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of certain carbohydrate epitopes. More particularly, the present invention relates to the prevention and treatment of carbohydrate
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10

15

20

25

30

35

40

45

CA 02668704 2009-05-05
WO 2008/055702 PCT/EP2007/009765

Carbohydrate specific cellular immunity inducing microorganisms and fractions
thereof

FIELD OF THE INVENTION

The present invention relates to the field of prevention and treatment of diseases that are
characterized by the occurrence of certain carbohydrate epitopes. The invention provides
nutraceuticals and pharmaceutical compositions comprising a microorganism positive for the
carbohydrate epitope and fractions thereof which induce an effective carbohydrate-specific
cellular immune response against carbohydrate—positive cells and diseases. Furthermore it
provides methods for the selection, isolation and identification of carbohydrate-positive
microorganisms which are suitable as an effective part of the nutraceutical or pharmaceutical
composition. It provides methods for the generation of carbohydrate specific dendritic cells
and cell lines and carbohydrate specific T cells, T cell clones and T cell lines. The invention
further provides formulations and methods for prophylaxis and treatment of diseases
associated with certain carbohydrate epitopes.

BACKGROUND OF THE INVENTION
Carbohydrate antigens often occur in combination with human diseases. For instance,

aberrant glycosylation is a typical hallmark of cancer cells, thereby creating new
carbohydrate structure that are absent from or rarely present on normal human cells. Those
carbohydrate structures were believed to be suitable candidates for the generation of tumor
vaccines, but the carbohydrate itself are poorly immunogenic structures classified as T cell
independent antigens. Therefore, vaccine development focused on the generation of
synthetic carbohydrate based anti-tumor vaccines, whereby carbohydrate epitopes are
coupled to immune potentiating carrier structures or natural proteins or oligopeptides (such
as MUC1) and combined with additional adjuvances for the induction of an immune response
especially for the induction of a cellular immune response. Polysaccharide are linked to
immunogenic polypeptides such as tetanus or diphtheria toxoid or KLH or T helper epitopes
in order to alter the immune response from T cell independent to T cell dependent in order to
generate immunological memory. The production of such vaccines is extraordinarily difficult
and expensive. Furthermore, such vaccines represent non-natural or artificial antigens with
unknown or adverse side effects.

Until recently it was believed that carbohydrates are not presented by antigen presenting
cells (e.g. dendritic cells) to immune effector cells and do not mediate a T cell immune

response.

Now few reports show that complex carbohydrate are not removed during processing of
glycoproteins by antigen presenting cells and can be presented to major histocompatibility
complex |l restricted T cells together with the peptid.

In the case of the MUC1 antigen, internalization, processing and presentation of
glycopeptides on dendritic cells could be shown. MUC1 bearing short sialylated
carbohydrates induced activation and maturation of dendritic cells phenotypically similar to

CONFIRMATION COPY
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that induced by bacterial LPS thereby lacking specificity, but these DCs were not capable of
inducting a Th1 type immune response after coculture with allogenic CD4+ T cells or

cytotoxic CD8 responses (Carlos et al. (2005) J Immunol 175: 1628-1635).

MUC1-derived peptides O-glycosylated with a Tn epitope induce cellular immunogenicity in
mice, but Iimmunization with glycopeptide-loaded dendritic cells showed no
immunotherapeutic effect, no selective lysis of human MUC1 expressing murine cell lines
and the elicited CTLs showed cross- reactivity between glycosylated and non-glycosylated
forms of the same peptides, so the immune response was not effective and not CH-specific
(Stepensky et al. (2005) Clin Exp Immunol 143:139-149). .

Cancer associated MUC1 carrying short sugar moieties from mono- to tetrasaccharides
(such as the tumor antigens Tn, TF, S-Tn, and S-TF) can even induce suppression of human

T ceII responses (Agrawal et al. Nat Med 1998 Jan;4(1):43-9).

Bacterial glycosylation is completely different from eukaryotic glycosylation due to a different
profile of enzymes involved in the glycosylation machinery. The majority of the
polysaccharides of bacteria are negatively charged polysaccharides which clearly fail to
activate T cells and hence are generally classified as T cell independent type 2 antigens.
More recently it was described that zwitterionic capsular polysaccharides from certain
bacteria have the ability to activate CD4+ T cells. However, MHCII restriction for zwitterionic
polysaccharide antigens is not clear, and the T cells are activated in a polyclonal non-antigen
specific fashion which is not antigen or epitope specific but show a broad V3 usage and
cross-reactivity apparently resembling the broad activation induced by mitogens ( Cobb and
Kasper, Cell Microbiol 2005; Eyon, Zenewicz, Flavell, Cell, 2005).

Furthermore, carbohydrates and carbohydrate antigens are generally known as weak
Immunogens.

Th1 type immunity is considered to be important and necessary in tumor rejection and in
elicitation of potent immune responses in various diseases (Kobayashi et al., 1998, J.
Immunol. 160: 5869-5873). It was shown that some short tumor -carbohydrates may be
presented and recognized together with certain aminoacids as combined necessary binding
motifs. However, this does not lead to a Th1 type immune response. In contrast, in case of
MUC1 desialylated MUC1 (presenting short sugar moieties such as Tn or TF) fails to induce
T cell cytokine production and hence no T cell activation or in case of sialylated sugars
induction of the secretion of cytokines such as TNFalpha together with IL-6 which are
connected with tumor metastasis, tumor progression and bad prognosis, occur and hence falil
to activate the necessary TH1 response and is even thought to be connected with tumor

escape from immune responses (Carlos et al., J. Immunol, ).

This state of the art teaches that natural molecules comprising human carbohydrate tumor
antigens can' not induce a potent cellular Th1 and cytotoxic immunity directed against
carbohydrate epitopes, and that polysaccharides from bacteria, in particular the capsular
polysaccharides, can not induce an antigen specific immune response.

Hence, the use of these carbohydrate molecules would not be suitable for tumor vaccine
approaches using (i) dendritic cells for presentation of the carbohydrate antigens which
would not induce a potent cytotoxic immune response when administered in humans and not
be suitable for tumor vaccine approaches using (ii) APC such as DC for presentation of the
carbohydrate antigens for generation of antigen specific T cells in a Th1 response for a

adoptive T cell therapy in patients.

However, due to the importance of carbohydrate antigens in the development of pathologic
diseases such as cancer, it would be advantageous to obtain means for inducing an effective
carbohydrate-specific cellular immune response.
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It is the object of the present invention to provide respective means.

DESCRIPTION

In order to overcome the above mentioned drawbacks in the art, the present invention
provides the means for the induction of an effective carbohydrate-specific cellular immune
response against a carbohydrate epitope or epitopes present on a molecule from a human or
animal cell associated with a disease of said human or animal.

To our knowledge this surprising finding is the first report on the induction of a carbohydrate
specific Th1 type immune response induced by a natural molecule.

Even further surprisingly we show for the first time that an effective carbohydrate-specific
cellular Th1 type and a cytotoxic T cell immune response can be induced by the
administration of suitable amounts of at least one microorganism that expresses a human or
animal disease-associated carbohydrate epitope or at least one fraction thereof.

The usage of bacteria that usually inhabit the gastro-intestinal tract of humans results in a
prophylactic and therapeutic agent that does not cause undesired side effects. The
carbohydrate nature is responsible for the lack of relevant tolerogencity and shows no
relevant allergic reactions.

As glycosylation in microorganisms is completely different from glycosylation in humans or
animals, it was surprising that the microorganisms provided and obtainable by the present
iInvention express a “‘human’ carbohydrate epitope or part of it as it occurs on a human cell
surface or is produced from a human cell and that this human antigen or part of it is
presented by dendritic cells after loading with said microorganisms and induces an effective
cellular immune response against said carbohydrate antigen which can in sense of the
invention also be or comprise an effective cellular immune response against carbohydrate
structures, carbohydrate conjugates or a mammalian cell comprising said carbohydrate
epitope. Those loaded dendritic cells are functionally active and stimulate and activate T
cells. |

Most surprisingly this immune response is also carbohydrate specific and is e.g. not

predominantly triggered by the underlying peptide sequence.

One important aspect of the present invention is that the carbohydrate positive
microorgansim is recognized by at least one carbohydrate binding molecule such as e.g. a
carbohydrate epitope specific antibody. Hence, the carbohydrate positive microorgansim is
specifically bound by a carbohydrate epitope specific antibody when contacted with said
antibody. The Carbohydrate structure is thus accessible for said carbohydrate epitope
specific antibody in the carbohydrate positive microorganism of the present invention and not
“hidden” by other structures. This important characteristic which can be determined upon
testing — suitable tests are described below — ensures that the carbohydrate positive
microorganism and/or the carbohydrate positive fraction or lysate thereof carries the
carbohydrate epitope of interest and is thus at least immunochemically virtually identical to
the carbohydrate epitope of interest and not an epitope that is merely similar to the
carbohydrate epitope of interest. This feature is important to ensure that an immune
response is triggered by said carbohydrate positive microorganism that is sufficiently specific
for the carbohydrate epitope of interest. Such carbohydrate epitope specific antibodies, that
can be used to determine that a microorganism carries the carbohydrate epitope of interest,
specifically recognize the carbohydrate epitope e.g. in a tumor — relevant surrounding and
hence as naturally occurring. This further ensures that the microorganism carries the
carbohydrate epitope of interest in a form that triggers the desired immune response.
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The carbohydrate epitope specific antibodies can accordingly be used to determine that the
carbohydrate positive microorganisms of the present invention carry Carbohydrate structures
mimicking the carbohydrate epitope of interest e.g. as present on tumors. This characteristic
- carbohydrate epitope specificity — is decisive for the ability of the microorganism of the
present invention to trigger the desired immune response.

Due to the fact that the microorganisms of the present invention are truly carbohydrate
positive and are respectively selected — what can be determined/done by the use of
carbohydrate epitope specific antibodies — the invention provides carbohydrate positive
microorganisms which induce or enhance a specific and thus potent immune response
against the carbohydrate epitope of interest. As indicated above, said carbohydrate epitope
is preferably a human carbohydrate epitope and hence a carbohydrate epitope found on or
presented by a human cell. The formulation of the present invention activates the immune
system in a tumor-specific manner by inducing high anti- carbohydrate epitope antibody
levels which are specific. To our knowledge, the present invention is the first antigen- specific
food additive/nutraceutical or pharmaceutical which is able to activate a specific immune
shield against tumors and the first food-additive which is able to induce a carbohydrate and

~in particular Core-1 tumor antigen-specific immune response.

According to one embodiment, the invention provides a method of identifying a carbohydrate
positive microorganism according to the present invention which microorganism is thus

capable of triggering a specific immune response.

Hence, a method for isolating a carbohydrate positive microorganism carrying a preferably
human carbohydrate epitope of interest from a mixture of microorganisms is provided,
comprising

(a) bringing a carbohydrate binding molecule specific for the carbohydrate epitope of interest
into contact with a mixture of microorganisms, and

(b) isolating at least one microorganism bound to said carbohydrate binding molecule from
said mixture,

(c) optionally testing that the isolated microorganism is a carbohydrate positive
microorganism by testing the isolated microorganism for specific binding to said
carbohydrate binding molecule.

This selection method allows the identification of microorganisms which carry the
carbohydrate epitope of interest and are thus suitable components for the formulations
according to the present invention. As outlined above, said carbohydrate epitope is
preferably a human carbohydrate epitope such as e.g. a tumor marker.

As becomes apparent from the examples, several carbohydrate epitopes exist which are
associated with diseases and in particular cancer (see e.g. table 1). Furthermore, there are
also binding molecules known which specifically bind said human carbohydrate epitopes of
interest (see table 2). Furthermore, methods for generating carbohydrate binding molecules
specific for the carbohydrate epitope of interest are also described herein.

According to a preferred embodiment, said method additionally comprises testing the
induction of an effective carbohydrate specific cellular immune response and/or humoral
immune response against said carbohydrate epitope by said microorganism and/or fraction
and/or lysate thereof in vivo or in vitro. According to this preferred embodiment said
carbohydrate positive microorganism induces or enhances an immune response against the
carbohydrate epitope of interest in at least one human or animal recognizing the
carbohydrate epitope of interest and/or tumor cell positive for said carbohydrate epitope. Due
to the fact that the microorganism is positive for the carbohydrate epitope of interest, an
immune response against the carbohydrate epitope of interest is induced/enhanced upon
administration of the identified microorganism. Thereby an immunosurveillance mechanism
is established that may e.g. eliminate newly arising tumor cells carrying the carbohydrate
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epitope of interest, thereby preventing primary tumor growth and/or which strengthens the
immune system and/or improves an immune response.

Therefore, according to a preferred embodiment, step (d) comprises testing the induction of
an effective carbohydrate specific cellular immune response against said carbohydrate
epitope by said carbohydrate positive microorganism and/or fraction and/or lysate thereof for
the activation of CD4 positive Th1 type T cells and/or for the activation of cytotoxic CD8
positive T cells, preferably in at least one animal or human and/or in vitro.

According to one embodiment, said cellular immune response test performed in step (d)
comprises

I.) Loading at least one dendritic cell with the carbohydrate positive cell identified in
steps (a) to (c);

ii.) bringing into contact a suitable amount of said at least one dendritic cell loaded
with said carbohydrate positive microorganism with a suitable amount of immune cells
which can be activated or inhibited by a dendritic cell;

ii.) cultivation in order to aflow interaction of said immune cells with said Ioaded
dendritic cells;

Iv.) adding a suitable amount of antigen presenting cells (APC) loaded with a suitable
amount of at least one second compound carrying the same carbohydrate epitope as
the carbohydrate positive microorganism, wherein said second compound is different -
from said carbohydrate positive microorganism;

v.) cultivation for restimulation of said immune cells

vi.) determining whether restimulation of the immune cells occurred.

By performing this cellular response test it can be determined whether a certain carbohydrate
epitope present of said carbohydrate positive microorganism is capable of triggering a
cellular immune response. So far the prior art assumed that carbohydrates are unable to
trigger a cellular immune response. However, it has now been found that certain
carbohydrate epitopes are able to elicit a cellular immune response. It is thus important to
provide test systems for determining whether a carbohydrate positive microorganism
identified by the method of the present invention is indeed able to trigger a respective cellular
response, thereby determining whether said microorganism is suitable e.qg. for therapy. Said
test uses dendritic cells as dendritic cells are able to prime and thus stimulate immune cells
such as T-cells. Dendritic cells process compounds they are encountering and present the
processed compounds/antigens on their surface. However, MHC cells such as dendritic cells
can only present certain kinds of antigens and it is important to determine whether the
antigen/epitope of interest can be presented by dendritic cells as only such antigens/epitopes
are able to elicit a cellular immune response.

Therefore, dendritic cells are loaded with the Carbohydrate-positive microorganism identified
in steps (a) to (c). Suitable conditions for loading are described herein.

Said loaded dendritic cells are then contacted with immune cells, in particular lymphocytes
such as T-cells. The immune cells can be obtained e.g. from human donors. Dendritic cells
presenting antigens matching the receptors of the immune cells activate and thus stimulate
the lymphocytes thereby allowing them to proliferate and survive. Lymphocytes which do not
match the antigens presented by the dendritic cells are not activated and die.

This first round of stimulation provides activated lymphocytes which are specific for any
corresponding antigen presented by said loaded dendritic cells. However, the aim of the
present step is to identify whether the carbohydrate positive microorganism can stimulate a
cellular response specific for the carbohydrate epitope.
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Therefore, a selection step is performed wherein the lymphocytes are restimulated in order to
determine whether the carbohydrate epitope of the carbohydrate positive microorganism
stimulates the lymphocytes and thus triggers a cellular response. In said selection step
antigen presenting cells such as e.g. dendritic cells are loaded with a second compound
which also carries the carbohydrate of interest. However, said second compound is different
from the carbohydrate positive microorganism. This second compound is also processed by
the APCs and the antigens are presented by said APCs. As the second compound is
different from the carbohydrate positive microorganism, most presented antigens, preferably
all antigens are — besides the Carbohydrate of interest — different from the antigens
presented in the first round. This has the effect that only those lymphocytes survive the
second round of restimulation which find a matching antigen presented by said APCs. In
case the dendritic cells of the first round as well as the APCs of the second round both
present an antigen comprising or consisting of the carbohydrate epitope of interest,
lymphocytes recognizing said antigen are stimulated and thus survive as they are also
restimulated. Those lymphocytes which do not find a matching partner when contacting with
said APCs loaded with said second compound carrying the carbohydrate epitope of interest
die due to a lack of restimulation. This selection step ensures that a cellular response against
the Carbohydrate of interest is detected.

Further embodiments regarding the provided test systems that can be used in conjunction
with the present invention are described in the claims and subsequently.

The carbohydrate positive microorganisms identified by said method which have the
described characteristics and advantages and can be used in the formulation according to
the present invention. The formulation according to the present invention can be used for
prophylactic and/or therapeutic purposes and/or in supporting immunological activities.

The invention also provides formulations which can be used as pharmaceutical composition
and as nutraceuticals and can induce the immune responses against the carbohydrate
epitopes on human or animal cells or against a disease by a series of different administration
routes including the systemic administration such as but not limited to intra peritoneal,
intravenous, intradermal, subcutaneous but even more surprisingly via oral administration
mediating a systemic immune response even when administering the microorganisms or
fractions thereof via the oral route.

A formulation of the invention is a nutraceutical or a pharmaceutical composition which
comprises at least one microorganism specifically bound by at least one carbohydrate
binding molecule binding a carbohydrate epitope present on a molecule from a human or
animal cell , or a fraction or a lysate thereof, whereby said microorganism or a fraction or a
lysate thereof, or said formulation, said nutraceutical, or said pharmaceutical composition
induce an effective carbohydrate-specific cellular immune response against said
carbohydrate antigen in at least one animal or human, preferably a cytotoxic T cell response.

In one embodiment of the invention the formulation of the present invention can be a
nutraceutical and provides the means for the induction of a specific immune shield against
diseases associated with certain carbohydrate epitopes or antigens. This is in contrast to
conventional probiotics and prebiotics which result not in an antigen specific immune
response but in an overall unspecific induction of the immune system. Use of the formulation
of the present invention as a nutraceutical has several advantages compared to conventional
vaccination strategies. One of it is the important convenience for the patient or the person
who is using it. The immunostimulation is carbohydrate epitope or antigen specific and can
even be induced well prior to the establishment of a disease or tumor building a specific
immune shield in order to prevent, inhibit or reduce the development of such diseases or to
be used in combination with other therapies of the disease or a therapy. Therefore,
aggressive therapies (such as chemotherapy, radiotherapy or surgery) with severe side
effects can be avoided. In a preferred embodiment the individual does not necessarily have
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to visit a physiciah in order to actively pursue disease prophylaxis, but can obtain the
necessary formulation incorporated in a food, thereby decreasing the psychological barrier

against other prevention possibilities.

Pharmaceutical compositions of the invention have also the advantage that they can target
diseases with high medical need where carbohydrates or carbohydrate markers play an
important role.

Without intending to be limiting, examples of such diseases and the associated human
carbohydrate epitopes are listed in table 1.

Table 1 3

| Disease: o ICarbohydrate epitope: {

Melanoma GM2, GD2, GD3L, GD3, 9-O-acetyl GD2,

. ‘ ~___ 19-O-acetyl GD3

| B cell lymphoma GM2, GD2 |

Small-cell lung cancer GM2, Fucosyl GM1, Globo H, polysialic acid,
sLe a (sialyl-Lewis a) |

}Er-east cancer ' GM2, Globo H, TF,Core-1, Galbetal-

L | 3GalNAc-, Le y (Lewis-Y)

Prostate cancer GM2, Globo H, Tn, sTn, TF, Le v, sLe a

| | Core-1

LLung cancer GM2 Globo H, Le y, Core-1

Colon cancer N ~ |GM2, sTn, TF, Le y, Core-1,

|Ov_arian cancer L GM2, Globo H, sTn, TF, Le y, Core-1

Stomach cancer - GM2, Ley, Le a, sLe a, Core-1

Neuroblastoma, GM2, GD2, GD3L, polysialic acid

Sarcoma L GM2, GD2, GD3L, GD3

| Pancreas cancer B sLe a, sLe x (sialyl Lewis x) -

| Gastrointestinal cancers IsLe a, sLe x B “

| CD4+CD56+ neoplasia ~ |sLe x(CD15)

However, the carbohydrate epitope can also be suitable for other indications such as but not
limited to TF for lung cancer, liver cancer, stomach cancer, kidney cancer, prostate cancer,
and Core-1 for kidney and liver cancer.

Surprisingly, the formulation of the present invention acts as an immunosurveillance
mechanism against carbohydrate-positive diseases or tumor cells after administration in a
human or an animal. It induces or enhances a carbohydrate-specific immune response in
humans or animals that prevents or reduces the occurrence of disease or tumor cells
characterized by the expression of the carbohydrate antigen that was applied to the human

or animal.

The formulation of the present invention induces high specific anti-carbohydrate antibody‘
titers and/or even more surprisingly an effective carbohydrate-specific cellular immune
response recognizing the carbohydrate antigen or carbohydrate structures, carbohydrate

‘conjugates or a mammalian cell comprising said carbohydrate epitope. Suitable

carbohydrate positive microorganism can be identified with the screening methods and test
systems described herein.

Due to the biologic nature of the formulation, its production is less expensive and time
consuming as the production of conventional immunotherapeutic formulations.
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Surprisingly, the formulation of the present invention has internal adjuvant properties,
therefore additional adjuvances or immune-potentiating carriers are not necessary in all

cases.
A) Nutraceuticals and pharmaceutical composition

The present invention provides a formulation selected from the group comprising
nutraceutical and pharmaceutical compositions, comprising at least one carbohydrate
positive microorganism which is recognized and thus bound upon contact by at least one
carbohydrate binding molecule specifically recognizing a carbohydrate epitope present on a
molecule from a human or animal cell, or a fraction or a lysate thereof, whereby said
microorganism, said fraction or said lysate or said formulation comprising those induces an
effective carbohydrate-specific cellular immune response against said carbohydrate epitope,
and/or a carbohydrate structure, carbohydrate conjugate or a mammalian cell comprising

said carbohydrate epitope.

One important aspect of the present invention is that the carbohydrate positive
microorgansim and/or the carbohydrate positive lysate or fraction thereof is recognized by at
least one carbohydrate binding molecule, preferably a carbohydrate epitope specific
antibody. Hence, the carbohydrate positive microorgansim and/or the carbohydrate positive
lysate or fraction thereof is specifically bound by carbohydrate binding molecule when
contacted with said carbohydrate binding molecule. Hence, a carbohydrate structure similar
or identical to the carbohydrate epitope of interest, which is preferably a human carbohydrate
epitope, is thus accessible for said carbohydrate binding molecule in the carbohydrate
positive microorganism of the present invention and not “hidden” by other structures. This
important characteristic which can be determined upon testing — suitable tests are described
below — ensures that the carbohydrate positive microorganism and/or the carbohydrate
positive fraction or lysate thereof carries the carbohydrate epitope of interest and is thus at
least immunochemically virtually identical to the carbohydrate epitope of interest and not an
epitope that is merely similar to the carbohydrate epitope of interest. This feature is important
to ensure that an immune response is triggered by said carbohydrate positive microorganism
that is sufficiently specific for the carbohydrate epitope of interest. Such carbohydrate binding
molecule, that can be used to determine that a microorganism carries the carbohydrate
epitope of interest, specifically recognize the carbohydrate epitope e.g. in a tumor — relevant
surrounding. Also comprised are microorganisms which are not naturally carbohydrate
positive but may be converted to a carbohydrate positive microorganism by a chemical
treatment such as e.g. a periodate treatment. Respective microorganisms can be e.g. used
after periodate treatment (uncovering Core-1) as components of the formulations of the
present invention if they are due to the chemical treatment then recognized by the
carbohydrate binding molecules and are hence converted to a carbohydrate positive
microorganism.

In a preferred embodiment of the invention, said induction of said effective carbohydrate
specific cellular immune response occurs in at least one human or animal.

In another preferred embodiment of the invention, said induction of said effective
carbohydrate specific cellular immune response is performed in vitro.

In a preferred embodiment of the invention said effective carbohydrate-specific cellular
immune response comprises activation of CD4 positive T cells of Th1 type and/or activation
of CD8 positive cytotoxic T cells directed against said carbohydrate epitope, and/or a
carbohydrate structure, carbohydrate conjugate or a mammalian cell comprising said
carbohydrate epitope.

In a preferred embodiment of the invention said effective carbohydrate-specific cellular
Immune response comprises activation of CD4 positive T cells of Th1 type and activation of
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CD8 positive cytotoxic T cells directed against said carbohydrate epitope, and/or a
carbohydrate structure, carbohydrate conjugate or a mammalian cell comprising said

carbohydrate epitope.

The present invention provides formulations comprising microorganisms presenting human
or animal carbohydrate epitopes, and/or lysates and/or fractions thereof which induce an
effective carbohydrate-specific immune response, more preferably an effective carbohydrate-
specific cellular immune response, even more preferably said cellular immune response
comprises activation of Th1 helper T-cells and cytotoxic T cells.

In a preferred embodiment the present invention provides a formulation selected from the
group comprising a nutraceutical and a pharmaceutical composition which comprises at least
one microorganism specifically bound by at least one carbohydrate binding molecule binding
a carbohydrate epitope present on a molecule from a human or animal cell or a fraction or a
lysate thereof, whereby said microorganism or a fraction or a lysate thereof, or said
formulation, said nutraceutical, or said pharmaceutical composition induce an effective
carbohydrate-specific cellular immune response against said carbohydrate epitope, and/or a
carbohydrate structure, carbohydrate conjugate or a mammalian cell comprising said
carbohydrate epitope.

In another preferred embodiment, the invention provides a nutraceutical comprising at least
one microorganism carrying or presenting at least one human or animal carbohydrate
epitope, and/or lysates and/or fractions thereof which induce an effective carbohydrate-
specific immune response, more preferably an effective carbohydrate-specific cellular
immune response against said carbohydrate epitope, or a carbohydrate structure,
carbohydrate conjugate or a mammalian cell comprising said carbohydrate epitope, even
more preferably said cellular immune response comprises activation of Th1 helper T-cells

and cytotoxic T cells.

In a preferred embodiment, the invention provides a pharmaceutical composition comprising
at least one microorganism carrying or presenting at least one human or animal
carbohydrate epitope, and/or a lysate and/or fraction thereof which induce an effective
carbohydrate-specific immune response against said carbohydrate epitope, or a
carbohydrate structure, carbohydrate conjugate or a mammalian cell comprising said

carbohydrate epitope, more preferably an effective carbohydrate-specific cellular immune

response, even more preferably said cellular immune response comprises activation of Th1
helper T-cells and cytotoxic T cells.

Preferably the pharmaceutical composition of the present invention is used to prevent or
reduce the occurrence of disease cells that are expressing the human or animal
carbohydrate epitope and/or to prevent or reduce the spread or metastasis of said cells, such

as but not limited to tumor cells or cancer cells expressing or comprising the human or
animal carbohydrate epitope.

In another embodiment of the invention the pharmaceutical composition is used to treat a
disease or a tumor expressing the human or animal carbohydrate epitope.

In a preferred embodiment of the invention the nutraceutical or the pharmaceutical
composition of the present invention is used as a vaccine against cells or disease
characterized by the occurrence of the carbohydrate epitope or a part thereof which

mediates the specificity.

Said diseases or tumors associated with or expressing the carbohydrate epitope are listed
elsewhere herein.
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The pharmaceutical formulation of the invention comprises at least one carbohydrate-positive
microorganism and a pharmaceutically acceptable carrier. The preparation and
administration of a formulation of this invention (e.g. drug comprising carbohydrate-positive
microorganism) is in accordance with known techniques. For example, the formulation can
be combined with conventional galenic adjuvants to form a composition suitable for the
desired method of application. For example, the compounds of this invention can be
employed in mixture with conventional excipients, i.e., pharmaceutically acceptable organic
or inorganic carrier substances suitable for parenteral or enteral application which do not
deleteriously react with the active compounds. Suitable pharmaceutically acceptable carriers
include but are not limited to water, salt solutions, alcohols, vegetable oils, polyethylene
glycols, gelatin, lactose, amylose, magnesium stearate, viscous paraffin, perfume oll, fatty
acid monoglycerides and diglycerides, pentaeyritol fatty acid esters, hydroxy methylcellulose,
polyvinyl pyrrolidone, talc, etc.

- The nutraceutical or the pharmaceutical composition of the present invention can be

administered to a human or an animal via different routes of application or administration.
Preferred routes of administration in the sense of the invention are described elsewhere

herein.

In a preferred embodiment of the invention the nutraceutical or the pharmaceutical
composition are orally applied to a human or an animal.

The invention provides a formulation selected from the group comprising a nutraceutical and
a pharmaceutical composition comprising at least one microorganism bound by at least one
carbohydrate binding molecule specifically recognizing a carbohydrate epitope present on a
molecule from a human or animal cell, or a fraction or a lysate thereof, whereby said
microorganism, said fraction or said lysate or said formulation comprising those induces an
effective carbohydrate-specific cellular immune response against said carbohydrate epitope
in at least one animal or human. Thereby and anywhere else herein an immune response
against a carbohydrate epitope also means an immune response against a carbohydrate
structure, carbohydrate conjugate or a mammalian cell comprising said carbohydrate

epitope.

In a preferred embodiment said formulation induces or enhances a specific immune
response against said carbohydrate epitope in a human or animal.

In a preferred embodiment said formulation induces or enhances a specific immune

response against said carbohydrate epitope in a human or animal whereby said
carbohydrate epitope is associated with a disease in humans or animals.

In another preferred embodiment said specific immune response against said carbohydrate

“epitope comprises a humoral immune response against said carbohydrate epitope.

Said humoral immune response against said carbohydrate epitope results in the production
of carbohydrate specific antibodies in the human or animal and can be determined by the
humoral immune response tests as decribed below. Enhancing of the humoral immune
response means the increase of an already present antibody titre against said carbohydrate
epitope after administration of the formulation of the invention

In another preferred embodiment said specific immune response against said carbohydrate
epitope comprises an effective carbohydrate-specific cellular immune response against said

carbohydrate epitope.

In another preferred embodiment said effective carbohydrate-specific cellular immune

response comprises activation of CD4 positive T cells of Th1 type and activation of CD8
positive cytotoxic T cells directed against said carbohydrate epitope.
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In another preferred embodiment said specific immune response against said carbohydrate
epitope comprises an effective carbohydrate-specific cellular immune response and a
humoral immune response against said carbohydrate epitope.

In a preferred embodiment of the invention the carbohydrate epitope is selected from the
group comprising TF, Core-1, Tn, sialyl-Tn, sialyl-TF, Globo-H, Lewis-Y, sialyl-Lewis-A,
sialyl-Lewis-X, polysialic acid, Lewis-X, GM2, GD2, GD3, 9-O-acetyl GD3, 9-O-acetyl GD2,
GD3L, fucosyl GM1, Fucosyl GM1, Lewis-A, Lewis B, slLac, sialylated type 1 chain, CA 19-9
antigen, CA 72-4 antigen and CA-50 antigen.

In a preferred embodiment of the invention the carbohydrate binding molecule is selected
from the group comprising at least one lectin, at least one selectin, and/or at least one
antibody and/or at least one molecule derived therefrom which bind to TF, Core-1, Tn, sialyl-
Tn, sialyl-TF, Globo-H, Lewis-Y, sialyl-Lewis-A, sialyl-Lewis-X, polysialic acid, Lewis-X, GMZ2,
GD2, GD3, 9-O-acetyl GD3, 9-O-acetyl GD2, GD3L, fucosyl GM1, Lewis-A, Lewis-B, sLac,
sialylated type 1 chain, CA 19-9 antigen, CA 72-4 antigen or CA-50 or to an epltope
comprising any of these carbohydrate structures or parts thereof.

In a preferred embodiment the the invention provides a formulation selected from the group
comprising nutraceutical and pharmaceutical compositions, comprising at least one
carbohydrate positive microorganism bound by at least one carbohydrate binding molecule
specifically recognizing a carbohydrate epitope present on a molecule from a human or
animal cell, or a fraction or a lysate thereof, whereby said microorganism, said fraction or
said lysate or said formulation comprising those induces an effective carbohydrate-specific
cellular immune response against said carbohydrate epitope, and/or a carbohydrate
structure, carbohydrate conjugate or a mammalian cell comprising said carbohydrate
epitope, in at least one animal or human; wherein -

(i) said effective carbohydrate-specific cellular immune response comprises
activation of CD4 positive T cells of Th1 type and/or activation of CD8
positive cytotoxic T cells directed against said carbohydrate epitope,
and/or a carbohydrate structure, carbohydrate conjugate or a mammalian
cell comprising said carbohydrate epitope, and

(ii) the carbohydrate epitope is selected from the group comprising TF, Core-
1, Tn, sialyl-Tn, sialyl-TF, Globo-H, Lewis-Y, sialyl-Lewis-A, sialyl-Lewis-X,
polysialic acid, Lewis-X, GM2, GD2, GD3, 9-O-acetyl GD3, GD3L, fucosyl
GM1, Fucosyl GM1, Lewis-A, Lewis-B, sLac, sialylated type 1 chain, CA
19-9 antigen, CA 72-4 antigen and CA-50 antigen, and

(iii ) the carbohydrate binding molecule is selected from the group comprising
lectins, selectins, and/or antibodies and/or molecules derived therefrom
which bind to TF, Core-1, Tn, sialyl-Tn, sialyl-TF, Globo-H, Lewis-Y, sialyl-
Lewis-A, sialyl-Lewis-X, polysialic acid, Lewis-X, GM2, GD2, GD3, 9-O-
acetyl GD3, GD3L, fucosyl GM1, Fucosyl GM1, Lewis-A, Lewis-B, slLac,
sialylated type 1 chain, CA 19-9 antigen, CA 72-4 antigen or CA-50
antigen or to a carbohydrate structure comprising any of these
carbohydrate epitopes or parts thereof.

Without intending to be limiting, examples of carbohydrate structures and corresponding
carbohydrate binding molecules are listed in table 2.

Table 2

ICarbohydrate carbohydrate binding molecule
epitope

lectin | monoclonal antibody '|
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TF or Core-1 galectin, C-type lectins from{Nemod-TF1 2 Nemod-|
TF2 2, A78-G/A7 *, HB-

macrophages sualoadhesm , ,
PNA Jacalin °, MAL °, EEL|T1 "', HH8 ' A68-
| S ECL® B/A11 2

Tn C-type lectins fromHB-Tn1 "
macrophages, sialoadhesin, |
BPL °, DBA °, GSL | °, MPL
°. RCA°, SJS° SBA*

sialyl-Tn | CA 72-4 T, TKH2 T, HB-
| - STn1 ™
A69-A/E82, VKO

Globo-H ‘
Lewis-Y ] - A46-B/B107, A63-D/B12}
¢ A51-B/A6 4, A70-C/C8
_ | ¢, A70-A/AQ ° |
sialyl-Lewis-A E-selectin , ]7 195 ', CA 50
_ | 1121SLE "
sialyl-Lewis-X |[E-selectin ICA19-9 , KM931 10—,|
- | | T174 '°
Lewis-X 73-30 *, BG-7 (P12) *
I_W|S-A | - ICA 195 T, MAB2108
| (7LE) 4, BG-5 (T174) *
| - IPR5C5 '2 |
Lewis-B MAB2102 (2 25LE) “|
- | BG-6 (T218) *
sialylated type 1 chain CA 2421
sLac | |CA 59_,_ DU:-PAI_\|-21
polysialic acid MAL Il 3, SNA 3 Mab735 °, 5A5 *°
fucosyl GM1 | F12 ™
GM2 . BP283 °, PGNX ™
GD2 | Mab 126 ', 3F8 &, ME]
| ' - 36.1" ] |
GD3 R24 ¢, MAB2053 7/, ME
- - 136.1"
9-O-acetyl GD2 3F8°
9-O-acetyl GD3 ME3.11" I

Orntoft et al_Elecfr_(-)Ehoresis 1999, 20, 362-371
2 Glycotope GmbH Berlin, www.glycotope.com
> vector laboratories, www.vectorlabs.com
* Amano et al. Clin Diagn Lab Immunol 1997(Sep), 540-544
° Acris Antibodies GmbH, www.acris-antibodies.com
°® Reaman et al. Cancer Res 1990 50 (1): 202-5
" CHEMICON International, Inc. www.chemicon.com
®Ye et al. 1992; 50 (2): 197-201

® Husmann et al. J Histochem Cytochem 1990; 38 (2) 209-15

10 Calbiochem www.Calbiochem.com -

'"" DakoCytomation Dako Deutschland GmbH, Germany, www.dakogmbh. de
'? Dianova, Hamburg, Germany

'? Livingston et al. Cancer Immunol Immunother (2005) 54: 1018-1025
'*Clausen et al. Mol Immunol(1988) 25: 199-204
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Said carbohydrate positive microorganism and fractions and lysates of the carbohydrate
positive microorganism and combinations thereof are described in detail under Definitions

and elsewhere herein, as well as methods for identifying and isolating said microorganisms
or fractions thereof.

In a further preferred embodiment the invention provides a nutraceutical or a pharmaceutical
composition comprising at least one carbohydrate positive microorganism or fraction or
lysate thereof which induces or enhances a carbohydrate specific immune response against
the carbohydrate epitope in at least one human or animal functioning as a shield against
carbohydrate epitope positive cancer cells by having the potential to destroy cancer cells
which carry or comprise said carbohydrate epitope.

Carbohydrate epitope positive cancer cells in sense of the invention means cancer cells
which express, carry or comprise said carbohydrate epitope or which produce sald
carbohydrate epitope or which are associated with the carbohydrate epitope.

In a further preferred embodiment the invention provides a nutraceutical or a pharmaceutical
formulation comprising at least one carbohydrate positive microorganism or fraction or lysate
thereof which induces or enhances a carbohydrate specific immune response in at least one
human or animal functioning as a shield against cells from a disease associated with said
carbohydrate epitope by having the potential to destroy said cells.

In a further preferred embodiment of the invention the nutraceutical is used in order to build
said carbohydrate specific immune response which functions as a shield against
carbohydrate cells which has the potential to destroy those cells as described above by orally

administering the nutraceutical in (at least one) healthy individuals.

In a further preferred embodiment the nutraceutical of the invention is used in order to reduce
or even further preferred to prevent the occurrence of a carbohydrate positive disease or
tumor by orally administering the nutraceutical in at least one healthy individual.

In a preferred embodiment of the invention the pharmaceutical composition comprising at

~ least one carbohydrate positive microorganism or fraction or lysate thereof is used to build a

carbohydrate specific immune response which functions as a shield against carbohydrate

epitope positive cancer cells by having the potential to destroy those cells as shown herein
for example by the induction of the carbohydrate epitope specific antibodies, the arbohydrate
epitope specific complement dependent cytotoxicity of carbohydrate epitope antibodies
against carbohydrate epitope positive tumor cells killing those effectively, or by secretion of
TNFalpha and/or INFgamma by carbohydrate epitope specific T cell responses which are
scientifically recognized surrogate markers by those skilled in the art for a specific cytotoxic T
cell mediated tumor cell killing for those tumor cells carrying the carbohydrate epltope as
shown in the examples and described herein.

The nutraceutical or the pharmaceutical composition of the invention is used to treat a
carbohydrate positive disease or tumor in at least one human or animal.

In a preferred embodiment of the invention the nutraceutical comprising at least one
carbohydrate positive microorganism or fraction thereof is used in order to treat a
carbohydrate positive disease or tumor by orally admistering the nutraceutical in patients
suffering from this disease.

In a preferred embodiment of the invention the pharmaceutical composition comprising at
least one carbohydrate positive microorganism or fraction thereof is used in order to treat a
carbohydrate positive disease or tumor in patients suffering from this disease.
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In a further preferred embodiment the nutraceutical or pharmaceutical composition of the
invention is used in order to reduce or even more preferred to prevent the occurrence of a

carbohydrate positive disease or tumor or metastasis.

In a further preferred embodiment the invention provides a nutraceutical or a pharmaceutical
composition comprising at least one carbohydrate positive microorganism or fraction thereof
which reduces or prevents the spread or metastasis of a carbohydrate positive disease or
tumor in at least one human or animal when administered.

In a further preferred embodiment the invention provides a formulation selected from the
group comprising a nutraceutical or a pharmaceutical composition comprising at least one
carbohydrate positive microorganism or fraction thereof which is used for prophylaxis and
treatment of a human or animal disease associated with a carbohydrate epitope.

In a further preferred embodiment the invention provides a pharmaceutical composition
which is used to prevent or reduce the spread of the tumor or metastasis or spread of
metastasis or time to relapse of a carbohydrate epitope positive tumor or tumor cells, to
improve quality of life or median survival or rate of time to relapse, or to treat a tumor patient
which has or had a carbohydrate epitope positive tumor by administering the pharmaceutical

composition in patients suffering from this disease.

In a further preferred embodiment of the invention the nutraceutical or the pharmaceutical
composition comprises at least two different carbohydrate positive microorganism or

fractions thereof.

In another preferred embodiment of the invention the nutraceutical or the pharmaceutical
composition comprises at least two different carbohydrate positive microorganism or
fractions thereof wherein the carbohydrate positive microorganisms or fractions are positive

for the same carbohydrate.

In another preferred embodiment of the invention the nutraceutical or the pharmaceutical
composition comprises at least two different carbohydrate positive microorganism or

- fractions thereof wherein the carbohydrate positive microorganisms or fractions are positive

for different carbohydrates.

In another preferred embodiment of the invention the aforementioned nutraceutical or
pharmaceutical composition of the invention comprise at least one carbohydrate positive
microorganism and at least one fraction of a carbohydrate positive microorganism,
preferentially from more than one carbohydrate positive microorganism whereby the
carbohydrate positive microorganism and the fraction of a carbohydrate positive
microorganism are positive for the same or different carbohydrates.

In a further preferred embodiment of the invention the nutraceutical or pharmaceutical
formulation comprises at least one carbohydrate positive microorganism or fraction thereof

combined with at least one other beneficial microorganism.

Said beneficial microorganism is preferably a selected from the group comprising
Lactobacillus and Bifidobacterium.

In another preferred embodiment the nutraceutical or pharmaceutical composition of the
invention comprises at least one fraction of the carbohydrate positive microorganism and at

least one carbohydrate positive microorganism.

In a further preferred embodiment the nutraceutical or pharmaceutical composition of the

invention comprises at least one fraction of the carbohydrate positive microorganism
combined with at least one other beneficial microorganism, such as but not limited to a
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lactobacillus and/or bifidobacterium, even more preferred a combination of fractions of
carbohydrate positive microorganisms of different strains combined with other beneficial

microorganisms.

The formulation of the present invention selected from the group comprising a nutraceutical
and a pharmaceutical composition can consist of a microorganism or fraction thereof alone
or can comprise further ingredients or components such as but not limited to more than one
microorganism or fraction thereof or other microorganisms or fractions thereof or buffer
solutions or carriers or pharmaceutically acceptable carriers or food as described elsewhere

herein.

Said nutraceutical of the invention can consist of at least one carbohydrate positive
microorganism or fraction thereof alone, such as but not limited to a microorganism that is
living or dead, lyophilized, or pasteurized, or lysates , or components, or fractions thereof, or
in an at least partially solubilized form in a liquid, or it can consist of additional components
such as but not limited to other nutrients, nutrition additives or food or drink additives,
solutions or emulsions known to those skilled in the art. Said nutraceutical can be applied

orally in different forms, such as capsules, tablets, emulsions, powder, liquids. The
nutraceutical can be given by itself or mixed into food or drinks. Said nutraceutical can also

be any food, drink, component of a drink or food, a food additive, or a stand alone
nutraceutical.

In a preferred embodiment the nutraceutical is used as a capsule or a tablet. In another
preferred embodiment the nutraceutical is mixed into food or drinks such as but not limited to

those listed elsewhere in that invention.

The present invention refers also to a nutraceutical comprising at least one microorganism
bound by at least one carbohydrate binding molecule specifically recognizing a carbohydrate
epitope present on a molecule from a human or animal cell, or a fraction or a lysate thereof,
whereby said microorganism, said fraction or said lysate or said formulation comprising those
induces an effective carbohydrate-specific cellular immune response against said

carbohydrate epitope in at least one animal or human.

In a preferred embodiment of the invention said nutraceutical is applied to a human or an
animal as food or food additive.

Food in the context of invention is any substance consumed by living organisms, including
liquid drinks. Food is the main source of energy and of nutrition for animals/humans, and is
usually of animal or plant origin. The food is preferred vegan food which comprises generally
all types of food that are free of animal products, like meat, milk or eggs. The food in the
context of the invention is also preferred non-vegan food containing animal products. Food in

the context of the invention is:

(i) any substance or product, whether processed, partially processed or unprocessed,
intended to be, or reasonably expected to be mgested by humans whether of nutritional
value or not; (ii) water and other drinks;

(iii) chewing gum or candy products; and/or
(iv) articles and substances used as an ingredient or component in the preparation of food.

Food in the context of the invention is traditionally obtained through farming, ranching, and
fishing, with hunting, foraging and other methods of subsistence locally important for some
populations, but minor for others. In the modern era, in developed nations, food supply is
increasingly dependent upon agriculture, industrial farming, aquaculture and fish farming
techniques which aim to maximise the amount of food produced, whilst minimising the cost.
These include a reliance on mechanised tools which have been developed, from the
threshing machine, seed drill, through to the tractor and combine, etc. These have been
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combined with the use of pesticides to promote high crop yields and combat those insects or
mammals which reduce yield. More recently, there has been a growing trend towards more
sustainable agricultural practices. This approach - which is partly fuelled by consumer
demand - encourages biodiversity, local self-reliance and organic farming methods.

Types of manufactured food (food which contains at least onecarbohydrate positive
microorganism or fraction thereof) in the context of the invention are:

drinks: beer, juice, soft drink, squash, wine, drinks containing milk, milk products or other
alcoholic or non-alcoholic beverages, e.g. water, including just carbonated water, fruit juices
and vegetable juices, soft drinks, aguas frescas, lemonade, cola, ginger ale, irn bru, root
beer, sarsaparilla, cream soda, dandelion and burdock, squash, a fruit-flavoured syrup

diluted with water, sports drinks, infusions, coffee, tea, dairy drinks, for example milk, yogurt

drink, chocolate milk, milkshake, egg nog, almond milk, horchata, alcoholic beverages,
cocktails - mixed drinks, hot beverages, for example hot chocolate, hot cider, cappuccino or
pearl milk tea

bread is a staple food for many nations, being made of risen dough of wheat or other
cerealse.g. rye-wheat, toastbread (white bread), whole-grain, wheat-rye, white bread, multi-
grain, rye, sunflower seed, pumpkin seed, pizza, chapatis, tortillas, baguettes, pitas, lavash,
biscuits, pretzels, naan, bagels, puris, cake, pumpernickel, wholemeal bread, wheatgerm
bread, wholegrain, granary bread and many other variations

cakes and cookies e.g. angelfood cake, apple cake, babka, buccellato, bundt cake, butter
cake, butterfly cake, carrot cake, cheesecake, chocolate cake, christmas cake, chiffon cake,
croquembouche, cupcake, devil's food cake, eccles cake, fairy cake, fruit cake, german
chocolate cake, genoise cake, gingerbread, gob, gooey butter cake, hot milk cake, ice cream
cake, jaffa cakes, leavened cake, mooncake, panettone, pineapple cake, pound cake, Queen
Elisabeth cake, red bean cake, red velvet cake, sachertorte, simnel cake, spice cake, sponge
cake, suncake, teacake, tarte tatin, vanilla slice or wedding cake

cheese is a curdled milk product, of which many varieties exist

e.g. sardo cheese, testouri cheese, bokmakiri cheese, kwaito cheese, wookie cheese,
ackawi cheese, basket cheese, labneh, jibneh arabieh cheese, kenafa cheese, naboulsi
cheese, paneer, affineur, bergkase, brimsen, dachsteiner, tyrolean grey cheese, luneberg,
beauvoorde cheese, brussels' cheese, herve cheese, limburger cheese, maredsous cheese,
passendale cheese, plateau de herve cheese, postel cheese, remedou cheese, danish blue
cheese, danish tilsit or tilsit havarti, allgau emmental cheese, cambozola cheese, harzer
cheese. limburger cheese. spundekas cheese, feta cheese, halloumi cheese or mozzarella

cheese

dessert is a course, usually sweet, and generally served after the main course, e.g. ice
cream e.g. biscuits or cookies, cakes, crumbles, custards, fruit, gelatin desserts, ice creams,
meringues, pastries, pies or tarts, puddings, sorbets, soufflés or trifles

- french fries, chips, e.g. potato chips or "crisps”, tortilla chips or corn chips

functional food (functional foods are called nutraceuticals, a portmanteau of nutrition and
pharmaceutical, and can include food that has been genetically modified; the general

category includes processed food made from functional food ingredients, or fortified with
health-promoting additives, like "vitamin-enriched" products, and also, fresh foods (e g
vegetables) that have specific claims attached)

jam and Jelly e.g. gooseberries-, redcurrants-, blackcurrants-, citrus fruits-, apples-,
raspberries-, strawberries- and ripe blackberries-jam or royal jelly
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pasta e.g. shaped pasta, campanelle, casarecci, cavatelli, conchiglie , conchiglioni, farfalle,
fiori, fusilli, fusilli bucati, gemelli, gigli, gramigna, lumache, lumaconi, maltagliati, orecchiette,
pipe, quadrefiore, radiatori, ricciolini, rotelle, rotini, spiralini, strozzapreti, torchio or trofie

pie e.g. bacon and egg pie, chicken and mushroom pie, corned beef pie, cornish pasty, fish
pie, kalakukko, kulebjaka, pizza pie, pork pie, pot pie, scotch pie, shepherd's pie, stargazy
pie, steak pie, steak and kidney pie, apple pie, banana cream pie, blackberry pie, blueberry
pie, boston cream pie, bumbleberry pie, cherry pie, chocolate cream pie, coconut cream pie,
custard pie, dutch apple pie, grape pie, key lime pie, lemon meringue pie, lemon pie, mixed
berry pie, orange pie, peach pie, rhubarb pie, strawberry-rhubarb pie, strawberry pie or
vinegar pie ~

pizza e.g. the classic types and their respective toppings include: marinara or napoletana:
tomato, olive oil, oregano, and garlic; margherita: tomato, olive oil, fresh basil leaves, and
fior-di-latte (mozzarella made from cow's milk) or mozzarella di bufala; formaggio e
pomodoro: tomato, olive oil, and grated parmesan cheese, basil leaves are optional; ripieno
or calzone: fior-di-latte or mozzarella di bufala, sometimes also ricotta cheese, olive oil, and
salami, other meats, vegetables, etc or stromboli: mozzarella, meat, vegetables, etc.

processed meats e.g. meat form amphibians, toad, artificial meat, imitation meat, in vitro
meat, beef (bovines), buffalo, cattle, steak, veal (calves), yak, poultry (birds), chicken, duck,
game birds, turkey, canids, seafood, fish, shark, crustaceans, crab, rabbit, mutton (sheep),

lamb, pork (pigs), ham (haunch), bacon (cured strips of meat) or insects

-sandwiches e.g. aram sandwich, filled baguette, bacon butty, bun, burger, burrito, chip butty,
club sandwich, grilled cheese, doner kebab, georgia hots, melt sandwich: tuna melt, etc.,

panini,
steak sandwich, taco, tea sandwich, toasted sandwich, torta or wrap

salad e.g. caesar salad, chef salad, cobb salad, greek salad, italian salad, mesclun salad,
nicoise salad, bean salads like green bean salad, seven bean salad, chicken salad, egg
salad, fruit salad (sliced, peeled fruits served in their own juices or with a dressing), larb,
pasta salad, potato salad, somen salad, som tam, tabouli, waldorf salad or watergate salad

sauce e.g. white sauces, mushroom sauce, sauce allemande, sauce ameéricaine, sauce
supréme, elouté brown sauces, bordelaise sauce, bourguignonne sauce, chateaubriand
sauce, sauce africaine, sauce robert, béchamel sauce, mornay sauce, emulsified sauces,
bearnaise sauce, hollandaise sauce, mayonnaise, tartar sauce, salad cream, butter sauces,
beurre blanc, café de paris, sweet sauces, fish sauce, sambal, barbecue sauce, mole,

tomato sauce or tzatziki

sausage e.g. andouille, black pudding, blood sausage, boerewors, bratwurst, breakfast
sausage, butifarra, chorizo, cumberland sausage, falukorv, fuet, haggis, kieska, kielbasa,
kishka, kishke, knackwurst, kovbasa, landjager, lingui¢a, liver sausage, lukanka, mettwurst,
mincemeat, mortadella, salami, soujouk, thuringer, weillwurst or white pudding

snack food: confectionery, potato chips, chocolate, hardtack, candy bars, junk food e.g.
boiled peanuts, candy bars, cheetos, chex mix, cookies, crackers, combos, fudge rounds,
hula hoops, ice cream, moon pies, pirate’'s booty, popcorn, pork rinds, potato chips, pretzels,
smart puffs, soft drinks, snow balls, student food, swiss cake rolls, tings, twinkies, veggle

booty or zebra cakes

soup e.g. dessert soups (ginataan, filipino soup made from coconut milk, milk, fruits and

tapioca pearls); oshiruko, a Japanese azuki bean soup or fruit soups, winter melon soup,
miso soup, pho, ramen, saimin, romanian potato soup, avgolemono, borscht, bouillabaisse,
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callaloo, cock-a-leekie, fanesca, gazpacho, lentil soup, minestrone, mulligatawny soup,
scotch broth, snert, solyanka, tarator or waterzooi.

sugar or sugar products e.g. golden syrup, candies or chocolates.
yoghurt, curds, sour cream, whipped cream e.g. lassi, kefir, ayran, doogh or tarator.
drink powders or tablets e.g. vitamin drinks or mineral drinks

capsules or tablets

therapeutic food (therapeutic foods are food designed for specific, usually nutritional,
therapeutic purposes), functional food, medical food, enteral food, parenteral food, food of

specified health use.

Examples are Ensure, a fortified milkshake drink designed primarily for the elderly,
andPlumpy'nut, a peanut based food designed for emergency feeding of severely
malnourished children. |

In another preferred embodiment the formulation of the invention is manufactured as an over
the counter drug.

Said humoral immune response against the carbohydrate epitope is an antibody response
against the carbohydrate epitope which can be detected by at least one of the humoral

immune response tests 1, 2, 3, 4, 5 or 6. Respective tests are also useful in conjunction with
the method of identifying a suitable carbohydrate positive microorganism according to the
present invention.

In a preferred embodiment the invention provides a humoral immune response test (humoral
iImmune response test 1) against the carbohydrate epitope comprising, testing the binding of

an antibody, antibodies in serum, or antibodies gained from serum, plasma or faeces, in an
ELISA to compounds such as proteins or peptides carrying the carbohydrate epitope

whereby a positive humoral immune response against the carbohydrate epitope shows a
significantly higher binding of the antibodies to said carbohydrate epitope carrying compound

- such as a protein or peptide than to said compound such as e.g. a protein or peptide without

the_carbohydrate epitope or to said compound (e.g. a protein or peptide) after an enzymatical
or chemical treatment that destroys the carbohydrate epitope. In a preferred embodiment,
the binding of said antibody or antibodies is significantly higher after administration of the
nutraceutical, the pharmaceutical composition, the carbohydrate positive microorganism or
the fraction thereof or formulations comprising those than the binding of the corresponding
antibody, antibodies in serum, or antibodies gained from serum, plasma or faeces, gained

before said administration.

Said enzymatical or chemical treatment of the carbohydrate epitope destroys the
carbohydrate structure of the carbohydrate epitope. Said enzymatical or chemical treatment
of the carbohydrate epitope can be performed using techniques known to those skilled in the
art such as but not limited to treatment with neuraminidase, sialidase, glucosidase,
galactosidase,glycosidase, exoglycosidase, fucosidase, HexNAcase, or periodic acid (mild
periodate oxidation/periodate treatment as described in the examples).

For example the carbohydrate epitopes Core-1 and Tn are destroyed by treatment with
periodic acid as described in the examples.

An example of a preferred embodiment of the humoral immune response test 1 is described
in detail in example 11. Example 11 describes the testing of the humoral immune response
against the carbohydrate epitope Core-1 in ELISA against asialoglycophorin, a protein
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'carrying the carbohydrate epitope, against glycophorin which is the same protein but with the

Core-1 masked by sialic acid and against periodic acid treated asialoglycophorin, whereby
the treatment with periodic acid destroys the Core-1 structure.

In another preferred embodiment the invention provides a humoral immune response test
(humoral immune response test 2) against a carbohydrate epitope comprising, testing the

binding of an antibody, antibodies in serum, or antibodies gained from serum, plasma or
faeces, in an ELISA to carbohydrate structures coupled to polyacrylamid (PAA conjugates),
whereby a positive humoral immune response against a carbohydrate epitope shows a
significant higher binding of the antibody or antibodies to the PAA-conjugate comprising the
carbohydrate epitope than to the same PAA-conjugate after enzymatical or chemical
treatment destroying the carbohydrate epitope and/or a higher binding of the antibody or
antibodies to a PAA-conjugate comprising the carbohydrate epitope compared to an PAA-
conjugate not comprising the carbohydrate epitope, preferably both. In a preferred
embodiment, the binding of said antibody or antibodies to a PAA-conjugate comprising the
carbohydrate epitope is significantly higher after administration of the nutraceutical, the
pharmaceutical composition, the carbohydrate positive microorganism or the fraction thereof
or formulations comprising thosethan the binding of the corresponding antibody, antibodies in
serum, or antibodies gained from serum, plasma or faeces, gained before said

administration.

A preferred embodiment of the humoral immune response test 2 is described in detail in
example 11.

In another preferred embodiment the invention provides a humoral immune response test
(humoral immune response test 3) against the carbohydrate epitope comprising, testing the

binding of an antibody, antibodies in serum, or antibodies gained from the serum, plasma or
faeces, in a flow cytometry test for its binding to cells comprising the carbohydrate epitope
and to cells not comprising the carbohydrate epitope whereby a positive humoral immune
response against the carbohydrate epitope shows a significant higher binding of the
antibodies to cells comprising the carbohydrate epitope than to cells negative for the
carbohydrate epitope. In a preferred embodiment, the binding of said antibody or antibodies
to cells comprising the carbohydrate epitope is significantly higher after administration of the
nutraceutical, the pharmaceutical composition, the carbohydrate positive microorganism or
the fraction thereof or formulations comprising those than the binding of the corresponding
antibody, antibodies in serum, or antibodies gained from serum, plasma or faeces, gained
before said administration. A preferred embodiment of the humoral immune response test 3
IS described in detail in example 11.

In another preferred embodiment the invention provides a humoral immune response test
(humoral immune response test 4) aqainst the carbohydrate epitope comprising, testing the

~ binding of an antibody, antibodies in serum, or antibodies gained from the serum, plasma or

faeces, in an immune fluorescence test for its binding to cells comprising the carbohydrate
epitope and to cells negative for the carbohydrate epitope whereby a positive humoral
Immune response against the carbohydrate epitope shows a significant higher binding of the
antibody or antibodies to cells comprising the carbohydrate epitope than to cells not

‘comprising the carbohydrate epitope and/or to cells comprising the carbohydrate epitope

after emzymatical or chemical treatment that destroys the carbohydrate epitope. In a
preferred embodiment, the binding to cells comprising the carbohydrate epitope is
significantly higher after administration of the nutraceutical, the pharmaceutical composition,
the carbohydrate positive microorganism or the fraction thereof or formulations comprising
those than the binding of the corresponding antibody, antibodies in serum, or antibodies

- gained from serum, plasma or faeces, gained before said administration. The

immunofluorescence test can be made more quantitative by serial dilutions of the antisera
and/or by taking photographs under identical exposure conditions.
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Those skilled in the art are able to identify suitable carrier molecules and to couple suitable
structures to obtain the desired carbohydrate structure coupled to the carrier molecules with
or without linker. Those skilled in the art are also able to select those cells or antigens, with
or without enzymatical or chemical treatment, and to select and modify the suitable methods
to test the humoral immune response for the carbohydrate epitope. However, the
aforementioned humoral immune response tests 1 to 4 and especially the preferred
combinations thereof provided by the present invention are clearly preferred and have clear
advantages in respect to specificity as also seen from examples.

In another preferred embodiment the invention provides a humoral immune response test
(humoral immune response test 5) against the carbohydrate epitope comprising,

a) incubating a suitable amount of cells comprising the carbohydrate
epitope, labeled with a suitable amount of a marker such as europium or
chromium-51, with a suitable amount of an antibody, of antibodies in
serum, or of antibodies gained from the serum, plasma or faeces, with a
suitable amount of complement for a suitable time (typically between 3 to
5 hours or over night);

b) measuring the lysis of the cells by determining the release of the marker
such as europium or chromium-51 after the incubation under (a) whereby
a positive humoral immune response against the carbohydrate epitope
shows a significantly higher lysis of cells comprising the carbohydrate
epitope than of cells not comprising the carbohydrate epitope and/or it
shows a higher lysis of cells comprising the carbohydrate epitope, than a
lysis without complement and/or than a lysis without the antibody and/or
than a lysis with an antibody or antibodies which does not bind or which
binds less to cells comprising the carbohydrate epitope.

Said humoral immune response test 5 tests the carbohydrate specific complement
dependent cytotoxicity (CDC), an effector mechanism mediated by certain antibodies, of the
induced humoral immune response or carbohydrate specific antibodies in a target cell lysis
test. The test comprises incubating a suitable amount of cells comprising the carbohydrate
epitope, labeled with a suitable amount of marker such as europium or chromium-51, with a

 suitable amount of an antibody, of antibodies in serum, or -of antibodies gained from the

serum, plasma or faeces, with a suitable amount of complement for a suitable time (typically
between 3 to 5 hours or over night). The cells comprising the carbohydrate epitope are
labeled with said marker such as europium or chromium-51 which allows the measurement
of cells which are lysed. The amount of lysed cells is determined, preferably by measuring
the release of the marker (e.g. europium or chromium-51) after incubation. A suitable control
can be determined by those skilled in the art such as carbohydrate negative cells, an
antibody or an antibody mixture not binding to the target cell, and/or without complement.
The test can be optimized in respect to suitable amounts of antibodies, numbers of labeled
tumor cells, concentration of complement, and incubation time by those skilled in the art for

Its use in the invention and as described.

The complement-dependent cytotoxicity (CDC) of the invention is preferably determined
using an Europium Release Assay. The target cells are incubated for 10 minutes at 4°C in
800ul of europium buffer (50 mM HEPES, pH 7.4, 93 mM NaCl, 5 mM KCI, 2mM MgCls,
10mM diethylentriaminepentaacetic acid, 2 mM europium (lll) acetate), electroporated (710V,
1 pulse, 30us) in a Multiporator (Eppendorf), and subsequently incubated on ice for another
10 minutes. Thereafter, the cells are washed 5 times in RPMI/5% FCS and seeded in a 96-
well round-bottom plate (Nunc; 5x10°/well). Following addition of 20p! of antibody containing
solution at varying dilutions or the corresponding controls (medium, isotype control human
IgM), the samples are incubated 20 minutes at room temperature. 10pl of 1:10 diluted
complement (Baby rabbit complement) is added to correspondent wells. In the control wells
10pl of RPMI/5% FCS are added instead of complement solution. For determination of
spontaneous release target cells are incubated with media alone, and maximum release is
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determined by complete lysis of the target with ethanol. Following incubation at 37°C for 4
hours, the plate is centrifuged at 500 x g for 5 minutes, and 20 ul of cell-free supernatant
from every well are pipetted in 200ul per well of enhancement solution (Perkin-Elmer Wallac)
on the previously prepared flat-bottom plate (Nunc-Immunoplate Maxisorp). Following
incubation for 15 minutes at room temperature, the fluorescence is determined (Victor?
Fluorometer, Perkin-Elmer Wallac). The specific cytotoxicity is obtained from the equation
(experimental lysis — spontaneous lysis)/(maximum lysis - spontaneous lysis)x100%.

In another preferred embodiment the invention provides a humoral immune response test
(humoral immune response test 6) against the carbohydrate epitope comprising,

a) incubating a suitable amount of cells comprising the carbohydrate epitope
and/or of cells not comprising the carbohydrate epitope, labeled with a suitable
amount of a marker such as europium or chromium-51, with a suitable amount
of an antibody, of antibodies in serum, or of antibodies gained from the serum,
plasma or faeces, with a suitable amount of at least one immune effector cell
or mixture of cells comprising immune effector cells or peripheral blood
mononuclear cells for a suitable time, typically between 3 to 5 hours or over
night, and

b) measuring the lysis of the cells by determining the release of the marker such
as europium or chromium-51 after the incubation under (a) whereby a positive
humoral Immune response against the carbohydrate epitope shows a
significantly higher lysis of cells comprising the carbohydrate epitope than of
carbohydrate epitope negative cells than a lysis without the antibody and/or
than a lysis with an antibody or antibodies which does not bind or which binds
less to cells comprising the carbohydrate epitope.

Said humoral immune response test 6 tests the antibody dependent cellular cytotoxicity
(ADCC), an effector mechanism mediated by certain antibodies, of the induced humoral
immune response or carbohydrate epitope specific antibodies in a target cell lysis test in
combination with immune effector cells. The test comprises incubating suitable amounts of
labeled carbohydrate epitope positive target cells, with suitable amounts of antibodies in
serum or antibodies gained from the serum, or an isolated carbohydrate epitope antibody
with suitable amounts of immune effector cells such as those present in PBMC (peripheral
blood mononuclear celis) for a suitable time, typically between 3 to 5 hours or over night. The
cells comprising the carbohydrate epitope are labeled with europium or chromium-51 which
allows the measurement of cells which are lysed. The amount of lysed cells is determined,
preferably by measuring the release of europium or chromium-51 after incubation. A suitable
control can be determined by those skilled in the art such as carbohydrate epitope negative
cells, an antibody or an antibody mixture not binding to the target cell, and/or without immune
effector cells (e.g. PBMC). The test can be optimized in respect to suitable amounts of
antibodies, numbers of labeled tumor cells, numbers of immune effector cells, and incubation

time by those skilled in the art for its use in the invention.

The antibody dependent cellular cytotoxicity (ADCC) of the invention is preferably
determined using an Europium Release Assay. The target cells are incubated for 10 minutes
at 4°C in 800ul of europium buffer (50 mM HEPES, pH 7.4, 93 mM NaCl, 5§ mM KCI, 2mM
MgCl,, 10mM diethylentriaminepentaacetic acid, 2 mM europium (lll) acetate), electroporated
(710V, 1 pulse, 30us) in a Multiporator (Eppendorf), and subsequently incubated on ice for
another 10 minutes. Thereafter, the cells are washed 5 times in RPMI/5% FCS and seeded
in a 96-well round-bottom plate (Nunc; 5x10°well). Following addition of 20ul of Core1-
specific antibodies at varying concentrations (0.05 to 50 ug/ml final concentration in 200 pl
incubation volume) or the corresponding controls (medium, isotype control 1gG), PBMC
(human peripheral blood mononucleare cells, 80 ul) are added as effector cells, using
different effector cell/target cell ratios from 100:1 to 10:1, preferably of 50:1. To determine
spontaneous release, 80 ul RPMI/5% FCS without effector cells are added. Maximum
release is determined after complete lysis of the target with ethanol.
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Following incubation at 37°C for 4 hours, the plate is centrifuged at 500 x g for 5 minutes,
and 20 pl of cell-free supernatant from every well is pipetted in 200ul per well of
enhancement solution (Perkin-Elmer Wallac) on the previously prepared flat-bottom plate
(Nunc-Immunoplate Maxisorp). Following incubation for 15 minutes at room temperature, the
fluorescence is determined (Victor’* Fluorometer, Perkin-Elmer Wallac). The specific
cytotoxicity is obtained from the equation (experimental lysis — spontaneous lysis)/(maximum
lysis - spontaneous lysis)x100%.

In a preferred embodiment said humoral immune response tests 1 to 6 further comprise prior

to the test
a. the administration of the nutraceutical, the pharmaceutical composition, the

carbohydrate positive microorganism or the fraction or lysate thereof or the
formulations comprising those to a human or animal

b. isolating the antibody, antibodies in serum, or antibodies gained from the serum,
plasma or faeces.

In a further preferred embodiment of the invention a nutraceutical or a pharmaceutical
formulation comprising at least one carbohydrate positive microorganism or fraction or lysate
thereof induces a humoral immune response against the carbohydrate epitope which is
positive for at least two humoral immune response tests out of the humoral immune
response tests 1 to 6, preferably positive for humoral immune response tests 1 and 3, and
more preferably for humoral immune response test 1, 2 and 3, and more preferably for
humoral immune response test 1, 2, 3, and 4, and more preferably for humoral immune
response test 1, 2, 3, 4, and 6, and even more preferably for humoral immune response test
1, 2, 3, 4, and 5, and most preferably positive for all 6 humoral immune response tests.

Also provided are cellular immune response tests. Said cellular immune response against

the carbohydrate epitope is a T-cell response against the carbohydrate epitope which can be
detected by at least one of the cellular immune response tests 1 to 5. More preferably is a

cellular immune response against the carbohydrate epitope which is a cytotoxic T cell
response or a Th1 type helper T cell response against the carbohydrate epitope. Most
preferably is a cellular immune response against the carbohydrate epitope which is a
cytotoxic T cell response and a Th1 type helper T cell response against the carbohydrate
epitope which can be detected by cellular immune response tests 1, 2, 3, 4 and 5. Said tests
can also be used in conjunction with the methods of identifying a suitable carbohydrate
positive microorganism described herein in order to test/analyse which carbohydrate positive
microorganisms are also able to trigger a cellular immmune response.

Said cellular immune response tests comprise bringing into contact dendritic cells loaded
with a carbohydrate positive microorganism together with immune cells and cultivation for

appropriate times and under appropriate conditions and subsequently adding for
restimulation dendritic cells loaded with at least one carbohydrate epitope carrying molecule
and cultivation for appropriate times and conditions and subsequently measuring the amount
of secreted GM-CSF, TNFalpha, or INFgamma, or measuring the proliferation of T cells, or
the inhibition of the secretion of GM-CSF, TNFalpha, or INFgamma, or the proliferation by
antibodies against the carbohydrate epitope or measuring the presentation of carbohydrate
epitope on the dendritic.cells or measuring the lysis of carbohydrate epitope positive cells by
activated immune cells, preferably by activated T cells.

Said dendritic cells, herein also called DC, can be any dendritic cell or a mixture of dendritic
cells or a mixture of cells comprising dendritic cells or at least one dendritic cell. They can be
derived from human donors which are healthy or which have a disease, such as but not
limited to tumor disease or Crohns disease or carbohydrate epitope positive disease or one
of the diseases listed elsewhere herein, or from animals. Said DCs can be obtained and
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loaded as known by those skilled in the art and are typically obtained from CD34 positive
precursor cells or CD14 positive monocytic cells from human blood or bone marrow which
are differentiated to immature dendritic cells (iDC) using certain combination of suitable
molecules known to those skilled in the art. The iDCs are loaded with the carbohydrate
positive microorganism or with carbohydrate epitope carrying molecule, or appropriate
controls, and are further matured using certain combination of suitable molecules known to
those skilled in the art to obtain loaded dendritic cells which correspond to loaded mature
dendritic cells (mDC) which are able to activate T-cells. Those DC can also be of the

Langerhans cell type.

In a preferred embodiment, said DCs originate from a dendritic cell line such as but not
limited to the human dendritic cell line NEMOD-DC (obtainable from Glycotope GmbH Berlin,

Germany; www.glycotope.com) or Mutz-3.

Said loading of dendritic cells means that the dendritic cells are incubated in the appropriate
differentiation and maturation state with suitable amounts of a carbohydrate positive
microorganism, or fractions or lysates thereof or at least one carbohydrate epitope carrying-
molecule for a suitable time, typically this occurs within the maturation step described above
in combination with suitable molecules, typically for 24 to 48 hours, leading to loaded
dendritic cells capable of activating immune cells, preferably T cells, comprising
carbohydrate epitope specific T-cells.

Said immune cells can be PBMC (peripheral blood mononuclear cells) or other cell
populations comprising CD4+ and /or CD8+ T-cells, preferably CD4+ and CD8+ T-cells.
Those skilled in the art know how to gain those cells from a human or animal and generation
of those cells can comprise preparations by ficoll gradient from human blood or from blood
cells of leukapherases and can comprise in case further enrichment by T cell specific

magnetic sorting technologies.

In a preferred embodiment the dendritic cells are matched in at least one MHC class
molecule with the immune cells, preferably in an MHC class | molecule or MHC class I
molecule, more preferable in at least one MHC class | and one MHC class |l molecule, more
preferably in more MHC molecules and most preferably in all MHC molecules. The latter can
be achieved by obtaining the dendritic cells and the immune cells from the same individual.

Said appropriate times and conditions for cultivation of the immune cells with the loaded
dendritic cells and for the subsequent adding of the loaded dendritic cells are known to those
skilled in the art and can be optimized by him taking into consideration the conditions the
cells are in. Typically the incubation time is 7 to 10 days for each of the two steps (primary

activation and restimulation).

Said carbohydrate epitope carrying molecule in sense of the described cellular immune
response tests means sufficient amounts of a cell or tumor cell carrying the carbohydrate

epitope, a protein carrying the carbohydrate epitope, or a polypeptide carrying the
carbohydrate epitope. Said cell or tumor cell carrying the carbohydrate epitope can be living
or dead, or a lysate from those cells or a fraction thereof, more preferred is a lysate. A
protein carrying the carbohydrate epitope can be any protein carrying the carbohydrate
epitope such as carrier proteins whereon the carbohydrate epitope is bound on tumors. A
polypeptide carrying the carbohydrate epitope can be any polypetide carrying the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>