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(57) ABSTRACT 

A substantially pure and isolated novel form of prostate 
speci?c antigen (PSA) is provided. The novel form of PSA 
of the present invention comprises at least one clip at Lys 
182 of the amino acid sequence of a mature form of PSA. 
Preferably, the novel form of PSA additionally comprises 
one or more clips at a location selected from a group 

consisting of He 1, Lys 145, and Lys 146. More preferably, 
the form of PSA contains at least tWo clips at Lys 145 and 
Lys 182 of the amino acid sequence of a mature form of 
PSA. The novel forms of PSA exist at an elevated level in 
patients suspected of having benign prostatic hyperplasia 
(BPH) and therefore may be used as a serum mark or an 
immunohistological marker to help distinguish BPH from 
prostate cancer. Antibodies recognizing the novel forms of 
PSA and immunoassays that detect and determine the novel 
forms of PSA of the present invention in a sample are also 
provided. Further provided are a kit and a method for 
detecting the novel forms of PSA for aiding in the differ 
entiation of prostate cancer from BPH. 
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IVGGWECEKH SQPWQVLVAS RGRAVCGGVL VHPQWVLTAA 4O 

HCIRNKSVIL LGRHSLFHPE DTGQVFQVSH SFPHPLYDMS 8O 

LLKNRFLRPG DDSSHDLMLL RLSEPAELTD AVKVMDLPTQ 120 

145 

EPALGTTCYA SGWGSIEPEE FLTPKKLQCV DLHVISNDVC 160 

182 

AQVHPQKVTK FMLCAGRWTG GKSTCSGDSG GPLVCNGVLQ 200 

GITSWGSEPC ALPERPSLYT KWHYRKWIK DTIVANP 237 
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NOVEL FORMS OF PROSTATE SPECIFIC 
ANTIGEN (PSA) SPECIFIC FOR BENIGN 
PROSTATIC HYPERPLASIA (BPH) AND 

METHODS OF USING SUCH 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention relates generally to prostate speci?c 
antigen (PSA) and speci?cally to neW forms of PSA that are 
speci?c for benign prostatic hyperplasia and methods of 
using the neW forms of PSA. 

[0003] 2. Description of the Prior Art 

[0004] Throughout this application, various references are 
referred to Within parentheses. 

[0005] Disclosures of these publications in their entireties 
are hereby incorporated by reference into this application to 
more fully describe the state of the art to Which this 
invention pertains. Full bibliographic citation for these ref 
erences may be found at the end of this application, preced 
ing the claims. 

[0006] Prostate cancer is the most frequently diagnosed 
cancer in American males. 

[0007] Prostate speci?c antigen (PSA) has been Widely 
used as a reliable prognostic marker in the management of 
patients With prostate cancer (1-3). PSA is a member of the 
human kallikrein family of serine proteases (extensively 
revieWed in It is a serine endopeptidase With chymot 
rypsin-like enZymatic activity. The mature form of PSA has 
isoleucine as the N-terminal and 237 amino acid residues 
With a molecular mass of 28,400 D (5; 6). 

[0008] PSA exists in the serum as the free form of PSA but 
the majority of the PSA is in a complex With Ell-antichy 
motrypsin (ACT). It is generally accepted that the free PSA 
in serum is enZymatically inactive. PSA is a serine protease 
Which is capable of complex formation With serum protease 
inhibitors. Human serum contains high levels of ACT and 
U2macroglobulin, both of Which have been shoWn to com 
plex With PSA 70-95% of the PSA in serum Which can 
be detected by immunoassay is in a complex With ACT. The 
remainder is non-complexed, free PSA (9; 10). 

[0009] More recently it has been demonstrated that the 
level of free or non-complexed PSA in serum can improve 
the discrimination of prostate cancer from BPH (9-11). An 
elevated ratio of free PSA to total PSA (free plus complexed 
PSA) is more highly correlated With BPH. The reasons for 
the presence of free PSA in serum has therefore become the 
subject of intensive investigation. 

[0010] Studies With PSA puri?ed from seminal plasma 
have shoWn that about 30% of the PSA does not form a 
complex With ACT. This fraction of PSA contains an internal 
peptide bond cleavage at Lysine 145 Which renders it 
inactive (8-10). A more detailed analysis of the inactive 
forms of PSA from seminal plasma revealed PSA clipped at 
both Lysine 145 and Arginine 85, in addition to a fraction of 
PSA Which Was not clipped but Which did not form a 
complex With ACT (12). 

[0011] One of the earliest investigations for purifying and 
characteriZing PSA from seminal plasma reported the pres 
ence of internal clips at residues Arginine 85, Lysine 148 and 
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Lysine 185 HoWever, the relative proportion and sig 
ni?cance of these clips Was not determined at that time. 
Subsequent studies of inactive PSA, as cited above, have 
focused almost exclusively on the clip at Lysine 145, since 
this is the predominant clip in seminal plasma PSA and does 
in fact render PSA inactive. There is no suggestion in these 
studies that the Lysine 145 clip represents anything more 
than a random physiological cleavage Which occurs some 
time after PSA expression. It is suggested that this clip could 
account for the presence of free PSA in serum. There is, 
hoWever, no evidence that PSA in seminal plasma is repre 
sentative of PSA found in serum, since serum PSA is due to 
the retrograde release of PSA from prostate tissues 

[0012] PSA has also been isolated from BPH tissue in the 
prostate in order to determine Whether this form of PSA Was 
different from seminal plasma PSA (13). PSA from BPH 
tissue Was found to be less enZymatically active than semi 
nal plasma PSA and to contain additional clips, including 
clips after Ile1, His54, Phe57 and Lys146. The character 
iZation of PSA from BPH tissue had three major conclu 
sions: 1) the BPH PSA is more clipped than seminal plasma 
PSA; 2) the BPH PSA is less enZymatically active than 
seminal plasma PSA; and 3) BPH PSA contains some 
unusual clips not found in seminal plasma PSA. 

[0013] The limitation of this approach is that BPH tissue 
PSA Was not compared to other matched prostate tissues but 
rather to seminal plasma PSA. It Was not established 
Whether BPH PSA Was less enZymatically active than, or 
different from, other prostate tissue PSA. This is an impor 
tant experimental consideration, since the preparation of 
PSA from tissues could include proteases from tissues not 
found in seminal plasma, or vice versa. In theory, PSA 
prepared from any prostate tissue might be more inactive 
than seminal plasma PSA, due merely to the presence of 
selective endogenous proteolysis, or proteolysis during tis 
sue homogeniZation and PSA puri?cation. 

[0014] The major limitation of a PSA test is its lack of 
speci?city to distinguish betWeen benign prostatic hyperpla 
sia (BPH) and prostate cancer Elevated levels of PSA in 
the blood are symptomatic of prostate disease, Which is 
primarily manifested as either BPH or prostate cancer. 
HoWever, levels in the range of 4-10 ng PSA per ml of serum 
make BPH dif?cult to distinguish from prostate cancer 
Without additional tests, such as a digital rectal exam and 
prostate needle biopsy. Clearly, a need exists to develop a 
serum marker that is speci?c for BPH. A need also exists to 
develop a diagnostic method that may be used to distinguish 
BPH from prostate cancer. 

SUMMARY OF THE INVENTION 

[0015] The present invention takes a different approach 
than previous approaches by other investigators in that the 
present invention has focused exclusively on prostate tissues 
as the source of variable forms of PSA in serum. In order to 
determine What molecular forms of PSA are present in the 
prostate, the present invention examined three different 
types of prostate tissue: 1) non-cancerous peripheral Zone 
(PZ-N) tissue; 2) cancerous PZ tissue containing at least 
80% tumor (PZ-C), and 3) non-cancerous transitional Zone 
(TZ) tissue. It is the TZ Which becomes hyperplastic in 
patients With BPH. In contrast, most cancers are found in the 
PZ. The present invention discovers that different forms of 
PSA are present in different types of tissues. 
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[0016] The present invention is based on the unexpected 
discovery of novel forms of PSAexisting at an elevated level 
in human prostate transition Zone (TZ) Which contains the 
benign prostatic hyperplasia tissue. One novel form of PSA 
in the present invention includes at least one clip at Lysine 
182 of the amino acid sequence of a mature form of PSA. A 
novel form of PSA of the present invention may also include 
an additional one or more clips at Ile 1, Lys 145 and Lys 146 
of the amino acid sequence of a mature form of PSA. The 
novel forms of PSAhave a unique conformation of their oWn 
and can be separated from a mature form of PSA or other 
forms of PSA by high performance hydrophobic interaction 
chromatography (HIC-HPLC). It is the discovery of the 
present invention that the novel forms of PSA exist at an 
elevated level in BPH tissues. Therefore, the novel forms of 
PSA of the present invention may be used as a serum marker 
or an immunohistological marker to distinguish BPH tis 
sues. 

[0017] Accordingly, one aspect of the present invention 
provides a substantially pure and isolated form of prostate 
speci?c antigen (PSA) comprising at least one clip at Lysine 
182 of the amino acid sequence of a mature form of PSA. 
The form of PSA may also include an additional one or more 
clips at Ile 1, Lys 145 and Lys 146 of the amino acid 
sequence of a mature PSA. In one embodiment, the novel 
form of PSA of the present invention consists of tWo clips at 
Lys 145 and Lys 182 of amino acid sequence of a mature 
form of PSA. 

[0018] Another aspect of the present invention provides an 
antibody that is preferentially reactive With novel forms of 
PSA of the present invention. The antibody may be a 
monoclonal or polyclonal antibody. Immunogens, cell lines 
and methods of making the preferential reactive antibodies 
are also provided. 

[0019] A further aspect of the present invention provides 
a method of detecting or determining in a sample a novel 
form of PSA of the present invention. The method includes 
the steps of: 

[0020] (a) contacting an amount of an agent Which 
speci?cally binds to the form of PSA to be detected 
With the sample under a condition that alloWs the 
formation of a binary complex comprising the agent 
and the form of PSA; and 

[0021] (b) detecting or determining the presence or 
amount of the complex. 

[0022] In accordance With embodiments of the present 
invention, the sample may be a human physiological ?uid or 
a tissue specimen. The agent may be an antibody, and the 
antibody may be labeled or able to bind to a label, or the 
antibody may be bound to a solid phase. 

[0023] Yet another aspect of the present invention pro 
vides a diagnostic kit for detecting or determining in a 
sample a novel form of PSA of the present invention. Also 
provided is a diagnostic method for distinguishing BPH 
tissues. A competitive immunoassay is also provided for 
detecting a novel form of PSA of the present invention. 

[0024] The invention is de?ned in its fullest scope in the 
appended claims and is described beloW in its preferred 
embodiments. 
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DESCRIPTION OF THE FIGURES 

[0025] The above-mentioned and other features of this 
invention and the manner of obtaining them Will become 
more apparent, and Will be best understood, by reference to 
the folloWing description, taken in conjunction With the 
accompanying draWings. These draWings depict only a 
typical embodiment of the invention and do not therefore 
limit its scope. They serve to add speci?city and detail, in 
Which: 

[0026] FIG. 1 is a high-performance hydrophobic inter 
action chromatographic (HIC-HPLC) pro?le of immunoaf 
?nity-puri?ed PSA isolated from prostate tissues. 

[0027] FIG. 2 is an HIC-HPLC pro?le of PSA puri?ed 
from TURP (transurethral resection of the prostate) prostate 
tissue. 

[0028] FIG. 3 is an HIC-HPLC pro?le of PSA puri?ed 
from prostate tissue. 

[0029] FIG. 4, panel A is an HIC-HPLC pro?le of PSA 
puri?ed from prostate tissue. The arroWs indicate Where 
fractions Were collected. Panel B is an aliquot of each 
fraction in panel A re-run by HIC-HPLC. 

[0030] FIG. 5 is a histogram shoWing the N-terminal 
sequence analysis of the tWo peaks in FIG. 4. The histogram 
shoWs the percentage of the total PSA clipped at each site 
indicated. 

[0031] FIG. 6 is an HIC-HPLC pro?le of the PSA puri?ed 
from pooled seminal plasma. 

[0032] FIG. 7 is an HIC-HPLC pro?le of different types 
of PSA. Panel Ais inactive seminal plasma PSA, de?ned as 
that fraction of PSA Which does not react With ACT. Panel 
B is HIC-HPLC puri?ed 10 min PSA. This is the 10 min 
peak puri?ed from panel C. Panel C is an HIC-HPLC pro?le 
of immunoaf?nity puri?ed Whole seminal plasma PSA. 
Panel D is an HIC-HPLC puri?ed BPSA from Whole semi 
nal plasma PSA. This is the 8 min peak from panel C. 

[0033] FIG. 8 is the N-terminal sequence analysis of the 
PSA peaks in FIG. 7. The histogram shoWs the percentage 
of the total PSA Which is clipped at each of the indicated 
sites. 

[0034] FIG. 9 is the HIC-HPLC pro?le of PSA before and 
after incubation With trypsin. 

[0035] FIG. 10 is the N-terminal sequencing of the 
samples in FIG. 9. 

[0036] FIG. 11 is a summary histogram of N-terminal 
sequencing of all the major types of puri?ed PSA and BPSA. 

[0037] FIG. 12 is a competition assay using different types 
of PSA. 

[0038] FIG. 13 shoWs the results of a competition assay 
comparing BPSA to different types of PSA obtained after 
trypsin treatment. 

[0039] FIG. 14 is the linear sequence of amino acids for 
PSA. The arroWs shoW the sites of internal peptide bond 
cleavage Which are described in the text. 

[0040] FIG. 15 is a plot Which compares monoclonal 
antibody reactivity of PS2C109 to puri?ed BPSA and PSA. 
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[0041] FIG. 16 is a box plot showing increased % BPSA 
in those transitional Zone prostate tissues With nodular 
development symptomatic of BPH. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] One aspect of the present invention provides a 
substantially pure and isolated form of prostate speci?c 
antigen (PSA) comprising at least one clip at Lysine 182 of 
the amino acid sequence of a mature form of PSA. The term 
“substantially pure” as used herein refers to the form of PSA 
that is substantially free of other proteins, lipids, carbohy 
drates or other materials With Which it is naturally associ 
ated. The substantially pure form of PSA of the present 
invention Will yield a single major peak by high-perfor 
mance hydrophobic interaction chromatography (HIC 
HPLC), a chromatographic technique that is Well knoWn in 
the art. The purity of the speci?c form of PSA can also be 
determined by amino-terminal amino acid sequence analy 
sis. 

[0043] Amature form of PSA has 237 amino acid residues 
With a molecular mass of 28,400 D (6) and the amino acid 
sequence is fully described in references The sequence 
of the matured form of PSA is shoWn in FIG. 14. A novel 
form of PSA discovered by the present invention has at least 
one clip at Lysine 182 of the amino acid sequence of a 
mature form of PSA. In other Words, a novel form of PSA 
of the present invention has the same amino acid sequence 
of a mature form of PSA, except that the polypeptide chain 
of the PSA of the present invention has been hydrolyZed 
betWeen residues 182 and 183. In accordance With embodi 
ments of the present invention, a novel form of PSA of the 
present invention may also include additional one or more 
clips at Ile 1, Lys 145 and Lys 146 of the amino acid 
sequence of a mature PSA. In one embodiment of the 
present invention, a novel form of PSA of the present 
invention consists of tWo clips at Lys 145 and Lys 182. 

[0044] It is a discovery of the present invention that the 
clip at Lys 182, and particularly the clips at Lys 145 and Lys 
182 of a novel form of PSA of the present invention, has 
signi?cantly changed the conformation of the novel forms of 
PSA, such that they elute differently from the mature form 
or other forms of PSA by HIC-HPLC. As a consequence, a 
novel form of PSA of the present invention can be separated 
from the mature form or other forms of PSA by HIC-HPLC. 
Hydrophobic interaction chromatography is sensitive to 
changes in the surface hydrophobicity of proteins caused by 
protein folding changes (14). Novel forms of PSA of the 
present invention yield one major peak by HIC-HPLC. 

[0045] Anovel form of PSA of the present invention exists 
at an elevated level in the transition Zone of BPH tissue 
compared to peripheral Zone cancer and non-cancer prostate 
tissues. The prostate is composed of three Zones: the central 
Zone, the peripheral Zone (PZ) and the transition Zone (TZ). 
The PZ comprises about 70% of the volume of a normal 
prostate, While the central Zone and TZ are about 25% and 
5%, respectively. All three Zones are Well de?ned in the art. 
(See Biopsy Pathology of the Prostate, David G. BostWick 
and Paul A. Dundore, published by Chapman & Hall USA, 
115 Fifth Ave., NeW York, NY, 10003.) Brie?y, the TZ is 
characteriZed by small, simple glands embedded in a com 
pact stroma, Whereas the PZ is characteriZed by small glands 
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embedded in a loose stroma. The TZ tissue forms a distinc 
tive boundary With the PZ. The PZ and TZ are the Zones of 
primary interest, since cancer is localiZed primarily to the 
PZ, While BPH is the result of tissue enlargement of the TZ. 
With extensive BPH, the TZ groWs to several times the 
volume of other prostate Zones. The TZ tissue surrounds the 
proximal prostate urethra, Which is the reason that restricted 
urinary How is a symptom of enlarged TZ resulting from 
BPH. 

[0046] For the purpose of the present invention, the level 
of a novel form of PSA is elevated if the percentage of the 
novel form of PSA compared to total PSA is higher than the 
percentage of the novel form of PSA occurring in peripheral 
Zone cancer and non-cancer prostate tissues. In accordance 
With one embodiment of the present invention, PSA 
extracted from BPH tissues contains from 5 to 30% of novel 
forms of PSA of the present invention. The novel forms of 
PSA are loWer or absent in peripheral Zone cancer and 
non-cancer prostate tissues, as Well as seminal plasma. Since 
it is the TZ Which becomes hyperplastic in patients With 
BPH, it is believed that novel forms of PSA of the present 
invention may be speci?c for BPH; and, therefore, novel 
forms of PSA of the present invention are also called BPSA 
for the purpose of the present invention. 

[0047] In addition, it is the discovery of the present 
invention that the novel form of PSA is inactive, i.e., it lacks 
chymotrypsin-like enZymatic activity and therefore is 
present in serum as free PSA, not as PSA antichymotrypsin 
complex. For the purpose of the present invention, a free 
PSA is a PSA that is not complexed as part of an antichy 
motrypsin complex. 

[0048] Novel forms of PSA of the present invention may 
be isolated from tissues or seminal plasma or prepared by in 
vitro trypsin treatment by methods described herein or 
otherWise knoWn in the art. Novel forms of PSA of the 
present invention may be characteriZed and used for anti 
body development. It is a discovery of the present invention 
that the clip at Lys 182 of a novel form of PSA of the present 
invention may result in conformational changes Which alter 
some epitopes of PSA. As a consequence, novel forms of 
PSA of the present invention may be used as antigens to 
generate monoclonal antibodies that preferentially recogniZe 
novel forms of PSA of the present invention over other 
forms of PSA. 

[0049] Accordingly, one aspect of the present invention 
provides an antibody that is speci?cally immunoreactive 
With and binds to a novel form of PSA of the present 
invention. The term “speci?cally immunoreactive” as used 
herein indicates that the antibodies of the present invention 
preferentially recogniZe and bind to the novel form of PSA 
of the present invention over other forms of PSA, such as 
other clipped or non-clipped mature forms of PSA. The term 
“preferentially recogniZe and bind” as used herein means 
that the antibodies of the present invention bind more tightly 
to the novel form of PSA of the present invention than to 
other forms of PSA under the same conditions. The cross 
reactivity of antibodies of the present invention to other 
forms of PSA is relatively loW. In accordance With embodi 
ments of the present invention, the cross-reactivity of anti 
bodies of the present invention to other forms of PSA is 
preferably less than about 10%, and most preferably less 
than about 1%. 
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[0050] An antibody Which consists essentially of pooled 
monoclonal antibodies With different epitopic speci?cities, 
as Well as distinct monoclonal antibody preparations, is 
provided. Monoclonal antibodies are made from an antigen 
containing the novel form of PSA of the present invention or 

fragments thereof by methods Well knoWn in the art HarloW et al., Antibodies: A Laboratory Manual, Cold 

Spring Harbor Laboratory, 1988). In general, this method 
involves preparing an antibody-producing fused cell line, 
e.g., from primary spleen cells fused With a compatible 
continuous line of myeloma cells, groWing the fused cells 
either in mass culture or in an animal species from Which the 
myeloma cell line used Was derived or is compatible. Such 
antibodies offer many advantages in comparison to those 
produced by inoculation of animals, as they are highly 
speci?c and sensitive and relatively “pure” immunochemi 
cally. Immunologically active fragments of antibodies are 
also Within the scope of the present invention, e.g., the f(ab) 
fragment, as are partially humaniZed monoclonal antibodies. 

[0051] If desired, polyclonal antibodies can be further 
puri?ed, for example, by binding to elution from a matrix to 
Which a polypeptide or a peptide to Which the antibodies 
Were raised is bound. Those skilled in the art Will knoW of 
various techniques common in the immunology arts for 
puri?cation 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.) 
[0052] The term “antibody” as used in this invention 
includes intact molecules as Well as fragments thereof, such 
as Fab, F(ab‘)2 and Fv, Which are capable of binding the 
epitopic determinant. These antibody fragments retain some 
ability to selectively bind With its antigen or receptor and are 
de?ned as folloWs: 

[0053] (1) Fab, the fragment Which contains a 
monovalent antigen-binding fragment of an antibody 
molecule can be produced by digestion of the Whole 
antibody With the enZyme papain to yield an intact 
light chain and a portion of one heavy chain; 

[0054] (2) Fab‘, the fragment of an antibody molecule 
that can be obtained by treating the Whole antibody 
With pepsin, folloWed by reduction, to yield an intact 
light chain and a portion of the heavy chain—tWo 
Fab‘ fragments are obtained per antibody molecule; 

[0055] (3) F(ab‘)2, the fragment of the antibody that 
can be obtained by treating the Whole antibody With 
the enZyme pepsin Without subsequent reduction— 
F(ab‘)2 is a dimer of tWo Fab‘ fragments held together 
by tWo disul?de bonds; 

[0056] (4) Fv, de?ned as a genetically engineered 
fragment containing the variable region of the light 
chain and the variable region of the heavy chain 
expressed as tWo chains; and 

[0057] (5) Single chain antibody (“SCA”), de?ned as 
a genetically engineered molecule containing the 
variable region of the light chain, the variable region 
of the heavy chain, linked by a suitable polypeptide 
linker as a genetically fused single chain molecule. 

[0058] Methods of making these fragments are knoWn in 
the art. (See, for example, HarloW and Lane, Antibodies: A 
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Laboratory Manual, Cold Spring Harbor Laboratory, NeW 
York (1988), incorporated herein by reference.) 

[0059] As used in this invention, the term “epitope” means 
any antigenic determinant on an antigen to Which the 
paratope of an antibody binds. Epitopic determinants usually 
consist of chemically active surface groupings of molecules, 
such as amino acids or sugar side chains, and usually have 
speci?c three-dimensional structural characteristics, as Well 
as speci?c charge characteristics. 

[0060] It is a discovery of the present invention that the 
novel forms of the present invention include epitopes that 
may be preferentially recogniZed by monoclonal antibodies 
that do not recogniZe or recogniZe poorly the other forms of 
PSA. Accordingly, one embodiment of the present invention 
provides a method of making monoclonal antibodies that 
preferentially recogniZe the novel forms of PSA of the 
present invention. The method includes steps of: 

[0061] (a) providing at least one blocking antibody 
against both a novel form of PSA of the present 
invention and another form of PSA; 

[0062] (b) binding the blocking antibody to the novel 
form of PSA to form an immunogen; 

[0063] (c) immuniZing a mouse With the immunogen; 
and 

[0064] (d) producing monoclonal antibodies from the 
immuniZed mouse by employing a monoclonal anti 
body technique, Wherein the monoclonal antibodies 
preferentially bind to the novel form. 

[0065] For the purpose of the present invention, a “block 
ing antibody” is an antibody that recogniZes at least one of 
the epitopes that are commonly shared by a novel form of 
PSA and another form of PSA, the binding of Which to the 
novel form of PSA Would make the unique antigenic site of 
the novel form of PSA more immunodominant such that the 
novel form of PSA With the blocking antibody can be better 
used as an immunogen for producing monoclonal antibodies 
that preferentially bind to the novel form of PSA than other 
forms of PSA. Preferably, blocking antibodies are those that 
bind to epitopes that may be distant from the unique anti 
genic sites of novel forms of PSA. In accordance With 
embodiments of the present invention, multiple blocking 
antibodies that bind to both a novel form of PSA of the 
present invention and another form of free PSA to a similar 
extent may be used to generate an immunogen of the present 
invention. Examples of such antibodies include, not are not 
limited to, PSM773, PSJ206, PS1R163, and the like. The 
blocking antibodies of the present invention may be gener 
ated by monoclonal antibody techniques that are commonly 
knoWn in the art and by methods described herein, using free 
PSA as immunogens. 

[0066] The term “another form of free PSA or other form 
of free PSA” as used herein includes all forms of free PSA 
except novel forms of PSA of the present invention. 
Examples of such “another form of free PSA” may include, 
but are not limited to, proPSA, inactive PSA (iPSA), and 
clipped forms of PSA that are not clipped at Lys 182. 

[0067] For the purpose of the present invention, “a mono 
clonal antibody technique” includes any techniques that 
alloW one to generate monoclonal antibodies from a subject 
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that is immunized With an immunogen of the present inven 
tion. Examples of the techniques are described above and 
under Examples below. 

[0068] The present invention also provides an immunogen 
that is capable of eliciting a monoclonal antibody Which 
preferentially binds to a novel form of PSA of the present 
invention than other forms of free PSA. In accordance With 
embodiments of the present invention, an immunogen of the 
present invention may include a novel form of PSA of the 
present invention and at least one blocking antibody that 
binds to both the novel form of PSA and another form of free 
PSA. According to embodiments of the present invention, an 
immunogen of the present invention may include multiple 
blocking antibodies, provided that the binding of the block 
ing antibodies to the immunogen makes the unique antigenic 
site of the novel form of PSA immunodominant. 

[0069] The present invention also provides a hybridoma 
cell line that is capable of producing a monoclonal antibody 
that preferentially binds a novel form of PSA of the present 
invention than other forms of free PSA. Examples of a 
hybridoma cell line of the present invention include, but are 
not limited to, cell lines that are capable of producing 
monoclonal antibodies PS2C109, PS2C501, PS2C634, 
PS2C807 and PS2C837. 

[0070] The novel form of PSA of the present invention 
may be used as a serum marker for detecting BPH. It may 
also be used as an immunohistological marker to help 
distinguish BPH tissue from normal or cancer tissues. In 
accordance With the present invention, the novel form of 
PSA may be detected in patient tissue samples by immuno 
histochemical and/or in patient ?uid samples by in vitro 
immunoassay procedures. The determination of the novel 
form of PSA in a patient sample is of signi?cant diagnostic 
utility and may be an indicator of, or correlate With, the 
progression of a drug treatment for a BPH patient. 

[0071] 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). Brie?y, 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 the 
novel form of PSA. The site at Which the antibody is bound 
is thereafter determined by selective staining of the tissue 
specimen by standard immunohistochemical procedures. In 
one embodiment of the present invention, the tissue speci 
men is a tissue specimen obtained from the prostate of a 
patient. The prostate tissue may be a normal prostate tissue, 
a cancer prostate tissue or a benign prostatic hyperplasia 
tissue. 

[0072] Similarly, the general methods of the in vitro 
detection of antigenic substances in patient ?uid 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. 371659 (1986) and Burchell et al., Int. J. Can. 34:763 
(1984). According to one embodiment of the present inven 
tion, an immunoassay for detecting the novel form of PSA 
of the present invention in a biological sample comprises the 
steps of: (a) contacting an amount of an agent Which 
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speci?cally binds to the form of PSA to be detected With the 
sample under a condition that alloWs the formation of a 
binary complex comprising the agent and the form of PSA; 
and (b) detecting or determining the presence or amount of 
the complex as a measure of the amount of the novel form 
of PSA contained in the sample. 

[0073] For the purpose of the present invention, the bio 
logical sample can be any human physiological ?uid sample 
that contains the novel form of PSA of the present invention. 
Examples of the human physiological ?uid sample include, 
but are not limited to, serum, seminal ?uid, urine and 
plasma. 
[0074] 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 
?city for the antigen provided by the present invention. 
Preferably, monoclonal antibodies are used. 

[0075] Monoclonal antibodies can be utiliZed in liquid 
phase or bound to a solid phase carrier. Monoclonal anti 
bodies can be bound to many different carriers and used to 
determine the novel form of PSA of the present invention. 
Examples of Well-knoWn carriers include glass, polystyrene, 
polypropylene, polyethylene, dextran, nylon, amylases, 
natural and modi?ed celluloses, polyacrylamides, agaroses 
and magnetites. The nature of the carrier can be either 
soluble or insoluble for purposes of the invention. Examples 
of insoluble carriers include, but are not limited to, a bead 
and a microtiter plate. Those skilled in the art Will knoW of 
other suitable carriers for binding monoclonal antibodies, or 
Will be able to ascertain such under routine experimentation. 

[0076] 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 speci?cally 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 ?uorescein, Which can react With speci?c 
antihapten antibodies. In addition, monoclonal antibodies of 
the present invention can also be coupled With a detectable 
label such as an enZyme, radioactive isotope, ?uorescent 
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. 

[0077] One of the Ways in Which the antibody can be 
detectably labeled is by linking it to an enZyme. This 
enZyme, in turn, When later exposed to its substrate, Will 
react With the substrate in such a manner as to produce a 
chemical moiety Which can be detected by, for example, 
spectrophotometric or ?uorometric means (ELISA system). 
Examples of enZymes that can be used as detectable labels 
are horseradish peroxidase, malate dehydrogenase, staphy 
lococcal nuclease, delta-S-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. 

[0078] For increased sensitivity in the ELISA system, the 
procedures described can be modi?ed using biotinylated 
antibodies reacting With avidin-peroxidase conjugates. 
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[0079] 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 3H, 1251, 
1231, 321), 355, 14c, slcr, 36C1, 57cc), 58cc), SQFe, 755e, lllN, 
99mTc, 67Ga and 90Y. 

[0080] Determination of the antigen is also possible by 
labeling the antibody With a ?uorescent compound. When 
the ?uorescently labeled molecule is exposed to light of the 
proper Wave length, its presence can then be detected due to 
?uorescence of the dye. Among the most important ?uores 
cent labeling compounds are ?uorescein isothiocyanate, 
rhodamine, phycoerythrin, phycocyanin, allophycocyanin, 
o-phthaldehyde and ?uorescamine. 

[0081] 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. 

[0082] 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. 

[0083] Likewise, a bioluminescent compound may also be 
used as a label. Bioluminescence is a special type of 
chemiluminescence Which is found in biological systems 
and in Which a catalytic protein increases the ef?ciency of 
the chemiluminescent reaction. The presence of a biolumi 
nescent molecule Would be determined by detecting the 
presence of luminescence. Important bioluminescent com 
pounds for purposes of labeling are luciferin, luciferase and 
aequorin. 
[0084] Qualitative and/or quantitative determinations of 
the novel form of PSA of the present invention in a sample 
may be accomplished by competitive or non-competitive 
immunoassay procedures in either a direct or indirect for 
mat. Examples of such immunoassays are the radioimmu 
noassay (RIA) and the sandWich (immunometric) assay. 
Detection of the antigens using the monoclonal antibodies of 
the present invention can be done utiliZing immunoassays 
Which are run in either the forWard, reverse or simultaneous 
modes, including immunohistochemical assays on physi 
ological samples. Those skilled in the art Will knoW, or can 
readily discern, other immunoassay formats Without undue 
experimentation. 

[0085] The term “immunometric assay” or “sandWich 
immunoassay” includes a simultaneous sandWich, forWard 
sandWich and reverse sandWich immunoassay. These terms 
are Well understood by those skilled in the art. Those skilled 
in the art Will also appreciate that antibodies according to the 
present invention Will be useful in other variations and forms 
of assays Which are presently knoWn or Which may be 
developed in the future. These are intended to be included 
Within the scope of the present invention. 

[0086] In accordance With one embodiment of the present 
invention, the present invention provides a competition 
method for detecting or determining in a sample of a human 
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physiological ?uid a novel form of PSA of the present 
invention. The method comprises: 

[0087] (a) providing an amount of puri?ed antibody 
Which speci?cally reacts With the form of PSA to be 
detected; 

[0088] (b) mixing the sample With a knoWn amount 
of the form of PSA or an immunoreactive subunit 
thereof to produce a mixed sample, Wherein the 
knoWn amount of the form of PSA is capable of 
binding to the puri?ed antibody and is labeled With 
a detectable label; 

[0089] (c) contacting the antibodies With the mixed 
sample under a condition that alloWs immunological 
reaction to occur betWeen the antibody and the form 
of PSA in the sample and betWeen the antibody and 
the labeled PSA; 

[0090] (d) separating the antibody from the mixed 
sample; 

[0091] (e) detecting or determining the presence or 
the amount of labeled PSA either bound to the 
antibody or remaining in the mixed sample; and 

[0092] determining from the result in step (e) the 
presence or the amount of the form of PSA in the 
sample. 

[0093] One aspect of the present invention provides a 
diagnostic kit for detecting or determining in a sample a 
novel form of PSA of the present invention. The kit com 
prises a knoWn amount of an agent Which speci?cally binds 
to the novel form of PSA, Wherein the agent is detectably 
labeled or binds to a detectable label. For the purpose of the 
present invention, the sample may be a sample of human 
physiological ?uid such as, but not limited to, serum, 
seminal plasma, urine or plasma. The sample may also be a 
tissue specimen coming from the prostate of a patient. The 
agent may be an antibody that speci?cally binds to the novel 
form of PSA of the present invention. Preferably the agent 
is a monoclonal antibody, although a polyclonal antibody 
may also be used. 

[0094] Another aspect of the present invention provides a 
diagnostic method for determining the presence or absence 
of benign prostate hyperplasia. The method comprises the 
steps of: 

[0095] (a) contacting an amount of an agent Which 
speci?cally binds to a novel form of PSA of the 
present invention With a sample obtained from a 
human containing the form of PSA under a condition 
that alloWs the formation of a binary complex com 
prising the agent and the form of PSA; and 

[0096] (b) determining the amount of the complex in 
the sample and correlating the amount of the com 
plex to the presence or absence of benign prostatic 
hyperplasia in the human. 

[0097] In one embodiment of the present invention, the 
sample may be a sample of human physiological ?uid such 
as, but not limited to, serum, seminal plasma, urine, and 
plasma. In another embodiment of the present invention, the 
sample may be tissue specimen from the prostate of a 
patient. For the purpose of the present invention, the agent 
may be an antibody that speci?cally recogniZes a novel form 



US 2003/0119033 A1 

of PSA of the present invention. The antibody may be a 
monoclonal antibody or a polyclonal antibody. 

[0098] The following examples are intended to illustrate, 
but not to limit, the scope of the invention. While such 
examples are typical of those that might be used, other 
procedures knoWn to those skilled in the art may alterna 
tively be utiliZed. Indeed, those of ordinary skill in the art 
can readily envision and produce further embodiments, 
based on the teachings herein, Without undue experimenta 
tion. 

EXAMPLES 

Materials and Methods 

[0099] 
[0100] Prostate tissue Was froZen in liquid nitrogen and 
pulveriZed to a ?ne poWder in a metal tissue pulveriZer 
maintained in liquid nitrogen. For the PZ-N, PZ-C and TZ 
tissue samples, Which ranged from 100-300 mg, the froZen 
tissue poWder Was homogeniZed in 3 mls of PBS containing 
a protease inhibitor cocktail (Complete, Boehringer Man 
heim) using a glass tissue homogeniZer. The sample Was 
then centrifuged to remove cell debris and the supernatant 
solution ?ltered through a 0.2 um membrane. Larger 
amounts of tissue Were extracted as described above except 
that the tissue Was homogeniZed in a 50 ml tube using a 
Polytron tissue homogeniZer. 

[0101] PSA Was puri?ed from the ?ltered supernatant 
solution by passage over an immunoaffinity column con 
taining bound anti-PSA mAb, PSM773, at 5 mg per ml of 
resin. The column Was Washed With 40 volumes of PBS 
containing 0.1% reduced Triton-X100, and the PSA eluted 
With 100 mM glycine pH 2.5, containing 200 mM sodium 
chloride. The eluant Was immediately neutraliZed With 10% 
vol/vol 1M Tris pH 8.0. 

[0102] Preparation of BPSA In Vitro 

[0103] Processed, ?ltered seminal plasma Was diluted 1:10 
in PBS and passed over an immunoaf?nity 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 puri?ed PSA Was 
applied to HIC-HPLC as described beloW, and the 8 min 
BPSA peak and the 10 min PSA peak Were collected 
separately. The PSA from the 10 min peak Was dialyZed into 
100 mM Tris, pH 8 and incubated With 1% W/W trypsin for 
30 min at 37 C. The trypsin in the mixture Was inactivated 
by addition of a mass of aprotinin equal to tWice the added 
trypsin. The incubation mixture Was applied to HIC-HPLC 
and the resultant clipped PSA peak Were collected for 
analysis. 

[0104] HIC-HPLC of PSA 

Isolation of PSA from Prostate Tissue 

[0105] High-performance hydrophobic interaction chro 
matography (HIC-HPLC) Was performed using a polypro 
pylaspartamide column (PolyLC, distributed by Western 
Analytical, Temecula, Calif.). The column Was 4.6><250 mm 
in length With a 1000 A pore siZe. Samples Were applied in 
1.5 M ammonium sulfate and eluted With a gradient. Buffer 
A: 1.2 M sodium sulfate, 25 mM sodium phosphate, pH 6.3, 
and Buffer B: 50 mM sodium phosphate, 5% v/v 2-propanol. 
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The gradient Was 0-35% B 1 min, 30-80% B12 min, 
isocratic at 80% B for 2 min before equilibration in Buffer 
A. High sensitivity peak detection Was obtained With a 
Varian Model 9070 scanning ?uorescence detector using an 
excitation of 232 nm and emission of 334 nm to detect the 
tryptophan residues in protein. 

[0106] Amino Acid Sequencing of PSA 

[0107] N-terminal sequence analysis of the samples Was 
performed on a PE-Applied Biosystems Model 492 amino 
acid sequencer (Perkin-Elmer, Applied Biosystems Divi 
sion, Foster City, Calif.). Puri?ed PSA and peaks collected 
by HIC-HPLC Were applied directly to Prosorb cartridges 
(Perkin-Elmer, Applied Biosystems Division, Foster City, 
Calif.), Washed 3>< With 0.1 mL 0.01% tri?uoroacetic acid 
and applied to the Model 492 sequencer. 

[0108] Competition of Streptavidin Microplate Bound 
PSA-biotin With PSA, Inactive PSA and BPSA 

[0109] PSA Was biotinylated With NHS-biotin according 
to manufacturer’s suggested protocol (Pierce, Rockford, 
Ill.). 50 ul of anti-PSA monoclonal antibody of various 
concentrations Was incubated With PSA-biotin at 100 ug/L in 
the streptavidin microplate (Labsystem, Helsinki, Finland) 
for 2 hr at room temperature. The plate Was Washed With 
PBS containing 0.1% tWeen-20. The goat anti-mouse Ig 
horseradish peroxidase conjugate (115000) Was added and 
incubated for 2 hr. The plate Was Washed similarly and 
developed for 1 hr With 100 ul of OPD substrate (Sigma). 
The reaction Was stopped With 4N HZSO4 and absorbance 
determined at 490 nm. 50 ul of monoclonal antibody at the 
concentration of representing 50% of the maximum assay 
response Was incubated With 50 ul of various concentrations 
of PSA, inactive PSA or BPSA for 2 hr in streptavidin 
microplate, then 50 ul PSA-biotin (100 ug/L) Was added for 
2 hr. The plate Was similarly Washed and the bound mono 
clonal antibody Was determined as described above. 

[0110] Preparation and Puri?cation of Inactive PSA 

[0111] Puri?ed ACT Was obtained from Athens Research 
and Technology (Athens, Ga.). 100 ug of puri?ed seminal 
plasma PSA Was incubated With 1 mg of ACT in 500 ul of 
50 mM Tris (pH 8.0) With 100 mM NaCl for 3 hr at 37° C. 
The PSA-ACT and inactive PSA Were separated by hydro 
phobic interaction chromatography as described above. 
Under these conditions PSA-ACT elutes at approximately 8 
min and that fraction of PSA Which does not react With ACT, 
i.e., iPSA, continues to elute at 10 min. 

[0112] Preparation of Hybridomas 

[0113] PS1P351 and PS1R163 Were generated from mice 
immuniZed With proPSA according to the previously pub 
lished method for hybridoma preparation. 

[0114] Generation of Monoclonal Antibodies to BPSA 

[0115] PSA Was puri?ed from seminal plasma according 
to the described procedure. BPSA Was generated from 
trypsin digestion of PSA and puri?cation of treated material 
using hydrophobic interaction chromatography (HIC, 8 
minute peak) as described. 200 ug of BPSA Was incubated 
With 1 mg each of anti-PSA monoclonal antibodies, 
PSM773 and 

[0116] PS1R163. The blocked immunogen Was puri?ed 
from unbound Ab and free BPSA by siZe exclusion chro 
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matography. The mice Were immunized once With 50 ug of 
blocked immunogen in CFA, and twice With 25 ug of 
blocked immunogen in IFA. The hybridoma Was generated 
according to reported procedures. The culture supernatant 
Was screened for reactivity against BPSA. 

[0117] Hybridoma Screening Assays 

[0118] 50 ul of culture supernatant Was added to the Wells 
of streptavidin microplate (Wallac, Turku, Finland) and 50 
ul of biotinylated BPSA at 100 ng/ml Was also added. After 
1 hr incubation the plate Was Washed With PBS/0.1% tWeen 
20, then incubated With 50 ul per Well of goat anti-mouse Ig 
horseradish peroxidase (1:10,000) diluted in PBS/1% BSA 
and 0.1% tWeen-20. After 1 hr incubation, the plate Was 
Washed and developed With OPD substrate (Sigma). To 
determine the speci?city of monoclonal antibodies, the 
reactivity of 100 ng/ml BPSA and 100 ng/ml intact PSA 
(HIC, 10 minute peak) Was compared. 

EXAMPLE I 

[0119] PSA in Prostate Tissues by HIC-HPLC 

[0120] The initial observation that a different form of PSA 
Was present in prostate tissue extracts Was obtained by 
HIC-HPLC. Typically, PSA elutes at 10 min under standard 
HIC-HPLC procedures used in these experiments. A smaller 
peak of PSA Was observed in some samples, Which eluted 
differently than the main PSA peak. It Was further observed 
that this variant form of PSA Was present primarily in the 
extracted TZ tissues and Was less evident in the PZ cancer 
and non-cancer tissues. FIG. 1 is a high-performance hydro 
phobic interaction chromatographic (HIC-HPLC) pro?le of 
immunoaffinity-puri?ed PSA, isolated from prostate tissues. 
Three matched tissues from the same prostate Were ana 
lyZed: transitional Zone, TZ; peripheral Zone containing 
80-100% tumor, PZ-C; and peripheral Zone With no cancer, 
PZ-N. 

[0121] FIG. 1 shoWs the comparative pro?le of the PSA 
puri?ed from matched prostate tissue. In this sample, the 
PSA peak eluting at 8 min contains 28% of the total PSA in 
the TZ extract, While it is present at only 3 and 8% in the 
PZ-C and PZ-N tissues, respectively. For the purpose of the 
present invention, the PSA eluting at 8 min has been 
designated as BPSA. Table 1 shoWs the percentage of total 
PSA Which is BPSA in 18 matched sets of prostate tissue 
samples. Ten large volume and 8 small volume prostates are 
represented. 

TABLE 1 

The percentage of BPSA in matched prostate tissues. 

Large Volume Small Volume 
Prostate (>50 5:) Prostate (<25 5:) 

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

1 3 5 5.6 12 0 11 1.7 0 0 6 5 
2 35 5.6 108 12 0.0 00 295 
3 0 0 4.7 5 3 13 3.2 4 0 4 8 
4 3 2 13.9 6 6 14 5.0 4 6 19 0 
5 9 7 10.7 3 8 15 6 3 1 3 2 3 
6 5 3 5.2 9 4 16 5 5 4 9 1 1 
7 0 0 2.3 7 6 17 0 9 0 0 1 7 
8 4 0 2.5 4 4 18 5 2 2 3 4 4 
9 7 5 6.6 13 9 

10 8 3 3.2 28 1 
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[0122] Since the absolute percentage of BPSAWas seen to 
vary betWeen 1 and 30% of the total PSA in different TZ 
patient samples, the present invention also examined TURP 
tissue. The TURP (transurethral resection of the prostate) 
procedure removes the entire transitional Zone and so an 
analysis of a TURP extract shoWs the average level of BPSA 
throughout the TZ. The TURP procedure is performed on 
patients With BPH. FIG. 2 shoWs the HIC-HPLC pro?le of 
the PSA puri?ed from TURP tissue. The BPSA elutes at 8 
min and the other forms of PSA elute at 10 min. BPSA 
represents approximately 20% of the total PSA. 

[0123] Characterization of BPSA from Prostate Tissue 

[0124] In order to understand the exact nature of BPSA, 
prostate tissue Was extracted to obtain puri?ed PSA suf? 
cient for further analysis. This tissue Was derived from fresh 
prostatectomy samples but Was not characteriZed as being 
PZ or TZ tissue, only that it Was not cancerous. FIG. 3 
shoWs the HIC-HPLC pro?le of the PSA puri?ed from this 
tissue Which contains approximately 15% BPSA. The 8 min 
and 10 min peaks of PSA Were collected as shoWn in FIG. 
4. FIG. 4, panel A is an HIC-HPLC pro?le of PSA puri?ed 
from prostate tissue. The arroWs indicate Where fractions 
Were collected. FIG. 4B shoWs an aliquot of each of these 
collected peaks re-run individually on HIC-HPLC. FIG. 4 
demonstrates that each separately collected fraction has a 
distinct retention time, Which suggests that each contains a 
different form of PSA. In addition, FIG. 4B shoWs that the 
8 min BPSA peak is cleanly resolved from the primary peak 
of PSA Which elutes at 10 min. 

[0125] The 8 min and 10 min PSA peaks Were subjected 
to N-terminal sequencing to determine What clips Were 
present. FIG. 5 shoWs a histogram of the PSA clips from the 
different peaks. Four cleavage sites Were detected: Ile1, 
Lysine 145, Lys146 and Lysine 182. The histogram shoWs 
the percentage of the total PSA clipped at each site. The clip 
at Lysine 182 is the most distinctive clip in the 8 min BPSA 
peak, Which is virtually absent in the 10 min peak. The clip 
at Ile1, Which generates PSA beginning With N-terminus 
valine, is also loWer at 10 min. The clip Ile1 has been 
observed in the PSA obtained from BPH tissue (13). This 
clip is not responsible for the shift from 10 min to 8 min (see 
FIGS. 9 and 10). The presence of this unusual Ile1 clip 
almost exclusively in BPSA does suggest that this clip may 
also be associated With BPH tissue. The clip at Lysine 145, 
the most common clip found in PSA from seminal plasma, 
is also signi?cant in the 8 min PSA peak. The Lysine 145 
clip is not unique to the 8 min PSA peak, since it is found 
in the 10 min PSA puri?ed from seminal plasma (see FIGS. 
7 and 8). The clip at Lysine 182 remains distinctive in the 
BPSA peak, since this clip has not been reported as a 
primary clip in other studies on the different forms of PSA. 
It should be noted that serine 183 is the main substrate 
coordinating amino acid in the substrate binding pocket 
(15). This is also near the active site residue, serine 189. 
Thus the clip at Lysine 182 Would be expected to disrupt key 
residues in the enZymatic activity of PSA. This Was con 
?rmed by experiments that shoWed BPSA did not form a 
complex With ACT (data not shoWn). 

[0126] Control experiments Were performed on tissue 
extracts to determine hoW liable the Lysine 182 clips Were 
in tissue extracts. An aliquot of the extract Was removed and 
incubated at 37° C. for 1 hr to determine if any additional 
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internal cleavage at Lysine 182, or elsewhere, Was formed in 
vitro. No additional internal cleavage sites Were obtained 
after incubation as determined by HIC-HPLC and N-termi 
nal sequencing (data not shoWn). This indicates that there is 
no signi?cant in vitro proteolytic cleavage during the extrac 
tion and PSA puri?cation procedure and that any observed 
PSA clips are endogenous to the PSA prior to puri?cation 
and analysis. 

EXAMPLE II 

[0127] Comparison of BPSA to the Inactive PSA from 
Seminal Plasma 

[0128] The 8 min PSApeak, Which is also called BPSA for 
the purpose of the present invention, is a distinct form of 
PSA that is not the same as the inactive forms of PSA 
previously described in seminal plasma. FIG. 6 shoWs an 
HIC-HPLC pro?le of the PSA puri?ed from pooled seminal 
plasma. FIG. 6 shoWs that BPSA (Which is inactive) is 
present at loW levels, from 5-9% in seminal plasma PSA 
preparations. HoWever, BPSA has been characteriZed above 
as having a predominant clip at Lysine 182 and this clip has 
not been described in association With inactive seminal 
plasma PSA. 40-50% of seminal plasma PSA is inactive and 
does not complex With ACT. Thus, the bulk of the inactive 
seminal plasma PSA is not BPSA. Studies of inactive 
seminal plasma PSA have not described cleavage at Lysine 
182, but have attributed the lack of enZymatic activity to the 
clip at Lysine 145. 

[0129] In the current experiments, the inactive forms of 
seminal plasma PSA Were obtained after incubation of 
seminal plasma PSA With ACT. The PSA that did not 
complex With ACT is, by de?nition, inactive PSA (iPSA). 
PSA Was reacted With excess ACT in vitro, and the free 
inactive PSA Was puri?ed from PSA-ACT complex by 
HIC-HPLC (data not shoWn). For comparative purposes, 
iPSA does not include the minor fraction of BPSA in Whole 
seminal plasma PSA, since the purpose is to compare the 
inactive seminal plasma PSA, described by others, to puri 
?ed BPSA described herein. This large percentage of semi 
nal plasma PSA that does not react With ACT has been 
hypothesiZed by others as possibly representing the free 
form of PSA present in prostate cancer serum (8-10). 

[0130] FIG. 7 is an HIC-HPLC pro?le of different types 
of PSA. Panel A is inactive seminal plasma PSA de?ned as 
that fraction of PSA Which does not react With ACT. Panel 
B is HIC-HPLC puri?ed 10 min PSA. Panel C is an 
HIC-HPLC pro?le of immunoaf?nity puri?ed Whole semi 
nal plasma PSA. Panel D is HIC-HPLC puri?ed BPSA. In 
FIG. 7, the HIC-HPLC pro?le of Whole af?nity puri?ed PSA 
is seen in 7C. From this, the 8 min BPSApeak Was collected 
(7D) and the 10 min PSA peak Was puri?ed (7B). The 10 
min PSA from 7B Was incubated With excess ACT, and that 
fraction of PSA Which did not form a complex With ACT, 
i.e., iPSA, Was puri?ed from the PSA-ACT complex and is 
shoWn in 7A. 

[0131] FIG. 7A shoWs that iPSA elutes at 10 min, the 
same retention time of the bulk of active PSA from seminal 
plasma (FIG. 7B). HoWever, iPSA is distinctly different 
from BPSA, Which is seen in FIG. 7D. Thus, While the PSA 
in 7A and 7B appears identical by HIC-HPLC, the PSA in 
7B contains a majority of active PSA as indicated by its 
ability to form an ACT complex and by its loWer level of 
internal clips as seen in FIG. 8. FIG. 8 is the N-terminal 
sequence analysis of the PSA peaks in FIG. 7. The histo 
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gram shoWs the percentage of the total PSA Which is clipped 
at each of the indicated sites. More importantly, FIG. 8 
shoWs that the main difference betWeen iPSA and BPSA is 
that BPSA is clipped at Lysine 182. 

[0132] Thus, BPSA is distinct from iPSA by HIC-HPLC 
and by internal cleavage sites. In the literature, iPSA has 
been proposed as the paradigm for the free PSA Which may 
exist in serum. The present invention has shoWn, hoWever, 
that BPSA is the form of PSA Which is elevated in BPH 
tissue, and that this form of PSA has the unique property of 
eluting at 8 min by HIC-HPLC, due to the clip at Lysine 182. 

EXAMPLE III 

[0133] The Conversion of PSA to BPSA by In Vitro 
Treatment of PSA With Trypsin 

[0134] The unique property of BPSA to elute at 8 min Was 
also demonstrated by in vitro experiments Where the 10 min 
HIC-HPLC PSApeak Was converted to the 8 min peak. This 
Was accomplished by subjecting puri?ed 10 min PSA to 
limited trypsin treatment. Trypsin is a protease Which clips 
at the basic amino acid residues, lysine and arginine. FIG. 
9 shoWs the HIC-HPLC pro?le of 10 min PSA before and 
after trypsin treatment. After trypsin treatment, a major peak 
eluting at 8 min is seen, along With tWo other peaks. Each of 
the peaks seen in FIG. 9 Was sequenced. FIG. 10 is the 
N-terminal sequencing of the samples in FIG. 9. PSA prior 
to trypsin treatment is indicated as the starting PSA in FIG. 
10. Since this is seminal plasma PSA, it is seen to be about 
30% clipped at Lysine 145, as expected from reports in the 
literature. FIG. 10 shoWs that Peak A, the 8 min peak, 
contains clips at Lysine 182 and Lysine 145, and, to a lesser 
extent, Arginine 85-all sites susceptible to cleavage by 
trypsin. In terms of HIC-HPLC pro?le, this peak elutes as 
BPSA. The cleavage pattern is similar to puri?ed native 
seminal plasma BPSA Which is also shoWn in FIG. 10 for 
comparison. The main difference betWeen the arti?cially 
generated BPSA and natural BPSA is the absence of any 
cleavage at Ile1 in the trypsin-treated sample. Trypsin does 
not cleave after Ile residues. Since this form of PSA elutes 
at 8 min, this further demonstrates that the Ile1 clip seen in 
natural BPSA does not play a part in shifting the retention 
time from 10 min to 8 min. The tWo other peaks, B and C, 
formed after the trypsin treatment, Were also clipped at 
lysine and arginine sites as seen in FIG. 10. Interestingly, 
peak C is largely clipped at Lysine 182 only, and still elutes 
near 10 min. This suggests that either other conformational 
changes in the PSA structure are necessary to cause the shift 
from 10 min to 8 min, or that Lysine 182 combined With the 
Lysine 145 clip is necessary to shift the PSA to 8 min. 

[0135] The treatment of PSA With trypsin demonstrates 
that it is possible to create in vitro a form of PSA Which has 
properties similar to native BPSA. It also demonstrates 
conclusively that it is the cleavage at the lysine sites Which 
is responsible for the shift from 10 min to 8 min, and not 
some other post-translational modi?cation, or some confor 
mational change unrelated to the peptide bond cleavages at 
Lysine 182. 

[0136] Summary of the Clips in Different Forms of PSA 

[0137] The clips present in BPSA isolated from prostate 
tissue, from seminal plasma, as Well as BPSA arti?cially 
generated by trypsin treatment, can be seen in FIG. 11. FIG. 
11 is a summary histogram of N-terminal sequencing of all 
the major types of puri?ed PSA and BPSA. BPSA from 
tissue extracts, from seminal plasma and in vitro prepared 












