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METHOD TO DISTINGUISH PROSTATE CANCER FROM BENIGN PROSTATIC HYPERPLASIA

Background of the Invention

Field of the Invention

The invention relates generally to prostate-specific antigen (PSA) and specifically to
different forms of PSA and their association with prostate cancer and benign prostate

disease.

Description of the Prior Art

Throughout this application, various references are referred to within parentheses.
Disclosures of these publications in their entireties are hereby incorporated by reference
into this application to more fully describe the state of the art to which this invention
pertains. Full bibliographic citation for these references may be found at the end of this
application, preceding the claims.

The measurement of serum PSA is a widely used marker for the early detection of
human prostate cancer (1-3). Elevated levels of PSA in the blood are symptomatic of
prostate disease, which is primarily manifested as either benign prostate hyperplasia (BPH)
or prostate cancer (PCa). However, in the range 4-10 ng PSA per ml of serum it is difficult
to distinguish BPH from PCa without additional tests such as digital rectal exam and

prostate needle biopsy.
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Recently, it has been demonstrated that the level of free or non-complexed PSA in
serum can improve the discrimination of PCa from BPH (4-6). An elevated ratio of free
PSA to total PSA is more highly correlated with BPH. The reasons for the presence of free
PSA in serum has therefore become the subject of intensive investigation.

It is generally accepted that the free PSA in serum is enzymatically inactive. PSA 1s
a serine protease capable of complex formation with serum protease inhibitors. Human
serum contains high levels of o;antichymotrypsin (ACT) and o ;macroglobulin, both of
which have been shown to complex with PSA (7). The majority of PSA in serum that can
be detected by immunoassay is in a complex with ACT (4, 6). From 70-95% of the PSA in
serum is in a complex with ACT. Studies with PSA purified from seminal plasma have
shown that about 30% of the PSA does not form a complex with ACT. This fraction of
PSA contains an internal peptide bond cleavage at Lys145 which renders it inactive (4, 6;
7). A more detailed characterization of the inactive forms of PSA from seminal plasma
revealed PSA clipped at both Lys145 and Arg85, in addition to a fraction of PSA which
was not clipped but which did not form a complex with ACT (8).

The analysis of PSA from sources other than seminal plasma has been more limited.
PSA was isolated from BPH nodules (9), where it was found to contain more enzymatically
inactive PSA than seminal plasma PSA and to contain additional new clips after llel, His54,
Phe57 and Lys146. The proenzyme form of PSA (pPSA) has also been reported in the
serum of PCa patients (10). Both clipped and proenzyme forms of PSA could therefore be
components in the serum of patients with prostate disease.

However, no one has studied the source of variable forms of PSA in serum. The

association of both the clipped and proenzyme forms of PSA with different prostate
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diseases is unknown. Therefore, a need exists for studying various forms of PSA and their
association with different prostate tissues and diseases. A need also exists for developing a

method to distinguish BPH from PCa.
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Summary of the Invention

It is an object of the present invention to determine the source of variable forms of
PSA in serum. It is also an object of the present invention to study any associations of
different forms of PSA with different prostate tissue or prostate diseases. It is a further
object of the present invention to provide a sensitive method for distinguishing BPH from
prostate cancer.

These and other objects and advantages are achieved in the present invention by
focusing the study on prostate tissues as the source of variable forms of PSA in serum,
since PSA is thought to result from retrograde release of PSA from the prostate into the
serum (11). In order to determine what molecular forms of PSA are present in the
prostate, the present invention has examined three different types of prostate tissue: 1) non-
cancerous peripheral zone tissue (PZ-N); 2) cancerous peripheral zone tissue containing at
least 80% tumor (PZ-C); and 3) non-cancerous transition zone tissue (TZ). It is the TZ
which becomes hyperplastic in patients with BPH. In contrast, most cancers are found in
the peripheral zone (PZ).

From these studies, the present invention has identified two subsets of free PSA
which are differentially elevated in prostate TZ and PZ. It is believed that the measurement
of these free forms of PSA may help distinguish BPH and PCa in patients with prostate
disease.

Accordingly, one aspect of the present invention provides a method for determining
different forms of prostate specific antigen (PSA) contained in a sample comprising:

(a) determining the amount of proPSA contained in the sample;

(b) determining the amount of BPSA in the sample; and

4
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(©) mathematically combining the results of step (a) and step (b).

Another aspect of the present invention provides a diagnostic method for
determining the presence of BPH or prostate cancer in a sample comprising the steps of:

(a) providing a first agent that specifically binds to proPSA,

(b) providing a second agent that specifically binds to BPSA;

(© contacting the first agent and the second agent with the sample under a
condition that allows the formation of a first binary complex comprising the first agent and
the proPSA and a second binary complex comprising the second agent and the BPSA;

(d) detecting or determining the presence or amount of the first and second
complexes;

(e) mathematically combining the amount of the first and second complexes, or
the amount of proPSA and the amount of BPSA; and

® relating the combination to the presence of BPH or prostate cancer in the
sample.

A further aspect of the present invention provides a diagnostic kit for determining
the presence of BPH or prostate cancer in a sample comprising:

(a) a known amount of a first agent which specifically binds to a proPSA; and

(b) a known amount of a second agent which specifically binds to a BPSA,

wherein the first and the second agents, respectively, comprise a detectable label or
binds to a detectable label.

The invention is defined in its fullest scope in the appended claims and is described

below in its preferred embodiments.
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Description of the Figures

The above-mentioned and other features of this invention and the manner of
obtaining them will become more apparent, and will be best understood, by reference to the
following description, taken in conjunction with the accompanying drawings. These
drawings depict only a typical embodiment of the invention and do not therefore limit its
scope. They serve to add specificity and detail, in which:

Fig. 1 is a high-performance hydrophobic interaction chromatographic profile of
immunoaffinity-purified PSA isolated from prostate tissues. Three ﬁlatched tissues from
the same prostate were analyzed: transitional zone, TZ; peripheral zone containing 80-
100% tumor, PZ-C; peripheral zone with no cancer, PZ-N.

Fig. 2 is HIC-HPLC profile of PSA purified from TURP prostate tissue. The
BPSA (22%) elutes at 8 min and the other forms of PSA elute at 10 min.

Fig. 3 is HIC-HPLC profile of PSA purified from prostate tissue. Fig. 3A shows
that the BPSA (15%) elutes at 8 min and the other forms of PSA elute at 10 min. Fig. 3B
shows the HIC-HPLC purified BPSA and PSA.

Fig. 4 is HIC-HPLC profile of the reaction mixture of PZ-N PSA incubated with
excess ACT. Peak 1 is inactive ACT which has been cleaved by PSA. Peak 2 is the
residual excess active ACT. Peak 3 is the covalent PSA-ACT complex. Peak 4 is the
inactive PSA which did not react with ACT. 3B is an enlargement of 3A showing the PSA-
ACT and inactive PSA peaks. Different fractions of the inactive PSA peak were collected

and analyzed by N-terminal sequencing, as indicated by the arrows.
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Fig. 5 shows dot plots of BPSA and pPSA in 18 matched sets of prostate tissues.
The bottom panel shows the ratio of BPSA/pPSA. TZ, transition zone; PZ-N, peripheral
zone-non cancer; PZ-C, peripheral zone-cancer.

Fig. 6 is the linear sequence of amino acids for PSA. The arrows show the sites of

internal peptide bond cleavage which are described in the text.
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Detailed Description of the Invention

The present invention is based on the unexpected discovery that different forms of
PSA are associated with different prostate tissues or different prostate diseases.

The prostate is composed of three zones: the central zone, the peripheral zone (PZ)
and the transition zone (TZ). The PZ comprises about 70% of the volume of a normal
prostate, while the central zone and TZ are about 25% and 5%, respectively. All three
zones are well defined in the art. (See Biopsy Pathology of the Prostate, David G.
Bostwick and Paul A. Dundore, published by Chapman & Hall USA, 115 Fifth Ave., New
York, NY, 10003.) Briefly, the TZ is characterized by small, simple glands embedded in a
compact stroma, whereas the PZ is characterized by small glands embedded in a loose
stroma. The TZ tissue forms a distinctive boundary with the PZ. The PZ and TZ are the
zones of primary interest, since cancer is localized primarily to the PZ, while BPH is the
result of tissue enlargement of the TZ. With extensive BPH, the TZ grows to several times
the volume of other prostate zones. The TZ tissue surrounds the proximal prostate urethra,
which is the reason that restricted urinary flow is a symptom of enlarged TZ resulting from
BPH.

It is a discovery of the present invention that proPSA exists in PZ at an elevated
level. It is also a discovery of the present invention that BPSA exists in TZ at an elevated
level. Since cancer is localized primarily to the PZ, and BPH is the result of tissue
enlargment of the TZ, the present invention discovers that the ratio of proPSA and BPSA

may be used as a marker to distinguish BPH from prostate cancer tissues.
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Accordingly, one aspect of the present invention provides a method for determining
a ratio of different forms of prostate specific antigen (PSA) in a sample. The method
includes:

(a) determining the amount of proPSA contained in the sample;

(b) determining the amount of BPSA in the sample; and

(©) mathematically combining the amount of proPSA and the amount of BPSA.

The term “proPSA” or “pPSA” as used herein refers to a precursor form of PSA.
A full-length precursor form of PSA includes a propeptide of 7 amino acids, APLILSR,
which precedes the mature PSA protein of 237 amino acids. The full-length amino acid
sequence of a proPSA is known in the art and is fully described in the reference (15), the
relevant content of which is incorporated herein by reference. For the purpose of the
present invention, the last amino acid “R” of the propeptide sequence is counted as [-1]
amino acid. For example, [-7] proPSA is a proPSA with its terminus starting at —7aa of the
propeptide. It contains the full-length proPSA. [-5] proPSA indicates that the terminus of
the proPSA starts at —5aa of the propeptide, and it contains the last five amino acid
sequence of the propeptide sequence of proPSA, etc. For the purpose of the present
invention, proPSA of the present invention includes both full-length and truncated forms of
proPSA with its terminus started at any amino acid of the propeptide of the proPSA.
Examples of proPSA of the present invention include, but are not limited to, [-1]pPSA, [-
2]pPSA, [-4]pPSA, [-5]pPSA and [-7]pPSA.

A proPSA of the present invention, particularly [-2]proPSA and [-4]proPSA, exists
at an elevated level in the peripheral zone compared to the transition zone of prostate

tissue. For the purpose of the present invention, the level of proPSA is elevated if the
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percentage of the proPSA compared to total PSA is higher than the percentage of the
proPSA occurring in the transition zone of prostate tissues. In accordance with one
embodiment of the present invention, proPSA extracted from prostate tissues contains up
to 35% of proPSA of the present invention. The proPSA 1s lower or absent in the
transition zone. Since prostate cancer is located primarily in the PZ, and any PSA leaking
into the serum due to a neoplastic lesion would be expected to contain the population of
PSA in the PZ, it is believed that proPSA may be used as a marker associated with prostate
cancer.

The proPSA is inactive, i.e., it lacks chymotrypsin-like enzymatic activity and
therefore is present in serum as free PSA, not as PSA antichymotrypsin complex. For the
purpose of the present invention, a free PSA is a PSA that is not complexed as part of an
antichymotrypsin complex.

ProPSA of the present invention may be made by methods commonly known in the
art, such as, but not limited to, protein purification techniques, recombinant protein
techniques, and protein synthesis techniques. The details for producing and detecting
proPSA of the present invention are discussed in a co-pending U.S. patent application
entitled “Forms of Prostate Specific Antigen and Methods for Their Detection,” filed
concurrently herewith, which is a continuation-in-part of U.S. Application Ser. No.
08/846,408, the relevant content which are incorporated herein in their entirety.

The term “BPSA” as used herein refers to a form of PSA that comprises at least
one clip at Lys 182 of the amino acid sequence of a mature form of PSA. A mature form
of PSA has 237 amino acid residues with a molecular mass of 28,400 D (13) and the amino

acid sequence is fully described in references (14). The sequence of the matured form of
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PSA is shown in Fig. 6. A BPSA of the present invention has at least one clip at Lysine
182 of the amino acid sequence of a mature form of PSA. In other words, a BPSA of the
present invention has the same amino acid sequence of a mature form of PSA, except that
the polypeptide chain of the PSA of the present invention has been hydrolyzed between
residues 182 and 183. In accordance with embodiments of the present invention, a BPSA
of the present invention may also include an additional one or more clips at Ile 1, Lys145
and Lys146 of the amino acid sequence of a mature PSA. In one embodiment of the
present invention, a BPSA of the present invention consists of two clips at Lys145 and
Lys182.

A BPSA of the present invention exists at an elevated level in the transition zone of
BPH tissue, compared to peripheral zone cancer and non-cancer prostate tissues. For the
purpose of the present invention, the level of BPSA is elevated if the percentage of the
BPSA compared to total PSA is higher than the percentage of the BPSA occurring in
peripheral zone cancer and non-cancer prostate tissues. In accordance with one
embodiment of the present invention, PSA extracted from BPH tissues contains from 5 to
30% of BPSA of the present invention. The BPSA are lower or absent in peripheral zone
cancer and non-cancer prostate tissues. Since it is the TZ which becomes hyperplastic in
patients with BPH, it is believed that BPSA of the present invention may be specific for
BPH.

The BPSA is inactive, i.e., it lacks chymotrypsin-like enzymatic activity and
therefore is present in serum as free PSA, not as PSA antichymotrypsin complex. For the
purpose of the present invention, a free PSA is a PSA that is not complexed as part of an

antichymotrypsin complex.

11



10

15

20

WO 00/67030 PCT/US00/09789

The BPSA of the present invention may be isolated from tissues or seminal plasma
or prepared by in vitro trypsin treatment by methods described herein or otherwise known
in the art. BPSA of the present invention may be separated from other forms of PSA by
HIC-HPLC technique, a technique that is well known in the art. BPSA of the present
invention forms a major peak by HIC-HPLC. Details of isolation or preparation methods
for BPSA are described in a co-pending U.S. Application filed concurrently with the
present application, which application is entitled “Novel Forms of Prostate Specific Antigen
(PSA) Specific for Benign Prostatic Hyperplasia (BPH) and Methods of Using Such,” the
relevant content of which is incorporated herein in its entirety by reference.

ProPSA and BPSA of the present invention may be characterized and used for
antibody development. The pending U.S. Patent Application Serial No. 08/846,408
describes in detail the antibodies and methods of developing antibodies, particularly
monoclonal antibodies against proPSA of the present invention, the relevant content of
which is incorporated herein in its entirety by reference. The co-pending U.S. Patent
Application entitled “Novel Forms of Prostate Specific Antigen (PSA) Specific for Benign
Prostatic Hyperplasia (BPH) and Methods of Using Such,” which is filed concurrently with
the present application, describes in detail the antibodies and methods of making antibodies,
particularly monoclonal antibodies against BPSA of the present invention, the relevant
content of which is incorporated herein in its entirety by reference.

Briefly, an antibody which consists essentially of pooled monoclonal antibodies with
different epitopic specificities, as well as distinct monoclonal antibody preparations, is
provided. Monoclonal antibodies are made from an antigen containing the novel form of

PSA of the present invention or fragments thereof by methods well known in the art (E.
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Harlow et al., Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 1988).
In general, this method involves preparing an antibody-producing fused cell line, e.g., from
primary spleen cells fused with a compatible continuous line of myeloma cells, growing the
fused cells either in mass culture or in an animal species from which the myeloma cell line
used was derived or is compatible. Such antibodies offer many advantages in comparison
to those produced by inoculation of animals, as they are highly specific and sensitive and
relatively “pure” immunochemically. Immunologically active fragments of antibodies are
also within the scope of the present invention, e.g., the f(ab) fragment, as are partially
humanized monoclonal antibodies.

If desired, polyclonal antibodies can be further purified, for example, by binding to
elution from a matrix to which a polypeptide or a peptide to which the antibodies were
raised is bound. Those skilled in the art will know of various techniques common in the
immunology arts for purification and/or concentration of polyclonal antibodies, as well as
monoclonal antibodies. (See, for example, Coligan et al., Unit 9, Current Protocols in
Immunology, Wiley Interscience, 1991, incorporated by reference.)

The term “antibody” as used in this invention includes intact molecules as well as
fragments thereof, such as Fab, F(ab’), and Fv, which are capable of binding the epitopic
determinant. These antibody fragments retain some ability to selectively bind with its
antigen or receptor.

Accordingly, one aspect of the present invention provides an antibody that is
specifically immunoreactive with and binds to proPSA or BPSA in the present invention.
The term “specifically immunoreactive or specifically bind to” as used herein indicates that

the antibodies of the present invention preferentially recognize and bind to proPSA or
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BPSA than other forms of PSA, such as other clipped or non-clipped mature forms of PSA.
The term “preferentially recognize and bind” as used herein means that the antibodies of the
present invention bind to proPSA or BPSA of the present invention to a greater extent than
binding to other forms of PSA under the same conditions. Examples of monoclonal
antibodies that preferentially bind to proPSA include, but are not limited to, PS1Z134,
PS1Z120, PS1Z125 and PS1Z80. Examples of monoclonal antibodies that preferentially
bind to BPSA include, but are not limited to, PS2C109, PS2C501, PS2C634, PS2C807 and
PS2C837.

Antibodies of the present invention may be used for detecting and determining the
presence and amount of proPSA or BPSA in a sample. In accordance with the present
invention, the proPSA and BPSA may be detected in patient tissue samples by
immunohistochemical methods and/or in patient fluid samples by in vitro immunoassay
procedures.

Immunohistochemical methods for the detection of antigens in patient tissue
specimens are well known in the art and need not be described in detail herein. For
example, methods for the immunohistochemical detection of antigens are generally
described in Taylor, Arch. Pathol. Lab. Med. 102:113 (1978). Briefly, in the context of the
present invention, a tissue specimen obtained from a patient suspected of having a prostate-
related problem is contacted with an antibody, preferably a monoclonal antibody,
recognizing either proPSA or BPSA. The site at which the antibody is bound is thereafter
determined by selective staining of the tissue specimen by standard immunohistochemical
procedures. The same procedure may be repeated on the same sample using another

antibody that recognizes BPSA or proPSA. Alternatively, a sample may be contacted with
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an antibody against proPSA and an antibody against BPSA simultaneously, provided that
the antibodies are labeled differently or are able to bind to a different label. In one
embodiment of the present invention, the tissue specimen is a tissue specimen obtained
from the prostate of a patient. The prostate tissue may be a normal prostate tissue, a
cancer prostate tissue or a benign prostatic hyperplasia tissue.

Similarly, the general methods of the in vitro detection of antigenic substances in
patient fluid samples by immunoassay procedures are also well known in the art and require
no repetition herein. For example, immunoassay procedures are generally described in
Paterson et al., Int. J. Can. 37:659 (1986) and Burchell et al., /nt. J. Can. 34:763 (1984).
According to one embodiment of the present invention, an immunoassay for detecting
proPSA and BPSA in a biological sample comprises the steps of: (a) contacting an amount
of a first agent which specifically binds to proPSA with the sample under a condition that
allows the formation of a binary complex comprising the first agent and the proPSA and (b)
detecting or determining the presence or amount of the complex as a measure of the
amount of the proPSA; or (a) contacting an amount of a second agent which specifically
binds to BPSA with the sample under a condition that allows the formation of a binary
complex comprising the second agent and the BPSA and (b) detecting or determining the
presence or amount of the complex as a measure of the amount of the BPSA contained in
the sample. Alternatively, a sample may be contacted by the first and the second agents
simultaneously, provided that the agents may be labeled differently or are capable of
binding to different labels.

For the purpose of the present invention, the biological sample can be any human

physiological fluid sample that contains either proPSA or BPSA of the present invention.
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Examples of the human physiological fluid sample include, but are not limited to, serum,
seminal fluid, urine and plasma.

For the purpose of the present invention, both monoclonal antibodies and polyclonal
antibodies may be used as long as such antibodies possess the requisite specificity for the
antigen provided by the present invention. Preferably, monoclonal antibodies are used.

Monoclonal antibodies can be utilized in liquid phase or bound to a solid phase
carrier. Monoclonal antibodies can be bound to many different carriers and used to
determine the novel form of PSA of the present invention. Examples of well-known
carriers include glass, polystyrene, polypropylene, polyethylene, dextran, nylon, amylases,
natural and modified celluloses, polyacrylamides, agaroses and magnetites. The nature of
the carrier can be either soluble or insoluble for purposes of the invention. Examples of
insoluble carriers include, but are not limited to, a bead and a microtiter plate. Those
skilled in the art will know of other suitable carriers for binding monoclonal antibodies, or
will be able to ascertain such under routine experimentation.

In addition, the monoclonal antibodies in these immunoassays can be detectably
labeled in various ways. For example, monoclonal antibodies of the present invention can
be coupled to low molecular weight haptens. These haptens can then be specifically
detected by means of a second reaction. For example, it is common to use such haptens as
biotin, which reacts with avidin, or dinitrophenyl, pyridoxal and fluorescein, which can
react with specific antihapten antibodies. In addition, monoclonal antibodies of the present
invention can also be coupled with a detectable label such as an enzyme, radioactive

isotope, fluorescent compound or metal, chemiluminescent compound or bioluminescent
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compound. Furthermore, the binding of these labels to the desired molecule can be done
using standard techniques common to those of ordinary skill in the art.

One of the ways in which the antibody can be detectably labeled is by linking it to
an enzyme. This enzyme, in turn, when later exposed to its substrate, will react with the
substrate in such a manner as to produce a chemical moiety which can be detected by, for
example, spectrophotometric or fluorometric means (ELISA system). Examples of
enzymes that can be used as detectable labels are horseradish peroxidase, malate
dehydrogenase, staphylococcal nuclease, delta-5-steroid isomerase, yeast alcohol
dehydrogenase, alpha-glycerophosphate dehydrogenase, triose phosphate isomerase,
alkaline phosphatase, asparaginase, glucose oxidase, beta-galactosidase, ribonuclease,
urease, catalase, glucose-6-phosphate dehydrogenase, glucoamylase and acetylcholine
esterase.

For increased sensitivity in the ELISA system, the procedures described can be
modified using biotinylated antibodies reacting with avidin-peroxidase conjugates.

The amount of antigen can also be determined by labeling the antibody with a
radioactive isotope. The presence of the radioactive isotope would then be determined by
such means as the use of a gamma counter or a scintillation counter. Isotopes which are
particularly useful are *H, "2, '2[, *?P, S, **C, *'Cr, *°Cl, *'Co, **Co, *Fe, "Se, '''N,
*mTc, “’Ga and *°Y.

Determination of the antigen is also possible by labeling the antibody with a
fluorescent compound. When the fluorescently labeled molecule is exposed to light of the
proper wave length, its presence can then be detected due to fluorescence of the dye.

Among the most important fluorescent labeling compounds are fluorescein isothiocyanate,

17
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rhodamine, phycoerythrin, phycocyanin, allophycocyanin, o-phthaldehyde and
fluorescamine.

Fluorescence-emitting metal atoms such as Eu (europium), and other lanthanides,
can also be used. These can be attached to the desired molecule by means of metal-
chelating groups, such as DTPA or EDTA.

Another way in which the antibody can be detectably labeled is by coupling it to a
chemiluminescent compound. The presence of the chemiluminescent-tagged
immunoglobulin is then determined by detecting the presence of luminescence that arises
during the course of a chemical reaction. Examples of particularly useful chemiluminescent
labeling compounds are luminol, isoluminol, aromatic acridinium ester, imidazole,
acridinium salt and oxalate ester.

Likewise, a bioluminescent compound may also be used as a label.
Bioluminescence is a special type of chemiluminescence which is found in biological
systems and in which a catalytic protein increases the efficiency of the chemiluminescent
reaction. The presence of a bioluminescent molecule would be determined by detecting the
presence of luminescence. Important bioluminescent compounds for purposes of labeling
are luciferin, luciferase and aequorin.

Qualitative and/or quantitative determinations of proPSA and BPSA of the present
invention in a sample may be accomplished by competitive or non-competitive
immunoassay procedures in either a direct or indirect format. Examples of such
immunoassays are the radioimmunoassay (RIA) and the sandwich (immunometric) assay.
Detection of the antigens using the monoclonal antibodies of the present invention can be

done utilizing immunoassays which are run in either the forward, reverse or simultaneous
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modes, including immunohistochemical assays on physiological samples. Those skilled in
the art will know, or can readily discern, other immunoassay formats without undue
experimentation.

The term “immunometric assay” or “sandwich immunoassay” includes a
simultaneous sandwich, forward sandwich and reverse sandwich immunoassay. These
terms are well understood by those skilled in the art. Those skilled in the art will also
appreciate that antibodies according to the present invention will be useful in other
variations and forms of assays which are presently known or which may be developed in the
future. These are intended to be included within the scope of the present invention.

Because BPSA is preferentially elevated in TZ and pPSA is elevated in PZ, the
combination of these two subforms of free PSA may lead to improved discrimination
between BPH and PCa. It is the TZ which becomes hyperplastic in patients with BPH,
whereas most cancers are found in the PZ. Therefore, the mathematical combination of the
amount of proPSA and BPSA may be used as a serum marker or as an immunohistological
marker to help distinguish BPH from prostate cancer, although it should be noted that
proPSA and BPSA alone may also be used as a serum marker or as an immunohistological
marker for distinguishing BPH from prostate cancer. The term “mathematical
combination” as used herein refers to any mathematical caculation of the amount of
proPSA and BPSA. In one embodiment, the mathematical combination is a ratio. The
ratio of proPSA and BPSA in a sample may be determined by comparing the amount of

proPSA or proPSA complex to the amount of BPSA or BPSA complex in the sample.
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Accordingly, another aspect of the present invention provides a diagnostic method
for determining the presence of BPH or prostate cancer in a sample comprising the steps
of:

(a) providing a first agent that specifically binds to proPSA;

(b) providing a second agent that specifically binds to BPSA;

(c) contacting the first agent and the second agent with the sample under a
condition that allows the formation of a first binary complex comprising the first agent and
the proPSA and a second binary complex comprising the second agent and the BPSA,

(d)  detecting or determining the presence or amount of the first and second
complexes;

(e) mathematically combining the amount of the first and the second complexes
or the amount of proPSA and the amount of BPSA; and

3] relating the combination to the presence of BPH or prostate cancer in the
sample.

In accordance with embodiments of the present invention, the agents comprise
antibodies, particularly monoclonal antibodies of the present invention. Preferably, when a
sample is contacted with the first and the second agents, the first and the second agents
may be labeled differently or are able to bind to different labels to form respective
complexes that may be detected separately. Alternatively, the sample may be contacted
with one agent first so that either proPSA or BPSA may be detected first, then the same
sample may be contacted with another agent in order to detect another form of PSA.

In one embodiment of the present invention, the sample may be a sample of human

physiological fluid such as, but not limited to, serum, seminal plasma, urine and plasma. In
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another embodiment of the present invention, the sample may be tissue specimen from the
prostate of a patient. For the purpose of the present invention, the agent may be an
antibody, particularly a monoclonal antibody of the present invention. In one embodiment
of the present invention, the mathematical combination is a ratio.

Another aspect of the present invention also provides a diagnostic kit for
determining the presence of BPH or prostate cancer in a sample. The kit includes:

(a) a known amount of a first agent which specifically binds to a proPSA,

(b) a known amount of a second agent which specifically binds to a BPSA,

wherein the first and the second agents, respectively, comprise a detectable label or
bind to a detectable label.

For the purpose of the present invention, the sample may be a sample of human
physiological fluid such as, but not limited to, serum, seminal plasma, urine or plasma. The
sample may also be a tissue specimen coming from the prostate of a patient. The agent
may be an antibody, particularly a monoclonal antibody of the present invention.
Preferably, the first and the second agents, respectively, comprise a different detectable
label or bind to a different detectable label.

Since proPSA or BPSA alone may be used as a serum marker or as an
immunohistological marker for distinguishing BPH from prostate cancer, the present
invention also provides a diagnostic method for distinguishing BPH from prostate cancer by
detecting and determining the amount of proPSA or BPSA in a sample. The amount of
either proPSA or BPSA may be determined in patient tissue samples by
immunohistochemical methods and/or in patient fluid samples by in vifro immunoassay

procedures described herein.
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The following examples are intended to illustrate, but not to limit, the scope of the
invention. While such examples are typical of those that might be used, other procedures
known to those skilled in the art may alternatively be utilized. Indeed, those of ordinary
skill in the art can readily envision and produce further embodiments, based on the

teachings herein, without undue experimentation.

EXAMPLES

Materials and Methods

Isolation of PSA from prostate tissue

Prostate tissue was frozen in liquid nitrogen and pulverized to a fine powder in a
metal tissue pulverizer maintained in liquid nitrogen. For the PZ-N, PZ-C and TZ tissue
samples, which ranged from 100-300 mg, the frozen tissue powder was homogenized in 3
mls of PBS containing a protease inhibitor cocktail (Complete, Boehringer Manheim) using
a glass tissue homogenizer. The sample was then centrifuged to remove cell debris and the
supernatant solution filtered through a 0.2 um membrance. Larger amounts of tissue were
extracted as described above except that the tissue was homogenized in a 50 ml tube using
a Polytron tissue homogenizer.

PSA was purified from the filtered supernatant solution by passage over an
immunoaffinity column containing bound anti-PSA mAb, PSM773, at 5 mg per ml of resin.
The column was washed with 40 volumes of PBS containing 0.1% reduced Triton-X100,
and the PSA eluted with 100 mM glycine pH 2.5, containing 200 mM sodium chloride.

The eluant was immediately neutralized with 10% vol/vol 1M Tris pH 8.0.
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Preparation of BPSA in vitro

Processed, filtered seminal plasma was diluted 1:10 in PBS and passed over an
immunoaffinity column with bound anti-PSA mAb, PSM773. The column was washed
with 20 volumes of PBS containing 0.1% reduced Triton X100, and the PSA eluted with
100 mM glycine pH 2.5 containing 200 mM sodium chloride. The purified PSA was
applied to HIC-HPLC as described below, and the 8 min BPSA peak and the 10 min PSA
peak were collected separately. The PSA from the 10 min peak was dialyzed into 100 mM
Tris, pH 8 and incubated with 1% w/w trypsin for 30 min at 37° C. The trypsin in the
mixture was inactivated by addition of a mass of aprotinin equal to twice the added trypsin.
The incubation mixture was applied to HIC-HPLC and the resultant clipped PSA peak
were collected for analysis.

HIC-HPLC of PS4

High-performance hydrophobic interaction chromatography (HIC-HPLC) was
performed using a polypropylaspartamide column (PolyLC, distributed by Western
Analytical, Temecula, CA). The column was 4.6 X 250 mm in length with a 1000 A pore
size. Samples were applied in 1.5 M ammonium sulfate and eluted with a gradient. Buffer
A: 1.2 M sodium sulfate, 25 mM sodium phosphate, pH 6.3, and Buffer B: 50 mM sodium
phosphate, 5% v/v 2-propanol. The gradient was 0-35 % B 1 min, 30-80% B 12 min,
isocratic at 80% B for 2 min before equilibration in Buffer A. High-sensitivity peak
detection was obtained with a Varian Model 9070 scanning fluorescence detector using an

excitation of 232 nm and emission of 334 nm to detect the tryptophan residues in protein.
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Amino Acid Sequencing of PSA

N-terminal sequence analysis of the samples was performed on a PE-Applied
Biosystems Model 492 amino acid sequencer (Perkin-Elmer, Applied Biosystems Division,
Foster City, CA). Purified PSA and peaks collected by HIC-HPLC were applied directly to
Prosorb cartridges (Perkin-Elmer, Applied Biosystems Division, Foster City, CA), washed
3 X with 0.1 mL 0.01% trifluoroacetic acid and applied to the Model 492 sequencer.

Generation of Monoclonal Antibodies to pPSA

ProPSA was purified from the medium of AV12 by the use of immunoaffinity
chromatography using the anti-PSA antibody, PSM773. The AV12 cells expression
proPSA were generated as described in the pending U.S. patent application serial number
08/846,408. The mice were immunized once with 50 ug of blocked immunogen in CFA
and twice with 25 ug of blocked immunogen in IFA. The hybridoma was generated
according to reported procedures (16). The culture supernatant was screened for reactivity
against pPSA.

Alternatively, the mice were immunized once with 50 ug of mutant proPSA 217
ser-gly immunogen in CFA and twice 25 ug of same immunogen in IFA.

Hybridoma Screening Assays

50 ul of culture supernatant was added to the wells of streptavidin microplate
(Wallac, Turku, Finland) and 50 ul of biotinylated pPSA at 100 ng/ml was also added.
After 1 hr incubation the plate was washed with PBS/0.1% tween-20, then incubated with
50 ul per well of goat anti-mouse Ig horseradish peroxidase (1:10,000) diluted in PBS/1%

BSA and 0.1% tween-20. After 1 hr incubation, the plate was washed and developed with
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OPD substrate. To determine the specificity of monoclonal antibodies, the reactivity of 100
ng/ml pPSA and 100 ng/ml intact PSA was compared.

Results

BPSA in prostate tissues by HIC-HPLC

PSA was immunoaffinity purified from tissue extracts using the anti-PSA
monoclonal antibody, PSM773, and then further resolved by high-performance
hydrophobic interaction chromatography (HIC-HPLC). A second, smaller peak of PSA
was observed in some samples, which eluted earlier than the main PVSA peak. It was
determined that this variant form of PSA was elevated primarily in TZ tissues compared to
PZ tissues. Fig. 1 shows the comparative HIC-HPLC profile of the PSA purified from
matched zones of prostate tissue. Three matched tissues from the same prostate were
analyzed: transitional zone, TZ; peripheral zone containing 80-100% tumor, PZ-C;
peripheral zone with no cancer, PZ-N. Normally, PSA eluted at 10 min under these
chromatographic conditions. In this example, the PSA peak eluting at 8 min contains 28%
of the total PSA in the TZ extract, while it is present at only 3% and 8% in the PZ-C and
PZ-N tissues, respectively.

For the purpose of the present invention, the PSA eluting at 8 min has been
designated as BPSA. Since the absolute value of BPSA was seen to vary between 5 and
30% of the total PSA in different TZ patient samples, the present invention also examined
TURP tissue. The TURP procedure is performed on patients with BPH. The TURP
procedure removes the transition zone and so a PSA analysis of a TURP extract from a

single patient provides an average level of BPSA throughout the entire TZ. Fig. 2 shows
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the HIC-HPLC profile of the PSA purified from TURP tissue. BPSA represented 22% of
the total PSA in this sample. From the eight different TURP samples tested, six of the TZ
tissues contained high levels of BPSA, with an average of 20% + 3% of the total PSA.
Two of the TURP samples had low BPSA, with an average of 3.2% =+ 0.5%.

Control experiments were performed on tissue extracts wherein an aliquot of the
extract was removed and incubated at 37° C for 1 hr to determine if any additional internal
cleavage occurred. No additional internal cleavage sites were obtained after incubation, as
determined by HIC-HPLC and N-terminal sequencing of the subsequently purified PSA
(data not shown). This indicates that there is no significant in vitro proteolytic cleavage
during the extraction and PSA purification procedure, and that any observed PSA clips are
endogenous to the PSA prior to purification and analysis.

Characterization of BPSA from prostate tissue

Approximately 50 g of prostate tissue obtained from prostatectomy (n > 40) was
extracted in order to obtain quantities sufficient for further analysis. These tissues were not
characterized as having derived from either the TZ or PZ. Fig. 3A shows the HIC-HPLC
profile of the PSA purified from this tissue, which contains approximately 15% BPSA. The
8 min BPSA peak and the 10 min PSA peak were collected individually and analyzed by N-
terminal sequencing. Fig. 3B shows that the HIC-HPLC purified BPSA and PSA were
cleanly resolved from one another.

Table 1 shows the percentage of internal clips present in each form of PSA. Five
main cleavage sites were detected: Ilel, Arg85, Lys145, Lys146 and Lys182. The

sequence comparison of these two peaks is distinctive in two ways: 1) the 8 min peak
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contains a high percentage of internal clips including a distinctive clip at Lys182; and 2) the

majority of the PSA eluting at 10 min contains only minor levels of internal clips.

Table 1
% 1 % 85 %145 %146 % 182
BPSA, 8 min peak 32 0 52 11 78
PSA, 10 min peak 7 0 13 2 5

The clip at Lys182 is the most distinctive feature of the 8 min BPSA peak and
appears to be responsible for the shift from 10 min to 8 min. The clip at Ilel, which
generates PSA beginning with N-terminus valine, is also elevated in BPSA. The Ilel clip,
as well as the Lys146 clip, have been reported in the PSA obtained from BPH nodules (9).
The clip at Lys145 is the primary internal cleavage site in PSA purified from seminal
plasma. PSA clipped only at Lys145 continues to elute at 10 min (data not shown). Thus,
BPSA represents a different form of inactive PSA than has been characterized from seminal
plasma.

The distribution of BPSA in tissues

The PSA from 18 sets of matched prostate tissues was examined: 10 from large
volume prostates (>50g) and 8 small volume prostates (<20g). The percentage of the total
PSA present as BPSA is shown in Table 2. In the majority of the samples, the TZ contains
elevated levels of BPSA compared to the matched PZ tissues. There is no apparent

difference between the large and small volume prostates.
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Table 2
Large Volume Prostate (>50 g) Small Volume Prostate (<20 g)

# PZ-N PZ-C TZ # PZ-N PZ-C TZ

1 3.5 5.6 120 11 1.7 0.0 6.5
2 3.5 56 10.8 | 12 0.0 0.0 29.5
3 0.0 4.7 53113 32 4.0 4.8
4 32 13.9 66|14 5.0 4.6 19.0
5 9.7 10.7 38115 6.3 1.3 2.3
6 5.3 5.2 94116 5.5 4.9 1.1
7 0.0 2.3 76117 0.9 0.0 1.7
8 4.0 2.5 44118 5.2 23 4.4
9 7.5 6.6 13.9

10 8.3 32 28.1

The measurement of pPSA in prostate tissues

Aside from BPSA, the inactive forms of PSA in tissue extracts include [-

1]pPSA, [-2]pPSA, [-4]pPSA, [+5]PSA, PSA clipped at Lys145 and mature inactive

PSA. These inactive forms were demonstrated by incubation of PSA with ACT, followed

by N-terminal sequence analysis of the PSA which did not form a complex with ACT. Fig.

4 shows the HIC-HPLC profile of PZ-N PSA incubated with ACT. The original profile of

this PZ-N sample is seen in Fig. 1. Peak 1 in Fig. 4 is the inactive clipped ACT formed

after incubation with PSA (7). Peak 2 is the residual excess active ACT remaining after

incubation. Peak 3 is the PSA-ACT complex, and peak 4 is the inactive PSA that did not

form a complex with ACT. N-terminal sequencing of peak 4, the inactive PSA, is shown in

panel B. The front half of the inactive PSA peak contains primarily mature PSA, PSA

clipped at Lys145 and PSA clipped after Gly4. The second half of the inactive PSA peak

contains the majority of the [-2]pPSA. The [-2]pPSA is a truncated form of pPSA which

contains the last two amino acids of the 7 amino acid pro leader peptide. PPSA is

expressed with a heptapeptide pro leader sequence consisting of APLILSR. Thus, the
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[-2]pPSA contains the serine-arginine dipeptide on the N-terminal isoleucine of mature
PSA. The minor peak eluting at 12 min contains the [-4]pPSA. The retention time of [-
4]pPSA has been reported previously (10). The [-2]pPSA constituted 65% of the inactive
PSA in this sample and [-4]pPSA was 6%.

The percentage of pPSA formed in the bulk of the tissue samples was determined
not by sequencing the inactive PSA after ACT incubation, but by direct N-terminal
sequencing of whole immunoaffinity purified PSA. Table 3 shows the percentage of [-
2]pPSA found in these samples. In a few samples, very minor levels of other proforms
could be detected in whole PSA but [-2]pPSA was the major pro form. Table 3 shows
that pPSA is found primarily in the PZ, both cancerous and non-cancerous. By contrast,
only four TZ samples showed measurable pPSA. ProPSA was not detectable in the

majority of the TZ samples in Table 3. ProPSA was also not detected in the TURP tissues.

Table 3
Large Volume Prostate (>50 g) Small Volume Prostate (<20 g)

# | PZ-N PZ-C TZ # PZ-N PZ-C TZ

1 1 2.6 0111 6 4 3
2 19 3.3 10| 12 4 1 0
3 4 3 113 1 4 0
4 3.5 1 0|14 0 11 0
5 0 0 0115 0 0 0
6 0 8 0116 0 1.2 0
7 0 0.5 0117 0 3.6 0
8 4 3.8 25118 7 17 0
9 2.5 5.4 0

10 21 35 3.6
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The ratio of proPSA to BPSA in prostate tissues

Because BPSA is preferentially elevated in TZ and pPSA is elevated in PZ, the
combination of these two subforms of free PSA may lead to improved discrimination
between BPH and PCa. It is the TZ which becomes hyperplastic in patients with BPH,
whereas most cancers are found in the PZ. Fig. S shows dot plots of the % BPSA, %
pPSA, and the ratio of BPSA/pPSA for the 18 matched tissue samples. Fig. S shows a

significant discrimination between the TZ and PZ tissues.

Discussion

It is a discovery of the present invention that the TZ tissues contained enriched
levels of a specific isoform of PSA which has been designated BPSA. BPSA has a
distinctive chromatographic profile by HIC-HPLC and is characterized by at least one clip
at Lys182 (Table 1). The finding that BPSA is preferentially elevated in the TZ of
cancerous prostates, as well as TURP tissue from non-cancerous prostates, suggests that
this form of PSA may be a general marker for PSA derived from the TZ.

Examination of the same set of matched tissues showed a complementary
correlation with elevated [-2]pPSA in the PZ tissues. PPSA was largely absent in the TZ.
The finding of pPSA associated with PZ, and thus more highly correlated with prostate
cancer, is consistent with the inventors’ previous report of pPSA in the serum of PCa
patients (10).

An assay which combines the ability to detect both TZ-associated BPSA and PZ-

associated pPSA may therefore add significant specificity in the discrimination of BPH from
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PCa. In Fig. S we have plotted the ratio of BPSA/pPSA from our tissue samples. These
plots show a clear discrimination of the TZ from PZ.

In accordance with the present invention, the forms of PSA in tissues differ from
those reported in seminal plasma (7; 8). Table 1 shows that the majority of the PSA
extracted from tissues contains minor levels of clips, while the BPSA is extensively clipped.
The stratification of clips between the two forms of PSA further suggests that BPSA is a
compartmentalized form of PSA derived from a more highly proteolytic environment.

PSA derived from pooled seminal plasma contained low levels of BPSA, ranging
from 5-10%, while the major fraction of PSA eluting at 10 min by HIC-HPLC was about
30% clipped at Lys145 (data not shown). One of the earliest investigations to purify and
characterize PSA from seminal plasma reported the presence of internal clips at residues
Arg85, Lys148 and Lys185 (12). (In retrospect, it is believed that the sequence of this
reference is off by three amino acids. Therefore, it appears that Lys148 should be Lys145,
and Lys185 should be Lys182.) Subsequent studies of inactive PSA have focused almost
exclusively on the clip at Lys145, since this is the predominant clip and does in fact render
PSA inactive.

Examination of the BPSA levels in the seminal plasma from individual donors may
provide added insight into the variations of BPSA in prostate disease states. In accordance
with the present invention, no pPSA in the inactive PSA may be detected from pooled
seminal plasma, though individual cancer patients have not been tested.

The present invention also provides monoclonal antibodies specific for the BPSA

and pPSA. If the serum free PSA levels reflect the population of PSA present in prostate
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tissue disease states, then an immunoassay which measures BPSA and pPSA may improve
the discrimination of BPH from prostate cancer.

The present invention may be embodied in other specific forms without departing
from its essential characteristics. The described embodiment is to be considered in all
respects only as illustrative and not as restrictive. The scope of the invention is, therefore,
indicated by the appended claims rather than by the foregoing description. All changes
which come within the meaning and range of the equivalence of the claims are to be

embraced within their scope.
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WHAT IS CLAIMED IS:

1. A method for distinguishing prostate cancer from benign prostatic
hyperplasia using different forms of prostate specific antigen (PSA) contained in a sample
comprising:

(a) determining the amount of a proPSA contained in the sample;

(b) determining the amount of BPSA in the sample; and

(©) mathematically combining the results of step (a) and step (b).

2. The method of claim 1, wherein the mathematical combination of step (c) is
a ratio of proPSA and BPSA.

3. The method of claim 1, wherein the proPSA is selected from a group
consisting of [-1]pPSA, [-2]pPSA, [-4]pPSA, [-5]pPSA and [-7]pPSA.

4. The method of claim 3, wherein the proPSA i1s [-2]pPSA or [-4]pPSA.

5. The method of claim 1, wherein the BPSA comprises one clip at Lys182 of
the amino acid sequence of a mature form of PSA, and zero to more additional clips at a

location selected from a group consisting of Ilel, Lys145 and Lys146.

6. The method of claim 1, wherein the sample is a mammalian tissue sample.

7. The method of claim 1, wherein the sample is a sample of human
physiological fluid.

8. The method of claim 7, wherein the human physiological fluid is serum,

seminal plasma, urine or plasma.
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9. The method of claim 1, wherein step (a) further comprises the steps of:

(a) contacting an amount of an agent which specifically binds to the proPSA
with the sample under a condition that allows the formation of a binary complex comprising
the agent and the proPSA; and

(b) detecting or determining the presence or amount of the complex.

10.  The method of claim 9, wherein the agent comprises a polyclonal antibody
or a monoclonal antibody

11.  The method of claim 9, wherein the agent compriseé a monoclonal antibody
selected from a group consisting of PS1Z134, PS1Z2120, PS1Z125 and PS1Z80.

12. The method of claim 10, wherein in step (b) of claim 9 the antibody
comprises a detectable label or binds to a detectable label to form a detectable ternary
complex.

13.  The method of claim 1, wherein step (b) further comprises the steps of:

(a) contacting an amount of an agent which specifically binds to BPSA with the
sample under a condition that allows the formation of a binary complex comprising the
agent and the BPSA; and

(b) detecting or determining the presence or amount of the complex.

14.  The method of claim 13, wherein the agent comprises a polyclonal antibody
or a monoclonal antibody

15.  The method of claim 14, wherein the agent comprises a monoclonal
antibody selected from a group consisting of PS2C109, PS2C501, PS2C634, PS2C807 and

PS2C837.
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16.  The method of claim 14, wherein in step (b) of claim 13 the antibody
comprises a detectable label or binds to a detectable label to form a detectable ternary
complex.

17.  The method of claim 1 further comprising a step of relating the
mathematical combination of step (c) to the presence of BPH or prostate cancer.

18. A diagnostic method for determining the presence of BPH or prostate
cancer in a sample comprising the steps of:

(a) providing a first agent that specifically binds to proPSA;

(b) providing a second agent that specifically binds to BPSA;

(© contacting the first agent and the second agent with the sample under a
condition that allows the formation of a first binary complex comprising the first agent and
the proPSA and a second binary complex comprising the second agent and the BPSA;

(d)  detecting or determining the presence or amount of the first and second
complexes;

(e) mathematically combining the results of step (d); and

() relating the mathematical combination of step (e) to the presence of BPH or
prostate cancer in the sample.

19.  The diagnostic method of claim 18, wherein the mathematical combination
of step (e) is a ratio of proPSA and BPSA.

20.  The diagnostic method of claim 18, wherein the step (c) further comprises
the steps of:

(a) contacting the first agent with the sample under a condition that allows the

formation of a first binary complex comprising the first agent and the proPSA; and
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(b)  contacting the second agent with the sample under a condition that allows
the formation of a second binary complex comprising the second agent and the BPSA.

21. The diagnostic method of claim 18, wherein the step (d) further comprises a
step of :

(a) detecting or determining the presence or amount of the first complex;

(b)  detecting or determining the presence or amount of the second complex.

22.  The diagnostic method of claim 21, wherein the first and the second agents,
respectively, comprise a detectable label or bind to a detectable label to form a respective
detectable ternary complex.

23.  The diagnostic method of claim 22, wherein the first and the second agents,
respectively, comprise a different detectable label or bind to a different detectable label to
form a respective detectable ternary complex.

24, The diagnostic method of claim 18, wherein the sample is a mammalian
tissue sample.

25.  The diagnostic method of claim 18, wherein the sample is a sample of
human physiological fluid.

26.  The diagnostic method of claim 25, wherein the human physiological fluid is
serum, seminal plasma, urine or plasma.

27. The diagnostic method of claim 18, wherein the first agent comprises a
polyclonal antibody or a monoclonal antibody.

28.  The diagnostic method of claim 27, wherein the first agent is a monoclonal

antibody selected from a group consisting of PS1Z134, PS1Z120, PS1Z125 and PS1Z80.
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29.  The diagnostic method of claim 18, wherein the second agent is a polyclonal
antibody or a monoclonal antibody.

30.  The diagnostic method of claim 29, wherein the second agent is a
monoclonal antibody selected from a group consisting of PS2C109, PS2C501, PS2C634,
PS2C807 and PS2C837.

31.  The diagnostic method of claim 18, wherein the proPSA is selected from a
group consisting of [-2], [-4], [-5] and [-7]proPSA.

32.  The diagnostic method of claim 18, wherein the BPSA comprises one clip at
Lys182 and zero to more clips at a location selected from a group consisting of Ilel,
Lys145 and Lys146.

33.  AKkit for determining the presence of BPH or prostate cancer in a sample
comprising;

(a)  aknown amount of a first agent which specifically binds to a proPSA and

(b)  aknown amount of a second agent which specifically binds to a BPSA,

wherein the first and the second agents, respectively, comprise a detectable label or
bind to a detectable label.

34.  The kit of claim 33, wherein the first and the second agent, respectively,
comprise a different detectable label or bind to a different detectable label to form a
respective detectable ternary complex.

35.  The kit of claim 33, wherein the sample is a mammalian tissue sample.

36.  The kit of claim 33, wherein the sample is a sample of human physiological

fluid.

39



WO 00/67030 PCT/US00/09789

37.  The kit of claim 36, wherein the human physiological fluid is serum, seminal
plasma, urine or plasma.

38 The kit of claim 33, wherein the first agent comprises a polyclonal antibody
or a monoclonal antibody.

39.  The kit of claim 38, wherein the first agent is a monoclonal antibody
selected from a group consisting of PSM773, PS1Z134, PS12120, PS1Z125 and PS1Z80.

40.  The kit of claim 31, wherein the second agent is a polyclonal antibody or a
monoclonal antibody.

41.  The kit of claim 40, wherein the second agent is a monoclonal antibody
selected from a group consisting of PS2C109, PS2C501, PS2C634, PS2C807 and
PS2C837.

42, The kit of claim 33, wherein the proPSA is selected from a group consisting
of [-2], [-4], [-5] and [-7]proPSA.

43.  The kit of claim 33, wherein the BPSA comprises one clip at Lys182 and
zero to more clips at a location selected from a group consisting of Ilel, Lys145 and

Lys146.
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