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PSA Expression Vector
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~ ProPSA (-7)
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[—-Mature PSA (+1)
ATC CTG TCT CGG ATT GTG GGA GGC TGG GAG
lle Leu Ser Arg lle Val Gly Gly Trp Glu
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FORMS OF PROSTATE SPECIFIC ANTIGENS AND
METHODS FOR THEIR DETECTION

[0001] This is a continuation-in-part of application Ser.
No. 09/302,965, filed on Apr. 30, 1999, which in turn is a
continuation-in-part of application Ser. No. 09/251,686,
filed on Feb. 17, 1999, which in turn is a continuation of
application Ser. No. 08/846,408, filed on Apr. 30, 1997. The
content of the applications Ser. Nos. 09/251,686, 09/302,
965, and 08/846,408 are incorporated herein in their entirety
by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to the
detection and identification of proteins, as well as various
forms and subunits of proteins, which have the potential
utility as diagnostic markers. In particular, the present inven-
tion relates to the detection of inactive precursor forms of
prostate specific antigens, and antibodies that are capable of
preferentially binding to precursor forms of prostate specific
antigens.

BACKGROUND OF THE INVENTION

[0003] The measurement of serum prostate specific anti-
gen (PSA) is widely used for the screening and early
detection of prostate cancer'™. Serum PSA that is measur-
able by current clinical immunoassays exists primarily as
either the free “non-complexed” form (free PSA), or as a
complex with a,-antichymotrypsin (ACT)**. The ratio of
free to total PSA in serum has been demonstrated to sig-
nificantly improve the discrimination of PCa from benign
prostatic diseases, with higher ratios correlating with a lower
risk of prostate cancer®’. While benign prostate hyperplasia
(BPH) is the most common benign prostatic disease it is
recognized that other benign diseases such as prostatitis,
prostatic infarct and prostatic injury can also elevate serum
PSA and cause changes in the free to total PSA ratio.

[0004] The biological mechanism for the variable levels of
free PSA in serum is unknown. The serum PSA that has
become complexed is likely to be relatively homogencous
since this represents enzymatically active, intact PSA. The
PSAreleased from the PSA-ACT complex in prostate cancer
(Pea) and benign prostate hyperplasia (BPH) serum was
found to be indistinguishable from seminal plasma PSA,
which confirms this assumption®. It follows that free PSA
may offer better biochemical insight, and that a character-
ization of the molecular forms of free PSA could help
elucidate their prostatic origin and mechanism of release
into the serum. However, attempts to purify and characterize
the low levels of PSA from serum in the diagnostically
relevant range near 10 ng/ml have not generally been
considered feasible with current technologies. So far, studies
have focused primarily on serum from men with unusually
high levels of PSA, with 100’s or 1000’s of ng/ml PSA.
However, other groups have failed to identify pPSAin serum
containing these high levels of PSA®°. While studies using
high serum PSA levels are suggestive, they suffer a common
drawback in that this PSA may not reflect the kind or
percentage of PSA that is typically present in the early stages
of disease, where PSAis 10 ng/ml or less. PSAreleased from
large primary tumor lesions or metastatic disease may have
different biochemical properties than PSA released from
early, possibly lower grade disease. Therefore, in order to be
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useful for clinical detection of early prostate cancer, the
truncated pPSA forms would have to be present at signifi-
cant levels in serum with diagnostically relevant levels of
total PSA near 10 ng/ml

[0005] Accordingly, a need exists to characterize different
forms of free PSA present in prostate cancer serum with
diagnostically relevant levels of total PSA near 10 ng/ml. A
need also exists to determine the diagnostic potential of
these pPSA forms in prostate cancer detection. In addition,
since any characterization of the free PSA forms in serum
must necessarily depend on the development of mAbs, a
need also exists for developing antibodies that are specific
for these pPSA forms.

SUMMARY OF THE INVENTION

[0006] The present invention is based on the successful
expression of chimeric pPSA protein in mammalian cells. It
is herein demonstrated for the first time that PSA is secreted
into the spent media by mammalian cells as proPSA. The
proPSA thus secreted is enzymatically inactive and stable in
the media. Therefore, vectors of the present invention may
be used to generate proPSA polypeptides.

[0007] Accordingly, one aspect of the present invention
provides a chimeric expression vector comprising a nucleic
acid molecule. The nucleic acid molecule encodes a pPSA
polypeptide. The nucleic acid molecule is preferably oper-
ably linked to control sequences which are recognized by a
host cell that is transformed with the expression vector. The
host cell is preferably derived from a mammalian source.

[0008] ProPSA polypeptides, as well as variants and sub-
units thereof, produced by the methods of the present
invention can be used to produce populations of antibodies
that are specific for proPSA, particularly different forms of
proPSA. Because of the minor structural differences
between pPSA and PSA, the development of pPSA-specific
mADs has been extremely difficult in the past. Mature PSA
contains at least 6 major antigenic epitopes’* that induce a
strong immune response in mice, and obscures the devel-
opment of pPSA recognition. In the literature, efforts spe-
cifically designed to generate pPSA mAbs have yielded no
suitable mAbs'?. In the present invention, due to the suc-
cessful expression of chimeric pPSA protein, antibodies
specific for pPSA may be generated by utilizing purified
pPSA peptides and thus minimizing an interfering PSA
immune response. In addition, the present invention also
focuses on developing antibodies that detect different trun-
cated pPSA forms.

[0009] Thus, one aspect of the present invention provides
an antibody, preferably a monoclonal antibody, which spe-
cifically binds to proPSA. Antibodies to the various inactive
precursor forms of proPSA, including, but not limited to
[-2], [-4]pPSA, [-5]pPSA and [-7]pPSA, are also contem-
plated. Antibodies of the present invention are not only
specific for the pPSA region of the pPSA protein, but also
capable of detecting the even more subtle differences
between [-7], [-4] and [-2]pPSA forms.

[0010] The present invention also encompasses a method
for detecting proPSA in a human tissue or physiological
fluid. This aspect of the invention is based on the discovery
that proPSA exists stably in biological fluid as part of free
PSA and may serve as a useful marker for prostate cancer.
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Specifically, several inactive precursor forms of PSA, such
as, but not limited to [-2], [-4] and [-7]pPSA forms, have
been identified and detected in serum. In accordance with
the present invention, the identified precursor forms of PSA
do not form a complex with ACT and exist as stable and free
PSA in serum. The measurement of these inactive precursor
forms of PSA may provide important information regarding
the detection, monitoring and staging of prostate cancer.

[0011] Therefore, proPSA polypeptides, as well as vari-
ants and subunits thereof, produced by the methods of the
present invention can be used to produce populations of
antibodies that, in turn, can be used as the basis for direct or
competitive assays to detect and quantify proPSA polypep-
tides (or “protein”) in samples derived from physiological
fluids, such as seminal fluid, blood or serum; tissues, such as
prostate carcinomas; or cells, such as prostate cells.

[0012] Direct and competitive assays to detect proPSA are
also included within the scope of the present invention. A
method for detecting proPSA in a sample of human physi-
ological fluid is described which includes providing purified
antibodies to pPSA, contacting the antibodies with the
sample to allow formation of complexes between the anti-
bodies and pPSA, and determining the presence or amount
of pPSA complexed with the antibodies.

[0013] Using the antibodies and immunoassays of the
present invention, it is discovered that different pPSA forms
exist in serum, and that the [-2]pPSA is the most prevalent
form. It is also a surprise discovery of the present invention
that [-2]pPSA comprises a significant percentage of the free
PSA in prostate cancer serum.

[0014] Accordingly, based on the discoveries of the
present invention, one aspect of the present invention pro-
vides diagnostic methods for detecting and/or determining
the presence of prostate cancer in a subject, or for distin-
guishing prostate cancer from non-cancer benign discase in
a subject. In accordance with embodiments of the present
invention, such a method includes the steps of determining
the amount of pPSA contained in a sample of the subject,
and correlating the amount of pPSA to the presence of
prostate cancer in the subject.

[0015] Kits for detecting or distinguishing prostate cancer
from benign disease are also included as embodiments of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a schematic representation of PSA
expression vector, pGTD-PSA.

[0017] FIG. 2 depicts the expression of PSA by AV12-
PSA#8 cells. Serum containing spent media of AV12-PSA#8
cells was harvested each day for 6sixconsecutive days. PSA
concentration was measured using Tandem®-MP PSA
assay. Viable cells were counted each day using trypan blue.

[0018] FIG. 3 shows chromatography profiles of different
proteins. Panel A, hydrophobic interaction chromatography
profile of the pPSA forms purified from the spent media of
AV12 cells; and Panel B, relative elution profile of hK2,
PSA, and pPSA forms.

[0019] FIG. 4 depicts the HIC chromatographic profile of
the different forms of PSA.
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[0020] FIG. 4A shows the retention time for mature PSA
and pPSA, including [-4]pPSA, [-5]pPSA and [-7]pPSA.

[0021] FIG. 4B shows the retention time for PSA forms
from a serum sample bound to a PSM773 affinity column.

[0022] FIG. 5 depicts the chromatographic profile for a
mixture of purified mature PSA and pPSA.

[0023] FIG. 5A shows the chromatographic profile for the
protein mixture without the addition of ACT.

[0024] FIG. 5B shows the chromatographic profile for the
same protein mixture after incubation with ACT for two
hours at 37° C.

[0025] FIG. 6 are Western blots and immunoassay analy-
ses of the PSA forms purified from the serum of prostate
cancer biopsy-positive and biopsy-negative men: Panel A,
total serum PSA prior to purification; Panel B, % free PSA
in the serum prior to purification; Panel C, Western blot
detection of [-2]pPSA,; and Panel D, Western blot detection
of [-4] plus [-7]pPSA.

[0026] FIG. 7 shows the results of immunohistochemical
staining of prostate tissues for [-2]pPSA.

[0027] FIG. 8 is a dot plot that shows the immno-assay
results of 52 men with clinical BPH and 92 controls.

[0028] FIG. 9 shows the ratio of [-2]pPSA/BPSA in
biopsy-positive (i.c., cancer) and biopsy-negative samples
contained essentially the same amount of total PSA in the
serum.

[0029] FIG. 10 shows the relative activation rates of
[-2]pPSA, [-4]pPSA, and [-5/-7]pPSA by hK2.

[0030] FIG. 11 is a hydrophobic interaction chromato-
graphic profile showing that [-2]pPSA was not activated to
PSA after 5 h incubation with hK2 (panel A). The [-4]pPSA
(panel B) and [-5/-7]pPSA were converted to PSA.

[0031] FIG. 12 shows the results of immunoassay analysis
of 3 different pPPSA mAbs showing a high specificity for
[-71pPSA and no significant specificity for mature PSA.

[0032] FIG. 13 are Western blots of different mature and
pro PSA forms probed with different mAbs that demon-
strates specificity for [-2], [-4] and [-7]pPSA.

[0033] FIG. 14 shows an immunoassay of 3 different
mAbs, PS2X373, PS2V276 and PS2P446, showing their
relative reactivities towards [-2]pPSA, [-41pPSA, [-4/-7]
pPSA and mature PSA.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0034] The identification of inactive precursor forms of
PSA in serum suggests that measuring serum concentrations
of proPSA can be useful in the detection and monitoring of
prostate cancer. In order to discern the steps involved in the
biosynthesis of PSA and the activation of proPSA to mature
PSA, the expression of PSA in mammalian cells is neces-
sary. The details of expressing PSA in mammalian cells are
provided in the copending U.S. patent application, Ser. Nos.
09/251,686 and 09/302,965, the content of which is incor-
porated herein in its entirety by reference.

[0035] As used herein, the terms “PSA” and “PSA
polypeptide” are used interchangeably and include recom-
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binant prepro, pro, and mature PSA polypeptides. The terms
“proPSA,“pPSA,”“proPSA  polypeptide”, and “pPSA
polypeptide” are used interchangeably and preferably
encompass all inactive precursor forms of PSA, including,
but not limited to, [-2]proPSA, [-4]proPSA, [-7]proPSA,
and [-5]proPSA.

[0036] As used herein, “chimeric” means that a vector
comprises DNA from at least two different species, or
comprises DNA from the same species, which is linked or
associated in a manner which does not occur in the “native”
or wild type of the species.

[0037] “Control sequences” is defined to mean DNA
sequences necessary for the expression of an operably linked
coding sequence in a particular host organism. The control
sequences that are suitable for prokaryotic cells, for
example, include a promoter and, optionally, an operator
sequence and a ribosome binding site. Eukaryotic cells are
known to utilize promoters, polyadenylation signals and
enhancers.

[0038] “Operably linked” means that the nucleic acids are
placed in a functional relationship with another nucleic acid
sequence. For example, DNA for a presequence or secretory
leader is operably linked to DNA for a polypeptide if it is
expressed as a preprotein that participates in the secretion of
the polypeptide; a promoter or enhancer is operably linked
to a coding sequence if it affects the transcription of the
sequence; or a ribosome binding site is operably linked to a
coding sequence if it is positioned so as to facilitate trans-
lation. Generally, “operably linked” means that the DNA
sequences being linked are contiguous and, in the case of a
secretory leader, contiguous and in reading phase. However,
enhancers do not have to be contiguous. Linking is accom-
plished by ligation at convenient restriction sites. If such
sites do not exist, the synthetic oligonucleotide adaptors or
linkers are used in accord with conventional practice.

[0039] The general methods for constructing recombinant
DNA which can transform target cells are well known to
those skilled in the art, and the same compositions and
methods of construction may be utilized to produce the DNA
useful herein. For example, J. Sambrook et al., Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Press
(2d ed., 1989) provides suitable methods of construction.

[0040] The recombinant DNA can be readily introduced
into the target cells by transfection with an expression vector
comprising cDNA encoding PSA, for example, by the
modified calcium phosphate precipitation procedure of C.
Chen et al., Mol. Cell. Biol,, 7, 2745 (1987). Transfection
can also be accomplished by lipofection, using commer-
cially available kits, e.g., those provided by BRL Life
Technologies, Inc.

[0041] Suitable host cells for the expression of PSA are
derived from multicellular organisms. Such host cells are
capable of complex processing and glycosylation activities.
However, mammalian cells are the preferred host for expres-
sion of mammalian protein, since these cells modify and
process the recombinant protein in a manner closely related
to the natural host of the protein. In principle, any higher
eukaryotic cell culture can be employed in the practice of the
invention, whether from vertebrate or invertebrate culture.
Examples of invertebrate cells include plant and insect cells.
Numerous baculoviral strains and variants and correspond-
ing permissive insect host cells have been identified.
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[0042] “Polymerase chain reaction,” or “PCR,” refers to a
procedure or technique in which amounts of a preselected
fragment of nucleic acid, RNA and/or DNA, are amplified as
described in U.S. Pat. No. 4,683,195. Generally, sequence
information from the ends of the region of interest or beyond
are employed to design oligonucleotide primers. These
primers will be identical or similar in sequence to opposite
strands of the template to be amplified. PCR can be used to
amplify specific RNA sequences, specific DNA sequences
from total genomic DNA, and cDNA transcribed from total
cellular RNA, bacteriophage or plasmid sequences, and the
like. See, generally, Mullis et al., Cold Spring Harbor Symp.
Quant. Biol,, 51, 263 (1987); Erlich, ed., PCR Technology
(Stockton Press, NY, 1989).

[0043] When a PSA polypeptide is expressed in a recom-
binant cell other than one of human origin, the PSA polypep-
tide is completely free of proteins or polypeptides of human
origin. However, it is necessary to purify PSA polypeptides
from recombinant cell proteins or polypeptides to obtain
preparations that are substantially homogeneous as to PSA
polypeptides. For example, the culture medium or lysate can
be centrifuged to remove particulate cell debris. The mem-
brane and soluble protein fractions are then separated. The
PSA polypeptide may then be purified from the soluble
protein fraction and, if necessary, from the membrane frac-
tion of the culture lysate. The PSA polypeptide can then be
purified from contaminant soluble proteins and polypeptides
by fractionation on immunoaffinity or ion exchange col-
umns; ethanol precipitation; reverse phase HPLC; chroma-
tography on silica or on an anion exchange resin such as
DEAE; chromatofocusing; SDS-PAGE; ammonium sulfate
precipitation; gel filtration using, for example, SEPHADEX
G-75; or ligand affinity chromatography.

[0044] Once isolated, and in accordance with an embodi-
ment of the present invention, a proPSA polypeptide or
peptide corresponding to the proPSA region can be used to
produce anti-pPSA antibodies. The proPSA polypeptides
used to generate antibodies in accordance with the invention
include, but are not limited to, -7, -5, —4 and -2 proPSA.
Peptides corresponding to the proPSA region can also be
used to generate anti-pPSA antibodies and include all pep-
tides which contain any portion of the pro region of the
pPSA polypeptide. These peptides preferably contain about
8 to 15 amino acids and comprise an immunogenic epitope.

[0045] 1In accordance with one embodiment of the present
invention, pro peptide SRIVGGWECEK may be used to
generate antibodies for [-2]proPSA. Pro peptide ILSRIVG-
GWECEK may be used to generate antibodies for [-4]
proPSA. The purified recombinant protein consisting of the
PSA prepro leader peptide may be used to generate anti-
bodies for [-7]proPSA.

[0046] In accordance with the present invention, an anti-
body which consists essentially of pooled monoclonal anti-
bodies with different epitopic specificities, as well as distinct
monoclonal antibody preparations, is provided. Monoclonal
antibodies against purified pPSA (total protein) or the above
peptides can be prepared using known hybridoma cell
culture techniques, for example, as described by E. Harlow
et al., Antibodies: A Laboratory Manual, Cold Spring Har-
bor Laboratory, 1988. In general, this method involves
preparing an antibody-producing fused cell line, e.g., of
primary spleen cells fused with a compatible continuous line
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of myeloma cells, and 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 the
inoculation of animals, as they are highly specific and
sensitive and relatively “pure” immunochemically. Immu-
nologically 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.

[0047] If desired, polyclonal antibodies can be further
purified, for example, by binding to an 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, Coli-
gan et al., Unit 9, Current Protocols in Immunology, Wiley
Interscience, 1991, incorporated by reference.)

[0048] 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 their antigen or receptor.

[0049] Accordingly, one aspect of the present invention
provides an antibody that specifically binds to proPSA of the
present invention. The term “specifically immunoreactive or
specifically binds to” as used herein indicates that the
antibodies of the present invention recognize and bind to
antigenic determinants or epitopes that are unique to
proPSA, and are not found on mature PSA. Examples of
monoclonal antibodies that specifically bind to proPSA
include, but are not limited to, PS2P206, PS2P309,
PS2P446, PS2P031, PS2P401, PS2P167, PS2P125,
PS2P134, PS2X094, PS2X373, PS2X199, PS2X458,
PS2X572, PS2V411, and PS2V476. For example, mono-
clonal antibody PS2P446 is specific for [-7] and/[-4]pPSA
by Western blot analysis, though specific for [-7]pPSA by
immunoassay. PS2X373 is specific for [-2]pPSA. PS2V476
is specific for [-4]pPSA.

[0050] Antibodies of the present invention may be used
for detecting and determining the presence and amount of
proPSA in a sample. They may also be used for detecting
and determining the presence and amount of different forms
of proPSA in a sample. In accordance with the present
invention, the proPSA may be detected in patient tissue
samples by immunohistochemical methods and/or in patient
fluid samples by in vitro immunoassay procedures.

[0051] 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 inven-
tion, a tissue specimen obtained from a patient suspected of
having a prostate-related problem is contacted with an
antibody, preferably a monoclonal antibody, recognizing
proPSA. The site at which the antibody is bound is thereafter
determined by selective staining of the tissue specimen by
standard immunohistochemical procedures. In one embodi-
ment of the present invention, the tissue specimen is a tissue
specimen obtained from the prostate of a patient. The
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prostate tissue may be a normal or benign prostate tissue, a
cancer prostate tissue, or a benign prostatic hyperplasia
tissue.

[0052] 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., Int. J. Can. 34:763
(1984). According to one embodiment of the present inven-
tion, an immunoassay for detecting proPSA in a biological
sample comprises the steps of: (a) contacting an antibody
that specifically binds to proPSA with the sample under a
condition that allows a formation of a binary complex
comprising the proPSA and the antibody; and (b) detecting
and determining the amount of the complex.

[0053] For the purpose of the present invention, the bio-
logical sample can be any human physiological fluid sample
that contains proPSA of the present invention. Examples of
the human physiological fluid sample include, but are not
limited to, blood, serum, seminal fluid, urine, and plasma.

[0054] For the purpose of the present invention, both
monoclonal antibodies and polyclonal antibodies may be
used as long as such antibodies possess the requisite speci-
ficity for the antigen provided by the present invention.
Preferably, monoclonal antibodies are used.

[0055] Monoclonal antibodies can be utilized in a liquid
phase or bound to a solid phase carrier. Monoclonal anti-
bodies can be bound to many different carriers and used to
determine the proPSA of the present invention. Examples of
well-known carriers include glass, polystyrene, polypropy-
lene, polyethylene, dextran, nylon, amylases, natural and
modified celluloses, polyacrylamides, agaroses, and magne-
tites. 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.

[0056] 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 biolu-
minescent 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.

[0057] 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, a
spectrophotometric or fluorometric means (ELISA system).
Examples of enzymes that can be used as detectable labels
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are horseradish peroxidase, malate dehydrogenase, staphy-
lococcal nuclease, delta-5-steroid isomerase, yeast alcohol
dehydrogenase, alpha-glycerophosphate dehydrogenase, tri-
ose phosphate isomerase, alkaline phosphatase, asparagi-
nase, glucose oxidase, beta-galactosidase, ribonuclease, ure-
ase, catalase, glucose-6-phosphate  dehydrogenase,
glucoamylase, and acetylcholine esterase.

[0058] For increased sensitivity in the ELISA system, the
procedures described can be modified using biotinylated
antibodies reacting with avidin-peroxidase conjugates.

[0059] The amount of antigen can also be determined by
labeling the antibody with a radioactive isotope. The pres-
ence 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, **°I,
1231, 32P, 358, 14C, 51Cr, 36C1, 57C0, 58C0, SQFe, 7586, 111N,
“mTe, °’Ga, and °°Y.

[0060] 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 fluores-
cent labeling compounds are fluorescein isothiocyanate,
rhodamine, phycoerythrin, phycocyanin, allophycocyanin,
o-phthaldehyde, and fluorescamine.

[0061] 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.

[0062] Another way in which the antibody can be detect-
ably labeled is by coupling it to a chemiluminescent com-
pound. The presence of the chemiluminescent-tagged immu-
noglobulin 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 acri-
dinium ester, imidazole, acridinium salt, and oxalate ester.

[0063] Likewise, a bioluminescent compound may also be
used as a label. Bioluminescence is a special type of
chemiluminescence which is found in biological systems in
which a catalytic protein increases the efficiency of the
chemiluminescent reaction. The presence of a biolumines-
cent molecule would be determined by detecting the pres-
ence of luminescence. Important bioluminescent com-
pounds for purposes of labeling are luciferin, luciferase, and
aequorin.

[0064] Qualitative and/or quantitative determinations of
proPSA of the present invention in a sample may be accom-
plished 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 anti-
gens using the monoclonal antibodies of the present inven-
tion can be done utilizing immunoassays which are run in
either the forward, reverse, or simultaneous modes, includ-
ing immunohistochemical assays on physiological samples.
Those skilled in the art will know, or can readily discern,
other immunoassay formats without undue experimentation.

[0065] The terms “immunometric assay” or “sandwich
immunoassay” include a simultaneous sandwich, forward
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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.

[0066] Aswell as being useful as an antigen to produce the
present anti-pPSA antibodies, the isolated pPSA polypeptide
produced in accordance with a method of the present inven-
tion and its antigenically active variants, derivatives, and
fragments thereof can be used in assays for proPSA in
samples derived from biological materials suspected of
containing proPSA or anti-proPSA antibodies.

[0067] A useful immunoassay which can be practiced in
accordance with an embodiment of the present invention is
the two-antibody sandwich technique. These assays are used
primarily to determine the antigen concentration in unknown
samples. Two-antibody assays are quick and accurate, and if
a source of pure antigen (in this case, proPSA) is available,
the assays can be used to determine the absolute amounts of
antigen in unknown samples. The assay requires two anti-
bodies that bind to non-overlapping epitopes on the antigen.
Either two monoclonal antibodies that recognize discrete
sites or one batch of affinity-purified polyclonal antibodies
can be used.

[0068] 1In a two-antibody assay, one antibody is purified
and bound to a solid phase. Any solid phase can be used,
however, for most applications, a PVC microtiter plate is
preferred. The bound antibody (to a well of a microtiter
plate, for example) is unlabeled and is referred to as the
“capture antibody.” The amount of antibody to be used will
depend on the individual assay, but an amount of about 1
ug/well generally gives maximal binding. Higher or lower
amounts of capture antibody can also be used. The wells can
then be washed and sample added to the wells to allow the
antigen (in this case, pPSA) in the test solution to bind to the
solid phase. Unbound proteins can be removed by washing
and a labeled second antibody can be added. Alternatively,
the sample and the second labeled antibody can be added
simultaneously. After washing, the assay can be quantitated
by measuring the amount of labeled second antibody that is
bound to the solid phase. A most preferred embodiment of
the present invention utilizes a monoclonal antibody as the
first unlabeled antibody and a monoclonal antibody as the
second labeled antibody. The detection method used to
quantitate the amount of bound labeled antibody depends on
the label used. Antibodies can be labeled conveniently with
iodine, enzymes, or biotin. Calorimetric or other detection
methods can be used.

[0069] The proPSA polypeptides of the present invention
can be immobilized and used as “capture antigens” to bind
and immobilize anti-pPSA antibodies from a sample to be
assayed for anti-pPSA antibodies. The bivalent complex of
proPSA polypeptides and anti-pPSA antibodies is then
detected, e.g., in the case of human physiological material,
by reacting it with an anti-human IgG antibody which
comprises a detectable label or a binding site for a detectable
label. In the latter case, the binding site is itself reacted with
a compound specific for the binding site, which itself
comprises a detectable label. Useful detectable labels
include enzymes, radio labels, or fluorescent labels. The
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resultant ternary or quaternary complex can then be detected
and/or quantified via the detectable label, ie., via an
enzyme-substrate color-forming reaction, radio emission,
agglomeration, and the like.

[0070] Alternatively, the proPSA polypeptide can be
labeled with a detectable label, such as via one or more radio
labeled peptidyl residues, and can be used to compete with
endogenous proPSA for binding to anti-proPSA antibodies,
i.e., as a capture antigen to bind to anti-proPSA antibodies
in a sample of a physiological fluid via various competitive
immunoassay formats. For example, a competitive immu-
noassay for proPSA which uses immobilized anti-proPSA
antibodies is carried out by:

[0071] (a) providing an amount of proPSA specific
antibodies attached to a solid surface;

[0072] (b) mixing the sample of physiological fluid to
be tested with a known amount of proPSA polypep-
tide which comprises a detectable label to produce a
mixed sample;

[0073] (c) contacting said antibodies with said mixed
sample for a sufficient time to allow immunological
reactions to occur between said antibodies and said
proPSA to form an antibody-proPSA complex, and
between said antibodies and said labeled polypeptide
to form an antibody-labeled polypeptide complex;

0074] (d) separating the antibodies which are bound
p g
to proPSA and antibodies bound to the labeled
polypeptide from the mixed sample;

[0075] (¢) detecting or determining the presence or
amount of labeled polypeptide either bound to the
antibodies on the solid surface or remaining in the
mixed sample; and

0076 determining from the result in step (e) the
g P
presence or amount of said proPSA in said sample.

[0077] The immunoassays of the present invention may be
used to detect pPSA in human physiological samples, such
as serum and tissue, for the purpose of detecting and
monitoring prostate cancer. The assays of the present inven-
tion may also be used to distinguish prostate cancer from
begnign prostate disease, such as benign prostatic hyperpla-
sia.

[0078] Ttisa discovery of the present invention that pPSA,
ie.,[-2] and [-4]pPSA, are present in prostate cancer serum
and tissues. Particularly, it is a surprise discovery of the
present invention that [-2]pPSA is not only present in
prostate cancer serum, but is found more consistently, and
comprises a major percentage of the free PSA. More impor-
tantly, it is a discovery of the present invention that the major
percentage of the free PSA is [-2]pPSA in the prostate
cancer serum of men with total PSA values from 6-24 ng/ml.
Therefore, pPSA, particularly [-2]pPSA, represents a sig-
nificant and relevant isoform of PSA for the study of prostate
cancer. It is in the range below 10 ng/ml where it is most
difficult to discriminate prostate cancer from benign condi-
tions such as BPH since both conditions release PSA into the
serum'>'*. In addition, while the [-4] and [-7]pPSA forms
appear to be absent in some samples of the limited serum
group tested, it is possible each of these forms may show
specific utility in a larger group. Therefore, [-2]pPSA, or
other pPSA forms could offer the greatest diagnostic value
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as the percentage of total PSA, as a percentage of the free
PSA, or as an independent indicator where pPSA levels
above a certain threshold have a high statistical correlation
with cancer. In the latter case, the presence of pPSA could
offer diagnostic value in serum containing any measurable
level of pPSA, and especially in serum with less than 4
ng/ml total PSA.

[0079] Accordingly, the present invention provides a diag-
nostic method for detecting or determining the presence of
the prostate cancer in a subject. In accordance with the
embodiments of the present invention, a diagnostic method
of the present invention may include the steps of determin-
ing the amount of pPSA in a sample of the subject, and
correlating the amount of the pPSA to the presence of
prostate cancer. In accordance with one embodiment of the
present invention, pPSA may be [-2], [-4], and/or [-7]
pPSA. In one embodiment, pPSA is [-2]pPSA.

[0080] The amount of pPSA may be measured by any
method described herein or known in the art, or later
developed, as long as they are capable of making such a
measurement. In accordance with one embodiment of the
present invention, pPSA contained in a sample may be
measured by a method including the steps of contacting an
antibody that binds with sufficient specificity to proPSA in
the sample under a condition that allows the formation of a
binary complex comprising the proPSA and the antibody,
and detecting and determining the amount of the complex.

[0081] For the purpose of the present invention, the bind-
ing of an antibody to pPSA is sufficiently specific if the
antibody can be practically used to achieve the discrimina-
tion between pPSA and other forms of PSA, and therefore to
allow the detection and determination of the amount of
pPSA in a given application and format. Examples of such
antibodies include, but not limited to, antibodies that are
specific for pPSA, and antibodies that preferentially bind to
pPSA. In addition, not only antiobodies specifically or
preferentially bind to a particular form, forms of pPSA, but
also antibodies that specifically or preferentially bind to all
forms of pPSA are contemplated. An example of such an
antibody that specifically or preferentially binds to all forms
of pPSA would be an antibody that detects either [-1] or
[-2]pPSA but also detects pPSA containing additional pro
leader amino acids from [-3] through [-7].

[0082] The term “preferentially bind to” as used herein
indicates that the antibody binds to pPSA to a greater extent
than binding to other forms of PSA. The degree or extent to
which these antibodies recognize proPSA better than other
PSA forms will depend upon the specific application and
format employed. The evaluation and selection of antibodies
with preferential binding is well known to those skilled in
the art and is a routine part of development of any immu-
noassay. The term “other forms of PSA” as used herein
include any forms of PSA that are not pPSA, such as other
clipped or non-clipped mature forms of PSA. Examples of
antibodies that preferentially bind to pPSA include, but are
not limited to PS1Z134, PS1Z120, PS1Z125, and PS1Z80.

[0083] In addition, any equivalents of the above discussed
antibodies may also be used for measuring the amount of
pPSA. For the purpose of the present invention, any molecu-
lar species, known or developed later, capable of binding to
pPSA with sufficient specificity will be considered as
equivalents of the antibodies, and therefore may be used for
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measuring the amount of pPSA. Such equivalents of the
antibodies may be selected by methods known in the art. For
example, any known binding assays may be used to deter-
mine the binding activity of any given molecule. . Examples
of potential molecular species include, but are not limited to,
antigen-binding fragments derived from antibodies, and
aptamers.

[0084] In accordance with embodiments of the present
invention, the antibody is an antibody specific for pPSA. For
example, any antibodies described herein that are specific
for pPSA may be used in the diagnostic method of the
present invention. In accordance with another embodiment
of the present invention, the antibody is an antibody that
preferentially recognize pPSA. Examples of such antibodies
include PS1Z134, PS1Z120, PS1Z125, and PS1Z80.

[0085] For the purpose of the present invention, the
amount of pPSA detected in a sample of a patient may be
correlated to the presence of prostate cancer in any way that
generates diagnostic value for determining the presence of
prostate cancer. For example, the amount of pPSA contained
in a sample may be compared to the total PSA, the free PSA,
the BPSA, or hK2 of a sample. The comparison, ie., a
mathematical combination, such as a ratio with other forms
of PSA or hK2, or the amount of pPSA alone may be used
as an indicator where pPSA levels above a pre-determined
threshold have a high statistical correlation with cancer. For
example, the amount of pPSA may be compared to other
forms of PSA or hK2 to generate a numerical result, wherein
a result above a pre-determined value is an indication of the
presence of prostate cancer. For the purpose of the present
invention, the term “mathematical combination” includes
any mathematical combination that may generate a numeri-
cal result for determining the presence of prostate cancer.
While a ratio may be the simplest mathematical combina-
tion, other more complicated forms such as polynomials,
log-logic functions and artificial neural networks can also be
used. These forms and others are well known to mathema-
ticians and biostatisticians.

[0086] In view of the teaching of the present invention,
one skilled in the art through routine experimentation can
readily determine the cut-off values (the threshold) or other
analytical parameters necessary to use the above-discussed
numerical results such as a ratio or the amount of pPSA
alone as a marker in determining the presence of prostate
cancer. For example, one may compare the above-discussed
ratio or pPSA in individuals diagnosed with prostate cancer
with individuals that do not have prostate cancer or have
BPH to determine the cut-off values with required specificity
and sensitivity. Then the ratio or the amount of pPSA of a
sample may be compared to the pre-determined cut-off value
for determining the presence of prostate cancer in a subject,
wherein the higher level of pPSA may be an indication of
prostate cancer. The method of determining the cut-off value
with required specificity and sensitivity are well known in
the art, and need not be repeated™>°.

[0087] In addition, it is a discovery of the present inven-
tion that pPSA, particularly [-2]pPSA is elevated in the
serum and the tissues of prostate cancer patients when
compared to its amount in the serum or the tissues of men
with benign prostateic disease such as BPH. Therefore, the
above-discussed ratio or the amount of the pPSA indepen-
dently may also be used to determine whether a subject has
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a greater likelihood of prostate cancer rather than benign
disease such as BPH. For example, one may examine the
levels of pPSA in patients diagnosed with prostate cancer
and in patients diagnosed with benign disease to determine
a cut-off value. Then the ratio or amount of pPSA of an
unknown patient sample may be compared to the pre-
determined cut-off value, wherein the higher level of pPSA
compared to the pre-determined cut-off value is an indica-
tion of prostate cancer.

[0088] Methods of measuring total PSA and free PSA are
well-known in the art, and therefore will not be repeated
herein. For the purpose of the present invention the term
“total PSA” refers to total immunologically detectable PSA.
Immunologically detectable PSA is generally the sum of the
free uncomplexed PSA and the complexed PSA. Complexed
PSA is primarily composed of PSA-ACT with lesser
amounts of complexes with inhibitors other than ACT. Total
PSAis measurable by commercially available assays such as
the Hybritech® PSA assay for the ACCESS® immunoassay
system. The term “free PSA” as used herein refers to
enzymatically inactive PSA that circulates in blood unbound
to any protease inhibitor. Free PSA is measurable by com-
mercially available assays such as the Hybritech® free PSA
assay for the ACCESS immunoassay system. BPSA and
methods of measuring BPSA are fully described in the
commonly owned co-pending U.S. patent application Ser.
Nos. 09/303,208 and 09/303,339, the relevant content of
which is incorporated herein in its entirety by reference.
Briefly, BPSA 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. In other words, a BPSA of the preesnt
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 resi-
dues 182 and 183. It is discovered that while proPSA is
elevated in the tissues or the serum of a prostate cancer
patient, BPSA is elevated in the tissues or the serum of a
patient with BPH. Therefore, by comparing proPSA with
BPSA of a patient, one may distinguish prostate cancer from
BPH and determine the presence of prostate cancer.

[0089] Antibodies of the present invention may also be
used in a diagnostic kit for determining the presence of
pPSA contained in a sample. Accordingly, one aspect of the
present invention provides a kit for determining pPSA in a
sample. The kit comprises a known amount of an antibody
specific for pPSA. The kit may also comprise a solid support
or additional known amount of antibodies specific for pPSA.
Antibodies contained in the kit may be attached to a solid
support, or may be detectably labeled, or both repsectively.

[0090] The invention is further described by reference to
the following detailed examples.

EXAMPLES

Materials and Methods

[0091] Expression Vector Cell Line and Transfection

[0092] An 0.8-kb DNA fragment which has a nucleic acid
sequence of SEQ ID. NO: 1, as set forth in FIG. 1, coding
for entire ppPSA was cloned into the Bell site of pGT-d
under the control of GBMT promoter’” resulting in the
expression vector pGTD-PSA (FIG. 1). The orientation and
the sequence of the insert was confirmed. AV12-664 (ATCC
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CRL 9595), cultured in DMEM (high glucose) and 10%
FETAL CLONE (Hyclone, Logan, Utah), were transfected
with pGTD-PSA using Lipofectamine (Life Technologies,
Inc). Transfected AV12-664 cells (AV12-PSA) were
selected in 400 nM methotrexate (Sigma Chemical Com-
pany). AV12-664 transtected with the empty vector (AV12-
PGTD) were also selected in a similar manner for use as a
negative control. Single cell clones were isolated. Viability
of cells was assessed by trypan blue dye exclusion.

[0093] Isolation of Recombinant pPSA Forms from Mam-
malian Cells
[0094] Recombinant PSA was expressed in mammalian

AV12 and the spent media was passed over the PSA-specific
mAb, PSM773. PSM773 has been shown previously to have
specificity for mature, clipped, and precursor forms of
PSA'®*® The column was washed with 40 volumes of PBS
containing 0.1% reduced Triton-X 100, and bound protein
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. The purified PSA
contained no mature PSA but contained [-5/-7], [-4], and
[-2]pPSA molecular isoforms of pPSA that were purified by
HIC-HPLC as described below.

[0095] Immunoassay and SDS-PAGE of PSA

[0096] The concentration of PSA in serum, media, or
purified preparations was determined by Tandem®-MP PSA
and Tandem®-MP free PSA assays (Hybritech Incorporated,
San Diego, Calif.). SDS-PAGE was performed using 4-20%
gradient mini-gels (lnvitrogen, Carlsbad, Calif.) under
reducing or non-reducing conditions, as indicated. Samples
were electroblotted onto nitrocellulose using standard pro-
cedures. Primary pPSA mAbs were used at 5 ug/ml and
incubated with the blots overnight at 4° C. Blots were
detected with a secondary antibody cocktail consisting of
goat anti-mouse heavy and light chain-HRP 1:50,000 (Jack-
son Immunoresearch Laboratories, Inc., West Grove, Pa.).
The immunoreactive signals were detected by SuperSignal®
West Dura Extended Duration Substrate (Pierce Chemical
Co., Rockford, I11.), according to the manufacturer’s instruc-
tions.

[0097]

[0098] Enzymatic activity of PSA was measured accord-
ing to the procedure published by Christensson, A. et al., *°.
Briefly, PSA preparations (either purified from seminal fluid
or day 7 spent media of AV12-PSA#8 cells) were incubated
with 1 mM pNA-derivatized peptide chromogenic substrates
(methoxysuccinyl-Arg-Pro-Tyr-pNA, S2586; Pharmacia
Hepar, Inc.) in 200 mM Tris/5 mM EDTA (pH 8.0) at 37° C.
The enzymatic activity of PSA was determined by hydroly-
sis of the peptide chromogenic substrates, leading to an
increase in absorbance at 405 nm.

[0099] HIC-HPLC of PSA

[0100] High performance hydrophobic interaction chro-
matography (HIC-HPLC) was performed using a polypro-
pylaspartamide column (PolyL.C, distributed by Western
Analytical, Temecula, Calif.). The column was 4.6x250 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.

Assay for the Measurement of PSA Activity
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The gradient was 0-35% B, 1 min, 30-80% B, 12 min, then
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.

[0101] Purification and Detection of pPSA from Pooled
Prostate Cancer Serum

[0102] 75 mls of pooled human serum from prostate
cancer patients with elevated PSA was obtained. Solid
ammonium sulfate was added to the serum to make the final
concentration 2M and then the sample was dialyzed versus
2 M ammonium sulfate for 16 hours at 4° C. The serum was
then clarified by centrifugation and the supernatant solution
dialyzed three times (one hour each time) against 2 liters of
20 mM sodium phosphate, pH 7. The sample was then
filtered through a 0.2 membrane filter and passed over a 0.5
ml affinity column at 1 ml/min. The affinity column con-
sisted of the mAb PSM773 covalently bound to AMINO-
LINK (Pierce) resin at a concentration of 5 mg mAbs per ml
of resin.

[0103] The affinity column was washed with 50 mls of
PBS and the PSA eluted with 3x1 ml volumes of 100 mM
glycine, 0.5 M sodium chloride, pH 2.5. The eluant (3 mls)
was neutralized with 300 ul of 1 M Tris, pH 8. Ammonium
sulfate was added to the eluant to a final concentration of 2
M and this sample was applied to an HPLC column to be
resolved by hydrophobic interaction chromatography as
decribed above.

[0104] Development of Monoclonal Antibodies to pPSA

[0105] mADbs to [-2] and [-4]pPSA were developed by
mouse immunization with peptides attached to Keyhole
limpet hemocyanin (Pierce Chemical Co. Rockford, IIL).
For [-2]pPSA, the pro peptide was SRIVGGWECEK, and
for [-4]pPSA, the peptide was ILSRIVGGWECEK. Hybri-
domas were produced by usual methodologies*® and the
antibody clones selected by reactivity to the respective
peptide indicated above, and no reactivity to the control
peptide for mature PSA, IVGGWECEK. The clones were
further selected on their ability to recognize purified [-2]
and [-4]pPSA protein on Western blots. When SDS-PAGE
was run under reducing conditions, PS2X373 showed about
20% cross-reactivity to the mature PSA protein by Western
blot. However, the cross-reactivity dropped to 5% or less
under non-reducing conditions and so these conditions were
used for the detection of [-2]pPSA in the FIG. 6C.

[0106] mAbs to full length [-7]pPSA were obtained by
mouse immunization with purified recombinant chimeric
protein consisting of the PSA prepro leader peptide attached
to human kallikrein2**-**>. Clones were screened on their
recognition of native recombinant pPSA, and no recognition
of native mature PSA. These mAbs were found to recognize
only [-7]pPSA by immunoassay, but to recognize both [-7]
and [-4]pPSA proteins equivalently on Western blots.

[0107] Generation of Monoclonal Antibodies with Prefer-
ential Selectivity for pPSA

[0108] PSA was purified from the medium of AV12 by the
use of immunoaffinity chromatography using the anti-PSA
antibody PSM773 as described above. The mice were immu-
nized once with 50 ug of blocked immunogen in CFA and
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twice with 25 :g of blocked immunogen in [FA. The hybri-
doma culture supernatant was screened for reactivity against
pPSA. Hybridomas were screened by adding 50 ul of culture
supernatant was added to the wells of a streptavidin micro-
plate (Wallac, Turku, Finland) and 50 ul of biotinylated
pPSA at 100 ng/ml was also added. After one hr incubation
the plate was washed with PBS/0.1% tween-20, then incu-
bated 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 one hr incubation, the plate was washed and
developed with OPD substrate. To determine the specificity
of monoclonal antibodies, the reactivity of 100 ng/ml pPSA
and 100 ng/ml intact PSA was compared

[0109] Development of Monoclonal Antibodies to BPSA
Isoforms
[0110] 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 previously >* 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 in vitro BPSA peak was collected. A
detailed description of this process may also be found in the
commonly owned co-pending U.S. patent application Ser.
No. 09/303,208, the relevant content of which is incorpo-
rated herein by reference.

[0111] The in vitro BPSA was used as an immunogen in
mice using standard protocols. Antibodies were selected on
their ability to recognize the immunogen in preference to
PSA which did not contain the clips at Lys 145 and Lys182.
Using standard hybridoma technologies, the monoclonal
antibody PS2E290, a BPSA specific mAb was developed.
PS2E290 was used in a dual mAb immunoassay to detect
BPSA in serum.

[0112]

[0113] The immunoassay we have developed for the mea-
surement of BPSA is as follows. 50 ul of biotinylated
anti-PSA Ab PSM 773 at 5 ug/ml in Tandem PSA zero cal
diluent is added to a EG&G Wallac strep-avidin coated
microplate and allowed to react at room temperature for 1
hour with shaking. The plate is then washed 5 times with
Tandem E wash. 50 ul of Tandem PSA zero cal diluent is
then added to the plate followed by 50 ul of sera or antigen
to be tested. The mixture is allowed to react at room
temperature for 2 hours as above. The plate is then washed
5 times with Tandem E wash. 100 ul of a 1 mA solution of
PS2E 290—alkaline phosphatase conjugate is add to the
plate. The mixture is allowed to react at room temperature
for 1 hour as above. The plate is then washed 5 times with
Tandem E wash. 100 ul of Sigma 4MU-p solution is added
to each well and allowed to react at room temperature. After
1 hour the plate is read on a EG&G Wallac Victor instru-
ment.

Immunoassay BPSA
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[0114]

[0115] N-terminal sequence of the samples was performed
through 9 cycles on a PE-Applied Biosystems Model 492
amino acid sequencer (PE-Applied Biosystems, Foster City,
Calif'). Purified PSA and peaks collected by HIC-HPLC
were applied directly to PVDF membranes using the Prosorb
cartridges (PE-Applied Biosystems, Foster City, Calif),
washed 3x with 0.1 mL 0.1% trifluoroacetic acid, and
applied to the Model 492 sequencer.

Amino Acid Sequencing of PSA

Example 1

Expression of pPSA in Mammalian Cells

[0116] The cDNA for PSA was cloned into the pGT-d
vector under the control of the GBMT promoter using an
approach similar to the one described for hK2 by Kumar et
al. To study the expression of PSA, AV12 cells were trans-
fected with the pGTD-PSA expression vector. Cells were
selected in 400 nM methotrexate for 2-3 weeks, and single
cell clones were analyzed for PSA expression using TAN-
DEM®-MP PSA assay and on Western blots using mAb
PSM 773. Clone AV12-PSA#8 was selected based on its
high expression levels of a PSA-immunoreactive band at ~
32 kDa.

[0117] To determine the PSA expression pattern in mam-
malian cells, samples of spent media from AV12-PSA#8
cells were collected for six consecutive days and analyzed
using the TANDEM®-MP PSA assay. FIG. 2 shows that
PSA was detected in spent media at day 1 and accumulated
to >9 ug/ml by day 6. Expression of PSA was higher during
the log phase of cell growth, indicating that a stable form of
PSA is secreted by the cells as opposed to being released
following cell death and lysis. When the same samples were
analyzed for free PSA, similar values were obtained (data
not shown) indicating that AV12-PSA#8 cells express
uncomplexed or free PSA.

[0118] To determine the identity of the protein that is
secreted from the cells, the spent media from AV12-PSA#8
cells was collected and concentrated. The PSA in the media
was purified by affinity chromatography using PSM 773, a
PSA-specific mAb. The recombinant PSA expressed in
mammalian AV12 cells was found to be secreted as pPSA as
described previously in the commonly owned co-pending
patent application Ser. Nos. 09/302,965, and 08/846,408. No
measurable differences were observed between the PSA
purified from day 1 or day 7 media. The pPSA was resolved
into three different molecular forms by HIC-HPLC, as
shown in FIG. 3A. PSA is normally expressed with a 7 aa
pro leader peptide consisting of APLILSR but an N-terminal
sequencing of the 3 peaks resolved by HIC-HPLC in FIG.
3A indicated truncated forms of pPSA. Peak A contained
approximately equal levels of the 7 aa pro leader peptide
APLILSR [-7]pPSA) and a clipped, truncated 5 aa leader
peptide containing LILSR ([-5]pPSA) that were not
resolved from one another. Peak B contained the 4 aa pro
leader peptide ILSR ([-4]pPSA). Peak C contained the 2 aa
leader peptide, SR ([-2]pPSA), in addition to about 30% of
PSA missing the first 4 aa of the mature sequence. Pure
[-2]pPSA could be obtained by collecting the back half of
this peak. The decrease in retention time of these proteins
resulting from the incremental truncation of the pro leader
peptide is most likely due to conformational changes in the
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pPSA protein and not due to the minor surface changes
induced by removal of the indicated amino acids.

[0119] FIG. 3A shows that the different forms of pPSA
can be resolved and purified form one another by HIC-
HPLC. FIG. 3B is an overlay from several individual runs
and shows the purified pPSA forms in addition to mature
PSA and another prostate specific kallikrein, hK2. Thus, a
single chromatographic run can separate and resolve all of
the major forms of PSA protein from one another.

Example 2

Detection of pPSA in Pooled Human Prostate
Cancer Serum

[0120] The presence of pPSA in human serum would
indicate the following. First, that PSA is secreted as the
pPSA form in human tissue and is converted to mature PSA
extracellularly. Second, that pPSA is stable in human serum
and thus may be a useful diagnostic marker for pCa or BPH.
We evaluated the presence of pPSA in human serum by first
using affinity purification to purify all forms of PSA present
in a pool of human serum. We next fractionated the eluted
PSA forms on HPLC and identified each PSA form based on
its elution profile from the column. This analysis indicated
that pPSA is present in human serum.

[0121] FIG. 4A shows the RT of standards of the different
forms of PSA. All forms were verified by amino acid
sequencing. The [-7, -5]pPSA peak contains approximately
equal levels of [-7]pPSA and [-5]pPSA forms which are not
resolved from each other. FIG. 4B shows the profile of PSA
forms from serum bound to the PSM773 affinity column as
described above. Samples were collected in 0.5 ml fractions
and assayed by TANDEM®-MP free PSA assay (fPSA
assay, Hybritech Incorporated). The FPSA assay detects
both pPSA and free (inactive) PSA. The minor peak at seven
minutes is due to the slight cross-reactivity of the FPSA
assay to the PSA-ACT eluted from the affinity column. The
actual level of PSA-ACT in this sample is about ten times
higher than the level of free PSA (data not shown). The
peaks at 10 minutes and 12 minutes correspond to mature
PSA and [-4]pPSA, respectively. These data indicate that at
least one form of pPSA ([-4]pPSA) is present in human
serum and, as judged by the relative peak areas, it makes up
approximately 25% of the free or uncomplexed PSA in this
pooled serum sample.

[0122] To confirm that the pro forms of PSA are not
reactive with ACT, a mixture of purified mature PSA,
[-41pPSA and [-7, -5]pPSA, were incubated with ACT.
FIG. 5A (W/O ACT) shows the chromatographic profile of
the protein mixture without the addition of ACT. FIG. 5B
(+ACT) shows the chromatographic profile of an identical
amount of the same mixture after incubation with ACT for
two hours at 37° C. Only the mature PSA forms an ACT
complex. The [-4], [-5], and [-7] forms of pPSA did not
form a complex with ACT, as they showed no decrease in
peak arca. This data is consistent with the [-4]pPSA in
serum not being complexed with ACT.

Example 3

Detection of Truncated pPSA Forms in Prostate
Cancer Serum

[0123] Serum from several individual men were also ana-
lyzed by Western blot using newly devleoped pPSA mAbs.
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PSA was purified from the serum of men who were biopsy-
positive and biopsy-negative for prostate cancer. The serum
PSA values of the 5 biopsy-positive men were 6, 9, 10, 18,
and 24 ng/ml. Three biopsy-negative men with 7, 10, and 12
ng/ml total PSA were also analyzed. Since the free PSA
represented only 10-20% of the total PSA, and it was not
known what percentage of the free PSA might be comprised
of pPSA forms, it was necessary to purify PSA from 100-200
mls of serum in order to be assured of adequate detection
sensitivity for Western blot analysis. Total PSA was purified
from the serum by immunoaffinity chromatography using
the anti-PSA mAb, PSM773, which recognizes all forms of
free PSA and PSA bound to ACT. The recovery of PSA
ranged from 30-60% of the amounts calculated to be in the
starting serum by immunoassay. FIG. 6 shows the Western
blot and immunoassay analysis of these samples. In panels
A-D, all samples are shown in the same order. The first 5
samples were the PCa samples, and the last 3 samples were
from biopsy-negative men. Panels A and B are the ng/ml of
total PSA, and the % free PSA, respectively, in the serum
prior to immunoaffinity purification. Panel B shows that the
% free PSA was generally lower in the cancer samples
compared to biopsy-negative or benign serum, which is in
agreement with the predicted trend that BPH samples should
contain higher % free PSA. It should be noted that the % free
PSA measured in the purified PSA was unchanged from the
original serum values, confirming that the purification pro-
cedure had no selectivity for either free or complexed forms
of PSA.

[0124] Panels C and D are the Western blots of the same
samples in panels A and B, probed with mAbs to [2]pPSA
and [-4/-7]pPSA, respectively. In FIG. 6C, the blot was
probed with PS2X373, which is specific for [-2]pPSA. Each
lane was loaded with 11 ng of free PSA, as determined by
prior immunoassay. Lane 1 contained 10 ng of purified
[-2]pPSA standard. FIG. 6C shows that the 5 cancer
samples contained the highest levels of [-2]pPSA. Compar-
ing band intensity to the 10 ng [-2]pPSA standard in lane 1
indicates that nearly all of the free PSA in lane 2 is
[-2]pPSA. [-2]pPSA was estimated to comprise about half
of the free PSA in lanes 3-5, and to be 25% in lane 6 (Table
1). Lane 7, the first biopsy-negative sample, contained
approximately 20% pPSA. The original serum assay for lane
7 measured 12 ng/ml total PSA, compared to 6 ng/ml in the
cancer sample in lane 6 (panel A), though both contained
comparable % free PSA (panel B). The biopsy-negative
samples in lanes 8 and 9 contained only nominal levels of
pPSA, perhaps 5-10%. Since the PS2X373 mAb had a minor
cross-reactivity of approximately 5% with mature PSA
under these Western blot conditions, it is possible that some
or all of the apparent band in these lanes is due to PSA
Cross-reactivity.

[0125] 1In Panel D, 3 ng of free PSA was loaded in each
lane and probed with PS2P446 which had equal specificity
for [-4]pPSA and [-7]pPSA on Western blots. The results of
this blot indicated that other forms of pPSA were present in
only % of the cancer samples. PS2P446 had no cross-
reactivity with mature PSA, and so the faint pPSA bands
seen in % of the biopsy-negative samples indicated low
levels of these pPSA forms. We had also developed mAbs
with specificity for [-4]pPSA, and no cross-reactivity to
other pro or mature forms of PSA, but these mAbs had a
weak reactivity on blots, and consequently, a high back-
ground. While PS2V476 clearly indicated the presence of
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[-41pPSA, quantification estimates were not possible. It is
therefore not clear what proportion of the band intensities in
panel D are due to [-4]pPSA or to full length [-7]pPSA. It
is, however, evident that neither form of pPSA is as consis-
tently present in the cancer serum as [-2]pPSA. In control
experiments, female serum, passed over the immunoaffinity
column and worked up identically with the male serum,
showed no band of pPSA when probed with the above
pPSA-specific mAbs.

Example 4

Immunohistochemical Staining of pPSA in Prostate
Tissue

[0126] We tested the pPSA mAbs for staining on prostate
tissues. The PS2P446 ([-7][-4]pPSA specificity) and
PS2X373 ([-2]pPSA specificity) had similar staining inten-
sities, while PS2V476 ([-4]pPSA specificity) did not work
well for immunostaining. Both PS2X373 and PS2P446
showed a generally similar staining pattern as indicated in
FIG. 7A, though PS2X373 showed more intense staining in
cancer secretions as shown in FIG. 7B. Cancer epithelium
showed consistent epithelial staining in the 9 cancers tested.
PIN also showed consistent strong staining. Benign tissues
stained less intensely than the cancer in general, though the
surrounding benign tissues were more variable. FIG. 7A
demonstrates that truncated pPSA forms can be detected in
the epithelium of fixed prostate tissues, which provides
further support that the truncated pPSA forms are not an
artifactual result of tissue extraction, but are naturally
present in prostate tissues. Since PS2X373 and PS2P446
recognize different forms of pPSA, comparable staining by
both mAbs (not shown) indicates that multiple forms of
pPSA are present in prostate tissues. The more intense
staining of the [-2]pPSA in cancer secretions (FIG. 7B)
could explain the prevalence of this form in the cancer
serum.

Example 5

Immunoassay for BPSA in Human Serum

[0127] We have previously identified a BPH-associated
form of PSA called BPSA. A detailed description of this
process may also be found in the commonly owned co-
pending U.S. patent application Ser. No. 09/303,208, the
relevant content of which is incorporated herein by refer-
ence. BPSA is found in prostate tissue containing BPH-
nodules, but is not correlated with prostate cancer tissue. We
have developed an immunoassay with high specificity and
sensitivity for BPSA as described in the Methods section.
Serum from 52 men diagnosed with clinical benign prostatic
hyperplasia (BPH) were assayed for BPSA by immunoassay.
In addition, 92 men with no diagnosis of prostate disease
were also assayed for BPSA as a control group. FIG. 8
shows the assay results of 52 men with clinical BPH and 92
controls. Men with BPH contained a median BPSA level of
116 pg/ml, while the median BPSA level was below the
minimum detectable limit of 60 pg/ml. These results dem-
onstrate that BPSA is present in the serum of patients with
clinically diagnosed BPH.

Example 6

The Ratio of [-2]pPSA and BPSA in Human
Serum

[0128] The patient samples in FIG. 6 were further ana-
lyzed for BPSA by immunoassay. Table 1 shows the results
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of the [-2]pPSA and BPSA analysis. The [-2]pPSA values
were determined by densitometric analysis of the Western
blot bands, and BPSA was determined by immunoassay.

TABLE 1
% [-2]pPSA % BPSA
Lane #, FIG. 1 (-2]pPSA/Free PSA)  (BPSA/Free PSA)
2 (cancer) 95 7
3 (cancer) 42 12
4 (cancer) 49 16
5 (cancer) 40 5
6 (cancer) 25 14
7 (biopsy-negative) 19 15
8 (biopsy-negative) 6 13
9 (biopsy-negative) 8 25
[0129] FIG. 9 shows 2 different examples of how the ratio

of [-2]pPSA/BPSA could be used to detect prostate cancer.
In each example the biopsy-positive (i.e., cancer) and
biopsy-negative samples contained essentially the same
amount of total PSA in the serum. In example A, both
samples contained about 10 ng/ml total PSA. The cancer
sample contained high [-2]pPSA and low BPSA compared
to the PSA-matched biopsy-negative sample. This results in
a [-2]pPSA/BPSA ratio for the cancer serum that is 25-fold
higher than the biopsy-negative serum.

[0130] The serum samples in example B contained about
6 ng/ml PSA. This PSA value is in the diagnostic “gray
zone” of 4-10 ng/ml where it is very difficult to distinguish
prostate cancer from benign disease. While both samples
contain comparable levels of BPSA, the [-2]pPSA was
significantly elevated in the cancer serum. In this case the
[-2]pPSA/BPSA ratio of the cancer serum was 4-fold higher
than the biopsy-negative serum, and provides a clear corre-
lation with prostate cancer.

Example 7

[-2]pPSA is a stable, Inactive Form of pPSA

[0131] We have previously shown that hK2 and trypsin
can activate [-5/-7]pPSA to mature PSA (see the commonly
owned co-pending patent application Ser. Nos. (09/302,965,
and 08/846,408). In the current study, we tested the [-4] and
[-2]pPSA forms in order to determine if these isoforms had
altered susceptibility to activation. hK2 was incubated with
each of the pPSA forms and the proportion of each form was
monitored by HIC-HPLC as shown in FIG. 3B.

[0132] FIG. 10 shows the relative rate of pPSA activation
by hK2. The [5/-7]pPSA was activated most rapidly, while
the [-4JpPSA was activated more slowly. Most significantly,
[-2]pPSA was not activated by hK2. FIG. 11 shows the
chromatographic profile of pPSA forms after an extended
incubation of 40% hK2 with the individual isoform of pPSA.
After 5 h of incubation at 37° C., [-2]pPSA still showed no
evidence of conversion to mature PSA (FIG. 11A). After
incubation for 2 h, the majority of the [-4]pPSA was
converted (FIG. 11B). By contrast, the [-5] and [-7]pPSA
forms were converted to mature PSA in less than an hour
(FIG. 11C). It should be noted that the ratio of the [-5] and
[-71pPSA species contained within the 12 min peak in panel
C was unchanged throughout the activation process, as
determined by N-terminal sequencing, indicating that these
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two species were biochemically indistinguishable as sub-
strates for hK2. Therefore, the major shift in HIC-HPLC
retention time and in the activation kinetics of pPSA forms
occurred upon removal of the single additional [-5] leucine
residue. These differences between the [-5] and the [-4]
pPSA forms suggests that the [-5] leucine plays an impor-
tant role in the folding of pPSA.

[0133] In addition to hK2, we have previously shown that
1% trypsin rapidly activates pPSA in 15 min. We therefore
tested trypsin for its ability to activate [-2]pPSA, since
trypsin is a far more active protease than hK2, has a strong
specificity for arginine (and lysine) residues, and is little
affected in its hydrolytic activity by amino acids adjacent to
the P1 cleavage site, other than proline. After an extended
incubation with trypsin, other internal arginine/lysine sites
were cleaved (as determined by N-terminal sequencing), but
there was little or no cleavage to release the SR dipeptide of
the [-2]pPSA (data not shown).

[0134] Thus, the pro leader dipeptide on [-2]pPSA
appears to be resistant to cleavage by proteases that are
otherwise capable of cleaving the [-4] and [-5/-7] pro
leader peptides.

[0135] In an experiment similar to that shown in FIG. 5,
none of the pPSA isoforms formed a complex with a 4x
excess of ACT after 5 h of incubation at 37° C. (data not
shown). This demonstrated that all truncated and full-length
pPSA forms were enzymatically inactive and would thus be
expected to remain as free PSA in serum.

Example 8

Monoclonal Antibodies with Preferential Reactivity
to ProPSA

[0136] Using the methods described, the following anti-
bodies were generated in PS1Z fusion: PS12134, PS1Z2120,
PS1Z125 and PS1Z81. Table 1 shows the results of screen-
ing at initial testing (proPSA alone), retest and expansion
phases (comparison of proPSA response to PSA response).
These monoclonal antibodies demonstrated clevated
response to proPSA (approximately 2 fold) over response to
PSA. This ability to differentiate proPSA from PSA was
maintained when the clones were grown in large size culture
condition.

TABLE 2

Specificity analysis of proPSA reactive hybridomas.

Assay Response (A490) to proPSA vs PSA Cell Expansion

Initial screening Retest proPSA to
Clone ProPSA proPSA to PSA ratio PSA ratio
PS17134 + 2.3 2.0
PS17120 + 2.0 1.49
PS172125 + 2.2 1.58
PS1781 + 2.0 1.35

Example 9
Characterization of pPSA Monoclonal Antibodies
Specific for pPSA

[0137] Monoclonal antibodies (mAbs) were prepared
against full length [-7]pPSA by immunization with the
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chimeric recombinant protein consisting of hK2 with the
APLILSR pro PSA leader peptide. Since the first 17 N-ter-
minal amino acids of hK2 are identical to PSA, the substi-
tution of the pPSA pro leader peptide onto hK2 provides
advantages in the immunization and screening procedures
with pPSA since antibodies to the remainder of the mature
PSA protein are not induced. FIG. 12 shows the sandwich
immunoassay showing that 3 mAbs, PS2P206, PS2P309 and
PS2P446, have a high specificity for pPSA compared to the
mature form of PSA.

[0138] In addition to the above, mAbs to the truncated
forms of pPSA, specifically [-2]pPSA and [-4]pPSA were
obtained by immunization with peptides consisting of
SRIVGGWECEK, and ILSRIVGGWECEK, respectively.
FIG. 13, the top and middle panels, shows the specificity of
2 mAbs each. Each blot was cut in half, indicated by the
dotted line, and probed with 2 different mAbs (A and B). In
the top panel, the 2 [-2]pPSA mAbs, PS2X094, and
PS2X373, are shown. The lanes designated -2 indicates
[-2]pPSA; -4, [-4]pPSA; -7, [-7]pPSA; and 10' indicates
mature PSA. Each lane was loaded with 100 ug of protein.
The blot shows that each of the [-2]pPSA mAbs has high
specificity for [-2]pPSA and negligible reactivity with the
[-41pPSA, [-7]pPSA, and mature PSA. In other experi-
ments, these mAbs showed a cross-reactivity of about 20%
for mature PSA when the gels were run under reducing
conditions, and about 5% when the gels were run under
non-reducing conditions. The middle panel shows identical
blots probed with 2 [-4]pPSA mAbs, PS2V411, and
PS2V476. These mAbs show only minimal cross-reactivity
to [-2]pPSA and no cross-reactivity to [-7]pPSA or mature
PSA.The bottom panel in FIG. 13 shows an identical blot
probed with 2 [-7]pPSA nAbs, PS2P309, and PS2P446.
These are two of the mAbs described in FIG. 12. This blot
shows that under denaturing conditions on a Western blot,
these mAbs have equivalent reactivities with the [-4] and
[-71pPSA forms, but no reactivity to [-2]pPSA and mature
PSA.

[0139] The three mAbs with selective pPSA specificities,
PS2P446 ([-7]1-41pPSA specificity), PS2V476 ([-4]pPSA
specificity), and PS2X373 ([-2]pPSA specificity), were also
tested on their relative reactivities to cach other, and to
mature PSA in a sandwich assay, microtiter plate. In this
case, the biotinylated Fab' of mAb PS2J163 which binds to
all PSA forms **was bound to a streptavidin-coated micro-
titer plate, and incubated with the indicated form of pPSA as
seen in FIG. 14. The above 3 mAbs were then scrially
diluted and incubated with the different bound PSA and
pPSA antigens. The binding of the pPPSA mAbs was detected
with anti-mouse-HRP antibodies. FIG. 14 shows that each
of the pPSA mabs had specificity for their indicated form of
pPSA. There is some cross-reactivity to other pPSA forms in
some cases, but all show negligible reactivity to mature
PSA. The important result of this experiment is that it shows
that mAbs raised to both pPSA proteins and peptides are
capable of reacting with good specificity to the appropriate
native pPSA under conditions suitable for the development
of an immunoassay.

DISCUSSION

[0140] The present invention has employed several novel
approaches that have resulted in the development of mAbs
to detect and discriminate between 3 different isoforms of
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pPSA (FIGS. 12-14). These mAbs contained the required
properties of high sensitivity and specificity to the different
pPSA forms compared to mature PSA.

[0141] Using these mAbs, we were able to determine that
different pPSA forms exist in serum, and that the [-2]
appears to be the most prevalent form (FIG. 6). Just as
importantly, it was found that [-2]pPSA comprised a sig-
nificant percentage of the free PSA in prostate cancer serum,
ranging from 25-95% of the free PSA (Table 1). Of equal
importance, this occurred in the serum of men with total
PSA values from 6-24 ng/ml. Thus, [-2]pPSA represents a
significant and relevant isoform of PSA for the study of
prostate cancer. It is in the range below 10 ng/ml that it is
most difficult to discriminate PCa from benign conditions
such as BPH since both conditions release PSA into the
Serum®?°, Repeat biopsies are often performed in biopsy-
negative men with elevated PSA levels. This is because a
positive biopsy is conclusive proof of prostate cancer, while
a negative biopsy may simply have missed the areas of
cancer 2°. For this reason the measurement of pPSA forms
may offer additional diagnostic value.

[0142] In our study using pooled cancer serum containing
63 ng/ml total PSA, we identified the truncated [-4]pPSA
using HIC-HPLC (FIG. 4). In a more detailed study using
pPSA mAbs and individual patient serum we have shown
that [-2JpPSA may be the more predominant form (FIG. 6).
There is, however, no conflict with these resulis since, in
FIG. 4, we used chromatographic methodologies to identify
the different forms of PSA. The HIC-HPLC approach
required that elution fractions be collected and the PSA
measured by immunoassay. Because PSA and [-2]pPSA
elute closely (see FIG. 3B), it was not possible to distinguish
these 2 isoforms of PSA in the FIG. 4 due to the loss of peak
resolution incurred by fraction collection. Therefore, only
the [-4]pPSA form was clearly resolved from the PSA peak.
It is not known, but it is likely, that the PSA peak in FIG.
4B contained some percentage of [-2]pPSA.

[0143] The reason for the enrichment of a stable, truncated
form of pPSA in tissues and, ultimately, serum was sug-
gested by the activation studies. It has been previously
demonstrated that pPSA can be activated by hK2 and
trypsin®>?”-**, Since hK2 and PSA are co-localized in the
prostate columnar epithelial cells™, it has been speculated
that hK2 may be the endogenous protein responsible for the
activation of PSA. The process of pPSA activation is nor-
mally an extremely efficient process since pPSA forms are
undetectable in seminal plasma (data not shown). FIG. 10
shows that hK2 has no ability to activate [-2]pPSA and has
reduced activity on [-4]pPSA compared to [-5/-7]pPSA.
Even trypsin, which has a much wider substrate specificity
range and activates pPSA at least 10x more rapidly than
hK2, was unable to activate [-2]pPSA (data not shown). An
extended incubation with trypsin resulted in cleavage at
other internal sites in PSA, without significant cleavage of
the serine-arginine pro leader peptide. While there is no
direct evidence that hK2 is responsible for the activation of
pPSA the failure of both hK2 and trypsin to activate [-2]
pPSA makes it less likely that [-2]pPSA remains a viable
substrate for other activation proteases.

[0144] The present invention is the first description of the
relative levels of different pPSA forms in serum, and is in
direct contrast to other reports in the literature that were
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unable to detect pPSA by other techniques™®, or were
unable to develop the mAbs necessary to attempt pPSA
detection in serum™.

[0145] While not wanting to be bound by the theory, it is
possible that the truncation of pPSA to [-2]pPSA is the
result of post-translational proteolytic cleavage. In our study
of tissue extracts, we found that [-2]pPSA was the most
elevated in cancer®®. In the transition zone, the site of BPH,
the median value of [-2]pPSA dropped to 0. This is impor-
tant, since PSA leaks into the serum as the result of cancer
and BPH. Since [-2]pPSA was not present in BPH transition
zone tissue, it follows that [-2]pPSA in the serum came from
cancer tissues or surrounding peripheral zone tissue. The
immunostaining of prostate tissues (FIG. 7) adds important
insight to our tissue extract results by confirming the strong
association of pPSA forms with cancerous epithelium. The
results in FIG. 6 support this hypothesis by showing
strongly elevated levels of [-2]pPSA in PCa serum. In
contrast, PSA released from the transition zone due to BPH
would be expected to contain little or no [-2]pPSA. While
5/5 cancer sera contained significant levels of [-2]pPSA, %5
biopsy negative, i.e., potential BPH serum, contained only
trace levels of [-2]pPSA.

[0146] Since elevated levels of free PSA have been shown
to better correlate with a benign disease™**>>!, it may seem
counter intuitive that cancer serum contains elevated levels
of pPSA forms, which are also found as free PSA. However,
FIG. 6 shows that pPSA represents a minor percentage of
the free PSA in benign disease and a major percentage in
cancer. The cancer samples had a lower % free PSA than the
benign samples, but a much higher relative percentage of the
free PSA was [-2]pPSA. As the % free PSAincreased in the
biopsy-negative samples, it was apparently comprised of
increasing amounts of inactive PSA forms other than [-2]
pPSA. Thus, pPSA makes up a progressively smaller per-
centage of the % free PSA that derives from a benign
disease. Since men with prostate cancer can also develop
BPH and vice versa, it will be important to determine the
relative contribution of pPSA in each disease state.

[0147] [-2]pPSA, or other pPSA forms, could offer the
greatest diagnostic value as the percentage of total PSA, as
a percentage of the free PSA, or as an independent indicator
where pPSA levels above a certain threshold have a high
statistical correlation with cancer. In the latter case, it is
conceivable that the presence of pPSA could offer diagnostic
value in serum containing any measurable level of pPSA,
and especially in serum with less than 4 ng/ml total PSA.

[0148] We have recently developed an immunoassay to
detect serum BPSA, the BPH associated form of PSA. A
pPSA immunoassay in combination with an assay for BPSA
may add even greater discrimination of PCa from BPH. The
results of the present invention show that proPSA, such as
[-2]pPSA, is elevated in prostate cancer serum (FIG. 6) and
that BPSAis elevated in BPH serum (FIG. 8). In 2 examples
of biopsy-positive and biopsy-negative serum with matched
total PSA, the ratio of [-2]pPSA/BPSA showed a clear
differential between cancer and benign disease (FIG. 9).

[0149] Tt is interesting to note that the [-2]pPSA/BPSA
ratio showed a significantly better differential between can-
cer and benign disease than the analysis of free and total
PSA (an analysis currently used to distinguish prostate
cancer from BPH). In FIG. 9, Example A, each sample
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contained total PSA near 10 ng/ml, but very different per-
centages of % Free PSA. The cancer serum contained 9%
Free PSA, while the biopsy-negative serum contained 28%
Free PSA. In numerous studies, %Free PSA values less than
10% are more highly correlated with cancer, while values
greater than 25% have a low correlation with cancer. For the
samples in Example A the ratio of [-2]pPSA/BPSA was
25-fold higher in the cancer serum compared to the biopsy-
negative serum.

[0150] FIG. 9, Example B shows serum samples that are
more difficult to interpret with the conventional free and
total PSA assays. The total PSA is in the diagnostic “gray
zone” of 4-10 ng/ml, and both samples also contained %Free
PSA in the diagnostic %Free PSA “gray zone” between 10%
and 25%. With current assay protocols employing only free
and total PSA there is no clear differential and no clear
indication of prostate cancer in either sample. However, the
[-2]pPSA was elevated in the cancer sample, and the
[-2]pPSA/BPSA ratio was still 4-fold higher in the cancer
sample.

[0151] These examples indicate that the analysis of the
[-2]pPSA and BPSA isoforms of PSA, and the ratio thereof,
may add significantly to the detection of prostate cancer.

[0152] The invention may be embodied in other specific
forms without departing from its essential characteristics.
The described embodiments are to be considered in all
respects only as illustrative and not as restrictive. Indeed,
those skilled in the art can readily envision and produce
further embodiments, based on the teachings herein, without
undue experimentation. The scope of the invention is, there-
fore, indicated by the appended claims rather than by the
foregoing description. All changes that come within the
meaning and range of the equivalence of the claims are to be
embraced within their scope.
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We claim:
1. A method for detecting or determining pPSA in a
sample comprising:

(2) providing an amount of an antibody which specifically
binds pPSA

(b) contacting the antibody with the sample under a
condition that allows the formation of a binary complex
comprising the antibody and the pPSA if present in the
sample; and

(c) detecting or determining the presence or amount of the
complex.
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2. The method of claim 1, wherein the antibody is a
monoclonal antibody.

3. The method of claim 2, wherein said monoclonal
antibody is selected from a group consisting of PS2P206,
PS2P309, PS2P446, PS2P031, PS2P401, PS2P167,
PS2P125, PS2P134, PS2X094, PS2X373, PS2X199,
PS2X458, PS2X572, PS2V411, and PS2V476.

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

5. The method of claim 4, wherein the human physiologi-
cal fluid is blood, serum, seminal plasma, urine or plasma.

6. The method of claim 5, wherein said antibodies are
attached to a solid phase.

7. The method of claim 6, wherein the complex is detected
by a second antibody which comprises a detectable label or
which is capable of binding to a detectable label for forming
a detectable complex.

8. The method of claim 7, wherein said antibodies are
monoclonal antibodies.

9. The method of claim &, wherein said monoclonal
antibody is selected from the group consisting of PS2P206,
PS2P309, PS2P446, PS2P031, PS2P401, PS2P167,
PS2P125, PS2P134, PS2X094, PS2X373, PS2X199,
PS2X458, PS2X572, PS2V411, and PS2V476.

10. The method of claim 1, wherein said sample is a tissue
sample

11. The method of claim 10, wherein said tissue is prostate
tissue.

12. The method of claim 11, wherein in step (c), the
antibody contained in the complex comprises a detectable
label or bind to a detectable label to form a detectable
complex.

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

14. The method of claim 13, wherein said pPSA is [-2],
or [4] pPSA.

15. A competition method for detecting or determining
pPPSA in a sample of a human physiological fluid containing
pPPSA, comprising:

(a) providing an amount of antibodies which specifically
bind pPSA;

(b) mixing the sample to be tested with a known amount
of pPSA or an immunoreactive subunit thereof that
binds to an antibody which specifically binds to pPSA,
which comprises a detectable label, to produce a mixed
sample;

(c) contacting said antibodies with said mixed sample
under a condition that allows immunologic reactions to
occur between said antibodies and said pPSA in said
sample and between said antibodies and said labeled
pPSA;

(d) separating the antibodies from the mixed sample;

(¢) detecting or determining the presence or amount of
labeled pPSA either bound to the antibodies or remain-
ing in the mixed sample; and

(f) determining from the result in step (e) the presence or
amount of said pPSA in said sample.
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16 The method of claim 15, wherein said antibodies are
monoclonal antibodies.

17 The method of claim 16, wherein said monoclonal
antibodies are selected from the group consisting of
PS2P206, PS2P309, PS2P446, PS2P031, PS2P401,
PS2P167, PS2P125, PS2P134, PS2X094, PS2X373,
PS2X199, PS2X458, PS2X572, PS2V411, and PS2V476.

18 A diagnostic method for determining the presence of
prostate cancer in a subject comprising the steps of:

(2) Determining the amount of pPSA contained in a
sample from the subject;

(b) Correlating the amount of the pPSA contained in the
sample to the presence of prostate cancer in the subject,
wherein the amount of pPSA above a pre-determined
value is an indication of the presence of prostate cancer
in the subject.

19. The diagnostic method of claim 18, wherein step (b)

further comprises the steps of:

(2) determining the amount of free PSA;

(b) comparing the amount of pPSA to the amount of free
PSA to generate a numerical result for determining the
presence of prostate cancer, wherein the result above a
pre-determined value is an indication of prostate cancer
in the subject.

20. The method of claim 19, wherein the amount of pPSA

is compared to the amount of free PSA to generate a ratio.

21. The method of claim 18, wherein step (b) further

comprises the steps of:

(a) determining the amount of total PSA;

(b) comparing the amount of pPSA to the amount of total
PSA to generate a numerical result for determining the
presence of prostate cancer, wherein the result above a
pre-determined value is an indication of prostate cancer
in the subject.

22. The method of claim 21, wherein the amount of pPSA

is compared to the amount of total PSA to generate a ratio.

23. The method of claim 18, wherein step(b) further

comprises the steps of:

(a) determining the amount of BPSA;

(b) comparing the amount of pPSA to the amount of
BPSA to generate a numerical result for determining
the presence of prostate cancer, wherein the result
above a pre-determined value is an indication of pros-
tate cancer in the subject.

24. The method of claim 23, wherein the amount of pPSA

is compared to the amount of BPSA to generate a ratio.

25. The method of claim 18, wherein the amount of pPSA

is determined by a method comprising the steps of:

(a) contacting an antibody that binds to pPSA with
sufficient specificity with the sample of the subject
under a condition that allows a formation of a binary
complex comprising the pPSA and the agent;

(b) detecting and determining the amount of the complex.

26. The method of claim 25, wherein the agent comprises
a detectable label or binds to a detectable label to form a
detectable ternary complex.

27. The method of claim 18, wherein the sample is a
mammalian tissue sample.
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28. The method of claim 27, wherein the tissue sample is
prostate tissue.

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

30. The method of claim 29, wherein the human physi-
ological fluid is blood, serum, seminal plasma, urine or
plasma.

31. The method of claim 25, wherein the antibody is a
polyclonal antibody or a monoclonal antibody.

32. The method of claim 31, wherein the antibody is a
monoclonal antibody selected from a group consisting of
PS1Z134, PS1Z120, PS1Z125, PS1Z81, PS2P206,
PS2P309, PS2P446, PS2P031, PS2P401, PS2P167,
PS2P125, PS2P134, PS2X094, PS2X373, PS2X199,
PS2X458, PS2X572, PS2V411, and PS2V476.

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

34. The method of claim 33, wherein the proPSA is
[-2]proPSA or [-4]proPSA.

35. A method for distinguishing benign prostatic diseases
from prostate cancer in a subject comprising the steps of:

(a) determining the amount of pPSA in a sample of the
subject;

(b) correlating the amount of pPSA to the presence of
prostate cancer in the subject, wherein the presence of
the amount of pPSA above a pre-determined value is an
indication of prostate cancer.
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36. The method of claim 35, wherein step (b) further
comprising the steps of:

(a) determining the amount of BPSA;

(b) comparing the amount of pPSA to the amount of
BPSA to generate a numerical result for determining
the presence of prostate cancer, wherein the result
above a pre-determined value is an indication of pros-
tate cancer in the subject.

37. The method of claim 36, wherein the amount of pPSA

is compared to the amount of BPSA to generate a ratio.

38. The method of claim 35, wherein the sample is a
mammalian tissue sample.

39. The method of claim 38, wherein the tissue sample is
prostate tissue.

40. The method of claim 35, wherein the sample is a
sample of human physiological fluid.

41. The method of claim 40, wherein the human physi-
ological fluid is blood, serum, seminal plasma, urine or
plasma.

42. The method of claim 35, wherein the pPSA is selected
from the group consisting of [-2], [-4], [-5] and [-7]
proPSA.

43. The method of claim 42, wherein the proPSA is
[-2]proPSA or [-4]proPSA.
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