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P2Y purinergic receptor expression for ideniifying preneeplastic and neoplastic states

TECHNICAL FIELD

The present invention relates to methods for identifying pre-neoplastic and
neoplastic states in mammeals and in particular to a method for identifying pre-neoplasia
and neoplasia in cells and tissues based on differential expression of P2Y purinergic
receptors.
BACKGROUND

‘When diagnosing cancer, cellular features in biopsy samples are taken into account
such as the degree of variability of cancer cell size and shape, the proportion of actively
dividing cells and invasion into neighbouring structures. Commonly used histological
stains are haematoxylin (primary stain) and eosin (counterstain) which differentially
label subcellular elements. Other diagnostic methods employ antibodies to particular
diagnostic molecules within (via intracellular epitopes) or on the surface of cells or
tissues (via extracellular epitopes) which can be made visible for microscopic analysis
eg, carcino-embryonic antigen (CEA). Some specific examples are discussed below.
Prostate Cancer

The incidence of prostate cancer in the Western world is increasing at an alarming
rate, having more than doubled in the past five years. It has the highest incidence of any
neoplasm, is second only to lung cancer as the most common cause of cancer death in
men worldwide, and is the leading cause of cancer death in Australia [1]. Benign
prostatic hyperplasia (BPH) is common in men over 50 and is 2 possible precursor of
prostatic intraepithelial neoplasia (PIN), itself a precursor to prostate cancer. )
Postmortem studies indicate that 70% of men have malignant cells in their prostate by

the time they reach 80 [2].
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Despite the gravity of this condition, diagnostic methods are few and imprecise.

Current methods for assessing proguosis, such as digital rectal examination (DRE),
ultrasound, prostatic acid phosphatase levels, androgen ablation, prostate specific antigen
(PSA) density, PSA velocity, PSA age-specific reference ranges and Gleason
histopathological grading, can fail to provide reliable predictive information regarding
the clinical outcome of prostate cancer [3]. For instance, studies have shown that DRE
results in a 36.9% false negative rate [4]. PSA is a 33-kDa serine protease that is ‘
éssuciatcd with 2 number of tissues besides prostate [5], is up-regulated by androgens,
glucocorticoids and progestins and is thought to be involved in the regulation of growth
factors. Unfortunately, serum PSA levels have an incidence of 23% false negative and
36.7% false positive diagnoses [5]. It has even been suggested that more than half of
new screen-detected cases are in fact false positives [6]. Attempts to improve screening
methods by the introduction of additional tests such as PSA density, velocity, and age-
specific reference ranges has been equivocal. One study has shown that applying an age-
specific PSA reference range that increases the upper limit of normal PSA to 4.5 ng/mL
results in the failure to detect a substantial number of clinically significant cancers [7].
Given this uncertainty, prostate biopsy is often performed to confirm malignancy but this
test also has a highly unsatisfactory 23% incidence of false-negative diagnosis [8],
caused by the failure to directly sample the site of neoplastic change.

Treatment selection is largely dependent on clinical staging based on microscopic
analysis of tissue sections [9]. This technique depends on judgment and considerable
experience in relating histological appearance to clinical outcome. Unfortunately,
prostate cancer tissue is notoriously heterogeneous and a vital diagnostic feature may
easily be missed in the section being examined. To further complicate the situation,

there have been no randomised and controlled trials to examine the outcomes of surgery
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and radiotherapy [2]. Treatment choices include radical prostatectomy, radiation

therapy, androgen deprivation and "watchful waiting". A definitive answer to the
question of "watchful waiting" versus radical intervention awaits the conclusion of the
prostate cancer intervention-versus-observation trial {10]. The consequences to the
patient of these decisions are serious. Radical prostatectomy for instance, ofien results
in incontinence, impotence, bladder neck stricture, pain and depression [11].

In the case of other cancers such as breast or skin, samples can be misdiagnosed
for several reasons. In the case of breast tumours, the borders of a localised tumour may
not be well defined and similarly in the case of skin cancers, the borders between
histologically obvious cancer (as determined with H&E stain) and normal tissue are
varigble. Either more or less normal tissue is excised around these tumours than is
desirable.

It is an object of the present invention to provide a méthod of identifying pre-
neoplastic and/or neoplastic cells which will overcome or substantially ameliorate at
least some of the deficiencies of the prior art or will provide a useful altemative.

SUMMARY OF THE INVENTION

P2Y purinergic receptors are G-protein coupled tissue receptors which bind
adenosine triphosphate (ATP) and, in the case of some P2Y receptor subtypes, uridine
triphosphate (UTP). 1t has suxprisingly been found that the expression pattern of P2Y
receptors can be used to diagnose pre-neoplasia and neoplasia in mammals.

Pre~cancer and cancer stages in mammals are accorapanied by marked differences
in growth, exiracellular matrix, metabolic and innervation factors as well as increasés in
subepithelial ionic caleium and microtubules. Using the novel antibodies of the present
invention, the P2Y receptors can be readily visualised with immunocytochemical

methods and it has been shown that they present in 2 variety of expression patterns such
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as cell surface, tubular and punciate labelling. These expression patterns can be used to
identify the different stages in cancer development, commencing with entirely normal
tissue and progressing through prencoplasia where P2Y receptor expression in the
prostate as an example first appears in the nuclei within individual affected acini. In
more advanced preneoplasia, but where there are still ne morphological signs of disease,
the receptors leave the nuclei and spread into the cytoplasm and lateral and basal W
membranes within the acini prior to deposition on the apical membrane of the epithelial
cells, an event occurring in synchrony with the morphological changes accompanying
early cancer. Since these stages are more global in nature than the morphelogically
defined areas of obvious tumour, the diagnostic is not confined to direct sampling of the
area of immediate tumour but can detect the tumour presence at some distance.

The invention therefore provides a new tool with which to diagnose pre-cancerous
conditions (such as hyperplasia), to stage cancer and to investigate the basic physiology
and aetiology of carcinogenesis.

According to a first aspect, the invention provides a method for diagnosing a pre-
neoplastic and/or neoplastic state in a mammal, comprising detection of the P2Y
purinergic receptor expression profile of a cell and/or tissue from said mammal and
comparison of the profile with a predetermined expression profile of a normal cell and/or
tissue.

According to a second aspect, the invention provides a method for staging a pre-
neoplastic and/or neoplastic state in a mammal, comprising detection of the P2Y

purinergic receptor expression profile of a cell and/or tissue from said mammal and
comparison of the profile with a predetermined expression profile of a normal cell and/or

tissue.
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According to a third aspect, the invention provides a method of determining the

aetiology of carcinogenesis in a mammal, comprising detection of the P2Y purinergic
receptor expression profile of a cell and/or tissue from the mammal and comparison of
the profile with a predetermined expression profile of a normal cell and/or tissue.
freferahly, the mammal is a human but the method may be applied to any suitable
mammal including a horse, a bovine animal, a sheep, a dog, a cat, 2 rat and a2 mouse,

Preferably, the cell and/or tissue is from a prostate, breast or skin. However, the
skilled addressee will recognise that the method may also be useful for other cells types
including other epithelial cells.

When the pre-neoplastic or neoplastic state is prostate pre-cancer or prostate
cancer, an increase jn the intensity of the P2Y, purinergic receptor expression profile in a
prostate cell or prostate tissue, compared to the expression profile of a normal prostate
cell or tissue, as herein defined, is diagnostic of the presence of prostate pre-cancer or
pragtate cancer.

When the pre-neoplastic or neoplastic state is breast pre-cancer or breast cancer, a’
decrease in the intensity of the P2Y, purinergic receptor expression profile in a breast
cell and/or breast tissue obtained from the mammal compared to the expression profile
of a breast cell and/or breast tissue from a normal breast, is diagnostic of the presence of
breast pre-cancer or breast cancer.

‘When the pre-neoplastic or neoplastic state is skin pre-cancer or skin cancer, &
decrease in the intensity of the P2Y,, purinergic receptor expression profile in a skin cell
and/or tissue from the mammal compared to the expression profile of 2 skin cell and/or
tissue from normal skin, is diagnostic of the presence of skin pre-cancer or skin cancer.

Preferably, the skin cancer is malignant melanoma, squamous cell carcinoma or

basal cell carcinoma. Thus, in accordance with the present invention, it is possible to
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differentiate skin cancer states, such as those mentioned, from keratoacanthoma and
other benign lesjons such as actinic keratoses.

Preferably, the P2Y receptor expression profile is the P2Y,, P2Y, and/or P2Y,
receptor expression profile and more preferably, it is the P2Y, receptor expression
profile. The skilled addressee, withont undue experimentation, can ascertain which P2Y
receptors are most suitable for the particular method being practiced. Generally, those
P2Y receptors which give the best contrast in terms of the difference in the intensity of
expression profile between pre-neoplastic or neoplz;sﬁc cells or tissues compared to
normal cells or tissues are the most desirable.

In one embodiment, the pre-neoplastic state is an early pre-neoplastic state in
which the P2Y receptor expression profile is altered in the nucleus of the cell.
Alternatively, in another embodiment, the pre-neoplastic state is an advanced pre-
neoplastic state in which the P2Y receptor expression profile is a profile in which the
P2Y receptors are in the cytoplasm and/or lateral membranes and/or basal membranes.

In another embodiment, the peoplastic state is a state in which the P2 receptor
expression profile is a profile wherein the P2Y receptors are on the apical membrane of
an epithelial cell.

1t will be clear to the skilled addressee that the P2Y receptor expression profile can
be combined with the expression profile of other markers. In particular, the P2Y
receptor expression profile can be combined with a P2X receptor expression profile and
preferably, with the expression profile of P2X,, and/or P2X,.

Preferably, detection of the P2Y receptor expression profile is by
immunohistochemical means. However, it will be clear to the skilled addressee that the
P2Y receptors may be detected by other means including ELISA, RIA or similar

immunological techniques, depending on the source of the cell or tissue sémple and the
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reagents available. Preferably, the P2Y receptors are detected by a colorimetric assay

such as DAB (diaminobenzidine) or the LSAB (labelled streptavidin b:mtin technique)
secondary antibody detection kit (Dako).

1t will be clear to those skilled in the art that standard Western blotting techniques
and standard Northemn detection of P2Y purinergic receptor mRNA may also be useful in
determining the P2Y receptor expression profile.

According to a fourth aspect, the invention provides a P2Y purinergic receptor-
specific antibody, wherein the antibody is capable of differentiating between pre-
neoplastic or neoplastic cells and/or tissue and normal cells and/or tissue.

Preferably, the antibody is specific for P2Y,, P2Y, and/or P2Y, receptors. Most
preferably, the antibody is specific for P2Y, receptors.

It will be clear to those skilled in the art the P2Y receptor-specific antibodies may
‘e polyclonal or monoclonal. It will also be clear to those skilled in the art that the P2Y
receptor-specific antibody may be combined with other antibodies and, in particular,
with one or more P2X receptor-specific antibodies. The P2X receptor-specific antibody
may also be monoclonal or polyclonal. In a preferred embodiment, the P2X receptor
antibody is a P2X, and/or P2X, receptor-specific antibody.

According to a fifth aspect, the present invention provides a suite of antibodies
comprising antibodies according to the fourth aspect.

According to a sixth aspect, the invention provides a P2Y purinergic receptor-
specific antibody according to the fourth aspect or a suite of antibodies according to the
fifth aspect when used to differentiate between pre-neoplastic or neoplastic cells and/or

tissue and normal cells and/or tissue.
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According to a seventh aspect, the invention provides an isolated mammalian cell
or tissue sample complexed with a P2Y purinergic receptor-specific antibody according
to the fourth aspect or'a suite of antibodies according to the fifth aspect.

The cells and/or tissue for use in the invention may be obtained by biopsy (for
example, by fine needle aspirate, especially from breast tissue) but may also be obtained
by any other means including from a body fiuid o, in the case of prostate cells and/or
tissue, from digital rectal examination exudate or from semen,

Tt will be clear to the person skilled in the art that the methods and P2Y receptor-
specific antibodies of the present invention may be used in combination with any other
complementary test including, for example, a test for malignancy. The test for
malignancy may be an anti-telomerase antibody test using a specific antibody against
human telomerase protein 1 (hTP,) or any other suitable assay or test such as an anti-
tenascin test.

According to a seventh aspect, the invention provides a kit for diagnosing a pre-
neoplastic and/or neoplastic state in a mammal comprising means for detecting a P2Y
purinergic receptor expression profile.

According to an eighth aspect, the present invention provides a kit for staging a
pre-neoplastic and/or neoplastic state in 2 mammal comprising means for detecting a
P2Y purinergic receptor expression profile.

According to a ninth aspect, the present invention provides a kit for determining
the actiology of carcinogenesis in a mammal comprising means for detecting a P2Y
purinergic receptor expression profile.

Preferably, the means for detecting a P2Y purinergic receptor expression profile is
an antibody according to the fourth aspect or  suite of antibodies according to the fifth

aspect.
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Preferably, the kit is used in a method according to any one of the first to third

aspects.

Tn the context of the present invention, the term “neoplastic cell” and “neoplastic
tissue” are to be construed in their ordinary sense and include, but are not limited to, a
cell or tissue which has the characteristic feature of a neoplastic cell or tissue such as, for
example, hyperplasia and/or a hypertrophic growth pattern and the characteristic staining
with haematoxylin and eosin stain (ie. H&E) that highlights abnormal cell shape and size
and nucleus size

In the context of the present invention, the terms “pre-neoplastic cell” and “pre-
neoplastic tissue” are to be construed in their ordinary sense and include, but are not
linited to, a cell or tissue that may be hyperplasic or hypertrophic. Such a ¢ell or tissue,
however, does not have the characteristic features of 2 neoplastic cell or tissue such as,
for example, the characteristic staining with H&E that highlights abnormal cell shape
and size and nucleus size.

In the context of the present invention, the terms “normal cell” and “normal tissue”
are to be construed in their ordinary sense and include a cell or tissue in which the P2Y
expression profile is not substantially altered from the profile that would be observed in
the cells from an individual having neither pre-neoplasia nor neoplasia. In the context of
the present invention as it relates to conditions of the prostate, the term “normal cell”
also includes, for example, a cell from a prostate having benign prostate hyperplasia.

In the context of the present invention the term “suite of antibodies” comprises
polyclonal antibodies which contain several different antibodies specific for the same or
different antigens and which are able to specifically differentiate between each of the

receptor subtypes. When the antibodies are monoclonal, the term “suite of antibodies™
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also comprises a panel of antibodies able to specifically differentiate between each of the

receptors e.g. P2Y and P2X or the receptor subtypes e.g. P2Y, and P2Y,.

In the context of the present invention, detection of an “expression profile”
comprises detection of a pattern or intensity of expression.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense
of “including, but not limited t0”.

BRIEF DESCRIPTION OF THE FIGURES

Fig 1 shows prominent epithelial nuclei labelled with P2Y, antibody, the first stage of
preneoplasia.

Fig 2 shows typical stage 2 staining of preneoplasia where the label now forms a
punctate pattern (arrow) with no stain in the nuclei but equally with no morphological
evidence yet of caucer.

Fig 3 staining shows that P2Y, collects on the apical epithelium (arrow) in tissue
showing evidence of morphological change associated with advanced cancer.

Fig. 4 shows a combination of P2Y,, P2X, and P2X, antibody labelling of prostate tissue
from a stage 3 case (obvious cancer).

Fig 5 shows non-cancerous breast tissue (fibroadenoma) labelled with a combination of
P2Y,, P2X, and P2X, antibodies. A small improvement in label intensity is observed
with the mixture of labels.

Fig 6 shows a similar serial section of non-cancerous fibroadenoma labelled with PZY,
showing closely similar staining.

Fig 7 shows cancerous breast tissue labelled with a combination of P2Y,, P2X, and P2X,

antibodies. The cancer tissue is devoid of label.
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Fig 8 shows breast cancer tissue labelled with P2Y, showing closely similar loss of
positive staining.

TFig 9 shows an example of a biopsy of a benign lesion in normal skin labelled with P2Y,
antibody with prominent muclei (PN) labelled.

TFig 10 shows a biopsy section of malignant melanoma labelled with P2Y, antibody in
which all the label that had been visible in the normal samples is lost in the melanoma.
Normal label is regained within 2 mm of the melanoma. Combinations of antibodies

used above yield identical results.

DESCRIPTION OF THE INVENTION
The present invention is based on the finding that pre-neeplastic and-neoplastic

cells differentially express P2Y purinergic receptors. This differential expression can
therefore be used to identify pre-neoplastic or neoplastic cells. Further, because the P2Y
purinergic receptors are distributed differently in cells at different stages of pre-neoplasia
and neoplasia, the expression profile of the P2Y purinergic receptors can be used to stage
pre-neoplastic and neoplastic states. The differential expression patterns of P2Y can also
be used to determine the aetiology of cancinogenesis. Further, the invention includes a
kit for diagnosing a pre-neoplastic and/or neoplastic state comprising means for
detecting 2 P2Y purinergic receptor expression profile; a kit for staging a pre-neoplastic
and/or neoplastic state comprising means for detecting a P2Y purinergic receptor
expression profile; and a kit for determining the aetiology of carcinogenesis comprising
means for detecting a P2Y purinergic receptor expression profile.

Preferred embodiments of the invention will now be described by way of example

only.

Example 1 - Antibody Production
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The consensus sequences of the human P2Y, [12], human P2Y,{13], and human

P2Y, [14] cloned receptors were examined for suitable epitopes following the approach
adopted in Hansen et al. [15]. The non-homologous epitope corresponding to the
segment Leu226-Lys242 in P2Y, was used, with the comparable sequences in P2Y,
(Arg226-Arg242) and P2Y (Cys220-Lys236). Bach was attached to diphtheria toxoid
via maleimidocaproyl-N-hydroxysuccinimide crosslinker through adding an N-terminal
Cys to PZY, and P2Y, epitopes. All syntheses were carried out nsing standard t-BOC
chemistry on an ABI synthesiser [16]. The peptide-antigen conjugates were suspended
in water at 5 mg/mL and aliquots emulsified by mixing with Complete Freund’s
Adjuvant. Emulsion volumes of i mL containing 2 mg of peptide were injected
intramuscularly with second, third, fourth and fifih immunisations followed at 2 week
intervals using Incomplete Freund’s Adjuvant. Final bleeds via venepuncture were
obtained at 10-12 weeks, after it was established that adequate antibody titres had been
obtained in the rabbits or sheep used for each epitope. The blood was incubated at 37°C
for 30 min, and stored at 4°C for 15 h after which the serum was collected following
centrifugation and stored at -20°C in small aliquots. Sera were tested with an ELISA
assay for antibodies specific for each peptide. The antibody titre, defined as the
reciprocal of the serum dilution resulting in an absorbance of 1.0 above background in
the ELISA assay, was in the range 75,000 = 4,000 compared with 225 = 25 for the pre-
immune samples. Bach antibody was found to be specific against the particular subtype.
Affinity purification of each of the antibodies against the specific epitope for that
antibody resulted in reduced background but identical labelling trends. A monoclonal

antibody raised against the same P2Y, epitope in mice yielded the same results.

Example 2 - Immunohistochemical Procedure
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Sections with a thickness of 8 pm were cut from unfixed, frozen tissue using a
Reichert Jung 2800 Prigocut cryotome or else were sectioned from paraffin-embedded
tissue. Sections were air dried at room temperature for 1 hour, fixed for 12 hours in
acetone at -20°C and air dried at room temperature for 1 hour prior to antibody labelling.
They were then incubated at room temperature with either a monoclonal mouse, rabbit or
sheep anti-P2Y, primary antibody. After washing, sections were then incubated for 30
min in the secondary antibody: a 1:30 dilution of HRP-conjugated goat anti-mouse
secondary antibody (Dako) for mouse primary, HRP-conjugated anti-rabbit secondary
antibody for rabbit primary, or HRP-conjugated goat anti-sheep secondary antibody.
Slides were again rinsed and then immersed in 15% diaminobenzidine
tetrahydrochloride (DAB - Sigma) for 10 minutes. Sections were rinsed, air dried and
mounted in DPX (Merck)., Centrol slides were incubated in diluent buffer during the
first incubation and then treated in the same manner as the experimental slides. Negative
control slides were treated in the same manner as the experimental slides except that the
primary antibody was replaced with non-immune seruni.

Tndividual specificity of all antibodies was demonstrated.

Example 3 — P2Y receptors in human cancer tissue (prostate

In a study of 40 normal and 40 human prostate cancer cases, P2Y, subtypes were
markedly increased in human prostate cancer tissue. There was no observable labelling
of normal tissue/benign prostatic hyperplasia. The labelling pattern for P2Y, in the
cancerous tissue was particularly informative in that there was a greater proportion of
labelled acinar epithelial cells with each stage of prostate disease, showing a direct
correlation between neoplastic transformation and the extent of P2Y, acinar labelling
commencing with the nuclei (stage 1; Figure 1), progressing to extra-nuclear or

cytoplasmic punctate labelling (stage 2; Figure 2) and progressing to deposition on the
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apical epithelium and lateral epithelium (stage 3; Figure 3) in advanced cases where

stage 3 is also accompanied by changes in morphology.

Combination of P2Y and P2X receptor antibodies

" P2X are fast acting ligand (ATP)-gated ion channels that open the cell to ions,
particularly calcium. P2Y receptors are much slower acting metabotropic receptors that
act on internal cellular calcium stores following activation by ATP or UTP or even ADP
by triggering a G-protein coupled cascade of activity and so function entirely differently
to P2X receptors.

When P2X receptor antibodies were used in combination with P2Y receptor
antibodies, a similar pattern to that described using P2Y receptor antibodies alone was
obtained. In particular, labelling of prostate cells/tissues using antibodies against P2Y,
and either or both P2X, and P2X, receptor subtypes enhanced results obtained using
antibodies against the P2, receptor alone.

P2X antibodies were produced as follows:

The consensus sequences of the human P2X, [17], human P2X, [18], human P2X,
[19], human P2X, [20], human P2X; [21], human P2X, [22] and human P2X,, [23] were
examined for suitable epitopes following the approach used for the rat antibodies [15,
24]. The non-homologous epitopes corresponding to the segment Lys68-Val84 used in
P2X, with an added N-terminal Cys. His209-Cys226 was selected from P2X,,. Asn185-
Cys203 was selected in P2X,. Cys270-GIu285 was selected from P2X,. Cys272-Ser288

was selected from P2X;. Asn200-Cys218 was selected from P2X,. Val65-Lys81 to
which was added a C-terminal Cys was selected from P2X,,. All epitopes were

conjugated to diptheria toxin via maleimidocaproyl-N-hydroxysuccinimide for
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crosslinking to diphtheria toxin. Antibodies were raised in rabbits and sheep and purified

as described above for the P2Y antibodies.

Figure 4 shows the use of a combination of P2Y,, P2X, and P2X, antibody
labelling of prostate tissue from a stage 3 case (obvious cancer).

The use of other P2X subtypes such as P2X, and P2X, yielded similar results in

prostate samples.

Example 4 — P2Y receptors in human cancer fissue (breast and skin)

The labelling patterns were reversed in other cancers such as breast cancers (single
and multi-foci) and skin cancers including malignant melanoma. In these tissues, P2Y,
antibody labelling of normal tissue was intense (implying that the expression of P2Y, in
normal tissue was relatively high) but P2Y, antibody labelling was not observed in
cancer tissue. Results were enhanced by the use of antibodies against P2X receptors in
combination with antibodies against P2Y, receptor, in particuler antibodies against P2X,

and P2X, subtypes (Figures 5 to 10).

Example 5 - Combining P2Y receptor antibody diagnosis with other tests

It is clear that the P2Y (and P2X) receptor antibody diagnosis described above can
be combined with complementary tests, Such tests may provide further information as
to the nature of the cancer eg. a test for malignancy such as the anti-telomerase antibody
test, and/or anti-tenascin may be useful in devising treatment regimes.

Although the invention has been described with reference to specific examples, it
will be appreciated by those skilled in the art that the invention may be embodied in

many other forms.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A method for diagnosing a pre-neoplastic and/or neoplastic state in a mammal,
comprising detection of the P2Y purinergic receptor expression profile of a cell and/or
tissue from said mammal and comparison of the profile with a predetermined expression
profile of a norma} cell and/or tissue.

2. Amethod for staging a pre-neoplastic and/or neoplastic state in a mammal,
comprising detection of the P2Y purinergic receptor expression profile of a cell and/or
tissue from said mammal and comparison of the profile with a predetermined expression
profile of a normal cell and/or tissue.

3. A method of determining the actiology of carcinogenesis in 2 mammal, comprising
detection of the P2Y purinergic receptor expression profile of a cell andfor tissue from
the mammal and comparison of the profile with a predetermined expression profile of a
pormal cell and/or tissue.

4. A method according to any one of claims 1 to 3 wherein the mammal is 2 human, a
horse, a bovine animal, a sheep, a dog, a cat, a rat or a mouse.

5. A method according to claim 4 wherein the mammal is 2 human.

6. A methad according to any one of cleims 1 to 5 wherein the cell and/or tissue is from
a prostate, breast, skin or other epithelial source.

7. A method according to any one of claims 1 to 3 wherein the pre-neoplastic or
neoplastic state is prostate pre-cancer or prostate cancer and an increase in the intensity
of the P2Y, purinergic receptor expression profile in a prostate cell or prostate tissue,
compared to the expression profile of a normal prostate eell ar tissue, as herein defined,
is diagnostic of the presence of prostate pre-cancer or prostate cancer.

8. A method according to any one of claims 1 to 3 wherein the pre-neoplastic or

neoplastic state is breast pre-cancer or breast cancer and a decrease in the intensity of the
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P2Y, purinergic receptor expression profile in a breast cell and/or breast tissue obtained
from the mammal compared to the expression profile of a breast cell and/or breast tissue
from a normal breast, is diagnostic of the presence of breast pre-cancer or breast cancer.
9. A method according to any one of claims 1 to 3 wherein the pre-neaplastic or
neoplastic state is skin pre-cancer or skin cancer and a decrease in the intensity of the
P2Y, purinergic receptor expression profile in a skin cell and/or tissue from the mammal
compared to the expression profile of 'a skin cell and/or tissue from normal skin, is
diagnostic of the presence of skin pre-cancer or skin cancer.

10. A method according to claim 9 wherein the skin cancer is malignant melanoma,
squamous cell carcinoma or basal cell carcinoma.

11. A method according to any one of claims 1 to 10 wherein the P2Y receptor
expression profile is the P2Y,, P2Y, and/or P2Y, receptor expression profile.

12. A method according to claim 11 wherein the P2Y receptor expression profile is the
P2Y, receptor expression profile.

13. A method according to any one of claims 1 to 12 wherein the pre-neoplastic state is
an early pre-neoplastic state in which the P2Y receptor expression profile is altered in
the nucleus of the cell.

14. A method according to any one of claims 1 to 12 wherein the pre-neoplastic state is
an advanced pre-neoplastic state in which the P2Y receptor expression profile is a profile
in which the P2Y receptors are in the cytoplasm and/or lateral membranes and/or basal
membranes.

15. A method according to any one of claims 1 to 12 wherein the neoplastic state is a
state in which the P2Y receptor expression profile is a profile wherein the P2Y receptors

are on the apical membrane of an epithelial cell.

JP 2004-520025 A 2004.7.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(36)

WO 02/48395 PCT/AU01/01614

20

-21-

16. A method according to any one of claims 1 to 15 wherein the P2Y receptor
expression profile is combined with the expression profile of other markers.

17. A method according to claim 16 wherein the P2Y receptor expression profile is
combined with a P2X receptor expression profile.

18. A method according to claim 17 wherein the P2Y receptor expression profile is
combined with an expression profile of P2X; and/or P2X,,

19. A method according to any one of claims 1 to 18 wherein the P2Y receptor
expression profile is detected by immunohistochemical means, or Western or Northern
blotting techniques.

20. A method according to any ane of claims 1 to 18 wherein the P2Y receptor
expression profile is detected by ELISA or RIA.

21. A method according to any one of claims 1 to 19 wherein the P2Y receptor
expression profile is detected by a colorimetric assay.

22. A P2Y purinergic receptor-specific antibody, wherein the antibody is capable of
differentiating between a pre-neoplastic or neoplastic cell and/or tissue and a normal cell
and/or tissue.

23. An antibady according to claim 22 wherein the antibody is specific for P2Y,, P2Y,
and/or P2Y,, receptors.
24. An antibody according to claim 23 wherein the antibody is specific for P2Y,
receptors.
25. An antibody according to any one of claims 22 to 24 wherein the antibody is 2
monoclonal antibody.
26. An antibody according to any one of claims 22 to 24 wherein the antibody is a

polyclonal antibody.
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27. An antibody according to any one of claims 22 io 24 combined with at least one
other antibody.

28. An antibody according to claim 27 wherein the at least one other antibody is a P2Y
receptor-specific antibody or a P2X receptor-specific antibody.

29. An antibody according to claim 27 wherein the P2X receptor antibody is 2 P2X or
P2X, receptor-specific antibady.

30. An antibody according to any one of claims 27 to 29 wherein the at least one other
antibody is a monoclonal antibody.

31. An antibody according o claim 27 to 29 wherein the at least one other antibody is a
polyclonal antibody.

32. A suite of P2Y antibodies comprising antibodies according to any one of claims 22
to 31,

33. An antibody according to any one of claims 22 to 31 or a suite of antibodies
according to claim 32 when used in a method according to auy one of claims 1 to 21.
34, An antibody according to any one of claims 22 to 31 or a suite of antibodies
according to claim 32 when used to differentiate between pre-neoplastic or neoplastic
cells and/or tissue and normal cells and/or tissue.

35. A method according to any one of claims 1 to 21 wherein the cell and/or tissue is
obtained by biopsy.

36. A method according te claim 35 wherein the biopsy is taken by fine needle aspirate,
from a body fluid or, in the case of a prostate cell and/or tissue, from digital rectal
examination exudate or from semen.

37. A method according to any one of claims 1 to 21 combined with a complementary

test.
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38. A method according te claim 37 wherein the complementary test is a test for

malignancy.

39. A method according to claim 38 wherein the test for malignancy is an anii-
telomerase antibody test using a specific antibody against human telomerase protein 1
(hTP,) or an anti-tenascin test.

40. An isolated mammalian cell or tissue sample complexed with a P2Y purinergic
receptor-specific antibody according to any one of claims 22 to 31 or a suite of
antibodies according to claim 32.

41. A kit for diagnosing a pre-neoplastic and/or neoplastic state in a mammal comprising
means for detecting a P2Y purinergic receptor expression profile,

42. A kit for staging a pre-neoplastic and/or neoplastic state in a mammal comprising
means for detecting a PZY purinergic receptor expression profile.

43. Akit for determining the aetiology of carcinogenesis in a mammal comprising means
for detecting a P2Y purinergic receptor expression profile.
44. A kit according to any one of claims 41 to 43 wherein the means for detecting a P2Y
purinergic receptor expression profile is an antibody according to any one of claims 22
to 31 or a suite of antibodies according to claim 32.
45. A method according to any one of claims 1 to 21 wherein the cell and/or tissue from
said mammal is proximal to a pre-neoplastic or neoplastic cell and is not itself pre-

neoplastic or neoplastic.
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