGGACGGGTGAGTAACGCGTGGGCAACCT
GCCTTGCACTGGGGGATAACAGCCAGARATGGCTGC TAATACCGCATAAGACCGAAGCGC
CGCATGGCGCAGCGGCCARAGCCCCGGCGETGCARGATGGGCCCGCGTCTGATTAGGTAG
TTGECGGGGTAACGGCCCACCAAGCCGACGAT CAGTAGCCGACCTGAGAGGGTGACCGGC
CACATTGGGACTGAGACACGGCCCA
0TU297

(SEQ ID NO.: 110)
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCAT CTTATAGGAAGTT

TTCGGATGGAATATGGGATGACTGAGTGGCGGACGGGTGAGTAACGCGTGGATAACCTGC

CTCACACTGGGGGAGTAACAGTTAGAAATGGCTGCTAATACCCCACTAAGCGCACGGTAC
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CGCATGGTACGGTGTGARAAACCCAGGTGGTGTGAGATGGATCCGCGTCTGAT TAGCCAG
TTGGCGGEGCTAACGGCCCGACCAAACGCGACGAT CAGTAGCCGACCTGAGAGGGTGACCE
GCCGACATTGGGACTGAGACACGGCCCA
0TU303

(SEQ ID NO.: 111
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCAT TT TAGATGAAGTT
TTCGGATGGATTCTGAGATGACTGAGTGECGGACCEGTGAGTAACACGTGGATAACCTGC
CTCACACTGGGGGACAACAGT TAGAAATGACTGC TAATACCGCATAAGCGCACAGTACCG
CATGGTACAGCGTGAAARACTCCGETGCTGTGAGATGGATCCGCGTCTGATTAGCCAGTT
GGCGGGGTAACGGCCCACCAAAGCGACGAT CAGTAGCCGACCTGAGAGGGTGACCGGCAC
ATTGGGGACTGAGACCACGGGCCCAA
0TU304

(SEQ ID NO.: 112)
ATTGAACGCTGGCGGCAGGCC TAACACATGCAAGTCGAACGGTAACAGGAAGCAGCTTGC
TGCTTTGC TGACGAGTGGCGGACGGGTGAGTAATGT CTGGGARACTGCCCGATGGAGGEE
GATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGEGGACT
TTAGGGCCTCTTGCCATCGGATGTGCCCAGATGGGATTAGCTAGT AGGTGGGGTARAGGC
TCACCTAGGCGACGATCCC TAGC TGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGA
CACGGTCCAG
0TU306

(SEQ ID NO.: 33)

GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCGACT TAACGGAAGTT
TTCGGATGGAAGTTGAATTGACTGAGTGECGGACGEGETGAGTAACGCGTGEGTAACCTGC
CTTGTACTGGGGGACGAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGTATC
GCATGATACAGTGTGAAAAACTCCGGTGGTACAAGATGGACCCGCGTCTGATTAGC TAGT
TGGTAAGGTAACGGCTTACCAAGGCGACGATCAGTAGCCGACCTGAGAGGGTGACCEECC
ACATTGGGACTGAGACACGGCCCA

0TU307

(SEQ ID NO.: 113)
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCATCT TATAGGAAGTT
TTCGGATGGAATATGGGATGACTGAGTGGCGGACGGGTGAGTAACGCGTGGAGTAACCTE
CCTCACACTGGGGEATAACAGTTAGAAATGGCTGCTAATACCCCATAAGCGCACAGTACC
GCATGGTACGGTGTGAAAAACCCAGGTGGTGTGAGATGGATCCGCGTCTGATTAGCCAGT
TGGCGGGTAACGGCCGACCARAGCGACGAT CAGTAGCCGACCTGAGAGGGTGACCGGCAC
GATTGGGACCTGAGACACGGGCCCA
0TU312

(SEQ ID NO.: 114)
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGT TATATCGAGGAAGTT
TTCGGATGGAATCAGTATAACTTAGTGGCGGACGEGTGAGTAACGCGTGGGARACCTGCC
CTGTACCGGEGGATAACAC TTAGARATAGGTGCTAATACCGCATAAGCGCACAGCTTCAC
ATGAAGCAGTGTGAAAAACTCCGGTGGTATGAGATGGACCCGCGTCTGATTAGCTAGT TG

GAGGGGTAACGGCCCACCAAGGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCCAC

ATTGGGACTGAGACACGGCCCAG
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0TU313

(SEQ ID NO.: 115)
GATGAACGCTGGCGGCETGCCTAATACATGCAAGTCGAACGCGAGCAGCAATGCCCGAGT
GGCGAACGGGTGAGTAATACATAAGTAACCTGCCCT TTACAGGGGGATAACTATTGGARA
CGATAGCTAAGACCGCATAGGTARAGATACCGCATGGTAAGTTTATTAAAGTGCCAAGGC
ACTGGTAGAGGATGGACTTATGGCGCATTAGC TAGT TGGTGAGGTAACGGCTCACCAAGS
CGACGATGCGTAGCCGACC TCAGAGGGTGACCGGCCACACTGGGACTGAGACACGGCCCA
A
0TU314

(SEQ ID NO.: 31

GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAGCGAAGCGCTGTTTTCAGAATC
TTCGGAGGAAGAGGACAGTGACTGAGCGECGCACGGGTGAGTAACGCATGGGCARCCTEC
CTCATACAGGGGGATAACAGT TAGAAATGACTGCTAATACCGCATAAGCGCACAGGACCE
CATGGTGTAGTGTGARAAACT CCGGTGGTATGAGATGGACCCGCGTCTGATTAGGTAGTT
GGTGGGGTAAGGCCGTACCAAGCCGACGAT CAGTAGCCGACCTGAGAGGGTGACCGGCCA
CATTGGGGACTGAGACACGGCCCA
0TU319

(SEQ ID NO.: 116
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGAAGTTAGACAGAGGAAGTT
TTCGGATGGAATCGGTATAAC TTAGTGCCGGACGGGTGAGTAACGCGTGGGAAACCTGCC
CTGTACCGGGGGATAACACTTAGAAATGACTGCTAATACCGCATAAGCGCACAGTACCGC
ATGGTACAGTGTGAARAACTCCGGTGGTGTGAGATGGATCCGCGTCTGATTAGCCAGTTG
GCGGGGTAACGGCCCACCARAGCGACGATCAGTAGC CGACCTGAGAGGGTGACCAGCACA
TTGGGACTGAGACACGGCCCAA
0TU326

(SEQ ID NO.: 117)
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGAAGCAATTAARATGAAGTT
TTCGGATGGATTTTTGATTGACTGAGTGGCGCACGGGTGAGTAACGCGTGGATAACCTGC
CTCACACTGGGGGATAACAGT TAGAAATGACTGC TAATACCGCATAAGCGCACAGCTTCA
CATGAAGCAGTGTGAAAAACT CCGGTGGTACAGGATGGTCCCGCGTCTGATTAGCCAGTT
GGCAGGGTAACGGCCTACCAAAGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCCA
CATTGGGACTGAGACACGGCCCAA
0TU328

(SEQ ID NO.: 118
GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGAGTGC CTTAGAAAGAGGA
TTCGTCCAATTGATAAGGTTACT TAGTGGCGGACGGGTGAGTAACGCGTGAGGAACCTGC
CTCGGAGTGGGGAATAACAGACCGARAGGTCTGCTAATACCGCATGATGCAGT TGGACCE
CATGGTCCTGACTGCCARAGATTTATCGCTCTGAGATGGCCTCGCGTCTGATTAGCTTGT
TGGCGGGETAATGGCCCACCAAGGCGACGATCAGTAGCCGGAC TGAGAGGTTGGCCGGCC
ACATTGGGACTGAGACACGGCCCA
0TU333

(SEQ ID NO.: 119)
GATGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGGAGTGCTCATGACAGAGGA

TTCGTCCAATGGAGTGAGT TACTTAGTGGCGGACGGGTGAGTAACGCGTGAGTAACCTGC

CTTGGAGTGGGGAATAACAGGTGGAAACATCTGCTAATACCGCATGATGCAGTTGGGTCG
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CATGGCTCTGACTGCCAAAGATT TATCGCTCTGAGATGGACTCGCGTCTGATTAGC TGGT
TGGCGEGTAACGGCCACCAAGGCGACGATCAGTAGCCGGACTGAGAGGT TGGCCGGCCAC
ATTGGGACTGAGACACGGCCCAG
0TU334

(SEQ ID NO.: 41
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCATCCCATAGGAAGTT
TTCGGATGGAATATGGGATGACTGAGTGECGEACGEGTGAGTAACGCGTGGATAACCTGC
CTCACACTGGGGGATAACAGT TAGAAATGGCTGC TAATACCGCATAAGCGCACAGTACCG
CATGGTACGGTGTGAAARACCCAGGTGCTGTGAGATGGATCCGCGTCTGATTAGCCAGTT
GGCGGGGTAACGGCCCACCAAAGCGACGAT CAGTAGCCGACCTGAGAGGGTGACCGGCCA
CATTGGGGACTGAGACACGGCCCA
0TU337

(SEQ ID NO.: 30
GACGAACGCTGGCGGCGCGCCTAACACATGCAAGTCGAACGGAGC TTACGTTTTGAAGTT
TTCGGATGGATGAATGTAAGCTTAGTGGCGGACGGGTGAGTAACACGTGAGCAACCTGCC
TTTCAGAGGGGGATAACAGCCGGARACGGC TGCTAATACCGCATGATGT TGCGGGGGCAC
ATGCCCCTGCAACCARAGGAGCAATCCGCTGAAAGATGGGCTCGCGT CCGATTAGCCAGT
TGGCGGGEGTAACGGCCCACCARAGCGACGATCGGTAGC CGGACTGAGAGGTTGAACGECC
ACATTGGGACTGAGACACGGCCCAG
0TU339

(SEQ ID NO.: 120)
GATGAACGCTGGCGGCGTGCCTAACACATGCAAGTCGAACGAAGCAATTAAAATGAAGTT
TTCGGATGGATTTTTGATTGACTGAGTGECGGACGGGTGAGTAACGCGTGGATAACCTGC
CTCACACTGGGGATAACAGTTAGARATGACTGCTAATACCGCATAAGCGCACAGTACCGC
ATGGTACGGTGTGAAAAACTCCGGTGGTGTGAGATGGATCCGCGTCTGATTAGCCAGT TG
CGEGGTAACGGCCCGACCAAGCGACGATCAGTAGCCGACCGTGAGAGGTGACCGGCCCAC
ATTGGGACTGAGACACGGCCCAA
0TU340

(SEQ ID NO.: 121
GACGAACGCTGGCGGCGCGCCTAACACATGCAAGTCGAACGGAGT TGTGTTGAAAGCTTG
CTGGATATACAACTTAGTGGCGGACGGGTGAGTAACACGTGAGTAACCTGCCTCTCAGAG
TGGAATAACGTTTGGAAACGAACGCTAATACCGCATAACGTGAGAAGAGGGCATCCTCTT
TTTACCAAAGATTTATCGC TGAGAGATGGGCTCGCGGCCGATTAGGTAGTTGGTGAGATA
ACAGCCCACCAAGCCGACGATCGGTAGCCGGACTGAGAGGTTGATCGGCCACATTGGGAC
TGAGACACGGCCCAG
0TU353

(SEQ ID NO.: 122)
GATGAACGCTGGCGGCGTGCT TAACACATGCAAGTCGAGCGAAGCACCT TGACGGATTCT
TCGGATTGAAGCCTTGGTGACTGAGCGGCGGACGEGTGAGTAACGCGTGGGTAACCTGCC
TCATACAGGGGGGATAAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGEACT
GCATGGTCTGGTGTGAAAAACTCCGGTGGTATGAGATGGACCCGCGTCTGATTAGC TAGT

TGGAGGGGTAACGGCCCACCAAGGCGACGATCAGTAGCCGGCCTGAGAGGGTGAACGGCC

ACATTGGGACTGAGGACACGGCCCA
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0TU359

(SEQ ID NO.: 42)
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGAAGTTATATCGAGGAAGTT
TTCGGATGGAATCAGTATAAC TTAGTGGCGGACGGGTGAGTAACGCGTGGGAAACCTGCC
CTGTACCGGGGGATAACACTTAGAAATAGGTGCTAATACCGCATAAGCGCACAGCTTCAC
ATGARAGCAGTGTGARAAACT CCGGTGGTACAGGATGGTCCCGCGTCTGATTAGCCAGTT
GGCAGGGTAACGGCCTACCAAAGCGACGATCAGTAGCCGGCCTAGAGAGCGTGARCGECC
ACATTGGGACTGAGACACGGCCCG
0TU362

(SEQ ID NO.: 43)
GATGAACGCTGGCGGCETGCTTAACACATGCAAGTCGAGCGAAGCGETT TCGATGAAGTT
TTCGGATGGATTTGARATCGACT TAGCGGCGEACGGGTGAGTAACGCGTGGGTARCCTEC
CTTACACTGGGGATAACAGTTAGAAATGACTGCTAATACCGCATAAGCGCACAGGGCCGC
ATGGTCCGGTGTGARRACTCCGGTCGTGTARGATGCACCCGCATCTCATTAGGTAGTTGS
TGGGTAACGGCCCACCAAGCCGACGAT CAGTAGCCGACCTGAGAGGGTGACCGGCCACAT
TGGGACTGAGACACGGCCCAA
OTU367

(SEQ ID NO.: 44)
GATGAACGCTGGCGGCETGCCTAACACATGCAAGTCGAACGAAGT TACACAGAGGAAGTT
TTCGGATGGAATCGGTATAAC TTAGTGGCGGACGGGTGAGTAACGCGTGGGAAACCCGCC
CTGTACCGGGGGATAACACTTAGAAATAGGTGCTAATACCGCATAAGCGCACAGCTTCAC
ATGARGCAGTGTGARRACTCCGGTAGGTACAGGATGGTCCCGCGTCTGATTAGCCAGTTG

GCAGGGTAACGGCCTACCAAAGCGACGATCAGTAGCCGGCCTGAGAGGGTCAACGGCCAC

ATTGGGACTGAGACACGGCCCAA

Jul. 7,2016

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 123

<210> SEQ ID NO 1

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, Foxp3

<400> SEQUENCE: 1

ggcaatagtt ccttceccaga gtt 23
<210> SEQ ID NO 2

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer, Foxp3

<400> SEQUENCE: 2

gggtcgcata ttgtggtact tg 22
<210> SEQ ID NO 3

<211> LENGTH: 23
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer, CTLA4

<400> SEQUENCE: 3

ccttttgtag ccctgetcac tet

<210> SEQ ID NO 4

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, CTLA4

<400> SEQUENCE: 4

gggtcaccty tatggettca g

<210> SEQ ID NO 5

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, GITR

<400> SEQUENCE: 5

tcagtgcaag atctgcaage a

<210> SEQ ID NO 6

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, GITR

<400> SEQUENCE: 6

acaccggaag ccaaacaca

<210> SEQ ID NO 7

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, IL-10

<400> SEQUENCE: 7

gattttaata agctccaaga ccaaggt

<210> SEQ ID NO 8

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, IL-10

<400> SEQUENCE: 8

cttctatgca gttgatgaag atgtcaa

<210> SEQ ID NO 9

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, GAPDH

23

21

21

19

27

27
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<400> SEQUENCE: 9

cctegteceg tagacaaaat g

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, GAPDH

<400> SEQUENCE: 10

tctecacttt gecactgcaa

<210> SEQ ID NO 11

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, Mmp2

<400> SEQUENCE: 11

ggacattgte tttgatggca

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, Mmp2

<400> SEQUENCE: 12

cttgtcacgt ggtgtcactyg

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, Mmp9

<400> SEQUENCE: 13

tctetggacg tcaaatgtgyg

<210> SEQ ID NO 14

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, Mmp9

<400> SEQUENCE: 14

gctgaacage agagectte

<210> SEQ ID NO 15

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer, Mmpl3

<400> SEQUENCE: 15

aggtctggat cactccaagg

21

20

20

20

20

19

20

76



US 2016/0193257 Al

54

-continued

Jul. 7,2016

<210> SEQ ID NO 16
<211> LENGTH: 19

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer,

<400> SEQUENCE: 16

tcgectggac

cataaagaa

<210> SEQ ID NO 17
<211> LENGTH: 20

<212> TYPE

: DNA

Mmpl3

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer,

<400> SEQUENCE: 17

agaggatgceg

tgactttgtyg

<210> SEQ ID NO 18
<211> LENGTH: 20

<212> TYPE

: DNA

Idol

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer,

<400> SEQUENCE: 18

atacagcaga

ccttetggea

<210> SEQ ID NO 19
<211> LENGTH: 302

<212> TYPE

: DNA

Idol

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTUL136

<400> SEQUENCE: 19

gatgaacgcet
dggcgaacggg
cgatagctaa
cactggtaga
gcgacgatge

ag

ggcggegtge
tgagtaatac
gaccgcatag
ggatggactt

gtageegace

<210> SEQ ID NO 20
<211> LENGTH: 303

<212> TYPE

: DNA

ctaatacatg
ataagtaacc
gtaaagatac
atggcgcatt

tgagagggtyg

caagtcgaac

tgccctttac

cgeatggtaa

agctagttgg

acecggccaca

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU46

<400> SEQUENCE: 20

gatgaacgct

ggcgaacggyg

cgatagctaa

gcactggtag

ggcggegtge

tgagtaatac

gaccgcatag

aggatggact

ctaatacatg

ataagtaacc

gtacggacac

tatggcgcat

caagtcgaac

tgeectagac

tgcatggtga

tagctggttyg

gcgagecactt gtgctegagt
agggggataa ctattggaaa
gtttattaaa agtgccaagg
tgaggtaacyg gctcaccaag

ctgggactga gacacggecc

gecgagecactt gtgetegagt
agggggataa ctattggaaa
ccgtattaaa gtgcctcaaa

gcggggtaac ggcccaccaa
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ggcgacgatg cgtagccgac ctgagagggt gaccggccac actgggactg agacacggcc 300
cag 303
<210> SEQ ID NO 21
<211> LENGTH: 324
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU221
<400> SEQUENCE: 21
gatgaacgct ggcggegtge ttaacacatg caagtcgaac ggggtgctca tgacggagga 60
ttcgtccaac ggattgagtt acccagtgge ggacgggtga gtaacgegtg aggaacctge 120
cttggagagg ggaataacac tccgaaagga gtgctaatac cgcatgatgc agttgggtcg 180
catggctctg actgccaaag atttatcget ctgagatgge ctcgegtctg attagctagt 240
aggcggggta acggcccacce taggcgacga tcagtagccg gactgagagg ttgaccggec 300
acattgggac tgagacacgg ccca 324
<210> SEQ ID NO 22
<211> LENGTH: 325
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU9
<400> SEQUENCE: 22
gatgaacgct ggcggeggtyg cttaacacat gcaagtcgag cgaagcggtt tcgagtgaag 60
ttttggatgg aattgaaatt gacttagcgg cggacgggtg agtaacgcgt gggtaacctg 120
ccttacactg ggggataaca gttagaaatg actgctaata ccgcataagc gcacagggcec 180
gcatggtctg gtgcgaaaaa ctccggtggt gtaagatgga cccgcgtctg attaggtagt 240
tggtggggta acggcccacc aagccgacga tcagtageceg acctgagagg gtgaccggec 300
acattgggac tgagacacgg cccaa 325
<210> SEQ ID NO 23
<211> LENGTH: 325
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU296
<400> SEQUENCE: 23
gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagcgcctg gcecccgactt 60
cttcggaacg aggagcecttg cgactgagtg gcggacgggt gagtaacgeg tgggcaacct 120
gecttgecact gggggataac agccagaaat ggctgctaat accgcataag accgaagcegce 180
cgcatggcge agcggccaaa gccccggegg tgcaagatgg geccgegtet gattaggtag 240
ttggceggggt aacggceccac caagcecgacg atcagtagec gacctgagag ggtgaccgge 300
cacattggga ctgagacacg gccca 325

<210> SEQ ID NO 24

<211> LENGTH: 323

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: OTU21

<400> SEQUENCE: 24

gatgaacgct ggeggegtge ttaacacatg caagtcgage gaagcgctaa gacagattte
ttcggattga agtctttgtyg getgagegge ggacgggtga gtaacgegtg ggtaacctge
ctcatacagg gggataacag ttagaaatga ctgctaatac cgcataageg cacaggaccyg
catggtctgg tgtgaaaaac tccggtggta tgagatggac ccgegtctga ttagetagtt
ggaggggtaa cggcccacca aggcgacgat cagtagccegg cctgagaggg tgaacggeca
cattgggact gagacacggc cca

<210> SEQ ID NO 25

<211> LENGTH: 322

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTUl66

<400> SEQUENCE: 25

gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagcaatta aaatgaagtt
tcggatggat tttgattgac tgagtggegg acgggtgagt aacgegtgga taacctgect
cacactgggg gataacagtt agaaatgact gctaataccg cataagcgca cagtaccgca
tggtacggtg tgaaaaactc cggtggtgtg agatggatce gegtctgatt ageccagttgg
cggggtaacg gcccaccaaa gcgacgatca gtageccgacce tgagagggtg accggccacg
attgggactg agacacggcc ca

<210> SEQ ID NO 26

<211> LENGTH: 313

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU73

<400> SEQUENCE: 26

gatgaacgct ggcggeatge ctaatacatg caagtcgaac gaagtgaaga tagcttgcta
tcggagctta gtggcgaacg ggtgagtaac acgtagataa cctgectgta tgaccgggat
aacagttgga aacgactgct aataccggat aggcagagag gaggcatcte ttetetgtta
aagttgggat acaacgcaaa cagatggatc tgcggtgcat tagctagttg gtgaggtaac
ggecccaccaa ggcgatgatg catagccgge ctgagaggge gaacggccac attgggactg
agacacggcce caa

<210> SEQ ID NO 27

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU174

<400> SEQUENCE: 27

gatgaacgct ggcggegtge ttaacacatg caagtcgaac gaagcatttt ggaaggaagt

ttteggatgg aattecttaa tgactgagty geggacgggt gagtaacgeyg tggggaacct

gcectataca gggggataac agctggaaac ggctgctaat accgcataag cgcacagaat

79

60

120

180

240

300

323

60

120

180

240

300

322

60

120

180

240

300

313

60

120

180
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cgcatgattc ggtgtgaaaa geteceggcag tataggatgg tcccgegtet gattagetgg
ttggcggggt aacggcccac caaggcgacg atcagtagece ggcttgagag agtggacgge
cacattggga ctgagacacg gccca

<210> SEQ ID NO 28

<211> LENGTH: 323

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU14

<400> SEQUENCE: 28

gatgaacgct ggeggegtge ttaacacatg caagtcgage gaagceggttt caatgaagtt
ttcggatgga attgaaattg acttagegge ggacgggtga gtaacgegtg ggtaacctge
cttacactgg gggataacag ttagaaatga ctgctaatac cgcataageg cacagggccyg
catggtctgg tgtgaaaaac tccggtggtg taagatggac ccgegtctga ttaggtagtt
ggtggggtaa cggccaccaa gccgacgate agtagccgac ctgagagggt gaccggccac
attggggact gagacacggc cca

<210> SEQ ID NO 29

<211> LENGTH: 323

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTUS55

<400> SEQUENCE: 29

gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagttacac ggaggaagtt
ttcggatgga atcggtataa cttagtggeg gacgggtgag taacgcgtgg gaaacctgec
ctgtaccggg ggataacact tagaaatagg tgctaatacc gcataagcge acggaaccgce
atggttccgt gtgaaaaact accggtggta caggatggte cecgegtctga ttagecagtt
ggcagggtaa cggcctacca aagcgacgat cagtagccegg cctgagaggg tgaacggceca
cattgggact gagacacagc cca

<210> SEQ ID NO 30

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU337

<400> SEQUENCE: 30

gacgaacgct ggeggegege ctaacacatg caagtcgaac ggagcttacg ttttgaagtt
ttcggatgga tgaatgtaag cttagtggeg gacgggtgag taacacgtga gcaacctgec
tttcagaggg ggataacagc cggaaacggc tgctaatacc gcatgatgtt gegggggcac

atgcccctge aaccaaagga gcaatccgcet gaaagatggg ctcgegtceg attagccagt

tggcggggta acggcccacce aaagcgacga tcggtageeg gactgagagg ttgaacggec

acattgggac tgagacacgg cccag

<210> SEQ ID NO 31
<211> LENGTH: 324
<212> TYPE: DNA

80

240

300

325

60

120

180

240

300

323

60

120

180

240

300

323

60

120

180

240

300

325
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU314

<400> SEQUENCE: 31

gatgaacgct ggeggegtge ctaacacatg caagtcgage gaagegetgt tttcagaatce
tteggaggaa gaggacagtg actgagegge ggacgggtga gtaacgegtyg ggcaacctge
ctcatacagg gggataacag ttagaaatga ctgctaatac cgcataageg cacaggaccyg
catggtgtag tgtgaaaaac tccggtggta tgagatggac ccgegtetga ttaggtagtt
ggtggggtaa ggccgtacca agccgacgat cagtagecga cctgagaggg tgaccggeca
cattggggac tgagacacgg ccca

<210> SEQ ID NO 32

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTUL95

<400> SEQUENCE: 32

gatgaacgct ggeggegtge ctaacacatg caagtcgaac gaagcatttt agatgaagtt
ttecggatgga ttctgagatyg actgagtgge ggacgggtga dgtaacacgtyg gataacctge
ctcacactgg gggacgaaca gttagaaatg actgctaata ccgcataage gcacagtacc
gcatggtacyg gtgtgaaaaa ctceggtggt gtgagatgga tccgegtetg attagecagt
tggegggtaa cggcccaccg aaagcgacga tcagtagecg acctgagagg gtgaccggec
acattgggac tgagacacgg cccaa

<210> SEQ ID NO 33

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU306

<400> SEQUENCE: 33

gatgaacgct ggceggegtge ctaacacatg caagtcgaac gaagcgactt aacggaagtt
tteggatgga agttgaattyg actgagtgge ggacgggtga gtaacgcegtyg ggtaacctge
cttgtactgg gggacgaaca gttagaaatg actgctaata ccgcataagce gcacagtatc
gcatgataca gtgtgaaaaa ctceggtggt acaagatgga cccgegtetg attagetagt
tggtaaggta acggcttacc aaggcgacga tcagtagecg acctgagagg gtgaccggec
acattgggac tgagacacgg ccca

<210> SEQ ID NO 34

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU87

<400> SEQUENCE: 34

gatgaacgct ggeggegtge ttaacacatg caagtcgage gaagegettt acttagattt

cttcggattg aaagttttgce gactgagegg cggacgggtg agtaacgcgt gggtaacctg

81

60

120

180

240

300

324

60

120

180

240

300

325

60

120

180

240

300

324

60

120
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cctcatacag ggggataaca gttagaaatg actgctaata ccgcataaga ccacagtacc

gcatggtaca gtgggaaaaa cteceggtggt atgagatgga cccgegtcetyg attagetagt

tggtaaggta acggcttacc aaggcgacga tcagtagceg acctgagagg gtgaccggec

acattgggac tgagacacgg ccca

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 35

LENGTH: 325

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: OTUS86

FEATURE:

NAME/KEY: misc_feature

LOCATION: (49)..(49)

OTHER INFORMATION: n is a, ¢, g, or t

SEQUENCE: 35

gatgaacgct ggeggegtge ttaacacatg caagtcgaac gaageattnt tggaaggaag

tttcggatgg aattccttaa tgactgagtg gcggacgggt gagtaacgeg tggggaacct

accctataca gggggataac agctggaaac ggctgctaat accgcataag cgcacagaat

cgcatgattc ggtgtgaaaa gctccggcag tataggatgg tcccgegtet gattagetgg

ttggegggta acggeccace aaggcgacga tcagtageeg gettgagaga gtggacggec

acattgggac tgagacacgg cccaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 36
LENGTH: 323

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: OTU152

SEQUENCE: 36

gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagttagac agaggaagtt

tteggatgga atcggtataa cttagtggeyg gacgggtgag taacgegtgg gaaacctgec

ctgtaccggg ggataacact tagaaatagg tgctaatacc gcataagcge acggaaccgce

atgggttctyg tgtgaaaact ceggtggtac aggatggtec cgegtcetgat tagecagtty

gcagggtaac ggcctaccaa agcgacgatc agtagccgge ctgagagggt gaacggccac

attgggactg agacacggcce caa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 37
LENGTH: 326

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: OTU253

SEQUENCE: 37

gacgaacget ggcggegtge ttaacacatg caaatcgaac ggagcaccect tgactgaggt

ttcggccaaa tgataggaat gcttagtgge ggactggtga gtaacgegtg aggaacctge

ctteccagagg gggacaacag ttggaaacga ctgctaatac cgeatgacge atgacegggy

catcccggge atgtcaaaga ttttateget ggaagatgge ctegegtetyg attagetaga

tggtggggta acggcccacc atggcgacga tcagtagceg gactgagagg ttgaccggec

82

180

240

300

324

60

120

180

240

300

325

60

120

180

240

300

323

60

120

180

240

300
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acattgggac tgagatacgg gcccag

<210> SEQ ID NO 38

<211> LENGTH: 326

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU259

<400> SEQUENCE: 38

gatgaacgct ggeggegtge ttaacacatyg caagtcgage gaagcgcettt acttagattt
cttcggattyg aaaagttttyg cgactgageg gcggacgggt gagtaacgeg tgggtaacct
gectecataca gggggataac agttagaaat gactgctaat accgcataag accacggtac
cgcatggtac agtgggaaaa actccggtgg tatgagatgg acccgegtet gattagctag
ttggtaaggt aacggcttac caaggecgacg atcagtagee gacctgagag ggtgaccgge
acattgggac ctgagacacg gcccaa

<210> SEQ ID NO 39

<211> LENGTH: 327

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU281

<400> SEQUENCE: 39

gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagcgctte cgectgattt
tctteggaga tgaaggegge tgcgactgag tggeggacgg gtgagtaacyg cgtgggcaac
ctgccttgca ctgggggata acagccagaa atggctgcta ataccgcata agaccgaagce
geegeatgge getgeggeca aagccccegge ggtgcaagat gggcccegegt ctgattaggt
agttggcggg gtaacggcce accaagecga cgatcagtag ccgacctgag agggtgaccg
gccacattgg gactgagaca cggccca

<210> SEQ ID NO 40

<211> LENGTH: 322

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU288

<400> SEQUENCE: 40

gatgaacgct ggeggegtge ctaacacatg caagtcgaac ggagttatge agaggaagtt
ttcggatgga atcggegtaa cttagtggeg gacgggtgag taacgcegtgg gaaacctgec
ctgtaccggg ggataacact tagaaatagg tgctaatacce gcataagcge acagcttcac
atgaagcagt gtgaaaaact ceggtggtac aggatggtce cgegtctgat tagccagttg

gcagggtaac ggcctaccaa agegacgatce agtagecgge ctgagagggt gaacggecac

attgggactg agacacggcc ca

<210> SEQ ID NO 41

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: OTU334
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<400> SEQUENCE: 41
gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagcatccc ataggaagtt 60
ttcggatgga atatgggatg actgagtgge ggacgggtga gtaacgegtg gataacctge 120
ctcacactgg gggataacag ttagaaatgg ctgctaatac cgcataagcg cacagtaccg 180
catggtacgg tgtgaaaaac ccaggtggtg tgagatggat ccgcgtctga ttagccagtt 240
ggcggggtaa cggcccacca aagcgacgat cagtagccga cctgagaggg tgaccggeca 300
cattggggac tgagacacgg ccca 324
<210> SEQ ID NO 42
<211> LENGTH: 324
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU359
<400> SEQUENCE: 42
gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagttatat cgaggaagtt 60
ttcggatgga atcagtataa cttagtggcg gacgggtgag taacgcgtgg gaaacctgcec 120
ctgtaccggg ggataacact tagaaatagg tgctaatacc gcataagcgce acagcttcac 180
atgaaagcag tgtgaaaaac tccggtggta caggatggtc ccgcgtctga ttagccagtt 240
ggcagggtaa cggcctacca aagcgacgat cagtagccgg cctggagagg gtgaacggec 300
acattgggac tgagacacgg cccg 324
<210> SEQ ID NO 43
<211> LENGTH: 321
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU362
<400> SEQUENCE: 43
gatgaacgct ggcggegtge ttaacacatg caagtcgagc gaagcggttt cgatgaagtt 60
ttcggatgga tttgaaatcg acttagegge ggacgggtga gtaacgegtg ggtaacctge 120
cttacactgg ggataacagt tagaaatgac tgctaatacc gcataagcgc acagggccgce 180
atggtcceggt gtgaaaactc cggtggtgta agatggaccce gegtctgatt aggtagttgg 240
tgggtaacgg cccaccaagc cgacgatcag tagccgacct gagagggtga ccggccacat 300
tgggactgag acacggccca a 321
<210> SEQ ID NO 44
<211> LENGTH: 323
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU367
<400> SEQUENCE: 44
gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagttacac agaggaagtt 60
ttcggatgga atcggtataa cttagtggeg gacgggtgag taacgcgtgg gaaacccgcec 120
ctgtaccggg ggataacact tagaaatagg tgctaatacc gcataagcgc acagcttcac 180
atgaagcagt gtgaaaactc cggtaggtac aggatggtec cgcgtctgat tagccagttg 240

84



US 2016/0193257 Al

62

-continued

Jul. 7,2016

gcagggtaac ggcctaccaa agcgacgatc agtagccgge ctgagagggt caacggccac 300

attgggactg agacacggcce caa 323

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer, total bacteria

SEQUENCE: 45

ggtgaatacg ttcccgg 17

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 46

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer, total bacteria

SEQUENCE: 46

tacggctace ttgttacgac tt 22

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 47

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer, Clostridium cluster XIVa (Clostridium
coccoides subgroup)

SEQUENCE: 47

aaatgacggt acctgactaa 20

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 48

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer, Clostridium cluster XIVa (Clostridium
coccoides subgroup)

SEQUENCE: 48

ctttgagttt cattcttgeg aa 22

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 49

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer, Clostridium cluster IV (Clostridium
leptum)

SEQUENCE: 49

ccttecgtge cgsagtta 18

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 50

LENGTH: 26

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Primer, Clostridium cluster IV (Clostridium
leptum)

85
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<400> SEQUENCE: 50

gaattaaacc acatactcca ctgett

<210> SEQ ID NO 51

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer, Bacteroides

<400> SEQUENCE: 51

gagaggaagg tcccccac

<210> SEQ ID NO 52

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer, Bacteroides

<400> SEQUENCE: 52

cgctacttgg ctggttcag

<210> SEQ ID NO 53

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

«223> OTHER INFORMATION: Primer, Bifidobacterium

<400> SEQUENCE: 53

cgggtgagta atgcgtgacc

<210> SEQ ID NO 54

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer, Bifidobacterium

<400> SEQUENCE: 54

tgataggacg cgacccca

<210> SEQ ID NO 55

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Modified primer 8F
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (30)..(31)

<223> OTHER INFORMATION: barcode

<400> SEQUENCE: 55

ccatctcatc cctgegtgte tccgactcag agrgtttgat ymtggctcag

<210> SEQ ID NO 56

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Modified Primer 338R
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<400> SEQUENCE: 56

cctatccect gtgtgectty geagtcetcag tgctgectee cgtaggagt 49

<210> SEQ ID NO 57

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: KOD FX (TOYOBO),
8F

<400> SEQUENCE: 57

gagtttgatc mtggctcag

<210> SEQ ID NO 58

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: KOD FX (TOYOBO),
519R

<400> SEQUENCE: 58

attaccgegg ckgcetg

<210> SEQ ID NO 59

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: KOD FX (TOYOBO),
1513R

<400> SEQUENCE: 59

acggctacct tgttacgact t

<210> SEQ ID NO 60

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

16S rRNA gene-specific primer,

19

16S rRNA gene-specific primer,

16

16S rRNA gene-specific primer,

21

<223> OTHER INFORMATION: 16S rRNA gene-specific primer

<400> SEQUENCE: 60

agagtttgat cmtggctcag

<210> SEQ ID NO 61

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

<223> OTHER INFORMATION: 16S rRNA gene-specific

<400> SEQUENCE: 61

attaccgegg ckgctg

<210> SEQ ID NO 62

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

16

<223> OTHER INFORMATION: Primer, total bacteria

<400> SEQUENCE: 62

87
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ggtgaatacg ttcecegg 17

<210> SEQ ID NO 63

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer, total bacteria

<400> SEQUENCE: 63

tacggctacc ttgttacgac tt 22

<210> SEQ ID NO 64

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer, Clostridium cluster XIVa (Clostridium
coccoides subgroup)

<400> SEQUENCE: 64

aaatgacggt acctgactaa 20

<210> SEQ ID NO 65

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Clostridium cluster XIVa (Clostridium coccoides
subgroup)

<400> SEQUENCE: 65

ctttgagttt cattcttgeg aa 22

<210> SEQ ID NO 66

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer, Clostridium cluster IV (Clostridium
leptum)

<400> SEQUENCE: 66

gcacaagcag tggagt 16

<210> SEQ ID NO 67

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer, Bacteroides

<400> SEQUENCE: 67

gagaggaagg tcccccac 18
<210> SEQ ID NO 68

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer, Bacteroides

<400> SEQUENCE: 68
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cgctacttgg ctggttcag

<210> SEQ ID NO 69

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer, Clostridium cluster IV (Clostridium
leptum)

<400> SEQUENCE: 69

cttccteegt tttgtcaa

<210> SEQ ID NO 70

<211> LENGTH: 323

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU3

<400> SEQUENCE: 70

gatgaacgct ggeggegtge ttaacacatyg caagtcgage gaagcactaa gacggattte

ttcggattga agtctttgtg actgagegge ggacggtgag taacgcegtgg gtaacctgec

tcatacaggg ggataacagt tagaaatgac tgctaatacc gcataagcgc acaggaccgce

atggtctggt gtgaaaaact ccggtggtat gagatggacc cgegtctgat tagctagttg

gagggtaacg gcccaccgaa ggcgacgatce agtagccgge ctgagagggt gaacggccac

attgggactg agacacggcc cag

<210> SEQ ID NO 71

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU1l5

<400> SEQUENCE: 71

gatgaacgct ggcggegtge ttaacacatg caagtcgagce gaagcattaa gacagattte

ttcggattga agtetttgtg actgagegge ggacgggtga gtaacgegtyg ggtaacctge

ctcatacagg gggataacag ttagaaatga ctgctaatac cgcataagcg cacagggccg

catggtctgg tgtgaaaaac tcecggtggtg taagatggac ccgegtctga ttaggtagtt

ggtggggtaa cggcccacca agccgacgat cagtagccga cctgagaggg tgaccggeca

cattgggact gagacacggc ccaa

<210> SEQ ID NO 72

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU23

<400> SEQUENCE: 72

gatgaacgct ggeggegtge ttaacacatyg caagtcgaac gaagcatttt ggaaggaagt

tttcggatgg aattccttaa tgactgagtg gecggacgggt gagtaacgeg tggggaacct

cecctactaca ggggagtaac agetggaacg gactgcetaat accgcataag cgcacagaat

cgcatgattc ggtgtgaaag ctccggcagt ataggatggt cccgegtctg attagetggt

89

19

18

60
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180

240

300
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60
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180

240

300

324

60
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180

240
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tggcgggtaa cggcccacca aggcgacgat cagtageegg cttgagagag tggacggceca
cattgggact gagacacggc ccaa

<210> SEQ ID NO 73

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU38

<400> SEQUENCE: 73

gatgaacgct ggeggegtge ttaacacatg caagtcgage gaageggttt caatgaagtt
tteggatgga attgaaattyg acttagegge ggacgggtga gtaacgegtyg ggtaacctyge
ctcatacagg gggataacag ttagaaatga ctgctaatac cgcataageg cacaggaccyg
catggtctgg tgtgaaaaac tccggtggta tgagatggac cegegtetga ttagetagtt
ggaggggtaa cggcccacca aggcgacgat cagtagecegg cctgagaggg tgaacggeca

cattgggact gagacacggc ccag

<210> SEQ ID NO 74

<211> LENGTH: 328

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU49

<400> SEQUENCE: 74

gatgaacgct ggeggegtge ctaacacacg caagacgaac gaagcaatta aaatgaagtt
ttecggatgga tttttgattyg actgagtgge ggacgggtga dgtaacgcegtyg gataacctge
ctcacactgg ggggataaca gttagaaatg actgctaata ccgcataage gcacagtacc
gcatggtacg tgtgaaaact accggtggtg tgagatggag tcccgegtet gattagecag
ttggeggggt aacggeccac caaagegacg atcagtagec gacctgagag ggtgaccgge
cacattgggg actgagacac gggcccaa

<210> SEQ ID NO 75

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTUS57

<400> SEQUENCE: 75

gatgaacgct ggeggegtge ttaacacatg caagtcgage gaageggttt cgatgaagtt
tteggatgga tttgaaatcg acttagegge ggacgggtga gtaacgegtyg ggtaacctge
cttacactgg gggataacag ttagaaatga ctgctaatac cgcataageg cacagggcecyg
catggtctgg tgcgaaaaac tccggtggtyg taagatggac ccgegtctga ttagecagtt

ggcagggtaa cggcctacca aagcgacgat cagtagccgg cctgagaggg tgaacggcca

cattgggact gagacacggc ccaa
<210> SEQ ID NO 76
<211> LENGTH: 327

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

20

300

324

60
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180
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300

324
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300
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<220> FEATURE:
<223> OTHER INFORMATION: OTU89

<400> SEQUENCE: 76

gatgaacgct ggcggegtge ttaacacatyg caagtcgaac gaagcatttt ggaaggaagt
tttcggatgg aatcggtata acttagtgge ggacgggtga gtaacgegtg ggaaacctge
cctgtaccgg gggataacac ttagaaatag gtgctaacac cgcataageg cacggaaccyg
catggttctg tgtgaaaaaa ctceggtggt acaggatggt ccegegtcetg attagcecagt
tggcgagggt aacggcctac caaagacgac gatcagtage cggcctgaga gggtgaacgg
ccacattggg actgagacac ggcccaa

<210> SEQ ID NO 77

<211> LENGTH: 322

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU92

<400> SEQUENCE: 77

gatgaacgct ggcggegtge ctaacacatg caagtcgaac ggagttatge agaggaagtt
ttcggatgga atcggegtaa cttagtggeg gacgggtgag taacgcgtgg gaaacctgec
ctgtaccggg ggataacact tagaaatagg tgctaatacc gcataagcge acagcttcac
atgaggcagt gtgaaaaact ceggtggtgt aagatggacce cgegtctgat taggtagttg
gtggggtaac ggcccaccaa gccgacgatce agtagccgac ctgagagggt gaccggcecac
attgggactg agacacggcc ca

<210> SEQ ID NO 78

<211> LENGTH: 323

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU1l01

<400> SEQUENCE: 78

gatgaacgct ggeggegtge ctaacacatyg caagtcgaac gaagcaatta agatgaagtt
ttcggatgga atcttgattg actgagtgge ggacgggtga gtaacgegtg gataacctge
ctcacactgg gggataacag ttagaaatga ctgctaatac cgcataageg cacagtgccg
catggcagtg tgtgaaaaac tccggtggtg tgagatggat ccgegtctga ttagccagtt
ggeggggtaa cggccaccga aagcgacgat cagtagccga cctgagaggg tgaccggeca
cactgggact gagacacggc cca

<210> SEQ ID NO 79

<211> LENGTH: 322

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU1l1l1l

<400> SEQUENCE: 79

gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagttacac agaggaagtt

ttecggatgga atcggtataa cttagtggeg gacgggtgag taacgcegtgg gaaacctgec

ctgtaccggg ggataacact tagaaatagg tgctaatacc gcataagcgce acagcttcac

91

60

120

180

240

300

327

60

120

180

240

300

322

60
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180

240

300

323

60
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180
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atgaagcagt gtgaaaaact cecggtggtac aggatggtec cgegtctgat tagetggttyg

gcggggtaac ggcccaccaa ggcgacgatce agtagccgge ttgagagagt ggacggccac

attgggactg agacacggcc ca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 80
LENGTH: 323

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: OTU114

SEQUENCE: 80

gatgaacgct ggcggegtge ctaacacatg caagtcgage gaagcgctgt tttcagaatce

ttcggaggaa gaggacagtg actgageggce ggacgggtga gtaacgegtg ggcaacctge

ctcatacagg gggataacag ttagaaatga ctgctaatac cgcataagcg cacaggaccg

catggtgtag tgtgaaaaac tccggtggta tgagatggac ccgegtetga ttagecagtt

ggcagggtaa cggcectacca aagcgacgat cagtagccgg cctgagaggg tgaacggceca

cattgggact gagacacgge cca

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 81

LENGTH: 324

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: OTU119

FEATURE:

NAME/KEY: misc_feature

LOCATION: (293)..(293)

OTHER INFORMATION: n is a, ¢, g, or t

SEQUENCE: 81

gatgaacget ggcggegtge ctaacacatg caagtcgaac gaagcaatta agatgaagtt

ttcggatgga atcttgattg actgagtgge ggacgggtga gtaacgegtg gataacctge

ctcacactgg gggataacag ttagaaatga ctgctaatac cgecataageg cacagtgecyg

catggcagtg tgtgaaaaac tccggtggtg tgagatggat ccgegtctga ttagccagtt

geggggtaac ggcccgacca aagegacgga tcagtageeg acctgagagg gtnaccggece

acattgggac tgagacacgg ccca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 82
LENGTH: 325

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: OTUl25

SEQUENCE: 82

gatgaacgct ggeggegtge ctaacacatg caagtcgage gaagegetgt tttcagaate

ttcggaggaa gaggacagtg actgagegge ggacgggtga gtaacgegtg ggcaacctge

ctcatacagg gggataacag ttagaaatga ctgctaatac cgcataagcg cacaggaccg

catggtgtag tgtgaaaaac tccggtggta tgagatggac cegegtctga ttaggtagtt

ggtgggtaaa ggctaccgaa gccgacgate agtagecgac ctgacgaggg tgaccggeca

cgattgggac tgagacacgg cccaa

92

240

300

322

60
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180

240

300

323
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120
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<210> SEQ ID NO 83

<211> LENGTH: 322

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU131

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (291)..(291)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 83

gatgaacgct ggeggegtge ctaacacatg caagtcgaac
tteggatgga atcttgattyg actgagtgge ggacgggtga
ctcacactgg gggataacag ttagaaatga ctgctaatac
catggcagtyg tgtgaaaaac tccggtggtyg tgagatggat
gegggtaacyg gecaccgaaa gcgacgatca gtagecgace
ttgggactga gacacggcce aa

<210> SEQ ID NO 84

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTUL137

<400> SEQUENCE: 84

gatgaacgct ggeggegtge ctaacacatg caagtcgaac
ttcggatgga atcttgattyg actgagtgge ggacgggtga
ctcacactgg ggggataaca gttagaaatg actgctaata
gcatggcagt gtgtgaaaaa ctceggtggt gtgagatgga
tggtggggta acggeccace aagccgacga tcagtagecyg
acattgggac tgagacacgg cccaa

<210> SEQ ID NO 85

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTUl144

<400> SEQUENCE: 85

gatgaacgct ggceggegtge ttaacacatg caagtcgage
tttggatgga attgaaattg acttagegge ggacgggtga
cttacactgg gggataacag ttagaaatga ctgctaatac
catggtctgg tgcgaaaaac tccggtggtg taagatggac

ggtggggtaa cggcccaccg aagccgacga tcagtagccg

cattgggacc tgagacacgg gccca

<210> SEQ ID NO 86

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

gaagcaatta
gtaacgegtyg
cgcataagcg
ccgegtetga

tgacgagggt

gaagcaatta
gtaacgegty
ccgeataage
tcegegtetyg

acctgagagg

gaageggttt

gtaacgcgtyg

cgeataageyg

cegegtetga

acctgagagg

agatgaagtt
gataacctgce
cacagtgccyg
ttagccagtt

naccggcaca

agatgaagtt
gataacctgce
gcacagtgee
attaggtagt

gtgaccggec

cgatgaagtt

ggtaacctgce

cacagggccy

ttaggtagtt

gtgaccggca

23

60
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240

300
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60
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<220> FEATURE:
<223> OTHER INFORMATION: OTUlé61l

<400> SEQUENCE: 86

gatgaacgct ggecggegtge ctaacacatyg caagtcgaac gaagcatttt agatgaagtt
ttcggatgga ttctgagatg actgagtgge ggacgggtga gtaacacgtg gataacctge
ctcacactgg gggacaacag ttagaaatga ctgctaatac cgcataageyg cacagtaccyg
catggtacgg tgtgaaaaac tccggtggta caggatggte ccgegtctga ttagecagtt
ggcagggtaa cggcctacca aagcgacgat cagtagcegg cctgagaggg tgaacggeca
cattgggact gagacacggc ccaa

<210> SEQ ID NO 87

<211> LENGTH: 322

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU1l63

<400> SEQUENCE: 87

gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagttacac ggaggaagtt
ttcggatgga atcggtataa cttagtggeg gacgggtgag taacgcgtgg gaaacctgec
ctgtaccggg ggataacact tagaaatagg tgctaatacc gcataagcge acggaaccgce
atggttccgt gtgaaaaact ceggtggtac aggatggtee cgegtctgat taggtagttyg
gtggggtaac ggcccaccaa gccgacgatce agtagccgac ctgagagggt gaccggcecac
attgggactg agacacggcc ca

<210> SEQ ID NO 88

<211> LENGTH: 327

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTUl65

<400> SEQUENCE: 88

gatgaacgct ggeggegtge ttaacacatyg caagtcgaac ggagcaccct tgactgaggt
ttcggccaaa tgataggaat gettagtgge ggactggtga gtaacgegtg aggaacctac
cttccagagg ggacgaacag ttggaacgac tgctaatace gcatgacgca tgaccggggce
gatcceggge cgatgtcaaa gattttattce gectggaagat ggcctcegegt ctgattaget
agatggtggg gtaacggccce accatggega cgatcagtag ccggactgag aggttgaccg
gccacattgg gactgagata cggccca

<210> SEQ ID NO 89

<211> LENGTH: 327

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU181

<400> SEQUENCE: 89

gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagcaattt aaaatgaagt

ttteggatgg atttttgatt gactgagtgg cggacgggtyg agtaacgegt ggataaccty

cctcacgact gggggataac agttagaaat gactgctaat accgcataag cgcacagtac

94

60

120

180

240

300

324

60

120

180

240

300

322

60
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180

240

300

327

60

120

180
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cgcatggtac ggtgtgaaaa actccggtgg tgtgagatgg atccgegtet gattagecag
ttgcggggta acggeccacce gaaagcgacg atcagtagece gacctgagag ggtgaccgge
cacattgggg actgagacac ggcccaa

<210> SEQ ID NO 90

<211> LENGTH: 300

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU182

<400> SEQUENCE: 90

gatgaacgct ggeggegtge ctaatacatg caagtegaac gegggeagca atgcccgagt
ggcgaacggg tgagtaatac ataagtaacc tgccctttac agggggataa ctattggaaa
cgatagctaa gaccgcatag gtaaagatac cgcatggtaa gtttattaaa agtgecaagy
cactacgagg gagtagtgat atgcgcatag ctagttggtg aggtaacgge tcaccaaggce
gacgatgegt agecgacctg agagggtgac cggecacact gggactgaga cacggeccag
<210> SEQ ID NO 91

<211> LENGTH: 323

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU189

<400> SEQUENCE: 91

gatgaacgct ggeggegtge ctaacacatg caagtegaac gaageatttt agatgaagtt
tteggatgga ttctgagatyg actgagtgge ggacgggtga dgtaacacgtyg gataacctge
ctcacactgg gggacacagt tagaaatgac tgctaatacc gcataagcge acagettcac
atgaagcagt gtgaaaaact ccggtggtac aggatggtcee cgegtctgat tagecagttyg
gecagggtaac ggcctaccaa agegacgatce agtagecgge ctgagagggt gaacggecac
attgggactg agacacggcce cag

<210> SEQ ID NO 92

<211> LENGTH: 322

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTUl96

<400> SEQUENCE: 92

gacgaacgct ggeggegtge ttaacacatg caagtcgaac ggagcacccce tgaatgaggt
tteggccaaa ggaagggaat gettagtgge ggactggtga gtaacgegtyg aggaacctge
ctttcagagg ggacaacagt tggaaacgac tgctaatacc gcatgacaca tgaatggggc

atcccattga tgtcaaagat ttatcgetga aagatggect cgegtcccat tagetagtag

gcggggtaac ggeccaccta ggcgacgatg ggtagccgga ctgagaggtt gaccggccac
attgggactg agatacggcc ca

<210> SEQ ID NO 93

<211> LENGTH: 307

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

95
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60
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<220> FEATURE:
<223> OTHER INFORMATION: OTU199

<400> SEQUENCE: 93

gatgaacgct ggcggegtge ctaatacatg caagtcgaac gcgagcactt gtgctcegagt
ggcgaacggg tgagtaatac ataagtaacc tgccctagac agggggagta actattggaa
cgatagctaa gaccgcatag gtacggacac tgegtggtga ccgtattaaa agtagcctca
aagacactgg tagaggatgg acttatggcg cattagetgg ttggecggggt aacggcccac
ccaaggcgac gatgcgtage cgacctgaga gggtgaccgg ccacactggg actgagacac

ggcccag

<210> SEQ ID NO 94

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU202

<400> SEQUENCE: 94

gatgaacgct ggeggegtge ctaacacatg caagtcgaac gaagcaattt aacggaagtt
tteggatgga agttgaattyg actgagtgge ggacgggtga gtaacgegtyg ggtaacctge
cttgtactgg gggacaacag ttagaaatga ctgctaatac cgcataageg cacagtatcyg
catgatacag tgtgaaaaac tccggtggta caagatggac cegegtetga ttagetagtt

ggaggggtaa cggcccacca aggcgacgat cagtagecgg cctgagaggg tgaacggcca

cattgggact gagacacggc ccag

<210> SEQ ID NO 95

<211> LENGTH: 323

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU204

<400> SEQUENCE: 95

gatgaacgct ggcggcgtge ttaacacatg caagtcgagc gaagcactaa gacggatttce
ttcggattga agtctttgtyg actgagegge ggacgggtga gtaacgegtg ggtaacctge
ctcatacagg gggataacag ttagaaatga ctgctaatac cgcataagac cacagtaccg
catggtacag tgggaaaaac tccggtggta tgagatggac ccgegtctga ttagetagtt
ggtaaggtaa cggcttacca aggcgacgat cagtagccga cctgagaggg tgaccggcca
cattgggact gagacacggc cca

<210> SEQ ID NO 96

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU211

<400> SEQUENCE: 96

gatgaacgct ggcggegtge ttaacacatg caagtcgage gaagceggttt cgatgaagtt

ttecggatgga tttgaaatceg acttagegge ggacgggtga gtaacgegtyg ggtaacctge

cttacactgg gggataacag ctggaaacgg ctgctaatac cgcataagcg cacagaatcg

96

60

120

180

240

300

307

60
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180

240

300

324

60
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240

300
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180
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catgattcgg tgcgaaaage tccggcagta taggatggte cegegtetga ttagetggtt

ggcggggtaa cggcccacca aggcegacgat cagtagecegg cttgagagag tggacggeca
cattgggact gagacacggce ccaa

<210> SEQ ID NO 97

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU214

<400> SEQUENCE: 97

gatgaacgct ggeggegtge ctaacacatg caagtegaac gaagcaatta agatgaagtt
tteggatgga atcttgattyg actgagtgge ggacgggtga gtaacgegtyg ggtaacctge
ctcatacagg gggagtaaca gttagaaatg actgctaata ccgcataage gcacaggget
gcatggectyg gtgtgaaaaa cteeggtggt atgagatgga cccgegtetg attagetagt
tggaggggta acggeccace aaggcgacga tcagtageeg gectgagagg gtgaacggec
acattgggac tgagacacgg ccca

<210> SEQ ID NO 98

<211> LENGTH: 323

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

«223> OTHER INFORMATION: OTU224

<400> SEQUENCE: 98

gatgaacgct ggeggegtge ttaacacatg caagtcgage gaagcacctt ggeggattte
tteggattga agecttggtyg actgagegge ggacgggtga gtaacgegtyg ggtaacctyge
cctgtaccgg gggataacac ttagaaatag gtgctaatac cgcataageg cacagcettca
catgaagcag tgtgaaaaac tccggeggta caggatggte cegegtetga ttagecagtt
gacagggtaa cggcctacca aagcgacgat cagtagecegg cctgagaggg tgaacggceca
cattgggact gagacacggce cca

<210> SEQ ID NO 99

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU225

<400> SEQUENCE: 99

gatgaacgct ggeggegtge ctaacacatg caagtegaac ggaagttatg cagaggaagt
ttteggtatg gaatcggegt aacttagtgg cggacgggtg agtaacgcgt gggaaacctyg
ccetgtaceg ggggagtaac acttagaata ggtgctaata ccgcataage gcacagettce
acatgaggca gtgtgaaaaa ctccggtggt acaggatggt ccegegtctg attagecagt

tggcagggta acggcctacc aaagcgacga tcagtagceg gectgagagg gtgaacggec

acattgggac tgagacacgg ccca

<210> SEQ ID NO 100
<211> LENGTH: 322

97

240

300

324

60

120

180

240

300

324

60

120

180

240

300

323

60

120

180

240

300

324
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU237

<400> SEQUENCE: 100

gatgaacgct ggeggegtge ctaacacatg caagtcgaac gaagcaattg aaggaagttt
tcggatggaa ttcgattgac tgagtggegyg acgggtgagt aacgegtgga taacctgect
cacactgggg gataacagtt agaaatgact gctaataccg cataagcgca cagtgecgea
tggtacggtyg tgaaaaactc cggtggtgtyg agatggatec gegtetgatt agecagttygy
cggggtaacg gcccaccaaa gcgacgatca gtagecgace tgagagggtyg accggcecaca
ttgggactga gacacggcce aa

<210> SEQ ID NO 101

<211> LENGTH: 323

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU246

<400> SEQUENCE: 101

gatgaacgct ggeggegtge ctaacacatg caagtegaac ggagttatge agaggaagtt
tteggatgga atcggegtaa cttagtggeyg gacgggtgag taacgegtgg gaaacctgec
ctatacaggg ggataacage tggaaacggce tgctaatacce gcataagcge acagaatcge
atgattcggt gtgaaaagct ccggcagtat aggatggtcece cgegtctgat tagetggttyg
geggggtaac ggcccaccaa ggegacgate agtagecgge ttgagagagt ggacggecac
attgggactg agacacggcc caa

<210> SEQ ID NO 102

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: OTU262

<400> SEQUENCE: 102

gatgaacgct ggeggegtge ctaacacatg caagtcgaac gaagcatttt agatgaagtt
tteggatgga ttctgagatg actgagtgge ggacgggtga gtaacacgtg gataacctge
ctcacactgg gggacaacag ttagaaatga ctgctaatac cgcataageg cacagtaccyg
catggtacag tgtgaaaaac tccggtggtg tgagatggat cegegtetga ttagecagtt
ggcggggtaa cggcccacca aagcgacgat cagtagecga cctgagaggg tgaccggeca

cattggggac ctgagacacg gccca

<210> SEQ ID NO 103

<211> LENGTH: 326

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: OTU268
<400> SEQUENCE: 103

gatgaacget ggcggegtge ctaacacatg caagtcgage gaagegetgt tttcagaatce

ttcggaggaa gaggacagtg actgagegge ggacgggtga gtaacgegtg ggcaacctge

28

60

120

180

240

300

322

60

120

180

240

300

323

60

120

180

240

300

325

60

120
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ctcatacagg gggataacag ttagaaatga ctgctaatac cgecataageg cacaggaccy

catggtgtag tgtgaaaaac tccggtggta tgagatggac ccgegtctga ttaggtagtt

ggtggggtaa aggcctacca agccgacgat cagtagccga cctgagacgg gtgaccggca

cattggggac tgagacacgg gcccaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 104
LENGTH: 329

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: OTU269

SEQUENCE: 104

gatgaacgct ggcggegtge ctaacacatg caagtcgaac

ttcggatgga ttctgagatg actgagtgge ggacgggtga

ctcacactgg gggacgaaca gttagaaata gactgctaat

cgcatggtac agtgtgaaaa actaccggtg gtgtgagatg

gttggegggyg taacggecga ccaaagcegac gatcagtage

ccgacagttg ggactgagac acggcccaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 105

LENGTH: 326

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: OTU277

SEQUENCE: 105

gatgaacgct ggcggegtge ttaacacatg caagtcgage

tttggattga agtctttgtg actgagegge ggacgggtga

ctcatacagg gggataacag ttagaaatga ctgctaatac

catggtctgg tgtggaaaaa ctceggtggt atgagatgga

tggaggggta acggcccacc aaggcgacga tcagtageeg

acgattggga ctgagacacyg gecccag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 106

LENGTH: 323

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: OTU279

SEQUENCE: 106

gatgaacgct ggeggegtge ctaacacatg caagtcgaac

tteggatgga atcggtataa cttagtggeyg gacgggtgag

tgtaccgggg gagtaacact tagaaatagg tgctaatacc

atggttctgt gtgaaaaact accggtggta caggatggte

ggcagggtaa cggcctacca aagegacgat cagtagcecgg

cattgggact gagacacgge cca

gaagcatttt
gtaacacgty
accgcataag
gatcegeget

cgacctgaga

gaagcactaa
gtaacgegty
cgcataageg
cecegegtetyg

gectgagagyg

gaagttagac

taacgcgtygyg

gcataagcgce

ccgegtetga

cctgagaggy

agatgaagtt
gataacctge
cgcacagtac

gattagtcca

gggtgaccgyg

gacggattte
ggtaacctgce
cacaggatcyg
attagctagt

gtgaacggcc

agaggaagtt

gaacctgece

acggaaccgce

ttagccagtt

tgaacggcca

29

180

240

300

326

60

120

180

240

300

329

60

120

180

240

300

326

60

120

180

240

300

323
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 107

LENGTH: 315

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: OTU280

SEQUENCE: 107

gatgaacgct ggcggegtge ctaatacatg caagtcgaac

tctttacgag gagtggcgaa cgggtgagta atacataage

ataacagttg gaaacgactg ctaataccgg ataggttagt

taaagttggg atacaacacg gatggatgag cttatggcgt

acggcccace taggcgatga tacgtagceg acctgagagg

tgagacacgg cccaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 108

LENGTH: 325

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: OTU286

SEQUENCE: 108

gatgaacget ggcggegtge ttaacacatg caagtcgage

ttcggattga agtctttgtg actgagegge ggacgggtga

ctcatacagyg gggataacag ttagaaatga ctgctaatac

catggtctgg tgtgaaaaac tccggtggta tgagatggac

ggcagggtaa cggcctacca aagcgacgat cagtagecgg

cattgggact gagacacggg cccaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 109

LENGTH: 329

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: OTU287

SEQUENCE: 109

gacgaacgct ggcggegege ctaacacatg caagtcgaac

cttgctagga agatggatgt tgttagtgge ggacgggtga

ctcggagtgg gggacaacag ttggaaacga ctgctaatac

catccecctgg ccaagaaagyg attatatccg ctetgagatyg

gttggegggt aatggcccga ccgaaggcaa cgatcagtag

gccacattgyg gactgagaca cggecccag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 110

LENGTH: 328

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: OTU297

SEQUENCE: 110

gctttgtaaa ggagcttgcet
aatctgceca teggectggg
ttectggcate agggactaat
attagctagt aggtgaggta

gtgaccggece acattgggac

gaagcactaa gacggattte
gtaacgegtyg ggtaacctge
cgcataageg cacaggatcyg
ccgegtetga ttagecagtt

cctgagaggg tgaacggcca

ggacacatce gacggaatag
gtaacacgtg agcaacctge
cgcatacggt ggteggggga
ggctegegte tgattageta

ccggactgag aggttgaacg

gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagcatctt ataggaagtt

100

60

120

180

240

300

315

60

120

180

240

300

325

60

120

180

240

300

329

60
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ttcggatgga atatgggatg actgagtggc ggacgggtga gtaacgcgtg gataacctgce 120
ctcacactgg gggagtaaca gttagaaatg gctgctaata ccccactaag cgcacggtac 180
cgcatggtac ggtgtgaaaa acccaggtgg tgtgagatgg atccgegtet gattagccag 240
ttggcggggt aacggcccga ccaaacgcga cgatcagtag ccgacctgag agggtgaccg 300
gccgacattg ggactgagac acggccca 328
<210> SEQ ID NO 111
<211> LENGTH: 326
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU303
<400> SEQUENCE: 111
gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagcatttt agatgaagtt 60
ttcggatgga ttctgagatg actgagtggce ggacgggtga gtaacacgtg gataacctgce 120
ctcacactgg gggacaacag ttagaaatga ctgctaatac cgcataagcg cacagtaccg 180
catggtacag cgtgaaaaac tccggtggtg tgagatggat ccgcgtcectga ttagccagtt 240
ggeggggtaa cggeccacca aagcgacgat cagtagccga cctgagaggg tgaccggcac 300
attggggact gagaccacgg gcccaa 326
<210> SEQ ID NO 112
<211> LENGTH: 310
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU304
<400> SEQUENCE: 112
attgaacgct ggcggcaggc ctaacacatg caagtcgaac ggtaacagga agcagcttgce 60

tgctttgetg acgagtggeg gacgggtgag taatgtctgg gaaactgcce gatggagggg 120

gataactact ggaaacggta gctaataccyg cataacgtcg caagaccaaa gagggggacc 180
ttagggcctc ttgccatcgg atgtgeccag atgggattag ctagtaggtg gggtaaagge 240
tcacctaggc gacgatccct agctggtctg agaggatgac cagccacact ggaactgaga 300
cacggtccag 310

<210> SEQ ID NO 113

<211> LENGTH: 325

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: OTU307

<400> SEQUENCE: 113
gatgaacgct ggeggegtge ctaacacatg caagtcgaac gaagcatctt ataggaagtt 60

ttcggatgga atatgggatg actgagtggce ggacgggtga gtaacgcgtg gagtaacctg 120

cctcacactg ggggataaca gttagaaatg gctgctaata ccccataage gcacagtacc 180
gcatggtacg gtgtgaaaaa cccaggtggt gtgagatgga tccgcgtctg attagccagt 240
tggcgggtaa cggccgacca aagcgacgat cagtagecga cctgagaggg tgaccggcac 300
gattgggacc tgagacacgg gccca 325
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<210> SEQ ID NO 114
<211> LENGTH: 323
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU312
<400> SEQUENCE: 114
gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagttatat cgaggaagtt 60
ttcggatgga atcagtataa cttagtggeg gacgggtgag taacgcgtgg gaaacctgec 120
ctgtaccggg ggataacact tagaaatagg tgctaatacc gcataagcgce acagcttcac 180
atgaagcagt gtgaaaaact ccggtggtat gagatggacc cgegtctgat tagctagttg 240
gaggggtaac ggcccaccaa ggcgacgatc agtagccgge ctgagagggt gaacggccac 300
attgggactg agacacggcc cag 323
<210> SEQ ID NO 115
<211> LENGTH: 301
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU313
<400> SEQUENCE: 115
gatgaacgct ggcggegtge ctaatacatg caagtcgaac gegggcagca atgcccgagt 60
ggcgaacggg tgagtaatac ataagtaacc tgccctttac agggggataa ctattggaaa 120
cgatagctaa gaccgcatag gtaaagatac cgcatggtaa gtttattaaa gtgccaaggce 180
actggtagag gatggactta tggcgcatta gctagttggt gaggtaacgg ctcaccaagg 240
cgacgatgcg tagccgacct gagagggtga ccggccacac tgggactgag acacggccca 300
a 301
<210> SEQ ID NO 116
<211> LENGTH: 322
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU319
<400> SEQUENCE: 116
gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagttagac agaggaagtt 60
ttcggatgga atcggtataa cttagtggeg gacgggtgag taacgcgtgg gaaacctgec 120
ctgtaccggg ggataacact tagaaatgac tgctaatacc gcataagcgc acagtaccgc 180
atggtacagt gtgaaaaact ccggtggtgt gagatggatc cgegtctgat tagccagttg 240
gcggggtaac ggcccaccaa agcgacgatc agtagccgac ctgagagggt gaccggcaca 300
ttgggactga gacacggccc aa 322

<210> SEQ ID NO 117
<211> LENGTH: 324

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU326

<400> SEQUENCE: 117

102
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gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagcaatta aaatgaagtt 60
ttcggatgga tttttgattg actgagtggce ggacgggtga gtaacgcgtg gataacctgce 120
ctcacactgg gggataacag ttagaaatga ctgctaatac cgcataagcg cacagcttca 180
catgaagcag tgtgaaaaac tccggtggta caggatggtce ccgegtcectga ttagccagtt 240
ggcagggtaa cggectacca aagcgacgat cagtagccgg cctgagaggg tgaacggeca 300
cattgggact gagacacggc ccaa 324
<210> SEQ ID NO 118
<211> LENGTH: 324
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU328
<400> SEQUENCE: 118
gatgaacgct ggcggegtge ttaacacatg caagtcgaac ggagtgcctt agaaagagga 60
ttcgtccaat tgataaggtt acttagtgge ggacgggtga gtaacgegtg aggaacctge 120
ctcggagtgg ggaataacag accgaaaggt ctgctaatac cgcatgatgce agttggaccg 180
catggtcctg actgccaaag atttatcget ctgagatgge ctegegtctg attagettgt 240
tggcggggta atggcccacce aaggcgacga tcagtageeg gactgagagg ttggccggec 300
acattgggac tgagacacgg ccca 324
<210> SEQ ID NO 119
<211> LENGTH: 323
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU333
<400> SEQUENCE: 119
gatgaacgct ggcggegtge ttaacacatg caagtcgaac ggagtgctca tgacagagga 60
ttcgtccaat ggagtgagtt acttagtggce ggacgggtga gtaacgcgtg agtaacctgce 120
cttggagtgg ggaataacag gtggaaacat ctgctaatac cgcatgatgc agttgggtcg 180
catggctctg actgccaaag atttatcgcet ctgagatgga ctcgegtctg attagctggt 240
tggcgggtaa cggccaccaa ggcgacgatc agtagccgga ctgagaggtt ggecggccac 300
attgggactg agacacggcc cag 323
<210> SEQ ID NO 120
<211> LENGTH: 323
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU339
<400> SEQUENCE: 120
gatgaacgct ggcggegtge ctaacacatg caagtcgaac gaagcaatta aaatgaagtt 60
ttcggatgga tttttgattg actgagtgge ggacgggtga gtaacgegtg gataacctge 120
ctcacactgg ggataacagt tagaaatgac tgctaatacc gcataagcgc acagtaccgc 180
atggtacggt gtgaaaaact ccggtggtgt gagatggatc cgcgtctgat tagccagttg 240
cggggtaacg gcccgaccaa gcgacgatca gtagccgacce gtgagaggtg accggcccac 300
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attgggactg agacacggcc caa 323
<210> SEQ ID NO 121
<211> LENGTH: 315
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTU340
<400> SEQUENCE: 121
gacgaacgct ggcggegege ctaacacatg caagtcgaac ggagttgtgt tgaaagettg 60
ctggatatac aacttagtgg cggacgggtg agtaacacgt gagtaacctg cctctcagag 120
tggaataacg tttggaaacg aacgctaata ccgcataacg tgagaagagg gcatcctett 180
tttaccaaag atttatcgct gagagatggg ctcgcggecg attaggtagt tggtgagata 240
acagcccacc aagccgacga tcggtageeg gactgagagg ttgatcggec acattgggac 300
tgagacacgg cccag 315
<210> SEQ ID NO 122
<211> LENGTH: 325
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
«223> OTHER INFORMATION: OTU353
<400> SEQUENCE: 122
gatgaacgct ggcggegtge ttaacacatg caagtcgagc gaagcacctt gacggattct 60
tcggattgaa gecttggtga ctgageggeg gacgggtgag taacgcegtgg gtaacctgec 120
tcatacaggg gggataaaca gttagaaatg actgctaata ccgcataagc gcacaggacc 180
gcatggtctg gtgtgaaaaa ctccggtggt atgagatgga cccgegtetg attagctagt 240
tggaggggta acggcccacc aaggcgacga tcagtagceeg gcctgagagg gtgaacggec 300
acattgggac tgaggacacg gccca 325
<210> SEQ ID NO 123
<211> LENGTH: 317
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: OTULl73
<400> SEQUENCE: 123
gacgaacgct ggcggegege ctaacacatg caagtcgaac ggagttgtgt tgaaagettg 60
ctggatatac aacttagtgg cggacgggtg agtaacgcgt gggtaacctg cctcatacag 120
ggggataaca gttagaaatg actgctaata ccgcataagc gcacaggatc gcatggtctg 180
gtgtgaaaaa ctccggtggt atgagatgga cccgcgtctg attaactagt tggaggggta 240
acggcccacc aaggcgacga gtcagtagec ggectgagag ggtgaacgge cacgattggg 300
actgagacac ggcccag 317

What is claimed is:

1. A method of treating autoimmune disease in a subject,
the method comprising

administering a pharmaceutical composition comprising a
purified bacterial mixture consisting of bacteria com-

prising 16S rDNA sequences of at least 95% homology
to SEQIDNO:19, SEQIDNO:20, SEQ IDNO:21, SEQ
ID NO:22, SEQ ID NO:24, SEQ ID NO:25, SEQ ID
NO:26, SEQ ID NO:27, SEQ ID NO:30, SEQ ID
NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID
NO:34, SEQ ID NO:36, SEQ ID NO:39, SEQ ID
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NO:40, and SEQ ID NO:41, to the subject in an amount
sufficient to treat autoimmune disease.

2. The method of claim 1, wherein the autoimmune disease
is organ transplant rejection, inflammatory bowel disease
(IBD), ulcerative colitis, pouchitis, Crohn’s disease, sprue,
rheumatoid arthritis, Type 1 diabetes, graft versus host dis-
ease, or multiple sclerosis.

3. The method of claim 2, wherein the autoimmune disease
is inflammatory bowel disease (IBD), ulcerative colitis, pou-
chitis, or Crohn’s disease.

4. The method of claim 1, wherein the bacteria are human-
derived bacteria.

5. The method of claim 1, wherein the bacteria are isolated
from a chloroform-treated fecal sample.

6. The method of claim 1, wherein the bacteria are isolated
from a heat-treated fecal sample.

7. The method of claim 1, wherein at least a portion of the
bacteria are in spore-form.

8. The method of claim 1, wherein the composition further
comprises a pharmaceutically acceptable excipient.

9. The method of claim 1, wherein the pharmaceutical
composition is formulated for oral administration.

* * * * *
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