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(57) Abstract: The present invention relates to the field of prevention and treatment of disorders associated with the occurrence 
of certain carbohydrate epitopes. More particularly, the present invention relates to the prevention and treatment of carbohydrate 
epitope positive tumors. It relates to formulations and methods for the induction of an effective carbohydrate specific cellular immune 
response.
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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 II 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 immunization 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-Τη, and S-TF) can even induce suppression of human 
T cell 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 VB 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 Th 1 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 fail 
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 
invention 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;
iii. ) cultivation in order to allow interaction of said immune cells with said loaded 
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.g. 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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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
Disease: Carbohydrate epitope:
Melanoma GM2, GD2, GD3L, GD3, 9-O-acetyl GD2, 

9-O-acetyl GD3
B cell lymphoma GM2, GD2
Small-cell lung cancer GM2, Fucosyl GM1, Globo H, polysialic acid, 

sLe a (sialyl-Lewis a)
Breast cancer GM2, Globo H, TF,Core-1, Galbetal- 

3GalNAc-, Le y (Lewis-Y)
Prostate cancer GM2, Globo H, Tn, sTn, TF, Le y, sLe a, 

Core-1
Lung cancer GM2 Globo H, Le y, Core-1
Colon cancer GM2, sTn, TF, Le y, Core-1,
Ovarian cancer GM2, Globo H, sTn, TF, Le y, Core-1
Stomach cancer GM2, Le y, Le a, sLe a, Core-1
Neuroblastoma, GM2, GD2, GD3L, polysialic acid
Sarcoma GM2, GD2, GD3L, GD3
Pancreas cancer sLe a, sLe x (sialyl Lewis x)
Gastrointestinal cancers sLe a, sLe x
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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In one aspect, the present invention relates to a method for isolating a carbohydrate positive 
microorganism comprising a carbohydrate epitope of interest from a mixture of 
microorganisms, wherein the carbohydrate positive microorganism is capable of triggering a 
cellular immune response, comprising

5 (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

10 microorganism by testing the isolated microorganism for specific binding to said
carbohydrate binding molecule, and
(d) testing the induction of an effective carbohydrate specific cellular immune 
response against said carbohydrate epitope by said microorganism and/or a fraction 
and/or lysate thereof in vivo or in vitro,

15 wherein step (d) comprises loading dendritic cells with said carbohydrate positive
microorganism or fraction or lysate thereof.

In another aspect, the present invention relates to a cellular immune response test 
comprising

>0 a.) Loading at least one dendritic cell with a microorganism carrying the carbohydrate
epitope of interest, or a fraction or lysate thereof;
b.)  bringing into contact a suitable amount of said at least one dendritic cell loaded 
with said microorganism or fraction or lysate thereof with a suitable amount of immune 
cells which can be activated or inhibited by a dendritic cell;

>5 c.) cultivation in order to allow interaction of said immune cells with said loaded
dendritic cells;
d. ) adding a suitable amount of antigen presenting cells (APC) loaded with a suitable 
amount of at least one compound carrying the same carbohydrate epitope as said 
microorganism or fraction or lysate thereof, wherein said compound is different from

30 said microorganism or fraction or lysate thereof;
e. ) cultivation for restimulation of said immune cells;
f. ) determining whether restimulation of the immune cells occurred

In a further aspect the present invention relates to a method for generation of a functional
35 dendritic cell against a carbohydrate epitope of interest comprising bringing into contact a 

suitable amount of dendritic cells with a suitable amount of a carbohydrate positive 
microorganism or fraction or lysate thereof comprising the carbohydrate epitope of interest for 
a suitable time under suitable conditions to generate at least one functional dendritic cell 
against said carbohydrate epitope

40
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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 oil, 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, sLac, 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, GM2, 
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 epitope 
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, sLac, 
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
Carbohydrate 
epitope

carbohydrate binding molecule

lectin \monoclonal antibody
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TF or Core-1 galectin, C-type lectins from 
macrophages,sialoadhesin, 
PNA 3, Jacalin 3, MAL 3, EEL 
3, ECL 3

Nemod-TF1 2, Nemod- 
TF2 2, A78-G/A7 2, HB- 
T1 11, HH8 14, A68- 
B/A11 2

Tn C-type lectins from
macrophages, sialoadhesin, 
BPL 3, DBA 3, GSL I 3, MPL 
3, RCA 3, SJS 3, SBA 3

HB-Tn1 11

sialyl-Tn CA 72-4 1, TKH2 1, HB-
STn111

Globo-H A69-A/E82, VK913

Lewis-Y A46-B/B102, A63-D/B12
2, A51-B/A6 2, A70-C/C8
2, A70-A/A9 2

sialyl-Lewis-A E-selectin CA 195 1, CA 50 1, 
121SLE12

sialyl-Lewis-X E-selectin CA19-9 1 , KM931 10,
T17410

Lewis-X 73-30 4, BG-7(P12)4

Lewis-A CA 195 1, MAB2108 
(7LE) 4, BG-5 (T174) 4, 
PR5C512

Lewis-B MAB2102 (2.25LE) 4,
BG-6 (T218)4

sialylated type 1 chain CA 2421

sLac CA50 1, DU-PAN-21

polysialic acid MAL II 3, SNA 8 Mab735 9, 5A5 13

fucosyl GM1 F12 13

GM2 BP283 5, PGNX13

GD2 Mab 126 1, 3F8 8, ME
36.1 1

GD3 R24 6, MAB2053 7, ME
36.1 1

9-0-acetyl GD2 3F88

9-0-acetyl GD3 ME3.11 1
1 Orntoftetal. Electrophoresis 1999, 20, 362-371
2 Glycotope GmbH Berlin, www.glycotope.com
3 vector laboratories, www.vectorlabs.com
4 Amano et al. Clin Diagn Lab Immunol 1997(Sep), 540-544
5 Acris Antibodies GmbH, www.acris-antibodies.com
6 Reaman et al. Cancer Res 1990 50 (1): 202-5
7 CHEMICON International, Inc. www.chemicon.com
8 Ye et al. 1992; 50 (2): 197-201

9 Husmann et al. J Histochem Cytochem 1990; 38 (2):209-15
10 Calbiochem www.Calbiochem.com
11 DakoCytomation Dako Deutschland GmbH, Germany, www.dakogmbh.de
12 Dianova, Hamburg, Germany
13 Livingston et al. Cancer Immunol Immunother (2005) 54: 1018-1025
14Clausen et al. Mol lmmunol(1988) 25: 199-204

http://www.glycotope.com
http://www.vectorlabs.com
http://www.acris-antibodies.com
http://www.chemicon.com
http://www.Calbiochem.com
http://www.dakogmbh.de
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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 said 
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 epitope, 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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ln 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 ingested 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, souffles or trifles

french fries, chips, e.g. potato chips or "crisps", tortilla chips or com 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, rotelie, 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, 
nigoise 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 tarn, tabouli, waldorf salad or Watergate salad

sauce e.g. white sauces, mushroom sauce, sauce allemande, sauce americaine, sauce 
supreme, eloute brown sauces, bordelaise sauce, bourguignonne sauce, Chateaubriand 
sauce, sauce africaine, sauce robert, bechamel sauce, mornay sauce, emulsified sauces, 
bearnaise sauce, hollandaise sauce, mayonnaise, tartar sauce, salad cream, butter sauces, 
beurre blanc, cafe 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, linguiga, liver sausage, lukanka, mettwurst, 
mincemeat, mortadella, salami, soujouk, thuringer, weiliwurst 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, veggie 
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, 



WO 2008/055702 PCT/EP2007/009765

5

10

15

20

25

30

35

40

45

50

55

-18-

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 
immune 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) against 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 
800μΙ of europium buffer (50 mM HEPES, pH 7.4, 93 mM NaCI, 5 mM KCI, 2mM MgCI2, 
10mM diethylentriaminepentaacetic acid, 2 mM europium (III) acetate), electroporated (710V, 
1 pulse, 30ps) 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; 5x103/well). Following addition of 20pl 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. 10μΙ of 1:10 diluted 
complement (Baby rabbit complement) is added to correspondent wells. In the control wells 
10μΙ 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 pl of cell-free supernatant 
from every well are pipetted in 200μΙ per well of enhancement solution (Perkin-Elmer Wallac) 
on the previously prepared flat-bottom plate (Nunc-lmmunoplate 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 cells) 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 800μΙ of europium buffer (50 mM HEPES, pH 7.4, 93 mM NaCI, 5 mM KCI, 2mM 
MgCI2, 10mM diethylentriaminepentaacetic acid, 2 mM europium (III) acetate), electroporated 
(710V, 1 pulse, 30ps) 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; 5x103/well). Following addition of 20μΙ of Corel- 
specific antibodies at varying concentrations (0.05 to 50 pg/ml final concentration in 200 pl 
incubation volume) or the corresponding controls (medium, isotype control IgG), PBMC 
(human peripheral blood mononucleare cells, 80 pl) 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 pl 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 200μΙ per well of 
enhancement solution (Perkin-Elmer Wallac) on the previously prepared flat-bottom plate 
(Nunc-lmmunoplate Maxisorp). Following incubation for 15 minutes at room temperature, the 
fluorescence is determined (Victor2 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 immune 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 I molecule or MHC class II 
molecule, more preferable in at least one MHC class I and one MHC class II 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 
carbohydrate epitope, preferably those which can be presented with the carbohydrate 
epitope on the mDC.

Said carbohydrate positive microorganism in sense of the described cellular immune 
response tests means sufficient amounts of the particular carbohydrate positive 
microorganism which can be living or dead, or a lysate from those cells or a fraction thereof, 
more preferred is a lysate or a fraction thereof.

http://www.glycotope.com
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Controls are used to further confirm the positivity of the immune response. Those skilled in 
the art are able to use appropriate controls as such which are described in more detail below 
and in example 12. Examples are the use of controls which are loaded onto the DC as 
described for the carbohydrate epitope carrying molecules and used for restimulation and 
can comprise (i) cells which are negative for the carbohydrate epitope or do not comprise it, 
preferably those which are related to or resemble as closely as possible the carbohydrate 
epitope positive cells, in the corresponding format such as living or dead, or a lysate from 
those cells or a fraction thereof; (ii) a protein not carrying the carbohydrate epitope, 
preferably the same protein as used as the carbohydrate epitope carrying molecule but 
without the carbohydrate epitope, preferably without any glycosylation or with an elongated 
or shortened carbohydrate structure not comprising the carbohydrate epitope, (iii) a 
polypeptide not carrying the carbohydrate epitope, preferably the same polypeptide as used 
as the carbohydrate epitope carrying molecule but without the the carbohydrate epitope, 
preferably without any glycosylation or with an elongated or shortened carbohydrate 
structure not comprising the carbohydrate epitope. Additional controls may be (iv) non­
loaded mDC treated in the same way as the mDC loaded with the carbohydrate epitope 
carrying molecules including the necessary molecules and conditions for maturation but 
without any additional molecule corresponding to the carbohydrate epitope carrying molecule 
or above mentioned controls (i-iii). The examples and the preferred embodiments describe in 
detail the most suitable controls, while other suitable ones might be selected by those skilled 
in the art.

In a preferred embodiment of the invention the dendritic cells are functional dendritic cells 
obtained from the leukemia cell line MUTZ-3 [as described in DE10139428 A1, 
W02003/023023 A1, EP01419240, US20040265998, CA2457287, 10139428.4 (DE), 
PCT/EP02/09260, 02758474.7 (EP), US10/486,966, CA2,457,287)] or cells derived from 
MUTZ-3 such as NEMOD-DC (e.g. NMD-100 or NMD-200 obtainable from Glycotope GmbH 
Berlin, Germany [www.Glycotope.com]). Those dendritic cells are active dendritic cells which 
are fully capable to activate T cells and to process and/or present antigens on their surface 
including on MHC class molecules. In a further preferred embodiment of the invention the 
dendritic cells are functional dendritic cells obtained from MUTZ-3 or cells derived from 
MUTZ-3, such as NMD-100 or NMD-200, and the immune cells are matched in MHC class I 
molecule such as HLA-A2 or HLA-B44, preferably HLA-A2 and HLA-B44. In a further 
preferred embodiment a lysate of cells comprising the carbohydrate epitope is used as 
carbohydrate epitope carrying molecule

Due to variances from experiments to experiments which is in particular typical for cellular 
immunological methods known to those skilled in the art, controls have to be set up in 
parallel to the test as known to those skilled in the art.

According to one embodiment, the invention provides an in vitro cellular immune response 
test against a carbohydrate epitope of interest comprising

a. ) Loading at least one dendritic cell with a first carbohydrate positive compound, 
wherein said carbohydrate positive compound carries the carbohydrate epitope of 
interest;
b. ) bringing into contact a suitable amount of said at least one dendritic cell 
loaded with said carbohydrate positive compound with a suitable amount of 
immune cells which can be activated or inhibited by a dendritic cell;
c. ) cultivation in order to allow interaction of said immune cells with said loaded 
dendritic cells;
d. ) 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 said first compound, wherein said second compound is 
different from said first carbohydrate positive compound;
e. ) cultivation for restimulation of said immune cells

http://www.Glycotope.com
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f.)  determining the amount of restimulated immune cells.

The invention provides a method for determining whether certain carbohydrate epitope 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 certain carbohydrate 
epitope is indeed able to trigger a respective response, thereby determining whether said 
carbohydrate epitope is a suitable working point e.g. for therapy. The invention thus 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, MHO 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. The principles of this cellular immune response test are 
also illustrated in Fig. 22.

Therefore, dendritic cells are loaded with the compound of interest which is assumed to or 
carries the carbohydrate structure/epitope of interest. Said compound can e.g. be a 
microorganism carrying the carbohydrate epitope of interest as described herein, a tumor cell 
or any other compound carrying the carbohydrate epitope of interest. Suitable conditions for 
loading and suitable compounds carrying carbohydrate structures 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 method is to identify whether the carbohydrate epitope/antigen of interest can 
stimulate a cellular response.

Therefore, a selection step is performed wherein the lymphocytes are restimulated in order to 
determine whether the carbohydrate of interest 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 first compound. 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 first compound most presented antigens, 
preferably all antigens are - besides the carbohydrate epitope 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.

In the last step it is determined whether the lymphocytes were indeed restimulated. This can 
be done e.g. by determining
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- secretion products of the lymphocytes which are secreted if said lymphocytes are 
(re)stimulated such as interferon alpha, interferon gamma or GM-CSF

- the proliferation of the T-cells.

Suitable tests for determining whether restimulation occurs are described herein.

The specificity of said test can be enhanced by using a carbohydrate binding structure which 
specifically recognizes said carbohydrate epitope of interest when presented by the dendritic 
cells/APCs. According to said embodiment, at least a portion of said stimulated lymphocytes 
according to step c) are contacted with 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 said first compound, wherein said second compound is different 
from said carbohydrate positive compound, in the presence of a carbohydrate binding 
molecule recognizing said carbohydrate epitope of interest. Said carbohydrate binding 
molecule recognizing said carbohydrate epitope of interest blocks the interaction of the APCs 
with said lymphocytes thereby preventing restimulation and hence survival of the cells. This 
additional step further ensures that the carbohydrate of interest specifically stimulates 
lymphocytes and thus triggers a specific cellular immune response. This specificity 
enhancing/confirming step can be either done in parallel - by splitting the stimulated 
lymphocytes according to step c - or by performing said enhancing/confirming step 
additionally and thus afterwards.

According to a first embodiment (cellular immune response test 1) the amount/degree of 
restimulated lymphocytes is determined by measuring GM-CSF secretion. E.g. the amount of 
secreted GM-CSF can be measured by ELISA or ELISPOT.

According to a prefereed embodiment, a cellular immune response test (embodiment of a 
cellular immune response test 1) against the carbohydrate epitope is provided comprising

a) bringing into contact a suitable amount of dendritic cells comprising at least 
one dendritic cell, dendritic cells, or a mixture of cells comprising at least one 
dendritic cell, loaded with a suitable amount of the carbohydrate positive 
microorganism, a lysate or a fraction thereof, formulations comprising those, 
the nutraceutical, or the pharmaceutical composition of the invention together 
with a suitable amount of immune cells comprising at least one immune cell, 
CD4+ T cell, CD8+ T cell, a mixture of cells comprising at least one T cell, or 
peripheral blood mononuclear cells, which can be activated or inhibited by a 
dendritic cell

b) cultivation for an appropriate time and under an appropriate condition
c) adding a suitable amount of dendritic cells comprising at least one dendritic 

cell, dendritic cells, or a mixture of cells comprising at least one dendritic cell, 
loaded with a suitable amount of at least one carbohydrate epitope carrying 
molecule

d) cultivation for an appropriate time and under an appropriate condition for 
restimulation

e) measuring the amount of secreted GM-CSF by ELISA or ELISPOT, whereby a 
positive cellular immune response against the carbohydrate epitope shows (i) 
a significantly higher GM-CSF secretion of said immune cells restimulated with 
said dendritic cells loaded with a carbohydrate epitope carrying molecule than 
the GM-CSF secretion of corresponding immune cells restimulated with 
corresponding unloaded dendritic cells and/or than the GM-CSF secretion of 
corresponding immune cells restimulated with corresponding dendritic cells 
loaded with a molecule not carrying or comprising the carbohydrate epitope, 
and/or (ii) a significantly higher GM-CSF secretion of said immune cells 
restimulated with said dendritic cells loaded with a protein, peptide, or 
molecule carrying or comprising the carbohydrate epitope than the GM-CSF 
secretion of corresponding immune cells restimulated with corresponding 
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dendritic cells loaded with corresponding protein, peptide, or molecule not 
carrying or not comprising the carbohydrate epitope , and/or (iii) a significantly 
higher GM-CSF secretion of said immune cells restimulated with said 
dendritic cells loaded with a protein, peptide, or molecule carrying or 
comprising the carbohydrate epitope than the GM-CSF secretion of 
corresponding immune cells restimulated with corresponding dendritic cells 
loaded with corresponding protein, peptide, or molecule carrying or comprising 
the carbohydrate epitope but chemically or enzymatically treated for 
destruction of the carbohydrate epitope , and/or (iv) a significantly higher GM- 
CSF secretion of said immune cells restimulated with said dendritic cells 
loaded with a lysate or fractions of cells comprising the carbohydrate epitope 
than the GM-CSF secretion of corresponding immune cells restimulated with 
corresponding dendritic cells loaded with a lysate of cells negative for the 
carbohydrate epitope or not comprising it.

Corresponding immune cells means that the same immune cells, which are or comprise at 
least one immune cell, CD4+ T cell, CD8+ T cell, a mixture of cells comprising at least one T 
cell, or peripheral blood mononuclear cells, or other elsewhere described cells and mixtures 
of cells, which can be activated or inhibited by a dendritic cell, are used for the control or 
comparative test with a control or test molecule, mixture of molecules, cells, cell lysates or 
fractions, microorganism or fractions thereof than those which are used for said immune cells 
in order to allow a comparison.

Corresponding dendritic cells means that the same dendritic cells, which are or comprise at 
least one dendritic cell, dendritic cells, or a mixture of cells comprising at least one dendritic 
cell or other elsewhere described cells and mixtures of cells able to active T cells, loaded 
with a suitable amount of at least one carbohydrate epitope carrying molecule, are used for 
the control or comparative test with a control or test molecule, mixture of molecules, cells, 
cell lysates or fractions, microorganism or fractions thereof or without any, than those which 
are used for said dendritic cells in order to allow a comparison.

This is known to those skilled in the art and they can be selected by those skilled in the art. 
This is shown in more detail in the examples. For clarification: For example, the same 
amount of immune cells from the same preparation are brought into contact with the same 
amount of dendritic cells from the same preparation loaded with the same amount of 
asialoglycophorin and in parallel with the same amount of glycophorin or periodate treated 
asialoglycophorin and used in the test in order to allow optimal comparability.

Variations are known to those skilled in the art and can be determined by those or are 
described in more detail in examples.

Said cellular immune response test 1 tests the activation of CD4+ and/or CD8+ T-cells 
specific for the carbohydrate epitope by a carbohydrate positive microorganism by measuring 
the specific induced secretion of GM-CSF comprising bringing into contact dendritic cells 
loaded with a carbohydrate positive microorganism, lysate or fraction thereof and immune 
cells and cultivation for appropriate times and conditions and subsequently adding dendritic 
cells loaded with a carbohydrate epitope carrying molecule for restimulation and cultivation 
for appropriate times and conditions and subsequently measuring the amount of secreted 
GM-CSF in response to this restimulation. Said measuring of the amount of secreted GM- 
CSF is preferably done by ELISA or ELISPOT, more preferably ELISA, and is known to 
those skilled in the art. In the most preferred embodiment of the invention the cellular 
immune response test 1 comprises bringing into contact functional dendritic cells obtained 
from cells derived from MUTZ-3, NMD-100 or NMD-200 loaded with a carbohydrate positive 
microorganism together with PBMC (peripheral blood mononuclear cells) matched at least in 
MHC class I (HLA-A2) and (HLA-B44) and cultivation of these cells for appropriate times and 
conditions, typically 7 to 10 days, and subsequently adding for restimulation functional 



WO 2008/055702 PCT/EP2007/009765

5

10

15

20

25

30

35

40

45

50

55

-28-

dendritic cells obtained from cells derived from MUTZ-3 loaded with lysate of cells 
comprising the carbohydrate epitope, or with a carbohydrate carrying molecule and 
cultivation for appropriate times and conditions, typically 7 to 9 days, and subsequently 
measuring the amount of secreted GM-CSF in an ELISA or ELISPOT analysis. ELISA and 
ELISPOT analysis of GM-CSF -release is known to those skilled in the art and described in 
detail in examples. A positive cellular immune response against the carbohydrate epitope 
shows a higher GM-CSF secretion of the immune cells restimulated with DC loaded with a 
lysate of cells comprising the carbohydrate epitope than the secretion of the immune cells 
restimulated with DC loaded with a lysate of carbohydrate epitope negative cells and/or it 
shows a higher GM-CSF secretion of the immune cells restimulated with DC loaded with a 
carbohydrate epitope carrying molecule than the immune cells restimulated with DC loaded 
with a carbohydrate epitope negative molecule. A preferred embodiment of the cellular 
immune response test 1 is described in detail in example 12.

According to a second embodiment (cellular immune response test 2) the amount/degree of 
restimulated lymphocytes is determined by measuring the amount of INFgamma or 
TNFalpha secretion. In a preferred embodiment said cellular immune response test 2 against 
the carbohydrate epitope comprises

a. bringing into contact a suitable amount of dendritic cells comprising at least one 
dendritic cell, dendritic cells, or a mixture of cells comprising at least one dendritic 
cell, loaded with a suitable amount of the carbohydrate positive microorganism, a 
lysate or a fraction thereof, formulations comprising those, the nutraceutical, or the 
pharmaceutical composition of the invention together with a suitable amount of 
immune cells comprising at least one immune cell, CD4+ T cell, CD8+ T cell, a 
mixture of cells comprising at least one T cell, or peripheral blood mononuclear 
cells, which can be activated or inhibited by a dendritic cell

b. cultivation for an appropriate time and under an appropriate condition
c. adding a suitable amount of dendritic cells comprising at least one dendritic cell, 

dendritic cells, or a mixture of cells comprising at least one dendritic cell, loaded 
with a suitable amount of at least one carbohydrate epitope carrying molecule

d. cultivation for an appropriate time and under an appropriate condition for 
restimulation and

e. measuring the amount of secreted IFNgamma and/or secreted TNFalpha by ELISA 
or ELISPOT, whereby a positive cellular immune response against the 
carbohydrate epitope shows (i) a significantly higher IFNgamma and/or TNFalpha 
secretion of said immune cells restimulated with said dendritic cells loaded with a 
carbohydrate epitope carrying or comprising molecule than the IFNgamma and/or 
TNFalpha secretion of corresponding immune cells restimulated with corresponding 
unloaded dendritic cells and/or a higher IFNgamma and/or TNFalpha secretion of 
said immune cells restimulated with said dendritic cells loaded with a carbohydrate 
epitope carrying or comprising molecule than the IFNgamma and/or TNFalpha 
secretion of corresponding immune cells restimulated with corresponding dendritic 
cells loaded with a molecule not carrying or not comprising the carbohydrate 
epitope, and/or (ii) a significantly higher IFNgamma and/or TNFalpha secretion of 
said immune cells restimulated with said dendritic cells loaded with a protein, 
peptide, or molecule carrying or comprising the carbohydrate epitope than the 
IFNgamma and/or TNFalpha secretion of corresponding immune cells restimulated 
with corresponding dendritic cells loaded with corresponding protein, peptide, or 
molecule not carrying or not comprising the carbohydrate epitope , and/or (iii) a 
significantly higher IFNgamma and/or TNFalpha secretion of said immune cells 
restimulated with said dendritic cells loaded with a protein, peptide, or molecule 
carrying or comprising the carbohydrate epitope than the IFNgamma and/or 
TNFalpha secretion of corresponding immune cells restimulated with corresponding 
dendritic cells loaded with corresponding protein, peptide, or molecule carrying or 
comprising the carbohydrate epitope but enzymatically or chemically treated for 
destruction of the carbohydrate epitope , and/or (iv) a significantly higher 
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IFNgamma and/or TNFalpha secretion of said immune cells restimulated with said 
dendritic cells loaded with a lysate or fractions of cells comprising the carbohydrate 
epitope than the IFNgamma and/or TNFalpha secretion of corresponding immune 
cells restimulated with corresponding dendritic cells loaded with a lysate of cells 
negative for the carbohydrate epitope or not comprising it.

Said cellular immune response test 2 tests the activation of cytotoxic T-cells such as CTL 
(cytotoxic T lymphocytes) and or Th1 type cytotoxic T helper cells to carbohydrate epitope 
specific activated cytotoxic T-cells by a carbohydrate positive microorganism. Said 
measuring of the amount of secreted IFNgamma and/or TNFalpha is preferably done by 
ELISA or ELISPOT, more preferably ELISPOT and is known to those skilled in the art. In the 
most preferred embodiment of the invention the cellular immune response test 2 comprises 
bringing into contact functional dendritic cells obtained from cells derived from MUTZ-3 or 
NMD-100 OR NMD-200 loaded with a carbohydrate positive microorganism together with 
PBMC (peripheral blood mononuclear cells) matched at least in MHC class I (HLA-A2 and 
HLA-B44) and cultivation of these cells for appropriate times and conditions, typically 7 to 10 
days, and subsequently adding for restimulation functional dendritic cells obtained from cells 
derived from MUTZ-3, NMD-100 or NMD-200 loaded with lysate of cells comprising the 
carbohydrate epitope or a carbohydrate epitope carrying molecule and cultivation for 
appropriate times and conditions, typically 7 to 9 days, and subsequently measuring the 
amount of secreted IFNgamma by ELISPOT analysis and/or secreted TNFalpha by ELISA 
analysis. ELISA and ELISPOT analysis of TNFalpha and IFNgamma is known to those 
skilled in the art and described in detail in examples. A preferred embodiment of the cellular 
immune response test 2 is described in detail in example 12.

According to a third embodiment (cellular immune response test 3) the amount/degree of 
restimulated lymphocytes is determined by measuring the proliferation and/or proliferation 
induction. In a preferred embodiment said cellular immune response test 3 against the 
carbohydrate epitope comprises

a) bringing into contact a suitable amount of dendritic cells comprising at least one 
dendritic cell, dendritic cells, or a mixture of cells comprising at least one dendritic 
cell, loaded with a suitable amount of the carbohydrate positive microorganism, a 
lysate or a fraction thereof, formulations comprising those, the nutraceutical, or the 
pharmaceutical composition of the invention together with a suitable amount of 
immune cells comprising at least one immune cell, CD4+ T cell, CD8+ T cell, a 
mixture of cells comprising at least one T cell, or peripheral blood mononuclear 
cells, which can be activated or inhibited by a dendritic cell

b) cultivation for an appropriate time and under an appropriate condition
c) adding a suitable amount of dendritic cells comprising at least one dendritic cell, 

dendritic cells, or a mixture of cells comprising at least one dendritic cell, loaded 
with a suitable amount of at least one carbohydrate epitope carrying molecule

d) cultivation for an appropriate time and under an appropriate condition for 
restimulation and

e) measuring the proliferation and/or proliferation induction, preferably by using the 
WST reaction in combination with a colorimetric measurement (as described in the 
examples), whereby a positive cellular immune response against the carbohydrate 
epitope shows (i) a significantly higher proliferation of immune cells or a significantly 
higher number of T cells after a certain time of cultivation when restimulated with 
said dendritic cells loaded with a carbohydrate epitope carrying or comprising 
molecule than the proliferation or number when restimulated with corresponding 
unloaded dendritic cells and/or than the proliferation or number when restimulated 
with corresponding dendritic cells loaded with a molecule not carrying or comprising 
the carbohydrate epitope, and/or (ii) a significantly higher proliferation of immune 
cells or a significantly higher number of T cells after a certain time of cultivation 
when restimulated with said dendritic cells loaded with a protein, peptide, or 
molecule carrying or comprising the carbohydrate epitope than the proliferation or 
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number when restimulated with corresponding dendritic cells loaded with 
corresponding protein, peptide, or molecule not carrying or not comprising the 
carbohydrate epitope, and/or (iii) a significantly higher proliferation of immune cells 
or a significantly higher number of T cells after a certain time of cultivation when 
restimulated with said dendritic cells loaded with a protein, peptide, or molecule 
carrying or comprising the carbohydrate epitope than the proliferation or number of 
corresponding immune cells restimulated with corresponding dendritic cells loaded 
with corresponding protein, peptide, or molecule carrying or comprising the 
carbohydrate epitope but enzymatically or chemically treated for destruction of the 
carbohydrate epitope, and/or (iv) a significantly higher proliferation of immune cells 
or a significantly higher number of T cells after a certain time of cultivation when 
restimulated with said dendritic cells loaded with a lysate or fractions of cells 
carrying or comprising the carbohydrate epitope than the proliferation or number of 
corresponding immune cells restimulated with corresponding dendritic cells loaded 
with a lysate of cells negative for the carbohydrate epitope or not comprising it.

Said cellular immune response test 3 tests the activation of CD4+ and CD8+ T-cells to 
carbohydrate epitope specific activated T-cells by a carbohydrate positive microorganism or 
a fractionor lysate thereof by measuring the induction of the proliferation of T-cells 
comprising bringing into contact dendritic cells loaded with a carbohydrate positive 
microorganism and immune cells and cultivation for appropriate times and conditions and 
subsequently adding dendritic cells loaded with a carbohydrate epitope carrying molecule for 
restimulation and cultivation for appropriate times and conditions and subsequently 
measuring the proliferation. Said measuring of the proliferation induction is preferably done 
using the WST reaction in combination with a colorimetric measurement and deduction of the 
DC alone and the non-restimulated immune cells alone which is known to those skilled in the 
art and is described in example 12. In the most preferred embodiment of the invention the 
cellular immune response test 3 comprises bringing into contact functional dendritic cells 
obtained from cells derived from MUTZ-3 or NMD-100 or NMD-200 loaded with a 
carbohydrate positive microorganism or a lysate or fraction thereof together with PBMC 
(peripheral blood mononuclear cells) matched at least in MHC class I (HLA-A2 and HLA-44) 
and cultivation of these cells for appropriate times and conditions, typically 7 to 10 days, and 
subsequently adding for restimulation functional dendritic cells obtained from cells derived 
from MUTZ-3 NMD-100 or NMD-200 loaded with lysate of cells comprising the carbohydrate 
epitope or the carbohydrate epitope carrying molecule and cultivation for appropriate times 
and conditions, typically 7 to 9 days, and subsequently measuring the proliferation rate as 
described above and in more detail in example 12. A positive cellular immune response 
against the carbohydrate epitope shows a higher proliferation of T cells restimulated with DC 
loaded with the carbohydrate epitope carrying molecule than the proliferation rate of the DC 
alone and the T cells put into contact with mDC unloaded or with DC loaded with the 
corresponding control. A preferred embodiment of the cellular immune response test 3 is 
described in detail in example 12.

In another preferred embodiment the invention provides a cellular immune response test 
(cellular immune response test 4) against the carbohydrate epitope comprising

(a) bringing into contact a suitable amount of a dendritic cell, dendritic cells, or a mixture 
of cells comprising at least one dendritic cell, loaded with a suitable amount of

(i) the carbohydrate positive microorganism, a lysate or a fraction thereof,
(ii) formulations comprising those,
(iii) the nutraceutical, or the pharmaceutical composition of the invention or
(iv) a carbohydrate epitope carrying or comprising molecule,
(v) a mixture comprising a carbohydrate epitope carrying molecule,
(vi) a cell positive for or comprising the carbohydrate epitope, a lysate or fraction 
thereof,
together with a suitable amount of at least one carbohydrate binding molecule;
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(b) testing binding of said carbohydrate binding molecule.

A positive presentation of the carbohydrate epitope on said dendritic cell or cells is present 
when the binding of the carbohydrate binding molecule is higher to said dendritic cell or cells 
loaded with a carbohydrate epitope carrying molecule than its binding to an corresponding 
unloaded dendritic cell or cells and/or to a corresponding dendritic cell or cells loaded with a 
molecule not carrying or comprising the carbohydrate epitope or a carbohydrate epitope 
carrying or comprising molecule after an enzymatical or chemical treatment that destroys the 
carbohydrate epitope and/or when the binding of the carbohydrate binding molecule is higher 
to said dendritic cell or cells loaded with the carbohydrate positive microorganism, lysate or 
fraction thereof, the nutraceutical, the pharmaceutical composition or formulations thereof, 
than to a corresponding dendritic cell or cells unloaded or than to the a corresponding 
dendritic cell or cells loaded with a microorganism which is not bound by a carbohydrate 
binding molecule or than to a corresponding dendritic cell or cells loaded with the 
carbohydrate positive microorganism after enzymatical or chemical treatment that destroys 
the carbohydrate epitope.

Said cellular immune response test 4 tests the ability of dendritic cells to present the 
carbohydrate epitope on its surface after loading with a carbohydrate positive microorganism 
or a fraction or lysate thereof showing the potential of the loaded dendritic cells to process 
and present the microorganism-derived carbohydrate epitope to immune cells such as T cells 
comprising bringing suitable amounts of a carbohydrate positive microorganism or a fraction 
or lysate thereof and dendritic cells in a suitable differentiation and maturation state together, 
preferably immature DC which are then maturated to mDC using an appropriate cocktail of 
molecules known to those skilled in the art and measure the presentation of the carbohydrate 
epitope by the loaded DC by testing the binding of a carbohydrate binding molecule of the 
invention to said loaded DC. Said testing of the binding is performed by appropriate methods, 
preferably immunocytochemistry, immunofluorescence or flow cytometry, and more 
preferably by immunocytochemistry which are known by those skilled in the art and are 
described in the examples.

The test shows a positive presentation of loaded DC when the binding of the carbohydrate 
binding molecule is higher to the DC loaded with the carbohydrate positive microorganism 
than to DC unloaded, or more preferably to DC loaded with a microorganism which is not 
bound by a carbohydrate binding molecule or to DC loaded with the carbohydrate positive 
microorganism after enzymatical or chemical treatment that destroys the carbohydrate 
epitope. In a preferred embodiment of the invention the cellular immune response test 4 
comprises bringing into contact suitable amounts of functional immature dendritic cells 
obtained from cells derived from MUTZ-3 or NMD-100 OR NMD-200 with lysates of a 
carbohydrate positive microorganism and subsequent culturing and maturation for 24 h - 48 
hours using a suitable molecule cocktail such as described in example 12 and testing the 
presentation of the carbohydrate epitope via immunofluorescence microscopy 
(immunocytochemistry) using carbohydrate epitope specific antibodies.

A preferred embodiment of the cellular immune response test 4 is described in detail in 
example 12.

The invention also provides a cellular immune response test (cellular immune response test 
5) against the carbohydrate epitope comprising

a) incubating a suitable amount of target cells from a cell line comprising the 
carbohydrate epitope labelled with a suitable amount of a marker such as europium 
or chromium-51 with at least one immune cell directed against the carbohydrate 
epitope or a mixture of cells comprising at least one immune cell directed against the 
carbohydrate epitope for a suitable time (typically between 3-6 hours or over night) 
and under suitable conditions, and
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b) measuring the lysis of the target cells by determining the release of the marker such 
as europium or chromium-51 whereby a positive cellular immune response against 
the carbohydrate epitope shows a significantly higher lysis of cells comprising the 
carbohydrate epitope than of carbohydrate epitope negative cells and/or it shows a 
significantly higher lysis of cells comprising the carbohydrate epitope incubated with 
carbohydrate epitope directed immune cells, than a lysis of cells comprising the 
carbohydrate epitope incubated with corresponding control immune cells not directed 
against the carbohydrate epitope.

Said CIRT 5 tests the carbohydrate epitope specific cytotoxicity of immune effector cells 
directed against the carbohydrate epitope such as but not limited to T cell, T cells, T cell 
clone, T cell line, CD4 positive T cells, CD8 positive T cells, NK cells and/or PBMCs.

The generation of carbohydrate epitope directed immune cells is described elsewhere 
herein.

In a preferred embodiment of the invention the carbohydrate epitope directed immune cells 
are obtained by the administration of the formulation of the invention, the carbohydrate 
positive microorganism or the fraction or lysate thereof to a human or animal, more preferred 
by the administration of the formulation of the invention, the carbohydrate positive 
microorganism or the fraction or lysate thereof to a human or animal and subsequent 
isolation of the immune cells from the human or animal.

In another preferred embodiment of the invention the carbohydrate epitope directed immune 
cells are restimulated at least once with dendritic cells loaded with the formulation of the 
invention, the carbohydrate positive microorganism or the fraction or lysate thereof or a 
carbohydrate epitope carrying molecule or tumor cell prior to their use in CIRT 5.

In a more preferred embodiment of the invention the carbohydrate epitope directed immune 
cells are restimulated more than once with dendritic cells loaded with the formulation of the 
invention, the carbohydrate positive microorganism or the fraction or lysate thereof or a 
carbohydrate epitope carrying molecule or tumor cell prior to their use in CIRT 5, whereby 
carbohydrate epitope on different carriers (such as but not limited to carbohydrate epitope on 
or from microorganism, molecule, protein or tumor cell) is used for different rounds of 
restimulation.

The test comprises incubating suitable amounts of labeled carbohydrate epitope positive 
target cells, with suitable amounts of immune cells directed against the carbohydrate epitope 
for a suitable time, typically between 3 and 6 hours or over night. The carbohydrate epitope 
positive cells 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 or corresponding 
control immune cells not directed against the carbohydrate epitope. The test can be 
optimized in respect to suitable 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.

In a preferred embodiment the CIRT 5 is performed using an Europium Release Assay. The 
target cells are incubated for 10 minutes at 4°C in 800μΙ of europium buffer (50 mM HEPES, 
pH 7.4, 93 mM NaCl, 5 mM KCI, 2mM MgCI2, 10mM diethylentriaminepentaacetic acid, 2 mM 
europium (III) acetate), electroporated (710V, 1 pulse, 30ps) 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; 5x103/well). 
Thereafter carbohydrate epitope directed immune cells or corresponding immune cells are 
added as effector cells (100pl/well), using different effector cell/target cell ratios from 100:1 to 
5:1, preferably effector cell/target cell ratios from 50:1 to 20:1. To determine spontaneous 
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release, 100 μΙ RPMI/5% FCS without effector cells are added. Maximum release is 
determined after 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 μΙ of cell-free supernatant from every well is pipetted in 200μΙ per well of 
enhancement solution (Perkin-Elmer Wallac) on the previously prepared flat-bottom plate 
(Nunc-lmmunoplate Maxisorp). Following incubation for 15 minutes at room temperature, the 
fluorescence is determined (Victor2 Fluorometer, Perkin-Elmer Wallac). The specific 
cytotoxicity is obtained from the equation (experimental lysis - spontaneous lysis)/(maximum 
lysis - spontaneous lysis)x100%.

In a further preferred embodiment of the invention a nutraceutical or a pharmaceutical 
composition comprising at least one carbohydrate positive microorganism or lysate or 
fraction thereof induces an effective carbohydrate specific cellular immune response against 
the carbohydrate epitope which is positive for at least two cellular immune response tests out 
of the cellular immune response tests 1 to 5.

In an even further preferred embodiment of the invention a nutraceutical or a pharmaceutical 
formulation comprising at least one carbohydrate positive microorganism or lysate or fraction 
thereof induces a humoral and a cellular immune response against the carbohydrate epitope 
which is positive for at least one humoral immune response test and at least one cellular 
immune response tests.

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

In another preferred embodiment the invention provides the cellular immune response tests 1 
to 5 wherein the dendritic cell, dendritic cells or a mixture of cells comprising dendritic cell 
comprises at least one dendritic cell which is a mature dendritic cells when bringing into 
contact with said immune cells.

In another preferred embodiment the invention provides the cellular immune response tests 1 
to 5 wherein the dendritic cell, dendritic cells or a mixture of cells comprise functional 
dendritic cells obtained from cells derived from MUTZ-3.

In another preferred embodiment the invention provides the cellular immune response tests 1 
to 5 wherein said immune cells are matched with said dendritic cells at least in one MHC 
class I molecule.

In another preferred embodiment the invention provides the cellular immune response tests 1 
to 5 wherein the carbohydrate epitope carrying molecule is a lysate or fraction ofcells 
comprising the carbohydrate epitope.

In another preferred embodiment the invention refers to the use of any of the immune 
response tests as described above for determining the immune response against the 
carbohydrate epitope induced or enhanced by the nutraceutical, the pharmaceutical
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composition, the carbohydrate positive microorganism or the fraction thereof, or formulations 
comprising those according to this invention in at least one human or animal.

In another preferred embodiment the invention refers to the use of any of the immune 
5 response tests as described above for testing the natural existing immune response in a 

human or animal without or before administration of the nutraceutical, the pharmaceutical 
composition, the carbohydrate positive microorganism or the fraction thereof or formulations 
comprising those in at least one human or animal.

10 In another preferred embodiment the invention refers to use of any of the immune response 
tests as described above for determining and optimizing the effective amount, maximal 
effective amount, dose, dose regimen, administration route, composition, formulation, 
carriers and other molecules used therewith of the nutraceutical, the pharmaceutical 
composition, the carbohydrate positive microorganism or the fraction thereof, or formulations 

15 comprising those according to the invention.

B) Provision of carbohydrate positive microorganisms and methods for testing the potential of 
a carbohydrate positive microorganism to induce immune responses, methods for isolating a 
carbohydrate positive microorganism, methods for identifying suitable carbohydrate positive 

20 microorganism for nutraceuticals and pharmaceutical compositions

The invention provides a carbohydrate positive microorganism which is recognized/bound by 
at least one carbohydrate binding molecule which also specifically recognizes a carbohydrate 
epitope present on a molecule from a human or animal cell, whereby said microorganism 

25 induces an effective carbohydrate-specific cellular immune response against said 
carbohydrate epitope in at least one animal or human.

The characteristics and advantages of respective carbohydrate positive microorganisms and 
methods for obtaining them are described above and below. As the carbohydrate positive 

30 microorganism is bound and thus recognized by at least one carbohydrate binding molecule 
which also specifically recognizes the carbohydrate epitope of interest in its “natural” 
environment (e.g. on a human or animal cell, as e.g. a tumor cell) it is ensured that the 
carbohydrate positive microorganism and/or the carbohydrate positive fraction or lysate 
thereof carries a carbohydrate structure which is at least immunochemically virtually identical 

35 to the carbohydrate epitope of interestThis 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 molecules, preferably 
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 

40 surrounding.

The invention provides a carbohydrate positive microorganism or fraction or lysate thereof 
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 

45 human or animal cell, which induces an effective carbohydrate specific cellular immune 
response and/or a humoral 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.

50 In a preferred embodiment the carbohydrate positive microorganism 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 preferably comprising activation of 
CD4 positive T cells of Th1 type and/or activation of CD8 positive cytotoxic T cells.

55
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The invention provides a suitable carbohydrate positive microorganism for use in a 
formulation according to the invention selected from the group comprising a nutraceutical 
and a pharmaceutical composition of the invention wherein the carbohydrate positive 
microorganism is bound by at least one carbohydrate binding molecule specifically 
recognizing a carbohydrate epitope present on a molecule from a human or animal cell, 
whereby said microorganism induces an effective carbohydrate-specific cellular immune 
response against said carbohydrate epitope, preferably in at least one animal or human.

In another preferred embodiment said immune response is induced in vitro.

The invention provides a carbohydrate positive microorganism which induces an effective 
carbohydrate-specific cellular immune response against said carbohydrate epitope, 
carbohydrate epitope positive tumor cells or carbohydrate epitope positive diseases, 
preferably in at least one humanor animaland/or in vitro.

In a preferred embodiment the invention provides or uses the
(i) carbohydrate positive microorganism of the invention, or
(ii) the nutraceutical or the pharmaceutical formulation comprising a carbohydrate 

positive microorganism
which is selected from the group comprising
Escherichia coli, Streptococcus, Bacteroides, Rhuminococcus, Lactobacillus, 
Bifidobacterium, Peptostreptococcus, Fusobacterium, Johnsonella, Atopobium, 
Staphylococcus, Eubacterium, Finegoldia, Clostridium, Eggerthella, Butyribacterium, 
Citrobacter, Helicobacter, Propionibacterium and Corynebacterium;

and more preferably selected from the group comprising Escherichia coli, Bacteroises, such 
as Bacteroides ovatus, Bacteroides thetaiotaomicron, Bacteroides acidophilus, Bacteroides 
caccae;

and even more preferred selected from the group comprising the new strain Bacteroides 
ovatus AG6(DSM 18726), the new strain Bacteroides ovatus MU1(DSM 18728) and the new 
strain Escherichia coli LH2(DSM 18727) deposited at the “DSMZ-Deutsche Sammlung von 
Mikroorganismen und Zellkulturen GmbH” in Braunschweig (Germany), by Glycotope GmbH, 
Robert-Rossle-Str. 10, 13125 Berlin (Germany) at the October 20, 2006, and most preferably 
the new strains AG6 or MU1.

In a further preferred embodiment of the invention the carbohydrate positive microorganism 
of the nutraceutical or the pharmaceutical formulation is a combination of carbohydrate 
positive microorganisms of different strains.

In a further preferred embodiment, the carbohydrate positive microorganism of the 
formulation according to the invention is a combination of carbohydrate positive 
microorganisms of different strains selected from the strains AG6, MU1 and LH2.

In a further preferred embodiment the nutraceutical or pharmaceutical composition of the 
invention comprises at least one carbohydrate positive microorganism combined with at least 
one other beneficial microorganism, such as but not limited to a lactobacillus and/or 
bifidobacterium, even more preferred a combination of carbohydrate positive microorganisms 
of different strains combined with other beneficial microorganisms.

In a preferred embodiment of the invention the carbohydrate positive microorganism is a 
non-pathogenic microorganism.

In a further preferred embodiment of the invention the carbohydrate positive microorganism 
is isolated from a healthy donor.
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ln a further preferred embodiment of the invention the carbohydrate positive microorganism 
can be isolated from a healthy donor.

In a further preferred embodiment of the invention the carbohydrate positive microorganism 
is used in the nutraceutical or pharmaceutical composition as a living organism.

In a further preferred embodiment of the invention the carbohydrate positive microorganism 
is used as a living organism and is administered orally.

In a further preferred embodiment of the invention the carbohydrate positive microorganism 
used in the nutraceutical or pharmaceutical composition is sensitive to at least one antibiotic.

In a further preferred embodiment of the invention the carbohydrate positive microorganism 
used in the nutraceutical can colonize the gut.

In another preferred embodiment of the invention the carbohydrate positive microorganism 
used in the nutraceutical or pharmaceutical composition is dead.

In an even further preferred embodiment of the invention the carbohydrate positive 
microorganism used in the nutraceutical or pharmaceutical composition is pasteurized.

In an even more preferred embodiment of the invention the carbohydrate positive 
microorganism is used in the nutraceutical or pharmaceutical composition as a living 
organism and was isolated from a healthy human donor and can colonize the human gut and 
is antibiotic sensitive.

In an even more preferred embodiment of the invention the carbohydrate positive 
microorganism is used in the nutraceutical in a pasteurized form and was isolated from the 
gut of a healthy human donor and is antibiotic sensitive.

In another preferred embodiment of the invention the carbohydrate positive microorganism 
used in the pharmaceutical composition is dead or lysed.

In a further preferred embodiment of the invention the carbohydrate positive 
microorganismused in the nutraceutical or pharmaceutical composition is lyophilized.

The invention further provides a method for testing the potential of a carbohydrate positive 
microorganism or fraction thereof to induce a humoral immune response against the 
carbohydrate epitope comprising

a) administration of a suitable amount of the carbohydrate positive 
microorganism or fraction thereof to at least one human or animal

b) test of the immune response in at least one of humoral immune 
response tests 1-6 against the carbohydrate epitope.

The invention further provides a method for testing the potential of a carbohydrate positive 
microorganism or fraction thereof to induce an effective carbohydrate-specific cellular 
immune response against the carbohydrate epitope comprising

a) administration of a suitable amount of the carbohydrate positive 
microorganism or fraction thereof to at least one human or animal and

b) test of the immune response in at least one cellular immune response 
test against the carbohydrate epitope.

In a preferred embodiment the invention provides a method for testing the potential of any of 
the nutraceuticals, the pharmaceutical compositions, the carbohydrate positive 
microorganisms or the fractions thereof, or formulation comprising those, to induce an 
immune response and to determine which immune response is induced.
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ln another preferred embodiment the invention provides a method to determine the dose, the 
dosing regimen, the route of administration, the formulation, the carriers or other components 
used in or with the nutraceuticals, the pharmaceutical compositions, the carbohydrate 
positive microorganisms or the fractions thereof, or formulation comprising those.

The invention further provides a method for testing the potential of a carbohydrate positive 
microorganism to induce a humoral immune response comprising at least one of the humoral 
immune response test 1 to 6, preferably at least two, more preferably three, more preferably 
4, more preferably 5, and most preferably all 6 humoral immune response tests, whereby at 
least one animal or human was given suitable amounts of the microorganism to be tested 
either orally or systemically (with or without additional adjuvants) and the antibodies in serum 
or antibodies gained from the serum, plasma or faeces are tested preferably in comparison 
to the antibodies in serum or antibodies gained from the blood, plasma or faeces before the 
microorganisms were given. Those skilled in the art are able to determine suitable amounts 
of the microorganism and ways to gain the antibodies from blood and suitable controls. The 
tests are described in detail herein and/or in example 11.

The invention further provides a method for testing the potential of a carbohydrate positive 
microorganism to induce a cellular immune response comprising at least one of the cellular 
immune response tests 1 to 5, preferably at least two, more preferably three, and most 
preferably all 5 cellular immune response tests.

The invention further provides a method for testing the potential of a carbohydrate positive 
microorganism to induce a cytotoxic cellular immune response comprising at least the 
cellular immune response test 2, preferably 2 and 1, more preferably 2, 3, and, and most 
preferably all 5 cellular immune response tests.

In both embodiments of the invention the tests are either performed as described above in 
vitro or the cellular immune response tests 1 to 3 and 5 were performed by giving at least 
one animal or human suitable amounts of the microorganism to be tested either orally or 
systemically (with or without additional adjuvants) and the immune cells were gained from 
the blood and (i) tested according to the cellular tests 1 to 3 or 5 as described above or (ii) 
tested according to the cellular tests 1 to 3 or 5 as described above with the difference that 
the immune cells are not brought into contact with dendritic cells loaded with a carbohydrate 
positive microorganism and only dendritic cells loaded with the carbohydrate epitope carrying 
molecule were added for restimulation. The (i) is preferably used to enhance the in vivo 
effect and to improve the read out with weaker responses and (ii) is preferably used for 
strong responses. Those skilled in the art are able to determine suitable amounts of the 
microorganism and suitable controls. The tests are described in detail in example 12.

The invention further provides in a preferred embodiment a method for testing the potential of 
a carbohydrate positive microorganism to induce a humoral and a cellular immune response 
which corresponds to a combination of the above described methods, comprising at least 
one of the humoral immune response test 1 to 6 and at least one of the cellular immune 
response tests 1 to 5, preferably at least two of the humoral immune response tests 1 to 6 
and at least one, more preferred at least two of the cellular immune response tests 1 to 5, 
more preferably at least three of the humoral immune response test 1 to 6, more preferably 
at least 4 of the humoral immune response tests 1 to 6 and all of the cellular immune 
response tests 1 to 5, more preferably at least 5 of the humoral immune response tests 1 to 
6 and all of the cellular immune response tests 1 to 5, and most preferably all 6 humoral 
immune response tests 1 to 6 and all 5 cellular immune response tests 1 to 5.

The invention also provides methods to identify a carbohydrate positive microorganism in 
sense of the invention and methods to isolate a carbohydrate positive microorganism out of a 
mixture of carbohydrate epitope positive and negative microorganisms.
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The invention further provides a method for isolating a carbohydrate positive microorganism 
carrying the carbohydrate structure of interest from a mixture of microorganisms, comprising
(a) bringing a carbohydrate binding molecule specific for the carbohydrate structure 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) testing that the isolated microorganism is a carbohydrate positive microorganism and 
carries the carbohydrate strurcture of interest.

The details of the respective method were also described above.

In a preferred embodiment the invention further provides a method for isolating a 
carbohydrate positive microorganism from a mixture of microorganisms_wherein under step
(b) magnetic particles are used for separation/enrichment of microorganisms bound to said 
carbohydrate binding molecule.

In a preferred embodiment the invention relates to a method for isolating the microorganism 
as described elsewhere herein, comprising:

(a) bringing said carbohydrate binding molecule into contact with a mixture of 
microorganisms; and

(b) isolating at least one microorganism bound to said carbohydrate binding molecule; 
and

(c) testing the isolated microorganism for specific binding to said carbohydrate binding 
molecule and

(d) testing the induction of an effective carbohydrate specific cellular immune response 
and/or humoral immune response against said carbohydrate epitope.

Said carbohydrate epitope can e.g. be a part of a carbohydrate structure, carbohydrate 
conjugate or a mammalian cell comprising said carbohydrate epitope. Preferably a 
respective humoral or cellular response is triggered in at least one animal or human by said 
microorganism and/or fraction and/or lysate thereof.

In a preferred embodiment the invention relates to a method for isolating the microorganism 
as described elsewhere herein, comprising:

(a) bringing said carbohydrate binding molecule into contact with a mixture of 
microorganisms; and
(b) isolating at least one microorganism bound by said carbohydrate binding molecule; 
and
(c) testing the isolated microorganism for specific binding to said carbohydrate binding 
molecule and
(d) testing the induction of 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, by said 
microorganism and/or fraction and/or lysate thereof, preferably 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.

In a preferred embodiment the invention further provides a method for isolating a 
carbohydrate positive microorganism from a mixture of microorganisms wherein said mixture 
of microorganisms is a mixture of at least two microorganisms selected from the group 
comprising microorganisms from a healthy human and/or patient, an animal, soil, food, 
and/or plants.

In a preferred embodiment the invention further provides a method for isolating a 
carbohydrate positive microorganism from a mixture of microorganisms wherein said mixture 
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of microorganisms is a mixture comprising microorganisms from the human gastrointestinal 
tract, human stool, human blood, human tissue, or human body fluids of healthy individuals 
or patients.

In a preferred embodiment the invention further provides a method for isolating a 
carbohydrate positive microorganism from a mixture of microorganisms which is performed 
under anaerob conditions which allow the isolation of anaerob carbohydrate positive 
microorganisms.

Said mixture of microorganisms can be any mixture of at least two different microorganism, 
such as but not limited to those occurring in nature, such as but not limited to in soil, food, 
plants, animals, human gastrointestinal tract, human blood, human tissue, human body fluids 
of healthy individuals or patients, most preferred is a mixture of microorganisms from a 
healthy individal. The microorganisms are preferably brought into a suitable solution before 
bringing the mixture into contact with a carbohydrate binding molecule. The carbohydrate 
binding molecule is preferably coupled to a carrier, such as magnetic beads, which allow the 
separation of the microorganism bound to said carrier. And after bringing the carbohydrate 
binding molecule together with the mixture of microorganism those microorganisms bound to 
the carbohydrate binding molecule are separated from those not bound to the antibody. In an 
alternative embodiment the carbohydrate binding molecule is not coupled to a carrier and the 
carbohydrate positive microorganism is isolated together with the carbohydrate binding 
molecule by using methods specifically isolating the antibody, such as Protein A, Protein G, 
Protein L or anti-IgM antibodies or anti-IgG antibodies which are itself coupled to a carrier 
such as a magnetic bead chromatographic bed material. In a preferred embodiment of the 
invention carbohydrate positive microorganisms bound to the carbohydrate binding molecule 
are thoroughly washed with a suitable buffer (such as PBS-a) and plated on selective and 
non-selective media such as but not limited to MRS, BSM, KF,, N, S, WC, BHI, CBA and ST 
(for details see table 3). Resulting colonies are scraped from the plates and applied to 
additional rounds of affinity enrichment with carbohydrate specific molecules. Colonies are 
picked, re-streaked and analysed for carbohydrate expression in ELISA and 
immunofluorescence (more details under examples 1-9). From these descriptions and from 
the examples someone skilled in the art is able to adjust or optimize the methods for various 
bacteria from various sources.

In a preferred special embodiment the method is performed under anaerob conditions which 
allow the isolation of anaerob carbohydrate positive microorganism, which is for example 
important for the majority of microorganism from the human gut.

The method is described in detail in examples 1 to 9.

In another preferred embodiment the microorganisms are isolated from food. In an even 
more preferred embodiment the microorganisms are isolated from the gastrointestinal 
system, and even more preferred from human stool.

The method is described in detail in examples 1 to 9.

The invention further provides a method for identifying a suitable carbohydrate positive 
microorganism for use as a component for nutraceuticals and pharmaceutical compositions 
of the invention comprising
a) testing a microorganism for its binding to at least one carbohydrate binding molecule and
b) identifying this carbohydrate positive microorganism which is bound by at least one 
carbohydrate binding molecule as described herein.

In a preferred embodiment of the invention the testing of a microorganism for its binding to at 
least one carbohydrate binding molecule is done by ELISA, whereby a carbohydrate positive 
microorganism show an ELISA signal with at least one carbohydrate binding molecule of at 
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least 3 times, more preferred 5 times and even more preferred of at least 10 times of the 
background signal.

Preferred are carbohydrate positive microorganisms which show a reduced binding of the 
carbohydrate binding molecule after treatment of the carbohydrate positive microorganism 
with enzymes or chemicals destroying the carbohydrate epitope as described elsewhere 
herein.

In a preferred embodiment the invention relates to a method for identifying the carbohydrate 
positive microorganism as described elsewhere herein, comprising:

a) bringing said carbohydrate binding molecule into contact with a microorganism or a 
mixture of microorganisms; and

b) identifying the microorganism which is specifically bound by said carbohydrate 
binding molecule; and

c) testing the induction of a cellular and/or humoral immune response by said 
microorganism and/or fractions and or lysates thereof,

whereby said microorganism induces an effective carbohydrate specific cellular and/or 
humoral immune response against against said carbohydrate epitope, and/or a 
carbohydrate structure, carbohydrate conjugate or a mammalian cell comprising said 
carbohydrate epitope, preferably in at least one animal or human and/or in vitro.

In another preferred embodiment the invention relates to a method for identifying the 
microorganism as described elsewhere herein, comprising:

a) bringing said carbohydrate binding molecule into contact with a microorganism or a 
mixture of microorganisms; and

b) identifying the microorganism which is specifically bound by said carbohydrate 
binding molecule; and

c) testing the induction of an effective carbohydrate specific cellular immune response 
by said microorganism and/or fractions and or lysates thereof,

whereby said microorganism induces an effective carbohydrate specific cellular immune 
response against against said carbohydrate epitope, and/or a carbohydrate structure, 
carbohydrate conjugate or a mammalian cell comprising said carbohydrate epitope, 
preferably in at least one animal or human and/or in vitro.

The induction of said 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 can be measured by the cellular 
immune response tests as disclosed herein or by methods known to those skilled in the art.

In a preferred embodiment the invention relates to a method for identifying a suitable 
carbohydrate positive microorganism for use in nutraceuticals and pharmaceutical 
compositions of the invention comprising
a) testing a carbohydrate positive microorganism for its binding to at least one carbohydrate 
binding molecule and
b) testing for its ability to induce an immune response in humans or animals recognizing the 
carbohydrate epitope and/or a carbohydrate epitope positive cell or tumor cell and
c) identifying this microorganism which is bound by at least one carbohydrate binding 
molecule as described herein and induces an immune response in humans or animals 
recognizing the carbohydrate epitope and/or a carbohydrate epitope positive cell or tumor 
cell by being positive for at least one humoral immune response test out of 1-6 or at least 
one cellular immune response test out of 1 - 5 as described herein.

In a preferred embodiment the invention relates to a method for identifying a suitable 
carbohydrate positive microorganism for use as a component for nutraceuticals and 
pharmaceutical compositions of the invention wherein the induced immune response after 
administration of a formulation according to the present invention in a human or an animal is 
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an immune response positive for at least one humoral immune response test against 
carbohydrate epitope and at least one cellular immune response test against the 
carbohydrate epitope as described elsewhere herein.

The methods for identifying a suitable carbohydrate positive microorganism for use as a 
component for nutraceuticals and pharmaceutical compositions of the invention can be used 
to identify a suitable microorganisms from existing strains such as found at DSMZ or other 
collections of microorganisms or from the carbohydrate positive microorganism isolated by a 
method for isolating a carbohydrate positive microorganism from a mixture of microorganism 
according to the invention.

The invention relates also to a method for isolating and identifying carbohydrate positive 
bacteria comprising
a) isolating whole bacteria from faeces samples,
b) performing affinity enrichments of carbohydrate epitope positive bacteria using one or 
more carbohydrate binding molecules under aerobic or anaerobic conditions,
c) plating the enriched bacteria on different selective media and screening of the bacteria for 
binding to carbohydrate binding molecules.

In another preferred embodiment the invention refers to a method for isolating and identifying 
a carbohydrate positive bacteria comprising

a) isolating a mixture of microorganisms comprising whole bacteria from faeces 
samples

b) bringing a carbohydrate binding molecule into contact with a mixture of 
microorganisms

c) isolate the microorganism which bind the carbohydrate binding molecule under 
aerobic or anaerobic conditions using magnetic particle separation,

d) plating the enriched bacteria on at least one selective medium
e) identifying the microorganism which is bound by at least one carbohydrate binding 

molecule.

In another preferred embodiment the invention refers to a method for isolating and identifying 
carbohydrate positive bacteria comprising

a) generation of a pure bacterial strain which is bound by at least one carbohydrate 
binding molecule; and/or
b) testing for the ability of said pure bacterial strain to induce or enhance an immune 

response against the carbohydrate epitope in at least one human or animal.

In another preferred embodiment, the invention provides a method for testing the potential of 
a carbohydrate positive microorganism to induce a carbohydrate epitope specific immune 
response comprising the following steps:

1) identification of carbohydrate positive microorganisms and production in pure 
cultures;
2) identification of immune effective bacterial strains of the gut;
3) generation of an effective, immunologically and toxicologically tested carbohydrate 
positive preparation as a nutrition additive ready for human tests;
4) induction or enhancement of a carbohydrate specific immune responses in 
humans; and if necessary
5) isolation, identificationand testing of an immune effective defined carbohydrate 
epitope positive fraction or component of said microorganism.

In a preferred embodiment of the invention, the carbohydrate binding molecule of the above 
described methods is selected from the group comprising monoclonal antibodies, polyclonal 
antibodies, lectins and/or selectins and/or molecules derived therefrom.
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ln a preferred embodiment of the invention, the carbohydrate epitope of the above described 
methods 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, sLac, sialylated 
type 1 chain, CA 19-9 antigen, CA 72-4 antigen and/or CA-50 antigen.

The method is described in detail in examples 1-10.

The invention relates also to a method for generating carbohydrate positive microorganisms 
comprising
a) contacting a microorganism with an agens for induction of mutations by chemical and/ or 

physical mutagens such as but not limited to EMS, UV, methotrexat, microwave, 
cancerogenic substances, carcinogen, mutagen or radiation under conditions killing the 
majority of microorganisms and

b) cultivating surviving microorganisms under suitable conditions
c) enriching, isolating and/or identifying carbohydrate positive microorganisms as described 

elsewhere herein
d) testing for the ability of said microorganism to induce or enhance an immune response 
against the carbohydrate epitope in at least one human or animal.

The invention relates also to a method for generating carbohydrate positive microorganisms 
by genetical engineering comprising

a) introduction, knock out and/or silencing of genes, part of genes, DNA, RNA, 
antisense RNA, oligonucleotides, oligopeptides or proteins into a microorganism 
thereby affecting carbohydrate epitope biosynthesis, carbohydrate epitope 
degradation or biosynthesis or degradation of flanking carbohydrates and

b) enriching, isolating, identifying and/or testing of carbohydrate positive microorganisms 
as described elsewhere herein.

In a preferred embodiment said microorganism is a carbohydrate epitope negative 
microorganism.
In a further preferred embodiment said microorganism is a beneficial microorganism for the 
intestinal tract such as but not limited to Lactobacillus or Bifidobacterium.

In a further preferred embodiment said microorganism is a microorganism used for 
production of conventional food such as but not limited to Lactobacillus or Bifidobacterium.

In another embodiment said microorganism is already carbohydrate epitope positive and the 
method is used in order to increase the amount of carbohydrate epitope expressed on the 
cell surface.

In a preferred embodiment, the carbohydrate positive microorganism isolated or identified by 
any of the above mentioned methods or a fraction or a lysate thereof is used for 
manufacturing a medicament or a nutraceutical for prohylaxis and/or therapy of a disease 
associated with said carbohydrate epitope whereby said microorganism and/or fraction 
and/or lysate induces an effective carbohydrate specific cellular and/or humoral 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.

In another preferred embodiment, the carbohydrate positive microorganism isolated or 
identified by any of the above mentioned methods or a fraction or a lysate thereof is used for 
manufacturing a medicament or a nutraceutical for prohylaxis and/or therapy of a disease 
associated with said carbohydrate epitope whereby said microorganism and/or fraction 
and/or lysate induces an effective carbohydrate specific cellular immune response against 
said carbohydrate epitope, and/or a carbohydrate structure, carbohydrate conjugate or a 
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mammalian cell comprising said carbohydrate epitope, in at least one animal or human, 
preferably the immune response comprises activation of CD4 positive Th1 type T cells and/or 
activation of CD8 positive cytotoxic T cells.

Suitable manufacturing procedures and conditions are known to those skilled in the art or 
can be adjusted by those skilled in the art.

C) Provision of fractions of the carbohydrate positive microorganism

The invention provides a fraction of the carbohydrate positive microorganism of the invention 
whereby the carbohydrate positive microorganism epitope present on a molecule from a 
human or animal cell, whereby said fraction of the carbohydrate positive microorganism 
induces an effective carbohydrate-specific cellular immune response against said 
carbohydrate epitope in at least one animal or human is bound by at least one carbohydrate 
binding molecule specifically recognizing a carbohydrate

The invention provides a suitable fraction of the carbohydrate positive microorganism of the 
invention for use in a formulation of the invention selected from the group comprising a 
nutraceutical ora pharmaceutical composition.

The invention provides a fraction of the carbohydrate positive microorganism of the invention 
which induces a carbohydrate specific immune response against the carbohydrate epitope or 
carbohydrate epitope positive cells or tumor cells in humans or animals.

Said fraction of a carbohydrate positive microorganism means preparations or purifications of 
smaller parts of said microorganisms such as cell wall preparation, envelope preparation, 
lysates, lipopolysaccharid preparation, preparation of capsules, or capsule polysaccharide 
preparation, which are described in the examples (example 10) or someone skilled in the art 
is able to optimize and select one suitable method or a combination of suitable methods. 
They preferably comprise at least one carbohydrate positive component of said carbohydrate 
positive microorganism. They can be obtained by preparations or purifications from at least 
one carbohydrate positive microorganim. Said preparations and purifications can be obtained 
by methods known to those skilled in the art such as those described above, or single or 
sequential cell fractionation, phenol water extractions, ether extractions, lysozyme digestions 
or chromatographic methods. The carbohydrate positive component or the fraction 
containing the carbohydrate positive component is detected by binding of the fraction to at 
least one carbohydrate binding molecule in test systems such as but not limited to ELISA or 
Dot blots which are known to those skilled in the art. In a preferred embodiment of the 
invention the fraction comprising a carbohydrate positive component is obtained by affinity 
chromatography using at least one carbohydrate binding molecule.

In a preferred embodiment a single preparation or purification step is used. In another 
preferred embodiment a combination of at least preparation and purification steps are used.

In a further preferred embodiment the carbohydrate positive component is enriched in said 
fraction when compared to the whole microorganism as can be determined by an increased 
binding of at least one carbohydrate binding molecule to the fraction in comparison to the 
microorganism, for example by ELISA, and preferably then when the weight of the contained 
biological material in the same volume is equal.

Said carbohydrate positive component means any component of a carbohydrate positive 
microorganism which is bound by at least one carbohydrate binding molecule. Said 
carbohydrate positive component comprises at least one carbohydrate structure or 
carbohydrate mimicking structure which can be available in form of its natural molecule 
where it is part of on the microorganism, such as a peptide, oligopeptide, polypeptide, lipid, 
ceramide, carbohydrate, lipoprotein, polysaccharide, oligosaccharide, polysaccharide,
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proteoglycan, lipopolysaccharide or glycoprotein, or as a part of said natural molecule, or 
alone. The carbohydrate positive component can be used in sense of the invention as a 
fraction of the carbohydrate positive microorganism as such or coupled to other non-natural 
carrier structures such as proteins, lipids, chemical molecules such as polyacrylamide. 

5 Preferably it is used in its natural form. The carbohydrate positive component can comprise a 
single carbohydrate epitopestructure or carbohydrate mimicking structure or repeating units 
of said structures and can contain additional carbohydrate structures or units or other 
biomolecule structures. Said carbohydrate mimicking structure is a structure which is bound 
by at least one carbohydrate binding molecule and induces an immune response against the 

10 carbohydrate epitope, preferably an effective carbohydrate specific cellular immune response 
or humoral immune response against said carbohydrate epitope and more preferably an 
effective carbohydrate specific cellular immune response and a humoral immune response 
against said carbohydrate epitope and/or cells associated with said carbohydrate epitope.

15 The carbohydrate positive microorganism wherefrom the carbohydrate positive fraction is 
derived is described elsewhere in that invention.

In a further preferred embodiment of the invention the fraction of the carbohydrate positive 
microorganism (active component) of the nutraceutical or the pharmaceutical formulation 

20 comprises a combination of fractions from one carbohydrate positive microorganism or 
preferentially from different carbohydrate positive microorganisms of different strains. The 
fractions can be of the same or a different prepartion or purification type, preferably is a 
combination of carbohydrate positive components which have different molecular carrier or 
mimikry structures such as but not limited to a peptide, oligopeptide, polypeptide, lipid, 

25 ceramide, carbohydrate, lipoprotein, polysaccharide, oligosaccharide, polysaccharide, 
proteoglycan or glycoprotein, or as a part of another natural or synthetic molecule.

In another preferred embodiment of the invention the carbohydrate positive component is not 
part of the bacterial lipopolysaccharide.

30
In a further preferred embodiment said fraction of the carbohydrate positive microorganism 
comprises a combination of carbohydrate positive components of carbohydrate positive 
microorganisms of at least two different strains.

35 In another preferred embodiment of the invention said carbohydrate structure or said 
repeating units thereof are obtained by enrichment and/or purification and/or isolation from a 
carbohydrate positive microorganism.

In a further preferred embodiment of the invention said carbohydrate structure or said 
40 repeating units thereof are obtained by chemical synthesis, technique therefore are known to 

those skilled in the art.

In a further preferred embodiment of the invention said carbohydrate structure or said 
repeating units thereof are obtained by enrichment and/or purification and or isolation from 

45 strain AG6.

Details are shown in example 10.
In a further preferred embodiment of the invention said carbohydrate structure or said 
repeating units thereof are obtained by chemical synthesis.

50
Those skilled in the art are able to determine suitable conditions and methods for chemically 
synthesizing the carbohydrate structure according to figure 8 or repeating units thereof.

D) Methods for the generation of immune cells directed against the carbohydrate epitope
55
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The invention provides a method for generation of a functional dendritic cell against said 
carbohydrate epitope comprising bringing into contact a suitable amount of a dendritic cell or 
a mixture of dendritic cells or a mixture of cells comprising at least one dendritic cell with a 
suitable amount of the formulation as described elsewhere herein for a suitable time under 

5 suitable conditions to generate at least one functional dendritic cell against said carbohydrate 
epitope and/or a carbohydrate structure, carbohydrate conjugate or a mammalian cell 
comprising said carbohydrate epitope. As outlines above, said carbohydrate epitope is 
preferably a human epitope and preferably uncharged. Preferably, said dendritic cells are not 
loaded with peptides carrying the carbohydrate epitope of interest.

10
The invention provides a method for generation of a functional dendritic cell against the 
carbohydrate epitope comprising bringing into contact a suitable amount of a dendritic cell or 
a mixture of dendritic cells or a mixture of cells comprising at least one dendritic cell with a 
suitable amount of at least one carbohydrate positive microorganism, lysate, or fraction 

15 thereof, as described elsewhere herein for a suitable time under suitable conditions to 
generate at least one functional dendritic cell loaded with the carbohydrate epitope.

The invention provides a method for generation of a functional dendritic cell against the 
carbohydrate epitope comprising bringing into contact a suitable amount of a dendritic cell or 

20 a mixture of dendritic cells or a mixture of cells comprising at least one dendritic cell with a 
suitable amount of at least one carbohydrate epitope carrying molecule or at least one 
disease cell associated with the carbohydrate epitope or of at least one carbohydrate epitope 
positive tumor cell or a lysate or a fraction thereof, as described elsewhere herein, for a 
suitable time under suitable conditions to generate at least one functional dendritic cell 

25 loaded with the carbohydrate epitope.

Said functional dendritic cell against the carbohydrate epitope is a dendritic cell or a mixture 
of dendritic cells which activates at least one T cell against the carbohydrate epitope which 
can preferentially be tested by a cellular immune response test of the invention and is 

30 positive against the carbohydrate epitope in at least one of the cellular immune response 
tests described elsewhere herein. In a preferred embodiment the functional dendritic cell is 
presenting the carbohydrate epitope on its surface and can be detected by a carbohydrate 
epitope specific antibody or a carbohydrate binding molecule as described for example in the 
cellular immune response test 4. In a preferred embodiment of the invention the functional 

35 dendritic cell against the carbohydrate epitope is obtained by bringing into contact an 
immature dendritic cell or a mixture of immature dendritic cells or a mixture of dendritic cells 
comprising at least one immature dendritic cell with a suitable amount of at least one 
carbohydrate positive microorganism, lysate, or fraction thereof, as described elsewhere 
herein for a suitable time and under suitable conditions to mature said dendritic cell using 

40 suitable conditions as described elsewhere herein and as known to those skilled in the art, 
comprising for example the molecules TNFalpha (tumor necrosis factor alpha), LPS 
(Lipopolysaccharide) or BCG (Bacille Calmette Guerin), INFgamma (interferon gamma), 
dexamethasone, and/or TGFbeta (transforming growth factor beta), to a functional dendritic 
cell loaded with the carbohydrate epitope. In a preferred embodiment of the invention the 

45 dendritic cell is derived from MUTZ-3 or NemodDC (obtainable from Glycotope GmbH Berlin,
Germamy; www.glycotope, com), and further preferred immature dendritic cells were 
generated from MUTZ-3 cells or NemodDC under suitable conditions comprising using IL-4 
and GM-CSF typically for about one week, the resulting immature dendritic cells or iNMDC 
are brought into contact with said suitable amount of at least one carbohydrate positive 

50 microorganism, lysate, or fraction thereof, the cells are matured using a suitable condition 
comprising for example TNFalpha, LPS, BCG, INFgamma, dexamethasone, or TGFbeta, 
preferably TNFalpha, typically for about one to two days resulting in mature dendritic cells 
loaded with the carbohydrate epitope corresponding to said functional dendritic cell against 
carbohydrate epitope.

55

http://www.glycotope
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ln a preferred embodiment the invention provides a functional dendritic cell produced by the 
above described methods, wherein the functional dendritic cell is directed against the 
carbohydrate epitope an/or a carbohydrate structure, carbohydrate conjugate or a 
mammalian cell comprising said carbohydrate epitope.

In another preferred embodiment the invention provides a functional dendritic cell produced 
by the above described methods, wherein the functional dendritic cell is directed against said 
carbohydrate antigen or a mammalian cell comprising said and induces an effective 
carbohydrate specific cellular immune response and/or humoral immune response against 
cells and/or diseases expressing said carbohydrate epitope.

In a preferred embodiment the invention provides a method for generation of an activated T 
cell, T cells, T cell clone or T cell line against the carbohydrate epitope and/or a carbohydrate 
structure, carbohydrate conjugate or a mammalian cell comprising said carbohydrate epitope 
comprising

(a) bringing into contact a suitable amount of at least one functional dendritic cell as 
described above, 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, cultivation of said T cell or mixture 
of T cells together with said loaded functional dendritic cells for a suitable time under 
a suitable condition to activate or prime a T cell or T cells against said carbohydrate 
epitope, and

(b) restimulating of said T cells with a suitable amount of at least one functional 
dendritic cell loaded with a human or animal cell or molecule carrying said 
carbohydrate epitope.

The invention provides a method for generation of an activated T cell or T cells against the 
carbohydrate epitope comprising

(a) bringing into contact a suitable amount of at least one functional dendritic cell 
or a mixture of cells containing at least one functional dendritic cell, loaded 
with suitable amounts of the carbohydrate positive microorganism, lysate or 
fraction thereof with at least one T cell or T cells

(b) cultivation of said T cell or T cells together with said loaded functional 
dendritic cells for a suitable time under suitable conditions to activate or prime 
a T cell or T cells against the carbohydrate epitope.

The invention provides a method for generation of an activated T cell or T cells against the 
carbohydrate epitope comprising

(a) bringing into contact a suitable amount of functional dendritic cells or a 
mixture of cells containing at least one functional dendritic cell loaded with 
suitable amounts of a carbohydrate epitope carrying molecule, a carbohydrate 
epitope positive tumor cell or a cell comprising the carbohydrate epitope, or a 
lysate or fraction thereof with a T cell or T cells or a mixture of cells containing 
at least one T cell

(b) cultivation of said T cell or T cells or mixture of cells containing at least one T 
cell together with said loaded functional dendritic cells for a suitable time 
under suitable conditions to activate or prime a T cell or T cells against the 
carbohydrate epitope.

In a preferred embodiment the invention provides a method for generation of an activated T 
cell or T cells against the carbohydrate epitope comprising

(a) bringing into contact suitable amounts of functional dendritic cells loaded with 
suitable amounts of the carbohydrate positive microorganism or a lysate or 
fraction thereof with a T cell or T cells
(b) cultivation of said T cell or T cells together with said loaded functional dendritic 
cells for a suitable time under suitable conditions to activate or prime a T cell or T 
cells against the carbohydrate epitope
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(c) adding functional dendritic cells loaded with a carbohydrate epitope carrying 
molecule or carbohydrate epitope positive tumor cell or a cell comprising the 
carbohydrate epitopeor a lysate or fraction thereof for restimulation

(d) cultivation for appropriate times and conditions.

In a preferred embodiment the invention provides a method for generation of an activated T 
cell or T cells against carbohydrate epitope comprising

a) bringing into contact a suitable amount of at least one 
functional dendritic cell loaded with a suitable amount of at 
least one carbohydrate positive microorganism or a lysate or 
fraction thereof 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

b) cultivating said T cell or mixture of T cells or mixture of cells 
comprising at least one T cell with said loaded functional 
dendritic cells for a suitable time under suitable conditions to 
activate or prime a T cell or T cells against the carbohydrate 
epitope.

In a preferred embodiment the invention provides a method for generation of an activated T 
cell or T cells against the carbohydrate epitope comprising

a) bringing into contact a suitable amount of at least one functional dendritic cell 
loaded with a suitable amount of at least one carbohydrate epitope carrying 
molecule or carbohydrate epitope positive tumor cell, or a cell comprising the 
carbohydrate epitope or a lysate or fraction thereof 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

b) cultivating said T cell or mixture of T cells or mixture of cells comprising at least one 
T cell with said loaded functional dendritic cells for a suitable time under suitable 
conditions to activate or prime a T cell or T cells against the carbohydrate epitope.

In another preferred embodiment the invention provides a method for generation of an 
activated T cell or T cells against the carbohydrate epitope comprising the steps (a) and (b) 
of the preceeding methods and subsequently comprising,

(c) adding a suitable amount of at least one functional dendritic cell loaded with a 
suitable amount of at least one carbohydrate epitope carrying molecule or 
carbohydrate epitope positive tumor cell, or a cell comprising the carbohydrate 
epitope or a lysate or fraction thereof for restimulation;

or adding a suitable amount of at least one functional dendritic cell loaded with a 
suitable amount of at least one carbohydrate positive microorganism, lysate or 
fraction thereof for restimulation; and

(d) cultivation for an appropriate time and under an appropriate condition.

In another preferred embodiment the invention provides a method for generation of a T cell 
line against the carbohydrate epitope comprising the steps (a), (b), (c) and (d) of the 
preceeding method and subsequently comprising at least one further round of restimulation 
whereby one round of restimulation comprises either steps (e) and (f) or steps (g) and (h), 
with

(e) adding a suitable amount of at least one functional dendritic cell loaded with a 
suitable amount of at least one carbohydrate epitope carrying molecule or 
carbohydrate epitope positive tumor cell, or cell comprising the carbohydrate 
epitope or lysate or fraction thereof for restimulation;

(f) cultivation for an appropriate time and under an appropriate condition
(g) adding a suitable amount of at least one functional dendritic cell loaded with a 

suitable amount of at least one carbohydrate positive microorganism, or lysate 
or fraction thereof for restimulation
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(h) cultivation for an appropriate time and under an appropriate condition.

In a further preferred embodiment the invention provides a method for generation of a T cell 
line against the carbohydrate epitope additionally comprising two further rounds of said round 
of restimulation.

In a more preferred embodiment the invention provides a method for generation of a T cell 
line against the carbohydrate epitope comprising three further rounds of said round of 
restimulation.

In an even more preferred embodiment the invention provides a method for generation of a T 
cell line against the carbohydrate epitope comprising five further rounds of of said round of 
restimulation.

In a further preferred embodiment the invention provides a method for generation of a T cell 
clone against carbohydrate epitope wherein an additional step of cloning the cells before one 
round of said rounds of restimulation is performed at least once.

In a preferred embodiment the activated T cell or T cells is a T cell line against the 
carbohydrate epitope, whereby preferably (c) and (d) which correspond to one round of 
restimulation is performed two times, more preferably three times, more preferably 4 times, 
and most preferably a T cell line for which more than 4 rounds of restimulation are 
performed.

In a preferred embodiment the activated T cell or T cells is a T cell clone against the 
carbohydrate epitope, whereby preferably (c) and (d) which correspond to one round of 
restimulation is performed two times, more preferably three times, more preferably 4 times, 
and most preferably a T cell line for which more than 4 rounds of restimulation are 
performed, and the cells are cloned at least once, for example by single cell dilution, before 
restimulation.

In a further preferred embodiment the invention provides a method for generation of a T cell 
clone against the carbohydrate epitope wherein said functional dendritic cell is a mature 
dendritic cell.

In a further preferred embodiment the invention provides a method for generation of a T cell 
clone against the carbohydrate epitope wherein said functional dendritic cell and the T cell or 
T cells are human cells.

In a further preferred embodiment the invention provides a method for generation of an 
activated T cell, a T cell clone or a T cell line against the carbohydrate epitope wherein said 
functional dendritic cell is derived from MUTZ-3 [patent applications 10139428.4 (DE), 
PCT/EP02/09260, 02758474.7 (EP), US10/486,966, CA2,457,287, DE10139428A1,
W02003/023023A1 , EP01419240, US20040265998, CA2457287] such as but not limited to 
Nemod-DC (obtainable from Glycotope GmbH Berlin, Germany, www.glycotope.com).

In a further preferred embodiment the invention provides a method for generation of an 
activated T cell, a T cell clone or a T cell line against the carbohydrate epitope wherein said 
functional dendritic cell and the T cell or T cells are matched in at least one MHC class 
molecule.

In a preferred embodiment the invention provides an activated T cell, T cells, T cell clone or 
T cell line produced by any of the above described methods wherein the activated T cell, T 
cells, T cell clone or T cell line is directed against the carbohydrate epitope and/or a 
carbohydrate structure, carbohydrate conjugate or a mammalian cell comprising said 
carbohydrate epitope.

http://www.glycotope.com
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ln a further preferred embodiment the invention provides an activated T cell, T cells, T cell 
clone or T cell line produced by any of the above described methods wherein the activated T 
cell, T cells, T cell clone or T cell line is directed against the carbohydrate epitope and/or a 

5 carbohydrate structure, carbohydrate conjugate or a mammalian cell comprising said 
carbohydrate epitope, and induces an effective carbohydrate specific cellular immune 
response against the carbohydrate epitope and/or cells and/or diseases associated with said 
carbohydrate epitope.

10 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.

15
In a further preferred embodiment the invention provides the activated T cell or T cells 
against the carbohydrate epitope, the cell composition comprising T cells against the 
carbohydrate epitope, the T cell line against the carbohydrate epitope, or the T cell clone 
against the carbohydrate epitope obtained by a method as described above.

20
In a further preferred embodiment the invention provides the activated T cell or T cells 
against the carbohydrate epitope, the cell composition comprising T cells against the 
carbohydrate epitope, the T cell line against the carbohydrate epitope, or the T cell clone 
against the carbohydrate epitope as described above comprising at least one CD4+ helper 

25 cell against the carbohydrate epitope.

In a further preferred embodiment the invention provides the activated T cell or T cells 
against the carbohydrate epitope, the cell composition comprising T cells against the 
carbohydrate epitope, the T cell line against the carbohydrate epitope, or the T cell clone 

30 against the carbohydrate epitope as described above comprising at least one cytotoxic T cell 
against the carbohydrate epitope.

In a further preferred embodiment the invention provides the activated T cell or T cells 
against the carbohydrate epitope, the cell composition comprising at least one T cell against 

35 against the carbohydrate epitope, the T cell line against the carbohydrate epitope, or the T 
cell clone against the carbohydrate epitope as described above which kills at least one 
against the carbohydrate epitope positive tumor cell or a disease cell associated with the 
carbohydrate epitope or secretes molecules which mediate the killing of at least one tumor 
cell.

40
The activated T cell or T cells against the carbohydrate epitope, the cell composition 
comprising T cells against the carbohydrate epitope, the T cell line against the carbohydrate 
epitope, or the T cell clone against the carbohydrate epitope of the invention which kill at 
least one carbohydrate epitope positive tumor cell or disease cell or secrete molecules 

45 which mediate the killing of at least one tumor cell or disease cell means that said cytotoxic T 
cell or cells against against the carbohydrate epitope kill a carbohydrate epitope positive 
tumor cell or disease cell which can be determined either by using the according cellular 
immune response test described elsewhere herein measuring the secretion of INFgamma or 
TNFalpha or by a cytotoxicity test (such as cellular immune response test 5) wherein at least 

50 one labelled carbohydrate epitope positive tumor cell or disease cell is lysed by said T cells 
as principally known to those skilled in the art by using the T cells of the invention, for 
example CTL or Th1 cells or by inducing a specific CD4 T helper response which mediates 
the activation of according humoral and cellular immune responses which result in the killing 
of at least one carbohydrate epitope positive tumor cell.

55



WO 2008/055702 PCT/EP2007/009765

5

10

15

20

25

30

35

40

45

50

55

-50-

Those skilled in the art are able to perform the described task by using the herein disclosed 
methods and material. They can determine the best conditions to obtain those functional 
dendritic cells or T cells, the best route of administration, and/or suitable compositions 
comprising those and/or and are further described in preferred embodiments for generation 
and use in patent applications DE10139428A1, W02003/023023A1, EP01419240, 
US20040265998, CA2457287.

Said activated T cell or T cells against carbohydrate epitope means that the generated T 
cell, T cells or cell composition comprising T cells is positive for at least one of the cellular 
immune tests of the invention, preferably for two, more preferably for three and most 
preferably for all 4. Preferably they comprise at least one CD4+ helper cell, and even more 
preferably at least one cytotoxic T cell able to kill at least one carbohydrate epitope positive 
tumor cell.

Said T cell or T cells used for bringing into contact is either at least one CD4+ and/or CD8+ 
T-cell which was isolated or enriched before by standard methods known to those skilled in 
the art or is a cell composition which comprises at least one CD4+ and/or CD8+ T-cells.

Said lysate can be any lysate from a carbohydrate epitope positice microorganism or from a 
carbohydrate epitope positive tumor cell, respectively, such as but not limited to a lysate 
generated by repetitive freeze-thawing ,by sonication, by mechanical force or by temperature 
induction.

For details on generation of the carbohydrate epitope specific T cells see example 12.

A functional dendritic cell is a cell which can activate a T cell.

Activation of a T cell means stimulation of proliferation and/or the convertion from a naive to 
an active T cell. An active T cell secretes molecules which induce or help an immune 
response against the target the carbohydrate epitope or tumor cells or disease cells carrying 
the carbohydrate epitope, preferably those cytotoxic T cells which mediate the killing of a 
carbohydrate epitope positive tumor cell or disease cell.

In a preferred embodiment said functional dendritic cell is a mature dendritic cell. More 
preferred the dendritic cell precursor from which the mature cell is derived from is obtained 
from a human, more preferably from a human from which the T cell or T cells were also 
obtained or which are matched in at least one MHC class molecule. In a more preferred 
embodiment the functional dendritic cell is derived from MUTZ-3, and even further preferred 
the MUTZ-3 cells or cells derived therefrom were differentiated using II-4 and GM-CSF, 
loaded with appropriate amounts of the carbohydrate positive microorganism, lysate or 
fraction thereof or the carbohydrate epitope carrying molecule or carbohydrate epitope 
positive tumor cell, lysate or fraction thereof, and further matured using for example suitable 
amounts of TNF-alpha to mature dendritic cells which correspond to the functional dendritic 
cells of the invention. In an even more preferred embodiment loaded functional dendritic cells 
are used together with PBMC (peripheral blood mononuclear cells) matched at least in MHC 
class I (HLA-A2) and (HLA-B44).

Those skilled in the art are able to determine the suitable conditions for generating functional 
dendritic cells loaded with the carbohydrate positive microorganism, lysate or fraction 
thereof or the carbohydrate epitope carrying molecule or the carbohydrate epitope positive 
tumor cell or disease cell, or the lysate or fraction thereof, as well as suitable amounts and 
enrichment or purification procedures of a T cell or T cells and suitable conditions for 
culturing both cells together, such as comprising times, media, culture conditions and 
additional factors needed. Functional dendritic cells are typically differentiated from precursor 
cells within 6-10 days and loaded and matured for another 1 to 2 days. Cultivation of said T 
cell or T cells together with said loaded functional dendritic cells is typically performed for 7 to 
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10 days, and the addition and cultivation of loaded functional dendritic cells for restimulation 
typically for 7 to 9 days for each round of restimulation. Further details are shown in the 
example 12.

In another preferred embodiment different dendritic cells or functional dendritic cells from 
different sources, such as MUTZ-3 derived and donor derived dendritic cells from a human, 
are used for the different steps of priming and restimulation. Those skilled in the art are able 
to select the best combination details.

The successful generation of a T cell, T cells or cell compositions comprising a T cell, T cells, 
CD4+ and/ or CD8+ T cells against the carbohydrate epitope can be tested by using at least 
one cellular immune response test of the invention. Further details are described elsewhere 
herein. Preferably at least two cellular immune response tests are positive, more preferably 
three, more preferably four and most preferably all five.

Description used here for the dendritic cells, their usage and suitable conditions and 
molecules for its use is also valid for the cellular immune response tests described elsewhere 
herein and vice versa and will be valid for all other parts of the invention.

In another embodiment the invention provides an activated T cell against the carbohydrate 
epitope.

In another embodiment the invention provides T cells comprising at least one activated T cell 
against the carbohydrate epitope.

In another embodiment the invention provides a T cell line against the carbohydrate epitope . 
In another embodiment the invention provides a T cell clone against the carbohydrate 
epitope.

In a preferred embodiment the T cell line or T cell clone was generated using MUTZ-3 
derived functional dendritic cells (such as Nemod-DC) loaded with the carbohydrate positive 
microorganism, the lysate or fraction thereof in combination with at least one round of 
restimulation with MUTZ-3 derived functional dendritic cells loaded with at least one 
carbohydrate epitope carrying molecule or carbohydrate epitope positive tumor cellor 
disease cell, or lysate or fraction thereof from a healthy donor, and even more preferred from 
a patient, and even more preferred from a patient whose disease or tumor is positive for 
binding with a carbohydrate binding molecule, preferably with a carbohydrate epitope specific 
antibody.

The invention further provides a method for generating at least one activated T cell for use as 
a tumor therapy comprising administering the activated T cells against the carbohydrate 
epitope positive tumor cells into a patient.

E) Methods for inducing an immune shield against diseases associated with the 
carbohydrate epitope and methods for preventing and/or treating diseases associated with 
the carbohydrate epitope

The invention provides a method for inducing or enhancing an effective carbohydrate specific 
cellular immune response and/or specific humoral 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, 
comprising administering in a human or an animal an effective amount of the formulation as 
described elsewhere herein.

In a preferred embodiment, the invention provides a method for inducing or enhancing an 
effective carbohydrate specific cellular immune response against said carbohydrate epitope, 
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and/or a carbohydrate structure, carbohydrate conjugate or a mammalian cell comprising 
said carbohydrate epitope, in at least one animal or human, comprising administering in a 
human or an animal an effective amount of the formulation as described elsewhere herein, 
preferably said effective carbohydrate specific cellular immune response comprises 
activation of CD4 positive T cells of Th1 type and/or of CD8 positive cytotoxic T cells, more 
prefably 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 .

The induction of said effective carbohydrate specific cellular immune response is preferably 
measured by the cellular immune response tests as described elsewhere herein.

In a preferred embodiment the invention provides a method to treat a cancer patient or a 
patient suffering from a disease associated with the carbohydrate epitope comprising the 
administration of any of the activated T cell or T cells against the carbohydrate epitope , the 
cell composition comprising at least one T cell against the carbohydrate epitope , the T cell 
line against the carbohydrate epitope , or the T cell clone against the carbohydrate epitope 
as described above or a composition comprising those.

In a preferred embodiment the invention provides a method to treat a cancer patient or a 
patient suffering from a disease associated with the carbohydrate epitope comprising the 
administration of a suitable amount of at least one of the functional dendritic cells against the 
carbohydrate epitope as described above or a composition comprising those.

In a preferred embodiment the invention provides a method to treat a cancer patient wherein 
the patient has or had a cancer cell positive for the carbohydrate epitope .

In a more preferred embodiment the invention provides a method to treat a cancer patient or 
a patient suffering from a disease associated with the carbohydrate epitope wherein the 
functional dendritic cell is autologous

In another preferred embodiment the invention provides a method to treat a cancer patient or 
a patient suffering from a disease associated with the carbohydrate epitope wherein the 
functional dendritic cell is allogeneic originating from a donor

In a preferred embodiment the invention provides a method to treat a cancer patient or a 
patient suffering from a disease associated with the carbohydrate epitope wherein the 
functional dendritic cell is derived from MUTZ-3.

In a preferred embodiment the invention provides a method to treat a cancer patient or a 
patient suffering from a disease associated with the carbohydrate epitope wherein the 
functional dendritic cell shares at least one MHC class molecule with said patient.

The invention further provides a method to treat a cancer patient or a patient suffering from a 
disease associated with the carbohydrate epitope comprising the administration of any of the 
activated T cell or T cells against the carbohydrate epitope , the cell composition comprising 
at least one T cell against carbohydrate epitope , the T cell line against the carbohydrate 
epitope , or the T cell clone against the carbohydrate epitope described elsewhere herein or 
a composition comprising at least one of those.

The invention further provides a method to treat a cancer patient or a patient suffering from a 
disease associated with the carbohydrate epitope comprising the administration of a suitable 
amount of at least one of the functional dendritic cells against the carbohydrate epitope 
described elsewhere herein or a composition comprising those.

In a preferred embodiment of the invention at least one of said methods are used for a 
patient which has or had a cancer cell positive for the carbohydrate epitope which is 
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detectable by at least one carbohydrate binding molecule or carbohydrate epitope specific 
antibody and in its preferred embodiment described elsewhere herein.

In a preferred embodiment of the invention at least one of said methods are used for a 
patient which has or had a disease associated with the carbohydrate epitope which is 
detectable by at least one carbohydrate binding molecule or carbohydrate epitope specific 
antibody as described elsewhere herein.

Further perferred are said methods wherein the functional dendritic cell is autologous, further 
preferred wherein the functional dendritic cell is allogeneic, further preferred when the 
functional dendritic cell originates from a donor, even more preferred when the functional 
dendritic cell is derived from MUTZ-3, even more preferred when any of the described 
functional dendritic cells shares at least one MHC class molecule with the individual it is 
administered to.

The invention provides a method for inducing or enhancing a specific humoral and/or cellular 
immune response against the carbohydrate epitope, the carbohydrate epitope carrying 
molecule or carbohydrate epitope positive tumor cells or carbohydrate epitope positive 
disease cells comprising administering in a human or an animal an effective amount of the 
nutraceutical, or the pharmaceutical composition, or the carbohydrate positive 
microorganism, or the fraction thereof which are described elsewhere herein, or formulations 
comprising those.

The invention provides a method for inducing an effective carbohydrate specific cellular 
immune response against the carbohydrate epitope, the carbohydrate epitope carrying 
molecule or carbohydrate epitope positive tumor cells or carbohydrate epitope positive 
disease cells comprising administering in a human or an animal an effective amount of the 
nutraceutical, or the pharmaceutical composition, or the carbohydrate positive 
microorganism, or the fraction thereof which are described elsewhere herein, or formulations 
comprising those.

In a preferred embodiment the invention provides a method for inducing an effective 
carbohydrate specific cellular immune response against the carbohydrate epitope in at least 
one individual comprising activation of Th1 type CD4 positive T helper cells and/or cytotoxic 
CD8 positive T cells against the carbohydrate epitope, detectable by at least one of the 
immune response tests described elsewhere herein.

In another preferred embodiment the invention provides a method for inducing an effective 
carbohydrate specific cellular immune response against the carbohydrate epitope in at least 
one individual comprising activation of Th1 type CD4 positive T helper cells and cytotoxic 
CD8 positive T cells against the carbohydrate epitope, detectable by at least one of the 
immune response tests described elsewhere herein.

The invention provides a method for inducing or enhancing a specific humoral and cellular 
immune response against the carbohydrate epitope, the carbohydrate epitope carrying 
molecule or carbohydrate epitope positive tumor cells or carbohydrate epitope positive 
disease cells comprising administering in a human or an animal an effective amount of the 
nutraceutical, or the pharmaceutical composition, or the carbohydrate positive 
microorganism, or the fraction thereof which are described elsewhere herein, or formulations 
comprising those.

The invention provides a method for inducing or enhancing a carbohydrate epitope specific 
immune response which functions as a shield against carbohydrate epitope positive cancer 
or disease cells by having the potential to destroy at least one carbohydrate epitope positive 
cancer or disease cell.
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ln a preferred embodiment the invention provides a method for inducing a carbohydrate 
epitope 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 carbohydrate epitope specific antibodies, by the induction of a 
carbohydrate epitope specific complement dependent cytotoxicity of carbohydrate epitope 
specific antibodies against carbohydrate epitope positive tumor cells or disease cells killing 
those effectively, and/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 cell killing for those tumor cells 
or disease cells carrying the carbohydrate epitope, as shown in the examples and described 
herein, comprising administering in a human or an animal an effective amount of the 
nutraceutical, or the pharmaceutical formulation, or the carbohydrate positive microorganism, 
or the fraction thereof which are described elsewhere herein, or formulations comprising 
those.

The invention further provides a method for reducing or even further preferred for preventing 
the occurrence of a tumor, preferably a carbohydrate epitope positive tumor, comprising 
administering in a human or an animal an effective amount of the nutraceutical, or the 
pharmaceutical formulation, or the carbohydrate positive microorganism, or the fraction 
thereof which are described elsewhere herein, or formulations comprising those, preferably 
in a healthy individual.

The invention further provides a method for reducing or even further preferred for preventing 
the occurrence of a disease, preferably a carbohydrate epitope positive disease, comprising 
administering in a human or an animal an effective amount of the nutraceutical, or the 
pharmaceutical formulation, or the carbohydrate positive microorganism, or the fraction 
thereof which are described elsewhere herein, or formulations comprising those, preferably 
in a healthy individual.

The invention further provides a method for reducing or even further preferred for preventing 
the spread or metastasis of a tumor, preferably of a carbohydrate epitope positive tumor, 
comprising administering in a human or an animal an effective amount of the nutraceutical, 
or the pharmaceutical formulation, or the carbohydrate positive microorganism, or the 
fraction thereof which are described elsewhere herein, or formulations comprising those.

The invention provides a method to treat a tumor, preferably a carbohydrate epitope positive 
tumor, comprising administering in a human or an animal an effective amount of the 
nutraceutical, or the pharmaceutical formulation, or the carbohydrate positive microorganism, 
or the fraction thereof which are described elsewhere herein, or formulations comprising 
those.

The invention provides a method to treat a disease, preferably a disease associated with the 
carbohydrate epitope, comprising administering in a human or an animal an effective amount 
of the nutraceutical, or the pharmaceutical formulation, or the carbohydrate positive 
microorganism, or the fraction thereof which are described elsewhere herein, or formulations 
comprising those.

The invention provides a method for reducing or even further preferred for preventing the
occurrence of a carbohydrate epitope positive disease or tumor comprising administering in a
human or an animal an effective amount of the nutraceutical, or the pharmaceutical
formulation, or the carbohydrate positive microorganism, or the fraction thereof which are
described elsewhere herein, or formulations comprising those, preferably in a healthy
individual.
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ln a preferred embodiment the present invention provides a method for the immunization or 
vaccination of a human or an animal against a carbohydrate epitope present on a molecule 
from a human or animal cell comprising
(i) administration to a human or an animal of an effective amount of immune cells or a 
mixture of cells comprising at least one immune cell directed against the carbohydrate 
epitope as described elsewhere herein and induction of an immune response by said 
immune cell in the human or animal (priming) and
ii) boostering of the immune response by the administration of an effective amount of a 
formulationas described elsewhere herein.

In a preferred embodiment the present invention provides a method for the immunization or 
vaccination of a human or an animal against a carbohydrate epitope present on a molecule 
from a human or animal cell comprising
(i) administration to a human or an animal an effective amount of immune cells or a mixture 
of cells comprising at least one immune cell directed against the carbohydrate epitope a least 
once and induction of an immune response by said immune cell in the human or animal 
(priming) and
ii) boostering of the immune response by the administration of an effective amount of a 
pharmaceutical composition comprising a carbohydrate-positive microorganism and/or a 
fraction thereof.

Said immune cell directed against the carbohydrate epitope can be selected from the group 
comprising dendritic cell or cells, dendritic cell line, T cell or cells, T cell line and or T cell 
clone or mixtures comprising those whereby said immune cell is directed against the 
carbohydrate epitope. Generation of said immune cells is described elsewhere herein.

In a preferred embodiment of the invention the administration of said immune cells and the 
priming is performed once.

In another preferred embodiment of the invention the administration of said immune cells and 
the priming is performed twice.

In another preferred embodiment of the invention the administration of said immune cells and 
the priming is performed at least three to five times.

In a preferred embodiment of the invention the boostering of the immune response by the 
administration of an effective amount of a pharmaceutical composition comprising a 
carbohydrate-positive microorganism and/or a fraction thereof is performed once.

In another preferred embodiment of the invention the boostering is performed 2-10 times, 
more preferably than 10 times, more preferably up to 20 times, most preferably boostering is 
performed continually at regular time intervals over a period of several month to several 
years.

In a preferred embodiment of the invention the boostering of the immune response is done 1­
5 times close to the priming and thereafter at intervals from 3 month to 1 year or,1 year to 10 
years.

In a preferred embodiment the present invention provides a method for the induction of an
effective carbohydrate-specific cellular and/or humoral immune response against a
carbohydrate epitope, preferably a cytotoxic T cell response, present on a molecule from a
human or animal cell comprising

i) oral administration of a nutraceutical comprising a carbohydrate positive
microorganism or a lysate or fraction thereof to a human or an animal
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ii) repeating the oral administration for the induction of an immune shield against the 
occurrence of a disease characterized by the presence of the carbohydrate 
epitope.

The nutraceutical of the present invention can be any food or food additive or dietary 
supplement or medical food or food of specified health use or food for special dietary use or 
functional food and can be applied in different forms as described elsewhere herein.
In a preferred embodiment of the invention the nutraceutical is administered at irregular 
intervals.

In a preferred embodiment of the invention the nutraceutical is administered at regular 
intervals from daily to weekly, more preferred is an initial regular application of at least 
weekly interval over a period of 1-6 month with subsequent irregular intervals of repeated 
administration.

In a preferred embodiment of the invention the nutraceutical is used as clinical food. In an 
even further preferred embodiment the nutraceutical is used before and/or after taking a 
biopsy, preferably a potential tumor. And even more preferably the nutraceutical is used 
before and/or after surgery of a tumor, preferably a tumor positive for the carbohydrate 
epitope. And even more preferably the nutraceutical is used in combination with other 
treatments.

In another preferred embodiment the present invention provides a method for the vaccination 
or immunization of a human or an animal against the carbohydrate epitope and/or 
carbohydrate epitope positive diseases or tumors comprising

ii) administration to a human or an animal an effective amount of functional dendritic 
cells or a mixture of cells comprising at least one functional dendritic cell directed 
against the carbohydrate epitope at least once and induction of an immune 
response by said functional dendritic cells in the human or animal and

iii) boostering of the immune response by the administration of an effective amount 
of a pharmaceutical composition comprising at least one carbohydrate positive 
microorganism and/or a fraction and/or a lysate thereof at least once.

In another preferred embodiment the present invention provides a method for the vaccination 
of a human or an animal against a carbohydrate epitope present on a molecule from a 
human or animal cell and/or carbohydrate epitope positive diseases or tumors comprising

i) administration to a human or an animal an effective amount of activated T cells, T 
cell clone, T cell line or a mixture of cells comprising at least one activated T cell 
directed against the carbohydrate epitope a least once and induction of an 
immune response by said activated T cells in the human or animal and

ii) boostering of the immune response by the administration of an effective amount 
of a pharmaceutical composition comprising the carbohydrate positive 
microorganism and/or a fraction and/or a lysate thereof at least once.

The generation of functional dendritic cells, activated T cells, T cell lines and T cell clones is 
described elsewhere herein.

In a preferred embodiment of the invention the administration according to the previous 
methods under (i) is performed once.

In another preferred embodiment of the invention the administration according to the 
previous methods under (i) is performed twice.

In another preferred embodiment of the invention the administration according to the 
previous methods under (i) is performed at least three to five times.
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ln a preferred embodiment of the invention the boostering of the immune response by the 
administration of an effective amount of a pharmaceutical composition according to (ii) of the 
previous methods is performed once, in another preferred embodiment of the invention the 
boostering is performed 2-10 times, more preferably more than 10 times, more preferably up 
to 20 times, most preferably boostering is performed continually at regular time intervals over 
a period of several month to several years.

In a preferred embodiment of the invention the boostering of the immune response is done 1­
5 times close to the priming and thereafter at intervals from 3 month to 1 year or 1 year to 10 
years.

In a preferred embodiment the invention provides a method for prophylaxis and/or treatment 
of a carbohydrate epitope positive tumor and/ or disease comprising administration of a 
suitable amount of a formulation, a carbohydrate positive microorganism or fraction thereof, a 
functional dendritic cell or an activated T cell, T cell line or T cell clone against the 
carbohydrate epitope an/or a carbohydrate structure, carbohydrate conjugate or a 
mammalian cell comprising said carbohydrate epitope as described elsewhere herein to a 
human or an animal.

The invention provides a method for reducing or even further preferred for preventing the 
spread of a carbohydrate epitope positive disease comprising administering in a human or an 
animal an effective amount of the nutraceutical, or the pharmaceutical formulation, or the 
carbohydrate positive microorganism, or the fraction thereof which are described elsewhere 
herein, or formulations comprising those.

The invention provides a method to treat a carbohydrate epitope positive disease comprising 
administering in a human or an animal an effective amount of the nutraceutical, or the 
pharmaceutical formulation, or the carbohydrate positive microorganism, or the fraction 
thereof which are described elsewhere herein, or formulations comprising those.

The invention provides a method to strengthen the immune system or to improve an immune 
response comprising administering in a human or an animal an effective amount of the 
nutraceutical, or the pharmaceutical composition, or the carbohydrate positive 
microorganism, or the fraction thereof which are described elsewhere herein, or formulations 
comprising those. This can be for example but is not limited to a general improvement of the 
condition of the immune system for example against infectious diseases or tumors, an 
improvement of the activity of other immune stimulatory agents or probiotics or prebiotics, or 
an action as an adjuvans.

In a preferred embodiment the nutraceutical, or the pharmaceutical formulation, or the 
carbohydrate positive microorganism, or the fraction thereof which are described elsewhere 
herein, or formulations comprising those of above described methods comprises at least one 
mircoorganism, lysate or fraction selected from the group comprising the strain Bacteroides 
ovatus strain AG6 (DSM 18726), the strain Bacteroides ovatus MU1 (DSM 18728), and/or 
the strain Echerichia coli LH2 (DSM 18727), more preferably from the strain AG6 and/or MU1 
deposited at the “DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH” 
in Braunschweig (Germany), by Glycotope GmbH, Robert-Rossle-Str. 10, 13125 Berlin 
(Germany) at the October 20,2006.

The term formulation means any substance or composition of substances in a suitable form 
for administration comprising at least one of the nutraceutical, the pharmaceutical 
composition, the carbohydrate positive microorganism or the fraction thereof which can 
comprise a pharmaceutically acceptable carrier or a carrier acceptable for food additives 
and/or nutraceutical or the nutraceutical, the pharmaceutical composition, the carbohydrate 
positive microorganism or the fraction thereof alone.
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The term preventing the occurence refers to using the nutraceutical, the pharmaceutical 
composition, the carbohydrate positive microorganism or the fraction thereof or formulations 
comprising those to a subject with the purpose to reduce the risk or the rate or the probability 
of developing a carbohydrate epitope positive cancer or a carbohydrate epitope positive 
disease.

The term reducing or preventing the spread of a tumor or carbohydrate epitope positive 
disease or metastasis of a tumor refers to using the nutraceutical, the pharmaceutical 
composition, the carbohydrate positive microorganism or the fraction thereof or formulations 
comprising those to a subject with the purpose to reduce the risk or the rate or the probability 
of metastasis or spread of the disease to other organs or other sites in the body or other 
individuals.

The term treating refers to using the nutraceutical, the pharmaceutical composition, the 
carbohydrate positive microorganism or the fraction thereof or formulations comprising those 
to an individual or subject with the purpose to cure, heal, alleviate, relieve, alter, remedy, 
ameliorate, improve, or affect cancer, the symptoms of cancer, the predisposition toward 
cancer, time of survival, or time to progression.

Said carbohydrate epitope positive disease or disease associated with said carbohydrate 
epitope or disease characterized by the presence of said carbohydrate epitope is any 
disease which is associated with a prion, virus, microorganism, bacterium or other biological 
material which can be bound by at least one of the carbohydrate binding molecules, 
preferably by at least one of the carbohydrate epitope specific antibodies or which is 
associated with a component of the body or occurring in the body of a human or animal such 
as but not limited to a cell, microorganism, virus or particle which is bound by at least one of 
the carbohydrate binding molecules, preferably bound by at least one of the carbohydrate 
epitope specific antibodies.

The “effective amount” of any of the nutraceutical, the pharmaceutical composition, the 
carbohydrate positive microorganism or the fraction thereof or formulations comprising those 
comprises living or dead microorganism, or lysates or fractions of these microorganisms 
which correspond to or are derived from about 1x106 to about 1x 1014 cfu per person per day 
(cfu/person/day) whereby cfu is a colony forming unit as a measure for one microorganism 
as such known to and can be determined by those skilled in the art.

In another embodiment of the invention the effective amount is the amount of the 
nutraceutical, the pharmaceutical composition, the carbohydrate positive microorganism or 
the fraction thereof or formulations comprising those which induces a humoral or cellular 
immune response against the carbohydrate epitope in at least one individual, preferably a 
humoral and a cellular immune response against the carbohydrate epitope , detectable by at 
least one of the immune response tests against the carbohydrate epitope described 
elsewhere herein. In another embodiment of the invention the effective amount is the amount 
of the nutraceutical, the pharmaceutical composition, the carbohydrate positive 
microorganism or the fraction thereof or formulations comprising those which induces an 
effective carbohydrate specific cellular immune response against the carbohydrate epitope 
in at least one individual, preferably comprising activation of Th1 type CD4 positive T helper 
cells and/or cytotoxic CD8 positive T cells against the carbohydrate epitope, detectable by at 
least one of the immune response tests described elsewhere herein.

In another embodiment of the invention the effective amount is the amount of the 
nutraceutical, the pharmaceutical composition, the carbohydrate positive microorganism or 
the fraction thereof or formulations comprising those which is required to confer an immune 
shield against carbohydrate epitope positive tumor cells, to have a prophylactic effect 
against cancer or to have a therapeutic effect against cancer, or to have a prophylactic or 
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therapeutic effect against another carbohydrate epitope positive disease, each in at least 
one individual.

The effective amount for an individual or a group of individuals can be determined and/or 
optimized by those skilled in the art, preferably using at least one immune response test 
against the carbohydrate epitope described elsewhere herein and preferably those 
combinations of immune response tests against the carbohydrate epitope which are 
described elsewhere herein as preferred embodiments and /or clinical response tests known 
to those skilled in the art or described elsewhere herein.

These effective amounts can vary from above described amounts or dosages or preferred 
amounts or dosages described elsewhere herein for a person depending for example on the 
subject, on the number and time schedule of dosages, on the format or formulation of the 
nutraceutical, the pharmacetical composition, the carbohydrate positive microorganism or 
fraction thereof, on the route and time scheme of administration, on the purpose it is used for 
such as prophylaxis or treatment, on the state of a carbohydrate epitope positive disease or 
cancer, and they can vary depending on the species, races and between an individual animal 
or individual human receiving the nutraceutical, the pharmaceutical composition, the 
carbohydrate positive microorganism or the fraction thereof or formulations comprising 
those. Those skilled in the art are able to determine the suitable and/or the optimal dosage, 
administration route and time scheme for an individual or for a group of individuals perferably 
by using the description and an embodiment of the invention described herein.

Preferred are those effective amounts and dosages of the nutraceutical, the pharmaceutical 
composition, the carbohydrate positive microorganism or the fraction thereof or formulations 
comprising those which induce or enhance said immune response against the carbohydrate 
epitope in more than one individual, more preferably in a significant number of individuals, 
more preferably in at least 10%, more preferably in at least 20%, more preferably in at least 
30%, more preferably in at least 40%, more preferably in at least 50%, and most preferably 
in the majority of individuals

In a preferred embodiment the effective amount is the amount of said nutraceutical, said 
pharmaceutical composition, said carbohydrate positive microorganism or said fraction 
thereof or said formulations comprising those which induces an immune response against 
the carbohydrate epitope in at least one individual.

In a preferred embodiment said induced or enhanced immune response is a humoral and a 
cellular immune response against the carbohydrate epitope , detectable by at least one of 
the humoral immune response tests 1 to 6 and one of the cellular immune response tests 1 
to 5.

In a preferred embodiment, the effective amount is the amount of said nutraceutical, said 
pharmaceutical composition, said carbohydrate positive microorganism or said fraction 
thereof or said formulations comprising those which is required to confer an immune shield 
against carbohydrate epitope positive tumor cells, to have a prophylactic effect against 
cancer or to have a therapeutic effect against cancer, or to have a prophylactic or therapeutic 
effect against another carbohydrate epitope positive disease, each in at least one individual.
In another preferred embodiment, the effective amount is the amount of said nutraceutical, 
said pharmaceutical composition, said carbohydrate positive microorganism or said fraction 
thereof or said formulations comprising those which induces the maximal or near to maximal 
immune response against the carbohydrate epitope in at least one individual.

In an even more preferred embodiment the preferred effective amount is the amount of the 
nutraceutical, the pharmaceutical composition, the carbohydrate positive microorganism or 
the fraction thereof or formulations comprising those which induces the maximal or near to 
maximal immune responses against carbohydrate epitope as detected in the immune 
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response tests against the carbohydrate epitope by those skilled in the art, whereby this 
maximal immune response does not have to be such which is positive in all immune 
response tests but preferably such which gives the highest antibody responses or antibody 
titers against the the carbohydrate epitope and/or the highest T cell response against the 
carbohydrate epitope and more preferably against carbohydrate epitope positive tumor cells, 
more preferably both, and most preferably those which show at least in the humoral immune 
response tests 1 and 3 against the carbohydrate epitope the highest antibody titres and/or at 
least in the cellular immune response test 1 or 2 or 3 the highest T cell responses against the 
carbohydrate epitope.

In preferred embodiment, the effective amount of said nutraceutical, said pharmaceutical 
composition, said carbohydrate positive microorganism or said fraction thereof or said 
formulations comprising living or dead microorganism, or lysates or fractions of these 
microorganisms which correspond to or are derived from about 1x106 to about 1x 1014 cfu 
per individual per dose.

In a more preferred embodiment the effective amount of the nutraceutical, the 
pharmaceutical composition, the carbohydrate positive microorganism or the fraction thereof 
or formulations comprising those comprises living or dead microorganism, lysates or 
fractions of these microorganisms which corresond to or are derived from 1x107 to 1x 1013 
cfu/person/day, more preferably to 2x108 to 1x1012, and more preferrably 1x 109 - 1x1011 
cfu/person/day.

The effective amounts or effective doses can also vary, as recognized by those skilled in the 
art, depending on the route of administration, excipient usage, and the possibility of co-usage 
with other agents, such as those for immune enhancement, for inducing an immune 
response, or building an immune shield, or preventing or treating cancer.

The effective amounts or effective doses can also vary, as recognized by those skilled in the 
art, depending on the format of use such as use as the nutraceutical, as the pharmaceutical 
composition, as the carbohydrate positive microorganism or as the fraction thereof or as the 
formulations comprising those as well as if they comprise living or dead microorganisms, 
lysates or fractions thereof, as well as on the number of doses as well as on the time 
intervals between doses. Those can be determined and optimized by those skilled in the art 
preferably by using the provided invention, tests and methods of the invention.

In a preferred embodiment, the nutraceutical is administered orally from more than one dose 
daily, to one dose daily, weekly, or monthly from a short term interval to a year long use, 
preferably daily or weekly use over 4 weeks to 2 years.

In another preferred embodiment, a single dose is administered to an individual.

In another preferred embodiment, multiple doses are administered to an individual.

In another preferred embodiment, the effective amount corresponds to a single dose.

In another preferred embodiment, the effective amount corresponds to multiple doses.

In a preferred embodiment, the pharmaceutical composition can be administered 
systemically for as little as only one dosage to many dosages, preferably weekly to monthly 
to 3 monthly or 6 monthly or a staggered combination thereof, and can be combined with a 6 
monthly to yearly, to 5 yearly to ten yearly refreshment of the immunization.

In another preferred embodiment of the invention the effective dosage of the nutraceutical 
formulation comprising at least one carbohydrate positive microorganism or lysate or fraction 
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thereof in humans is 0,1mg/m2 - 10g/m2, more preferred 10mg/m2 - 10g/m2 , even more 
prefered 0,1 g/m2 - 10g/m2.

In another preferred embodiment the formulation is administered first systemically with 
subsequent oral refreshments of the immunization.

The term administration means bringing into contact a human or an animal with an effective 
amount of the nutraceutical, the pharmaceutical composition, the carbohydrate positive 
microorganism or the fraction thereof or formulations comprising those for which additional 
carriers can be used. The routes of administration include any way to bring the human or 
animal into contact with the nutraceutical, the pharmaceutical composition, the carbohydrate 
positive microorganism or the fraction thereof or formulations comprising those. Preferred are 
those routes of administration, such as but not limited to oral administration, systemic 
administration, administration via inhalation or via bringing into contact with skin or another 
epidermis, which lead to an immune response against the carbohydrate epitope, to an 
immune shield against the carbohydrate epitope or carbohydrate epitope positive tumor 
cells, to a prophylactic effect against cancer or a therapeutic effect against cancer, which can 
be determined in its preferred forms as described above or elsewhere herein. Those skilled 
in the art can select the most suitable route of administration.

Examples for and preferred routes of administration and formulations are described in the 
following:
The nutraceuticals are preferably administered orally for example as either as capsules, 
tablets, emulsions, powder, liquids, in form of any food or drink, or as a component of a food 
or a drink such as a food additive. The nutraceutical can be given by itself or mixed with at 
least one other ingredient. The nutraceutical by itself or its mixture with at least one other 
ingredient can be given by itself or mixed into a food or a drink.

A formulation for oral administration of the nutraceutical, but also the pharmaceutical 
composition, the carbohydrate positive microorganism or the fraction thereof or formulations 
comprising those can be any orally acceptable dosage form or effective amount of the 
nutraceutical, the pharmaceutical composition, the carbohydrate positive microorganism or 
the fraction thereof or formulations comprising those including, but not limited to, tablets, 
capsules, nanoparticles, emulsions and aqueous suspensions, dispersions and solutions. 
Commonly used carriers for tablets include lactose and corn starch. Lubricating agents, such 
as magnesium stearate, are also typically added to tablets. For oral administration in a 
capsule form, useful diluents include lactose and dried corn starch. When aqueous 
suspensions or emulsions are administered orally, the active ingredient can be suspended or 
dissolved in an oily phase combined with emulsifying or suspending agents. If desired, 
certain sweetening, flavoring, or coloring agents can be added.

A formulation for oral administration can be any orally acceptable dosage form or effective 
amount of the nutraceutical, the pharmaceutical composition, the carbohydrate positive 
microorganism or the fraction thereof or formulations comprising those including, but not 
limited to, tablets, capsules, nanoparticles, emulsions and aqueous suspensions, dispersions 
and solutions. Commonly used carriers for tablets include lactose and corn starch. 
Lubricating agents, such as magnesium stearate, are also typically added to tablets. For oral 
administration in a capsule form, useful diluents include lactose and dried corn starch. When 
aqueous suspensions or emulsions are administered orally, the active ingredient can be 
suspended or dissolved in an oily phase combined with emulsifying or suspending agents. If 
desired, certain sweetening, flavoring, or coloring agents can be added.

The formulation of the present invention may be administered orally or parenterally. The 
parenteral administration includes injections such as drop infusion, hypodermic, intravenous 
or intramuscular injections,transdermal application with ointment or transdermal drug, and 
rectal application with suppository. Where the composition is administered orally, it may be 
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prepared in the form of hard capsule, soft capsule, granule,powder, fine granule, pill, troche 
tablet, system of gradual active-ingredient delivery, liquid, and suspen-sion. The preparation 
can be easily carried out by conventional methods in the pharmaceutical field.

The mode of administration and dosage forms will of course affect the therapeutic amounts 
of the compounds or compositions which are desirable and efficacious for the given 
treatment application. Where the formulation of the present invention is prepared in the form 
of oral administration, the composition may be prepared using conventional pharmaceutical 
ingredients in a normal medicine such as filler, extender, binder, disintegrator, surfactant, 
diluents such as lubricant and excipient. Particular example of the conventional ingredients 
includes recipients such as milk sugar, white sugar, sodium chloride, glucose, urea, starch, 
calcium carbonate, kaolin, crystal cellulose and silicic acid; binders such as water, ethanol, 
simple syrup, glucose liquid, starch liquid, gelatin solution, carboxymethyl cellulose, shellac, 
methyl cellulose, potassium phosphate and polyvinyl pyrrolidone; disintegrators such as 
dried starch, sodium alginate, agar powder, laminaran powder, sodium bicarbonate, calcium 
carbonate, polyoxyethylene sorbitan fatty acid esters,sodium lauryl sulfate, stearic acid 
monoglyceride, starch, and milk sugar;decay inhibitors such as white sugar, stearic acid, 
cacao butter and hydrogenated oil; absorbefacients such as quaternary ammonium salt and 
sodium lauryl sul-fate; moisturizing agents such as glycerin and starch; absorbents such as 
starch, milk sugar, kaolin, bentonite and colloidal silicic acid; and lubricants such as purifed 
talc and stearate. If necessary, the preparation further includes colorant, preservative, 
perfume,flavor agent and sweetening agent. Suitable pharmaceutically acceptable salts are 
well known to those skilled in the art and in-clude basic salts of inorganic and organic acids, 
such as hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid, methane 
sulphonic acid, ethane sulphonic acid, acetic acid, malic acid, tartaric acid, citric acid, lactic 
acid, oxalic acid, succinic acid, fumaric acid, maleic acid, benzoic acid, salicylic acid, 
phenylacetic acid and mandelic acid. In addition, pharma-ceutically acceptable salts of 
compounds of the present invention may also b e formed with a pharmaceutically acceptable 
cation, for instance, if a substituent group comprises a carboxy moiety. Suitable 
pharmaceutically acceptable cations are well known in the art and include alkaline, alkaline 
earth ammonium and quaternary ammonium cations.

In a preferred embodiment, the route of administration of the pharmaceutical composition is 
selected from the group consisting of intravenous injection, intraperitoneal injection, intra­
muscular injection, intracranial injection, intratumoral injection, intraepithelial injection, 
transcutaneous delivery, per oesophageal administration, intraabdominal administration, in- 
traapendicular administration, intraarterial administration, intraarticular administration, 
intrabronchial administration, intrabuccal administration, intracapsular administration, 
intracardial administration, intracartilaginous administration, intracavitary administration, 
intracephalic administration, intracolic administration, intracutaneous administration, 
intracystic administration, intradermal administration, intraductal administration, 
intraduodenal administration, intrafascicular administration, intrafat administration, intrafilar 
administration, intrafissural administration, intragastric administration, intraglandular 
administration, intrahepatic administration, intraintestinal administration, intralamellar 
administration, intralesional administration, intraligamentous administration, intralingual 
administration, intramammary administration, intramedullary administration, intrameningeal 
administration, intramyocardial administration, intranasal administration, intraocular 
administration, intraoperative administration, intraoral administration, intraosseous 
administration, intraovarian administration, intrapancreatic administration, intraparietal 
administration, intrapelvic administration, intrapericardial administration, intraperineal 
administration, intraperitoneal administration, intraplacental administration, intrapleural 
administration, intrapontine administration, intraprostatic administration, intrapulmonary
administration, intrarachidian administration, intrarectal administration, intrarenal 
administration, intrascleral administration, intrascrotal administration, intrasegmental
administration, intrasellar administration, intraspinal administration, intrasplenic
administration, intrasternal administration, intrastromal administration, intrasynovial 
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intratarsal administration, intratesticular administration, intrathoracic,
intratonsillar administration, intratracheal administration, intratubal

intratympanic administration, intraureteral administration, intraurethral
intrauterine administration, intravaginal administration, intravascular

intraventricular administration, intravertebral administration, intravesical

administration, 
administration, 
administration, 
administration, 
administration,
administration, and intravitreous ad-ministration.

In a more preferred embodiment of the invention examples of routes of administration (= 
contacting) include parenteral, e.g., intravenous, intradermal, subcutaneous, oral, 
transdermal (topical), transmucosal, intraperitoneal, intranasal, rectal enteral and oral 
administration.

A formulation of the present invention can include pharmaceutically acceptable salts of the 
components therein. Pharmaceutically acceptable salts include the acid addition salts that 
are formed with inorganic acids such as, for example, hydrochloric or phosphoric acids, or 
such organic acids as acetic, tartaric, mandelic and the like. Salts formed with the free 
carboxyl groups can also be derived from inorganic bases such as, for example, sodium, 
potassium, ammonium, calcium or ferric hydroxides, and such organic bases as 
isopropylamine, trimethylamino, 2-ethylamino ethanol, histidine, procaine and the like. 
Physiologically tolerable carriers are well known in the art. Exemplary of liquid carriers are 
sterile aqueous Solutions that contain no materials in addition to the active ingredients and 
water, or contain a buffer such as sodium phosphate at physiological pH value, physiological 
saline or both, such as phosphate-buffered saline. Still further, aqueous carriers can contain 
more than one buffer salt, as well as salts such as sodium and potassium Chlorides, 
dextrose, propylene glycol, polyethylene glycol and other solutes. Liquid compositions can 
also contain liquid phases in addition to and to the exclusion of water. Exemplary of such 
additional liquid phases are glycerin, vegetable oils such as cottonseed oil, organic esters 
such as ethyl oleate, and water-oil emulsions. A formulation contains a carbohydrate positive 
microorganism, lysate or fraction thereof of the present invention, typically an amount of at 
least 0.1 weight percent of a carbohydrate positive microorganism, lysate or fraction thereof 
per weight of total composition. A weight percent is a ratio by weight of a carbohydrate 
positive microorganism, lysate or fraction thereof to total composition. Thus, for example, 0.1 
weight percent is 0.1 grams of a carbohydrate positive microorganism carbohydrate positive 
microorganism, lysate or fraction thereof per 100 grams of total composition.

The term "pharmaceutically acceptable salt" refers to those salts of compounds which retain 
the biological effectiveness and properties of the free bases and which are obtained by 
reaction with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric 
acid, phosphoric acid, methanesulfonic acid, ethanesulfonic acid, ptoluenesulf onic acid, 
salicylic acid and the like. Pharmaceutically acceptable salts include, for example, alkali 
metal salts, such as sodium and potassium, alkaline earth salts and ammonium salts.

The formulation comprising as the active ingredient carbohydrate positive microorganism, 
lysate or farction thereof) may be in a form suitable for oral use, for example, as tablets, 
troches, lozenges, aqueous or oily suspensions, dispersible powders or granules, emulsions, 
hard or soft capsules, or syrups or elixirs. Compositions intended for oral use may be 
prepared according to any method known to the art for the manufacture of pharmaceutical 
compositions and such compositions may contain one or more agents selected from the 
group consisting of sweetening agents, flavouring agents, colouring agents and preserving 
agents in order to provide pharmaceutically elegant and palatable preparations. Tablets 
contain the active ingredient in admixture with non-toxic pharmaceutically acceptable 
excipients which are suitable for the manufacture of tablets. These excipients may be for 
example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium 
phosphate or sodium phosphate; granulating and disintegrating agents, for example corn 
starch, or alginic acid; binding agents, for example starch, gelatin or acacia, and lubricating 
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agents, for example magnesium stearate, stearic acid or talc. The tablets may be uncoated 
or they may be coated by known techniques to delay disintegration and absorption in the 
gastointestinal tract and thereby provide a sustained action over a longer period. For 
example, a time delay material such as glyceryl monostearate or glyceryl distearate may be 
employed. They may also be coated by the techniques described in the U.S. Pat. Nos. 
4,256,108; 4,166,452; and 4,265,874, to form osmotic therapeutic tablets for control release. 
A formulation according to the present invention may also, or alternatively, contain one or 
more drugs, which may be linked to a modulating agent or may be free within the 
composition. Virtually, any drug may be administered in combination with a modulating agent 
as described herein, for a variety of purposes as described below. Examples of types of 
drugs that may be administered with a modulating agent include analgesics, anesthetics, 
antianginals, antifungals, antibiotics, antiCancer drugs (e.g. taxol or mitomycin C), 
antiinflammatories (e.g. ibuprofen and indomethacin), anthelmintics, antidepressants, 
antidotes, antiemetics, antihistamines, antihypertensives, antimalarials, antimicrotubule 
agents (e.g. colchicine or vinca alkaloids), antimigraine agents, antimicrobials, 
antiphsychotics, antipyretics, antiseptics, anti-signaling agents (e.g., protein kinase C 
inhibitors or inhibitors of intracellular calcium mobilization), antiarthritics, antithrombin agents, 
antituberculotics, antitussives, antivirals, appetite suppressants, cardioactive drugs, chemical 
dependency drugs, cathartics, chemotherapeutic agents, coronary, cerebral or peripheral 
vasodilators, contraceptive agents, depressants, diuretics, expectorants, growth factors, 
hormonal agents, hypnotics, immunosuppression agents, narcotic antagonists, 
parasympathomimetics, sedatives, stimulants, sympathomimetics, toxins (e.g. cholera toxin), 
tranquilizers and urinary antiinfectives.

Formulations for oral use may also be presented as hard gelatin capsules where in the 
active ingredient is mixed with an inert solid diluent, for example calcium carbonate, 
calciumphosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is 
mixed with water or an oil medium, for example peanut oil, liquid paraffin or olive oil. 
Aqueous suspensions contain the active materials in admixture with excipients suitable for 
the manufacture of aqueous suspensions. Such excipients are suspending agents, for 
example sodium carboxymethylcellulose, methylcellulose, hydroxy-propylmethylcellulose, 
sodium alginate polyvinyl-pyrrolidone, gum tragacanth and gum acacia; dispersing or wetting 
agents may be a naturally occurring phosphatide, for example lecithin, or condensation 
products of an alkylene oxide with fatty acids, for example polyoxyethylene stearate, or 
condensation products of ethylene oxide with long chain aliphatic alcohols, for example 
heptadecaethyleneoxycetanol, or condensation products of ethylene oxide with partial esters 
derived from fatty acids and a hexitol such a polyoxyethylene with partial esters derived from 
fatty acids and hexitol anhydrides, for example polyoxyethylene sorbitan monooleate. The 
aqueous suspensions may also contain one or more preservatives, for example ethyl, or n- 
propyl, p-hydroxybenzoate, one or more colouring agents, one or more flavouring agents, 
and one or more sweetening agents, such as sucrose or Saccharin.

Oily suspensions may be formulated by suspending the active ingredient in a vegetable oil, 
for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid 
paraffin. The oily suspensions may contain a thickening agent, for example beeswax, hard 
paraffin or cetyl alcohol. Sweetening agents such as those set forth above, and flavouring 
agents may be added to provide a palatable oral preparation. These compositions may be 
preserved by the addition of an anti-oxidant such as ascorbic acid.

Dispersible powders and granules suitable for preparation of an aqueous Suspension by the 
addition of water provide the active ingredient in admixture with a dispersing or wetting 
agent, suspending agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified, for example sweetening, flavouring and 
colouring agents, may also be present.
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The formulation of the invention may also be in the form of oil-in-water emulsions. The oily 
phase may be a vegetable oil, for example olive oil or arachis oil, or a mineral oil, for 
example liquid paraffin or mixtures of these. Suitable emulsifying agents may be naturally- 
occurring gums, for example gum acacia or gum tragacanth, naturally-occurring 
phosphatides, for example soya bean, lecithin, and esters or partial esters derived from fatty 
acids and hexitol anhydrides, for example sorbitan monooleate and condensation products 
of the said partial esters with ethylene oxide, for example polyoxyethylene sorbitan 
monooleate. The emulsions may also contain sweetening and flavouring agents.

Syrups and elixirs may be formulated with sweetening agents, for example glycerol, 
propylene glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a 
preservative and flavouring and colouring agents. The pharmaceutical compositions may be 
in the form of a sterile injectable aqueous or oleagenous Suspension. This Suspension may 
be formulated according to the known art using those suitable dispersing or wetting agents 
and suspending agents which have been mentioned above. The sterile injectable preparation 
may also be in a sterile injectable solution or Suspension in a non-toxic parenterally- 
acceptable diluent or solvent, for example as absolution in 1,3-butane diol. Among the 
acceptable vehicles and solvents that may be employed are water, Ringer's solution and 
isotonic sodium Chloride solution. In addition, sterile, fixed oils are conventionally employed 
as a solvent or suspending medium. For this purpose any bland fixed oil may be employed 
including synthetic mono-or diglycerides. In addition, fatty acids such as oleic acid find use in 
the preparation of injectables. Dosage levels of the order of from about 0.01 mg to about 140 
mg per kilogram of body weight per: day are useful in the treatment of the above-indicated 
conditions (about 2.5 mg to about 7 g per patient per day). For example, a carbohydrate 
epitope positive tumor may be effectively treated by the administration of from about 0.01 to 
50 mg of the compound per kilogram of body weight per day (about 0.5 mg to about 3.5 g 
per patient per day). The amount of active ingredient that may be combined with the carrier 
materials to produce a single dosage form will vary depending upon the host treated and the 
particular mode of administration. For example, a formulation intended for the oral 
administration of humans may vary from about 5 to about 95% of the total composition. 
Dosage unit forms will generally contain between from about 1 mg to about 10 g of active 
ingredient. It will be understood, however, that the specific dose level for any particular 
patient will depend upon a variety of factors including the activity of the specific compound 
employed, the age, body weight, general health, sex, diet time of administration, route of 
administration, rate of excretion, drug combination and the severity of the particular disease 
undergoing therapy. The dosage effective amount of compounds according to the invention 
will vary depending upon factors including the particular compound, toxicity, and inhibitory 
activity, the condition treated, and whether the compound is administered alone or with other 
therapies. Typically a dosage effective amount will range from about 0.0001 mg/kg to 1500 
mg/kg, more preferably 1 to 1000 mg/kg, more preferably from about 1 to 150 mg/kg of body 
weight, and most preferably about 50 to 100 mg/kg of body weight. The invention relates 
also to a process or a method for the treatment of the abovementioned pathological 
conditions. The compounds of the present invention can be administered prophylactically or 
therapeutically, preferably in an amount that is effective against the mentioned disorders, to 
a warm-blooded animal, for example a human, requiring such treatment, the compounds are 
preferably being used in the form of pharmaceutical compositions or nutraceuticals.

Formulation of pharmaceutically-acceptable excipients and carrier Solutions is well-known to 
those of skill in the art, as is the development of suitable dosing and treatment regimens for 
using the particular compositions described herein in a variety of treatment regimens, 
including e.g., oral, parenteral, intravenous, intranasal, and intra-muscular administration 
and formulation.

A. Oral Delivery 
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ln certain applications, the formulations disclosed herein may be delivered via oral 
administration to a human or an animal. As such, these compositions may be formulated 
with an inert diluent or with an assimilable edible carrier, or they may be enclosed in hard- or 
soft-shell gelatin capsule, or they may be compressed into tablets, or they may be 
incorporated directly with the food of the diet.

The active compounds may even be incorporated with excipients and used in the form of 
ingestible tablets, buccal tables, troches, capsules, elixirs, suspensions, syrups, wafers, and 
the like. The tablets, troches, pills, capsules and the like may also contain the following: a 
binder, as gum tragacanth, acacia, cornstarch, or gelatin; excipients, such as dicalcium 
phosphate; a disintegrating agent, such as corn starch, potato starch, alginic acid and the 
like; a lubricant, such as magnesium stearate; and a sweetening agent, such as sucrose, 
lactose or Saccharin may be added or a flavoring agent, such as peppermint, oil of 
Wintergreen, or cherry flavoring. When the dosage unit form is a capsule, it may contain, in 
addition to materials of the above type, a liquid carrier. Various other materials may be 
present as coatings or to otherwise modify the physical form of the dosage unit. For 
instance, tablets, pills, or capsules may be coated with shellac, sugar, or both. A syrup of 
elixir may contain the active compound sucrose as a sweetening agent methyl and 
propylparabens as preservatives, a dye and flavoring, such as cherry or orange flavor. Of 
course, any material used in preparing any dosage unit form should be pharmaceutically 
pure and substantially non-toxic in the amounts employed. In addition, the active 
compounds may be incorporated into sustained-release preparation and formulations.

Typically, these formulations may contain at least about 0.1% of the active compound or 
more, although the percentage of the active ingredient (s) may, of course, be varied and may 
conveniently be between about 1 or 2% and about 60% or 70% or more of the weight or 
volume of the total formulation. Naturally, the amount of active compound(s) in each 
therapeutically useful composition may be prepared is such a way that a suitable dosage will 
be obtained in any given unit dose of the compound. Factors such as solubility, 
bioavailability, biological half-life, route of administration, product shelf life, as well as other 
pharmacological considerations will be contemplated by one skilled in the art of preparing 
such pharmaceutical formulations, and as such, a variety of dosages and treatment 
regimens may be desirable.

For oral administration the compositions of the present invention may alternatively be 
incorporated with one or more excipients in the form of a mouthwash, dentifrice, buccal 
tablet, oral spray, or sublingual orally-administered formulation. For example, a mouthwash 
may be prepared incorporating the active ingredient in the required amount in an appropriate 
solvent, such as a sodium borate solution (Dobell's Solution). Alternatively, the active 
ingredient may be incorporated into an oral solution such as one containing sodium borate, 
glycerin and potassium bicarbonate, or dispersed in a dentifrice, or added in a 
therapeutically-effective amount/ effective dose to a composition that may include water, 
binders, abrasives, flavoring agents, foaming agents, and humectants. Alternatively the 
compositions may be fashioned into a tablet or solution form that may be placed under the 
tongue or otherwise dissolved in the mouth.

B. Injectable Delivery

In certain circumstances it will be desirable to deliver the formulations disclosed herein 
parenterally, intravenously, intramuscularly, or even intraperitoneally. Solutions of the active 
compounds as free base or pharmacologically acceptable salts may be prepared in water 
suitably mixed with a surfactant, such as hydroxypropylcellulose. Dispersions may also be 
prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and in oils. Under 



WO 2008/055702 PCT/EP2007/009765

5

10

15

20

25

30

35

40

45

50

-67-

ordinary conditions of storage and use, these preparations contain a preservative to prevent 
the growth of microorganisms.

The pharmaceutical forms suitable for injectable use include sterile aqueous Solutions or 
dispersions and sterile powders for the extemporaneous preparation of sterile injectable 
Solutions or dispersions. In all cases the form must be sterile and must be fluid to the extent 
that easy syringability exists. It must be stable under the conditions of manufacture and 
storage and must be preserved against the contaminating action of microorganisms, such as 
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (e.g. glycerol, propylene glycol, and liquid polyethylene 
glycol, and the like), suitable mixtures thereof, and/or vegetable oils. Proper fluidity may be 
maintained, for example, by the use of a coating, such as lecithin, by the maintenance of the 
required particle size in the case of dispersion and by the use of surfactants. The prevention 
of the action of microorganisms can be facilitated by various antibacterial and antifungal 
agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. 
In many cases, it will be preferable to include isotonic agents, for example, sugars or sodium 
Chloride. Prolonged absorption of the injectable compositions can be brought about by the 
use in the compositions of agents delaying absorption, for example, aluminum monostearate 
and gelatin.

For parenteral administration in an aqueous solution, for example, the solution should be 
suitably buffered if necessary and the liquid diluent first rendered isotonic with sufficient 
saline or glucose. These particular aqueous Solutions are especially suitable for intravenous, 
intramuscular, subcutaneous and intraperitoneal administration. In this connection, a sterile 
aqueous medium that can be employed will be known to those of skill in the art in light of the 
present disclosure. For example, one dosage may be dissolved in 1 ml of isotonic NaCI 
solution and either added to 1000 ml of hypodermoclysis fluid or injected at the proposed 
site of infusion. Some Variation in dosage will necessarily occur depending on the condition 
of the subject being treated. The person responsible for administration will, in any event, 
determine the appropriate dose for the individual subject. Moreover, for human 
administration, preparations should meet sterility, pyrogenicity, and the general safety and 
purity Standards as required by national or regional Offices of biologies Standards.

Sterile injectable Solutions are prepared by incorporating the active compounds in the 
required amount in the appropriate solvent with various of the other ingredients enumerated 
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by 
incorporating the various sterilized active ingredients into a sterile vehicle which contains the 
basic dispersion medium and the required other ingredients from those enumerated above. 
In the case of sterile powders for the preparation of sterile injectable Solutions, the preferred 
methods of preparation are vacuum-drying and freeze-drying techniques which yield a 
powder of the active ingredient plus any additional desired ingredient from a previously 
sterile-filtered solution thereof.

The compositions disclosed herein may be formulated in a neutral or salt form. 
Pharmaceutically-acceptable salts include the acid addition salts (formed with the free amino 
groups of the protein) and which are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, 
and the like. Salts formed with the free carboxyl groups can also be derived from inorganic 
bases such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, 
and such organic bases as isopropylamine, trimethylamine, histidine, procaine and the like. 
Upon formulation, Solutions will be administered in a manner compatible with the dosage 
formulation and in such amount as is therapeutically effective. The formulations are easily 
administered in a variety of dosage forms such as injectable Solutions, drug-release 
capsules, and the like.
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As used herein, "carrier" includes any and all solvents, dispersion media, vehicles, coatings, 
diluents, antibacterial and antifingal agents, isotonic and absorption delaying agents, buffers, 
carrier Solutions, suspensions, colloids, and the like. The use of such media and agents for 
pharmaceutical active substances is well known in the art. Except insofar as any 
conventional media or agent is incompatible with the active ingredient, its use in the 
therapeutic compositions is contemplated. Supplementary active ingredients can also be 
incorporated into the compositions.

The phrase "pharmaceutically-acceptable" refers to molecular entities and compositions that 
do not produce an allergic or similar untoward reaction when administered to a human. The 
preparation of an aqueous composition that contains a protein as an active ingredient is well 
understood in the art. Typically, such compositions are prepared as injectables, either as 
liquid Solutions or suspensions; solid forms suitable for solution in, or Suspension in, liquid 
prior to injection can also be prepared. The preparation can also be emulsified.

In another preferred embodiment the invention provides a method to induce or enhance a 
carbohydrate epitope specific immune response and/or to prevent or treat a carbohydrate 
epitope positive disease wherein said nutraceutical, said pharmaceutical composition, said 
carbohydrate positive microorganism or said fraction thereof or said formulations comprising 
those is administered to a healthy individual

In another preferred embodiment the invention provides a method to induce or enhance a 
carbohydrate epitope specific immune response and/or to prevent or treat a carbohydrate 
epitope positive disease wherein said nutraceutical, said pharmaceutical composition, said 
carbohydrate positive microorganism or said fraction thereof or formulations comprising 
those is administered to an individual with disease associated with the carbohydrate epitope, 
a cancer, a tumor, at least one tumor or cancer cell, or at least one metastasis.

In particular, the nutraceutical, the pharmaceutical composition, the carbohydrate positive 
microorganism or the fraction thereof or formulations comprising those can be used to induce 
an immune response against a cancer, tumor, cancer cell, or cancer cells or the metastasis 
derived therefrom, to induce an immune response which functions as an immune shield 
against tumor cells, a cancer, tumor, cancer cell, or cancer cells or the metastasis derived 
therefrom, to treat a tumor or cancer, metastases and/or metastasis, and/or to reduce or to 
prevent the occurance, spread or metastasis of a cancer, tumor, cancer cell, or cancer cells 
or the metastasis derived therefrom in healthy individuals or patients, respectively, each 
preferably comprising at least one carbohydrate epitope positive tumor cell, selected from a 
cancers, tumor or cancerous or tumorous diseases as described below or elsewhere herein. 
For example, the treatment is directed against primary tumors or cancers, minimal residual 
tumor or cancer diseases, relapses and/or metastases or parts thereof. The treatment of the 
tumors or cancers can also be effected as an adjuvant treatment. The nutraceutical, the 
pharmaceutical composition, the carbohydrate positive microorganism or the fraction thereof 
or formulations comprising those can also be used in the prophylaxis of carbohydrate 
positive positive tumor diseases, tumors or tumor cells. For example, prophylactic use is 
directed to the prophylaxis of tumors and metastases. These anti-tumor agents are 
administered in a suitable form according to well-known methods or as described elsewhere 
herein. A preferred variant is injection or administration of these anti-tumor agents or drugs 
orally, intravenously, locally in body cavities, e.g. intraperitoneal, intrarectal, 
intragastrointestinal routes, locally, e.g. directly in a tumor, in organs or lymphatic vessels 
(intranodal), but also subcutaneously, intradermally or on the skin, and intramuscularly. In a 
preferred fashion, types of administration can also be combined, in which case administration 
can be effected on different days of treatment or on one day of treatment as described in 
detail elsewhere herein. According to the invention, it is also possible to combine two or more 
of the inventive nutraceuticals, pharmaceutical compositions, carbohydrate positive 
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microorganism s or the fractions thereof or formulations comprising those as well as combine 
one or a combination of those with one or more drugs or tumor treatments, such as antibody 
therapies, chemotherapies or radiotherapies, suitably administered or applied at the same 
time or separately in time.

The cancer, tumor, tumor cells, cancer cells or the metastasis derived therefrom is selected 
from the group of cancerous diseases or tumor diseases of the ear-nose-throat region, of the 
lungs, mediastinum, gastrointestinal tract, urogenital system, gynecological system, breast, 
endocrine system, skin, bone and soft-tissue sarcomas, mesotheliomas, melanomas, 
neoplasms of the central nervous system, cancerous diseases or tumor diseases during 
infancy, lymphomas, leukemias, paraneoplastic syndromes, metastases with unknown 
primary tumor (CUP syndrome), peritoneal carcinomatoses, immunosuppression-related 
malignancies and/or tumor metastases.

More specifically, the cancer, tumor, tumor cells, cancer cells or the metastasis derived 
therefrom may comprise the following types of cancer: adenocarcinoma of breast, prostate 
and colon; all forms of lung cancer starting in the bronchial tube; bone marrow cancer, 
melanoma, hepatoma, neuroblastoma; papilloma; apudoma, choristoma, branchioma; 
malignant carcinoid syndrome; carcinoid heart disease, carcinoma (for example, Walker 
carcinoma, basal cell carcinoma, squamobasal carcinoma, Brown-Pearce carcinoma, ductal 
carcinoma, Ehrlich tumor, in situ carcinoma, cancer-2 carcinoma, Merkel cell carcinoma, 
mucous cancer, non-parvicellular bronchial carcinoma, oat-cell carcinoma, papillary 
carcinoma, scirrhus carcinoma, bronchio-alveolar carcinoma, bronchial carcinoma, 
squamous cell carcinoma and transitional cell carcinoma); histiocytic functional disorder; 
leukemia (e.g. in connection with B cell leukemia, mixed-cell leukemia, null cell leukemia, T 
cell leukemia, chronic T cell leukemia, HTLV-ll-associated leukemia, acute lymphocytic 
leukemia, chronic lymphocytic leukemia, mast cell leukemia, and myeloid leukemia); 
malignant histiocytosis, Hodgkin disease, non-Hodgkin lymphoma, solitary plasma cell tumor; 
reticuloendotheliosis, chondroblastoma; chondroma, chondrosarcoma; fibroma; 
fibrosarcoma; giant cell tumors; histiocytoma; lipoma; liposarcoma; leukosarcoma; 
mesothelioma; myxoma; myxosarcoma; osteoma; osteosarcoma; Ewing sarcoma; 
synovioma; adenofibroma; adenolymphoma; carcinosarcoma, chordoma, 
craniopharyngioma, dysgerminoma, hamartoma; mesenchymoma; mesonephroma, 
myosarcoma, ameloblastoma, cementoma; odontoma; teratoma; thymoma, chorioblastoma; 
adenocarcinoma, adenoma; cholangioma; cholesteatoma; cylindroma; cystadenocarcinoma, 
cystadenoma; granulosa cell tumor; gynadroblastoma; hidradenoma; islet-cell tumor; Leydig 
cell tumor; papilloma; Sertoli cell tumor, theca cell tumor, leiomyoma; leiomyosarcoma; 
myoblastoma; myoma; myosarcoma; rhabdomyoma; rhabdomyosarcoma; ependymoma; 
ganglioneuroma, glioma; medulloblastoma, meningioma; neurilemmoma; neuroblastoma; 
neuroepithelioma, neurofibroma, neuroma, paraganglioma, non-chromaffin paraganglioma, 
angiokeratoma, angiolymphoid hyperplasia with eosinophilia; sclerotizing angioma; 
angiomatosis; glomangioma; hemangioendothelioma; hemangioma; hemangiopericytoma, 
hemangiosarcoma; lymphangioma, lymphangiomyoma, lymphangiosarcoma; pinealoma; 
cystosarcoma phylloides; hemangiosarcoma; lymphangiosarcoma; myxosarcoma, ovarian 
carcinoma; sarcoma (for example, Ewing sarcoma, experimentally, Kaposi sarcoma and 
mast cell sarcoma); neoplasms (for example, bone neoplasms, breast neoplasms, 
neoplasms of the digestive system, colorectal neoplasms, liver neoplasms, pancreas 
neoplasms, hypophysis neoplasms, testicle neoplasms, orbital neoplasms, neoplasms of the 
head and neck, of the central nervous system, neoplasms of the hearing organ, pelvis, 
respiratory tract and urogenital tract); neurofibromatosis and cervical squamous cell 
dysplasia, and/or metastases derived from anyone of these.

In a preferred embodiment the cancer, tumor, tumor cells, cancer cells or the metastasis 
derived therefrom is selected from the group of cancerous diseases or tumor diseases 
comprising at least one cell or preferably a significant number of cells or more preferably a 
majority of tumor cells which are positive for carbohydrate epitope in the definition according 
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to the invention, selected from the group of: tumors of the ear-nose-throat region, comprising 
tumors of the inner nose, nasal sinus, nasopharynx, lips, oral cavity, oropharynx, larynx, 
hypopharynx, ear, salivary glands, and paragangliomas, tumors of the lungs, comprising 
non-parvicellular bronchial carcinomas, parvicellular bronchial carcinomas, tumors of the 
mediastinum, tumors of the gastrointestinal tract, comprising tumors of the esophagus, 
stomach, pancreas, liver, gallbladder and biliary tract, small intestine, colon and rectal 
carcinomas and anal carcinomas, urogenital tumors comprising tumors of the kidneys, 
ureter, bladder, prostate gland, urethra, penis and testicles, gynecological tumors comprising 
tumors of the cervix, vagina, vulva, uterine cancer, malignant trophoblast disease, ovarian 
carcinoma, tumors of the uterine tube (Tuba Faloppii), tumors of the abdominal cavity, 
mammary carcinomas, tumors of the endocrine organs, comprising tumors of the thyroid, 
parathyroid, adrenal cortex, endocrine pancreas tumors, carcinoid tumors and carcinoid 
syndrome, multiple endocrine neoplasias, bone and soft-tissue sarcomas, mesotheliomas, 
skin tumors, melanomas comprising cutaneous and intraocular melanomas, tumors of the 
central nervous system, tumors during infancy, comprising retinoblastoma, Wilms tumor, 
neurofibromatosis, neuroblastoma, Ewing sarcoma tumor family, rhabdomyosarcoma, 
lymphomas comprising non-Hodgkin lymphomas, cutaneous T cell lymphomas, primary 
lymphomas of the central nervous system, Hodgkin's disease, leukemias comprising acute 
leukemias, chronic myeloid and lymphatic leukemias, plasma cell neoplasms, 
myelodysplasia syndromes, paraneoplastic syndromes, metastases with unknown primary 
tumor (CUP syndrome), peritoneal carcinomatosis, immunosuppression-related malignancy 
comprising AIDS-related malignancies such as Kaposi sarcoma, AIDS-associated 
lymphomas, AIDS-associated lymphomas of the central nervous system, AIDS-associated 
Hodgkin disease, and AIDS-associated anogenital tumors, transplantation-related 
malignancy, metastasized tumors comprising brain metastases, lung metastases, liver 
cancer, liver metastases, bone metastases, pleural and pericardial metastases, and 
malignant ascites, and/or metastases derived from anyone of these.

In another preferred embodiment the cancer, tumor, tumor cells, cancer cells or the 
metastasis derived therefrom is selected from the group comprising cancerous diseases or 
tumor diseases such as mammary carcinomas, gastrointestinal tumors, including colon 
carcinomas, stomach carcinomas, pancreas carcinomas, colon cancer, early gastric cancer, 
small intestine cancer, ovarian carcinomas, cervical carcinomas, lung cancer, prostate 
cancer, renal cell carcinomas, malignant melanoma, and/or liver cancer, and/or metastases 
derived from anyone of these.

In a further preferred embodiment the cancer, tumor, tumor cells, cancer cells or the 
metastasis derived therefrom is selected from the group of cancerous diseases or tumor 
diseases comprising at least one cell, preferably a significant number of cells, or more 
preferably a majority of tumor cells, which are positive for carbohydrate epitope in the 
definition according to the invention, selected from the group of mammary carcinomas, 
gastrointestinal tumors, including colon carcinomas, stomach carcinomas, pancreas 
carcinomas, colon cancer, early gastric cancer, small intestine cancer, ovarian carcinomas, 
cervical carcinomas, lung cancer, prostate cancer, renal cell carcinomas, malignant 
melanoma, and/or liver cancer, and/or metastases derived from anyone of these.

In another preferred embodiment the invention provides a method to induce or enhance a 
carbohydrate epitope specific immune response and/or to prevent or treat a carbohydrate 
epitope positive disease, the cancer, a tumor, at least one tumor or cancer cell, or at least 
one metastasis comprise at least one cell which is carbohydrate epitope positive.

In further preferred embodiment the invention provides a method to induce or enhance a 
carbohydrate epitope specific immune response and/or to prevent or treat a carbohydrate 
epitope positive disease wherein the individual has a cancer, a tumor, at least one tumor or 
cancer cell, or at least one metastasis selected from the group of cancerous diseases or 
tumor diseases comprising mammary carcinomas, gastrointestinal tumors, including colon 
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carcinomas, stomach carcinomas, pancreas carcinomas, colon cancer, early gastric cancer, 
small intestine cancer, ovarian carcinomas, cervical carcinomas, lung cancer, prostate 
cancer, renal cell carcinomas, malignant melanoma, and/or liver cancer, and/or metastases 
derived from anyone of these.

In a preferred embodiment of the invention the disease associated with the carbohydrate 
epitope or carbohydrate epitope positive disease is selected from the group comprising 
gastrointestinal disorders, whippie's disease,arthritis, sarcoidosis, septicemia or 
osteoradionecrosis.

The gastrointestinal disorders are preferably selected from the group comprising functional 
bowel disorders and inflammatory bowel diseases; whereby the inflammatory bowel diseases 
are selected form the group comprising Crohn's disease, ileitis, and/or ulcerative colitis and 
the functional bowel disorders are selected form the group comprising gastro-esophageal 
reflux, dyspepsia, irritable bowel syndrome and/or functional abdominal pain. The 
gastrointestinal tract in the context of the invention consists of the following components: 
mouth (buccal cavity; includes salivary glands, mucosa, teeth and tongue), pharynx, 
esophagus and cardia, stomach, which includes the antrum and pylorus, bowel or intestine: 
small intestine, which has three parts: duodenum, jejunum, ileum; large intestine, which has 
three parts: cecum (the vermiform appendix is attached to the cecum); colon (ascending 
colon, transverse colon, descending colon and sigmoid flexure); rectum and/or anus.

Diseases associated with the carbohydrate epitope in the meaning of the invention are also 
diseases entirely or partially due to the formation of autoantibodies and their damaging effect 
on the overall organism or organ systems, i.e., due to autoaggression. A classification into 
organ-specific, intermediary and/or systemic autoimmune diseases can be made. Preferred 
organ-specific autoimmune diseases are HASHIMOTO thyroiditis, primary myxedema, 
thyrotoxicosis (BASEDOW disease), pernicious anemia, ADDISON disease, myasthenia 
gravis and/or juvenile diabetes mellitus. Preferred intermediary autoimmune diseases are 
GOODPASTURE syndrome, autoimmune hemolytic anemia, autoimmune leukopenia, 
idiopathic thrombocytopenia, pemphigus vulgaris, sympathetic ophthalmia, primary bile 
cirrhosis, autoimmune hepatitis, colitis ulcerosa and/or SJOGREN syndrome. Preferred 
systemic autoimmune diseases are rheumatoid arthritis, rheumatic fever, systemic lupus 
erythematodes, dermatomyositis/polymyositis, progressive systemic sclerosis, WEGENER 
granulomatosis, panarteritis nodosa and/or hypersensitivity angiitis. Typical autoimmune 
diseases are thyrotoxicosis, thyroid-caused myxedema, HASHIMOTO thyroiditis, generalized 
endocrinopathy, pernicious anemia, chronic gastritis type A, diseases of single or all 
corpuscular elements of the blood (for example, autoimmune hemolytic anemia, idiopathic 
thrombocytopenia or thrombocytopathy; idiopathic leukopenia or agranulocytosis), 
pemphigus vulgaris and pemphigoid, sympathetic ophthalmia, and numerous forms of 
uveitis, primarily biliary liver cirrhosis and chronic aggressive autoimmune hepatitis, diabetes 
mellitus type I, CROHN disease and colitis ulcerosa, SJOGREN syndrome, ADDISON 
disease, lupus erythematodes disseminatus and discoid form of said disease, as 
dermatomyositis and scleroderma, rheumatoid arthritis (= primarily chronic polyarthritis), 
antiglomerular basement membrane nephritis. The basis is an aggressive immune reaction 
due to breakdown of the immune tolerance to self-determinants and a reduction of the 
activity of T suppressor cells (with lymphocyte marker T8) or an excess of T helper cells (with 
lymphocyte marker T4) over the suppressor cells; furthermore, formation of autoantigens is 
possible e.g. by coupling of host proteins to haptens (e.g. drugs), by ontogenetic tissue not 
developing until self-tolerance has developed, by protein components demasked as a result 
of conformational changes of proteins in connection with e.g. infection by viruses or bacteria; 
and by new proteins formed in connection with neoplasias.

Septicemic diseases in the meaning of the invention are diseases due to continuous or 
periodic invasion of pathogenic bacteria and/or their toxins from a focus of disease and their 
spreading on the lymph-blood route to form a general or local infection.
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Septicemia in the meaning of the invention is preferably wound septicemia (phlegmon, 
thrombophlebitis, lymphangitis), puerperal septicemia (in case of puerperal fever), otogenic 
septicemia (in case of otitis media), tonsillogenic septicemia (in case of angina, 
peritonsillitis), cholangitic septicemia (in case of purulent cholecystitis, cholangitis), 
pylephlebitic septicemia (in case of pylephlebitis) umbilical septicemia (in case of omphalitis 
etc.), urosepticemia, as well as dental granuloma. Septicemia in the meaning of the invention 
can be acute to highly acute (foudroyant), subacute (e.g. as endocarditis lenta) or chronic, 
and of course, can also be neonatal septicemia.

Therefore, septicemias in the meaning of the invention are all pathogenic changes in a 
patient which can be associated with intermittent fever and cold chills, with spleen tumor, 
toxic reactions or damage of the bone marrow or blood (polynuclear leukocytosis, anemia, 
hemolysis, thrombocytopenia) or with pathogenic reactions in the heart and vasomotor nerve 
(tachycardia, centralization of the blood circulation, edemas, oliguria; possibly shock) or in 
the digestive tract (dry, coated tongue, diarrhea), or with septicopyemia (pyemia with 
formation of septic infarction and metastatic abscess).

In the meaning of the invention, preferred diseases include: AIDS, acne, albuminuria 
(proteinuria), alcohol withdrawal syndrome, allergies, alopecia (loss of hair), ALS 
(amyotrophic lateral sclerosis), Alzheimer's disease, retinal macula senile degeneration, 
anemia, thalassemia, anxiety syndrome, anthrax (milzbrand) aortic sclerosis, occlusive 
arterial disease, arteriosclerosis, arterial occlusion, arteriitis temporalis, arteriovenous fistula, 
asthma, respiratory insufficiency, autoimmune disease, prolapsed intervertebral disc, 
inflammation of the peritoneum, pancreatic cancer, Becker muscular dystrophy, benign 
prostate hyperplasia (BPH), bladder carcinoma, hemophilia, bronchial carcinoma, breast 
cancer, BSE, chlamydia infection, chronic pain, cirrhosis, commotio cerebri (brain 
concussion), Creutzfeld-Jacob disease, intestinal carcinoma, intestinal tuberculosis, 
depression, diabetes insipidus, diabetes mellitus, diabetes mellitus juvenilis, diabetic 
retinopathy, Duchenne muscular dystrophia, duodenal carcinoma, dystrophia musculorum 
progressiva, dystrophia, Ebola, eczema, erectile dysfunction, obesity, fibrosis, cervix cancer, 
uterine cancer, cerebral hemorrhage, encephalitis, loss of hair, hemiplegia, hemolytic 
anemia, hemophilia, urinary incontinence, pet allergy (animal hair allergy), skin cancer, 
herpes zoster, cardiac infarction, cardiac insufficiency, cardiovalvulitis, cerebral metastases, 
cerebral stroke, cerebral tumor, testicle cancer, ischemia, Kahler's disease (plasmocytoma), 
polio (poliomyelitis), rarefaction of bone, colon carcinoma, contact eczema, palsy, liver 
cirrhosis, leukemia, pulmonary fibrosis, lung cancer, pulmonary edema, lymph node cancer, 
(Morbus Hodgkin), lymphogranulomatosis, lymphoma, lyssa, gastric carcinoma, meningitis, 
mucoviscidosis (cystic fibrosis), multiple sclerosis (MS), myocardial infarction, neurodermitis, 
neurofibromatosis, neuronal tumors, kidney cancer (kidney cell carcinoma), osteoporosis, 
pancreas carcinoma, pneumonia, polyarthritis, polyneuropathies, potency disorders, 
progressive systemic sclerosi (PSS), prostate cancer, rectum carcinoma, pleurisy, 
craniocerebral trauma, vaginal carcinoma, sinusitis, esophagus cancer, tremor, tuberculosis, 
tumor pain, burns/scalds, intoxications, viral meningitis, menopause, soft-tissue sarcoma, 
soft-tissue tumor, cerebral blood circulation disorders, CNS tumors.

For testing, a study with healthy human volunteers should be performed, wherein serum 
antibody titers against Core-1 are determined by using at least one of the humoral immune 
response tests 1 to 6 determining the existing antibody response against Core-1 before first 
application of the nutraceutical and preferably volunteers with no or lower anti-Core-1 
antibody levels are selected for the human trial. In those volunteers the nutraceutical 
comprising AG6 or MU1 or a placebo should be orally given over a period of 3 to 30 weeks. 
Oral application of at least two different dosages should be performed. Immune responses 
are followed by determination of the antibody and/or T cell response against Core-1 by using 
at least one of the humoral response tests 1 to 6 and/ or cellular immune response tests 1 to 
5 prior to and in suitable intervals after start of oral administration of the nutraceutical. If a 
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formulation has the desired characteristics, there is a significant elevation of the antibody 
response against Core-1 and/or T cell response against Core-1 observed in a significant 
number of volunteers in the volunteer group that receives the nutraceutical in comparison to 
the titer before the study as positively tested by being positive in at least one of the humoral 
immune response tests 1to 6 and/or in at least one of the cellular immune response tests 1 
to 5. In the placebo group elevation of antibody or T-cell response against Core-1 should be 
less frequently observed or to a lesser extent.

This shows the effectiveness of the nutraceutical in humans for building an immune response 
against Core-1 which functions as a shield against Core-1 positive cancer cells for the 
prevention, reduction or spread of Core-1 positive tumors or metastasis or its treatment.

For testing the therapeutic potential, a study should be performed with human immuno 
competent cancer patients with Core-1 positive tumors which underwent surgery for 
removing the bulk tumor. Serum antibody titers against Core-1 are then determined by using 
at least one of the humoral immune response tests 1 to 6 for determining the existing 
antibody response against Core-1 before first application of the pharmaceutical composition. 
The pharmaceutical composition comprising AG6 or MU1 or a placebo are administered 
several times orally, intra peritoneally or intra venously over a period of 3 to 70 weeks. 
Administration of at least two different suitable dosages is performed. Immune responses are 
followed by determination of the antibody and/or T cell response against Core-1 by using at 
least one of the humoral response tests 1 to 6 and/ or cellular immune response tests 1 to 5 
and /or the clinical response are followed by determination of time to progression, tumor free 
survival and/or tumor volumes and/or sites, each prior to and in suitably intervals after start of 
the administration of the pharmeutical composition. There is a significant elevation of the 
antibody response against Core-1 and/or of the T cell response against Core-1 observed in a 
significant number of volunteers in the group that receives the formulation of the invention in 
comparison to the titre before the study as positively tested by being positive in at least one 
of the humoral immune response tests 1 to 6 and/or in at least one of the cellular immune 
response tests 1 to 5 and/or a partial or complete clinical response or a elongated time to 
progression or time of survival in a significant number of the patients receiving the 
formulation. In the placebo group elevation of antibody or T-cell response against Core-1 is 
less frequently observed or to a lesser extend and/or no or a significantly lower clinical 
response is observed.

This may show the effectiveness of the pharmaceutical composition in humans for building 
an immune response against Core-1 which functions as a shield against Core-1 positive 
cancer cells for the prevention, reduction or spread of the occurrence of Core-1 positive 
tumors or metastasis or its treatment.

The contacting of the Core-1 positive microorganism or fraction thereof within the body of the 
living organism (human/animal) can initiate the production of antibodies binding Core-1, the 
Core-1 antigen, or Core-1 positive tumor cells in a significant number of humans or animals.

Surprisingly, antibodies against Core-1 can function as an immunosurveillance mechanism 
against newly arising cancer cells. Even more surprising, a Core-1 specific cellular immune 
response comprising activation of CD4 positive T cells of Th1 type and/or activation of CD8 
positive cytotoxic T cells directed against Core-1, and/or a carbohydrate structure, 
carbohydrate conjugate or a mammalian cell comprising said carbohydrate epitope can be 
achieved in a significant number of humans or animals.

In a study with healthy human volunteers serum antibody titers against Tn or Lewis- or 
Lewis-Y can be determined by using at least one of the humoral immune response tests 1 to 
6 determining the existing antibody response against Tn or Lewis Y before first application of 
the nutraceutical and preferably volunteers with no or lower Tn or Lewis Y antibody levels are 
selected for the human trial. In those volunteers the nutraceutical comprising a Tn positive 
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microorganism, or a Lewis-Y positive microorganism or a placebo are orally given over a 
period of 3 to 30 weeks. Oral application of at least two different dosages is performed. 
Immune responses are followed by determination of the antibody and T cell response against 
Tn or Lewis Y by using at least one of the humoral response tests 1 to 6 and cellular immune 
response tests 1 to 5 prior to and in suitably intervals after start of oral administration of the 
nutraceutical. For suitable formulations a significant elevation of the antibody response 
against Tn or Lewis Y and/or T cell response against Tn or Lewis Y, respectively, should be 
observed in a significant number of volunteers in the volunteer group that receives the 
nutraceutical in comparison to the titre before the study as positively tested by being positive 
in at least one of the humoral immune response tests 1 to 6 and/or in at least one of the 
cellular immune response tests 1 to 5. In the placebo group elevation of antibody or T-cell 
response against Tn or Lewis Y is less frequently observed or to a lesser extend. The 
induction of the cellular immune response is characterized by the activation of Tn- or Lewis 
Y- specific T cells such as CD4 positive Th1 cells and/or CD8 positive cytotoxic T cells 
indicating the induction of an effective Τη-or Lewis Y-specific cellular immune response, 
respectively.

This may show the effectiveness of the nutraceutical in humans for building an immune 
response against Tn or Lewis-Y which functions as a shield against Tn or Lewis Y positive 
cancer cells for the prevention, reduction or spread of Tn or Lewis Y positive tumors or 
metastasis or its treatment.

Before first application of the pharmaceutical composition in a study with human immuno­
competent cancer patients suffering from Lewis-Y positive tumors, serum antibody titres 
against Lewis-Y are determined by using at least one of the humoral immune response tests 
1 to 6 determining the existing antibody response against Lewis-Y.

Patients are treated in the adjuvant setting after removing the bulk tumor. The 
pharmaceutical composition comprising a Lewis-Y positive bacteria strain or a placebo are 
administered several times orally, intra peritoneally or intra venously over a period of 3 to 70 
weeks. Administration of at least two different suitable dosages is performed. Immune 
responses are followed by determination of the antibody and/or T cell response against 
Lewis-Y by using at least one of the humoral response tests 1 to 6 and/ or cellular immune 
response tests 1 to 5. The clinical response is followed by determination of time to 
progression, tumor free survival and/or tumor volumes and/or sites, each prior to and in 
suitably intervals after start of the administration of the pharmaceutical composition. There is 
a significant elevation of the antibody response against Lewis-Y and/or of the T cell response 
against Lewis-Y observed in a significant number of volunteers in the group that receives the 
formulation of the invention in comparison to the titre before the study as positively tested by 
being positive in at least one of the humoral immune response tests 1 to 6 or in at least one 
of the cellular immune response tests 1 to 5 and/or a partial or complete clinical response or 
a elongated time to progression or time of survival in a significant number of the patients 
receiving the formulation.

The induced T cell response shows the features of an effective Lewis-Y specific cellular 
immune response comprising activation of CD4 positive Th1 T cells and/or CD8 positive 
cytotoxic T cells. In the placebo group elevation of antibody or T-cell response against 
Lewis-Y is less frequently observed or to a lesser extend and/or no or a significantly lower 
clinical response is observed.

This shows the effectiveness of the pharmaceutical composition in humans for building an 
immune response against Lewis-Y which functions as a shield against Lewis-Y positive 
cancer cells for the prevention, reduction or spread of the occurrence of Lewis-Y positive 
tumors or metastasis or its treatment.
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The contacting of the Lewis-Y positive microorganism or fraction thereof within the body of 
the living organism (human/animal) can initiate the production of antibodies binding Lewis-Y, 
the Lewis-Y antigen, or Lewis-Y positive tumor cells in a significant number of humans or 
animals. Surprisingly, antibodies against Lewis-Y function as a immunosurveillance 
mechanism against newly arising cancer cells. The induction of an effective Lewis-Y specific 
cellular immune response can result in the killing of residual or newly arising Lewis-Y positive 
tumor cells in the patient.

F) KITS

The invention relates also to a kit for inducing a specific humoral and/or cellular immune 
response in a human or animal against the carbohydrate epitope or carbohydrate epitope 
positive tumor cells, as described elsewhere herein, comprising the nutraceutical, or the 
pharmaceutical formulation, or the carbohydrate positive microorganism, or the fraction 
thereof or or formulations comprising those, which are described elsewhere herein, and an 
information about the use of the kit.

The invention relates also to a kit for inducing an effective carbohydrate specific cellular 
immune response in a human or animal against the carbohydrate epitope or carbohydrate 
epitope positive tumor cells or disease cells, as described elsewhere herein, comprising the 
nutraceutical, or the pharmaceutical formulation, or the carbohydrate positive microorganism, 
or the fraction thereof or or formulations comprising those, which are described elsewhere 
herein, and an information about the use of the kit.

The invention relates also to a kit for reducing or preventing the occurrence of a 
carbohydrate epitope positive disease or a tumor, preferably a carbohydrate epitope positive 
tumor, comprising the nutraceutical, or the pharmaceutical formulation, or the carbohydrate 
positive microorganism, or the fraction thereof or formulations thereof which are described 
elsewhere herein, or formulations comprising those, and an information about the use of the 
kit.

The invention relates also to a kit for reducing or preventing the spread of a carbohydrate 
epitope positive disease or metastasis of a tumor, preferably of a carbohydrate epitope 
positive tumor, comprising the nutraceutical, or the pharmaceutical formulation, or the 
carbohydrate positive microorganism, or the fraction thereof or formulations thereof which 
are described elsewhere herein, or formulations comprising those, and an information about 
the use of the kit.

The invention relates also to a kit to treat a carbohydrate epitope positive disease or a tumor, 
preferably a carbohydrate epitope positive tumor, comprising the nutraceutical, or the 
pharmaceutical formulation, or the carbohydrate positive microorganism, or the fraction 
thereof or formulations thereof which are described elsewhere herein, or formulations 
comprising those, and an information about the use of the kit.

The invention relates also to a kit to strengthen the immune system or to improve an immune 
response as described elsewhere herein comprising the nutraceutical, or the pharmaceutical 
formulation, or the carbohydrate positive microorganism, or the fraction thereof or 
formulations thereof which are described elsewhere herein, or formulations comprising those, 
and an information about the use of the kit.

The kit may include information (instruction leaflet, internet address) explaining how to 
combine the components of the kit. Said information can also be related to a therapeutic 
scheme.

The invention relates also to a kit for the determination of the immune response against the 
carbohydrate epitope comprising at least one of the herein described immune response tests 
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against carbohydrate epitope, preferably at least two, and more preferably at least one 
humoral and one cellular immune response test, comprising at least one of the material 
described under the according immune response test and an information about the use of 
the kit. In a preferred embodiment the kit additionally comprises according controls, and 
more preferably at least one of the nutraceutical, or the pharmaceutical formulation, or the 
carbohydrate positive microorganism, or the fraction thereof or formulations thereof which 
are described elsewhere herein, or formulations comprising those.

The invention relates also to a kit for generating at least one functional dendritic cell against 
the carbohydrate epitope, comprising the nutraceutical, or the pharmaceutical formulation, or 
the carbohydrate positive microorganism, or the fraction thereof or formulations comprising 
those, and an information about the use of the kit.

In preferred embodiment the kit for generating at least one functional dendritic cell against 
the carbohydrate epitope further comprises immature dendritic cells derived from a dendritic 
cell line such as but not limited to MUTZ-3 or Nemod-DC.

The invention relates also to a kit for generating at least one activated T cell, T cells, T cell 
clone or T cell line against the carbohydrate epitope, comprising the nutraceutical, or the 
pharmaceutical formulation, or the carbohydrate positive microorganism, or the fraction 
thereof or formulations thereof, or formulations comprising those, and an information about 
the use of the kit.

The invention relates also to a kit for isolating a carbohydrate positive microorganism or a 
fraction of a microorganism comprising at least one carbohydrate epitope carrying molecule 
or structure, comprising at least one carbohydrate epitope specific antibody or carbohydrate 
binding molecule and an information about the use of the kit.

The invention relates also to a kit for identifying a carbohydrate positive microorganism or a 
fraction of a microorganism comprising at least one carbohydrate epitope carrying molecule 
or structure, comprising at least one carbohydrate epitope specific antibody or carbohydrate 
binding molecule and an information about the use of the kit.

The invention relates also to a kit for identifying or isolating a carbohydrate positive 
microorganism or a fraction of a microorganism comprising at least one carbohydrate epitope 
positive molecule or structure or for identifying a suitable carbohydrate positive 
microorganism for use as a component for nutraceuticals and pharmaceutical compositions 
of the invention comprising at least one carbohydrate epitope specific antibody or 
carbohydrate binding molecule and an information about the use of the kit.

In a perferred embodiment the kit comprises at least one carbohydrate positive 
microorganism, lysate or fraction thereof as a positive control.

G) METHODS FOR ANTIBODY GENERATION

The invention also provides a method for generation of an antibody or antibody composition 
or polyclonal serum recognizing the carbohydrate epitope of interest, comprising

(a) bringing into contact the nutraceutical, the pharmaceutical composition, the 
carbohydrate positive microorganism or fraction thereof with a human or an animal
(b) inducing or enhancing a humoral immune response recognizing the carbohydrate 
epitope and/or a carbohydrate epitope positive tumor cell
(c) isolating said anti carbohydrate epitope antibody or antibody composition.

According to one embodiment, in step (c) at least one cell is generated producing said anti 
carbohydrate epitope antibody or antibody composition. Said final step (c) can be done by 
various methods such as
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(i) by immortalization of at least one cell producing the anti carbohydrate epitope 
antibody, preferably by fusion with an immortal cell line as performed in the 
hybridoma technology, or preferably by infection with a suitable virus such as 
Epstein Barr Virus (EBV) , or by recombinant transfection with at least one gene 
which causes immortalization of the cell such as E1 from EBV; or

(ii) by analysis of the peptide sequence of at least the variable regions of the anti 
carbohydrate epitope antibody or at least the binding region of the anti 
carbohydrate epitope antibody responsible for the specificity of the antibody and 
transformation of cells with DNA encoding the anti- carbohydrate epitope antibody 
as a whole antibody of any isotype or a fragment thereof or a fusion protein of a 
fragment of the anti- carbohydrate epitope antibody or the whole antibody with at 
least one other amino acid or polypeptide sequence.

Preferred are cells which are able to stably produce the antibodies meaning that the cells can 
be passaged over a suitable amount of cycles for production of the antibodies such as but 
not limited to hybridoma cells and otherwise immortalised cells or by recombinantly stably 
transformed cells such as but not limited to CHO, NS0, SP2, Y0, PerC.6, Hec293. However, 
also transient expression such as the expression in COS or Hec293 cells or B cells are an 
embodiment of the invention. Said anti-carbohydrate epitope monoclonal antibody can be 
isolated from the culture supernatant. In a preferred embodiment of the invention said cell 
producing an anti- carbohydrate epitope monoclonal antibody is obtained by single cell 
cloning.

In a preferred embodiment the invention provides the nucleic acid such as DNA encoding the 
anti carbohydrate epitope antibody monoclonal antibody or a fragment thereof.

In a preferred embodiment the invention provides an anti carbohydrate epitope antibody or 
antibody composition or polyclonal serum, the anti carbohydrate epitope monoclonal 
antibody or at least one fragment thereof. In another embodiment the invention provides a 
cell producing an anti carbohydrate epitope antibody or antibody composition or at least one 
fragment thereof. In a further preferred embodiment the invention provides an anti 
carbohydrate epitope monoclonal antibody or the fragment thereof which is a humanized 
antibody or a human antibody from a transgenic mouse.

In a preferred embodiment the invention provides the cell producing an anti carbohydrate 
epitope antibody or antibody composition, the anti carbohydrate epitope monoclonal antibody 
or at least one fragment thereof as described above.

Said anti- carbohydrate epitope antibody in sense of the invention can be any inducible 
antibody in a human or an animal recognizing the carbohydrate epitope of interest and/or a 
tumor cell carrying a carbohydrate epitope of interest, preferably those antibodies which are 
carbohydrate epitope specific antibodies with the binding or specificity criteria described 
under definitions or elsewhere herein.

Said carbohydrate epitope antibody can have and format such as IgG, IgM, IgA, IgE, IgD or 
any fragment derived therefrom by technologies known to those skilled in the art such as but 
not limited to Fab, F(ab)2, single chain antibodies, single domain antibodies, multibodies, 
antibody fusion proteins, bispecific antibodies or antibody, and humanized or chimaerized 
antibodies.

Any animal or human can be brought into contact with the nutraceutical, the pharmaceutical 
composition, the carbohydrate positive microorganism and/or fraction thereof, preferred are 
humans and mice, rats, rabbits, goats, camels, chicken, hamster, guinea pig or monkeys, 
even further preferred are animals which are known to those skilled in the art to be 
particularly suitable for generating an antibody response such as but not limited to rabbits, 
goats, rats, humans, chimpanzees and mice for polyclonal antibody sera and those which 
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are known to those skilled in the art to be particularly suitable for generating monoclonal 
antibodies such as but not limited to mice, rats, human, further preferred are transgenic mice 
which carry at least parts of the human antibody genes and humans.

Bringing into contact means any method or route of administration described elsewhere 
herein for administering the nutraceutical, the pharmaceutical composition, the carbohydrate 
positive microorganism and/or fraction thereof, which is able to induce a humoral response 
against the carbohydrate epitope of interest. Additional adjuvants may be used for increasing 
the immunogenicity which are known to those skilled in the art. Preferred is the oral and the 
systemic administration and within the latter the intra veneous, the intra dermally, or the 
subcutaneous and even more the intra peritoneal administration.

The induction of the humoral immune response against the carbohydrate epitope of interest 
can be tested in the humoral immune response tests of the invention and at least one of the 
humoral immune response tests 1 to 6 has to be positive as described elsewhere herein, 
whereby in a preferred embodiment said antibodies gained from the serum, plasma or faeces 
also include those which are gained from cells producing antibodies against the carbohydrate 
epitope of interest, such as B-cells, or immortalized B-cells, or cells recombinantly 
expressing anti carbohydrate epitope antibodies. These antibodies can be gained in a variety 
of ways known to those skilled in the art, in a preferred embodiment sera from blood, or 
fractions of a sera, or a serum or a fraction of a serum which was preabsorbed against 
suitable antigens such as microbial antigens negative for the carbohydrate epitope of 
interest, preferably a microorganism negative for the carbohydrate epitope of interest, or 
antibodies from an antibody producing cell such as those described above in form of whole 
or fractionated cell supernatants or purified antibodies are used as said antibodies gained 
from the serum, plasma or faeces in at least one of the humoral immune test 1 to 6.

DEFINITIONS

Nutraceutical
In accordance with the present invention the term “nutraceutical” means any nutrient, 
composition of nutrients or formulation which can be taken orally by a human or animal such 
as but not limited to nutrients, nutrition additives, food additives, dietary supplements, clinical 
food or nutrition, medical food or nutrition, enteral food, enteral clinical nutrition, health care 
nutrition or food, food for special dietary use, food of specified health use or functional food 
that can be applied orally in different forms, such as but not limited to capsules, tablets, 
emulsions, powder, liquids, as well as in form of any food or drink or as a part of it. In special 
cases the nutraceutical can be given parenterally (parenteral food). The nutraceutical can be 
given by itself or mixed with at least one other ingredient. The nutraceutical by itself or its 
mixture with at least one other ingredient can be given by itself or mixed into a food or a 
drink. The term nutraceutical also means any food, beverage, capsule, tablet, emulsion, 
powder, or liquid.

Pharmaceutical composition
In accordance with the present invention the term “pharmaceutical composition” means any 
composition which can be used as a drug, or a pharmaceutical, or a biological, or is a 
component of a drug or a pharmaceutical or a biological.

Carbohydrate-positive microorganism
In accordance with the present invention the term “carbohydrate positive microorganism” 
means any mircoorganism which is recognized and thus bound upon contact by at least one 
carbohydrate binding molecule specifically recognizing a carbohydrate epitope (as defined 
elsewhere herein) usually present on a molecule from a human or animal cell. Preferably this 
binding can be inhibited by mild periodate treatment, and/or by partial or complete chemical 
or enzymatic removal or alteration of the carbohydrate epitope or the carbohydrate structure 
comprising the carbohydrate epitope, and/or by inhibition of the binding of the carbohydrate 
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binding molecule with suitable amounts of another carbohydrate binding molecule 
recognizing said carbohydrate epitope, and/or by inhibition of the binding of the carbohydrate 
binding molecule with suitable amounts of the carbohydrate epitope or a molecule, mixtures 
of molecules or cell comprising said carbohydrate epitope when incubated with the 
microorganism during binding studies with the carbohydrate binding molecule. Also 
comprised by the term “carbohydrate positive microorganism” are microorganisms wherein 
the carbohydrate epitope of interest is exposed only after a chemical or enzymatical 
treatment such as e.g. a periodate treatment. Hence, said microorganism is recognized and 
thus bound upon contact by at least a corresponding carbohydrate binding molecule after 
said treatment.

A carbohydrate positive microorganism can be any microorganism such as but not limited to 
bacteria, cyanobacteria, eubacteria, algae, fungi (mushrooms, yeasts, smuts, molds etc.), 
viruses and protozoa, preferred are bacterial microorganisms such as but not limited to 
microorganisms isolated from the soil, from plants, animals, humans or other higher living 
organisms such as cats, dogs, pigs, cows, goat, rabbit, mice, chimpanzees. In a preferred 
embodiment the carbohydrate positive microorganism is a microorganism which originates 
from the human gastrointestinal system.

carbohydrate binding molecule
In accordance with the present invention the term carbohydrate binding molecule means a 
molecule that recognizes a certain carbohydrate structure or which binds to its epitope 
dependent of a certain carbohydrate such as but not limited to carbohydrate-specific 
monoclonal and polyclonal antibodies, lectins and selectins and/or molecules derived 
therefrom. Preferably, said carbohydrate binding molecule specifically recognizes a 
carbohydrate epitope present on a human or animal cell such as e.g. a tumor marker. By 
using respective carbohydrate binding molecules which are specific for a “human” 
carbohydrate epitope, one may isolate a carbohydrate positive microorganism caryying a 
structure that is identical to or mimics the carbohydrate epitope of interest as can be 
determined by binding of said carbohydrate binding molecule which is preferably an 
antibody. Examples of suitable carbohydrate binding molecules are described e.g. in Table 2.

Said carbohydrate-specific antibody can be a whole antibody from any animal or human such 
as murine, rat, human, camel, humanized or chimaeric IgM, IgG, lgG1, lgG2, lgG3, lgG4, 
IgA, IgE, IgD or any fragment of an antibody as long as it comprises the binding specificity or 
dependency against the carbohydrate, such as Fab, F(ab)2, single chain Fv, or single 
domain antibodies. Those 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.

carbohydrate epitope
In accordance with the present invention the term “carbohydrate epitope” means the 
structure which is bound upon contact by a carbohydrate binding molecule:

Said carbohydrate epitope can thereby equal the carbohydrate part bound by said 
carbohydrate binding molecule or the carbohydrate epitope can comprise the carbohydrate 
part bound by the carbohydrate binding molecule. For further clarification, for example such 
as but not limited to (i) said carbohydrate epitope can equal the tetrasaccharide Lewis Y with 
all four carbohydrate units of which are necessary for the binding of the carbohydrate binding 
molecule the monoclonal antibody A70-C/C8, or said carbohydrate epitope is also Lewis Y 
comprising the trisaccharide H-type 2 which is the minimal binding specificity requirement for 
the carbohydrate binding molecule the monoclonal antibody A46-B/B10 and which also binds 
to the tetrasaccharide of Lewis Y, and/or (ii) said carbohydrate epitope equals the 
carbohydrate part bound by a carbohydrate molecule but it is linked differently, such as but 
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not limited to a beta linkage instead of an alpha linkage or vice versa or linked via a different 
carbohydrate atom.

The term carbohydrate epitope can also mean the carbohydrate antigen which can be the 
same as the carbohydrate epitope or be any structure comprising a carbohydrate epitope 
described elsewhere herein in addition to e.g. a peptide part/portion.

The carbohydrate epitope can consist of carbohydrate structures or carbohydrate-mimicking 
structures such as polypeptides, peptides, lipids or carbohydrates or combinations thereof of 
a chemical structure different from the carbohydrate but which have a conformational 
structure which can be recognized by carbohydrate binding molecules of the invention and 
thus has immunochemically similar or identical properties.

The carbohydrate epitope can be linked to other biomolecules or be part of it such as but not 
limited to polysaccharides, peptidoglycans, glycoproteins, glycopeptides, glycolipids, 
lipopolysaccharides, glycosaminoglycans, capsular polysaccharides or O-antigens.

The carbohydrate epitope can also be linked via various linkers and various densities to 
natural or synthetic carriers, such as polyacrylamide (herein also called PAA), or other 
molecules such as chromatographic bed materials (e.g. sepharose), biotin or proteins, such 
as bovine serum albumin (BSA), ovalbumin (Ova), Keyhole limpet hemocyanin (KLH), toxins, 
toxoids, T helper epitopes .

The carbohydrate epitope originates or corresponds to (e.g. mimics) a carbohydrate epitope 
from a human or animal cell and can be present on the surface of the cell or intracellular or 
can be secreted by the human or animal cell. Preferably, said carbohydrate epitope is a 
disease marker, e.g. a tumor marker.

Effective carbohydrate specific cellular immune response (ECSCIR)
In accordance with the present invention the term ..effective carbohydrate specific cellular 
immune response” means a cellular immune response that is induced by the administration 
of an immunogen comprising a carbohydrate-epitope which preferably shows the following 
features:

(i) the immune response is against the carbohydrate epitope, meaning that the immune 
response is carbohydrate specific or dependent on the carbohydrate or the availability of the 
carbohydrate, whereby the immune response against the carbohydrate epitope can also be 
or comprise an immune response against at least one carbohydrate structure, carbohydrate 
conjugate and/or a mammalian cell comprising said carbohydrate epitope
(ii) the immune response is MHC dependent
(iii) the immune response comprises a Th1 type immune response comprising the activation 
of CD4 positive T cells of Th1 type and/or
(iv) the induction of CD8 positive cytotoxic T cells,
preferably the activation of CD4 positive T cells of Th1 type and the induction of CD8 positive 
cytotoxic T cells.

The Th1-type immunity is characterized by the proliferation of T cells and the secretion of the 
cytokines IFNgamma and/or TNFalpha and GM-CSF which can be measured by the cellular 
immune response tests as disclosed herein or by techniques known to those skilled in the art 
such as but not limited to proliferation assays, ELISA, ELISpot or flow cytometry.

Induction of CD8 positive cytotoxic T cells can be measured by the cellular immune response 
tests as disclosed herein or by techniques known to those skilled in the art.

Carbohydrate specificity of the cellular immune response can be determined by restimulation 
of activated T cells with the carbohydrate epitope, preferably with the carbohydrate epitope 
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on a carrier different from the one used for the priming of the T cell response, such as but not 
limited to lysates or fractions from cells expressing the carbohydrate epitope or proteins or 
peptides carrying the carbohydrate epitope (in case of priming with the carbohydrate epitope 
on microorganisms) and/or by blockage of the proliferation and/or cytokine secretion with 
carbohydrate binding molecules and/or a MHO class specific antibody, preferably the 
carbohydrate specificity of the cellular immune response is determined by restimulation of 
activated T cells with the carbohydrate epitope on a carrier different from the one used for 
the priming of the T cell response and by blockage of the proliferation or cytokine secretion 
with carbohydrate binding molecules.

Fraction of a carbohydrate-positive microorganism
In accordance with the present invention the term fraction of a carbohydrate-positive 
microorganism means a preparation or purification of a part or parts of said microorganism 
such as but not limited to cell wall preparation, envelope preparation, lysate, 
lipopolysaccharid preparation, preparation of capsules, or capsule polysaccharide 
preparation. They comprise at least one carbohydrate positive component of said 
carbohydrate positive microorganism which is bound by at least one of said carbohydrate 
binding molecules recognizing the carbohydrate epitope and/or antigen of choice. They can 
be obtained by preparation, purification, and/or prepartion or purification steps from at least 
one carbohydrate positive microorganim. Said preparations and/or purifications can be 
obtained by methods known to those skilled in the art such as those described above, or 
such as but not limited to single or sequential cell fractionation, phenol water extractions, 
ether extractions, lysozyme digestions or chromatographic methods or combinations thereof. 
Furthermore, the term fraction of a carbohydrate positive microorganism also comprises 
artifically produced carbohydrate positive components which are also found on carbohydrate 
positive microorganisms of the present invention. Fig. 19 e.g. shows some Core-1 positive 
components and thus fractions of a Core-1 positive microorganism (here: AG6). These Core- 
1 positive components/fractions of the Core-1 positive microorganism AG6 could also be 
produced chemically. The carbohydrate positive component or the fraction containing the 
carbohydrate positive component is detected by binding of the fraction to at least one 
carbohydrate binding molecule in test systems such as but not limited to ELISA, flow 
cytometry, immuno fluorescence or Dot blots which are known to those skilled in the art. In a 
preferred embodiment of the invention the fraction comprising a carbohydrate positive 
component is obtained by affinity chromatography using at least one carbohydrate specific 
antibody. In a preferred embodiment a single preparation or purification step is used. In 
another preferred embodiment a combination of at least two preparations and/or purification 
steps are used.

carbohydrate positive component
In accordance with the present invention the term carbohydrate positive component means 
any component of a carbohydrate positive microorganism which is bound upon contact by at 
least one carbohydrate specific antibody or carbohydrate binding molecule. Said 
carbohydrate positive component comprises at least one carbohydrate structure comprising 
the carbohydrate epitope as defined or described elsewhere herein which can be available in 
form of its natural molecule where it is part of the microorganism, such as a peptide, 
oligopeptide, polypeptide, lipid, ceramide, carbohydrate, lipoprotein, polysaccharide, 
oligosaccharide, polysaccharide, proteoglycan or glycoprotein, or as a part of said natural 
molecule, or alone. The carbohydrate positive component can be used in sense of the 
invention as a fraction of the carbohydrate positive microorganism as such or coupled to 
other non-natural carrier structures such as but not limited to proteins, lipids, chemical 
molecules such as polyacrylamide. Preferably it is used in its natural form or as a part of said 
natural molecule. The carbohydrate positive component can comprise one or different 
carbohydrate chain types with a single carbohydrate epitope or multiple carbohydrate 
epitopes or repeating units of said structures and can contain additional carbohydrate 
structures or units or other biomolecule structures. As described elsewhere herein the 
carbohydrate epitope can also be or comprise a carbohydrate mimicking structure which is a 
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structure which can be bound by at least one carbohydrate specific antibody or binding 
molecule and/or can induce an immune response against the carbohydrate, preferentially a 
humoral immune response against the carbohydrate, and more preferably an effective 
cellular immune response against said carbohydrate, and even more preferentially a humoral 
immune response against the carbohydrate and an effective cellular immune response 
against the carbohydrate.

Natural molecule
In accordance with the present invention the term “natural molecule” means any biomolecule 
or parts thereof that occur on at least one living or dead organism (such as but not limited to 
prion, virus, microorganism, protozoa, bacteria, algae, fungi, plant, animal, human) or is 
produced by that organism.

Natural molecules can be used as whole organisms (such as microorganisms or viruses) or 
can be isolated from natural sources or can be synthezised in exactly with the same structure 
as it occurs in nature.

Preferably, natural molecules are no combination of biomolecules or parts thereof that does 
not occur on an organism in that combination and are not coupled or conjugated to natural or 
synthetic carriers such as proteins, peptides, KLH, OVA, BSA, toxin, toxoid, T helper epitope, 
biotin, PAA, beads, nanoparticles or chromatographic bed material.

Without intending to be limiting, the invention will be explained in more detail with reference 
to the following examples.

Figure legends

Fig. 1
Unrooted tree based on the unambiguously aligned sequences (1248 base pairs) of the 
isolates AG6, MU1, their closest relatives and the E. coli type strain obtained with the 
Neighbor-Joining method (7).

Fig. 2
2a: LH E. coli strain PCR products obtained after amplification with the primer OPL07 - 
lane 1- 1 kb ladder; lanes 2-11- LH strains 2-5, 8, 13-16, 18; lane 12 - strain 32 E. coli DSMZ 
8697
2b: MU strains and AG6 obtained after amplification with the primer OPA18 - lane 1 - 1 
kb ladder; lanes 2-5 - MU strains 1, 3-5; lane 6 - AB12; lane 7 - B. thetaiotaomicron DSMZ 
2079; lane 8 - B. ovatus DSMZ 1896; lane 9 - B. vulgatus DSMZ 1447; lane 10 - B. 
acidifaciens DSMZ 15896; lanes 11-13-AG6

Fig.3
ELISA with coated bacterial strains AG6, LH2 and MU1 (5x 106 bacteria/ml) and the Core-1 
specific monoclonal antibodies Nemod-TF1, Nemod-TF2 and less specific A68-B/A11 and 
control antibody A63-B/C2.

Fig. 3a
ELISA with coated bacterial strains Helicobacter pylori NCTC 11637, E.coli strain DSMZ 
8697(strain 32) and Bacteroides ovatus strain MU1 (each at a density corresponding to 10x 
OD650nm 0,1) and the monoclonal antibodies Nemod-TF1 Nemod-TF2 and A68-BA11 
(OD450/630nm minus OD45o/630nm of control antibody A63-B/C2).

Fig.4
SDS-PAGE and western blot analyses of capsule preparation of strain AG6
A) Alcian blue dye of SDS- polyacrylamide gel
B) DIG-glycan staining of western blot
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C) staining of western blot with Nemod-TF2

Fig. 5
Enrichment of core-1-positive polysaccharides by reversed phase chromatography

Fig. 6
Sequence of repeating units of core-1-positive capsular polysaccharide of 
B. ovatus strain AG6

Fig. 7
Structure of repeating units of core-1-positive capsular polysaccharide of B. ovatus AG6 (L- 
Fuc: L-fucose, D-Gal: D-galactose, HexNAc: /V-acetylhexosamin, D-Hex: D-hexose, 
OMe: O-methyl group)

Fig. 8
Structure of repeating units of core-1 -positive capsular polysaccharid of B. ovatus AG6 
(L-Fuc: L-fucose, D-Gal: D-galactose, HexNAc: /V-acetylhexosamin, D-Hex: D-hexose, 
OMe: O-methyl group)

Fig. 9
Analysis of mouse sera by humoral immune response test 1
IgM antibodies against AGP and periodic acid treated AGP were determined by ELISA in 
sera from mice immunized with PBS (group L), Core-1 negative bacteria (group I) and Core- 
1 positive bacteria (group K)
Serum dilution 1:200, day 21

Fig. 10
ELISA signals of immune sera on carbo hydrate-PAA conjugates mean value of ELISA 
signals from 4 C3H mice against the PAA conjugate Gal beta1-3GalNAc alpha1-PAA relative 
to the ELISA signal against GlcNAcB1-2GalB1-3GalNAcalpha-PAA (dilution of sera 1:100)

Fig. 11 a to e
FACS analysis of mouse sera from mice immunized with PBS (group L), Core-1 negative 
bacteria (group I) and Core-1 positive bacteria (AG6, group K) at day 21

A) mean fluorescence intensity of FACS analysis
B) histogram overlay ( black:group L, blue : group I, red: group K)

Fig. 11c shows the results of the humoral immune response test 1 with sera of mice 
immunized with bacteria strains Bacteroides ovatus MU-1, E.coli LH2 , E.coli AG3, E.coli 
086 DSMZ 8697 =32 (mean values of 4 mice per group are shown).

Fig. 11 d shows the results of the humoral immune response test 2 with sera of mice 
immunized with bacteria strains Bacteroides ovatus MU-1, E.coli LH2 , E.coli AG3, E.coli 
086 DSMZ 8697 =32 (mean values of 4 mice per group are shown).

Fig. 11 e shows the results of the humoral immune response test 3 with sera of mice 
immunized with bacteria strains Bacteroides ovatus MU-1, E.coli LH2 , E.coli AG3, E.coli 
086 DSMZ 8697 =32 (mean values of 4 mice per group are shown).

Fig. 12
Humoral immune response test 1 of sera from germfree mice (control mouse and 3 different 
mice immunized with bacteria strain AG6)

Fig. 13
Humoral immune response test 1 of sera from C3H mice orally immunized with A) 2x1011 
(group A) or B) 2x1010 (group B) pasteurized bacteria of strain AG6 daily at days 0 to 28.
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ELISA signals at day 21 against glycophorin (GP), asialoglycophorin (AGP) and periodate- 
treated AGP (AGP + PJ) of individual mice are shown

Fig. 14
Humoral immune response test 3 of sera from C3H mice orally immunized with pasteurized 
Core-1 positive bacteria (strain AG6). Sera from day 0 and day 28 were diluted 1:300 and 
analysed in flow cytometry for binding on the cell lines NM-wt and NM-D4.

Fig. 15
Cytokine production by T cells generated to Corel-positive bacteria lysates (AG6 and MU1) 
after restimulation with DC loaded with Corel-positive MN-D4 (DC/D4) or -negative NMwt 
(DC/wt) cell-lysates from human tumor cell lines. Inhibition of the cytokine production through 
pre-incubation of the lysate-loaded NM-DC with Corel-specific antibody (DC/D4+Ak).
A) GM-CSF production by T cells (CIRT 1)
B) TNF alpha production by T cells (CIRT 2)

Fig. 16
Cellular immune response test 2: Results of ELISpot assay for IFN-gamma production by 
responder T cells after restimulation with DC loaded with Corel-positive (DC/D4) or - 
negative (DC/wt) cell-lysates from human tumor cell lines and inhibition of the cytokine 
production through pre-incubation of the lysate-loaded NM-DC with Corel-specific antibody 
(DC/D4+Ak).

Fig. 17
Cellular immune response test 3: T cell proliferation assay (WST) on responder cells (R ) 
after restimulation with DC loaded with Corel-positive (DC/D4) or -negative (DC/wt) cell­
lysates from human tumor cell lines and inhibition of the proliferation through pre-incubation 
of the lysate-loaded NM-DC with Corel-specific antibody (DC/D4+Ak).

Fig. 18
Cellular immune response test 4: immunofluorescence analysis of mNM-DC loaded with 
Core-1 negative (AG3) or Core-1 positive (AG6) bacteria or Core-1 negative (NM-wt) or 
Core-1 positive (NM-D4) human cell line.

Fig. 19
Carbohydrate structures of Core-1 positive components 
L-Fuc: L-fucose, D-GalNAc: A/-acetylgalactosamin, D-Gal: D-galactosamin, Hex: hexose, 
HexNAc: N-acetylhexosamin, OMe: O-methylation. Such structures are e.g. found on AG6.

Fig. 20
The hidden and exposed Core-1 antigen.

Fig. 21
Fig. 21 shows the ELISA signals against the PAA conjugate GalB1-3 GalNAc a -PAA and the 
PAA conjugate GalB1-3 GIcNAc a-PAA at day 21. Sera were considered as positive if the 
signal on PAA 48 was at least 30% higher then the signals on PAA 43. Considering this 
criteria, 5 (A1, A2, A3, B1 and B5) from the 6 mice developed a core-1 specific humoral 
immune response.

Fig. 22
Shows a table, wherein selected Core-1 positive strains as well as strains that were not 
Core-1 positive were characterized by their sensitivity against different antibiotics.

Fig. 23
Overview over a cellular response test according to the present invention.
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Examples

Example 1 Anaerobic culture techniques and media
Anaerobic techniques employed in the cultivation of bacteria were based on methods 
previously described which have been summarised by Breznak and Costilow. Media 
prepared with cysteine-HCI as a reducing agent were dispensed into anaerobic culture tubes 
(Ochs, Bovenden, Germany) or glass serum bottles, leaving approximately half to a third of 
the total vessel volume as gas head space, and sealed with butyl rubber stoppers. Solutions 
prepared without reducing agents (e.g. PBS-a) were boiled prior to dispensing. Before 
autoclaving, the gas phase was replaced with N2/CO2 (80/20,v/v). To achieve this, needles 
were thrust through the butyl rubber-stoppered bottles and the bottles were evacuated by 
means of a vacuum pump (Vacuubrand, Wertheim, Germany). Following evacuation, bottles, 
which were repeatedly shaken during the entire process, were gassed with N2/CO2 
(80/20,v/v). This evacuation and gassing procedure was carried out three times in total. Prior 
to entering the vessels, the gas mixture was passed over a hot palladium catalyst to remove 
residual traces of oxygen present in the gas mixture. Resazurin (1 mg Γ1) was used as a 
redox indicator.

Media for plating were poured under a laminar flow hood and stored under anoxic conditions 
for at least 24 h before use. This was achieved in either pressurised (1.5x105 Pa) anaerobic 
jars with a 3.5 I AnaeroGen (Oxoid, Basingstoke, England) or with a repeatedly flushed 
N2/CO2/H2 (80/10/10, v/v/v) anaerobic chamber airlock (Don Whitley Scientific, Shipley, 
England). Manipulation of samples was carried out in an anaerobic chamber (MACS 
variable atmosphere workstation, Don Whitley Scientific, Shipley, England or Coy Laboratory 
Products, Grass Lake, USA).

Non-sterile solutions and materials were sterilised by autoclaving (121 C, 1.2 x 105 Pa, 15 
min). Heat-labile compounds were made as concentrated stock solutions in milli-Q water, 
sterile-filtered (0.22 pm, mixed cellulose ester, Roth, Karlsruhe, Germany) and added to 
media at the concentrations required.

Example 2 Affinity enrichment of core-1 positive microorganisms
2.1 Preparation of TF1 and TF2 coated Dynabeads®
A volume of 100 pl Dynabeads® (M-450 Rat Anti-Mouse IgM, Dynal Biotech ASA, Oslo, 
Norway) each was placed in 2 ml Safe-Lock Eppendorf tubes (Eppendorf, Hamburg, 
Germany), washed twice with 2 ml phosphate buffered saline a (PBS-a: 8.1 g Γ1 NaCI, 0.16 g 
Γ1 NaH2PO4 H2O, 0.98 g Γ1 Na2HPO4-2H2O, 1 g Γ1 BSA, pH 7.4) using the Dynal Magnetic 
Particle Concentrator®^ (MPC®-S, Dynal Biotech, Oslo, Norway) and suspended in 25 pl of 
PBS-a. Lyophilised TF1 or TF2 cell culture supernatants were dissolved in 1 ml milli-Q 
synthesis grade water (Millipore, Billerica, MA, USA). Dissolved TF1 or TF2 cell culture 
supernatants (1 ml) were added to the tubes with Dynabeads® and incubated for 30 min at 
4 C on a test tube rotator (model 34528, Snijders Scientific, Netherlands). Tubes were placed 
in the MPC®-S and left to stand for 3 min before removing the fluid with a pipette. The 
Dynabeads® were re-suspended in 2 ml PBS-a, placed in the MPC®-S and the fluid removed 
by pipetting. This washing step was performed three times. Washed Dynabeads® were 
suspended in their original volume of 100 pl PBS-a. Dynabeads® prepared in this manner 
were either used immediately or within two weeks of preparation after a repeated three-fold 
wash step with 2 ml PBS-a.

2.2 Collection and processing of faecal samples for Dynabeads® enrichment
Faecal samples of eight volunteers (Table 3) were collected in perforated plastic tubes, 
maintained under anoxic conditions using an AnaeroGen Compact (Oxoid, Basingstoke, 
England) and stored at 4° C for a maximum of 4 h before processing. Volunteers were 
healthy adults who had not taken antibiotics for at least 3 months prior to the sampling date 
and consumed their usual diets.
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Table 3: Individual parameters at the time of faecal sample collections
Subject number Age Gender
1 - GH 24 female
2-RM 26 female
3-TC 25 male
4-AG 27 female
5-AB 37 female
6-MU 36 female
7-LH 24 female
8 - CA 50 male
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A tenfold (w/v) dilution of the faecal samples was prepared in PBS-b (PBS-b: 8.5 g Γ1 NaCl, 
0.3 g Γ1 KH2PO4, 0.6 g Γ1 Na2HPO4, pH 7.0 containing 0.1 g Γ1 peptone and 0.25 g I'1 
cysteine-HCI). Six sterile 3 mm diameter glass beads were added and the diluted samples 
were homogenised by low speed vortexing. The homogenised sample was centrifuged (300 
x g, 1 min, 21 C) to sediment debris. A 200 pl portion of the resulting supernatant was added 
to 1.8 ml PBS-b resulting in an approximately 100-fold dilution of the original faecal sample. 
These dilutions were washed once with 2 ml PBS-b (8000 x g, 5 min, 21 C) and the pellets 
suspended in 2 ml PBS-b.

2.3 Dynabeads® enrichment procedure
A volume of 20 μΙ from the 100-fold dilution was added to a 2 ml tube containing 180 μΙ of 
PBS-a and 5 μΙ of either TF1 or TF2 antibody coated Dynabeads®. The tubes were incubated 
for 30 min at 4 C on a test tube rotator. Tubes were placed in the MPC®-S and left to stand 
for 3 min before removing as much of the supernatant as possible by aspiration with a 
syringe and needle. The samples were washed three times with 2 ml PBS-a, again removing 
as much of the supernatant as possible.

2.4 Plating on selective and non-selective media
Washed samples were suspended in 1 ml PBS-b and 100 μΙ aliquots were spread-plated on 
various selective and non-selective media (Table 4) and incubated for 48h at 37°C in an 
anaerobic chamber.

Table 4: Media employed for spread-plating_____________________________________________ ,
Media Manufacturer Selective for Abbreviation
de Man, Rogosa and 
Sharpe
Bifidus Selective

Merck, Darmstadt, 
Germany

lactobacilli, lactic
bacteria 
bifidobacteria

acid MRS

BSMFluka, St. Gallen,
Medium Switzerland
K-F Streptococcus Oxoid streptococci KF
Agar
Nutrient Agar Oxo id non-selective N
Schaedler Anaerobe Oxoid non-selective S
Agar
Wilkins Chalgren Oxoid non-selective WC
Anaerobe Agar
Brain Heart Infusion Biomerieux, Marcy non-selective BHI
Agar I’Etoile, France
Columbia Agar with Biomerieux non-selective CBA
5 % sheep blood
Stamm Agar non-selective ST

Solid media were prepared according to the manufacturers’ instructions. The composition of 
ST agar was as follows: 1 g Γ1 proteose peptone, 9 g Γ1 peptone from meat, 3 g Γ1 NaCl, 2 g Γ 
1 Na2HPO4-2H20, 3 g Γ1 meat extract, 4 g Γ1 yeast extract, 6 g Γ1 D (+)-glucose, 0.5 ml Γ1 
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Tween 80, 0.25 g Γ1 cysteine-HCI, 1 mg Γ1 resazurin, 0.1 g Γ1 MgSO4-7 H2O, 5 mg Γ1 FeSO4-7 
H2O, 0.5 g Γ1, 3.4 mg Γ1 MnSO4-2H2O, 1.5 g Γ1 bacteriological agar, pH 7.0.

For subjects 1 to 4, colonies from one enrichment procedure were selected for ELISA-based 
screening. For subjects 5 to 8, the Dynabeads® enrichment procedure was repeated twice 
as follows: Following 48 h incubation, colonies were scraped from the plates, suspended in 
PBS-b within the range of McFarland turbidity standards 3 to 5 (prepared as in (13)). As 
before, a 20 pl aliquot of this suspension was added to 180 μΙ of PBS-a. The enrichment and 
plating procedure was performed three times in total, as previously described.

The faecal samples of a further four subjects (5 AB, 6 MU, 7 LH and 8 CA) were enriched for 
Core 1 positive bacteria. The enrichment procedure was modified slightly in that the 
enrichment was carried out three times in total. I.e. colonies obtained after the initial isolation 
were scraped from the plates and subjected to a further enrichment. Sixty new isolates were 
obtained in this manner.

Example 3 Identification of isolates
3.1 Biochemical
Bacteria were identified with the VITEK system (Biomerieux, Marcy I'Etoile, France). 
Bacteria were prepared according to the manufacturer’s instructions and the identification 
cards used were as follows: AN I cards for anaerobic isolates and faculatively anaerobic 
Gram-positive rods able to grow in MRS broth (suspected lactobacilli), GPI cards for Gram­
positive isolates and GNI+ cards for Gram negative aerobic isolates.

The biochemical identity of the isolates obtained using the VITEK system (Biomerieux, Marcy 
I’Etoile, France) is summarised in Table 5. The anaerobic isolates AG6, MU (1, 3 - 5) and 
AB12 all belong to the Bacteroides fragilis group, whereas the aerobic isolates are all 
members of the Enterobacteriaceae; both are Gram-negative.

Table 5: Identification of the isolated strains based upon biochemical characteristics (VITEK)
Strain Identification Probability
AG6 Bacteroides ovatus 82 - 95 %
MU (1, 3-5) 
AB12
AG3
LH (2-5, 8, 13-16, 18)

Escherichia coli 89 - 99 %

3.2 Molecular (Sequencing)
DNA was extracted with the Invisorb Genomic DNA Kit III (Invitek, Berlin, Germany) following 
manufacturer’s instructions for protocol III B with washed cell pellets obtained from liquid 
cultures suspended in 1 ml of lysis buffer D. Primers 27f (5’ AGA GTT TGA TCC TGG CTC 
AG) and 1492r (5’ TAC CTT GTT ACG ACT T) (10) were used to amplify the bacterial 16S 
ribosomal RNA gene.

Each PCR was performed in triplicate and the reaction mixture (50 μΙ) contained: 50 mM KCI, 
20 mM Tris-HCI, 1 mM MgCI2, 0.25 mM each dNTP, 1 μΜ each primer, 2.5 units Taq DNA 
polymerase (Invitrogen, Karlsruhe, Germany) and 1 μΙ of the template DNA. The PCR 
program was: 94°C for 5 min, 30 cycles of 94°C for 1 min, 55°C for 1 min and 72°C for 1 min, 
and finally 72°C for 10 min. PCR products were purified with the High Pure PCR Product 
Purification Kit (Roche, Indianapolis, USA) following manufacturer’s instructions. The 
products were analyzed by electrophoresis on a 1 % agarose gel (w/v) in Tris-Acetate-EDTA 
buffer (4.84 g Γ1 Tris, 1.142 ml Γ1 glacial acetic acid 0.372 g Γ1 EDTA, pH 8.0). The DNA 
concentration was estimated using the Low DNA Mass Ladder (Invitrogen, Carlsbad, USA).

For sequencing, we used either primer 27f, 338f (5’ GCT GCC TCC CGT AGG AGT) (2), 
338r (5’ ACT CCT ACG GGA GGC AGC), 968f (5’ AAC GCG AAG AAC CTT AC) (14), or
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1492r. Sequencing reactions were performed with the DYEnamic™ ET Dye Terminator 
Cycle Sequencing Kit (Amersham Biosciences, Little Chalfont, England) following 
manufacturer’s instructions. Sequencing products were analyzed with the MegaBACE 1000 
System (Molecular Dynamics, Sunnyvale, USA). Sequences were assembled and manually 

5 adjusted using the ContigExpress function of the Vector NTI Suite 9.0.0 (Invitrogen,
Carlsbad, USA). They were subsequently aligned with highly similar sequences (92% 
similarity or more) obtained with the BLAST function of the National Center for Biotechnology 
Information (NCBI) (1). Percentages of similarity were calculated from unambiguously 
aligned sequences using the Sequence Identity Matrix function of the Bioedit software 

10 version 5.0.9 or the Similarity Matrix version 1.1 of the Ribosomal Database Project..
Sequencing results were confirmed by comparison with sequences obtained from a 16S 
rRNA gene sequencing service provider (AMODIA, Braunschweig, Germany).

The identity of the isolates is depicted in Table 6 and an unrooted phylogenetic tree based on 
15 the sequences of the isolates AG6, MU1, their closest relatives and the E. coli ATCC 11755

type strain is depicted in Fig. 1.

Table 6: Identification of the isolated strains based upon the unambiguously aligned 
sequences of the 16S rRNA genes using the similarity matrix function version 1.1 of the 
Ribosomal Database Project (5)

Strain Identity
Similarity 
(%) to strain

Accession 
number

AG6 Bacteroides ovatus 98.2 ATCC 8483T
ATCC

X83952

Bacteroides thetaiotaomicron 97.1 29148T L16489
MU1 Bacteroides ovatus 98.0 ATCC 8483T

ATCC
X83952

Bacteroides thetaiotaomicron 97.1 29148T L16489
AG3 Escherichia coli 99.5 k12 MG1655 AE000460
GH1 Lactobacillus paracasei sp. paracasei 99.4 JCM 8130T D79212

L. paracasei sp. tolerans 99.4 JCM 1171T 
ATCC

D16550

96 Staphylococcus warneri 99.2 27836T 
ATCC

L37603

Staphylococcus pasteuri 99.0 51129T AF041361
TC7 Lactobacillus rhamnosus 99.6 JCM 1136T D16552

Lactobacillus zeae 98.7 ATCC 15820 D86516

3.3 Random Amplified Polymorphic DNA (RAPD)
20 Some Core 1 positive isolates obtained with the repeated Dynabead® enrichment procedure 

appeared very similar in their cell and colony morphology, despite having being isolated from 
different media. The strains were also very similar with regard to their biochemical profiles 
obtained with the VITEK system. The question arose, whether the isolated bacteria are 
identical strains. RAPD is a method that does not require sequence information, which can 

25 be applied to distinguish strains. Briefly, total genomic DNA is PCR amplified with a 10 base 
pair primer at low stringency so that random sequences of DNA are amplified based on 
homologous sequences to the primer being present in the target DNA. The resulting PCR 
products can be separated by agarose gel electrophoresis and the resulting pattern can be 
compared between strains. The resulting band patterns for all LH strains were analogous for 

30 the five RAPD primers (OPL07, M13, OPX14, OPA16, OPA18) employed. The pattern 
clearly differs from that of E. co//strain DSMZ 8697 (Fig. 2a), a strain that has been reported 
to have blood group B activity. The MU strains also appear very similar (Fig. 2b); however 
their band pattern clearly differs from that of other Bacteroides strains, including AG6. It 
would appear that one Core 1 positive strain was repeatedly enriched from each positive

35 donor during the isolation process. The strains isolated differed between individuals.
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Example 4 Growth and fixation of bacteria for the ELISA-based screening
Well separated colonies were randomly picked from selective and non-selective agar plates 
and re-streaked three times on non-selective media. Single colonies were picked and 
inoculated into ST (as above, omitting the agar), WC or MRS broth, depending on which 
afforded best growth, and grown overnight at 37°C. These cultures were inoculated (1 %) 
into 300 ml fresh ST, WC or MRS broth and grown overnight at 37°C. Cells were pelleted 
(8000 x g, 15 min, 4 C) and re-suspended in 10 ml PBS-c (8 g Γ1 NaCl, 0.2 g Γ1 KCI, 1.44 g Γ1 
Na2HPO4, 0.24 g Γ1 KH2PO4) (12). This suspension was fixed 3 for to 4 h at 4 C by the 
addition of 30 ml of 4 % paraformaldehyde (PFA) solution (prepared according to (8)) in 
PBS-c. Next, samples were washed with 40 ml PBS-c (8000 χ g, 15 min, 4 C) and the pellets 
suspended in 15 ml PBS-c, followed by addition of an equal volume of 96 % ice-cold ethanol. 
Samples were stored at -20 C until analysis.

The purity of cultures was checked by comparing cell morphology, as well as Gram staining 
behaviour. Cultures were plated aerobically on CBA to determine their ability to grow in the 
presence of oxygen and to check for the absence of aerobic contaminants.

Example 5 Maintenance of isolates
Cryo-stocks were maintained in Microbank tubes (MAST Diagnostica, Reinfeld, Germany) 
according to the manufacturer’s instructions and stored at -80 °C. Working stocks were 
maintained in WC, ST or MRS broth. These were sub-cultured every 14 days. The purity of 
the cultures was ascertained by observation of Gram-staining behaviour, cell morphology 
and periodic comparison of colony morphologies on CBA streak plates under both aerobic 
and anaerobic conditions.

Example 6 Growth, fixation and lyophilisation of bacteria for animal experiments
For use in animal experiments the bacteria were grown and fixed as described in section 3 
with the following modifications: The initial culture volume amounted to approximately 4 I. 
Before fixation, bacteria were washed once with 100 ml PBS-b (8000 * g, 15 min, 4 C) and 
re-suspended in the minimal possible volume of PBS-b. This suspension was split into two 
equal portions, one for fixation (7.1), the other for lyophilisation (7.2).

6.1 Fixation
The portion for fixation was washed (8000 * g, 15 min, 4 C) and re-suspended in 30 ml PBS- 
c. This suspension was added to 90 ml of the 4 % PFA solution in PBS-c and fixed for 3 to 4 
h at 4C. To improve the removal of PFA, samples were washed three times with 120 ml 
PBS-c (8000 *g, 15 min, 4 C). Cell pellets were suspended in 45 ml PBS-c, followed by 
addition of an equal volume of 96 % ice-cold ethanol. Samples were stored at-20 °C.

Before administration to the animals, fixed bacteria were lyophilised under sterile conditions 
in Lideac tubes (Eppendorf, Hamburg, Germany) to evaporate the ethanol. To ensure non­
viability of the fixed bacteria, they were inoculated (1 %) into WC broth and plated on CBA 
and monitored for absence of growth for the period of one week.

6.2 Pasteurization
Bacterial suspensions were washed twice in PBS and resuspended in a small volume of 
PBS. Bacterial suspensions were incubated at 72°C for 30min. As a control for successful 
inactivation bacteria were incubated in a suitable culture medium as described in example 4.

6.3 Lyophilisation
The portion for lyophilisation was added to an equal volume of 24 % sterile-filtered sucrose 
and aliquoted in 300 pl portions into 2 ml LidBac tubes. These aliquots were snap-frozen in 
liquid nitrogen for 1 h and lyophilized (Alpha 2-4, Christ, Osterode, Germany) after placing 
them into racks pre-cooled to -80 °C. Following lyophilisation, the lids of the tubes were 
closed and they were stored at 4 °C using the Anaerocult® C mini gas generator system 
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(Merck, Darmstadt, Germany) with the addition of silica gel orange (Roth, Karlsruhe, 
Germany) as a desiccant.

6.4 Enumeration of bacteria preparations
Total cell numbers of fixed and lyophilised bacteria preparations were determined with a 0.01 
mm depth Thoma-chamber (LO-Laboroptik, Friedrichsdorf, Germany). For lyophilised 
bacteria, the colony-forming units (CFU) were determined by plating 10-fold serial dilutions 
on WC agar of the overnight cultures and immediately before and after lyophilisation. For this 
purpose, the lyophilate was dissolved in 300 pl WC broth, left to stand for 15 min, re­
suspended by low speed vortexing and serially diluted. The CFU of lyophilised preparations 
were enumerated before and after use in animal experiments to ensure viability. The purity of 
the preparations was checked as described in section 4.

Example 7 Serum samples
Blood was collected with the S-monvette system (Sarstedt, NOmbrecht, Germany) and serum 
was prepared according to the manufacturer’s instructions. Serum samples were stored in 
aliquots at -80°C prior to analysis

Example 8 Faecal IgA Extraction
Faecal samples were collected, stored at -80 °C. Faeces were lyophilised and net dry 
weights recorded. All manipulations were carried out on ice. Faecal IgA was extracted 
according to Grewal (6) with some modifications. Lyophilised samples (~30 mg) were 
suspended at a ratio of 15 μΙ/mg dry weight in IgA extraction buffer (PBS-Dulbecco 
(Biochrom, Berlin, Germany) with 1 g Γ BSA) with protease inhibitors (5 pg ml·1 leupeptin 
(Calbiochem, Merck), 48 pg ml·1 4-(2-aminoethyl)benzenesulfonylfluoride (Merck), 1 pg ml·1 
aprotinin, 2 pg ml·1 bestatin (Sigma, Steinheim, Germany) and homogenised. The samples 
were mixed by vortexing every 10 min. Following a 1 h incubation period, the samples were 
centrifuged (16000 x g, 10 min, 4 °C) and the supernatant was collected in a new tube. The 
remaining pellet was suspended at a ratio of 10 μΙ/mg dry weight in IgA extraction buffer and 
homogenised. The extraction procedure was repeated and the resulting supernatant 
combined with the supernatant from the first extraction step. These supernatants were 
centrifuged (16000 x g, 10 min, 4 °C) and the resulting supernatant was dispensed into new 
tubes, snap-frozen in liquid nitrogen and stored at -80 °C until analysis.

Example 9 Screening of bacterial strains by enzym-linked immunosorbent assay 
Fixed bacteria were diluted in PBS, cell numbers were adjusted to1x105, 1x106, 5x 106, 
1 x107, 1 x108 or 5x108cells/ml.

50 μΙ of bacterial solution were coated per well of a 96 well microtiterplate over night at 37°C. 
Plates were washed 3 times with PBS/ 0,02 % Tween 20 (Identical washing steps were 
performed after each incubation step.). After blocking of plates with PBS/2% BSA, ELISA 
plates were incubated with hybridoma culture supernatants containing different Core-1 
recognizing monoclonal antibodies (Nemod-TF1, Nemod-TF2 or less specific A68/BA11,) or 
control antibody (A63-B/C2) in different dilutions. As secondary antibody served a 
peroxidase-conjugated polyclonal goat-anti-mouse immunoglobulin (Dako P0260). The 
assay was developed with TMB as substrate, reaction was stopped by addition of 2.5 N 
H2SO4 and extinction was measured at 450 / 630 nm. For determination of periodate 
sensitivity of the antibody binding, coated ELISA plated were incubated with sodium 
periodate prior to the incubation with antibodies. Therefore, plates were washed with sodium 
acetate buffer (50mM, pH 4,5) for 5 min and afterwards incubated with 10mM periodic acid in 
sodium acetate buffer for 1h in the dark. Plates were washed with sodium acetate buffer 
(5min) and the reaction was stopped by addition of 50mM sodium borohydrid in PBS 
(30min).

Example of such ELISA results is shown in figure 3 and 3a.
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Example 10: Preparation of Core-1-containing components of bacteria

10.1. Analysis of crude capsule preparations by SDS-PAGE and Western blot 
analyses

Crude capsule preparations of strain AG6 were performed according to Pantosti et al. (1991, 
Infect. Immun. 59, 2075-2082).

Capsule preparation was analysed by SDS-PAGE and polysaccharide in the preparation 
were detected by alcian blue staining after Karlyshev et al. (2001, J. Clin. Microbiol. 39, 279­
284) showing a variety of carbohydrate containing bands and high percentage of high 
molecular weight carbohydrates within the preparation (fig. 4A). After Western blot, 
polysaccharides were detected by the DIG-Glycan Detection Kit (LaRoche 
Diagnostics).Showing strong bands at 37 and 26 kDa. (fig. 4B). Detection of core-1- 
containing polysaccharige on the western blot was performed using the core-1-specific 
antibody NEMOD-TF2 (culture supernatant) showing a core-1-positive band at 37kDa (fig. 
4C).

10.2. Chromatographic enrichment of core-1 positive polysaccharides

Within the capsule preparation of strain AG6 there were still contaminants of 
lipopolysaccharides as shown by the measurement or KDO content of 11,2pmol/pg after 
Haraet al. 1989, Anal. Biochem. 179, 162-166) and by SDS-PAGE.

Therefore capsule polysaccharides and lipopolysaccharides were separated by reversed 
phase chromatography on a C18 column using a propanol/methanol-gradient (see fig. 5) 
according to Hashimoto et al. (2001, Eur. J. Biochem. 268, 3139-3144). Polysaccharides 
were eluted by a gradient of eluent B (72% propanol/ 8% methanol in 0,1M ammonium 
acetate pH 4.5). Detection of polysaccharides within the fractions was performed by dot blot 
and DIG-Glycan-Kit. Detection of core-1 was performed using the core-1 specific antibodies 
Nemod-TF1 and Nemod-TF2. Polysaccharides were eluted at propanol concentrations of Μ­
Ι 9% and 25-43%. Core-1 specific carbohydrate were only detected at 29-29,4% propanol 
(RP1) and 39-42% propanol (RP2), see fig. 5 showing strong enrichment of core-1 positive 
polysaccharide by this method.

Core-1 positive fractions were used for additional chromatographic separations by mild acid 
hydrolysis followed by DEAE-chromatography using a 0-0.5M NaCI gradient according to 
Tzianabos et al. (1992, J. Biol. Chem. 267, 18230-18235). By this method the Core-1­
positive polysaccharides were separated into three fractions eluted at 0 M NaCI (D1), 0,04 M 
NaCI (D2) and 0,9-0,17 M NaCI (D3), resulting in a further enrichment of co re-1-positive 
polysaccharides.

In the process according to the instant invention, capsular polysaccharides of B. ovatus AG6 
are purified and the structure is analysed by mass spectrometry. Preferable, the capsular 
polysaccharidee of B. ovatus AG6 are accumulated by the phenol water extraction followed 
by ether extraction as already described by Pantosti et al. 1991. Thereafter, the core-1­
positive polysaccharide is accumulated from rough capsular preparation (CPS) by reverse 
phase chromatography (C18 Synergi 4D Fusion-RP 80i, 250 mm x 10mm, Phenomenex). 
The monosaccharide contents of rough capsular polysaccharide extract and purified core-1- 
positive polysaccharide are determined by HPAEC-PAD analyses (high pH anion exchange 
chromatography, pulsed amperometric detection). Finally the structure of the core-1-positive 
capsular polysaccharide is analysed by mass spectrometry.

10.3 Monosaccharide analyses of rough capsular preparation extract and purified 
capsular extract of B. ovatus AG6
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ln the first step, the core-1-positive polysasccharide of the rough capsular preparation of B. 
ovatus AG6 was accumulated by reverse phase chromatography as already described 
before. Thereafter, the yield of purification as well as the monosaccharide content of 
accumulated core-1-positive polysasccharide was determined by HPAEC-PAD analyses.

Before monosaccharide analyses occurred, polysaccharide extracts was completely 
hydrolysed by 2 N trifluoroacetic acid (TFA) at 100 °C for 4 h. During the TFA hydrolyses the 
acetyl groups were lost. Therefore the monosaccharides glucosamin and galactosamin 
(GlcNH2 and GalNH2) could not distinguish from /V-acetylglucosamin and N- 
acetylgalactosamin (GIcNAc and GalNAc). Monosaccharides were separated by high pH 
anion exchange chromatography and detected by pulsed amperometry as already described 
before. To identify the monosaccharides and to determine their concentrations, external and 
internal monosaccharide standards were used.

The proportional monosaccharide content of rough CPS extract, which was determined for 
LPS and CPS comparision (mentioned before), obviously vary from the proportional 
monsaccharide content of rough CPS extract determined for this comparision. Both rough 
CPS extracts were prepared from different cultures of B. ovatus AG6, which might be an 
explication for the mentioned variety of monosaccharide contents.

The yield of core-1-positive polysaccharides accumulated by reverse phase chromatography 
was 30 %. Comparision of proportional monosaccharide contents of rough and purified 
capsular extracts revealed an increased amount of fucose, GalNAc/GalNH2, galactose and 
glucose, whereas glucose might be a contamination (table 7). The proportional content of 
rhamnose, GlcNH2/GlcNAc and mannose could be reduced by reverse phase 
chromatography (table 7). Galacturonic acid and glucuronic acid, which are characteric 
components of capsular polysaccharides, could not be identified in the purified core-1­
positive polysaccharide extract. These might indicate, that B. ovatus AG 6 have more than 
one capsular polysaccharide. Both capsular polysaccharides might be separated from each 
other by reverse phase chromatography. Tzianabos et al. (1992) also described, that the 
capsule of B. frag i I is consists of two different polysaccharides.

Table 7: Monosacchride analyses of rough capsular polysaccharide extract (CPS) and core- 
1-positive polysaccharide extract purified by reverse phase chromatography. The 
proportional monosaccharide content is related to the total amount of monosaccharides.

Monosaccharides Rough CPS-extract (%) Purified CPS-extract (%)
Fucose 9,5 11,4
Rhamnose 17,7 3,1
GalNH2/GalNAc 5,2 14,9
GlcNH2/GlcNAc 14 3,5
Galaktose 4,6 6,9
Glucose 44,2 50
Mannose 18,2 6,9
Galacturonic acid 10 0
Glucuronic acid 0,5 0
n. d. 3 2

The accumulation of fucose, GalNH2/GalNAc and galactose might be an indication, that 
these monosaccharides are components of the repeating units of the core-1-positive 
polysaccharide. Whereas the stongly reduced monosaccharides could be low 
contaminations.

10.4 Structure analyses of the core-1-positive polysacchide by mass spectrometry
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The structure of core-1-positive polysaccharide was analysed by matrix-assisted laser time- 
off flight mass spectrometry (MALDI-TOF-MS) as already described above and by 
electrospray-lon-Trap-mass spectrometry (ESI-lon-Trap-MS).

For ESI-lon-Trap mass spectrometry the accumulated core-1-positive polysaccharide was 
fragmentated either by hydrolysis with 1% acidic acid (1,5h, at 100°C) or enzymatic digestion 
with chondroitinase ABC (cleavage of beta1-4GalNAc/GlcNAc bounds) or with beta1-3 
galactosidase. Furthermore, fragmentation by dobble digestion with chondroitinase 
ABC/alpha1-3,4 fucosidase or 1% acidic acid / beta1-3 galactosidase occurred (all enzyms 
were received from Glyko GmbH). All enzymatic digestions were incubated at 37°C 
overnight. Mass spectrometric analyses (MS as well as MS/MS) were carried out in the 
positive and in the negative mode. Before analyses occurred, all samples were desalted by 
Carbograph SPE (Aalltech Associates Inc.) as described by manufactors manual and diluted 
in 2,5 mM NH3/ 40% acetonitril.

The structure of core-1-positive glycan fragments, which was already identified by MALDI- 
MS analyses, could be verified by ESI-lon-Trap determination. Additional fragments could 
also be identified by ESI-lon-Trap mass spectrometry (table 8).

Table 8: structure analyses by ESI-lon-Trap mass spectrometry (positive mode). The purified 
core-1-positive polysaccharide was fragmentated by hydrolyses with 1% acidic acid for 1,5 h 
at 100°C.

MS MS/MS
Determined 
masses 
(M+H7 
M+NH4+)

Identified sequence Determined 
masses 
(M+Na+)

Identified sequence

425/442 HexNAc-HexNAc
573/590 HexNAc(HexNAc)-Hex 390 HexNAc-Hex
749/766 HexNAc(HexNAc-Hex)-Hex 595 HexNAc-HexNAc-Hex
529/545 DesHex-desHexM-HexNAc
690/706 DesHex-desHexM-HexNAc-Hex
733/750 DesHex-HexNAc(HexNAc)-Hex
674/591 DesHex-desHex-desHexM-HexNAc 493 DesHex-desHex- 

desHexM
633/650 Hex-desHex-desHex-desHexM
HexNAc: N-acetylhexosamin, Hex: hexose, desHex: desoxyhexose, M: methyl-group

The sequence of repeating units of core-1-positive capsular polysaccharide was determined 
by overlapping fragments (figure 6).

Mass spectrometric analyses of enzymatically digested core-1-positive polysaccharides gave 
indications of glycosidic bounds between the monosaccharides. Furthermore galactose 
(successful cleavage by beta 1-3 galactosidase) and fucose (successful cleavage by alpha 1-
3,4 fucosidase) could be identified (figure 7).

This result is in accordance with the monosaccharide analyses mentioned before, which 
revealed an accumulation of fucose, galactose and GalNAc.

10.5 Verification of core-1-structure as branching disaccharide of repeating unit of 
capsular polysaccharide

The branching core-1-structure, Galbeta1-3GalNAc, in the repeating unit should be identified 
by double digestion with the exoglycosidases beta1-3 galactosidase and HexNAcase (betal-
2,3,4,6 GalNAc/GIcNAc cleavage) followed by monosaccharid analyses as described above.
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Two samples containing equal amounts of core-1-positive polyssaccharide were filtrated to 
purify them from free monosaccharides. Afterwards one of both samples was digested with 
beta1-3 galactosidase at 37°C overnight. Both samples were filtrated once again to separate 
free galactose from the digested sample, whereas the undigested sample were used as 
negative control. Subsequently, the retentats were collected and digested with HexNAcase. 
Finally both samples were filtrated again. All eluates were analysed by HPAEC-PAD.

To control, if the core-1-structure was removed by double digestion but was untouched by 
HexNAcase digestion (negative control), the retentates were analysed by dot-blot using the 
DIG-Glykan Detection Kit (Roche Diagnostics) to detect polysaccharides and the core-1- 
specific antibody Nemod-TF1 to identify the core-1-structure.

In both eluats of double digested sample galactose (first eluat) and GalNAc (second eluat) 
could by identified by monosaccharid analyses. While in the eluat of negative control, which 
was only digested with the exoglycosidase HexNAcase, neither galactose nor GalNAc could 
be identified. This is a strong indication for the branching core-1-structure, Galbetal- 
3GalNAc.

Dot-Blot analyses of double digested retentat and HexNAcase digested sample using the 
DIG-Glykan detection Kit revealed similar polysaccharid concentrations, which was applied 
on the nitrocellulose membrane. The core-1-structure could not detected in the dobble 
digested sample any more, whereas in the HexNAcase digested sample the core-1-structure 
was still identified by immunoblot using Nemod-TF1 antibody.

10.6 Verification of the core-1-positive polysaccharide structure by analyses of its 
separated fragments.

For further verification of core-1-positive polysaccharide structure, the glykan was 
fragmentated by hydrolysis with 1 % acidic acid (1,5 h, 100°C). The glycan fragments were 
labeled by the fluorophore 2-amino benzamide (2-AB) as already described by J.C. Bigge et 
al. (1995). For this procedure, samples were rendered particle-free and salt-free by 
purification at Carbograph SPE column (Alltech Associates Inc.) and lyophilized. The pellet 
was dissolved in 5 □! 2-AB in DMSO/glacial acetic acid/ sodium cyanoborohydride and 
incubated at 60 °C for 2 h. The 2-AB labeled fragments were separated from free 2-AB by 
paper chromatography. Finally 2-AB conjugated fragments were eluted by water. After 
lyophilization the pellet was dissolved in 50% acetonitril. Based on their size, fragments were 
separated by normal phase HPLC (column: Luna 3DNH2 A100, Phenomenex, eluent A: 15 
mM NH4-acetat, eluent B: acetonitril) with fluorescence detection. The sequence of 
fragments was analysed by ESI mass spectrometry. Finally, for verification of glycosidic 
bonds and better identification of monosaccharides being components of the fragments, the 
oligosaccharides were digested with the exoglykosidase beta1-3 galactosidase, alpha1-3,4 
fucosidase and HexNAcase as already described before. The success of digestion was 
controled by ESI mass spectrometry and the removal of terminal monosaccharides was 
identified by HPAEC-PAD as already described before.

The already identified structure of repeating units of core-1-positive polysaccharide was 
confirmed by both analyses getting the expected oligosaccharide fragments and cleaved 
monosaccharides (table 9).

Table 9:
Fragments of
oligosaccharides

exoglycosidase ESI-MS analyses Monosaccharide 
analyses

HexNAc-Hex beta 1-3 galactosidase HexNAc 
Hex 
HexNAc-Hex

GalNAc/GalNH2 
galactose
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DesHex-desHex- 
desHexM

alpha1-3,4 fucosidase desHexM 
DesHex-desHexM 
DesHex-desHex

fucose

DesHex-desHex alpha1-3,4 fucosidase desHex fucose
DesHex-desHexM- 
HexNAcM-HexNAc

HexNAcase 
(alphal-2,3,4,6 
GalNAc/GIcNAc)

HexNAc 
DesHex-desHexM- 
HexNAc

n.d

5

10

15

20

25

30

35

40

45

ln conclusion, the structure of repeating units of co re-1-positive capsular polysaccharide (fig. 
8) was confirmed by a variety of analyses.

Furthermore, the results revealed (please also see Fig. 19, in particular #5), that the 
glycosidic linkage between the Gal-GalNAc and the backbone GalNAc molecule is alpha- 
anomeric. This finding was supported by dot blot analyses with mAbs TF1, TF2 and HH8, 
which are specific for the alpha anomer of TF. The mAbs A68-E/A2 and A68-E/E3 which are 
specific for TFbeta were also used. Thereby, the tumour-specific Ag TFalpha was identified 
within the branching structure of capsular polysaccharide of B. ovatus AG6.

Example 11 Animal model

11.1 Intra-peritoneal immunization of mice with dead bacteria
11.1.1 Analysis of mouse sera by humoral immune response test 1
Female Balb/c mice (Charles River, 4 per group) were treated with Cyclophosphamid at a 
dosis of 50 mg/kg body weight at day -1. At days 0, 7 and 14 mice were intra peritoneally 
injected with 5 χ 108 bacteria (core-1 negative strains AG3 (group I), 32 or 53 or core-1 
positive strain AG6 (group K)) in PBS or with PBS alone (group L). Serum samples were 
taken at days -4, 21, 27 and 30.

Mouse sera were analysed for binding to core-1 in ELISA. As Core-1 carrying antigen served 
asialoglycophorin. As a negative control periodic acid-treated asialoglycophorin was used. 
Periodate treatment destroys the outer carhohydrate ring of the core-1 thereby destroying the 
Core-1 epitope.

96-well flat-bottom microtiter plates were coated with asialoglycophorin A (AGP) at a 
concentration of 2pg/ml. Plate was washed 3 times with PBS/Tween.
Half the plate was treated with periodate as follows:

Wells were incubated for 5 minutes with 50mM sodium acetate buffer pH 4.5 followed by a 
1h incubation with 10mM periodic acid in acetate buffer in the dark. Wells were incubated for 
5 minutes with 50mM sodium acetate buffer pH 4.5. Reaction was stopped by incubation with 
sodium borohydride (50mM in PBS, 30 min). Next, plates were washed 5 times with 
PBS/Tween.

Plates were then blocked by addition of 2% BSA for 30min.

Incubation with different dilutions of mouse sera were performed for 1,5h. Bound mouse 
immunoglobulin was detected with a peroxidase-conjugated goat anti-mouse IgM antibody 
(1:5000 in PBS/1% BSA). Assay was developed with TMB as substrate and reaction was 
stopped by addition of 2,5 N H2SO4. .

Fig. 9 shows the binding of serum IgM-antibodies to core-1 positive AGP and core-1 negative 
AGP (AGP+PJ). Only sera of three out of 4 mice immunized with Core-1-positive bacteria 
(group K) showed strong binding to AGP, whereas the signal is reduced after cleavage of 
Core-1 with PJ.
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Therefore, core-1-positive bacteria are capable of inducing core-1-directed humoral immunity 
in mice.

11.1.2 Analysis of mouse sera by humoral immune response test 2

Male C3H mice (Charles River, 4 per group) were intra-peritoneally immunized with 5x108 
pasteurized bacteria from Core-1 postive and Core-1 negative strains in 200μΙ PBS at days 
0, 7 and 14. Sera were collected prior to immunization and at days, 13, 21 and 28 and 
analysed in humoral immune response test 2.

96-well flat-bottom microtiter plates were coated with different carbohydrate-PAA conjugates 
(ΘΙοΝΑοβΙ -2GalB1 -3GalNAcalpha-PAA, Fucalphal -2GalB1 -3GalNAcalpha-PAA,
GalNAcalpha1-3GalB-PAA, Galalpha1-3-GalNAcB-PAA, Gal beta1-3GalNAc alpha1-PAA) at 
5pg/ml in coating buffer (8,4 g/l NaHCO3, 3,56g/l Na2CO3, pH=9,49) and incubated over night 
at 4°C.

Plate was washed 3 times with PBS/Tween.

Plates were then blocked by addition of 2% BSA for 30min.

Incubations with different dilutions of mouse sera were performed for 1,5h. Bound mouse 
immunoglobulin was detected with a peroxidase-conjugated goat anti-mouse IgM antibody 
(1:5000 in PBS/1% BSA). Assay was developed with TMB as substrate and reaction was 
stopped by addition of 2,5 N H2SO4.

Figure 10 shows the mean value of ELISA signals against the PAA conjugate Gal betal- 
3GalNAc alpha1-PAA relative to the ELISA signal against GlcNAcB1-2Galii1-3GalNAcalpha- 
PAA, for sera from 4 mice per group at day 0 (pre-immune serum) and day 21 [relative 
ELISA signal is calculated after the equation : (ELISA signals against Gal beta1-3GalNAc 
alpha1-PAA) * 100/ (ELISA signal against GlcNAcB1-2GalB1-3GalNAcalpha-PAA)]. Sera 
were calculated as positive if immune serum showed an increase of at least 50% compared 
with the pre-immune serum. It could be shown that only the Core-1-positive strains AG6 and 
MU1 induced a Core-1 specific humoral immune response in mice.

11.1.3 Analysis of mouse sera by humoral immune response test 3

Female Balb/c mice (Charles River, 4 per group) were treated with Cyclophosphamid at a 
dosis of 50 mg/kg body weight at day -1. At days 0, 7 and 14 mice were intra peritoneally 
injected with 5 x 108 bacteria (core-1 negative strains AG3 (group I), 32 or 53 or core-1 
positive strain AG6 (group K)) in PBS or with PBS alone (group L). Serum samples were 
taken at days -4, 21, 27 and 30.

Flow cytometric analyses were performed in order to analyze binding of mouse sera to Core- 
1 positive and core-1 negative human tumour cell lines (NM-wt and NM-D4, respectively; 
NM-wt is the parental cell of NM-D4 as described in W02005/017130 A2 and EP1654353, 
NM-D4 is deposited at the DSMZ under DSM ACC2605). 3 x 105 cells per tube were pelleted 
and the pellet was resuspended in 50μΙ murine serum (diluted 1:50 in PBS/10%FCS), control 
antibody or PBS/10%FCS alone. Samples were incubated for 20 min at 4°C, washed with 
PBS and centrifuged. Next, cells were incubated with Cy3-conjugated goat anti-mouse-IgM 
antibody (Jackson Immuno Research, 1:200 in PBS/10%FCS) for 20 min at 4°C, washed 
with PBS and resuspended in 200μΙ PBS for flow cytometric analysis.

Fig. 11 a and b shows the binding of IgM antibodies from mouse sera to the human cell lines 
NM-wt (Core-1 negative) and NM-D4 (core-1 positive). Whereas binding to the Core-1 
negative NM-wt line is comparable between mice immunized with Core-1 negative bacteria 
(group I) and Core-1 positive bacteria (group K), there is a significantly stronger binding of 3 



WO 2008/055702 PCT/EP2007/009765

5

10

15

20

25

30

35

40

45

50

55

-97-

out of 4 mice from group K to the Core-1 positive NM-D4 line. This is indicative of the core-1 
specificity of the humoral immune response in mice immunized with Core-1 positive bacteria.

11.1.4 Analysis of mouse sera by humoral immune response tests 1, 2 and 3

C3H mice (Charles River, 4 mice per group) were intra-peritoneally immunized with 1x109 
pasteurized bacteria from Core-1 positive Bacteroides ovatus strain Bacteroides ovatus MU-
I, A68-BA11-positive E. coli strain LH2 and Core-1 negative E. coli strains (AG3, E.coli 086 
DSMZ 8697 =32) in 200μΙ PBS at days 0, 7 and 14. Sera were collected prior to 
immunization and at days 13, 21 and 28 and analysed in humoral immune response tests 1, 
2 and 3 as described above.

While strain AG3 was negative for all humoral immune response tests, serum collected from 
mice after immunization with the strains E.coli 086 and LH2 showed AGP reactive antibodies 
in HIRT 1. Nevertheless, only the Core-1 positive strain MU-1 showed strong anti-Core 1 
specific humoral immune responses against Core-1 on PAA conjugates (HIRT 2) and on 
human tumor cells (HIRT 3) in addition to the induction of AGP specific antibodies in HIRT.
Therefore, we could induce a strong Core-1 specific humoral immune response only with a 
Core-1 positive microorganisms of the Bacteroides ovatus (MU-1).

Fig. 11 c to e show the results.

II. 2. Oral Immunization of germfree mice with live Core-1 positive bacteria

Germfree C3H-mice were orally immunized with 2x109 live bacteria of strain AG6 at days 
2,3,4, 9,10,11, 16, 17 and 18. Serum samples were taken at day 0 (pre-immune sera) and at 
days 14 and 21 and analysed for AGP- specific IgM antibodies in humoral immune response 
test 1.

Immunized mice showed increased anti-core-1 titers compare to control mice as shown by 
binding of mouse sera to AGP coated microtiterplates. Detection of bound mouse IgM was 
performed with peroxidase-coupled anti-mouse-IgM antibodies. Specificity of the signal for 
core-1 was shown by the decrease of the ELISA signal after treatment with periodic acid 
(destroying the carbohydrate structure). After 14 or 21 days 3 out of 3 mice had elevated 
IgM-antibody levels to Core-1 whereas control mice showed no increase of ELISA signals to 
AGP in comparison to AGP +PJ as shown in figure 12.

11.3 Oral immunization of conventional mice with pasteurised and living Core-1 
positive bacteria

C3H-mice were orally immunized with 1x1011 (group A) or 1x101° (group B) pasteurized 
bacteria of strain AG6 daily at days 0 to 28. Serum samples were taken at day -1 (pre- 
immune sera) and at days 13, 21, 28 and 35 and analysed for AGP- specific IgM antibodies 
in humoral immune response test 1.

Serum collected from mice after immunization showed increased anti-Core-1 titers as shown 
by binding of mouse sera to microtiterplates coated with GP or AGP (with and without 
treatment with periodic acid). Detection of bound mouse IgM was performed with peroxidase- 
coupled anti-mouse-IgM antibodies. Specificity of the signal for core-1 was shown by the 
decrease of the ELISA signal after treatment with periodic acid (destroying the carbohydrate 
structuredecrease of at least 30%) and by the lower signal against GP (increase of AGP 
signal of at least 50%).

It was shown that 5 out of 6 mice from group A and 5 out of 8 mice from group B had 
developed Core-1 specific antibodies by day 21 (fig . 13).
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ln humoral immune response test 3 mouse sera were analysed for binding to the Core-1 
positive tumor cell line NM-D4 in comparison to the Core-1 negative cell line NM-wt by flow 
cytometry. 3 x 105 cells per tube were pelleted and the pellet was resuspended in 50μΙ 
murine serum (diluted 1:300 in PBS/1%BSA), control antibody or PBS/1%BSA alone. 
Samples were incubated for 60 min at 4°C, washed with PBS and centrifuged. Next, cells 
were incubated with biotin-conjugated goat anti-mouse-IgM antibody (Jackson Immuno 
Research; 1:200 in PBS/1%BSA) for 60 min at 4°C and washed with PBS. Following cells 
were incubated with Cy3-conjugated streptavidin (Jackson Immuno Research, 1:200 in 
PBS/1%BSA) for 60 min at 4°C and resuspended in 200μΙ PBS for flow cytometric analysis.

Results were calculated after the following formula:

(% positive cells on NM-D4immune serum - % positive cells on NM-D4pre-immune serum) / (% positive 
Cells On NM-Wtimmuneserpm- % positive cells on NM-wt pre-immune serum)-X
Mouse sera with a quotient X > 10 were seen as positive (with % positive cells on NM- 
Wtimmune serum ~ % positive cells on NM-wt pre-immune serum— 1 )·

At day 28, 11 of 13 mice had developed a humoral immune response against the Core-1 
positive human tumor cell line NM-D4 as shown in fig. 14.

In humoral immune response test 2 mouse sera from day 28 were analysed for binding to 
GalB1-3 GalNAc a -PAA (PAA 48) or GalB1-3 GIcNAc a-PAA (PAA 43).

96-well flat-bottom microtiter plates were coated with either GalB1-3 GalNAc a -PAA (PAA 
48) or GalB1-3 GIcNAc a-PAA (PAA 43) at 5 pg/ml in coating buffer (8,4 g/l NaHCO3, 3,56 
g/l NA2CO3, pH=9,49) and incubated over night at 4°C. After blocking, incubations with sera 
were performed for 1,5 hour. Bound mouse immunoglobulin was detected with a peroxidase- 
conjugated goat anti-mouse IgM antibody (1:5000 in PBS 1% BSA). Assay was developed 
with TMB as substrate and reaction was stopped by addition of 2,5N H2SOP4.

The results are shown in Fig. 21. It was shown that 5 out of 13 mice had developed Core-1 
specific antibodies by day 28.

Example 12 Potential of Core-1 positive bacteria for the induction of a cellular 
immune response (in vitro)

12.1 Generation of functional dendritic cells
Dendritic cell line NemodDC (pNM-DC) has been used as source for antigen presenting cells 
(APC). The pNM-DCs were differentiated into iNM-DC, followed by loading with bacterial 
lysates (BaLy) of following bacteria strains: AG6, MU1, 52 and 53. 50pg/ml of every BaLy 
was added together with maturation cytokines to the culture media and iNM-DC were 
differentiated to their mature status (mNM-DC).

More detailed, in the first step pNM-DC (1 x 105 /ml) were differentiated into iNM-DC by 
7days incubation in NemodDC medium (70% MEM-alpha, 20% FCS, 10% CM5637) with 
addition of 1000 U/ml of GM-CSF, 100 U/ml IL-4 and 2,5 ng/ml TNF-alpha?Next, 1x106 /ml of 
immature NM-DC (iNM-DC) were loaded either with bacteria lysates (50pg/ml), tumor cell 
lysates (1x106 lysed tumor cells for loading on 1x106 NM-DC) or AGP- and GP-proteins 
(20pg/ml) and maturated for 2 days by addition of 75 ng/ml TNF-alpha".

The maturation phenotype of mNM-DC is very important for successful T-cell activation 
and was tested by means of flow cytometry for expression of CD1a, CD11c, CD14, CD40, 
CD35, CD80, CD83, CD86, CD116, HLA-ABC and HLA-DR. Only those DC which had 
phenotype correspondent to the phenotype of mature DCs were used for T-cell activation.
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12.2 Generation of activated T cells against Core-1 and detection of GM-CSF 
(cellular immune response test 1) and TNF-alpha (cellular immune response test 2) 
production using ELISA

After 7-10 days of priming of T lymphocytes with NM-DC loaded with Core-1-positive 
bacterial lysates, resulting T cells (0,7-1x10® /ml) were restimulated with mNM-DC (1x105 /ml) 
loaded with Corel-positiv tumor cell lysates (50pg/ml). Following 48 hours of incubation 
supernatants were harvested and assayed using for evaluation of the cytokine production in 
response to human Core-1-positive tumor cell line NM-D4 the GM-CSF- and TNF-alpha- BD 
OptEIA™ Kits.

The 96-well plates were pre-coated with 50μΙ of appropriate capture anti-human (GM-CSF or 
TNF-alpha) antibodies diluted 1:250 in coating buffer. After washing and blocking steps, 
100μΙ of supernatants or standards were added to microwells and incubated for 2 hours at 
room temperature. For standard curve the recombinant human GM-CSF in concentrations 0; 
7,8; 15,6; 31,2; 62,5; 125; 250pg/ml and the recombinant human TNF-alpha. in 
concentrations 0; 4,7; 9,4; 18,8; 37,5; 75; 150; 300 pg/ml were used. After washing, 100pl 
prepared Working Detector solution per well were added, and plate was incubated 1 hour at 
room temperature. In the next steplOO μΙ TMB One-Step Substrate Reagent were added per 
well. After final incubation for 30 minutes and addition of 50μΙ of Stop Solution the extensions 
were read at 450nm.

The results demonstrated in figures 15 A and B show clear evidence that T cells generated 
to Corel-positive bacteria lysates are able to recognise DC loaded with Corel-positive cell- 
lysat from human cell line NM-D4 by production of tumor-inhibitory cytokines such as TNF- 
alpha and GM-CSF. In contrast, very low level of cytokines was released in response to 
Corel-negative cell lysates. Moreover, this recognition was specifically inhibited through pre­
incubation of lysate-loaded NM-DC with Corel-specific antibody.

12.3 ELISPOT assay for evaluation of the secretion of IFN-gamma by activated T 
lymphocytes directed against Core-1 (cellular immune response test 2)

ELISpot assay was used for evaluation of IFN-gamma secretion in response to antigen 
specific stimulation. This assay allows the quantification of functional ability of the pre­
sensitised T cells to recognise Corel antigens in an antigen specific manner.

The T lymphocytes were first activated in vitro by being co-cultured with DC loaded with 
bacterial lysates. After 7 to 10 days of priming, activated T cells were harvested and re­
challenged with DC (in ratio T cell to DC 10:1) loaded with Corel-positive (NM-D4) and 
Corel-negative (NM-wt) human tumor cell lysates.

The wells of the ELISpot plate were pre-coated with mouse-anti-human-IFN-gamma - 
antibody (Mabtech-Kit) that binds to the nitrocellulose base of the ELISpot plate. The re­
challenged T cells were transferred into the wells, and cytokines are released during the 
incubation period. IFN-gamma that is released locally around each T cell binds to, and is 
therefore ‘captured’ by the specific antibody. After 24 hours of incubation the cells were 
removed. A second anti-human-IFN-gamma antibody in concentration 1 pg/ml is added to the 
wells; this biotinylated antibody is coupled to an enzyme that is capable of converting a 
substrate into an insoluble coloured product. The plates are washed once more, and 
streptavidin conjugated with enzyme-AP in a concentration of 1 pg/ml is added. Finally a 
precipitating substrate BCIP+NBT is added and the plate is incubated until spots emerge at 
the side of the responding T cells. The coloured spots are counted and analysed using a 
digital-imaging system.

The results showed that T cells generated to Corel-positive bacterial lysates (AG6 and MU1) 
are able to recognise DC loaded with Corel-positive cell-lysat from human tumor cell line 
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NM-D4 by production of tumor-inhibitory cytokine IFN-gamma (Fig. 16). Very low level of 
cytokines was released in response to Corel-negative cell lysates (R+DC/wt). Furthermore, 
the specificity of recognition of Corel-positive cell-lysat (R+DC/D4) was proved by blocking 
of cytokine release with the Core-1 specific antibody Nemod-TF1 (R+DC/D4+Ak).

12.4 Cellular immune response test 3: T-Cell Proliferation Assay

The sensitised and re-stimulated T cells as described above for ELISpot analysis, were 
transferred after incubation from ELISpot plate into 96-well plate and were assayed using the 
colorimetric Cell Proliferation Reagent WST-1 (Roche Molecular Biochemicals), whose 
tetrazolium salt is cleaved by mitochondrial enzymes so that the amount of dye developed 
(read at 450 nm) directly correlates to the number of metabolically active cells in the culture. 
Absorbance of culture medium plus wst-1 in the absence of cells was the blank position for 
the enzyme-linked immunosorbent assay reader. The procedure consists of one-step-adding 
of 10μΙ per well of WST-Proliferation reagent (Roche) and incubation for 3 hours at 37°C 
following measurement at 450nm.

The results demonstrated in figure 17, show clear evidence that T cells generated to Corel- 
positive bacteria lysates, recognise DC loaded with Corel-positive cell-lysat from human 
tumor cell line NM-D4 as shown by specific proliferation. Moreover, this recognition was 
specifically inhibited through pre-incubation of lysate-loaded NM-DC with Corel-specific 
antibody.

12.5 Cellular immune response test 4: Immunofluorescence test for Core-1 
presentation on DCs loaded with bacterial lysates

In order to analyse the processing and presentation of Core-1 by bacterial lysate-loaded NM- 
DC, immunofluorescence analyses were performed using core-1 specific monoclonal 
antibodies (Nemod-TF1, NEMOD-TF2). The presentation ofthe processed Corel-antigen on 
the surface of the mature DC was demonstrated with help of Immunofluorescence. 
Immunofluorescence (IF) is a technique allowing the visualization of a specific antigen 
(Corel) on cells by binding a specific Core-1 antibody following by addition of a secondary 
antibody labeled with fluorochrome, which is used to recognize a primary antibody.

In the first step pNM-DC (1 x 105 /ml) were differentiated into iNM-DC by 7days incubation in 
NemodDC medium (70% MEM-alpha, 20% FCS, 10% CM5637) with addition of 1000 U/ml of 
GM-CSF, 100 U/ml IL-4 and 2,5 ng/ml TNF-alphaNext, 1x106 /ml of immature NM-DC (iNM- 
DC) were loaded either with bacteria lysates (50pg/ml), tumor cell lysates (1x106 lysed tumor 
cells for loading on 1x106 NM-DC) or AGP- and GP-proteins (20pg/ml) and maturated for 2 
days by addition of 75 ng/ml TNF-alpha

Matured and antigen loaded DC were washed and 1x106 cells per 50 pl were placed on the 
microtiterplate for immunofluorescence staining. 3pg/ml of Core-1-specific antibody (Nemod- 
TF1) diluted in culture medium (10%FCS) was incubated with cell suspension for 1 hour at 
room temperature. After washing steps 50μΙ 1:200 diluted secondary goat anti-mouse IgM, 
Cy3-labeled Ab (Jackson/Dianova) were added and incubated for 30 minutes. Following 
washing steps, 20 μΙ of cell suspension were placed into each well of a Multitest slide (10 
wells, Roth). Immunofluorescence stained samples were examined with an Axioplan 2 
fluorescence microscope equipped with the digital camera AxioCam (Zeiss).

Fig. 18 shows positive Core-1-specific staining of the mature mNM-DC, which have 
processed AG6- and NM-D4-Core1-positive lysates; and negative immunofluorescence on 
mNM-DC loaded with Corel-negative lysates (AG3 and NM-wt)

While the invention has been described in terms of preferred embodiments, the skilled 
artisan will appreciate that various modifications, substitutions, omissions and changes may
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be made without departing from the spirit thereof. Accordingly, it is intended that the scope of 
the present invention be limited solely by the scope of the following claims, including 
equivalents thereof. Therefore, as will be apparent to those skilled in the art in which the 
invention is addressed, the present invention may be embodied in forms other than those

5 specifically disclosed above without departing from the spirit or essential characteristics of the 
invention. The particular embodiments of the present invention, described above, are 
therefore to be considered in all respects as illustrative and not restrictive. The scope of the 
present invention is as set forth in the appended claims rather than being limited to the 
examples contained in the foregoing description. It should be understood that various

IO alternatives to the embodiments of the invention described herein may be employed in 
practicing the invention. It is intended that the following claims define the scope of the 
invention and that the method and means within the scope of these claims and their 
equivalents be covered thereby.

15 Cell lines:

NM-D4 (DSM ACC2605), NM-F9 (DSM ACC2606), ZR-75-1 (ATCC CRL-1500), CAMA-1
25 (ATCC HTB-21), KG-1 (DSM ACC 14), or A-204 (DSM ACC 250). NM-wt or NM-H9 (or 
NMH9D8 DSM ACC2806). The NM-9 and NM-D4 cell lines have been deposited at the

>0 DSMZ by Nemod Biotherapeutics GmbH & Co. KG, Robert-Rossle-Strasse 10,13125 Berlin, 
Germany (i. e. the depositor) who authorise the applicant of the present application to refer to 
the deposited biological material described herein and give their unreserved and irrevocable 
consent to the applicant of the present application that the deposited biological material 
described herein be made available to the public in accordance with Rule 28 (1) (d) of the

>5 European Patent Convention. The DSMZ is located at the Mascheroder Wee lb. D-38124 
Braunschweig, Germany. The aforementioned DSMZ deposits were made pursuant to the 
terms of the Budapest treaty on the international recognition of the deposit of microorganisms 
for purposes of patent procedure.

30 AG6(DSM 18726), MUKDSM 18728) and the new strain Escherichia coli LH2(DSM 18727) 
deposited at the "DSMZ-Deutsche Sammlung von Mikroorganismen and Zellkulturen GmbH" 
in Braunschweig (Germany), by Glvcotope GmbH, Robert-Rossle-Str, 10,13125 Berlin 40 
(Germany) at the October 20, 2006,

35 Throughout the description and claims of the specification, the word "comprise" and variations 
of the word, such as "comprising" and "comprises", is not intended to exclude other additives, 
components, integers or steps.

A reference herein to a patent document or other matter which is given as prior art is not to be 
40 taken as an admission or a suggestion that that document or matter was, known or that the 

information it contains was part of the common general knowledge as at the priority date of 
any of the claims.
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Applicant herewith requests for those countries which have a respective provision that the furnishing 

of a sample of deposited biological material referred to in the application may only be made to an 
independent, nominated expert (request of the “expert solution” where applicable, in particular Aus­

tralia, Canada, Croatia, Denmark, Finland, Germany, Iceland, Norway, Singapore, Spain, Sweden, 

United Kingdom, Europe).

For Europe applicant accordingly requests that a sample of the deposited biological material will be 
made available as provided in Rule 28 (3) EPC until the publication of the mention of the grant of the 
patent or for 20 years from the date of filing if the application is refused or withdrawn or deemed to 

be withdrawn, only by the issue of a sample to an expert nominated by the person requesting the 
sample (Rule 28 (4) EPC).
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BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 

FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

Nemod Bio therapeutics GmbH & Co. KG

Robert-Rossle-Str. 10

13125 Berlin RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 
issued pursuant to Rule 7.1 by the
INTERNATIONAL· DEPOSITARY AUTHORITY 
identified at the bottom of this page

Γ. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the DEPOSITOR; 

MM-D4

Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:

DSM ACC2605

Π. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under L above was accompanied by:

( X) a scientific description
( ) a proposed taxonomic designation

(Mark wjch a cross where applicable).

ELI. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts rhe microorganism Identified under 1. above·, which was received by it on 2003-08—14 
(Dare of the original deposit)1 *.

[V. RECEIPT OF REQUEST FOR CONVERSION

The iniciOorgnnism idvii’iΟι I h.iuRt J pbo'.'t wn’ rcrci>'ed by ihl··* Inicmnrinnal DcrnYriiiiry Authority on (dtitr of nrifinnl dconsit)

and a request to convert the original deposit to a deposit under the.Budapest Treaty was received by it on (date of receipt of request
for conversion).

v. INTERNATIONALDEPOSITARY authority

Name: DSMZ-DEUTSCHESAMMLUNGVON
MKROORGaNISMEN UND ZELLKULTUREN GmbH

Address: Maschcrodcr Weg lb
D-38I24 Braunschweig

Signatures) ofpcrson(s) having the power to represent the
International Depositary Authority or of authorized official^):

/7.
Date: 2003-10-16

1 Where Rule 6.4 (d) applies, such date is the date on which the status of intcmationul depositary authority wps acquired.

Form DSMZ-Bp/4 (sole page) 12/2001
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Applicant's or agent's International applicationNo.
file reference 43 θθβ «

INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 13½)

A. The indications made below relate to the deposited microorganism or other biological material referred to in the description
on page

B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet |^C|

Name of depositary institution
Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ)

Address of depositary institution (including postal code and country) 
Mascheroder Weg 1 b 
38124 Braunschweig
DE

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet |χ|

Date of deposit
2003-08-14

Accession Number
DSM ACC2606

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g., "Accession 
Number of Deposit")

For receiving Office use only For International Bureau use only

E This sheet was received with the international application □ This sheet was received by the International Bureau on:

Authorized officer

Giel-Barragan Ramos, Cecilia

Authorized officer

Form PCT/RO/134 (July 1998; reprint January 2004)
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Our ref.: 48 603 K

Additional indications according to form PCT/RQ/134 for Accession Number DSM ACC2606

Applicant herewith requests for those countries which have a respective provision that the furnishing 
of a sample of deposited biological material referred to in the application may only be made to an 
independent, nominated expert (request of the “expert solution” where applicable, in particular Aus­

tralia, Canada, Croatia, Denmark, Finland, Germany, Iceland, Norway, Singapore, Spain, Sweden, 
United Kingdom, Europe).

For Europe applicant accordingly requests that a sample of the deposited biological material will be 
made available as provided in Rule 28 (3) EPC until the publication of the mention of the grant of the 
patent or for 20 years from the date of filing if the application is refused or withdrawn or deemed to 
be withdrawn, only by the issue of a sample to an expert nominated by the person requesting the 
sample (Rule 28 (4) EPC).
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BUDaPEST treaty on the international 
RECOGNITION OF THE DEPOSITOF MICROORGANISMS 

FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

Nemod Biotherapentics GmbH & Co. KG

Robcrt-Rossle-Str. 10

13125 Berlin RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 
issued pursuant to Rule 7.1 by the
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom οΓLhis page

' Whitt Rule 6.4 (d) applies, such data is the date on which the status of international depositary authority was acquired. 

Form DSMZ-BP/4 (solo page) 12/2001

1 IDENTIFICATION OF THE MICROORGANISM

IddntiGcation reference given by the DEPOSITOR: 

NM-F9
Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY: .

DSM ACC2606

Π. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I. above accompanied by:

(χ) a scientific description
( ) a proposed taxonomic designation

(Mark wjch a cross where applicable).

HI. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I. above, which was received by it on 2003-OS” 14 
(Dene of the original deposit)1.

IV. RECEIPT OF.REQUEST FOR CONVERSION

': !κ· ir.iviwgiwu^n idcntlfied under I above- was rev-vi-v.l by this Imc-rr.nHcncl DcposL.in* Authority nn (rinre of original dvpn<i() -
and i request co convcn the original depositee s deposit under the Budapest Treaty was received by iron (date of receipt of request
for conversion).

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name; DSMZ-DELTTSCHE SAMMLUNG VON
MKROORGANISMENUND ZELLKULTUREN GmbH

Address; Mweheroder wcg 1 b
D-38124 Braunschweig

Signature^) of persons) having rhe power lo represent ihe 
International Depositary Authority or of authorized official(s):

Dace: 2003-10-16
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Applicant's or agent's International applicationNo.
file reference 43 603 K

INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 13½)

A. The indications made below relate to the deposited microorganism or other biological material referred to in the description
on page , line JL S~_______________________ .

B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet |y|

Name of depositary institution
Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ)

Address of depositary institution (including postal code and country) 
Mascheroder Weg 1b 
38124 Braunschweig
DE

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet |?C|

Date of deposit
2006-09-15

Accession Number
DSM ACC2806

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g., "Accession 
Number of Deposit")

For receiving Office use only For International Bureau use only

0 This sheet was received with the international application □ This sheet was received by the International Bureau on:

Authorized officer
Giel-Barragan Ramos, Cecilia

Authorized officer

Form PCT/RO/134 (July 1998; reprint January 2004)



PCT/EP2007/009765
-109-

Our ref.: 48 603 K

Additional indications according to form PCT/RO/134 for Accession Number DSM ACC2806

Applicant herewith requests for those countries which have a respective provision that the furnishing 

of a sample of deposited biological material referred to in the application may only be made to an 
independent, nominated expert (request of the “expert solution” where applicable, in particular Aus­
tralia, Canada, Croatia, Denmark, Finland, Germany, Iceland, Norway, Singapore, Spain, Sweden, 

United Kingdom, Europe).

For Europe applicant accordingly requests that a sample of the deposited biological material will be 
made available as provided in Rule 28 (3) EPC until the publication of the mention of the grant of the 

patent or for 20 years from the date of filing if the application is refused or withdrawn or deemed to 

be withdrawn, only by the issue of a sample to an expert nominated by the person requesting the 

sample (Rule 28 (4) EPC).
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DSMZ
Deuliche 
Sommlvng von 
Mikroorgaru'imen
und Zcllkubucin CrnbH

BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 

FOR THE PURPOSES Of PATENT PROCEDURE

INTERNATIONAL form

Giycotope GmbH

Roben-Rossle-Str. 10

13125 Berlin RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 
issued pursuant to Rule 7.1 by the
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page

1. identification of the microorganism

Identification reference given by the DEPOSITOR: 
NM-H9D8

Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY:

DSM ACC28O6

IL SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I. above was accompanied by: 

( ) a scientific description
( ) a proposed taxonomic designation

(Murk with a cross where applicable).

III. RECEIPT .AND ACCEPTANCE

This International Deposirary Authority accepts the microorganism identified under I. above, which was received by it on 2006’09“ 1 5 
(Date of the originaldeposit)1.

fV, RECEIPT OF REQUEST FOR CONVERSION

The mi’-.-nnrnnnjqv, irtentif eil under 1 nhovr·. was received by ibis burrna'inml n-positwy Anihn-ily «η 

and a request to convert the original deposit to a deposit under lhe Budapest Treaty was received by it on 
for conversion).

Maic .-fnriphi.'il <Ι·-.ρηίΐι) 
(date Of receipt of request

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: DSMZ-DEUTSCHE SAMMLUNG VONMKROORGaNISMEN UND ZELLKULTUR12N GmbH

Address: Inhoffcnstr. 7 B
D-3SI24 Braunschweig

Signaturc(s) of pcrson(s) having the power to represent the 
International Depositary Authority or of authorized oflicial(s):

Cd dde-' di
Dxc: 2006-10-09

Where Rule 6.4 (d) applies, such dale is lhe date on which the Status of international depositary authority was acquired.
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Applicant's or agent's International applicationNo.
file reference 43 393 «

INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 13 to)

A. The indications made below relate to the deposited microorganism or other biological material referred to in the description
on page (A Λ , line .____________________________

B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet |^C|

Name of depositary institution
Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ)

Address of depositary institution (including postal code and country) 
Mascheroder Weg 1b 
38124 Braunschweig
DE

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet |X|

Date of deposit Accession Number
2006-10-20 DSM 18726

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications eg., "Accession 
Number of Deposit")

For receiving Office use only For International Bureau use only

E This sheet was received with the international application □ This sheet was received by the International Bureau on:

Authorized officer
Giel-Barragan Ramos, Cecilia

Authorized officer

Form PCT/RO/134 (July 1998; reprint January 2004)
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Our ref.: 48 603 K

Additional indications according to form PCT/RO/134 for Accession Number DSM 18726

Applicant herewith requests for those countries which have a respective provision that the furnishing 

of a sample of deposited biological material referred to in the application may only be made to an 
independent, nominated expert (request of the “expert solution” where applicable, in particular Aus­

tralia, Canada, Croatia, Denmark, Finland, Germany, Iceland, Norway, Singapore, Spain, Sweden, 
United Kingdom, Europe).

For Europe applicant accordingly requests that a sample of the deposited biological material will be 
made available as provided in Rule 28 (3) EPC until the publication of the mention of the grant of the 

patent or for 20 years from the date of filing if the application is refused or withdrawn or deemed to 
be withdrawn, only by the issue of a sample to an expert nominated by the person requesting the 
sample (Rule 28 (4) EPC).
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DSMZ
Deutsche 
Sommlung von 
Mikroorganismen
und Zellkulluren GmbH

BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 

FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

Glycotope GmbH
Robert- Rossle-Str. 10
13125 Berlin RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 

issued pursuant to Rule 7.1 by the
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page

I. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the DEPOSITOR:

AG6
Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY:

DSM 18726

Π. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I. above was accompanied by:

( ) a scientific description
( X) a proposed taxonomic designation

(Mark with a cross where applicable).

III. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I. above, which was received by it on 2006-1 0-20 
(Date of (lie original deposit)'.

IV. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International Depositary Authority on 
and a request to convert the original deposit to a deposit under the Budapest Treaty was received by it on 
for conversion).

(date of original deposit) 
(date of receipt of request

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: DSMZ-DEUTSCHE SAMMLUNG VON 
MKROORGANISMEN UND ZELLKULTUREN GmbH

Signature^) of person(s) having the power to represent the 
International Depositary Authority or of authorized official(s):

Address: Inhoffenstr. 7 B
D-38124 Braunschweig

Date: 2006-10-24

LviV Rule 6.·ί (d) applies, se:h dale is the date un ivhiuh the status uf inicniulionJ depository auijioi h) ·λ acquired.
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Applicant's or agent's International application No.
file reference 43 603 K

INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 13te)

A. The indications made below relate to the deposited microorganism or other biological material referred to in the description
on page ΛΟΛ, C line ■_______________________

B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet |^c|

Name of depositary institution
Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ)

Address of depositary institution (including postal code and country) 
Mascheroder Weg 1b 
38124 Braunschweig
DE

Date of deposit
2006-10-20

Accession Number
DSM 18727

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet |X]

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later (specif) the general nature ofthe indications e.g„ "Accession 
Number of Deposit")

For receiving Office use only For International Bureau use only

This sheet was received with the international application □ This sheet was received by the International Bureau on:

Authorized officer
Giel-Barragan Ramos, Cecilia

Authorized officer

Form PCT/RO/134 (Julyl998; reprint January 2004)
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Our ref.: 48 603 K

Additional indications according to form PCT/RO/134 for Accession Number DSM 18727

Applicant herewith requests for those countries which have a respective provision that the furnishing 

of a sample of deposited biological material referred to in the application may only be made to an 
independent, nominated expert (request of the “expert solution” where applicable, in particular Aus­

tralia, Canada, Croatia, Denmark, Finland, Germany, Iceland, Norway, Singapore, Spain, Sweden, 
United Kingdom, Europe).

For Europe applicant accordingly requests that a sample of the deposited biological material will be 
made available as provided in Rule 28 (3) EPC until the publication of the mention of the grant of the 

patent or for 20 years from the date of filing if the application is refused or withdrawn or deemed to 
be withdrawn, only by the issue of a sample to an expert nominated by the person requesting the 
sample (Rule 28 (4) EPC).
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DSMZ
Deulsche C'·
Sammlung von A
Mikroorganismen >
und Zellkulluren GmbH ·*·****

BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 

FOR THE PURPOSES OF PATENT PROCEDURE

INTERNATIONAL FORM

Glycotope GmbH
Robert-ROssle-Str. 10
13125 Berlin RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 

issued pursuant to Rule 7.1 by the
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page

I. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the DEPOSITOR: 

LH2
Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY:

DSM 18727

Π. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under I. above was accompanied by:

( ) a scientific description
( χ) a proposed taxonomic designation

(Mark with a cross where applicable).

m. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I. above, which was received by it on 2006-10-20 
(Date of the original deposit)1.

IV. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under I above was received by this International Depositary Authority on (date of original deposit)
and a request to convert the original deposit to a deposit under the Budapest Treaty was received by it on (date of receipt of request
for conversion).

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: DSMZ-DEUTSCHE SAMMLUNG VON
MKROORGANISMEN UND ZELLKULTUREN GmbH

Address: InhofFenstr. 7 B
D-38124 Braunschweig

Signature(s) of pcrson(s) having the power to represent the 
International Depositary Authority or of authorized official(s):

Dare: 2006-10-24

Whe··.· Fill:· 1 Id) applies, such 4"!,- i;: 'he date on wh:'·’’ lhe status or!nl"matiom>l depositary nu(hnrity ’.”5S acquired.
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Applicant's or agent's International application No.
file reference 43 g03 K

INDICATIONS RELATING TO DEPOSITED MICROORGANISM 
OR OTHER BIOLOGICAL MATERIAL

(PCT Rule 13 to)

A. The indications made below relate to the deposited microorganism or other biological material referred to in the description
on page Λ ΟΛ ( yJ-iN-Cl , line jU .

B. IDENTIFICATION OF DEPOSIT Further deposits are identified on an additional sheet |χ~|

Name of depositary institution
Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ)

Address of depositary institution (including postal code and country) 
Mascheroder Weg 1 b
38124 Braunschweig
DE

Date of deposit
2006-10-20

Accession Number
DSM 18728

C. ADDITIONAL INDICATIONS (leave blank if not applicable) This information is continued on an additional sheet |Xj

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blank if not applicable)

The indications listed below will be submitted to the International Bureau later (specify the general nature of the indications e.g„ "Accession 
Number of Deposit")

For receiving Office use only ■——·—

This sheet was received with the international application

For International Bureau use only
□ This sheet was received by the International Bureau on:

Authorized officer

Giel-Barragan Ramos, Cecilia

Authorized officer

Form PCT/RO/134 (July 1998; reprint January 2004)
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Our ref.: 48 603 K

Additional indications according to form PCT/RO/134 for Accession Number DSM 18728

Applicant herewith requests for those countries which have a respective provision that the furnishing 

of a sample of deposited biological material referred to in the application may only be made to an 
independent, nominated expert (request of the “expert solution” where applicable, in particular Aus­

tralia, Canada, Croatia, Denmark, Finland, Germany, Iceland, Norway, Singapore, Spain, Sweden, 

United Kingdom, Europe).

For Europe applicant accordingly requests that a sample of the deposited biological material will be 
made available as provided in Rule 28 (3) EPC until the publication of the mention of the grant of the 

patent or for 20 years from the date of filing if the application is refused or withdrawn or deemed to 
be withdrawn, only by the issue of a sample to an expert nominated by the person requesting the 

sample (Rule 28 (4) EPC).
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-119-

BUDAPEST TREATY ON THE INTERNATIONAL 
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS 

FOR THE PURPOSES OF PATENT PROCEDURE
DSMZ
Deutsche
Sommlung von 
Mikroorganismen jF
und Zellkullucen GmbH

INTERNATIONAL FORM

Glycotope GmbH
Robert-Rossle-Str. 10
13125 Berlin RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT 

issued pursuant to Rule 7.1 by the
INTERNATIONAL DEPOSITARY AUTHORITY 
identified at the bottom of this page

1 'Uicr1' Rule 6 Λ (d) applies, snr.h date Is die date on which the slato:: of international dcnnc'tiiry aulliorty was acquir·?-·’

Form DSMZ-BP/4 (sole page) 08/2006

I. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the DEPOSITOR: 

MUI
Accession number given by the 
INTERNATIONAL DEPOSITARY AUTHORITY:

DSM 18728

II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under Ϊ. above was accompanied by·

( ) a scientific description ·
( χ) a proposed taxonomic designation

(Mark with a cross where applicable).

m. RECEIPT AND ACCEPTANCE

This International Depositary Authority accepts the microorganism identified under I. above, which was received by it on 2006*10-20 
(Date of the original deposit)'.

TV. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under 1 above was received by this International Depositary Authority on (date of original deposit)
and a request to convert the original deposit to a deposit under the Budapest Treaty was received by it on (date of receipt of request
for conversion).

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: DSMZ-DEUTSCHE SAMMLUNG VON
MKROORGANISMEN UND ZELLKULTUREN GmbH

Address: Inhoffenstr. 7 B
D-38124 Braunschweig

Signature^) of person(s) having the power to represent the 
International Depositary Authority or of authorized officials):

Date: 2006-10-24
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for isolating a carbohydrate positive microorganism comprising a 
carbohydrate epitope of interest from a mixture of microorganisms, wherein the 
carbohydrate positive microorganism is capable of triggering a cellular immune 
response, 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, and
(d) testing the induction of an effective carbohydrate specific cellular immune 
response against said carbohydrate epitope by said microorganism and/or a fraction 
and/or lysate thereof in vivo or in vitro,
wherein step (d) comprises loading dendritic cells with said carbohydrate positive 
microorganism or fraction or lysate thereof, wherein the functional dendritic cell 
obtained thereby presents the carbohydrate epitope of interest on its surface, which is 
not presented as a peptide carrying the carbohydrate epitope of interest.

2. The method according to claim 1, wherein 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.

3. The method according to claim 1 or 2, wherein testing of the cellular immune response 
in step (d) comprises

i. ) Loading at least one dendritic cell with the carbohydrate positive microorganism 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;
iii. ) cultivation in order to allow interaction of said immune cells with said loaded 
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 first carbohydrate positive microorganism;
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v. ) cultivation for restimulation of said immune cells;
vi. ) determining whether restimulation of the immune cells occurred.

4. The method according to claim 3, wherein at least a portion of the APCs loaded with a 
suitable amount of said second compound are contacted with the immune cells in the 
presence of a carbohydrate binding molecule recognizing said carbohydrate epitope of 
interest.

5. The method according to claims 3 or 4, wherein the cellular immune response test is 
selected from the following group:

(i) a cellular immune response test 1 wherein in step (d (vi)) restimulation of the 
immune cells is determined by measuring GM-CSF secretion;
(ii) a cellular immune response test 2 wherein the immune cells are lymphocytes and 
in step (d (vi)) the amount/degree of restimulated lymphocytes is determined by 
measuring the amount of INFgamma and/or TNFalpha secretion;
(iii) a cellular immune response test 3 wherein the immune cells are lymphocytes and 
in step (d (vi)) the amount/degree of restimulated lymphocytes is determined by 
measuring the proliferation and/or proliferation induction;
(iv) a cellular immune response test 5 against the carbohydrate epitope of interest 
comprising
a) incubating a suitable amount of target cells from a cell line comprising the 
carbohydrate epitope of interest labelled with a suitable amount of a marker with the 
immune cells directed against the carbohydrate epitope of interest, and
b) measuring the lysis of the target cells by determining the release of the marker 
whereby a positive cellular immune response against the carbohydrate epitope shows 
a significantly higher lysis of cells comprising the carbohydrate epitope than of 
carbohydrate epitope negative cells and/or it shows a significantly higher lysis of cells 
comprising the carbohydrate epitope incubated with the carbohydrate epitope directed 
immune cells, than a lysis of cells comprising the carbohydrate epitope incubated with 
corresponding control immune cells not directed against the carbohydrate epitope.

6. The method according to claim 1 or 2, wherein the cellular immune response test is a 
cellular immune response test 4 against the carbohydrate epitope of interest 
comprising

(a) bringing into contact a suitable amount of dendritic cells loaded with a suitable 
amount of the carbohydrate positive microorganism, a lysate or a fraction thereof, 
together with a suitable amount of at least one carbohydrate binding molecule; 
and
(b) testing binding of said carbohydrate binding molecule to the dendritic cells.

7. The method according to any one of claims 1 to 6, wherein step (d) further comprises 
testing the induction of an effective carbohydrate specific humoral immune response
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against said carbohydrate epitope by said microorganism or a fraction or lysate 
thereof in vivo or in vitro.

8. A method according to claim 7, wherein the induction of an effective carbohydrate 
specific humoral immune response against said carbohydrate epitope is tested by

(i) administering the carbohydrate positive microorganism or a fraction or lysate 
thereof to a human or animal;

(ii) isolating antibodies gained from the serum, plasma or faeces of said human or 
animal; and

(iii) performing a humoral immune response test selected from the group consisting of

a. humoral immune response test 1 against the carbohydrate epitope 
comprising testing the binding of the antibodies in an ELISA to compounds 
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 
than to said compound without the carbohydrate epitope or to said 
compound after an enzymatic or chemical treatment that destroys the 
carbohydrate epitope;

b. humoral immune response test 2 against the carbohydrate epitope 
comprising testing the binding of the antibodies 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 antibodies to the PAA-conjugate comprising 
the carbohydrate epitope than to the same PAA-conjugate after enzymatic 
or chemical treatment destroying the carbohydrate epitope and/or a higher 
binding of the antibodies to a PAA-conjugate comprising the carbohydrate 
epitope compared to an PAA-conjugate not comprising the carbohydrate 
epitope, preferably both;

c. humoral immune response test 3 against the carbohydrate epitope 
comprising testing the binding of the antibodies 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;

d. humoral immune response test 4 against the carbohydrate epitope 
comprising testing the binding of the antibodies 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 antibodies to cells comprising the carbohydrate epitope than
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to cells not comprising the carbohydrate epitope and/or to cells comprising 
the carbohydrate epitope after emzymatic or chemical treatment that 
destroys the carbohydrate epitope;

e. humoral immune response test 5 against the carbohydrate epitope 
comprising
i) incubating a suitable amount of cells comprising the carbohydrate 

epitope, labeled with a suitable amount of a marker, with a suitable 
amount of the antibodies and a suitable amount of complement;

ii) measuring the lysis of the cells by determining the release of said 
marker after the incubation, 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;

f. humoral immune response test 6 against the carbohydrate epitope 
comprising,
i) incubating a suitable amount of cells comprising the carbohydrate 

epitope, labeled with a suitable amount of a marker, with a suitable 
amount of the antibodies and a suitable amount of immune effector 
cells or peripheral blood mononuclear cells, and

ii) measuring the lysis of the cells by determining the release of the 
marker after the incubation, 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.

9. The method according to any one of claims 1 to 8, wherein

(i) 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, Lewis-A, Lewis-B, 
sLac, sialylated type 1 chain, CA 19-9 antigen, CA 72-4 antigen and CA-50 antigen, 
and

(ii) 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,
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Lewis-A, Lewis-B, sLac, 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.

10. A cellular immune response test comprising

a. ) Loading at least one dendritic cell with a microorganism carrying the carbohydrate 
epitope of interest, or a fraction or lysate thereof, wherein wherein the functional 
dendritic cell obtained thereby presents the carbohydrate epitope of interest on its 
surface, which is not presented as a peptide carrying the carbohydrate epitope of 
interest;
b. ) bringing into contact a suitable amount of said at least one dendritic cell loaded 
with said microorganism or fraction or lysate thereof with a suitable amount of immune 
cells which can be activated or inhibited by a dendritic cell;
c. ) cultivation in order to allow interaction of said immune cells with said loaded 
dendritic cells;
d. ) adding a suitable amount of antigen presenting cells (APC) loaded with a suitable 
amount of at least one compound carrying the same carbohydrate epitope as said 
microorganism or fraction or lysate thereof, wherein said compound is different from 
said microorganism or fraction or lysate thereof;
e. ) cultivation for restimulation of said immune cells;
f. ) determining whether restimulation of the immune cells occurred.

11. The cellular immune response test according to claim 10, wherein at least a portion of 
the APCs loaded with a suitable amount of said compound are contacted with the 
immune cells in the presence of a carbohydrate binding molecule recognizing said 
carbohydrate of interest.

12. A method for generation of a functional dendritic cell against a carbohydrate epitope of 
interest comprising bringing into contact a suitable amount of dendritic cells with a 
suitable amount of a carbohydrate positive microorganism or fraction or lysate thereof 
comprising the carbohydrate epitope of interest for a suitable time under suitable 
conditions to generate at least one functional dendritic cell against said carbohydrate 
epitope, wherein the functional dendritic cell presents the carbohydrate epitope of 
interest on its surface, which is not presented as a peptide carrying the carbohydrate 
epitope of interest.

13. The method according to claim 12, wherein said carbohydrate epitope is not a dipolar 
carbohydrate epitope and/or is uncharged and/or is linked to or part of a capsular 
polysaccharide.

14. The method according to claim 12 or 13, wherein the carbohydrate epitope is selected 
from the group consisting of TF, Core-1, Tn, sialyl-Tn, sialyl-TF, Globo-H, Lewis-Y,
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sialyl-Lewis-A, sialyl-Lewis-X, polysialic acid, Lewis-X, GM2, 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 and CA-50 antigen.

15. A functional dendritic cell obtained by the method according to any one of claims 12 to
14.

16. A method for generation of an activated T cell, T cells, T cell clone or T cell line 
against a carbohydrate epitope comprising
(a) bringing into contact a suitable amount of at least one functional dendritic cell 
according to claim 15 with a suitable amount of T cells,
(b) cultivating said T cells together with said loaded functional dendritic cells to 
activate or prime a T cell or T cells against said carbohydrate antigen, and
(c) restimulating said T cells with a suitable amount of antigen presenting cells (APC), 
preferably at least one functional dendritic cell loaded with a human or animal cell or 
molecule carrying said carbohydrate epitope.

17. An activated T cell, T cell clone or T cell line produced by the method according to 
claim 16, wherein the activated T cell, T cell clone or T cell line is directed against the 
carbohydrate epitope.

18. A method for the immunization or vaccination of a human or an animal against a 
carbohydrate epitope present on a molecule from a human or animal cell comprising
(i) administration to the human or animal an effective amount of the functional 
dendritic cell according to claim 15, or the activated T cell, T cell clone or T cell line 
according to claim 17 directed against the carbohydrate epitope of interest, and 
induction of an immune response against the carbohydrate epitope and/or a 
carbohydrate structure, carbohydrate conjugate or a mammalian cell comprising said 
carbohydrate epitope by said cell in the human or animal (priming); and
(ii) administration of an effective amount of a formulation comprising at least one 
carbohydrate positive microorganism recognized by at least one carbohydrate binding 
molecule specifically recognizing the carbohydrate epitope, or a fraction or a lysate 
thereof, to boost the immune response, whereby said microorganism or said fraction 
or lysate thereof 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.

19. A method for prophylaxis and/or treatment of a carbohydrate epitope positive tumor or 
disease, comprising administration of a suitable amount of the functional dendritic cell 
according to claim 15 or the activated T cell, T cell line or T cell clone according to 
claim 17 against the carbohydrate epitope to a human or an animal.
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20. The method according to claim 1 or 12, substantially as hereinbefore described with 
reference to any ofthe Examples and/or Figures.

21. A cellular immune response test according to claim 10, substantially as hereinbefore 
described with reference to any of the Examples and/or Figures.



WO 2008/055702 PCT/EP2007/009765
1/18

Figure 1

I

+MU1
I 
! 
j 
f 
! 
I 
! 
!
I

! 
■20
I 
! 
!
I 
I 
I 
I 
! 
! 
!
I

I 
I 
I
I 
I

+&ciert>rcte ttreia/oiaortwcroft strain 0833 AY895186
4-7
4-8 4-Bac&rotfes-iteiaro/aoflNCrti<T· strain 8713 AY895202 

! I

+8acterorcfesteiarciaortfiicrt)ft strain 17.4 AY319392
!

!
4-11

I
! 4-9 +&ciero/cfesteiaioi-aofiwcroft BNRRR16SB M58763
I I I
4-10 +&ctert>rtteteia«iaofiwcrtNT strain 3751 AY895192

I
I

!
! 

+-18
I
I
!
I
I
!

! ! ! 
I I I

I 
I 
I 
I
I 
I

+£acieroic/es f/etalotaorricmn ATC C 29148 BNRRR16SAF L16489

acidfaciens AB021156
4-2
!acftfl'ac/ew strain A1 AB021158

4-5
!! +&ciero/a'e5,aciia’rrac1ien5,strain A32 AB021162
! 4-4

+-12 !+&ctertJ«fas acraWacfef?.s strain A29 ABD21160 
I !

I 
I

! ! +-13 
4-19

I
I

4-3
4-Bactero0tes acrctfaciierts strain A40 ABD21164

■tSacterarctes caccaeATCC 43185T BC16S X83951
!

! 4-B£cterortfesrtBi?Ms· BNRRGDAM11656
4-6

! 4—SactertiKfe.sOfciasonff BNRRR16S M86695
4--1

!
!
!
I
!

-22
I
!

I
!
I
I
!
!
I
!
I
!
!
+8acieroftyeaceae dactefiwt Smariab AY538687

! 
! 
! 
I 
! 
I 
! 
I

Escftertc/?/.? coli ATCC 11755T ECAT1177T X80725

+SactefOKtes o v£us AB050108
4-14

4-15 +£acfieraiote5 ovatus ATCC 8438T B016S X83952
! i

4-17 +8actero.tfe.sovateNCTC 11153 L16484 BNRRR16SAA 
I
! 4-&cterorcfes ovate strain 3941 AY895193
+-16

+&ctero«te ovate strain 4140 AY895197

+fi£cteroiofes sp. WH3D2 AY895184

! +BactemKtessp.'iNH3D5 Af895185
I
+AG6



WO 2008/055702 PCT/EP2007/009765
2/18

Figure 2

Figure 3



WO 2008/055702 PCT/EP2007/009765
3/18

re
la

tiv
e 

O
D

 4
50

/6
30

nm

Figure 3a

■ -Periodate

□ +Periodate

Figure 4

A B c kDa

------- 113,7
I------- 80,9
I------- 63,8
i------- 49,5

I------- 37,4

!------- 26

------- 19,6



WO 2008/055702 PCT/EP2007/009765
4/18

Figure 5

Figure 6

Eluent B (%
)

-desHex-desHex-desHexM-HexNAc(HexNAc-Hex)-Hex

Figure 7

OMe
Ψ

L-Fuc-(1 —►3/4)-alpha-L-Fuc-(l_► 3/4)-alpha-L-Fuc-(l->3/4)-alpha-D-HexNAc-(l-*4)-beta-D-Hex
A beta

4
1

D-Gal(l —► 3)-beta-D-HexNAc



WO 2008/055702 PCT/EP2007/009765
5/18

Figure 8

OMe
Ψ

L-Fuc-(1 —► 3/4)-alpha-L-Fuc-(l—► 3/4)-alpha-L-Fuc-(l—►3/4)-alpha-D-HexNAc-(l~>4)-beta-D-Hex
▲ beta

4
1

D-Gal(l —► 3)-beta-D-GalNAc
Figure 9

group



WO 2008/055702 PCT/EP2007/009765
6/18

Figure 10

A)

B)

■ dO

□ d21

52AG6 (Past) 53 AG6 (Fixed)



WO 2008/055702 PCT/EP2007/009765
7/18

Figure 11

A)

Bl Mean NM-wt 

HMean NM-D4

B)
NM-wt NM-D4



WO 2008/055702 PCT/EP2007/009765
8/18

C.)

OGP
□ AGP
■ AGP+PJ

D.)



WO 2008/055702 PCT/EP2007/009765
9/18

Figure 12



WO 2008/055702 PCT/EP2007/009765
10/18

Figure 13

A)

B)

E c
o COco
oin

0GP

■ AGP

□ AGP + PJ



WO 2008/055702 PCT/EP2007/009765
11/18

Figure 14

B NMwt dO □ NMwt d28 0 NMD4 dO ■ NMD4 d28

B)A)



WO 2008/055702 PCT/EP2007/009765
12/18

A 0?

Figure 17



WO 2008/055702 PCT/EP2007/009765
13/18

Figure 18



WO 2008/055702 PCT/EP2007/009765
14/18

Figure 19

#1

OMe

L-Fuc-(1 —► 3/4)-alpha-L-Fuc-(l—► 3/4)-alpha-L-Fuc-(l—►3/4)-alpha-D-GalNAc-(l —*-4)-beta-D-Hex 
▲ beta

4
1

D-Gal-(1~► 3)-beta-D-GalNAc

#2
OMe
Ψ

L-Fuc-( 1 —► 3/4)-alpha-L-Fuc-( 1—► 3/4)-alpha-L-Fuc-( 1~> 3/4)-alpha-D-HexNAc-( 1—►4)-beta-D-Gal
▲ beta

4
1

D-Gal-(l-> 3)-beta-D-GalNAc

#3

OMe

L-Fuc-(1 —►3/4)-alpha-L-Fuc-(l—► 3/4)-alpha-L-Fuc-(l~►3/4)-alpha-D-GalNAc-(l ~►4)-beta-D-Gal 
▲ beta

4
1

D-Gal-(1~► 3)-beta-D-GalNAc

#4

OMe
Ψ

L-Fuc-(1 —► 3/4)-alpha-L-Fuc-(l—► 3/4)-alpha-L-Fuc-(l—► 3/4)-alpha-D-HexNAc-(l—►4)-beta-D-Hex
▲ beta

4
1

D-Gal-(l-> 3)-beta-D-GalNAc

#5



WO 2008/055702 PCT/EP2007/009765
15/18

OMe
I

Fuc-(alpha 1-3/4) Fuc (alpha 1-3/4) Fuc (alpha 1-3/4) GalNAc (beta. 1-4) Gal (beta l-4)}n

Gal (beta 1-3) GalNAc (alpha 1-3)

Fig. 20

Normal Tissue Cancer

Protein

Fig. 21

4 }
Protein

Core-1

Galp1-3GalNAca1-O-P

■ PAA 48
□ PAA 43



WO 2008/055702 PCT/EP2007/009765
16/18

Fi
gu

re
 22

V'·

'b
ac

ta
m

’3) c/} +
c

I P
en

ic
ill

I M
ez

lo
c o 

;’o. 
;e

I A
m

pi
ci



WO 2008/055702 PCT/EP2007/009765
17/18

yc
in

ci
n 

,

+
 S

ul
ba

ct
am

c E c
c p

o o δ o
o .c o N
co 
X £ s F

Φ 
co LU > < —1



WO 2008/055702 PCT/EP2007/009765
18/18


