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In order to selectively, qualitatively or/and quantitatively
detect the pyruvate kinase isoenzyme of the tumor M2-PK
type (tumor M2-PK) which serves as a tumor marker in
human and animal feces to detect a malignant process in the
gastrointestinal tract, tumor M2-PK is detected in a stool
specimen by an immunoassay technique with the aid of at
least one antibody which specifically binds tumor M2-PK and
does not cross-react with any other pyruvate kinase isoen-
zyme. A test kit for diagnosing malignant tumor growth in the
gastrointestinal tract and in particular in the intestines con-
tains at least one receptor for tumor M2-PK which does not
cross-react with any other pyruvate kinase isoenzyme and
optionally contains additional reagents that are necessary for
carrying out an immunoassay.
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DETECTING THE PRESENCE OF PYRUVATE
KINASE ISOENZYME IN FECES

[0001] The present invention relates to a method for the
detection of a malignant process in the gastrointestinal tract of
humans or animals.

[0002] In particular, the present invention concerns a
method for the selective, qualitative or/and quantitative
detection of the pyruvate kinase isoenzyme of the type tumor
M2 (tumor M2-PK) which serves as a tumor marker, in
human and animal feces for detecting a malignant process in
the gastrointestinal tract and the abdominal cavity (oesopha-
gus, stomach, small intestine, pancreas and large intestine)
and a test kit for carrying out the method.

[0003] Organ-specific isoenzymes which remain within a
tumor during the metastasising process are excellent indica-
tors for malignancy (tumor markers). Isoenzymes of carbo-
hydrate metabolism, in particular pyruvate kinase isoen-
zymes and above all pyruvate kinase, in particular, of the type
tumor M2-PK appear to be such indicators.

[0004] Pyruvate kinase (PK) isoenzymes (E.C.2.7.1.40)
exist as four subtypes: L, R, M1 and M2. Investigations have
shown that malignant tumors of human or animal origin
express a particular type of pyruvate kinase of the M2 type,
the so-called tumor M2-PK and indeed independent of their
origin (Eigenbrodt et al., Critical Reviews in Oncogenesis, 3
(1,2)(1992) 91-115).

[0005] All hitherto examined tumors contained this special
isoenzyme. In contrast to other pyruvate kinases which are
mainly present in a tetrameric form, tumor M2-PK occurs in
a dimeric or monomeric form and its serine and tyrosine is
phosphorylated by an oncogene-coded kinase (Higenbrodt et
al., (1997) Anticancer Research, 17:3153-3156, Eigenbrodt
et al., (1998) Anticancer Research 18:3267-3274, Steinberg
et al., (1999) virchows Arch 434: 213-220).

[0006] The conversion of the tetrameric form of the isoen-
zyme into the monomeric and/or dimeric form appears to be
an important step in tumor formation. This special tumor
M2-PK isoenzyme is released by the tumor cells and can be
detected quantitatively in body fluids. The concentration of
the tumor M2-PK isoenzyme correlates with the malignancy
of the tumors. Hence tumor M2-PK can be regarded as a
tumor marker.

[0007] Antibodies have already been developed which are
specific for tumor M2-PK and do not cross-react with other
pyruvate kinase isoenzymes of the L, R, M1 or M2 (normal
M2) type. By means of these antibodies a sensitive immu-
noassay could be developped to detect tumor M2-PK in the
sera or plasma of tumor patients (Scheefers-Borchel et al.,
(1994), Research-trends. R. Klapdor (ed.), W. Zuckschwerdt
Verlag GmbH, Munich).

[0008] Up to now this qualitative and quantitative detection
of pyruvate kinase of the type tumor M2 (tumor M2-PK) in
serum or plasma has been carried out by means of an ELISA
as described among others in EP 0 444 118.

[0009] This test has very good sensitivities and specificities
in numerous tumor diseases (Brinck, U., Eigenbrodt, E., Oeh-
mke, M., Mazurek, S., Fischer, G. (1994) L-and M2 pyruvate
kinase Expression in Renal Cell Carcinomas and their
Metastases, Virch. Arch., 424: 177-185; Cerwenka, H.,
Aigner, R., Bacher, H., Werkgartner, G., El-Shabrawi, A.,
Quehenberger, F., Mischinger, H. J. (1999) TUM2-PK (pyru-
vate kinase type tumor M2), CA19-9 and CEA in Patients
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with Benign, Malignant and Metastasizing Pancreatic
Lesions, Anticancer Research 19: 849-852; Eigenbrodt, E.,
Mazurek, S., Friis, R. R. (1998) Double role of pyruvate
kinase type M2 in the regulation of phosphometabolite pools,
Cell growth and Oncogenesis 15; Hugo, F., Fischer, G.,
Eigenbrodt, E. (1999) Quantitative Detection of Tumor
M2-PK in Serum and Plasma, Anticancer Research (1999),
19:2753-2758; Mazurek, S., Grimm, H., Wilker, S., Leib, S.,
Eigenbrodt, E. (1998) Metabolic Characteristics of Different
Malignant Cancer Cell Lines, Anticancer Research 18: 3275-
32821; Oremek, G. M., Eigenbrodt, E., Radle, J., Zeuzem,
St., Seiffert, U. B. (1997) Value of the Serum Levels of the
Tumor Marker TuM2-PK in Pancreatic Cancer, Anticancer
Research, 17: 3031-3034 Oremek, G. M., Teigelkamp, S.,
Kramer, W., Eigenbrodt E., Usadel, K.-H. (1999) The Pyru-
vate Kinase Isoenzyme Tumor M2 (Tumor M2-PK) as a
Tumor Marker for Renal Carcinoma, Anticancer Research
(1999), 19:2599-2602; Scheefers-Borchel, U., Scheefers, H.,
Michel, Will, A., Fischer, G., Basenau, D., Dahlmann, N.,
Laumen, R., Mazurek, S., Eigenbrodt E. (1994) Quantitative
determination (ELISA) of pyruvate kinase type tumor M2, in:
Current Tumor Diagnosis, Applications, Clinical Relevance,
Research-trends. R. Klapdor (ed.), W. Zuckschwerdt Verlag
GmbH, Munich; Wechsel, H. W, Petri, e., Feil G., Bichler,
K.-H. (1997) Tumor Specific Pyruvate Kinase (tumor
M2-PK): A potential marker for renal cell carcinoma (RCC)1,
J. Urology 157:424; Wechsel, H. W., Petri, E., Bichler, K.-H.,
Feil G. (1999) Marker for Renal Cell Carcinoma (RCC): The
Dimeric Form of Pyruvate Kinase Type M2 (tumor M2-PK),
Anticancer Research (1999), 19: 2583-2590.

[0010] Tumor markers are defined and classified as fol-
lows:
[0011] Tumor markers are macromolecules or antigens

occurring in the blood, serum or other body fluids whose
concentration changes are related in a certain manner to the
formation and growth of malignant tumors of an individual.
[0012] Criteria for Tumor Markers
[0013] The “ideal” tumor marker should have the following
properties:
[0014] high specificity i.e. not detectable in benign dis-
eases and healthy persons;
[0015] high sensitivity i.e. it can be detected in a high
percentage of the tumor patients;

[0016] organ specificity,

[0017] good correlation to the tumor stages or the tumor
mass;

[0018] good informative value with regard to malig-
nancy;

[0019] correlation with the prognosis;

[0020] reliable predictive values.

[0021] The criteria of 100% specificity and 100% sensitiv-

ity have not been hitherto fulfilled by any of the known tumor
markers.

[0022] Since however, the tumor M2-PK can be detected in
all tumor diseases in the serum or blood plasma of patients, it
does not yield any information on the type and location of the
affected organ or tissue in the body of the patient. Moreover,
it would be desirable to be able to detect a tumorous process
in the gastrointestinal tract as early as possible and especially
in a growth phase in which the tumor has not yet made contact
with the vascular system of the body (in the polyp cancer
sequence, chronologically before the infiltration of the sub-
mucosa).
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[0023] When a neoplastic process is suspected in the gas-
trointestinal tract especially with regard to the so-called
adenoma carcinoma sequence of polyps (polyposis coli),
various determination methods are used according to the prior
art in an attempt to detect occult blood in the feces. Non-
immunological tests (e.g. pseudoperoxidase activity, porphy-
rin test) and immunological tests are used for this purpose.
[0024] However, both types of test are not very specific
since numerous influencing parameters can interfere with
them (false positive/false negative) e.g. by patient non-adher-
enceto absolutely necessary prescribed diets and by a number
of drugs and by excessive vitamin C administration (e.g. in
vegetables, fruit juices etc., Thomas, L., “Labor und Diag-
nose”, 5 edition, 1998).

[0025] A positive test for occult blood in feces must be
further investigated until the source of bleeding has been
localized or the cause of bleeding has been found. The clinical
finding justifies in any case further diagnostics which should
be carried out as quickly as possible e.g. by endoscopy,
sonography, X-ray. However, the presence of blood in feces is
not always due to a tumorous process and conversely the
absence of blood in feces not always reliably mean that no
tumor is present in the intestine.

[0026] Hence the object of the invention is to satisfy the
continuing need for a specific method which is easy to carry
out and enables an especially early and unambiguous detec-
tion of a neoplastic process above all with regard to the
problems associated with the so-called adenoma carcinoma
sequence of polyps (polyposis coli) in the gastrointestinal
tract.

[0027] This objectis achieved according to the invention by
a method for the detection of a malignant process in the
gastrointestinal tract of humans or animals, which is charac-
terized in that a pyruvate kinase isoenzyme which serves as a
tumor marker or fragment thereof is determined in a stool
specimen. Preferably, the pyruvate kinase isoenzyme or frag-
ment thereof is determined immunochemically, e.g. by an
anti-pyruvate kinase isoenzyme antibody or by a pyruvate
kinase isoenzyme specific aptamer. In particular, the pyruvate
kinase isoenzyme or fragment thereof is determined by an
antibody which is a monoclonal or polyclonal antibody and
which does not cross-react with other constituents of human
or animal feces, e.g. other proteins.

[0028] A fragment of the pyruvate kinase isoenzyme which
serves as tumor marker preferably has a length of at least 4
amino acids, more preferably of at least 6 amino acids and
even more preferably of at least 10 amino acids. Especially
preferably the fragment comprises a section of at least 4
amino acids, in particular, at least 6 and even more preferably
at least 8 amino acids from the region, by which pyruvate
kinase type M2 differs from type M1, namely from amino
acid regions 388-432 (IYH LQLFEELRRL APITSDPTEA
TAVGAVEASF KCCSGAIIVL TK).

[0029] Basically, preferred fragments are amino acid
sequences which differ with regard to the individual isoen-
zymes such as M1, M2, R-PK.

[0030] Further preferred amino acid ranges of fragments to
be detected are hydrophilic regions, i.e. regions showing an
accumulation of hydrophilic amino acids. Such regions
advantageously have a content of =25%, more preferably
50% (related to the number) of hydrophilic amino acids.
[0031] In a preferred embodiment a sample is contacted
with at least two different receptors, of which the first receptor
R! is present in a solid phase and is capable of binding to a
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pyruvate kinase isoenzyme, and at least one second receptor
R? is present in a liquid phase and is capable of binding to a
pyruvate kinase isoenzyme and a receptor, wherein receptor
R carries a label or mediates binding to a detectable mol-
ecule, the solid phase is separated from from the liquid phase,
the label or the detectable molecule is determined, wherein an
antibody is used as at least one of the receptors R' or R* which
specifically binds to said pyruvate kinase isoenzyme. Advan-
tageously, an antibody which specifically binds to pyruvate
kinase isoenzyme is used as first receptor R' bound to a solid
phase, and a second antibody which binds to pyruvate kinase
isoenzyme is used as soluble receptor R>.

[0032] The invention further relates to a method for the
detection of a pyruvate kinase isoenzyme, which is charac-
terized in that at least one monoclonal or polyclonal antibody
against a pyruvate kinase isoenzyme is used. For the detection
the pyruvate kinase isoenzyme is preferably determined
qualitatively or quantitatively in human or animal feces.
[0033] Particularly preferred, the invention relates to a
method for the selective qualitative or/and quantitative detec-
tion of the pyruvate kinase isoenzyme of the type tumor M2
(tumor M2-PK) which serves as a tumor marker, in human
and animal feces for detecting a malignant process in the
gastrointestinal tract which is characterized in that the tumor
M2-PK is determined in a stool specimen by an immunoassay
technique with the aid of at least one antibody which specifi-
cally binds tumor M2-PK and does not cross-react with any
other pyruvate kinase isoenzyme.

[0034] It was namely found that the content of tumor
M2-PK canbe directly detected in the feces of tumor patients,
the content being directly proportional to the level of the
malignant process in the gastrointestinal tract.

[0035] This is all the more surprising since extensive inves-
tigations of other specific proteins in the feces gave no indi-
cation that they could be used as tumor markers.

[0036] Surprisingly, the considerable proteolytic activity
and the extreme physiological conditions (e.g. pH value,
acidic in the stomach, alkaline in the intestine) of the gas-
trointestinal tract did not have a lasting adverse effect on the
structure or the physicochemical properties of tumor M2-PK.
This also applies to the detection of tumor M2-PK by immu-
nological methods.

[0037] It was demonstrated by the invention that, despite
the protein denaturation and protein digestion in the gas-
trointestinal tract described above, it is possible to carry out a
specific test for tumor M2-PK in the feces of tumor patients.
Up to now tumor M2-PK was only determined quantitatively
in native, non-digested patient samples (body fluids, sera,
blood plasma) and this determination was used in clinical
tumor diagnostics for numerous tumor diseases.

[0038] However, it has now been surprisingly found that
tumor M2-PK also remains quantitatively detectable in inten-
sively homogenized stool specimens that have been stored for
long periods (for example during sample shipment). A dis-
tinct reaction is obtained even when the stool is highly
diluted.

[0039] Furthermore it was also surprisingly found that the
test is selective in the stool specimen even without prior
extraction. However, it is preferable to use an extraction
method which preferably uses a special detergent (CHAPS)
(the extraction method is described in more detail in example
2).

[0040] In a preferred embodiment of the invention a mono-
clonal antibody is used as the antibody which is obtainable
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from the hybridoma cell line clone 1 (deposited at the “Deut-
sche Sammlung fiir Mikroorganismen” under the number
DSM ACC 2155), or an antibody is used which has the same
specificity and selectivity. Such antibodies can for example
be produced as described in EP 0 444 118. However, the
production is uncritical since methods for the production of
specific monoclonal antibodies are well-known to persons
skilled in the art. For this purpose the antigen i.e. tumor
M2-PK in the present case, is used in a form purified in the
usual manner (or fragments of the same) to generate antibod-
ies. In principle the method which was first described by
Kohler and Milstein can be used for this, whereby a person
skilled in the art also knows modifications and further devel-
opments of this method. The production is uncritical provided
that specific antibodies are obtained which can be established
by selection. Antibodies are selected which specifically bind
tumor M2-PK but not one ofthe other isoenzymes of pyruvate
kinase and also not the non-tumour M2-PK form.

[0041] Inthe method according to the invention the follow-
ing steps are preferably carried out:

[0042] (a) The sample is contacted with at least two differ-
ent receptors of which the first receptor is present in a solid
phase and is capable of binding to tumor M2-PK and the
second receptor R2 is present in a liquid phase and is also
capable of binding to tumor M2-PK, wherein receptor R2
carries a label or mediates binding to a detectable molecule;

[0043] (b) the solid phase is separated from the liquid
phase;
[0044] (c) the label or the detectable molecule in the solid

phase is determined by known methods and thus the amount
of tumor M2-PK present in the sample is quantified, wherein
according to the invention an antibody is used as at least one
of the receptors 1 or 2 which can specifically bind to tumor
M2-PK and discriminates between other pyruvate kinase
isoenzymes i.e. does not bind any of the other isoenzymes and
also does not bind the non-tumor M2-PK form.

[0045] Although it is of course also possible to use two
antibodies which are both capable of specifically binding to
tumor M2-PK according to the above definition, it is usually
sufficient to use a not so specific antibody for the second of the
receptors 1 or 2. If an antibody that can only bind specifically
to tumor M2-PK has already been used as receptor R1, only
tumor M2-PK is present bound to this receptor after separat-
ing the liquid phase. Hence the detection receptor R2 must
only be capable of binding to tumor M2-PK but does not
necessarily have to allow a discrimination between PK isoen-
Zymes.

[0046] If a less specific antibody is used as receptor R1, a
receptor R2 is used which is capable of specifically binding
only to tumor M2-PK such that a detectable signal is only
generated when tumor M2-PK is present.

[0047] However, as already mentioned above two specific
antibodies that can only bind to tumor M2-PK can also be
used in order to possibly achieve an even higher specificity.
[0048] In a preferred embodiment of the method according
to the invention an antibody that can specifically bind to
tumor M2-PK and discriminates between other pyruvate
kinase isoenzymes is used as the receptor R1.

[0049] In a further preferred embodiment an antibody
which itself carries a label is used as receptor R2. This allows
an even more rapid direct detection compared to the case in
which a detectable molecule is bound to receptor R2. A fur-
ther preferred embodiment of the invention is a method in
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which an enzyme-bound antibody is used as receptor R2 and
the method is carried out as an Enzyme Linked Immuno
Sorbent Assay (ELISA).

[0050] A further subject matter of the invention is a test kit
for diagnosing malignant tumor growth in the gastrointestinal
tract, which is characterized in that it contains at least one
receptor for pyruvate kinase isoenzyme which does not cross-
react with other stool proteins and optionally other reagents
necessary for carrying out an immunoassay. Preferably, the
test kit contains a pyruvate kinase isoenzyme antibody bound
to a solid phase. A preferred embodiment is a test kit for
diagnosing a malignant tumor process in the gastrointestinal
tract and in particular in the intestine which contains at least
one receptor for tumor M2-PK which does not cross-react
with any other pyruvate kinase isoenzyme and optionally
other reagents necessary for carrying out a monoassay.
[0051] The test kit is especially designed to carry out the
method according to the invention. Hence the test kit prefer-
ably contains a second receptor R2 which carries a label or
mediates binding to a detectable molecule.

[0052] An antibody which binds specifically to tumor
M2-PK is preferably immobilized on a solid phase by means
of known methods. In a preferred embodiment of the inven-
tion this solid phase is also a component of the test kit. The
specimen to be examined is then contacted with the prefer-
ably dissolved protein and bound to the solid phase in a
suitable buffer system by means of the antibodies. After
washing the immobilized antibody-tumor-M2-PK complex
obtained in this manner, a further labelled second antibody
(e.g. carrying biotin) is then added which binds to another
epitope of tumor M2-PK. Then the label is determined e.g.
with the aid of streptavidin-peroxidase. The amount of bound
marker is directly proportional to the amount of tumor
M2-PK in the specimen. It is expedient for the test kit to
contain reference material with a known content of tumor
M2-PK for quantitative determination.

[0053] Of course all other types of immunological detec-
tion methods that can be carried out with the aid of antibodies
can also be used according to the invention. A person skilled
in the art knows many alternatives especially for the test kit
formulation which are all in principle suitable for carrying out
the method according to the invention. Thus for example a test
can also be designed in the form of a test strip on which the
required antibodies are arranged in different zones of the test
strip either in a soluble form or solid phase-fixed. The speci-
men or the liquid fraction of the specimen or an extract can
then migrate through the test strip and generate a signal at the
detection site when tumor M2-PK is present in the specimen.
The exact arrangement of the individual components of the
test strip depends on the immunological method that is used
and can easily be realised by a person skilled in the art.
[0054] Within the scope of the present invention the term
“receptor” or “antibody” also encompasses parts or frag-
ments of receptors or antibodies which still mediate the nec-
essary binding to tumor M2-PK. In this connection it is also
possible to use a conjugate of two antibodies instead of a
single antibody. For example one can envisage using an anti-
body capable of binding to tumor M2-PK as receptor R2 and
to use another labelled antibody for the detection which is
directed towards the Fc part of receptor 2 and carries alabel or
which is in turn coupled to a detectable molecule. This con-
jugate formation from two antibodies should also be encom-
passed within the scope of the present invention when R2 is
defined such that it mediates binding to a detectable molecule.
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This applies analogously to the binding of receptor R1 to the
solid phase. This binding can also be achieved by means of
solid phase-coupled antibodies to which the Fc part of recep-
tor R1 binds.

[0055] Many other embodiments of the invention are con-
ceivable and easy to carry out by a person skilled in the art.
Hence these embodiments are also encompassed within the
scope of the present invention provided they enable the detec-
tion of tumor M2-PK in a stool specimen.

[0056] In particularly preferred embodiments of the inven-
tion the test kit contains the monoclonal antibody which is
obtainable from the hybridoma cell line clone 1 (DSM ACC
2155) as one of the receptors. In a further preferred embodi-
ment a solid phase-bound antibody specific for tumor M2-PK
is used which does not cross-react with other isoenzymes or
with the non-tumour M2-PK.

[0057] The soluble receptor R2 is preferably a labelled
antibody.
[0058] The determination of the tumor marker pyruvate

kinase isoenzyme can also be performed with other, in par-
ticular, with commercially available immunochemical test
systems.

[0059] According to the invention it is also possible to
determine the analyte concentration by means of biosensors
such as amperometric sensors, potentiometric, ion-selective
potentiometric or photometric sensors or those employing
semiconductor electrodes such as field effect transistors
(FET), chemosensitive field effect transistors (CHEMFET),
suspended-gate field effect transistors (SGFET) or ion-sensi-
tive field effect transistors. Such biosensors are summarized
in E. A. H. Hall and G. Hummel in “Biosensoren”, Springer
Verlag Heidelberg, Germany, 1995. Further developments of
ion-sensitive field effect transistors (ISFET) or optical detec-
tors are described among others by F. Aberl and H. Wolf in
“Aktuelle Trends in der Immunsensorik”, Labor 2000, p.
70-96 (1993). The method according to the invention is also
suitable for procedures using piezoelectric oscillating quartz
crystals and surface wave elements that can be used as
microbalances. In this case the primary antibody (the so-
called catcher) is immobilized on a piezoelectric substrate
and a change in the oscillating frequency of the quartz crystal
is measured after binding to the pyruvate kinase isoenzyme of
the type tumor M2-PK to be analysed. Such sensors are
described for example by A. Leidl et al., in “Proceedings of
the Second International Symposium on Miniaturized Total
Analyses Systems PTAS”, Basle, 1996. Quartz crystal
microbalances as described by C. Koslinger et al., Fresenius
J. Anal. Chem (1994), 349: 349-354 have proven to be par-
ticularly suitable or Kandelaber technology, e.g. from IBM,
Inc. can be used.

[0060] According to the invention it is also possible to
determine the analyte concentration using immunochromato-
graphic methods such as so-called visual rapid tests or lateral
flow tests.

[0061] The sensitivity and test kinetics of the immunoassay
and other aspects such as dynamic range and format flexibil-
ity can be significantly improved by using electro-chemilu-
minescence. Electrochemiluminescence is the process by
which light is generated when a low voltage is applied to an
electrode through which a cyclic redox reaction in a ruthe-
nium metal ion is triggered (Bruno, G. (1997) Rec. Rp pp.
175-179; Williams R. (1996), Amer. Biotech., p. 26). A simi-
lar technology which is also suitable is the TRACE technol-
ogy from CIS company, Germany.
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[0062] The antibodies to be used according to the invention
are obtainable in a known manner as described above. Pref-
erably tumor M2-PK is firstly isolated for example from
tumors of the large intestine (by chromatography on DEAE
Sephadex A-50 and subsequent affinity chromatography on a
blue Sepharose CL. 6B) as described by K. Scheiner-Bobis
(Doctoral thesis of the Justus-Liebig University GieBen, sub-
mitted on 8 Nov. 1988). Afterwards an experimental animal is
immunized with the tumor M2-PK obtained in this manner or
with fragments thereof which have the appropriate epitopes
and the antibodies that are formed are isolated. Such frag-
ments which are used for immunization can for example be
derived from a protease digestion of the purified tumor
M2-PK or be composed of synthetic partial peptides of the
same. The preparation of such partial peptides is known to a
person skilled in the art. In this procedure sequences that may
contain the appropriate epitopes are selected from the
sequence for example with the aid of computer programs.
[0063] It is then tested whether these sequences can be
utilized to produce specific antibodies.

[0064] Monoclonal antibodies obtainable by the method of
Kohler, Milstein (Nature 256, 495-497 (1975) are preferably
used. In this method BALB/C mice are for example immu-
nized with isolated tumor M2-PK and the spleen cells of these
animals are fused with a myeloma cell line for such as PA 1.
The antibodies secreted in the ascites are tested for their
specificity for example in an ELISA or RIA and isolated. The
antibodies obtained in this manner usually belong to the IgG1
class.

[0065] A further subject matter of the present inventionis a
monoclonal antibody which specifically binds to a pyruvate
kinase isoenzyme. Particularly preferred is a monoclonal
antibody which specifically binds to the pyruvate kinase
isoenzyme of type tumor M2 and does not cross-react with
any other pyruvate kinase isoenzyme.

[0066] The antibodies according to the invention are
obtainable by basically known methods. For example, the
pyruvate kinase isoenzyme is first isolated and purified, if
necessary. Thereafter, a test animal can be immunized with
the thus obtained pyruvate kinase isoenzyme and fragments
thereof, respectively, having the corresponding epitopes, and
the antibodies formed can be isolated. Fragments used for
immunization, for example, can consist of a protease diges-
tion of a purified pyruvate kinase isoenzyme or of synthetic
partial peptides thereof. The production of such partial pep-
tides is known to the skilled artisan. Thereby, partial
sequences containing corresponding epitopes can be selected
from the total sequence, e.g. by means of computer programs.
These sequences are then tested for their usefulness for the
production of specific antibodies.

[0067] Preferably, the monoclonal antibodies of the inven-
tion are produced according to the Koehler, Milstein method
(Nature 256, 495-497 (1975)). According to this, for
example, BALB/c mice are immunized with isolated PGDS
and the spleen cells of these animals are fused with a
myeloma cell line, e.g. PA 1. The secreted antibodies are
tested for their specificity, e.g. in ELISA or RIA, and isolated.
[0068] The present invention further relates to aptamers
binding specifically to a pyruvate kinase isoenzyme. Particu-
larly preferred are aptamers which specifically bind to pyru-
vate kinase isoenzyme of type tumor M2 and do not cross-
react with any other pyruvatekinase isoenzyme. Aptamers are
oligonucleotide sequences having specific binding proper-
ties. The aptamers of the invention, for example, can be pro-
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duced and identified, respectively, according to the methods
described in U.S. Pat. No. 5,270,163 or Sumedha, Clin.
Chem. 45(1999) 1628-1650.

[0069] The invention is further elucidated by the following
examples:

EXAMPLE 1

Weighing the Stool Specimens

[0070] A disposable tube of about 12 ml volume and a
microbiological inoculating loop (e.g. Sarstedt) are tared out
to zero with a sensitive digital laboratory balance. Subse-
quently the stool is weighed in with the inoculating loop by
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antibody which is biotinylated binds in the next incubation
step to tumor M2-PK. Afterwards a conjugate of POD (per-
oxidase) and streptavidin is bound to the biotin unit of the
antibody. The peroxidase oxidizes ABTS (2,2'-azino-bis-(3-
ethyl-benzothiazoline-6-sulfonic acid) diammonium salt) to
form a dark green colour. Finally the concentration of oxi-
dized ABTS is determined photometrically.

EXAMPLE 4

[0074] Stool specimens are advantageously taken using the
stool dosing system Quick-Prep from ScheBo Biotech AG,
Germany.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 1

<210> SEQ ID NO 1

<211> LENGTH: 45

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Ile Tyr His Leu Gln Leu Phe Glu Glu Leu Arg Arg Leu Ala Pro Ile
1 5 10 15

Thr Ser Asp Pro Thr Glu Ala Thr Ala Val Gly Ala Val Glu Ala Ser
20 25 30

Phe Lys Cys Cys Ser Gly Ala Ile Ile Val Leu Thr Lys

35 40 45

inserting the loop in the stool specimen and transferring the
quantity of stool remaining on the tip (about 100 mg) into the
disposable tube. A toothpick can be used instead of the inocu-
lating loop.

[0071] The volumes of the extraction buffer to be added are
varied according to the weighed mass of the stool specimens
(e.g. 100 mg stool+10 ml buffer or 75 mg stool+7.5 ml
buffer). Final concentration: 10 mg stool/ml extraction buffer.

EXAMPLE 2

Homogenization and Extraction of the Stool Specimens

[0072] The stool specimen suspension is mixed vigorously
several times at room temperature with a test-tube shaking
apparatus (e.g. VORTEX). The stools must be well homog-
enized. In order to ensure a complete extraction it is important
to add the detergent CHAPS (3-[(3-cholamidopropyl)dim-
ethyl ammonio]-1-propane sulfonate, 10 mM (Sigma) to the
phosphate-buffered extraction buffer.

EXAMPLE 3

ELISA

[0073] An ELISA plate is coated with a monoclonal anti-
body which only recognizes tumor M2-PK. Tumor M2-PK
from EDTA plasma samples and from standards binds to this
antibody and is thus bound to the plate. A second monoclonal

1. A method for the detection of a malignant process in the
gastrointestinal: tract of a human or animal, comprising

obtaining a stool specimen, and

detecting any pyruvate kinase isoenzyme fragment of the
tumor M2-PK type in said stool specimen as an indica-
tion of a malignant process in the gastrointestinal tract of
said human or animal.

2. The method according to claim 1, wherein the pyruvate
kinase isoenzyme fragment of the tumor M2-PK type is
detected immunochemically by contacting said stool speci-
men with at least one receptor which binds to a pyruvate
kinase isoenzyme ofthe tumor M2-PK type and detecting any
receptor bound to pyruvate kinase isoenzyme of the tumor
M2-PK type.

3. The method according to claim 1, wherein said receptor
is an anti-pyruvate kinase isoenzyme antibody.

4. The method according to claim 1, wherein said receptor
is a pyruvate kinase isoenzyme specific aptamer.

5. The method according to claim 1, wherein said receptor
is a monoclonal or polyclonal antibody which does not cross-
react with constituents of human or animal feces other than
pyruvate kinase isoenzyme of the tumor M2-PK type.

6. The method according to claim 1, wherein said stool
specimen is contacted with at least two different receptors,
wherein a first receptor R1 is present in a solid phase and
binds to a pyruvate kinase isoenzyme of the tumor M2-PK
type, and at least one second receptor R2 is present in a liquid
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phase and binds to a pyruvate kinase isoenzyme of the tumor
M2-PK type and carries a label or mediates binding to a
detectable molecule,

further comprising separating said solid phase from said

liquid phase, and determining any label or detectable
molecule.

7. The method according to claim 6, wherein at least one of
said receptors is an antibody.

8. The method as claimed in claim 7, wherein an antibody
which specifically binds to pyruvate kinase isoenzyme of the
tumor M2-PK type is used as first receptor R1 bound to a solid
phase, and a second antibody which binds to pyruvate kinase
isoenzyme of the tumor M2-PK type is used as soluble recep-
tor R2.

9. The method according to claim 1, wherein said pyruvate
kinase isoenzyme of the tumor M2-PK type is detected using
ELISA, oscillating quartz crystals, microbalance, lateral
flow, candelaber, TRACE or electrochemoluminescence
technology.

10. The method according to claim 1, wherein at least one
antibody which specifically binds pyruvate kinase isoenzyme
of the tumor M2-PK type and does not cross-react with any
other pyruvate kinase isoenzyme is used in an immunoassay
technique for said detection.

11. The method as claimed in claim 7, wherein said anti-
body is a monoclonal antibody which is obtainable from the
hybridoma cell line clone 1 (No. DSM ACC 2155), or an
antibody which has the same specificity and selectivity.

12. The method as claimed in claim 6, further comprising
quantifying the amount of pyruvate kinase isoenzyme of the
tumor M2-PK type present in the sample, wherein receptor
R2 carries a label or mediates binding to a detectable mol-
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ecule, the label or the detectable molecule in the solid phase
is determined, and wherein at least one of the receptors R1 or
R2 is an antibody which can specifically bind to pyruvate
kinase isoenzyme of the tumor M2-PK type and discriminate
between other pyruvate kinase isoenzymes.

13. The method as claimed in claim 12, wherein receptor
R1 is an antibody which specifically binds to pyruvate kinase
isoenzyme of the tumor M2-PK type and discriminates
between other pyruvate kinase isoenzymes.

14. The method as claimed in claim 13, wherein receptor
R2 is an antibody which carries a label.

15. The method as claimed in claim 13, wherein receptor
R2 is an enzyme-bound antibody and the method is carried
out as an ELISA.

16. The method according to claim 6, wherein said pyru-
vate kinase isoenzyme of the tumor M2-PK type is detected
selectively, quantitatively or qualitatively as an indication of
said malignant process.

17. A method for the qualitative and/or quantitative detec-
tion of tumor M2-PK pyruvate kinase isoenzyme as an indi-
cation of the presence of a malignant process, comprising

obtaining a test kit comprising at least one receptor for

tumor M2-PK pyruvate kinase isoenzyme which does
not cross-react with any other pyruvate kinase isoen-
zZyme,
obtaining a stool specimen,
contacting said stool specimen with said at least one recep-
tor for tumor M2-PK pyruvate kinase isoenzyme, and

detecting any tumor M2-PK pyruvate kinase isoenzyme
fragment bound to said receptor, in said stool specimen
as an indication of a malignant process.
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