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,Microorganisms carrying a tumor antigen®

FIELD OF THE INVENTION

The present invention relates to antigen-presenting microorganisms. In particular,
microorganisms of the species Bacteroides xylanisolvens carrying the core-1 antigen
on their surface are provided. Furthermore, the present invention provides the use of
these microorganisms in medicine as well as products containing said microorganisms.

BACKGROUND OF THE INVENTION

Aberrant glycosylation is a typical hallmark of cancer cells. Carbohydrate tumor
antigens on glycoproteins and glycolipids are therefore targets for active and passive
immunotherapy. These highly abundant antigens are de novo expressed or
upregulated due to changes in the complex glycosylation apparatus of tumor cells.
Various lipid or protein bound carbohydrate tumor antigens are described, e.g. GM2,
GD2, GD3, fucosylated GM1, Globo H, Le’ and the mucin core structures Tn, Sialyl-Tn
and the Thomson Friedenreich antigen.

Thomsen-Friedenreich antigen (TF) is a known carbohydrate structure described as a
tumor antigen in a series of reports. TF exists in two forms, TF alpha and TF beta,
which can be linked to proteins or glycolipids.

Core-1 is the disaccharide Gal-31,3-GalNAc which is in particular O-glycosidically
linked in an alpha-anomeric configuration to the hydroxy amino acids serine or
threonine of proteins in carcinoma cells. Core-1 corresponds to the TF-alpha structure
of Thomsen-Friedenreich and is linked only to proteins on tumors. Hence, the terms
core-1 and Thomsen-Friedenreich do not necessarily refer to identical structures.
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Core-1 is masked by other carbohydrate components in healthy and benign-diseased
tissue but is uncovered in a majority of carcinomas and in some non-epithelial
malignancies. Therefore, core-1 is a specific pan-carcinoma antigen.

Core-1 is an important tumor antigen. Core-1 is expressed on over 60% of primary
colon carcinomas and over 90% of liver metastases from colon cancer as well as on
the majority of the carcinomas of other major indications including breast, lung, ovarian,
prostate, and other gastrointestinal cancers such as gastric, and pancreatic
carcinomas. Core-1 is an independent prognostic marker for patients with colon
carcinomas, the mortality rate increases and the medium survival decreases in
accordance with the increasing intensity of core-1 expression. The development of liver
metastases correlates with the expression of core-1. Patients with core-1 positive
primary carcinomas develop liver metastases in nearly 60% of the cases, while the risk
for liver metastasis with core-1-negative tumors is significantly lower (less than 20%).
Besides mediating metastasis into the liver core-1 may also play a role in the
metastasis via the endothelium.

The exceptionally high pan-carcinomic specificity, prognostic relevance and direct
involvement in liver metastasis render Thomsen-Friedenreich and particularly core-1 a
prime target for cancer immunotherapy.

As a result of the wide distribution of the core-1, it is advantageous to provide a core-1
positive microorganism having a cell surface structure corresponding to core-1 which
can be used as pharmaceutical, for example, in the prevention and treatment of
cancer, in particular for vaccination.

There were attempts to provide a therapy approach based on Thomsen-Friedenreich.
E.g. Shigoeka et al. (1999) describe the inhibition of liver metastasis from neuramidase
treated Colon 26 cells by an anti-Thomsen-Friedenreich specific monoclonal antibody
in @ mouse model. However, due to the difficulties in generating highly specific anti-TF
antibodies and because of their nature as IgM isotypes with comparably lower intrinsic
affinities of single binding domains, TF-specific antibodies were not further developed
so far. Further, some anti-TF-antigen antibodies are not clinically useful because they
cause undesirable proliferation of tumor cells. Also WO 2006/012626 describes the
therapeutic use of anti-TF antigen antibodies. Binding of TF-specific antibodies has
been shown to inhibit the proliferation of tumor cells (Jeschke et.al. (2006)).

Furthermore, there were also attempts to develop vaccines based on Thomsen-
Friedenreich. Most of them focused on the induction of antibody responses. E.g.
Livingston and Lloyd (2000) used non-natural TF-conjugates, wherein synthetic TF was
randomly coupled to KLH. This conjugates raised a humoral immune response against
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synthetic TF but not against TF on natural ligands (Adluri et al. (1995)). They were thus
not TF specific as they would not recognize TF on a tumor structure.

Springer and Desai used vaccination with a T/Tn vaccine composed of types O and
MN red blood cell derived glycoproteins which resulted in improved breast cancer
patient survival, although only small amounts of IgM were made. However, IgM
represents a less mature immune response and many previous studies relating to
antibodies to TF-Ag involve IgM antibodies, therefore more pronounced highly TF
specific immune responses would be needed and preferably an IgG response.

Few reports are known which describe microorganisms supposedly positive for TF.
E.g. Springer et al. (Brit J Haematol 47 (1981), 453-460; Transfusion 19 (1979), 233-
249) report on an aerobic microorganism (E. coli O86) which can generate a polyclonal
antibody response in chickens and humans which might also recognize TF on human
erythrocytes. Springer used adsorption of anti-T and hemagglutination assays with
sialidase-treated T erythrocytes in order to determine roughly the specificity of the
immune response. However, sialidase-treatment of human erythrocytes results in
demasking of several carbohydrate epitopes, among them but not exclusively TF and
in particular core-1. Therefore, the reaction tested by Springer does not show a
specificity for TF and in particular core-1 due to cross-reactivities. A respective non-
specific microorganism has only a limited suitability as a vaccine due to its unspecificity
as it would not raise a strong immune response which is specifically directed against
TF but against similar TF-like structures and hence potentially also increasingly against
non-tumor tissues or cells of the body. Furthermore, tests have shown that E. coli O86
is not positive for core-1 expression because it is not bound by core-1 specific
antibodies.

WO 2008/055703 discloses core-1 positive microorganisms, in particular,
microorganisms of the species Bacteroides ovatus expressing a core-1 antigen on their
cell surface such as AG6 and MU1 and their use as pharmaceuticals. Expression of a
core-1 antigen was confirmed by binding of core-1 specific antibodies to said
microorganisms. Furthermore, WO 2008/055703 discloses the use of respective
microorganisms in therapy.

When using core-1 positive microorganisms as pharmaceuticals it is desirous that the
core-1 positive microorganism not only expresses a core-1 antigen, but that the
microorganism shows a high core-1 antigen expression in order to effectively stimulate
a core-1 specific immune response. Furthermore, it is desirous that the core-1 positive
microorganism that is chosen for use as pharmaceutical has a stable, and preferably
homogeneous high core-1 antigen expression. A stable, high core-1 antigen
expression ensures that the product containing the core-1 positive microorganism
exhibits less variability what is important for the product quality, in particular in the
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pharmaceutical field. A stable, high core-1 antigen expression is also important in order
to fulfill the regulatory requirements.

Therefore, it is the object of the present invention to provide alternative core-1 positive
microorganisms, in particular microorganisms having a stable, high core-1 antigen
expression on their cell surface.

SUMMARY OF THE INVENTION

The present inventors have found core-1 positive microorganisms of the species
Bacteroides xylanisolvens. A microorganism is core-1 positive and accordingly,
expresses a core-1 antigen on its surface, if a core-1 specific antibody upon contact
specifically binds said microorganism.

Bacteroides xylanisolvens is a novel species of the genus Bacteroides, which was
described for the first time by Chassard et al ("Bacteroides xylanisolvens sp. Nov., a
xylan-degrading bacterium isolated from human faeces"; International Journal of
Systematic and Evolutionary Microbiology (2008); 58, 1008-1013). It is a xylan-
degrading bacterium which can be isolated from human feces and thus, is a human
commensal microorganism. It is a Gram-negative bacillus bacterium which in general
has a low pathogenicity. Bacteroides xylanisolvens was deposited as DSM 18836 at
the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ),
Inhoffenstralte 7B, 38124 Braunschweig (DE) and is publicly available therefrom.
Bacteroides xylanisolvens (DSM 18836) does not express a core-1 antigen, as was
shown by experiments with core-1 specific antibodies. Said core-1 specific antibodies
did not recognize and thus did not bind Bacteroides xylanisolvens (DSM 18836) which
proves that it does not express a core-1 antigen and hence, is not core-1 positive.
Therefore, it was very surprising for the inventors that they were able to identify core-1
positive microorganisms of the species Bacteroides xylanisolvens. Furthermore, the
inventors have found that core-1 positive microorganisms of the species Bacteroides
xylanisolvens show an advantageous core-1 antigen expression profile, because the
core-1 antigen is expressed not only in high amounts, but the expression is also very
stable and furthermore, homogenous. As discussed in the introduction, a stable, high
core-1 antigen expression is an important advantage, in particular when using a core-1
positive microorganism in the field of pharmaceuticals. For example, products
manufactured with microorganisms having a stable and homogeneous, high core-1
expression have a constant, high core-1 content. Therefore, less microorganisms are
needed for producing a product with the desired core-1 level and these microorganisms
provide for a constant product quality and less deficient products. Therefore, due to the
special characteristics with respect to the core-1 antigen expression, the core-1
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positive microorganism of the present invention is especially suitable for use in the
pharmaceutical field. The same applies to core-1 positive lysates and/or fractions of
said microorganism.

Therefore, the core-1 positive microorganisms of the present invention or core-1
positive lysates or fractions thereof can be used, for example, in the prophylaxis and
treatment of diseases associated with a core-1 expression, in particular cancer wherein
the cancer cells such as e.g. tumor cells express core-1. When administered to a
patient, the core-1 positive microorganisms of the present invention or the core-1
positive lysates or fractions thereof are capable of stimulating an immune response
against core-1 which then also turns against the core-1 positive cells of the disease.
Due to the high, stable core-1 antigen expression profile, the induced and/or enhanced
immune response is very strong. The stable, high core-1 antigen expression of the
microorganisms according to the invention furthermore provides for a constant core-1
activity/expression without significant batch-to-batch variations when using the same
amount of core-1 positive microorganisms according to the present invention or core-1
positive lysates or fractions thereof. This also improves the quality of the final products,
respectively leads to less deficient products, because the microorganisms of the
present invention have a stable, high core-1 antigen expression and accordingly,
provide a rather constant amount of the core-1 antigen. The high, homogenous amount
of core-1 antigen that is provided by the microorganism according to the present
invention also allows to reduce the amount of microorganisms necessary for eliciting an
immune response.

Furthermore, the microorganisms according to the present invention have no
pathogenicity and thus, can be administered without a high risk of causing adverse side
effects, in particular when administered to human beings. Additionally, due to the low
pathogenicity, there are no serious restrictions for the manufacture, distribution and
marketing of the microorganisms according to the present invention by the statutory
regulations, which thus can be fulfilled with little effort. In particular, Bacteroides
xylanisolvens microorganisms are classified as biological agent of risk group 1
according to the European Directive 2000/54/EC and the German "Biostoffverordnung".
Risk group 1 is the lowest of four risk groups and concerns biological agents that are
unlikely to cause human disease. Many other microorganisms, also including
microorganisms of other Bacteroides species are classified in higher risk groups (e.g.
Bacteroides ovatus is a biological agent of risk group 2). Additionally, as demonstrated
in the examples the microorganisms according to the present invention in particular are
negative for plasmid DNA material, the most important virulence factors and most of
the relevant extracellular enzymes and pathogenic factors, and do not attach to
epithelial cells of the human colon. Furthermore, the microorganisms according to the
present invention showed no adverse effects in toxicological studies in mice and no
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adverse effect of any nature in human taking daily doses of up to 8,5*10" CTC1 over
three weeks. Thus, the microorganisms according to the present invention fulfill a very
high safety standard and may be consumed by humans without a risk of unwanted side
effects. Furthermore, the microorganisms according to the present invention preferably
is sensitive to various antibiotics and thus, may be easily and effectively be eliminated,
if necessary.

Additionally, the stable and homogeneous core-1 expression of the microorganisms
according to the invention can be used as marker for the product quality. Since natural
microorganisms, in particular microorganisms which are undesired in final products,
generally do not express core-1, the core-1 content can be used as specific marker for
the desired microorganisms according to the present invention. In particular, the core-1
content can be used as marker for the homogeneity of cultures of microorganisms
containing the microorganism according to the present invention, and/or can be used
as marker for the amount of microorganisms according to the present invention in a
culture. Moreover, compared to other core-1 positive microorganisms, the production of
the microorganisms according to the present invention having a stable and
homogeneous, high core-1 expression is improved since sufficient amounts of core-1
positive microorganisms are obtained in shorter time and with less culturing steps.
Furthermore, no production steps for enrichment of core-1 positive microorganisms are
necessary. In particular, production of the core-1 positive microorganisms according to
the present invention may be performed using a simple batch culture without a feeding
phase or using only one feeding phase.

Therefore, in a first aspect, the present invention provides a core-1 positive
microorganism of the species Bacteroides xylanisolvens or a core-1 positive lysate or
fraction thereof, wherein said microorganism or lysate or fraction thereof is recognized
by at least one core-1 specific antibody.

In a second aspect, the present invention provides a composition, comprising core-1
positive microorganisms or a core-1 positive lysate or fraction thereof according to the
first aspect of the present invention. According to one embodiment, said composition is
a cell culture.

In a third aspect, the present invention provides the microorganism according to the
first aspect of the invention or the composition according to the second aspect of the
invention for use in medicine.

According to a fourth aspect, a pharmaceutical composition is provided, comprising a
core-1 positive microorganism or a core-1 positive lysate or fraction thereof according
to the first aspect of the invention and/or a composition according to the second aspect
of the present invention.
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According to a fifth aspect, the present invention provides a method for manufacturing
a core-1 positive product, comprising the following steps:

a) providing a core-1 positive microorganism according to the first aspect of the
present invention;

b) optionally processing said core-1 positive microorganism in order to obtain a
core-1 positive lysate or fraction thereof;

€) using said core-1 positive microorganism and/or said core-1 positive lysate or
fraction thereof in the manufacture of the core-1 positive product.

Other objects, features, advantages and aspects of the present invention will become
apparent to those skilled in the art from the following description and appended claims.
It should be understood, however, that the following description, appended claims, and
specific examples, which indicate preferred embodiments of the application, are given
by way of illustration only. Various changes and modifications within the spirit and
scope of the disclosed invention will become readily apparent to those skilled in the art
from reading the following.

DETAILED DESCRIPTION OF THE INVENTION

The present inventors have found core-1 positive microorganisms of the species
Bacteroides xylanisolvens. Therefore, in a first aspect, the present invention is directed
to a core-1 positive microorganism of the species Bacteroides xylanisolvens or a core-1
positive lysate or fraction thereof, wherein said microorganism or lysate or fraction
thereof is recognized by at least one core-1 specific antibody. As discussed above, it
was surprisingly found that microorganisms of the species Bacteroides xylanisolvens
exist that express a core-1 antigen and furthermore, that these microorganisms show
an advantageous core-1 antigen expression profile in that they show a stable, high
core-1 antigen expression which is e.g. not achieved by core-1 positive
microorganisms of other Bacteroides species, such as e.g. Bacteroides ovatus.

The core-1 positive microorganism according to the present invention carries a core-1
antigen. The term “core-1 antigen” as used herein in particular refers to an antigen
which is recognized and thus specifically bound by a core-1-specific antibody. Binding
by a core-1 specific antibody can be tested by bringing the core-1 specific antibody
under appropriate binding conditions into contact with the core-1 antigen, respectively
the core-1 antigen carrying microorganism and/or the core-1 antigen carrying lysate or
fraction thereof. Suitable core-1 specific antibodies are known in the prior art (see e.g.
WO 2008/055703) and are also described herein. Preferably, the core-1 antigen of the
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microorganism according to the present invention is bound by at least two core-1
specific antibodies, wherein each of said core-1 specific antibodies recognizes different
epitopes of the core-1 antigen. Preferably, the core-1 antigen is present on the surface
of the microorganism according to the present invention in an exposed form. Exposed
in particular means that the core-1 antigen is accessible from the surrounding medium
and thus, can be bound by a core-1 specific antibody upon contact. An exposed core-1
antigen is e.g. not embedded in and thus masked by other structures, in particular
other carbohydrate structures. The core-1 antigen that is present on the core-1 positive
microorganism according to the present invention is not necessarily identical to the
natural core-1 that is found on proteins on tumors (for a description of natural core-1,
see above). For the present invention it is only decisive that the core-1 antigen on the
microorganism according to the present invention is bound by a core-1 specific
antibody because this ensures that said core-1 antigen is capable of mimicking the
core-1 structure, thereby being capable of stimulating a core-1 specific immune
response. Preferably, the core-1 antigen of the microorganism according to the present
invention is or comprises a carbohydrate structure. According to a preferred
embodiment, the core-1 antigen expressed by the microorganism according to the
present invention comprises the core-1 disaccharide structure Gal-beta1,3-GalNAc.
The core-1 antigen is usually linked to a backbone structure, preferably a saccharide
structure, in particular an oligo- or polysaccharide structure. Preferably, the linkage
between the core-1 disaccharide structure Gal-beta1,3-GalNAc and the backbone
structure is alpha-anomeric. Beta-anomeric is another option. Preferably, it is a
glycosidic linkage. The (preferably alpha-anomeric) glycosidic linkage can e.g. be
established between the Gal-beta1,3-GalNAc structure of the core-1 antigen and a
GalNAc molecule of the backbone structure. According to a preferred embodiment, the
core-1 antigen is present within the branching structure of capsular polysaccharides of
the microorganism according to the present invention.

According to the present invention, a microorganism of the species Bacteroides
xylanisolvens in particular refers to a microorganism which belongs to the genus
Bacteroides and which preferably has one or more of the following characteristics:

a) in a DNA-DNA hybridization assay, it shows a DNA-DNA relatedness of at least
30%, preferably at least 50%, at least 70%, at least 80%, at least 90%, preferably
at least 95%, more preferred at least 98% or at least 99% with the Bactferoides
xylanisolvens deposited as DSM 18836 or DSM 25004;

b) it displays a level of 16S rRNA gene sequence similarity of at least 95%, preferably
at least 97%, at least 98%, preferably at least 99%, more preferably at least 99,5%
with the Bacteroides xylanisolvens deposited as DSM 18836 or DSM 25004;

c) it has one or more of the following characteristics:



10

15

20

25

30

WO 2013/026887 PCT/EP2012/066360

i) as the Bacteroides xylanisolvens deposited as DSM 18836, it is not able to
degrade starch;

ii) it has the ability to use and/or metabolize mannitol, in particular D-mannitol,
melezitose and/or sorbitol, in particular D-sorbitol, and/or to produce acid
from glycerol;

i) it expresses a glutamyl glutamic acid arylamidase activity;
iv) itis unable to produce indole;
v) it does not show catalase activity; and/or
d) it has one or more of the following characteristics:
i) itis an anaerobic microorganism;
ii) itis non-spore-forming;
iii) it is non-motile; and/or
iv) itis Gram negative.

Preferably, at least two or at least three, and more preferred all of the above defined
criteria a) to d) are fulfilled.

The term "DNA-DNA relatedness" in particularly refers to the percentage similarity of
the genomic or entire DNA of two microorganisms as measured by the DNA-DNA
hybridization / renaturation assay according to De Ley et al. (1970) Eur. J. Biochem.
12, 133-142 or Huld et al. (1983) Syst. Appl. Microbiol. 4, 184-192. In particular, the
DNA-DNA hybridization assay preferably is performed by the DSMZ (Deutsche
Sammlung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany)
Identification Service. In one embodiment, the DNA-DNA hybridization assay is
performed as described in example 1.3, below.

The term "16S rRNA gene sequence similarity" in particular refers to the percentage of
identical nucleotides between a region of the nucleic acid sequence of the 16S
ribosomal RNA (rRNA) gene of a first microorganism and the corresponding region of
the nucleic acid sequence of the 16S rRNA gene of a second microorganism.
Preferably, the region comprises at least 100 consecutive nucleotides, more preferably
at least 200 consecutive nucleotides, at least 300 consecutive nucleotides or at least
400 consecutive nucleotides, most preferably about 480 consecutive nucleotides. In
one embodiment, the region of the nucleic acid sequence of the 16S rRNA gene is
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flanked by the sequences of SEQ ID NOs: 20 and 21 or their complementary
sequences, respectively.

The term "core-1 expression level" as used herein in particular refers to the amount of
core-1 antigens present in the microorganism according to the present invention and in
particular refers to the amount of core-1 antigens on the surface of said microorganism.
The core-1 antigen expression can be e.g. determined by binding of core-1 specific
antibodies (such as e.g. Nemod-TF1 and/or Nemod-TF2 (Glycotope GmbH, Berlin);
other suitable core-1 specific antibodies are described below) and measuring the
amount of bound antibodies, in particular using an ELISA method, for example a
method as described herein in example 2. The more core-1 specific antibody is bound,
the higher the core-1 expression. Generally, the core-1 antigen expression level is
determined using a defined number of cells/microorganisms. In particular, in case two
or more expression levels are compared to each other, a similar number of
cells/microorganisms is used for determining each expression level or the expression
levels are adjusted to the same number of cells/microorganisms mathematically.
Furthermore, when comparing core-1 expression levels of different samples, the
microorganisms in these samples preferably were cultured under similar conditions and
in particular identical conditions. For example, Bacteroides microorganisms such as
Bacteroides xylanisolvens and in particular the microorganisms according to the
invention are cultivated in Wilkins-Chalgren (WC) medium (Oxoid Ltd., UK) under
anaerobic conditions at 37°C overnight.

The average core-1 antigen expression level is preferably determined by plating a
sample of a culture, picking single colonies after incubation and determining the core-1
antigen expression level of picked colonies. E.g. the average core-1 antigen expression
can be determined by randomly picking 10 colonies of the plated culture, determining
the core-1 expression level for each colony (see above), adding the obtained values
and dividing the added values by 10. The average core-1 expression level may also be
correspondingly determined by measuring the expression level of one or more samples
of one or more cultures without prior plating and picking of a single colony. In this case,
for example several samples of one culture or one sample each of several cultures
comprising the microorganisms to be analyzed, wherein said samples should contain
approx. the same number of cells/microorganisms, are analyzed and the core-1
antigen expression level of these samples is determined, e.g. by using an ELISA assay
as described herein. From the obtained individual values, the average value is
determined. The core-1 antigen expression level is preferably determined by using an
ELISA assay. A suitable ELISA test for determining the core-1 antigen expression is
described in example 2. According to one embodiment, the core-1 positive
microorganism according to the present invention preferably achieves on average an
absorbance value of at least 0.2, at least 0.25, preferably at least 0.3 and more
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preferably at least 0,35 in an ELISA assay, using at least one core-1 specific antibody,
when performing an ELISA assay as described in example 2, below. A core-1 positive
microorganism having a respective high core-1 antigen expression level is
advantageous as it is capable of inducing a strong immune response.

Furthermore, the microorganism according to the invention preferably exhibits an
average core-1 antigen expression on its surface which is at least 60%, preferably at
least 70%, more preferably at least 80%, at least 85%, preferably at least 90%, most
preferred at least 95% of the average core-1 expression of Coreotics (DSM 25004)
when cultured under the same conditions.

As discussed above, the microorganism according to the present invention is in
particular characterized by a stable core-1 antigen expression. Preferably, the following
stability degrees are achieved. According to one embodiment, in a culture of the
microorganism according to the present invention, at least 30%, preferably at least
50%, at least 70%, at least 80%, at least 85%, preferably at least 90% and more
preferred at least 95% of the microorganisms according to the invention have a core-1
antigen expression level which is at least 50%, preferably at least 60%, at least 70%,
more preferred at least 75% and most preferred at least 80% of the average core-1
expression level of all microorganisms according to the invention in said cell culture.
Preferably, at least 95% of the microorganisms according to the invention in the culture
have a core-1 expression level which is at least 75%, preferably at least 80% of the
average core-1 expression level of all microorganisms according to the invention in the
culture. In essence, only a small number of the microorganisms in the culture do not
show a significant core-1 antigen expression. According to one embodiment, at least
30%, preferably at least 50%, at least 70%, at least 80%, at least 85%, preferably at
least 90% and more preferred at least 95% of the microorganisms according to the
invention in the culture have a core-1 antigen expression level which is at least 50%,
preferably at least 60%, at least 70%, at least 75%, more preferred at least 80% of the
average core-1 expression level of Coreotics deposited as DSM 25004. Preferably, at
least 95% of the microorganisms according to the invention in the culture have a core-1
expression level which is at least 75%, preferably at least 80% of the average core-1
expression level of Coreotics deposited as DSM 25004. The core-1 expression level,
respectively the stability of the core-1 expression of a microorganism in a culture can,
for example, be determined by plating a sample of the culture, picking single colonies
after incubation and determining the core-1 expression level of the picked colonies. In
particular, if for example at least 90% of the microorganisms of the culture shall have a
specific expression level, then at least 9 out of 10 colonies analyzed as described
above shall have the specified expression level. The core-1 expression levels of
different clones or cultures are preferably determined under similar conditions, more
preferably under identical conditions. In particular, the different clones or cultures are
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preferably cultivated under similar or identical conditions, for example as described
above.

Furthermore, the microorganism according to the present invention is also
characterized by a homogeneous expression of the core-1 antigen. Preferably, the
following homogeneity degrees are achieved. In a cell culture, preferably, at least 30%,
preferably at least 50%, at least 70%, at least 80%, at least 85%, preferably at least
90% and more preferred at least 95% of the microorganisms according to the invention
in said cell culture have a core-1 antigen expression level which is in the range of from
60% to 150%, from 70% to 140%, preferably from 70% to 130%, from 75% to 125%,
from 80% to 120%, or form 85% to 115%, and most preferably from 90% to 110% of
the average core-1 antigen expression level of all microorganisms according to the
invention in said cell culture. In particular, at least 95% of the microorganisms
according to the invention in said cell culture have a core-1 expression level which is in
the range of from 75% to 125%, preferably 80% to 125% of the average core-1
expression level of all microorganisms according to the invention in the culture. In
essence, only a small number of the microorganisms in the culture show a core-1
antigen expression which greatly varies from the average core-1 expression in the
culture. According to one embodiment, at least 30%, preferably at least 50%, at least
70%, at least 80%, at least 85%, preferably at least 90% and more preferred at least
95% of the microorganisms according to the invention in said culture have a core-1
antigen expression level which is in the range of from 60% to 150%, from 70% to
140%, preferably from 70% to 130%, from 75% to 125%, from 80% to 120%, or form
85% to 115%, and most preferably from 90% to 110% of the average core-1 antigen
expression of Coreotics deposited as DSM 25004. Preferably, at least 95% of the
microorganisms according to the invention in said cell culture have a core-1 expression
level which is in the range of from 75% to 125%, preferably 80% to 125% of the
average core-1 expression level of Coreotics deposited as DSM 25004. The
homogeneity is preferably determined as described above with respect to the stable
core-1 antigen expression.

The core-1 antigen expression level is preferably determined as described above.

According to one embodiment, the core-1 antigen of the microorganism according to
the present invention comprises at least one carbohydrate structure selected from the
group consisting of structures #1, #2, #3, #4 and #5 of figure 4, analogous structures
thereof, and/or repeating units thereof. Said analogous structures comprise the core-1
carbohydrate structure GalB1,3-GalNAc and preferably consist of the same number
and in particular the same type and/or positioning of the monosaccharide units of
structures #1, #2, #3, #4 and #5 of figure 4. However, the analogous structures may in
particular differ from structures #1, #2, #3, #4 and #5 of figure 4 in the linkages (alpha-
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or beta-anomeric linkages, position of the attachment) and modifications (methylation,
acetylation) of the monosaccharide units. These analogous structures in particular
include structures identical to those of figure 4 except that the GalB1,3-GalNAc
disaccharide is attached via an alpha or beta linkage to position 3 or 4 of the
monosaccharide unit of the remaining saccharide structure and/or that one or more of
the fucose units may be methylated (not necessarily the third fucose unit as shown in
Figure 4). Preferably, analogous structures of the structures of figure 4 have the
following formula:

L-Fucal—(3/4)-L-Fucal—(3/4)-L-Fucal—(3/4)-(D-Galp1—3-D-GalNAc(a/B)1—(3/4))-
D-HexNAGB1—(3/4)-D-Hex

wherein the hexose units (Hex and HexNAc) preferably are galactose units (Gal and
GalNAc, respectively), and wherein one or more of the fucose units may be
methylated.

According to one embodiment, said core-1 antigen comprises the core-1 carbohydrate
structure Galbeta 1,3-GalNAc which is preferably bound in an alpha-anomeric
configuration to a backbone structure, preferably a carbohydrate structure. However,
the structure Galbeta 1,3-GalNAc may alternatively be bound in a beta-anomeric
configuration to the backbone structure. Preferably, the core-1 carbohydrate structure
Galbeta 1,3-GalNAc is present as a branching component within a repeating unit of an
oligo- or polysaccharide. This exposed presentation of the core-1 antigen on the
microorganism according to the present invention has advantageous effects on the
induced immune response.

As the microorganism according to the present invention expresses a core-1 antigen
on its cell surface, it is thus recognized and accordingly bound by at least one core-1
specific antibody if said core-1 specific antibody is contacted with the core-1 positive
microorganism under appropriate binding conditions. Binding can be tested e.g. by
using an ELISA test. Suitable binding conditions are e.g. described in example 2.

Core-1 specific antibodies are described and defined in WO 2008/055703 and WO
2004/050707, herein incorporated by reference. Core-1 specific antibodies in particular
specifically bind core-1, which in particular is the disaccharide Gal-31,3-GalNAc¢ which
is O-glycosidically linked in an alpha-anomeric configuration to the hydroxy amino acids
serine or threonine of proteins in carcinoma cells. The term core-1 specific antibody in
particular refers to an antibody that recognizes core-1 only, or, less preferred, that
recognizes core-1 and core-2 (Galbeta1-3(GlcNAcbeta1-6)GalNAcalpha). The core-1
specific antibodies preferably do not exhibit any cross-reactivity with other derivatives
and anomers of said carbohydrate structures such as given in Example 7 of WO
2004/050707 under the binding conditions described therein. A core-1 specific antibody
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as used herein in particular specifically binds to GalB1-3GalNAca1-polyacrylamide
(TFa-PAA, TFa-PAA, TFalpha-PAA, Core-1-PAA) but not to any of the substances of
list no. 1:

List no. 1

- GlcNAcB1-2GalB1-3GalNAca-PAA (GIcNAcB1-2' TF)
- Fuca1-2GalB1-3GalNAca-PAA (H type 3)

- GalNAca1-3GalB-PAA (Aqg)

- Gala1-3-GalNACB-PAA (Taiphap)

which can be obtained e.g. from Lectinity holdings, Inc. Alternatively, all structures can
be generated by one skilled in the art, who also can select another suitable
polyacrylamide for conjugation or another suitable carrier molecule as well as the
suitable conjugation methods for coupling of the according carbohydrate structures and
the synthesis of the necessary intermediates.

Preferably, said core-1 specific antibody has one ore more of the following
characteristics:

a) it binds to asialoglycophorin (carrying core-1) but not glycophorin (not carrying
core-1), and this binding is preferably periodate sensitive;

b) it binds to TFalpha-PAA and less or not to TFbeta-PAA (Galbeta 1-3GalNAcbetal-
polyacrylamide) and which binds to asialoglycophorin and not to glycophorin and
this binding is preferably periodate sensitive;

c) it binds to TFalpha-PAA and less or not to TFbeta-PAA and which binds to
asialoglycophorin and not to glycophorin and which binds to at least one human
tumor cell line out of NM-D4 [DSM ACC2605], NM-F9 [DSM ACC2606], and
whereby the binding is preferably periodate sensitive; and/or

d) it has one or more of the binding characteristics a) to c¢) but it does not bind to the
trisaccharide core-2 coupled to PAA, such as e.g. NEMOD-TF1.

Preferably, at least two, more preferred at least three, most preferred all of the above
defined criteria a) to d) are fulfilled.

Said core-1 specific antibody can be a whole antibody from any animal or human such
as murine, rat, human, camel, humanized or chimaeric antibody of different antibody
classes such as but not limited to IgM, 19G, 1gG1, 1gG2, 19G3, 1gG4, IgA, IgE, IgD or
any fragment of an antibody as long as it comprises the binding specificity against
core-1, such as Fab, F(ab)2, single chain Fv, or single domain antibodies. Those
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antibodies can also contain at least one additional amino acid or mutations or
polypeptide sequences, such as tags, linkers or multimerization domains and they can
also originate from other sources than animals, such plants and such as selection from
synthetic antibody libraries using for example phage display or ribosome display or by
recombinant construction. The term "antibody" also includes antibodies such as heavy
chain antibodies, i.e. antibodies only composed of one or more, in particular two heavy
chains, and nanobodies, i.e. antibodies only composed of a single monomeric variable
domain, as well as fragments or derivatives of an antibody.

"Specific binding" preferably means that the antibody binds stronger to a target such as
an epitope for which it is specific (here: core-1) compared to the binding to another
target. An agent binds stronger to a first target compared to a second target if it binds
to the first target with a dissociation constant (Kq) which is lower than the dissociation
constant for the second target. Preferably, the dissociation constant for the target to
which the agent binds specifically is more than 2-fold, preferably more than 5-fold,
more preferably more than 10-fold, even more preferably more than 20-fold, 50-fold,
100-fold, 200-fold, 500-fold or 1000-fold lower than the dissociation constant for the
target to which the agent does not bind specifically. Preferably, the dissociation
constant for the target, here core-1, is in the yM or nM range. In preferred
embodiments, the dissociation constant of the binding of the antibody to its specific
target, here core-1, is 10 uyM or less, preferably 5 uyM or less, 2 yMor less, or 1 yM or
less, more preferably 500 nM or less, 200 nM or less, 100 nM or less, 50 nM or less, or
20 nM or less, and most preferably 10 nM or less. The dissociation constant preferably
is determined at standard conditions, e.g. at 20°C or room temperature and
physiological buffer conditions, e.g. in saline or an aqueous solution containing 150 mM
NaCl and 10 mM Tris/HCI pH 7.

Suitable core-1 binding antibodies are described e.g. in W02004/050707 and WO
2008/055703. Examples are HB-T1 (IgM) [obtainable from DakoCytomation GmbH,
Hamburg; Giuffre G, Vitarelli E, Tuccari G, Ponz de Leon M, Barresi G: Detection of Tn,
sialosyl-Tn and T antigens in hereditary nonpolyposis colorectal cancer. Virchows Arch
429:345-352 (1996)], HH8 (IgM) [Clausen H, Stroud M, Parker J, Springer G, Hakomori
S: Monoclonal antibodies directed to the blood group A associated structure,
galactosyl-A: specificity and relation to the Thomsen-Friedenreich antigen. Mol
Immunol 25:199-204 (1988)], Nemod-TF1 [Glycotope GmbH, Berlin; Goletz S, Cao Y,
Danielczyk A, Ravn P, Schoeber U, Karsten U. Thomsen-Friedenreich antigen: the
"hidden" tumor antigen. Adv Exp Med Biol. 2003;535: 147-62], and Nemod-TF2
[Glycotope GmbH, Berlin; Goletz S, Cao Y, Danielczyk A, Ravn P, Schoeber U,
Karsten U: Thomsen-Friedenreich antigen: the "hidden" tumor antigen. Adv Exp Med
Biol. 2003;535: 147-62].
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Particularly suitable for determining that a microorganism is core-1 positive and/or for
determining the level of core-1 antigen expression is the use of the antibodies migM-
Karo2, migM-Karo4, clgG-Karo4 and/or clgM-Karo4 disclosed on pages 16 to 18 of the
sequence listing of W02004/050707, herein incorporated by reference, or the use of
antibodies having a corresponding binding specificity and affinity.

According to one embodiment, the core-1 positive microorganism according to the
present invention or the core-1 positive lysate or fraction thereof is bound by a core-1
specific antibody which comprises one of the following sets of complementarity-
determining regions (CDRs):

Set 1:

heavy chain CDRs: SEQ ID NO: 1 (CDR-H1); SEQ ID NO: 2 (CDR-H2); SEQ ID NO:
3 (CDR-H3); and

light chain CDRs: ~ SEQ ID NO: 4 (CDR-L1); SEQ ID NO: 5 (CDR-L2); SEQ ID NO:
6 (CDR-L3)

Set 2:

heavy chain CDRs: SEQ ID NO: 7 (CDR-H1); SEQ ID NO: 8 (CDR-H2); SEQ ID NO:
9 (CDR-H3); and

light chain CDRs: SEQ ID NO: 10 (CDR-L1); SEQ ID NO: 11 (CDR-L2); SEQ ID
NO: 12 (CDR-L3)

The antibody having Set 1 of CDRs as defined above preferably comprises a heavy
chain comprising the amino acid sequence according to SEQ ID NO: 13 and/or a light
chain comprising the amino acid sequence according to SEQ ID NO: 16, or a heavy
chain comprising the amino acid sequence according to SEQ ID NO: 14 or 15 and/or a
light chain comprising the amino acid sequence according to SEQ ID NO: 17. The
antibody having Set 2 of CDRs as defined above preferably comprises a heavy chain
comprising the amino acid sequence according to SEQ ID NO: 18 and/or a light chain
comprising the amino acid sequence according to SEQ ID NO: 19.

Commercially available, particularly suitable core-1 specific antibodies are e.g. Nemod-
TF1 and Nemod-TF2 (available from Glycotope GmbH, Berlin). These antibodies are
highly specific for core-1.

Antibodies comprising the CDR Set 1 and antibodies comprising the CDR Set 2 are
both specific for core-1, however, these antibodies bind core-1 from two different
angles and thus bind different epitopes. Similarly, also Nemod-TF1 and Nemod-TF2
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both specifically bind the core-1 carbohydrate structure but bind different epitopes.
Binding of the core-1 positive microorganism according to the present invention or the
core-1 positive lysate or fraction thereof by at least two different core-1 specific
antibodies which recognize different epitopes on the core-1 carbohydrate structure
ensures that the core-1 antigen is present in an exposed, accessible form on the cell
surface. Thus, according to one embodiment, the core-1 positive microorganism
according to the present invention or the core-1 positive lysate or fraction thereof is
bound by an antibody having Set 1 of CDRs as defined above as well as by an
antibody having Set 2 of CDRs as defined above and/or the core-1 positive
microorganism according to the present invention or the core-1 positive lysate or
fraction thereof is bound by Nemod-TF1 and Nemod-TF2.

According to one embodiment, the microorganism according to the present invention is
not bound by the antibody A68-B/A11 (Glycotope, Berlin) which binds TFbeta.

According to one embodiment, binding of the at least one core-1 specific antibody to
the core-1 positive microorganism according to the present invention or the core-1
positive lysate or fraction thereof is periodate sensitive, in that the binding of the core-1
specific antibody is reduced or even absent after periodate treatment. A periodate
treatment leads to the partial degradation of the surface carbohydrate moieties. Thus,
with a core-1 positive microorganism which carries the core-1 antigen in an exposed
and thus non-hidden (respectively non-masked) form, a periodate treatment destroys
the structure of core-1 antigens present on the cell surface which results in that core-1
specific antibodies can no longer bind after the periodate treatment because the core-1
antigen is no longer present, respectively intact. On the other hand, microorganisms
which do not carry a core-1 antigen, in particular a core-1 carbohydrate antigen, but
merely carry core-1-like carbohydrate antigens wherein the core-1 antigen is e.g.
masked by further saccharide units and which, accordingly, are not bound by core-1
specific antibodies without a prior treatment, can reveal a core-1 antigen after periodate
treatment. The binding of the at least one core-1 specific antibody to the microorganism
according to the present invention preferably is periodate sensitive, i.e. a treatment with
periodate results in that the core-1 specific antibody does no longer bind the periodate
treated microorganism or shows at least a reduced binding after periodate treatment.
According to one embodiment, the lysate or fraction of the microorganism according to
the present invention has the same characteristics.

A periodate treatment according to the invention in particular refers to the exposure of
the material to be treated to a solution containing periodate at a concentration effective
for at least partial oxidation of saccharide units. For example, a periodate treatment
may be effected by incubating the material to be treated for 5 min in a solution of 50
mM sodium acetate buffer following by incubation for 1h in a solution of 10 mM sodium
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periodate. After washing again with a solution of 50 mM sodium acetate buffer, the
action of periodate is stopped through incubation for 30 min in dark in a solution of 50
mM sodium borohydride.

Furthermore, the core-1 antigen on the surface of the microorganism according to the
present invention or the lysate or fraction thereof preferably is accessible from the
surrounding medium, in particular is accessible for a core-1 specific antibody in the
surrounding medium and thus is exposed on the cell surface.

The microorganism according to the invention in particular is an isolated microorganism
which preferably is not present in its natural environment. In particular, the
microorganism is not present inside the human body, preferably it is not present inside
a human or animal body. According to one embodiment, the microorganism according
to the invention has been isolated from a composition comprising microorganisms
which are either not core-1 positive and/or do not belong to the species Bacteroides
xylanisolvens. According to one embodiment, the microorganism according to the
present invention is present in or is obtained from a culture comprising at least 70%, at
least 80%, at least 90%, preferably at least 95%, 97%, 99%, most preferred about
100% of microorganisms according to the present invention.

The term "a microorganism" as used herein may refer to only one unicellular organism
as well as to numerous single unicellular organisms. For example, the term "a
microorganism of the species Bacteroides xylanisolvens” may refer to one single
Bacteroides xylanisolvens bacterial cell of the species Bacteroides xylanisolvens as
well as to multiple bacterial cells of the species Bacteroides xylanisolvens. The terms
"a microorganism of the species Bacteroides xylanisolvens" and "a Bacteroides
xylanisolvens microorganism" are used synonymously herein. Preferably, the term "a
microorganism” refers to numerous bacterial cells. In particular, said term refers to at
least 10° bacterial cells, preferably at least 10* bacterial cells, at least 10° or at least
10° bacterial cells.

The Bacteroides xylanisolvens microorganism according to the present invention
preferably is capable of producing short chain fatty acids (SCFAs). Short chain fatty
acids (SCFAs) produced as end products of microbial carbohydrate fermentation may
have health promoting properties. As an example, propionate was reported to have
potential cholesterol reducing effects and anti-lipogenic effects. It may further stimulate
satiety and along with acetate and butyrate present an anti-carcinogenic effect. In
preferred embodiments, the microorganism according to the invention is capable of
producing one or more SCFAs selected from the group consisting of propionate,
acetate, succinate, formate and lactate. Preferably, it is capable of producing
propionate and/or acetate. In preferred embodiments, these SCFAs are also present in
the compositions according to the present invention which contain the microorganism
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according to the invention or a lysate or fraction thereof. In certain embodiments
wherein the microorganism according to the invention is to be administered to the
patient in a viable form, said microorganism is still capable of producing said SCFAs
inside the patient's body after administration.

In preferred embodiments, the Bacteroides xylanisolvens microorganism according to
the present invention is capable of surviving the conditions in, in particular the passage
through the stomach, and preferably also the conditions in, in particular the passage
through at least a part of the intestine of a human being after ingestion. In particular,
surviving the conditions in the stomach of a human being refers to the survival for at
least 180 min of at least 50 %, preferably at least 60 %, at least 70 %, at least 80 % or
at least 85 % of the Bacteroides xylanisolvens microorganisms according to the
present invention in a composition comprising the microorganisms in gastric juice.
Furthermore, surviving the conditions in the intestine of a human being refers to the
survival for at least 240 min of at least 50 %, preferably at least 60 %, at least 70 %, at
least 80 %, at least 85 %, at least 90 % or at least 95 % of the Bacteroides
xylanisolvens microorganisms according to the present invention in a composition
comprising the microorganisms in intestinal juice. In preferred embodiments, the
microorganisms according to the invention still comprise at least one core-1 antigen on
their surface after said treatment. More preferably, they still comprise an amount of
core-1 antigen on their surface which is at least 50 %, preferably at least 60 %, at least
70 %, at least 80 %, at least 90 % or at least 95 % of the amount of core-1 antigen on
their surface at the beginning of the treatment. Furthermore, the microorganisms
according to the invention are capable of expressing core-1 on their surface, in
particular as described herein, after the above-described treatments. Thus, the core-1
expression of the microorganisms according to the invention is not affected by the
conditions in the human gastrointestinal tract and said microorganisms still comprise a
high and stable core-1 antigen density on their surface and - if used in a viable form -
are still capable of expressing core-1 after oral administration. Therefore, the
microorganisms according to the invention are especially advantageous for the use as
therapeutic agent in oral formulations.

In preferred embodiments, the Bacteroides xylanisolvens microorganism according to
the present invention has one or more of the following safety characteristics:

(i) itis sensitive to the antibiotics metronidazole, meropenem and/or clindamycin;

(ii) it does not contain the plasmid RP4 (DSM 3876) and/or the plasmid pSC101
(DSM 6202);

(iii) it does not contain the B-lactamase genes cfiA and/or ¢fxA;
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(iv) it does not contain the virulence factors polysaccharide A of Bacteroides
fragilis and/or enterotoxin Bft of Bacteroides fragilis and/or "Ton B-Linked
outer membrane protein" encoded by the gene ompW;

(v) it does not show any extracellular DNase activity, extracellular chondroitinase
activity, extracellular hyaluronidase activity and/or extracellular neuraminidase
activity; and/or

(vi) it does not attach to epithelial cells of the human colon.

In a preferred embodiment, the Bacteroides xylanisolvens microorganism according to
the present invention is

a) Coreotics, deposited on July 12, 2011 under the accession number DSM 25004
according to the requirements of the Budapest Treaty at the Deutsche Sammlung
von Mikroorganismen und Zellkulturen (DSMZ), Inhoffenstralle 7B, 38124
Braunschweig (DE) by the Glycotope GmbH, Robert-Rdssle-Str. 10, 13125 Berlin
(DE), (DSM 25004),

b) a microorganism derived from Coreotics or
c) a Coreotics homolog.

Coreotics (DSM 25004) belongs to the species Bacteroides xylanisolvens. Preferably,
Coreotics is a strictly anaerobic, non-spore-forming, non-motile and Gram negative rod-
shaped bacterium of 0.4-0.5 ym width and generally 1-2 ym length which in particular
grows colonies on Wilkins-Chalgren agar which after 18 h are 2-3 mm in diameter with
a circular, milky, raised and convex surface. Coreotics exhibits a highly stable,
homogeneous, strong core-1 expression on its cell surface. As is shown in example 2,
the core-1 antigen expression values determined for 10 different colonies of Coreotics,
show OD values in an ELISA assay (see example 2) with little variability in their core-1
antigen expression. Thereby, a constant, homogenous and high amount of core-1
antigen is provided when using Coreotics, e.g. in pharmaceutical compositions. This
expression profile is unique and also shows that Coreotics has considerable
advantages over other core-1 antigen expressing microorganisms such as e.g. the
Bacteroides ovatus AG6 DSM 18726 (disclosed in WO 2008/055703), which shows
e.g. a higher variability in their core-1 expression than Coreotics. Also encompassed
are core-1 positive lysates and fractions of Coreotics.

A microorganism derived from Coreotics and/or a Coreotics homolog preferably has
one or more of the following characteristics:

a) it belongs to the species of Bacteroides xylanisolvens as defined above;
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in a DNA-DNA hybridization assay, it shows a DNA-DNA relatedness of at least
30%, preferably at least 50%, at least 70%, at least 80%, at least 90%, or at least
95%, more preferred at least 98% or at least 99% with Coreotics deposited as
DSM 25004 and/or the Bacteroides xylanisolvens deposited as DSM 18836;

it displays a level of 16S rRNA gene sequence similarity of at least 95%, preferably
at least 97%, at least 98%, or at least 99%, more preferably at least 99,5%, and
most preferably about 100% with Coreotics deposited as DSM 25004 and/or the
Bacteroides xylanisolvens deposited as DSM 18836;

it shows a core-1 antigen expression which has one, two, preferably three, more
preferably four, most preferably all of the following characteristics:

i) it has an average core-1 antigen expression of at least 50%, preferably at
least 60%, at least 70%, at least 75%, at least 80%, at least 85%, or at least
90%, more preferably at least 95% of the average core-1 expression of
Coreotics deposited as DSM 25004;

ii) it achieves on average an absorbance value of at least 0.25, preferably at
least 0.3 and more preferably at least 0,35 in an ELISA assay as described in
example 2;

i) it expresses on the cell surface at least one carbohydrate structure selected
from the group consisting of structures #1, #2, #3, #4 and #5 of figure 4,
analogous structures thereof, and/or repeating units thereof;

iv) in a cell culture, at least 50%, preferably at least 60%, at least 70%, at least
80%, at least 90%, or at least 95%, more preferred about 100% of said
microorganisms have a core-1 antigen expression level which is at least 75%,
preferably at least 80% of the average core-1 antigen expression of Coreotics
deposited as DSM 25004; and/or

v) in a cell culture, at least 50%, preferably at least 60%, at least 70%, at least
80%, at least 90%, or at least 95%, more preferred about 100% of said
microorganisms have a core-1 antigen expression level which is in the range
of from 70% to 150%, from 75% to 125%, preferably from 80% to 115%, most
preferably from 90% to 110% of the average core-1 antigen expression of
Coreotics deposited as DSM 25004;

it has one or more of the safety characteristics disclosed above;

it survives the conditions in the stomach and/or intestine of a human being and in
particular is capable of expressing core-1 after surviving said conditions; and/or
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g) itis capable of producing short chain fatty acids, in particular propionate.

Preferably, at least two, more preferably at least three, at least four, at least five or at
least six, and most preferred all of the above defined criteria a) to f) are fulfilled.

In a second aspect, the present invention provides a composition comprising core-1
positive microorganisms or a core-1 positive lysate or fraction thereof according to the
first aspect of the invention. The comprised core-1 positive microorganisms according
to the present invention may be identical or different. With respect to the characteristics
of the core-1 positive microorganism of the species Bacteroides xylanisolvens
according to the first aspect of the present invention, it is referred to the above
disclosure. The same applies with respect to core-1 positive lysates, fractions and/or
fragments thereof.

Preferably, 80% or more, more preferably 85% or more, 90% or more, 95% or more,
98% or more or 99% or more, and most preferably about 100% of the microorganisms
in the composition are core-1 positive microorganisms of the species Bacteroides
xylanisolvens according to the first aspect of the invention.

In preferred embodiments, the core-1 positive microorganisms in the composition
according to the present invention are characterized by a stable core-1 antigen
expression. Preferably, the following stability degrees are obtained. According to one
embodiment, at least 30%, preferably at least 50%, at least 70%, at least 80%, at least
85%, preferably at least 90% and more preferred at least 95% of the core-1 positive
microorganisms in the composition have a core-1 antigen expression level which is at
least 50%, preferably at least 60%, at least 70%, more preferred at least 75%, at least
80% of the average core-1 expression level of all core-1 positive microorganisms in
said composition. Preferably, at least 95% of the core-1 positive microorganisms in the
composition have a core-1 expression level which is at least 75% of the average core-1
expression level of all core-1 positive microorganisms in the composition. According to
one embodiment, at least 30%, preferably at least 50%, at least 70%, at least 80%, at
least 85%, preferably at least 90% and more preferred at least 95% of the core-1
positive microorganisms in the composition have a core-1 antigen expression level
which is at least 50%, preferably at least 60%, at least 70%, at least 75%, at least 80%
of the average core-1 expression level of Coreotics deposited as DSM 25004.
Preferably, at least 95% of the core-1 positive microorganisms in the composition have
a core-1 expression level which is at least 75% of the average core-1 expression level
of Coreotics deposited as DSM 25004. Preferably, said core-1 positive microorganisms
are of the species Bacteroides xylanisolvens.

According to a preferred embodiment, the core-1 positive microorganisms in the
composition according to the present invention are characterized by a homogeneous
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expression of the core-1 antigen. Preferably, the following homogeneity degrees are
achieved. Preferably, at least 30%, preferably at least 50%, at least 70%, at least 80%,
at least 85%, preferably at least 90% and more preferred at least 95% of the core-1
positive microorganisms in the composition have a core-1 antigen expression level
which is in the range of from 60% to 150%, from 70% to 140%, preferably from 70% to
130%, from 75% to 125%, from 80% to 120%, or form 85% to 115%, and most
preferably from 90% to 110% of the average core-1 antigen expression of all core-1
positive microorganisms in the composition. In particular, at least 95% of the core-1
positive microorganisms in the composition have a core-1 expression level which is in
the range of from 75% to 125% of the average core-1 expression level of all core-1
positive microorganisms in the composition. According to one embodiment, at least
30%, preferably at least 50%, at least 70%, at least 80%, at least 85%, preferably at
least 90% and more preferred at least 95% of the core-1 positive microorganisms in the
composition have a core-1 antigen expression level which is in the range of from 60%
to 150%, from 70% to 140%, preferably from 70% to 130%, from 75% to 125%, from
80% to 120%, or form 85% to 115%, and most preferably from 90% to 110% of the
average core-1 antigen expression of Coreotics deposited as DSM 25004. In particular,
at least 95% of the core-1 positive microorganisms according to the invention in the
composition have a core-1 expression level which is in the range of from 75% to 125%
of the average core-1 expression level of Coreotics deposited as DSM 25004.
Preferably, said core-1 positive microorganisms are of the species Bacteroides
xylanisolvens.

Means to determine the core-1 antigen expression level as well as the stability and
homogeneity are described above.

According to one embodiment, the composition according to the second aspect is a cell
culture. Preferred values for a cell culture comprising the core-1 positive
microorganisms according to the present invention are described above in conjunction
with the first aspect according to the present invention.

According to one embodiment, the microorganism or the microorganisms in the
composition are present in a viable, non-reproductive, non-viable or lysed form.
According to one embodiment, only core-1 positive fractions of said microorganisms
are used in said composition according to the second aspect of the present invention.

Preferably, the composition comprises at least 10° microorganism according to the
present invention, more preferably at least 10, at least 10° or at least 10°
microorganism according to the present invention; or the core-1 positive lysates or
fractions of this amount of microorganisms according to the present invention.
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In a third aspect, the present invention provides the core-1 positive microorganism or
the core-1 positive lysates or fractions thereof according to the first aspect of the
invention or the composition according to the second aspect of the invention for use in
medicine. The core-1 positive microorganism, lysate or fraction thereof and/or the
composition according to the present invention is preferably used for inducing and/or
enhancing an immune response against core-1. The induced or enhanced immune
response may be a humoral and/or a cellular immune response and in particular
involves the induction of an antibody titer against core-1. Thereby, core-1 positive
tumors, cancers, gastrointestinal disorders and/or core-1 positive diseases can be
treated and/or prevented. The induced and/or enhanced core-1 specific immune
response functions as a shield against e.g. core-1 positive cancer cells in particular for
the prevention, reduction or spread of core-1 positive tumors or metastasis. The core-1
positive microorganism or the core-1 positive lysates or fractions thereof according to
the first aspect of the invention or the composition according to the second aspect of
the invention can also be used as vaccine against cancer. Suitable other therapeutic
uses of core-1 positive microorganisms are also described in WO 2008/055703, herein
incorporated by reference.

In particular, the core-1 positive microorganism or the core-1 positive lysates or
fractions thereof according to the first aspect of the invention or the composition
according to the second aspect of the invention can be administered to a patient having
cancer or being at risk of developing cancer. According to one embodiment, the core-1
positive microorganism according to the invention expressing a core-1 antigen on its
surface or the core-1 positive lysate or fraction thereof is capable of eliciting a specific
immune response against a core-1 antigen in the patient. The immune response may
be a humoral and/or cellular immune response, and preferably includes a cellular
immune response, in particular a response of the adaptive immune system, preferably
including the formation of memory cells of the immune system.

The cancer preferably is a cancer comprising tumor cells carrying the core-1
cabohydrate antigen on their surface (core-1 positive cancer). Preferably, the cancer is
a colon carcinoma or a metastasis of a colon carcinoma.

The term "patient" as used herein in particular refers to a human being, a nonhuman
primate or another animal, in particular a mammal such as a cow, horse, pig, sheep,
goat, dog, cat or a rodent such as a mouse and rat. Preferably, the patient is a human
being.

The term "cancer" according to the invention in particular comprises leukemias,
seminomas, melanomas, teratomas, lymphomas, neuroblastomas, gliomas, rectal
cancer, endometrial cancer, kidney cancer, adrenal cancer, thyroid cancer, blood
cancer, skin cancer, cancer of the brain, cervical cancer, intestinal cancer, liver cancer,
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colon cancer, stomach cancer, intestine cancer, head and neck cancer, gastrointestinal
cancer, lymph node cancer, esophagus cancer, colorectal cancer, pancreas cancer,
ear, nose and throat (ENT) cancer, breast cancer, prostate cancer, cancer of the
uterus, ovarian cancer and lung cancer and the metastases thereof. Examples thereof
are colon carcinomas, colorectal carcinomas, and metastases of the cancer types or
tumors described above. The term cancer according to the invention also comprises
cancer metastases. The term "tumor" in particular refers to a group of cells or tissue
that is formed by misregulated cellular proliferation. Tumors may show partial or
complete lack of structural organization and functional coordination with the normal
tissue, and usually form a distinct mass of tissue, which may be either benign or
malignant. The term "metastasis” in particular refers to the spread of cancer cells from
its original site to another part of the body. The formation of metastasis is a very
complex process and normally involves detachment of cancer cells from a primary
tumor, entering the body circulation and settling down to grow within normal tissues
elsewhere in the body. When tumor cells metastasize, the new tumor is called a
secondary or metastatic tumor, and its cells normally resemble those in the original
tumor. This means, for example, that, if breast cancer metastasizes to the lungs, the
secondary tumor is made up of abnormal breast cells, not of abnormal lung cells. The
tumor in the lung is then called metastatic breast cancer, not lung cancer.

In accordance with the present invention the term "core-1 positive disease” in particular
refers to any disease which is associated with a eukaryotic cell, tumor cell, cancer or
other biological material which is characterised by the occurrence of the core-1 tumor
antigen (see above).

The present invention also provides in a fourth aspect a pharmaceutical composition,
comprising

i) a core-1 positive microorganism or a core-1 positive lysate or fraction thereof
according to the first aspect according to the present invention (details of the
core-1 positive microorganism according to the present invention are
described above; it is referred to the above disclosure)

and/or

i) a composition according to the second aspect of the present invention (details
of the respective composition are described above; it is referred to the above
disclosure).

The term "pharmaceutical composition" particularly refers to a composition that is
suitable for administering to a human or animal, i.e., a composition containing
components which are pharmaceutically acceptable. Preferably, the pharmaceutical
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composition comprises as active compound the core-1 positive microorganism or a
core-1 positive lysate or fraction thereof according to the first aspect and/or the
composition according to the second aspect thereof together with a carrier, diluent or
pharmaceutical excipient such as buffer, preservative and tonicity modifier. Suitable
pharmaceutical uses are described above; it is referred to the above disclosure. The
pharmaceutical composition may be administered orally, but may also be administered
by any other suitable route of administration.

The pharmaceutical composition according to the invention preferably comprises the
core-1 positive microorganism in an amount or concentration resulting in a daily dose
of about 10* to about 10" microorganisms for the patient. Preferably, the daily dose
does not exceed 2.8*10"2 microorganisms, preferably 2.3*10"? microorganisms, and/or
is at least 107 microorganisms, preferably at least 10° microorganisms. In particular, the
daily dose is in the range of about 10" to about 10" microorganisms. The
pharmaceutical composition preferably is in the form of single unit doses each
comprising a daily dose of the core-1 positive microorganism as described above. For
pharmaceutical compositions comprising a core-1 positive lysate or fraction of the core-
1 positive microorganism, the amount or concentration of the core-1 positive lysate or
fraction in the composition equals that of the core-1 positive microorganism in the
composition as described above. In particular, the core-1 positive lysate or fraction in
the composition is obtained from an amount or concentration of core-1 positive
microorganism as described above.

The core-1 positive microorganism according to the invention and the core-1 positive
microorganisms in the composition according to the invention may be used in a viable,
non-reproductive, non-viable or lysed form. In certain embodiments, the core-1 positive
microorganism is used in a viable form. In particular, when used in a viable form, the
microorganism is still capable of producing short chain fatty acids such as propionate in
the body of the patient, thereby providing a further health benefit as described above.
Preferably, the micororganism are used in a non-pathogenic form, a non-reproductive,
non-viable or lysed form. Furthermore, also core-1 positive fractions of said
microorganisms may be used. According to the invention, the core-1 positive lysates or
fractions of the microorganisms comprise at least one core-1 antigen which preferably
is accessible for core-1 specific antibodies as described above and/or is periodate
sensitive as described above.

One specific advantage of the core-1 positive microorganism and the pharmaceutical
compositions according to the present invention is their ability to induce an antibody
titer against core-1 in the human or animal body. This anti-core-1 antibody titer in
particular provides a general protection against core-1 positive diseases, in particular
cancer comprising core-1 positive tumor or cancer cells. Thus, in preferred
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embodiments the core-1 positive microorganism according to the invention or the core-
1 positive lysate or fragment or fraction thereof or the pharmaceutical compositions
according to the present invention are capable of inducing an antibody titer against the
core-1 antigen in the human or animal body when administered. The induced antibody
titer preferably is at least detectable by common detection methods and preferably is
sufficient to reduce the risk of acquiring a core-1 positive disease, in particular cancer
comprising core-1 positive tumor or cancer cells.

According to a fifth aspect, the present invention provides a method for manufacturing
a core-1 positive product, comprising the following steps:

a) providing a core-1 positive microorganism according to the first aspect of the
present invention;

b) optionally processing said core-1 positive microorganism in order to obtain a
core-1 positive lysate or fraction thereof;

€) using said core-1 positive microorganism and/or said core-1 positive lysate or
fraction thereof in the manufacture of the core-1 positive product.

The product can be any product and includes but is not limited to pharmaceutical
products. With respect to the manufacturing of respective products and the details of
the core-1 positive microorganisms according to the present invention, it is also
referred to the above disclosure. The core-1 positive microorganism according to the
first aspect of the present invention can be used in viable or non-viable form. The
manufactured product can also be processed further.

The term "fraction of a core-1-positive microorganism" and similar terms as used herein
in particular refer to preparations or purifications of smaller parts of said
microorganisms such as e.g. a cell wall preparation, envelope preparation, lysates,
lipopolysaccharid preparation, preparation of capsules, or capsule polysaccharide
preparations of core-1 positive components of said core-1 positive microorganism
according to the present invention. Said fractions should comprise at least one core-1
positive component of said core-1 positive microorganism in order to be able to elicit
the desired immune response. They can be obtained from preparations or purifications
from at least one core-1 positive microorganism according to the present invention.
Said preparations and purifications can be obtained by methods known to those skilled
in the art such as single or sequential cell fractionation(s), phenol water extractions,
ether extractions, enzyme digestions such as digestions with lysozyme or
chromatographic methods. Furthermore, the term fraction of a core-1 positive
microorganism also comprises artificially produced core-1 positive components which
are also found on core-1 positive microorganisms of the present invention.
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According to one embodiment, the core-1 positive product that is produced according
to the method according to the fifth aspect is an antigen presenting cell, preferably a
dendritic cell. In this case, step ¢) of the method according to the fifth aspect of the
present invention preferably comprises loading said antigen presenting cell with the
core-1 positive microorganism according to the present invention and/or the core-1
positive lysate or fraction thereof. Preferably, the antigen presenting cell is human.
Preferably, the antigen presenting cells are dendritic cells obtained from the leukemia
cell line MUTZ-3 (DSM ACC295) or cells derived from MUTZ-3, such as NEMOD-DC
(see WO 2003/023023).

In WO 2008/055703 it is described that core-1 positive microorganisms and lysates
and/or fractions thereof are capable of activating human T-cells in a core-1 specific
manner when presented by a functional antigen presenting cell, in particular a dendritic
cells in vitro, thereby opening up new therapeutic opportunities (see W02008/055703,
in particular page 77, lines 26 to page 85, line 20, herein incorporated by reference).

Therefore, according to a sixth aspect of the present invention there is provided a
method of manufacturing a functional antigen presenting cell, preferably a dendritic
cell, against core-1, which comprises the following steps:

a) providing a core-1 positive microorganism according to the first aspect of the
present invention (see also claims 1 to 5)

b) optionally processing said core-1 positive microorganism in order to obtain a
core-1 positive lysate or fraction thereof;

c) bringing into contact a suitable amount of at least one antigen presenting cell,
preferably a dendritic cell, with a suitable amount of

i) said core-1 positive microorganism and/or
i) said core-1 positive lysate or fraction thereof,

thereby obtaining a functional antigen presenting cell, preferably a dendritic
cell, against core-1.

The contacting in step ¢) occurs for a suitable time and under suitable conditions to
generate at least one functional antigen presenting cell, preferably a dendritic cell,
against core-1. Preferably, the antigen presenting cell that is contacted in step ¢) with
the core-1 positive compounds is an immature antigen presenting cell such as an
immature dendritic cell which is then matured to obtain the functional antigen
presenting cell against core-1. Details of said contacting step ¢) are also described in
WO 2008/055703; it is referred to the respective disclosure.
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That a functional antigen presenting cell against core-1 has been obtained can be
tested by using core-1 specific antibodies as were described above. Functional antigen
presenting cells against core-1 are loaded with the core-1 antigen of the used core-1
positive microorganism according to the present invention (or the core-1 positive lysate
or fraction thereof, see above). Thus, the core-1 antigen can be detected by core-1
specific antibodies on the respectively loaded antigen presenting cells. The obtained
functional antigen presenting cell against core-1 (which can also be a mixture of
antigen presenting cells, preferably dendritic cells), can activate T-cells, in particular
primary human T-cells, specifically against core-1 and thus, can stimulate a specific
cellular immune response against core-1. T-cell activation can be tested e.g. by a
cellular immune response test as described in WO 2008/055703.

According to a seventh aspect, there is provided a method of producing an activated T
cell, T cells, a T cell clone or a T cell line against core-1 comprising

a) obtaining at least one functional antigen presenting cell, preferably a dendritic cell,
against core-1 using the method according to the sixth aspect of the invention;

b) bringing into contact a suitable amount of the functional antigen presenting cell
against core-1 with a suitable amount of at least one T cell or a mixture of T cells
or a mixture of cells comprising at least one T cell; and

c) cultivating said T cell or mixture of T cells together with said loaded functional
antigen presenting cells against core-1 to activate and/or prime a T cell or T cells
against core-1.

Details of a corresponding production method that can also be used in conjunction with
the present invention are also described in WO 2008/055703; it is referred to the
respective disclosure.

Also provided is a functional antigen presenting cell, preferably a dendritic cell, against
core-1, an activated T cell or T cells against core-1, a cell composition comprising T
cells against core-1, a T cell line against core-1, or a T cell clone against core-1
produced by a method according to the sixth or the seventh aspect according to the
present invention, which induces a humoral and/or a cellular immune response against
core-1 positive cells and/or diseases. Respective cells are suitable for manufacturing a
medicament for prophylaxis or therapy of core-1 positive diseases, such as in particular
core-1 positive tumors.

The invention also pertains to the use of a core-1 positive microorganism and/or a
core-1 positive lysate or fraction thereof according to the first aspect of the invention in
vivo or in vitro for inducing or enhancing a core-1 specific immune response and/or for
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generating functional antigen presenting cells, preferably dendritic cells, and/or
activated T cells, T cell lines or T cell clones or antibodies against core-1.

The expression "comprise”, as used herein, besides its literal meaning also includes
and specifically refers to the expressions "consist essentially of* and "consist of". Thus,
the expression "comprise" refers to embodiments wherein the subject-matter which
"comprises" specifically listed elements does not comprise further elements as well as
embodiments wherein the subject-matter which "comprises” specifically listed elements
may and/or indeed does encompass further elements. Likewise, the expression "have"
is to be understood as the expression "comprise”, also including and specifically
referring to the expressions "consist essentially of" and "consist of".

FIGURES

Figure 1 shows a restriction analysis of the microorganism Coreotics according to the
invention and different reference microorganisms. The results support that Coreotics is
of the species Bacteroides xylanisolvens.

Figure 2 shows an antigen ELISA binding study of Coreotics (DSM 25004) and AG6
(DSM 18726) using core-1 specific antibodies. Different Coreotics or AG6 colonies
were plated in microtiter wells and bound by a core-1 specific antibody. The binding
was visualized using a peroxidase-coupled secondary antibody. The ELISA assay
shows that Coreotics has a stable and homogeneous expression of the core-1 antigen
while AG6 has a less stable and accordingly less homogenous core-1 expression. The
average core-1 antigen expression of AG6 was also lower than that of Coreotics.

Figure 3 shows the binding of an anti-core-1 antibody to Coreotics (DSM 25004) using
an ELISA assay. A preceding periodate treatment abolished the antibody binding. The
same results were obtained for a core-1 positive control (PK). Reference strain
Bacteroides xylanisolvens DSM 18836 did not show any anti-core-1 antibody binding.

Figure 4 shows different carbohydrate structures carrying a core-1-like disaccharide
motif which may be present on the cell surface of Coreotics microorganisms.

Figure 5 shows the determination of plasmid and [3-lactamase genes cfiA, ¢fxA and
cepA. (A) Plasmid: 20 yg of each isolated plasmid DNA was loaded. Lanes: 1, 1kb
DNA ladder; 2, E. coli DSM 3876; 3, E. coli DSM 6202; 4, Bacteroides xylanisolvens
DSM 25004. (B) cfiA gene: Lanes: 1, 100bp DNA ladder; 2, Bacteroides fragilis TAL
3636; 3, Bacteroides xylanisolvens DSM 25004; 4, negative control. (C) cfxA gene:
Lanes: 1 and 6, 1kb DNA ladder; 2, Bacteroides ovatus MN7; 3, Bacteroides ovatus
MN23; 4, Bacteroides xylanisolvens DSM 25004; 5, negative control. (D) cepA gene:
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Lanes: 1 and 6, 100bp DNA ladder; 2, Bacteroides fragilis DSM 1396; 3, Bacteroides
ovatus MN23; 4, Bacteroides xylanisolvens DSM 25004; Lane 5, negative control.

Figure 6 shows the determination of virulence encoding genes bft, wcfR, wcfS, and
ompW. (A) bft gene: Lanes: 1, 100bp DNA ladder; 2, Bacteroides xylanisolvens DSM
25004; 3, Bacteroides fragilis ATCC 43858; 4, negative control. (B) wcfR gene: Lanes:
1, 1kb DNA ladder; 2, Bacteroides fragilis DSM 1396; 3, Bacteroides fragilis ATCC
43858; 4, Bacteroides fragilis DSM 2151; 5, Bacteroides xylanisolvens DSM 25004; 6,
Bacteroides fragilis TAL 3636; 7, negative control. (C) wcfS gene: Lanes: Lanes: 1, 1kb
DNA ladder; 2, Bacteroides fragilis DSM 1396; 3, Bacteroides fragilis ATCC 43858; 4,
Bacteroides fragilis DSM 2151; 5, Bacteroides xylanisolvens DSM 25004; 6,
Bacteroides fragilis TAL 3636; 7, negative control. (D) ompW gene: Lanes: 1, 100bp
DNA ladder; 2, Bacteroides xylanisolvens DSM 25004; 3, Bacteroides caccae DSM
19024; 4, negative control.

Figure 7 shows the molecular analysis of the binding of strain DSM 25004 to Caco-2
cells. (A) GAPDH and sucrose isomaltase. Lanes: 1, 100 bp DNA ladder (Bioline); 2,
1" day; 3, 3" day; 4, 6" day; 5, 8" day; 6, 10" day; 7, 13" day; 8, 14" day, 9, negative
control. (B) Detection of strain DSM 25004 and Bacteroides fragilis DSM 1396. Lanes:
1, 100bp DNA Ladder; 2, strain DSM 25004 after 1" wash step; 3, strain DSM 25004
after 6™ wash step; 4, strain DSM 25004 + Caco-2 cells; 5, Bacteroides fragilis DSM
1396 after 1" wash step; 6, Bacteroides fragilis DSM 1396 after 6" wash step; 7,
Bacteroides fragilis DSM 1396 + Caco-2 cells; 8, Caco-2 cells; 9, Strain DSM 25004;
10, Bacteroides fragilis DSM 1396; 11, negative control. (C) Detection of Lactobacillus
acidophilus. Lanes: 1, Lactobacillus acidophilus DSM 9126 after 1™ wash step; 2,
Lactobacillus acidophilus DSM 9126 after 6™ wash step; 3, Lactobacillus acidophilus
DSM 9126 + Caco-2 cells; 4, Caco-2 cells; 5, Lactobacillus acidophilus DSM 9126; 6,
negative control; 7, 100bp DNA Ladder.

Figure 8 shows the body weight and food consumption of mice during 90 days oral
toxicity study. (A) Body weights of male Crl: NMRI mice. (B) Body weights of female
Crl: NMRI mice. (C) Food consumption of male Crl: NMRI mice. (D) Food consumption
of female Crl: NMRI mice. Mean values per group: Group1 (0), Group2 (1x10°), Group3
(1x107), Group4 (1x10%) CFU’s Bacteroides xylanisolvens DSM 25004 and Group5
(1x10™) Bacteroides xylanisolvens DSM 25004 pasteurized / animal / day. Statistical
significance indicated by P < 0.01. Values accorded to Dunnett's test.

Figure 9 shows the detection of contamination in injected solutions by multiplex
species specific PCR. Lanes: 1, positive control (Bacteroides xylanisolvens DSM
25004); 2, Solution 2 (1x10° Bacteroides fragilis RMA 6791/ml),; 3, Solution 3 (1x10°
Bacteroides xylanisolvens DSM 25004/ml); 4, Solution 4 (1.5x10® Bacteroides fragilis
RMA 6791/ml); 5, Solution 5 (1.5x10® Bacteroides xylanisolvens DSM 25004/ml); 6,
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Solution 6 (5x10° Bacteroides fragilis RMA 6791/ml); 7, Solution 7 (5x10° Bacteroides
xylanisolvens DSM 25004/ml), 8, positive control (Bacteroides fragilis RMA 6791); 9,
Solution 1 (control group). Contamination controls: Lane 10, mixture of 90%
Bacteroides fragilis RMA 6791 and 10 % Bacteroides xylanisolvens DSM 25004; Lane
11, mixture of 10% Bacteroides fragilis RMA 6791 and 90 % Bacteroides xylanisolvens
DSM 25004. Lane 12, 1 kb DNA Ladder (Fermentas).

Figure 10 shows the species specific PCR of isolated DNA from punctured abscesses.
(A) Detection of Bacteroides xylanisolvens in abscesses of animals, which injected with
Bacteroides xylanisolvens DSM 25004. Lanes: 1, 100bp DNA Ladder (Fermentas); 2-3,
Group 3 (4.6x109 Bacteroides xylanisolvens DSM 25004/kg bw); 4-5, Group 5
(6.9x108 Bacteroides xylanisolvens DSM 25004/kg bw); 6-7, Group 7 (2.3x107
Bacteroides xylanisolvens DSM 25004/kg bw); 8, positive control (Bacteroides
xylanisolvens DSM 25004); 9, negative control (water). (B) Detection of Bacteroides
fragilis in abscesses of animals, which injected with Bacteroides fragilis RMA 6791.
Lanes: 1, 100bp DNA Ladder (Fermentas); 2-3, Group 2 (4.6x109 Bacteroides fragilis
RMA 6791/kg bw); 4-5, Group 4 (6.9x108 Bacteroides fragilis RMA 6791/kg bw); 6-7,
Group 6 (2.3x107 Bacteroides fragilis RMA 6791/kg bw), 8, positive control
(Bacteroides fragilis RMA 6791); 9, negative control (Water); 10, 1kb DNA Ladder
(fermentas).

EXAMPLES

Example 1: The core-1 positive microorganism is a distinct strain of the species
Bacteroides xylanisolvens

1.1 Selective enrichment and isolation of bacteria from human faecal samples

For enrichment of core-1 positive bacteria from human faecal samples, magnetic beads
coated with monoclonal antibodies specific for core-1 were prepared according to the
manufacturer's recommendations (Dynal Biotech ASA, Oslo, Norway). Faecal samples
from healthy human subjects who had not taken antibiotics during the last three months
were used in the study. The faecal samples were diluted in reduced PBS (PBSq: 8.5 g
NaCl, 0.3 g KH,PO,, 0.6 g Na,HPO,, 0.1 g peptone and 0.25 g cysteine-HCI per L, pH
7.0), homogenized and centrifuged (300 xg, 1 min, 21°C). The supernatant was
washed once (8000 x g, 5 min, 21°C) and re-suspended in PBSeq. A 20 pl volume of
the bacterial suspension was added to 180 pl of PBS,.q and 5 pl of the antibody-coated
magnetic beads, and the mixture incubated for 30 min at room temperature.
Subsequently the beads were suspended in 1 ml PBS,y and washed three times.
Aliquots (100 pl) were spread on selective and non selective agar plated. Colonies
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were suspended in PBS,.q to McFarland turbidity standards 3 to 5 (Smibert and Krieg
1994), and a 20 pl aliquot of this suspension was again added to anti-core-1-antibody-
coated beads. Colonies were picked randomly from agar plates and re-streaked
several times on non-selective media. Colonies were cultured in appropriate broth
medium under appropriate conditions. The cultures were partially frozen and partially
fixed. The fixed cultures were used to assay the binding of the antibodies NM-TF1, NM-
TF2 and B/A11-68 to each strain. Only the strain Coreotics did present an antibody
binding profile similar to an immuno-accessible human core-1 structure, a strong and
periodate sensitive binding of NM-TF1 and NM-TF2 and no binding of B/A11-68. The
probable taxonomic affiliation of Coreotics to a bacteria species was characterized
using biochemical assays (rapid ID 32A and APl 20A biochemical Kits (Biomérieux,
Marcy I'Etoile, France). As a result, Coreotics could be classified as belonging to the
Bacteroides spp. group. To run further taxonomic analysis, a pure culture of Coreotics
was obtained by plating a Coreotics culture on selective media and subsequently

Step 1: selecting colonies presenting a homogeneous cell population under
microscope,

Step 2: Out of step 1: selecting colonies presenting an adequate Core-1 expression
(profile described above),

Step 3: Out of colonies selected in step 2: cultivating over night followed by plating of
200 to 500 colony forming units (cfu), and

Step 4: Selecting plates presenting a homogeneous population of colonies.

The selection process (steps 1 to 4) was repeated several times. After several
purification rounds, the pure Coreotics strain was submitted to taxonomic analysis.

1.2 Taxonomic analysis 1: 16S rRNA sequence similarity

The 16S rRNA gene sequence (480 bases) of strain Coreotics were amplified by PCR
using universal primers 27f (5-AGAGTTTGATCMTGGCTCAG-3' (SEQ ID NO: 20))
and 519r (5-GWATTACCGCGGCKGCTG-3' (SEQ ID NO: 21)). PCR products were
purified by using the High Pure PCR Product Purification Kit (Roche, Indianapolis,
USA) and the DNA concentration and product size estimated by using a Low DNA
Mass Ladder (Invitrogen, Carlsbad, USA). PCR products were sequenced using a
DYEnamicTM ET Dye Terminator Cycle Sequencing Kit (Amersham Bioscience) and
ABl PRISM 3100 capillary sequencer (Applied Biosystems) according to the
manufacturer’s specifications. The identification of phylogenetic neighbors was initially
carried out by the BLAST (Altschul et al., 1997) and megaBLAST (Zhang et al., 2000)
programs against the database of type strains with validly published prokaryotic names
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(Chun et al. 2007). The 50 sequences with the highest scores were then selected for
the calculation of pairwise sequence similarity using global alignment algorithm, which
was implemented at the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007).
The resulting multiple-sequence alignment was corrected manually by using the
program MEGA version 5 (Tamura, 2007) to remove the alignment gaps and
ambiguous bases and a phylogenetic tree was constructed according to the neighbor-
joining method (Saitou & Nei, 1987) with the program MEGA version 5 (Tamura, 2007).

The 16S rRNA sequence analysis of strain Coreotics showed that this strain clustered
with Bacteroides xylanisolvens DSM 18836 (100% 16S rRNA sequence similarity), with
Bacteroides ovatus ATCC 8483 (97,5%), with Bacteroides thetaiotaomicron ATCC
29148 (94,2%) and with Bacteroides finegoldii DSM 17565 (92,2%). It is generally
recognized that similarity values of 297% in 16S rRNA gene sequence divergence are
significant for species delineation (Stackebrandt & Goebel, 1994). However,
Stackebrandt & Ebers (2006) have made the recommendation that this value can be
increased to 98.7-99% without sacrificing the quality and precision of a ‘species’
description, and as an aid to taxonomists.

1.3 Taxonomic analysis 2: Whole genome DNA-DNA hybridization

DNA-DNA hybridization is considered the gold standard in taxonomy. The whole
genome of the Coreotics strain was submitted to hybridization with the whole genome
of Bacteroides xylanisolvens DSM 18836, Bacteroides ovatus DSM 1896, Bacteroides
thetaiotaomicron DSM 2079 and Bacteroides finegoldii DSM 17565 (those analysis
were run at and by the DMSZ (German Collection of Microorganisms and Cell
Cultures). Briefly, 3 g biomaterial of each strain to be compared were used for DNA-
preparation. Purity of the isolated DNA was analyzed and the DNA was sheared using
a French press and denatured at high temperature (100°C, 10 min). The DNA is
preferably sheared into fragments having a size of between 200 and 600 kDa, the main
fraction being about 450 +/- 100 kDa. Renaturation of the DNA of each strain as well as
of a mixture of DNA of both strains in equal concentrations (the final DNA
concentrations in the samples is essentially identical and preferably lies between about
20 and 100 yg/ml, in particular about 30 pg/ml) was measured spectrophotometrically
using the absorbance at 260 nm. Renaturation was initiated by quickly cooling the
solution to a temperature 25°C below the melting temperature of the DNA and the
measurements were performed for 30 min. The DNA relatedness was calculated from
the different slopes of the renaturation curves of the DNA of each of the single bacterial
strain and the mixture of DNA of both strains. In particular, the renaturation rates V'
were determined as decrease in absorbance/min (AA/t), and the degree of binding (D),
i.e. the DNA relatedness, was calculated according to the formula given by De Ley et
al. (see above):
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D= 2Un— W4t Vs 4,

2 ]/D'A v

wherein D is the degree of binding (%), V' is the renaturation rate of the mixture, v'a is
the renaturation rate of the DNA of the first strain, and v's is the renaturation rate of the
DNA of the second strain.

Results of the whole genome hybridisation are shown in Table 1:

Table 1
Reference strain DNA relatedness to Coreotics
Bacteroides xylanisolvens DSM 18836 98.65 %
Bacteroides ovatus DSM 1896 26.9 %
Bacteroides thetaiotaomicron DSM 2079 28.65 %
Bacteroides finegoldii DSM 17565 252 %

1.4 Taxonomic analysis 3: Microbiological and biochemical characterization

The strain DSM 25004 could be identified to be strictly anaerobic, non-spore-forming,
non-motile and Gram-negative. The short rods or rod-shaped cells were 0.4-0.5 pm in
width and variable in length; generally in the range 1-2 ym. The grown colonies on
Wilkins-Chalgren agar (Oxoid) after 18 h were 2 - 3 mm in diameter, with a circular,
milky, raised, and convex surface. Initial biochemical analysis showed a 91 % similarity
to Bacteroides ovatus species (Databank BioMérieux). In contrast to Bacteroides
ovatus, the strain DSM 23964 was unable to utilize starch, to produce indole, and it did
not show catalase activity. The biochemical identification of isolated bacteria and their
constitutive enzymes and substrate utilization profiles were performed by using rapid ID
32A and API 20A biochemical kits (Biomérieux, Marcy I'Etoile, France) according to the
manufacturer’s instructions. The results of chemotaxonomic analyses of strain
Bacteroides xylanisolvens Coreotics, Bacteroides xylanisolvens DSM 18836,
Bacteroides finegoldii DSM 17565, Bacteroides ovatus DSM 1896, Bacteroides
thetaiotaomicron DSM 2079 and Bacteroides fragilis DSM 1396 are summarized in
Table 2. Both strains Bacteroides xylanisolvens Coreotics and Bacteroides
xylanisolvens DSM 18836 had identical biochemical profiles. Bacteroides xylanisolvens
Coreotics could be differentiated from Bacteroides ovatus DSM 1896 by utilization of
glycerol, D-sorbitol, D-mannitol and D-melezitose. In addition, Bacteroides
xylanisolvens Coreotics showed glutamyl glutamic acid arylamidase activity, in contrast
to the results for Bacteroides ovatus DSM 1896. On the other site, Bacteroides ovatus
DSM 1896 was able to expressing leucine arylamidase activity, whereas Bacteroides
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xylanisolvens Coreotics did not. Therefore, Bacteroides xylanisolvens Coreotics could
be differentiated from Bacteroides finegoldii DSM 17565, Bacteroides thetaiotaomicron
DSM 2079 and Bacteroides fragilis DSM 1396 (Table 2). In contrast to the results for
Bacteroides xylanisolvens Coreotics and Bacteroides xylanisolvens DSM 18836,
Bacteroides thetaiotaomicron DSM 2079 showed a large number of positive results in
tests for enzyme activities.

Table 2

Biochemical characteristic 1 2 2 4 5 €

indole formation - - - +
Enzymatic activities
M- Acetyl- B— Glucosaminidase +
Glutamic acid Decarboxylase +
o— Fucosidase +
Indol production
Arginine arylamidase - - -
Phenylalanine arylamidase -
Leucine arylamidase - - -
Tyrosine arylamidase - - -
Glycing arylamidase -
Histidine arylamidase -
Glutamyt glutamic acid arylamidase +
Serine arylamidase
Acid production from:
D-Mannitol
Salicin
Esculin hydrolysis
Glyvcerol
D-Melezitose
B-Sorbitol
D-Trehalose
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Strains: 1: Bacteroides xylanisolvens Coreotics; 2: Bacteroides xylanisolvens DSM
18836; 3: Bacteroides finegoldii DSM 17565; 4: Bacteroides ovatus DSM 1896; 5:
Bacteroides thetaiotfaomicron DSM 2079; 6: Bacteroides fragilis DSM 1396.
Characteristics are scored as: '+": positive reaction; -': negative reaction.

1.5 Randomly amplified polymorphic DNA (RAPD) pattern and genotype analysis

To test whether Coreotics is a distinct strain of the species Bacteroides xylanisolvens,
a RAPD assay was performed. Four different random primers were used in separate
reactions (using only one primer in each reaction) for amplification of template DNA.
The PCR reaction mixture (50 pl) contained: Taq Buffer (16 mM (NH4),SO4, 67 mM Tris
HCl), 2,5 mM MgCl,, 0.25 mM each dNTP, 1 uM primer, 2.5 units Taqg DNA
polymerase and 2 ul of template DNA. The PCR program was: 95°C for 5 min,
35 cycles of 95°C for 1 min, 50°C for 1 min and 72°C for 1 min, and finally 72°C for 6
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min. Band patterns for all primers were analyzed on 1% agarose gels. Thus, for each
template DNA, four different band patterns (one for each primer) were obtained.

The core-1-positive Coreotics was subjected to the RAPD analysis and the results
were compared to that of reference bacteria of the species Bacteroides xylanisolvens
(DSM 18836), Baceroides finegoldii (DSM 17565) and Bacteroides ovatus (DSM 1896)
(see Fig. 1 for one exemplary primer). The results demonstrate that Coreotics is a
distinct strain which is not identical to the known Bacteroides xylanisolvens strain DSM
18836.

1.6 Summary

The results of the 16S rRNA sequence similarity, the whole genome DNA-DNA
hybridization and the biochemical characterization demonstrated that the isolated
microorganism Coreotics is of the species Bacteroides xylanisolvens. Furthermore, the
RAPD analysis showed that Coreotics is a specific and distinct Bacteroides
xylanisolvens strain which is different from the known Bacteroides xylanisolvens
strains.

Example 2: Stable and homogeneous expression of the core-1 antigen
2.1 Core-1 expression of Coreotics compared to AG6

Fixed bacterial cells were adjusted to a cell concentration of 1*10” cell/ml with PBS.
50 yl were applied in duplicate to the wells of a PolySorp microtitre plate (Nunc,
Wiesbaden, Germany) and coated overnight at 37°C. Prior to all further incubation
steps, the plates were washed three times with 200 ul Tris-buffered saline with Tween
20 (8.78 g NaCl, 6.06 g Tris per L, and 0,05% [v/v] Tween 20, pH 7.6). The further
method steps were performed at room temperature. Residual binding sites were
blocked by incubating the wells with 200 pl of 2% bovine serum albumin (BSA) in PBS
for 20 min. A monoclonal antibody specific for core-1 (Nemod-TF1) was applied as
primary antibody in 50 yl 1% BSA containing PBS and incubated for 1 h at room
temperature. The plates were washed three times with 200 ul Tris-buffered saline with
Tween 20 before incubation with secondary antibody. The secondary antibody
(peroxidase-rabbit-anti-mouse 1gG/IgM P0260, DAKO, Hamburg, Germany) was
diluted 1/5000 in 1% BSA in PBS, and 50 pl were applied per well and incubated for
1 h at room temperature. The plates were washed again three times with 200 yl Tris-
buffered saline with Tween 20 and developed for 5 to 20 min in the dark by adding
100 pl of developing solution (1 mg/ml tetramethylbenzidine in 1% [v/v] DMSO in
50 uM sodium acetate buffer) to each well. Subsequently, 50 pl of 2.5 M H,SO, was
added to stop the reaction, and the absorbance (E4sos30) was measured in an ELISA
Reader (Dynex Technologies Inc., Chantilly, VA, USA). A fixed culture of AG6 DSM
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18726, disclosed in WO 2008/055703) also adjusted to a cell concentration of 1*107
cell/ml with PBS served as positive control. Alternatively, asialoglycophorin and
glycophorin (100 ng/well in PBS, Sigma-Aldrich, Taufkirchen, Germany) served as
positive and negative controls for the core-1 antigen, respectively. The assays were
performed in duplicate on at least two separate occasions.

ELISA assays of ten different Coreotics (DSM 25004) and 10 different AG6 (DSM
18726, disclosed in WO 2008/055703) colonies revealed that Coreotics (Bacteroides
xylanisolvens) exhibits a very stable and homogeneous high core-1 expression on their
cell surface while AG6 (Bacteroides ovatus) shows a higher variability and a lower
average core-1 expression (see Fig. 2).

2.2 Core-1 expression of Coreotics compared to B. xylanisolvens reference strain

The core-1 expression was analyzed by binding of the core-1 specific antibody Nemod-
TF1 (Glycotope GmbH, Germany) in ELISA experiments. A strong TF1 binding could
be identified for the positive control (PK) and the strain Coreotics. This revealed the
presence of core-1 structures on their surface. The pre-treatment with periodate
completely abolished the binding of the anti-core-1 antibody. The reference strain
Bacteroides xylanisolvens DSM 18836 did not present any binding of the core-1
specific antibody. The results are shown in Fig. 3.

Example 3: Effect of simulated gastric juice and heat treatments on the core-1
expression

To simulate the passage through gastrointestinal tract, Coreotics bacteria were
submitted to the action of simulated gastric and intestinal juices. The survivor rate for
the Coreotics strain in gastric juice was above 90% after 180 min and above 96% after
240 min exposure to intestinal juice. Interestingly, none of the treatment had any effect
on the core-1 antigen exposure on the surface of the strain Coreotics. Also
pasteurization did not influence the core-1 antigen density that stayed stable over 12
months when stored at room temperature, 4 or -20 °C.

Example 4: Production of short chain fatty acids

Based on HPLC analyses, it was demonstrated that the Bacteroides xylanisolvens
strain CTC1 is able to produce short chain fatty acids (SCFAs) like propionate and
acetate as well as other substances like succinate, formate and lactate. Depending on
the growth conditions and medium composition the concentration of metabolic products
measured in supernatant varied from 2.5 mM to 44.7 mM for succinate, 5.8 mM to 29.3
mM for propionate, 3.4 mM to 38.3 mM for acetate, 0 mM to 45 mM for formate and
0.88 mM to 8.6 mM for lactate, respectively.
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Example 5: Analysis of virulence factors
5.1 Antibiotics resistance of Coreotics

The analysis of the minimum inhibitory concentration (MIC) of several antibiotics
revealed that the Bacteroides xylanisolvens Coreotics strain was resistant to 3-lactam
drugs like penicillin G, ampicillin and meziocillin. However, it was sensitive to usual
antibiotics agents like metronidazole, meropenem and clindamycin and the addition of
3-lactamase inhibitor restored the sensitivity to 3-lactam drugs.

5.2 Detection of plasmids in Coreotics

To investigate the potential presence of plasmids in the Coreotics strain, plasmid DNA
material was isolated from Coreotics and from both control strains, E. coli DSM 3876,
and E. coli DSM 6202, respectively, which contain the low copy plasmids RP4 (60 kb)
and pSC101 (9.4 kb). Measurements of the plasmid DNA concentration at 260 nm
revealed no presence of DNA in the plasmid preparation of Coreotics. Running the
plasmid preparations on an agarose gel confirmed the isolation of both low copy
plasmids from the control strains and the absence of detectable plasmid material from
Bacteroides xylanisolvens Coreotics (Figure 5A).

5.3 Identification of the B-lactamase genes cfxA, cepA and cfiA in the genome of
Coreotics

In order to characterize the R3-lactamase activity of the Coreotics strain, specific PCR
assays were run for each of the [3-lactamase genes cfiA, cfxA, and cepA known for the
genus Bacteroides. Results indicate that the strain Coreotics exclusively contains the
cepA gene (Figure 5B-D).

5.4 Genes encoding virulence factors in the genus Bacteroides

The Bacteroides fragilis Polysaccharide A (PS A) and the Bacteroides fragilis
enterotoxin Bft are the most important virulence factors of the genus Bacteroides. In
order to investigate the presence of the enterotoxin Bft, a specific PCR for the bft gene
was performed. In case of PS A, specific PCRs for the highly conserved open reading
frames upaY, upaZ, located upstream of the biosynthesis genes of PS A, and for the
most important genes wcfR encoding an aminotransferase and wcfS encoding a
glycosyltransferase were designed. In contrast to the Bacteroides fragilis ATCC 43858,
the Coreotics strain does not possess the bft gene. Also the genes wcfR, wcfS and
both open reading frames upaY and upaZ could not be detected (Figure 6A-C).

Furthermore, the presence of the gene ompW encoding the virulence factor “Ton B-
Linked outer membrane protein”, which may be involved in the development of IBD
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was analyzed. No ompW encoding gene could be detected in the Coreotics strain
(Figure 6D).

5.5 Determination of extracellular enzymes and pathogenic factors of Coreotics

Besides neuraminidase, several strains of the genus Bacteroides were described to
produce unwanted exoenzymes including collagenase, DNAse and some proteases
that may participate in infection processes. The most relevant exoenzyme activities
were analyzed by means of PCR (neuraminidase) or enzymatic assays. The Coreotics
strain show no DNase, chondroitinase, hyaluronidase, and neuraminidase activities,
and only weak 3-hemolytic and collagenase activities.

5.6 Adhesion of Coreotics fo Caco-2 cells

Caco-2 cells were cultivated and differentiation was induced. The results demonstrate
that the expression level of GAPDH was constant during differentiation, whereas the
level of sucrase isomaltase increased during differentiation. Microscope observation
confirmed that the Caco-2 cells were well differentiated as monolayer after 14 days.
The binding of bacteria to differentiated Caco-2 cells after 3 hours of co-incubation
under anaerobic conditions was analyzed by means of a species-specific PCR
performed on supernatants of successive wash steps, and finally on the scraped Caco-
2 cells. In contrast to positive controls, Coreotics cells, which of course could be
detected in the supernatant of the first wash step, could no longer be detected in later
supernatants or on scraped Caco-2 cells, indicating that the Coreotics cells do not
attach to epithelial cells of the human colon (Figure 7).

Example 6: Toxicological studies
6.1 Viability assay

The viability of Bacteroides xylanisolvens Coreotics (DSM 25004) after lyophilization
and rehydration was analyzed in several independent experiments. The lowest
identified survival rate indicated a minimum concentration of 4x10° CFU / g viable
bacteria. This concentration was accepted as the “available concentration”.

6.2 In vitro mutagenicity study (Ames-Test)

This test was performed to detect any toxic or mutagenic effects of Coreotics or their
fermentation products. Five doses of viable bacteria ranging from 0.28 to 28.5 mg
bacteria / plate or one dose of 59 mg pasteurized bacteria / plate were employed in two
independent experiments, each carried out with and without metabolic activation. No
signs of cytotoxicity and no increase in revertant colony numbers as compared with
control counts were observed for any concentration of the 5 test strains with and
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without metabolic activation, and also in both test formats, plate incorporation and pre-
incubation mode, respectively.

6.3 In vitro assessment of the clastogenic activity (in vitro chromosomal aberration
assay)

The top concentration of Coreotics employed in the study was 2.8 mg viable bacteria /
ml culture medium and 5.9 mg pasteurized bacteria / ml culture medium, which were
considered to be the maximum reasonable concentration. In the absence of metabolic
activation, the mean incidence of chromosomal aberrations (excluding gaps) observed
in the negative control was 1.0 % or 0.5 % after a 4-hour and 24-hour exposure,
respectively. None of the concentrations of Coreotics, either viable or pasteurized,
produced any statistically significant increase in aberrant cells after 4-hour and 24-hour
exposure (0.5 % to 2.5 %). In contrast, the positive control presented a 10.5 % and
17.5 % increase in aberrant cells after a 4-hour and 24-hour exposure, respectively. In
the presence of metabolic activation, the mean incidence of chromosomal aberrations
(excluding gaps) observed in the negative control was 0.5 % after a 4-hour exposure.
Again, none of the concentrations of Coreotics either viable or pasteurized produced
any statistically significant increase in aberrant cells, resulting in 0.0 % and 1.5 % in
two independent experiments, respectively. The positive control presented 13.5 % and
16.5 % aberrant cells after a 4-hour in two experiments, respectively. For all Coreotics
concentrations tested, no item-related polyploidy or endoreduplication was noted in the
experiments with or without metabolic activation. Furthermore, confirming precedent
results, no signs of cytotoxicity were noted at any tested concentration of Coreotics in
the experiments with and without metabolic activation.

6.4 90-Day oral toxicity study in Mice

The aim of this study was to determine whether the oral intake of Coreotics would have
any toxicological effect. Crl: NMRI mice (50 male and 50 female) were allocated to 5
test groups (10 males and 10 females per group) and administrated daily doses of
bacteria orally via gavage for 90 days. We tested the effect of 1x10° to 1x10® CFU or
1x10"" pasteurized Coreotics per animal per day. Results are shown in Figure 8.
During the 90 test days no mortality was noted in any group treated with viable or
pasteurized Coreotics, as in the control group. None of the mice treated or untreated
revealed any changes in their behavior or external appearance. Furthermore, the
functional observation did not reveal any test item-related influence: motility, faeces
consistency, and water consumption, as well as body weight gain and food
consumption presented no significant differences throughout the experimental period
between the treated groups and with the control group. The hematological examination
showed no test item-related influence at any of the tested dose levels of viable and
pasteurized Coreotics, and no statistically significant differences between the control
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group and the groups of treated mice was observed. The clinical biochemistry values
and the ophthalmological examination revealed no test item-related changes in any
group at any dose level for both viable and pasteurized Coreotics. Further,
macroscopic post-mortem analyses revealed no test item related lesions or
abnormalities. Finally, an extensive and detailed histopathological analysis of all organs
revealed no differences between the treated groups and with the control group.

6.5 In vivo pathogenicity of Coreotics (Abscess formation)

The in vivo intraperitoneal abscess formation model is a well-accepted model to
investigate the pathologic properties of opportunistic bacterial strains (McConville et al.,
1981; Onderdonk et al. 1984; Thadepalli et al. 2001). Fresh overnight bacterial cultures
of Bacteroides fragilis RMA 6971 or Bacteroides xylanisolvens DSM 25004 (Coreotics)
were used. A mixture containing 2.3x10 to 4.6x10° CFU per kg body weight, 50 %
(w/w) autoclaved rat faeces, and 10 % (w/v) barium sulfate was intraperitoneally
injected into mice. The viability, bacterial concentration and purity of each item were
determined retrospectively after injection on remaining material. In order to identify the
presence of Bacteroides fragilis and / or Bacteroides xylanisolvens, a multiplex species
specific PCR as described by Liu et al. (2003) was established. This multiplex PCR
also allowed identifying both species in contamination situations where one species
would be strongly underrepresented. We confirmed that each single test item contained
the wanted bacterial strain and was not contaminated with the other species (see
Figure 9). Further potential contaminations were analyzed through plating each test
item on appropriate agar and incubated it under aerobic conditions. No single colony
could be detected after 48 hours of incubation. In two separate experiments, mice
injected with a high dose of Coreotics did not induce the development of more or bigger
abscesses as the negative control (Barium sulfate + sterile rat faeces). In contrast, high
concentrations of Bacteroides fragilis RMA 6971 induced the formation of more and
bigger abscesses. After 7 days, 2 abscesses per animal were taken under sterile
conditions, the content punctured and submitted to DNA extraction. We evaluated the
presence of Coreotics or Bacteroides fragilis RMA 6791 in the abscesses by means of
species-specific PCRs (Figure 10). Bacteroides fragilis RMA 6971 could be detected in
all abscesses isolated from groups 2, 4 and 6 injected with 2.3x10" to 4.6x10°
Bacteroides fragilis per kg body weight, respectively. In contrast, independent of the
bacterial concentration injected, Coreotics could not be detected in any of the analyzed
abscesses. These results for injected mice with Coreotics clearly indicated that this
strain does not induce the formation of abscesses, and that it is actually quickly and
completely eradicated by the immune system after i. p. injection.
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Example 7: Mouse model

Mice sera may contain antibodies cross-reacting with carbohydrate structures.
Following immunization, an increased binding observed on any core-1 carrier molecule
or cell may as well be related to such cross-reacting antibodies, leading to false
positive signals. In order to specifically analyze the core-1-specific antibody titer, the
level of core-1 specific antibody at each time point was expressed as the ratio: “Core-
1r = signal on carrier-core-1 / signal on carrier-ref”. The reference structure may be any
carbohydrate structure not present on the surface of Coreotics, preferably a
disaccharide. An increase in the ratio following administration of Coreotics indicates an
increase in core-1 specific antibody titer.

Male C3H mice aged 7 to 9 weeks were orally administered with 510° Coreotics a day
for a period of 4 weeks. As negative control, 4 mice were treated with NaCl and 4 mice
were treated with the core-1-negative strain B.ovatus DSM 1896. Sera were taken
before starting immunization and at day 21 and day 28. The sera were diluted 1/100
and their content in core-1 specific IgM antibody analyzed on glycoconjugates PAA-
core-1 and PAA-ref (Gall31-3GIcNAC) as follows.

The glycoconjugates polyacrylamid-Gal31-3GalNAc (PAA-core-1) and polyacrylamid-
Gall31-3GIcNAc (PAA-ref) were adjusted to a concentration of 5 pyg/ml in coating puffer
(4.2 g NaHCO3, 1.78 g Na,CO3 ad 1 L with Millipore-H,O, pH 9.6). 50 ul of each
glycoconjugate were applied in duplicate to the wells of a MaxiSorp microtiter plate
(Nunc, Wiesbaden, Germany) and coated overnight at 4°C. Prior to all further
incubation steps, the plates were washed three times with 200 pl Tris-buffered saline
with Tween 20 (8.78 g NaCl, 6.06 g Tris per L, and 0,05% [v/v] Tween 20, pH 7.6).
Residual binding sites were blocked by incubating the wells with 200 pl of 2% bovine
serum albumin (BSA) in PBS for 20 min.

Animal sera were appropriately diluted (1/50 to 1/200) with 1% BSA containing PBS
and 50 ul were applied in duplicate on wells coated with PAA-core-1 and PAA-ref and
incubated for 1 h at room temperature. The plates were washed three times with 200 pl
Tris-buffered saline with Tween 20 before incubation for 1 h with 50 ul of a 1/5000
dilution in 1% BSA in PBS of the secondary antibody (peroxidase-goat-anti-mouse IgM
115-035-075, Jackson ImmunoResearch). The plates were washed again three times
with 200 pl Tris-buffered saline with Tween 20 and developed for 5 to 20 min in the
dark by adding 100 pl of developing solution (1 mg/ml tetramethylbenzidine in 1% [v/V]
DMSO in 50 uM sodium acetate buffer) to each well. Subsequently, 50 pl of 2.5 M
H,SO, was added to stop the reaction, and the absorbance (E4sos30) Was measured.
The level of core-1 specific antibody was expressed as the ratio: “Essoesp ON
PAA-core-1 / Eysos30 On PAA-ref”. Comparing the ratio before and after immunization
allowed to specifically analyzing the change in core-1 specific antibody titer.
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As a result, the induction of a core-1 specific antibody titer in mice by the Bacteroides
xylanisolvens strain CTC1 could be shown. Thus, it was demonstrated that he

microorganisms according to the invention are capable of inducing an immune
response against the core-1 antigen.
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CLAIMS

A core-1 positive microorganism of the species Bacteroides xylanisolvens or a
core-1 positive lysate thereof or a core-1 positive fraction thereof, wherein said
microorganism or lysate or fraction thereof is recognized by at least one core-1
specific antibody.

The microorganism according to claim 1, being Coreotics (DSM 25004), a
microorganism derived therefrom or a Coreotics homolog.

The microorganism according to claim 2, wherein the microorganism derived from
Coreotics or the Coreotics homolog has two or more of the following
characteristics:

a)

b)

d)

it belongs to the species of Bacteroides xylanisolvens;

in a DNA-DNA hybridization assay, it shows a DNA-DNA relatedness of at
least 50%, preferably at least 70%, at least 90%, or at least 95%, more
preferred at least 98%, most preferred at least 99% with Coreotics deposited
as DSM 25004 and/or the Bacteroides xylanisolvens deposited as DSM
18836;

it displays a level of 16S rRNA gene sequence similarity of at least 98%,
preferably at least 99% or at least 99,5%, more preferably 100% with
Coreotics deposited as DSM 25004 and/or the Bacteroides xylanisolvens
deposited as DSM 18836; and/or

it shows a core-1 antigen expression which has one or more of the following
characteristics:

i) it has an average core-1 antigen expression of at least 50%, preferably
at least 80%, at least 85%, or at least 90%, more preferably at least
95% of the average core-1 expression of Coreotics deposited as DSM
25004;

i) it achieves on average an absorbance value of at least 0.3, preferably
at least 0.35 in an ELISA assay as described in example 2;

iii)) it expresses on the cell surface at least one carbohydrate structure
selected from the group consisting of structures #1, #2, #3, #4 and #5
of figure 4, analogous structures thereof, and/or repeating units thereof;
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iv) in a cell culture of said microorganism, at least 50%, preferably at least
80%, at least 90%, or at least 95%, more preferred about 100% of said
microorganisms have a core-1 antigen expression level which is at
least 75%, preferably at least 80% of the average core-1 antigen
expression of Coreotics deposited as DSM 25004 ; and/or

V) in a cell culture of said microorganism, at least 50%, preferably at least
80%, at least 90%, or at least 95%, more preferred about 100% of said
microorganisms have a core-1 antigen expression level which is in the
range of from 70% to 150%, preferably 75% to 125% of the average
core-1 antigen expression of Coreotics deposited as DSM 25004.

4. The microorganism according to any one of claims 1 to 3, wherein said
microorganism has a core-1 antigen expression which has one or more of the
following characteristics:

a)

b)

it has on average an absorbance value of at least 0.3 and more preferably at
least 0.35 in an ELISA assay as described in example 2;

it has an average core-1 antigen expression of at least 50%, preferably at
least 70%, at least 80%, at least 85%, or at least 90%, more preferably at
least 95% of the average core-1 expression of Coreotics deposited as DSM
25004;

it comprises at least one carbohydrate structure selected from the group
consisting of structures #1, #2, #3, #4 and #5 of figure 4, analogous structures
thereof, and/or repeating units thereof;

it is capable of producing short chain fatty acids; and/or

in a cell culture, said microorganism has at least one of the following
characteristics:

i) at least 50%, preferably at least 80%, at least 90%, or at least 95%,
more preferred about 100% of said microorganisms in said cell culture
have a core-1 antigen expression level which is

aa) at least 75% of the average core-1 antigen expression level of said
microorganism in the cell culture and/or

bb) at least 75% of the average core-1 antigen expression of Coreotics
deposited as DSM 25004;
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at least 50%, preferably at least 80%, at least 90%, or at least 95%
more preferred about 100% of said microorganisms in said cell culture
have a core-1 antigen expression level which is

aa) in the range of from 70% to 150%, preferably 75% to 125% of
the average core-1 antigen expression level of said
microorganism in the cell culture and/or

bb) in the range of from 70% to 150%, preferably 75% to 125% of
the average core-1 antigen expression of Coreotics deposited
as DSM 25004.

5. The microorganism according to any one of claims 1 to 4, wherein the
microorganism or lysate or fraction thereof is recognized and thus bound by at
least one core-1 specific antibody when the core-1 specific antibody is contacted
with the microorganism or lysate or fraction thereof under appropriate binding

conditions,

wherein said binding of the core-1 specific antibody to the

microorganism or the lysate or fraction thereof fulfills one or more of the following
characteristics:

a) the core-1 specific antibody is selected from the group of the following
antibodies:

i)

an antibody having a set of CDRs consisting of the amino acid
sequence according to SEQ ID NO: 1 as CDR-H1, the amino acid
sequence according to SEQ ID NO: 2 as CDR-H2, the amino acid
sequence according to SEQ ID NO: 3 as CDR-H3, the amino acid
sequence according to SEQ ID NO: 4 as CDR-L1, the amino acid
sequence according to SEQ ID NO: 5 as CDR-L2 and the amino acid
sequence according to SEQ ID NO: 6 as CDR-L3;

an antibody having a set of CDRs consisting of the amino acid
sequence according to SEQ ID NO: 7 as CDR-H1, the amino acid
sequence according to SEQ ID NO: 8 as CDR-H2, the amino acid
sequence according to SEQ ID NO: 9 as CDR-H3, the amino acid
sequence according to SEQ ID NO: 10 as CDR-L1, the amino acid
sequence according to SEQ ID NO: 11 as CDR-L2 and the amino
acid sequence according to SEQ ID NO: 12 as CDR-L3;

iii) the antibody Nemod-TF1 and

iv) the antibody Nemod-TF2;
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b) the microorganism or the lysate or fraction thereof is bound by at least two
core-1 specific antibodies, wherein said at least two different antibodies
recognize different epitopes and are preferably selected from the group of
antibodies defined in claim 5 a), in particular antibodies i) and ii) or
antibodies iii) and iv);

c) binding of the at least one core-1 specific antibody to the microorganism
or the lysate or fraction thereof is periodate sensitive in that the binding is
reduced or absent after periodate treatment; and/or

d) the microorganism or the lysate thereof comprises the core-1 antigen in
an exposed form, wherein said exposed core-1 antigen are not masked by
other structures, in particular by other carbohydrate structures.

A composition comprising core-1 positive microorganisms or a core-1 positive
lysate thereof or a core-1 positive fraction thereof according to any one of claims 1
to 5.

The composition according to claim 6, wherein the core-1 positive microorganisms
of the species Bacteroides xylanisolvens in the composition are characterized by a
core-1 antigen expression as defined in claim 4 and/or 5.

The composition according to claim 6 or 7, wherein at least 50%, preferably at
least 70%, at least 80%, at least 90%, or at least 95%, more preferred about 100%
of the core-1 positive microorganisms in the composition have a core-1 antigen
expression level which is

a) at least 75% of the average core-1 antigen expression level of all core-1
positive microorganisms in the composition, and/or at least 75% of the
average core-1 antigen expression of Coreotics deposited as DSM 25004;
and/or

b) in the range of from 70% to 150%, preferably 75% to 125% of the average
core-1 antigen expression level of all core-1 positive microorganisms in the
culture, and/or in the range of from 70% to 150%, preferably 75% to 125% of
the average core-1 antigen expression of Coreotics deposited as DSM 25004.

The composition according to any one of claims 6 to 8, having one or more of the
following characteristics:

a) said composition is a cell culture and/or
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b) the core-1 positive microorganism or the core-1 positive microorganisms in the
composition are present in a viable, non-reproductive, non-viable or lysed
form.

A pharmaceutical composition, comprising

i) a core-1 positive microorganism or a core-1 positive lysate thereof or a core-1
positive fraction thereof according to any one of claims 1 to 5

and/or
i) a composition according to any one of claims 6 to 9.

The pharmaceutical composition according to claim 10 for inducing and/or
enhancing an immune response against the core-1 antigen.

The core-1 positive microorganism or lysate or fraction thereof according to any
one of claims 1 to 5, the composition according to any one of claims 6 to 9, or the
pharmaceutical composition according to claim 10 or 11 for use in medicine,
preferably for the treatment or prevention of core-1 positive tumors, cancers,
gastrointestinal disorders and/or core-1 positive diseases.

A method for manufacturing a core-1 positive product, comprising the following
steps:

a) providing the core-1 positive microorganism according to any one of claims 1
to 5;

b) optionally processing said core-1 positive microorganism in order to obtain a
core-1 positive lysate or fraction thereof;

€) using said core-1 positive microorganism and/or said core-1 positive lysate or
fraction thereof in the manufacture of the core-1 positive product.

The method according to claim 13, wherein the core-1 positive product is an
antigen presenting cell, preferably a dendritic cell, and wherein step ¢) comprises
loading said antigen presenting cell with said core-1 positive microorganism and/or
said core-1 positive lysate or fragment thereof.

The use of a core-1 positive microorganism and/or a core-1 positive lysate thereof
and/or a core-1 positive fraction thereof according to any one of claims 1 to 5 in
vivo or in vitro for inducing or enhancing a core-1 specific immune response and/or
for inducing an antibody titer against core-1 and/or for generating functional
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antigen presenting cells, preferably dendritic cells, and/or activated T cells, T cell
lines or T cell clones or antibodies against core-1.
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Figure 2
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