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Description

Annexin for cancer risk assessment

The present invention relates to the treatment and/or diagnosis of cancer, particularly

of the urogenital and/or intestinal tract.

Cancer is one of the leading causes of human death in the western civilization and
often linked with difficulties regarding its diagnosis.

For example, prostate cancer is one of the leading causes of cancer death in men but
is a heterogeneous disease that is difficult to diagnose. Predicting the course that an
individual tumor will take is almost impossible. The current state of diagnostic prostate
cancer markers is essentially based on different isoforms of prostate specific antigen
(PSA) and on the whole is not satisfactory in terms of false negatives and false
positives. Recently, various alternative molecular markers have been suggested from
body fluids or prostate tissue. At least three different subclasses of prostate cancer
have been identified that seem related to tumor grade, incidence of recurrence, and
metastases. Fatty acid synthase alone defines distinct molecular signatures for
prostate cancer. Yet, there is urgent remaining need for more elaborate and reliable
therapeutic and diagnostic parameters to characterize patients according to their risk
of progression in order to develop novel appropriate multimodal therapy strategies for

improved individual cancer control.

In view thereof, the problem addressed by the invention has been solved by the use of
at least one annexin protein, preferably annexin A3, for the treatment of cancer,
particularly of the urogenital and/or intestinal tract, preferably prostate cancer.
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In a first aspect the present invention provides a method for diagnosing prostate
cancer by discrimination between cancerous and non-cancerous prostate tissue, the
method comprising:
(a)  determining the abundance of at least one intracellular annexin A3
protein in a urine sample or fraction thereof; and/or
(b)  determining the abundance of at least one extracellular annexin A3
protein in a urine sample or fraction thereof;
wherein the levels of annexin A3 observed in the urine or fraction thereof from
a subject with cancerous prostate tissue are lower than in urine or fraction thereof
from a subject with non-cancerous prostate tissue and wherein the urine samples or

fractions thereof are obtained from exprimate urine.
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Besides, the present invention comprises the use of at least one annexin
protein, preferably of annexin A3, for the manufacture of a medicament
for treatment of cancer, particularly of the urogenital and/or intestinal
tract, preferably of prostate cancer. In a preferred embodiment cancer
treatment is done by the enhancement of the in vivo abundance of at
least one annexin protein, in particular by the enhancement of the in vivo

abundance of at least one extracellular annexin protein.

In view thereof, the problem addressed by the invention has been solved
in a further aspect by a method for diagnosing cancer, particularly of the
urogenital and/or intestinal tract, and/or for discrimination between can-
cerous and non-cancerous tissue comprising the separate steps of
- determining the intracellular abundance of at least one annexin
protein and/or
- determining the extracellular abundance of at least one annexin
protein,
in particular using urine samples or fractions thereof.

In a preferred embodiment the inventive method comprises the separate
steps of
- determining the intracellular abundance of at least one annexin
protein and
- determining the extracellular abundance of at ieast one annexin
protein,

in particular using urine samples or fractions thereof.

In a further preferred embodiment the inventive method comprises the

separate steps of '

- determining the intracellular abundance of at least one annexin
protein and

~ determining the extracellular abundance of at least one said

annexin protein,
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in particular using urine samples or fractions thereof.

After determination of the intra- and extracellular abundance of at least
one annexin protein ratios of the extracellular abundance over the intra-
cellular abundance or the other way around may be determined. Pref-
erably, ratios of the extracellular abundance over the intracellular abun-
dance are determined. The obtained ratios are advantageous diagnostic
parameters for cancer and/or for discrimination between cancerous and

non-cancerous tissue.

According to the present invention the term ,extraceliular” is understood
as the extracellular space including the outer surface of plasma mem-

branes of cells.

According to the present invention, the term “non-cancerous tissue”
comprises healthy tissue and pathogenic tissue, in particular benign
prostatic hyperplasia, chronic prostatitis, Crohn’'s disease, colitis ul-
cerosa, inflammable tissue and fibroses, in particular secondary fibro-
ses.

According to the present invention the term ,abundance” is understood
as the intracellular and/or extracellular ievel and concentration respec-

tively of a protein.

According to the present invention, the term “"annexin protein” and “pro-
tein” in general comprise isoforms, mutants, truncated versions and
post-translational modified forms thereof. Post-translational modified
forms can in particular include proteinaceous forms obtainable by prote-
olytic processing.
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According to the present invention, the term "treatment” is equivalent to "therapy",

thus comprising the treatment of troubles associated with cancer.

In the case of a preferred embodiment the annexin protein is at least a member of the
group consisting of annexin A1, annexin A2, annexin A3, annexin A4, annexin A3,
annexin A6, annexin A7, annexin A8 and annexin A10 and wherein preferably the
abundance of the at least one annexin protein is determined together with the
abundance of at least a further protein. With respect to said further protein it is

referred to the following description.

In another embodiment, the abundance of at least one annexin protein is determined

together with the abundance of a small molecule or nucleic acid marker.

Annexins are calcium-binding proteins thought to influence various intra- and extra-
celiular functions, including membrane trafficking, lymphocyte migration, cell motility,
calcium flux, and signal transduction. They are highly abundant, and the calcium-
dependent bulk masking of negatively charged membrane lipids may be important for

annexin function.

In a previous proteomics study comparing the differential abundance of proteins
between benign and tumorous tissue from 31 prostate cancer patients, the inventors
identified annexin A3 as more being variously differentially abundant in tumors, and
potentially represented a diagnostic marker for various sub-types of prostate cancer.
Annexin A3 is a relatively infrequent annexin family member that was upregulated an
average of 2.4 fold across all 31 patients (between 1.1 and 5.4 fold with 95%
confidence; P = 0.045). In a tentative sub-cluster of 22 patients that was suggested by
cluster analysis, Annexin A3 was upregulated an average of 4.4 fold (between 2.2 and
9.1 fold with 95 % confidence; P = 0.0008),
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suggesting that in certain types of tumor Annexin A3 abundance may be involved in
the cancerous phenotype. For further details it is referred to the patent application
PCT/EP2005/001567, which is incorporated herein in its entirety.

Several annexins are reported to be down-regulated in association with prostate
cancer, including annexin A1, annexin A2, annexin A4, annexin A7 and annexin A10.
It has been reported that "some differential (annexin A3) value between malignant and
benign" prostate tissue. Recently, annexin A3 has been shown to be necessary for
DNA replication in cultured hepatocytes and seems to be expressed higher in small
hepatocytes which have higher growth potential and proliferation rates than
parenchymal hepatocytes. The results of the invenlors suggest that annexin A3,
typically a rare member of this family, may therefore provide a biomarker or target or
therapeutic principle for cancer treatment of certain patients.

Annexins are cytoplasmic, but are also found extracellularly, although they lack
secretory leader sequences. For instance, annexin A3 has been identified as an
antigen for anti-sperm antibodies involved in male infertility. It has been found that
annexin A1 was exposed on epithelial surfaces in the vicinity of solid lung tumors, and
that administration of a radiolabelled antibody against the protein caused tumor
regression in animal experiments. Indeed, annexin A5 translocation to cell surfaces is
associated with apoptosis and annexin A1, also known as Lipocortin 1 is released to
the extracellular space in large abundances from neutrophils and
monocytes/macrophages as an anti-inflammatory agent. In fact, annexin A1 may be

the primary mediator of the anti-inflammatory effect of glucocorticoids.

There is no mechanism for annexin secretion reported combining secretion, especially

the cellular expulsion of annexin A3, the exosome
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pathway, and altered regulation of immune surveillance of the prostate. Exosomes
are membrane vesicles of 30 to 100 nm in diameter, which are produced and
secreted in vitro by living cells of diverse origin, and are thought to be involved in
the transfer of tumor antigens to antigen presenting cells, as well as in the
stimulation of specific immune responses. Annexin family members, including

annexin A3 and annexin A8, are commonly found in exosomes.

It has been postulated that exosomes are involved in the release of heat shock
proteins to the extracellular environment in the absence of cellular necrosis. The
luminal exosome environment could permit the low pH values necessary for the
proposed annexin calcium ion channel function in vivo, that has been
controversially discussed because of incompatibility with cell viability. Indeed, the
reported instances of physiological annexin ion channels occur in the matrix
vesicles involved in osteoblast bone formation, and in the terminal differentiation
and death of chondrocytes, which are both circumstances atypical of normal
cellular viability. According to the inventors annexin ion channels could be involved
in the osmotic rupture of exosome vesicles (either within multivesicular vesicles
prior to secretory fusion with the cytoplasmic membrane, or extracellularly) and
thereby modulate extracellular milieu of tumors or other tissues, such as bone in

the case of osteoporosis.

It has recently been reported that irradiated tumor cells are efficiently phagocytised
by macrophages, but when cell surface phosphatidylserine is masked by annexin
A5, the macrophage pathway is reduced and a strong CD8+ dendritic cell-
dependent immune response is elicited. As referred to above, annexin A1 is an
anti-inflammatory modulator that reduces neutrophil recruitment, and thereby
reduces tissue inflammation. It binds to specific extracellular ALX (lipoxin A)
receptors on neutrophils and macrophages, and can thereby modulate

macrophage phago-
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cytosis. At the site of action within the tissues, annexin A1 and its N-terminal peptide
(Ac2-26) promotes phagocytosis of apoptotic neutrophils, thereby reducing the level of
inflammation and the immune response through anti-inflammatory cytokines such as
TGF (Transforming Growth Factor)-81, and, accordingly, the antigen-induced T cell
proliferation of Th1 (T-helper 1) and Th2 (T-helper 2} T-cells is also inhibted by the
peptide Ac2-26. Changes of annexin A3 in tumors may influence immune surveillance
of prostate tissue by altering the properties and/or concentration of the extracellular
annexin pool, and by thereby modulating the interplay between a
macrophage/granulocyte dominated response, and/or a humoral one.

According to one embodiment of the present invention the abundance of at least one
annexin protein is determined together with the abundance of at least another annexin
protein, preferably of the group consisting of annexin A1, annexin A2, annexin A3,
annexin A4, annexin A5, annexin A8, annexin A7, annexin A8 and annexin A10.

In the case of a further embodiment of the present invention the abundance of at least
one annexin protein is determined together with the abundance of at least a further
protein of the group consisting of serum amyloid P, isopeptidase T, muscle-type fatty
acid binding protein, galectin 1, heat shock protein 90, BiP (Human protein: P11021 -
78 kDa glucose-regulated protein precursor, GRP 78, Immunoglobulin heavy chain
binding protein, Endoplasmic reticulum lumenal Ca2+ binding protein grp78), protein
disulfide isomerase, epidermal-type fatty acid binding protein, enoyl coenzyme A

hydratase and nucleophosmin.

Furthermore, the abundance of at least one annexin protein can be determined
together with the abundance of at least a further protein of the group consisting of 14-
3-3 family, proteasome, particularly prosome and/or macropain, activator subunit 2,
cytokeratin family, KNP-I alpha

-10-
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protein (NCBI ACCESSION BAA95554.1 Gl:7768772) and KNP-| beta
protein (NCBI ACCESSION BAA21139.1 GI:2250701).

In some cases the diagnostic value of conventional tumor markers for
diagnosis is limited. For instance, high or extremely low serum prostate
antigen (PSA) values provide a reasonable reliable diagnostic index for
prostate cancer. However, preoperative PSA values ranging between 2
and 10 ng/ml, especially between 4 and 10 ng/ml, particularly between 2
and 6 ng/ml, are extremely poor regarding diagnostic reliability, in par-
ticular with respect to prediction of postoperative cure rates in radical

prostatectomies.

Thus, in a particular preferred embodiment of the invention the abun-
dance of at least one annexin protein is determined together with the
abundance of at least one blood or serum marker, in particular of at least
one member of the Kallikrein protease family, preferably of prostate spe-
cific antigen (PSA). The abundance of various forms of PSA, in particu-
lar total PSA (tPSA) abundances, relative or absolute abundances of
free PSA (fPSA) and relative or absolute abundances of complexed PSA
(cPSA), may be determined together with the abundance of annexin A3.
It is further within the scope of the embodiment that other members of
the Kallikrein protease family may be used in this respect. The abun-
dances of these proteins to one another may also be used in combina-
tion with one or more measured or calculated annexin parameters for
diagnostic purposes according to the invention. The annexin parameters
that can be useful are obviously not restricted to those used by way of

demonstration in this present disclosure.

In the case of a further preferred embodiment the abundance of at least
one annexin protein is determined together with the abundance of at
least an epithelial cell marker, particularly prostate specific membrane
antigen (PSMA).

11-
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According to a especially preferred embodiment of the invention annexin

A3 and/or annexin A8, preferably annexin A3, are used.

According to the present invention the cancer to be treated and/or diag-
nosed can be derived from the urogenital and/or intestinal tract. Prefera-
bly, cancer is chosen from the group consisting of prostate cancer, kid-
ney cancer, bladder cancer, urethra cancer, ovarian cancer, uterine can-
cer or colon cancer. Preferably, the cancer to be diagnosed is prostate
cancer and/or colon cancer. With respect to prostate cancer the inven-
tive method preferably allows for the discrimination between prostate
cancer tissue samples, benign prostatic hyperplasia (BPH) tissue sam-
ples, chronic prostatitis tissue samples, fibrosis afflicted tissue samples

and healthy tissue samples.

Concerning cancer of the intestinal tract, particularly colon cancer, the
inventive method preferably allows for the discrimination between cancer
tissue sample and samples of tissue which are affected by inflammatory
bowl diseases, particutarly Crohns's disease and/or colitis ulcerosa.

According to a further embodiment of the invention it is possible to treat
and/or to diagnose subgroups of cancers. Furthermore, different cancer
stages may be treated and/or diagnosed by the invention. It is further
possibie to monitor the transition of non-cancerous tissue into cancerous

tissue by means of the present invention.

In the case of a further preferred embodiment of the invention excrement
samples or fractions thereof, especially of urine, in particular of expri-
mate urine, are subjected to a separation process prior to determining
the abundance of at least one annexin protein to yield cell pellets and
supernatants. Preferably, the separation process is done by centrifuga-
tion, especially by low speed centrifugation of cells out of a liquid me-

-12-




10

15

20

25

30

WO 2006/125580 PCT/EP2006/004818
10

dium (e.g., 200 x g for 5 minutes at 4 °C), as obvious to experts in the
art. Obviously any suitable centrifugation protocol, including successive
centrifugations under different conditions, or combinations of centrifuga-
tions with other methods, could be conceivably employed to separate
soluble or exosome-bound annexin from intracellular annexin for meas-
urement. Other means of separation of soluble or exosome-bound an-
nexin from intracellular annexin can also be employed, or combinations
thereof, as obvious to experts in the art (e.g., magnetic beads, filtration,

chromatography, etc).

According to a further embodiment of the present invention, the cell pel-
lets are used for determining the intracellular abundance of at least one

annexin protein, preferably of annexin A3.

As already mentioned in the above description, annexins are intricately
involved in processes of osteoblastosis and osteolysis. Annexins, are
implicated in the process of bone mineralization. This is noteworthy be-
cause prostate cancer metastases are unusual among cancers in exhib-
iting a high frequency of osteoblastic bone lesions. Most cancer metas-
tases are characterised by osteoclast ostealytic (bone dissolving) activ-
ity, whereas prostate metastases exhibit both osteoclastic and mineral
depositing osteoblastic activity.

Physiclogical mineralization is a highly complex and regulated process.
Bone mineralization is initiated by small vesicles, called matrix vesicles,
that are released from the plasma membrane of mineralizing skeletal
cells. The first mineral phase forms inside the matrix vesicles. Since
these are membrane-enclosed, channel proteins are required for the
mineral ions to enter. Annexins form channels into the matrix vesicles by
which Ca?* enters, leading to the initiation of calcium phosphate minera-
lization. Once the intravesicular crystals reach a certain size they rupture
the membrane. This is in turn related to inflammation, a feature common

13-
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to cancer and annexin biology, and involves an interplay between bone
and the immune system. Therefore, according to a particular preferred
embodiment the inventive method can be used to diagnose and/or treat
osteoporosis. In a particular embodiment of the inventive method an-
nexin abundances, preferably the abundance of annexin A3 and/or an-
nexin A8, are determined in body fluids, body secretions, tissue sam-
ples, groups of cells or cells, especially by methods known to those
skilled in the art, in order to diaghose and/or treat osteoporosis. Such
treatment may involve the application of substances that influence the
abundance, subceliular/extraceliular localisation, post-translational modi-
fication or activity of annexin proteins. Activity in this respect especially
includes ion-channel activity, which may be appropriately increased or
decreased. Substances that may be used for the treatment of osteopo-
rosis explicitly include annexin A3, truncated or mutant versions thereof,
or antibodies or other affinity reagents, in particular known in the state of
the art. Said substances can further include nucleic acids, or chemically
related substances, such as peptide nucleic acids (pNA), which may be
also used a small interfering RNAs (siRNAs), in particuiar known in the
state of the art.

Examples of protein analysis of exprimate massaged prostate urine cell
pellets from patients diagnosed with cancer, benign prostatic hyperplasia
(BPH) or control patients with conditions diagnosed as unrelated to can-
cer are shown in fig. 3, fig. 4, and fig. 5, respectively. The top panels in
each of fig. 3 to fig. 5 show annexin A3 enhanced chemiluminescence
(ECL) signal from western blot, and the bottom panels show the entire
loaded protein signal as stained with Ponceau S ('Protein’). Each gel
contains a molecular weight ladder (M) as well as duplicates of 7.5 ug of
total cell protein lysate from a prostate tumour containing annexin A3 as
a positive control (+C). Annexin A3 signals from samples on different
gels can be compared by normalisation to the average value of the repli-
cate respective positive controls. It was found by the inventors in a pre-

-14-
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liminary study that the pellets of exprimate urine samples of cancer pa-
tiens have much less annexin A3 than either benign prostatic hyperpla-
sia (BPH) patients or heaithy control patients (Fig. 6). For instance,
regarding the reference value of 0.2-fold the amount of annexin A3
signal (abundance) as in PR_26CA, only 5/30 (5:25) exprimate urine
samples of cancer patients have more than 0.2 fold the reference value,
while 23/30 (23:7) of the exprimate urine samples of BPH patients and
18/30 (18:12) of the exprimate urine samples of healthy control patients
exceeded this reference value. These results show that on average,
those cell pellets from samples of exprimate urine of cancer patients
contain less annexin A3 than samples of exprimate urine from BPH
patients or healthy control patients.

According to a further embodiment of the invention the supernatants re-
sulting from the separation process of the urine samples, in particular of
exprimate urine samples, and fractions thereof are used for determining
the extracellular abundance of at least one annexin protein, preferably of
annexin A3.

It is particularly preferred to use the supernatants for diagnosing cancer,
in particular of the urogenital and/or intestinal tract, and/or for discrimina-
tion between cancerous and non-cancerous tissue.

In the case of a further preferred embodiment of the present invention a
cation chelator, especially a Ca®*-chelator, particularly EDTA and/or
EGTA, is added to the urine sample or fraction thereof prior to determin-
ing the abundance of at least one annexin protein, preferably of annexin
A3. In a preferred embodiment the addition of the cation chelator occurs
prior to subjection of the samples or fractions thereof to the separating

process.

-15-
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Preferably the determination of the abundance of at least one extracellu-
lar annexin protein, particularly annexin of A3, is performed in an cation
chelator treated, particularly EDTA and/or EGTA treated, supernatant
and for comparison in a supernatant lacking a cation chelator, particu-
larly EDTA and/or EGTA. The supernatant is preferably derived from the
same urine sample, in particular exprimate urine sample, or fraction

thereof.

Based on the reasoning that in particular annexin A3 translocation from
the interior to the exterior of cells is differentially affected during the de-
velopment of prostate cancer, the present invention includes the deter-
mination of whether there is any difference in the intracellu-
lar/extracellular localisation of annexin A3 in assocation with cancer. The
extracellular environment as already mentioned in the above specifica-
tion is understood as the extracellular space including the outer surface
of plasma membranes of cells. Exprimate urine obtained subsequent to
clinical prostate massage contains cells exuded from the prostate. As
well as the possibility of extraceilular annexin A3 in exosomes, free an-
nexin A3 could bind to negatively charged groups such as phospholipids
on the surface of cells in a calcium-dependent manner. The latter an-
nexin A3-fraction could be released from the surface of cells into the su-
pernatant by addition of EDTA/EGTA to the medium to chelate calcium.

A further investigation in a double-blinded, four-center study demon-
strated that the ratio of total annexin A3 of pellet over supernatant was
able to diagnose cases labelled fibrosis in the group of non-cancer pa-
tients. Fibrosis is associated with benign processes and indicative of
non-cancer. The AUROC was 0.7072 for ‘pu.anx.tot.ratio’ for a total of
103 non-cancer cases. The correlation for the ratio was negative, thus
increased total annexin A3 amounts in supernatants were crucial for as-
sorting into this group. This is logic as for cancer cases a decreased an-

nexin A3 value in supernatants was observed (see below).

-16-
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The further profiling of non-cancer patients (BPH, chronic prostatitis, fi-
brosis, PIN1-3) by ratios of annexin A3 in pellets/supernatants is an im-
portant aspect of the invention for subsequent sequential and/or multi-
parameter steps of data analysis beyond diagnostic decision cancer vs.

non-cancer.

Additionally, the inventors determined annexin 3 abundances in super-
natants and cell pellets of a separate independent series of patients, to
compare the relative annexin A3 abundance in both cell pellets and su-
pernatants of exprimate urine samples. Again, it was found for this dif-
ferent patient cohort that abundances of annexin A3 in samples of ex-
primate urine pellets from cancer patients are lower than abundances of
annexin A3 in samples of exprimate urine pellets from BPH patients or
healthy patients. Concerning the supernatants, the annexin A3 abun-
dances from these same patients are higher in the EDTA-treated super-
natants of exprimate urine samples of cancer patients than in EDTA-
treated supernatants of exprimate urine samples of BPH patients or
healthy patients. From individual ratios of extracellular (EDTA-treated
supernatants) and intracellular (1000 x g pellets) fractions of exprimate
urine an even clearer image emerged, as shown in fig. 7. Taken to-
gether, these data indicate false positive rates around or below 10 %
and moreover the ratios of annexin A3 expression in supernatants (an-
nexin A3-S) vs. pellets (annexin A3-P) allows a discrimination of cancer
vs. BPH vs. controls as shown in table 1. essentially annexin A3-S is
high in cancer and BPH, and low in controls, whereas annexin A3-P is
high in BPH and controls and low in cancer; thus having high S (or S/P),
low P for cancer; high S (or S/P) and high P for BPH; and low S (or S/P)
and high P for controls; individual ratios (S/P) give clearest picture as
compared to pellets alone (fig. 7). Additional calibration for protein abun-

dances further improves the picture.
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According to a further embodiment of the invention the abundance of at
least one annexin protein, preferably annexin A3, is determined by im-
munohistochemical methods, in particular using tissue samples, such as

tissue sections.

The present invention additionally comprises the use of at least one anti-
annexin antibody, in particular of anti-annexin A3 antibody, for diagnosis
of cancer, in particular of the urogenital and/or intestinal tract, and/or for
discrimination between cancerous and non-cancerous tissue. In a pre-
ferred embodiment the anti-annexin antibody is used for pathohistologi-
cal-diagnostically staining of tissue samples, in particular tissue sections.
The samples may be obtained by biopsies or complete tissue excision.
In particular, the tissue samples to be stained by the anti-annexin anti-
body are derived from prostate biopsies or prostate tissue after protec-

tomy.

A polycional rabbit serum containing antibodies against annexin A3 was
obtained and used to localise annexin A3 in prostate tissues by immune
histochemistry. Because of the large number of annexin family mem-
bers, the inventors characterised the specificity of the anti-annexin A3
polyclonal antibody by Western blot prior to immune histochemistry. The
vast majority of the signal obtained by Western blot of prostate benign
and cancer tissue cell lysates comes from annexin A3 (fig. 1). A mar-
ginal abundance of signal was observed for higher molecular weight pro-
tein, which is presumably annexin A6. This antibody produced a strong
clean band using approximately 120 ng recombinant 60 kDa
GST(Glutathione-S-Transferase)-annexin A3 under the same conditions.
A thorough quantification, based on radioactive values from 2D gels
from biopsies, protein stains of 1D and 2D gels and 1D and 2D Wes