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(57) ABSTRACT 

Disclosed are diagnostic techniques for the detection of 
human prostate disease. The invention relates particularly to 
probes and methods for evaluating the presence of RNA 
species that are differentially expressed in metastatic pros 
tate cancer compared to normal human prostate, benign 
prostatic hyperplasia, and non-metastatic prostate cancer. 
The invention also relates to probes and methods for evalu 
ating the presence of RNA species that are differentially 
expressed in the peripheral blood of individuals With the 
disease state compared to normal healthy individuals. 
Described are methods of therapeutic use for genes identi 
?ed as differentially expressed in metastatic prostate cancer, 
and means for screening pharmaceuticals effective in treat 
ment of prostate cancer. 
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BIOMARKERS AND TARGETS FOR DIAGNOSIS, 
PROGNOSIS AND MANAGEMENT OF PROSTATE 

DISEASE 

BACKGROUND OF THE INVENTION 

[0001] A. Field of the Invention 

[0002] The present invention relates generally to the ?elds 
of detection, diagnosis and treatment of human disease 
states and methods relating thereto. More particularly, the 
present invention concerns probes and methods useful in 
diagnosing, identifying and monitoring the progression of 
diseases of the prostate through measurements of gene 
products. Also disclosed are various diagnostic and thera 
peutic methods and screening assays using the compositions 
of the invention. 

[0003] B. Description of the Related Art 

[0004] Carcinoma of the prostate (PCA) is the second 
most frequent cause of cancer related death in men in the 
United States (Boring et al., 1993; Wingo et. al., 1997). The 
increased incidence of prostate cancer during the last decade 
has established prostate cancer as the most prevalent of all 
cancers (Carter and Coffey, 1990). Although prostate cancer 
is the most common cancer found in United States men, 
(approximately 210,000 neWly diagnosed cases/year), the 
molecular changes underlying its genesis and progression 
remain poorly understood (Boring et al., 1993). According 
to American Cancer Society estimates, the number of deaths 
from PCA is increasing in excess of 8% annually. 

[0005] An unusual challenge presented by prostate cancer 
is that most prostate tumors do not represent life threatening 
conditions. Evidence from autopsies indicate that 11 million 
American men have prostate cancer (Dbom, 1983). These 
?gures are consistent With prostate carcinoma having a 
protracted natural history in Which relatively feW tumors 
progress to clinical signi?cance during the lifetime of the 
patient. If the cancer is Well-differentiated, organ-con?ned 
and focal When detected, treatment does not extend the life 
expectancy of older patients. 

[0006] Unfortunately, the relatively feW prostate carcino 
mas that are progressive in nature are likely to have already 
metastasiZed by the time of clinical detection. Survival rates 
for individuals With metastatic prostate cancer are quite loW. 
BetWeen these tWo extremes are patients With prostate 
tumors that Will metastasiZe but have not yet done so. For 
these patients, surgical removal of their prostates is curative 
and extends their life expectancy. Therefore, determination 
of Which group a neWly diagnosed patient falls Within is 
critical in determining optimal treatment and patient sur 
vival. 

[0007] Although clinical and pathologic stage and histo 
logical grading systems (e.g., Gleason’s) have been used to 
indicate prognosis for groups of patients based on the degree 
of tumor differentiation or the type of glandular pattern 
(Carter and Coffey, 1989; Diamond et al., 1982; O’DoWd et 
al., 1997), these systems do not predict the progression rate 
of the cancer. While the use of computer-system image 
analysis of histologic sections of primary lesions for 
“nuclear roundness” has been suggested as an aide in the 
management of individual patients (Diamond et al., 1982), 
this method is of limited use in studying the progression of 
the disease. 
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[0008] Recent studies have identi?ed several recurring 
genetic changes in prostate cancer including: allelic loss 
(particularly loss of chromosome 8p and 16q) (Bova, et al., 
1993; Macoska et al., 1994; Carter et al., 1990), generaliZed 
DNA hypermethylation (Isaacs et al., 1994), point mutations 
or deletions of the retinoblastoma (Rb) and p53 genes 
(Bookstein et al., 1990a; Bookstein et al., 1990b; Isaacs et 
al., 1991), alterations in the level of certain cell-cell adhe 
sion molecules (i.e., E-cadherin/alpha-catenin) (Carter et al., 
1990; Morton et al., 1993a; Morton et al., 1993b; Umbas et 
al., 1992), and aneuploidy and aneusomy of chromosomes 
detected by ?uorescence in situ hybridiZation (FISH),; par 
ticularly chromosomes 7 and 8 (Macoska et al., 1994; 
Visakorpi et al., 1994; Takahashi et al., 1994; AlcaraZ et al., 
1994). 
[0009] The analysis of DNA content/ploidy using ?oW 
cytometry and FISH has been demonstrated to have utility 
predicting prostate cancer aggressiveness (earsons et al, 
1993; Macoska et al., 1994; Visakorpi et al., 1994; Taka 
hashi et al., 1994; AlcaraZ et al., 1994; Pearsons et al., 1993; 
Veltri et al., 1994), but these methods are expensive, time 
consuming, and the latter methodology requires the con 
struction of centromere-speci?c probes for analysis. 

[0010] Speci?c nuclear matrix proteins have been reported 
to be associated With prostate cancer. (Partin et al., 1993). 
HoWever, these protein markers apparently do not distin 
guish betWeen benign prostate hyperplasia and prostate 
cancer. (Partin et al., 1993). Unfortunately, markers Which 
cannot distinguish betWeen benign and malignant prostate 
tumors are of little value. 

[0011] A recent development in this ?eld Was the identi 
?cation of prostate metastasis suppresser genes, KAI1, 
E-cadherin, alpha-catenin and GST-pi (Dong et al, 1995; 
Carter et al., 1990; Morton et al., 1993a; Morton et al., 
1993b; Umbas et al., 1992; Cookson et al., 1997; Lee et al., 
1997). Insertion of Wild-type KAI1 gene into a rat prostate 
cancer line caused a signi?cant decrease in metastatic tumor 
formation (Dong et al., 1995). HoWever, detection of KAI1, 
E-cadherin, alpha catenin, and GST-pi mutations are depen 
dent upon direct sampling of mutantprostate cells (Dong et 
al., 1996; Umbas et al., 1992; Cookson et al., 1997; Murray 
et al., 1995). Thus, either a primary prostate tumor must be 
sampled or else suf?cient transformed cells must be present 
in blood, lymph nodes or other tissues to detect the missing 
or abnormal gene. Further, the presence of a deleted gene 
may frequently be masked by large numbers of untrans 
formed cells that may be present in a given tissue sample. 

[0012] The most commonly utiliZed current tests for pros 
tate cancer are digital rectal examination (DRE) and analysis 
of serum prostate speci?c antigen (PSA). Although PSA has 
been Widely used as a clinical marker of prostate cancer 
since 1988 (Partin and Oesterling, 1994), screening pro 
grams utiliZing PSA alone or in combination With digital 
rectal examination have not been successful in improving 
the survival rate for men With prostate cancer (Partin and 
Oesterling, 1994). While PSA is speci?c to prostate tissue, 
it is produced by normal and benign as Well as malignant 
prostatic epithelium, resulting in a high false-positive rate 
for prostate cancer detection (Partin and Oesterling, 1994). 

[0013] Other markers that have been used for prostate 
cancer detection include prostatic acid phosphatase (PAP) 
and prostate secreted protein (PSP). PAP is secreted by 
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prostate cells under hormonal control (Partin and Oesterling, 
1994). It has less speci?city and sensitivity than does PSA. 
As a result, it is used much less noW, although PAP may still 
have some applications for monitoring metastatic patients 
that have failed primary treatments. In general, PSP is a 
more sensitive biomarker than PAP, but is not as sensitive as 
PSA (Huang et al., 1993). Like PSA, PSP levels are fre 
quently elevated in patients With BPH as Well as those With 
prostate cancer. 

[0014] Another serum marker associated With prostate 
disease is prostate speci?c membrane antigen (PSMA) 
(HorosZeWicZ et al., 1987; Carter et al., 1996; Murphy et al., 
1996). PSMA is a Type II cell membrane protein and has 
been identi?ed as Folic Acid Hydrolase (Carter et al., 
1996). Antibodies against PSMA react With both normal 
prostate tissue and prostate cancer tissue (HorosZeWicZ et 
al., 1987). Murphy et al. (1995) used ELISA to detect serum 
PSMA in advanced prostate cancer. As a serum test, PSMA 
levels are a relatively poor indicator of prostate cancer. 
HoWever, PSMA may have utility in certain circumstances. 
PSMA is expressed in metastatic prostate tumor capillary 
beds (Silver et al., 1997) and is reported to be more abundant 
in the blood of metastatic cancer patients (Murphy et al., 
1996). PSMA messenger RNA (mRNA) is doWn-regulated 
8-10 fold in the LNCaP prostate cancer cell line after 
exposure to 5-ot-dihydroxytestosterone (DHT) (Israeli et al., 
1994). 
[0015] A relatively neW potential biomarker for prostate 
cancer is human kallekrein 2 (Piironen et al., 1996). 
HK2 is a member of the kallekrein family that is secreted by 
the prostate gland. In theory, serum concentrations of HK2 
may be of utility in prostate cancer detection or diagnosis, 
but the usefulness of this marker is still being evaluated. 

[0016] There remain, hoWever, de?ciencies in the art With 
respect to the identi?cation of the genes linked With the 
progression of prostate diseases, including prostate cancer, 
and metastatic prostate cancer, the development of diagnos 
tic methods to monitor disease progression, and the devel 
opment of therapeutic methods and compositions to treat 
prostate diseases and cancers. The identi?cation of genes 
Which are differentially expressed in prostate diseases Would 
be of considerable importance in the development of a rapid, 
inexpensive method to diagnose prostate diseases, including 
cancer. The identi?ed genes Would also be useful in thera 
peutic compositions, or in screening assays for therapeutic 
compounds. 

SUMMARY OF THE INVENTION 

[0017] The present invention provides unique markers that 
are shoWn herein to be useful in diagnosing or identifying a 
subject With a metastatic prostate cancer condition. The 
metastatic cancer markers of the present invention are 
shoWn to be absent or doWn regulated in a metastatic state, 
but are found in the prostate tissue or serum of subjects 
knoWn not have metastatic prostate cancer. The markers 
identi?ed herein are shoWn to distinguish a condition of 
metastatic prostate cancer from a condition of normal 
(healthy), benign hyperplasia and con?ned prostate cancer. 
Diagnosis of the metastatic state as disclosed herein may 
include but is not limited to examination for the presence of 
speci?c markers in a prostate tissue sample, in a serum 
sample or both from subjects suspected of having a prostate 
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disease. The ability to distinguish different stages of prostate 
disease has important implications for treatment or manage 
ment of the subject’s condition. 

[0018] The identi?cation of markers, or of differential 
expression of certain genes or gene products in the practice 
of the invention may take any of several forms. For example, 
one may detect expression or lack of expression of a mRNA 
or other RNA product, or one may detect the expression or 
lack of expression of a protein or polypeptide in a certain 
cell, tissue or other biological sample of a subject. Methods 
for identifying such RNA species and encoded proteins are 
described. These RNA species and the corresponding 
encoded protein species have utility, for example, as markers 
of prostate disease state and as targets for therapeutic 
intervention in prostate disease. 

[0019] The identi?ed markers of prostate disease can in 
turn be used to design speci?c nucleic acid probes and 
primers, for example for the direct hybridiZation to a target 
mRNA or for use as primers in amplifying a target to be 
identi?ed or quanti?ed using an enZyme dependent ampli 
?cation. When used in combination With nucleic acid 
hybridiZation and ampli?cation procedures, these probes 
and primers permit the rapid analysis of prostate biopsy core 
specimens, serum samples, etc. This Will assist physicians in 
diagnosing prostate disease and metastatic prostate disease 
in particular, and in determining optimal treatment or dis 
ease management courses for individuals With various stages 
of prostate disease. The same probes and primers may also 
be used for in situ hybridiZation or in situ PCR detection and 
diagnosis of prostate disease. 

[0020] The present invention may be described in certain 
embodiments as a method of diagnosing a metastatic pros 
tate disease state in a subject, comprising the steps of 
obtaining a test sample from prostate tissue or serum or both 
of said subject and detecting doWn-regulation of expression 
of a metastatic prostate disease marker gene selected from 
prostate-speci?c transglutaminase, cytokeratin 15, or 
semenogelin II or a combination thereof in the sample. 
DoWn-regulation may be indicated by lack of a positive 
response to a standard assay or test. DoWn-regulation may 
also be determined by a direct comparison of quantity of 
expression of one or more markers in a test sample com 
pared to quantity of expression of the same one or more 
markers in a control sample obtained from prostate tissue or 
serum or both of one or more individuals knoWn not to have 

metastatic prostate disease. The control sample may be from 
an individual or from a population pool that are knoWn to 
have no prostate disease, BPH or even con?ned prostate 
cancer. In such a comparison, a difference in quantity of 
expression in the test sample compared to the control sample 
is indicative of a metastatic prostate disease state. It is also 
an embodiment of the invention that the quantity of expres 
sion of the disclosed marker or markers Would be deter 
mined and compared to knoWn levels of expression in 
normal tissue or in tissue from subjects in other states of 
prostate disease. 

[0021] The methods of the present invention preferably 
Would use as markers, products of a prostate-speci?c trans 
glutaminase gene, a cytokeratin 15 gene, or a semenogelin 
II gene. In certain embodiments of these methods, the 
prostate-speci?c transglutaminase gene includes another 
molecule having the sequence designated herein as SEQ ID 
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NO:1 or its complement, the cytokeratin 15 gene includes 
another molecule having the sequence designated herein as 
SEQ ID NO:2 or its complement and semenogelin II gene 
includes another molecule having the sequence designated 
herein as SEQ ID NO:3 or its complement, and/or the 
sequence designated herein as SEQ ID NO: 14 or its comple 
ment, or polypeptide products expressed from any of these 
nucleic acid molecules. 

[0022] In certain embodiments, the present invention 
Would include obtaining or detecting ribonucleic acids from 
the samples, both test samples and possibly control samples. 
Ribonucleic acids from a biological sample may be obtained 
by any means knoWn in the art, and Would typically entail 
a total RNA preparation. The RNA so obtained is then 
detected, for example, by contact With a probe that hybrid 
iZes under high stringency conditions With an RNA product 
of the marker genes to obtain a hybridiZed product. One 
detection method commonly used by those of skill in the art 
is Northern hybridiZation, and it is a preferred method of 
detection, diagnosis, and/or prognosis of prostate disease or 
cancer. 

[0023] By high stringency conditions, is meant conditions 
under Which the probe speci?cally hybridiZes to a target 
sequence in an amount that is detectably stronger than 
non-speci?c hybridiZation. High stringency conditions, 
then, Would be conditions Which Would distinguish a poly 
nucleotide With an exact complementary sequence, or one 
containing only a feW scattered mismatches from a random 
sequence that happened to have a feW small regions (3-10 
bases, for example) that matched the probe. Such small 
regions of complementarity, are more easily melted than a 
full length complement of 14-17 or more bases and high 
stringency hybridiZation makes them easily distinguishable. 
Relatively high stringency conditions Would include, for 
example, loW salt and/or high temperature conditions, such 
as provided by about 0.02 M to about 0.10 M NaCl or the 
equivalent, at temperatures of about 50° C. to about 70° C. 
Such high stringency conditions tolerate little, if any, mis 
match betWeen the probe and the template or target strand, 
and Would be particularly suitable for detecting expression 
of speci?c metastatic prostate disease markers. It is gener 
ally appreciated that conditions can be rendered more strin 
gent by the addition of increasing amounts of formamide. 

[0024] In the practice of this embodiment, one may use a 
nucleic acid segment that is complementary to the full length 
of the mRNA encoded by a marker gene, or one may use a 

smaller segment that is complementary to a portion of the 
marker RNA. Such smaller segments may be from about 14, 
about 15, about 16, about 17, about 18, about 19, about 20, 
about 21, about 22, about 23, about 24, about 25, about 25, 
about 30, about 50, about 75, about 100 or even several 
hundred bases in length and may be contained in larger 
segments that provide other functions such as promoters, 
restriction enZyme recognition sites, or other expression or 
message processing or replication functions. In preferred 
embodiments such probes are designed to selectively 
hybridiZe to a prostate-speci?c transglutaminase, cytokera 
tin 15, or semenogelin II mRNA or product thereof A 
product thereof Would include a DNA or RNA strand that is 
complementary to the mRNA and thus a useful probe Would 
include both the sense and antisense orientations of a 
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particular sequence. Also preferred are the use of probes or 
primers that are designed to selectively hybridiZe to a 
nucleic acid segment having a sequence of SEQ ID NO: 1, 
SEQ ID NO:2 or SEQ ID NO:3 or the complements thereof. 

[0025] The methods of the present invention may also 
include determining the amount of hybridiZed product. Such 
determination may be by direct detection of a labeled 
hybridiZed probe, such as by use of a radioactive, ?uorescent 
or other tag on the probe, or it may be by use of an 

ampli?cation of a target sequence, and quanti?cation of the 
ampli?ed product. Apreferred method of ampli?cation is a 
reverse transcriptase polymerase chain reaction (RT-PCR) as 
described herein. RT-PCR is a preferred method of detec 
tion, diagnosis, and/or prognosis of prostate disease or 
cancer. In the practice of such a method, ampli?cation may 
comprise contacting the target ribonucleic acids With a pair 
of ampli?cation primers designed to amplify a prostate 
speci?c transglutaminase, cytokeratin 15, or semenogelin II 
mRNA, or even contacting the ribonucleic acids With a pair 
of ampli?cation primers designed to amplify a nucleic acid 
segment comprising the nucleic acid sequence or comple 
ment of SEQ ID NO:1, SEQ ID N012 or SEQ ID N013. 

[0026] The type or amount of prostate-speci?c trans 
glutaminase, cytokeratin 15, and/or semenogelin II may be 
determined by means of a molecular biological assay to 
determine the type or amount of a nucleic acid that encodes 
prostate-speci?c transglutaminase, cytokeratin 15, and/or 
semenogelin II. Such molecular biological assays Will often 
comprise a direct or indirect step that alloWs a determination 
of the sequence of at least a portion of the prostate-speci?c 
transglutaminase, cytokeratin 15, and/or semenogelin II 
encoding nucleic acid, Which sequence can be compared to 
a Wild-type prostate-speci?c transglutaminase, cytokeratin 
15, and/or semenogelin II sequence or expression of Wild 
type sequence, such as SEQ ID NO:1, SEQ ID NO:2, SEQ 
ID NO:3, or SEQ ID NO:14 or another acceptable normal 
allelic or polymorphic sequence. 

[0027] It is contemplated that prostate-speci?c trans 
glutaminase, cytokeratin 15, and/or semenogelin II 
sequences diagnostic or prognostic for a particular disease 
may comprise at least one point mutation, deletion, trans 
location, insertion, duplication or other aberrant change. 
Diagnostic RFLPs are thus also contemplated. RNase pro 
tection assays (RPA) may also be employed in certain 
embodiments, and is a preferred method of detection, diag 
nosis, and/or prognosis of prostate disease or cancer. 

[0028] Diagnostic methods may be based upon the steps of 
obtaining a biological sample from a subject or patient, 
contacting sample nucleic acids from the biological sample 
With an isolated prostate-speci?c transglutaminase, cytok 
eratin 15, and/or semenogelin II nucleic acid segment under 
conditions effective to alloW hybridiZation of substantially 
complementary nucleic acids, and detecting, and optionally 
further characteriZing, the hybridiZed complementary 
nucleic acids thus formed. 

[0029] The methods may involve in situ detection of 
sample nucleic acids located Within the cells of the sample. 
The sample nucleic acids may also be separated from the cell 
prior to contact. The sample nucleic acids may be DNA or 
RNA. 
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[0030] The methods may involve the use of isolated 
prostate-speci?c transglutaminase, cytokeratin 15, and/or 
semenogelin II nucleic acid segments that comprises a radio, 
enZymatic or ?uorescent detectable label, Wherein the 
hybridized complementary nucleic acids are detected by 
detecting the label. In preferred embodiments such probes 
are designed to selectively hybridiZe to a prostate-speci?c 
transglutaminase, cytokeratin 15, or semenogelin II mRNA 
or product thereof. A product thereof Would include a DNA 
or RNA strand that is complementary to the mRNA and thus 
a useful probe Would include both the sense and antisense 
orientations of a particular sequence. Also preferred are the 
use of probes or primers that are designed to selectively 
hybridiZe to a nucleic acid segment having a sequence of 
SEQ ID N011, SEQ ID N012, SEQ ID N013, SEQ ID N01 
14 or the complements thereof. 

[0031] In the practice of the invention, some methods may 
involve detection of expression of a polypeptide product of 
a marker gene such as a prostate-speci?c transglutaninase, 
cytokeratin 15, or semenogelin II gene, and particularly the 
expression product encoded by SEQ ID N011, SEQ ID 
N012, SEQ ID N013, or SEQ ID N0114. Such detection 
may be by any means knoWn in the art and may include an 
immunoassay, an immunoaffinity puri?cation or detection, 
an ELISA, or an radioimmunoassay, for example. 

[0032] The present invention may also be described in 
certain embodiments as a kit for use in detecting a metastatic 
prostate disease state through testing of a biological sample. 
A representative kit may comprise one or more nucleic acid 
segments as described above that selectively hybridiZe to a 
prostate-speci?c transglutaminase, cytokeratin 15, or 
semenogelin II mRNA and a container for each of the one or 
more nucleic acid segments. In certain embodiments the 
nucleic acid segments may be combined in a single tube. In 
certain embodiments the nucleic acid segments Would be 
designed to selectively hybridiZe to a nucleic acid segment 
that includes the sequence or complement of SEQ ID N011, 
SEQ ID N012, SEQ ID N013, or SEQ ID N0114. In further 
embodiments, the nucleic acid segments may also include a 
pair of primers for amplifying the target mRNA. Such kits 
may also include any buffers, solutions, solvents, enZymes, 
nucleotides, or other components for hybridiZation, ampli 
?cation or detection reactions. Preferred kit components 
include reagents for RT-PCR, in situ hybridiZation, Northern 
analysis and/or RPA. 

[0033] In certain embodiments the kit for use in detecting 
a metastatic prostate disease state in a biological sample may 
comprise an antibody Which immunoreacts With a prostate 
speci?c transglutaminase, cytokeratin 15, or semenogelin II 
polypeptide and a container for the antibody. Such an 
antibody may be a polyclonal or a monoclonal antibody and 
may be included in a kit With reagents, secondary antibodies, 
labeling means, or other components for polypeptide detec 
tion including, but not limited to an ELISA kit. 

[0034] The invention further comprises the prognosis and/ 
or diagnosis of prostate disease by measuring the amounts of 
nucleic acid ampli?cation products formed as above. The 
amounts of nucleic ampli?cation products identi?ed in an 
individual patient may be compared With groups of normal 
individuals or individuals With an identi?ed disease state. 
Diagnosis may be accomplished by ?nding that the patient’s 
levels of disease state markers fall Within the normal range, 
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or Within the range observed in individuals With the disease 
state. Further comparison With groups of individuals of 
varying disease state progression, such as metastatic vs. 
non-metastatic cancer, may provide a prognosis for the 
individual patient. The invention further broadly comprises 
kits for performing the above-mentioned procedures, con 
taining ampli?cation primers and/or hybridiZation probes. 
[0035] Certain embodiments of the present invention com 
prise the use of antibodies speci?c to the proteins and 
peptides encoded by SEQ ID N011, SEQ ID N012, SEQ ID 
N013, and SEQ ID N0114. Such antibodies may be useful 
for diagnostic and prognostic applications in detecting the 
disease state, by comparing a patient’s levels of prostate 
disease marker expression to expression of the same markers 
in normal or non-metastatic individuals. In certain embodi 
ments production of monoclonal or polyclonal antibodies 
can be induced by the use of the aforementioned proteins 
and peptides as antigens. Such antibodies may in turn be 
used to detect expressed proteins as markers for human 
disease states. The levels of such proteins present in the 
peripheral blood or prostate tissue sample of a patient may 
be quanti?ed by conventional methods. Antibody-protein 
binding may be detected and quanti?ed by a variety of 
means knoWn in the art, such as labeling With ?uorescent or 
radioactive ligands. The invention further comprises kits for 
performing the above-mentioned procedures, Wherein such 
kits contain antibodies speci?c for the aforementioned pro 
teins and peptides. 

[0036] Another aspect of the present invention comprises 
the detection and diagnosis of disease states, including BPH 
and prostate cancer, or metastatic prostate cancer by com 
bining measurement of levels of tWo or more disease state 
markers. An embodiment of the invention comprises com 
bining measurement of SEQ ID N011, SEQ ID N012, SEQ 
ID N013, and SEQ ID N0114 gene expression products With 
other markers of prostate disease, such as PSA, PAP, HK2, 
PSP94 and PSMA, as exempli?ed in US. patent application 
Ser. No. 08/692,787, incorporated herein by reference. Yet 
another aspect of the present invention comprises kits for 
detection and measurement of the levels of tWo or more 
disease state markers in biological samples. The skilled 
practitioner Will realiZe that such kits may incorporate a 
variety of methodologies for detection and measurement of 
disease state markers, including but not limited to oligo 
nucleotide probes, primers for nucleic acid ampli?cation, 
antibodies Which bind speci?cally to protein products of 
disease state marker genes, and other proteins or peptides 
Which bind speci?cally to disease state marker gene prod 
ucts. 

[0037] In one aspect, the present invention encompasses 
kits for use in detecting a prostate disease state in a biologi 
cal sample. Such a kit may comprise one or more pairs of 
primers for amplifying nucleic acids corresponding to pros 
tate disease marker genes. The kit may further comprise 
samples of total mRNA derived from tissue of subjects in 
various physiological states, such as normal, BPH, con?ned 
tumor and metastatically progressive tumor, for example, to 
be used as controls. The kit may also comprise buffers, 
nucleotide bases, and other compositions to be used in 
hybridiZation and/or ampli?cation reactions. Each solution 
or composition may be contained in a vial or bottle and all 
vials held in close con?nement in a box for commercial sale. 
Another embodiment of the present invention encompasses 
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a kit for use in detecting a prostate disease state by analysis 
of a biological sample comprising oligonucleotide probes 
effective to bind With high af?nity to markers of prostate 
disease in a Northern blot assay and containers for each of 
these probes. In a further embodiment, the invention encom 
passes a kit for use in detecting a prostate disease state by 
analysis of a biological sample comprising antibodies spe 
ci?c for proteins encoded by the nucleic acid markers of 
prostate disease identi?ed in the present disclosure. 

[0038] Where a decrease in the amount or activity of 
prostate speci?c transglutaminase, cytokeratin 15, and/or 
semenogelin II in a subject proves to be diagnostic of a 
prostate disease such as metastatic prostate cancer, the 
present invention also provides methods of treating prostate 
disease, comprising administering to such a patient With 
prostate disease a therapeutically effective amount of a 
pharmaceutically acceptable solution containing a prostate 
speci?c transglutaminase, cytokeratin 15, and/or semenoge 
lin II composition. These treatments may comprise admin 
istering a composition containing prostate speci?c trans 
glutaminase, cytokeratin 15, and/or semenogelin II protein 
or peptides, or compositions containing prostate speci?c 
transglutaminase, cytokeratin 15, and/or semenogelin II 
DNA segments or recombinant vectors that express prostate 
speci?c transglutaminase, cytokeratin 15, and/or semenoge 
lin II proteins or peptides. Such vectors may be administered 
to a subject in vivo, i.e. through intravenous administration, 
or ex vivo by transfection into isolated cells that are cultured 
and then infused into the subject. Such cells are preferably 
homologous cells, i.e. derived from tissue or serum of the 
patient, or they may include heterologous cells. 

[0039] Vectors that may be used include, but are not 
limited to, plasmid vectors, naked DNA, viral vectors, 
including retroviral and DNA vectors, such as adenovirus, 
adeno-associated virus, vaccinia virus, sindbis virus, 
cytomegalovirus, herpes simplex virus, defective hepatitis B 
viruses, and any other vector or vector system described 
herein or knoWn in the art. Vectors may be transfected into 
host cells by means including, but not limited to, viral 
infection, calcium phosphate precipitation, DEAE-dextran, 
electroporation, direct microinjection, DNA-loaded lipo 
somes and lipofectamine-DNA complexes, cell sonication, 
gene bombardment using high velocity microprojectiles, 
polycations, and receptor-mediated transfection, or any 
other means described herein or knoWn in the art. Methods 
of treatment may also include administering modulators of 
prostate speci?c transglutaminase, cytokeratin 15, and/or 
semenogelin II enZyme transcription, translation, stability or 
activity. 

[0040] An aspect of the present invention is a cell-based 
assay for identifying compounds Which affect prostate 
speci?c transglutaminase, cytokeratin 15, and semenogelin 
II production. Speci?cally, the assay comprises culturing a 
cell containing an expression vector comprising a DNA 
sequence encoding a prostate-speci?c transglutaminase, 
cytokeratin 15, and/or semenogelin II promoter operatively 
linked to a reporter gene under conditions Which permit 
expression and quantitative assay of the reporter gene. The 
cultured cell is incubated With compounds suspected of 
possessing regulatory activity for production of prostate 
speci?c transglutaminase, cytokeratin 15, and/or semenoge 
lin II. These regulatory compounds are identi?ed by their 
ability to modulate the expression of the reporter gene and 
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thereby affect the production of the assayable product of the 
reporter gene. In certain aspects of the invention the terms 
“modulation”, “modulate”, “affect”, “regulate”, and “alter” 
may mean an increase or decrease the expression of a gene 
or a gene product’s activity. 

[0041] In a general embodiment, the present invention 
provides a method for screening a compound for its ability 
to affect prostate-speci?c transglutaminase, cytokeratin 15, 
and/or semenogelin II production in mammalian cells. The 
method comprises the folloWing steps: providing an expres 
sion construct comprising a prostate-speci?c transglutami 
nase, cytokeratin 15, and/or semenogelin II promoter and a 
reporter gene, Wherein the reporter gene is under transcrip 
tional control of the promoter, transfecting the mammalian 
cells With the expression construct, contacting the trans 
fected cell With the compound; and identifying a compound 
that regulates expression of the reporter gene from the 
promoter. In a preferred embodiment, the reporter gene is 
selected from the group consisting of ?re?y luciferase, 
chloramphenicol acetyl transferase, [3-galactosidase, green 
?uorescent protein, human groWth hormone, alkaline phos 
phatase and [3-glucuronidase. 
[0042] In a further preferred embodiment, the promoter 
for prostate-speci?c transglutaminase, cytokeratin 15, and/ 
or semenogelin II is derived from the native human prostate 
speci?c transglutaminase, cytokeratin 15, and semenogelin 
II promoter. The present invention provides methods of 
identifying and isolating prostate-speci?c transglutaminase, 
cytokeratin 15, and/or semenogelin II promoter regions for 
the aforementioned screening methods. Additionally, pro 
moter sequence for human semenogelin II is described in 
GenBank Accession number M81651. 

[0043] The present invention may be used to screen a 
compound for its ability to regulate prostate-speci?c trans 
glutaminase, cytokeratin 15, and/or semenogelin II produc 
tion in human cells. A particularly useful cell population to 
use in screening for prostate-speci?c transglutaminase, 
cytokeratin 15, and/or semenogelin II stimulation is human 
tumor cells. Most notably, the present invention is useful in 
screening compounds Which affect prostate-speci?c trans 
glutaminase and/or cytokeratin 15 production in prostate 
cancer cells. The present invention is also useful in screen 
ing compounds Which affect semenogelin II production in 
lymphocyte cancer cells. Auseful prostate cancer cell popu 
lation in Which to perform screening is LNCaP prostate 
cancer cell line. Other preferred cell lines include DU145, 
PC-3, C4-2, C4-2Ln and C4-2B (Chung et al., 1994, Cancer 
Research, 54:2577-2581. 
[0044] In another embodiment, the present invention pro 
vides compounds that affect prostate-speci?c transglutami 
nase, cytokeratin 15, and semenogelin II production in 
mammalian cells. This compound is identi?ed by the 
method comprising the steps of: providing an expression 
construct comprising a prostate-speci?c transglutaminase, 
cytokeratin 15, and semenogelin II promoter and a reporter 
gene, Wherein the reporter gene is under transcriptional 
control of the promoter, transfecting the mammalian cells 
With the expression construct, contacting the transfected cell 
With the compound, and identifying a compound that regu 
lates expression of the reporter gene from the promoter. 

[0045] Preferably, the compound is identi?ed from a small 
molecule chemical library, a peptide library, or from a 
collection of natural products. 
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[0046] Finally, yet a another embodiment of the present 
invention provides a method of regulating prostate-speci?c 
transglutaninase, cytokeratin 15, and/or semenogelin II pro 
duction in mammalian cells. This method comprises the step 
of contacting a cell With a compound that affects prostate 
speci?c transglutaminase, cytokeratin 15, and/or semenoge 
lin II production in the cell. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0047] The present invention concerns the early detection, 
diagnosis, prognosis and treatment of prostate diseases, such 
as prostate cancer or benign prostatic hyperplasia (BPH). 
Markers of prostate disease, in the form of nucleic acid 
sequences isolated from human prostate enriched tissue, are 
disclosed. These markers are indicators of malignant trans 
formation of prostate tissues and are diagnostic of the 
potential for metastatic spread of prostate tumors. 

[0048] Those skilled in the art Will realiZe that the nucleic 
acid sequences disclosed Will ?nd utility in a variety of 
applications in prostate disease detection, diagnosis, prog 
nosis and treatment. Examples of such applications Within 
the scope of the present invention comprise ampli?cation of 
markers of prostate disease using speci?c primers, detection 
of markers of prostate disease by hybridization With oligo 
nucleotide probes, incorporation of isolated nucleic acids 
into vectors, expression of RNA, peptides or polypeptides 
from the vectors, development of immunologic reagents 
corresponding to marker encoded products, and therapeutic 
treatments of prostate disease using expression vectors, or 
expression activators speci?c for the identi?ed prostate 
disease markers. 

[0049] A. Nucleic Acids 

[0050] As described herein, an aspect of the present dis 
closure is three markers of prostate disease, identi?ed by 
Southern Differential Hybridization, Northern analysis, and 
quantitative RT-PCR. These include the nucleic acid prod 
ucts of prostate-speci?c transglutaminase (GenBank acces 
sion #s L34840, I20492), cytokeratin 15 (GenBank acces 
sion # X07696), and semenogelin II (GenBank accession # 
M81652 and M81651). The present invention is the ?rst 
report of under-expression of these gene products in meta 
static prostate cancer. 

[0051] In one embodiment, the nucleic acid sequences 
disclosed herein Will ?nd utility as hybridiZation probes or 
ampli?cation primers. These nucleic acids may be used, for 
example, in diagnostic evaluation of tissue or serum 
samples. In certain embodiments, these probes and primers 
consist of oligonucleotides. Such oligonucleotides are of 
sufficient length to provide speci?c hybridiZation to a RNA 
or DNA target derived from a tissue or serum sample. The 
oligos are typically Will be 10-20 nucleotides, but may be 
longer. Longer sequences, e.g., 30, 40, 50, 100, 500 nucle 
otides and even up to full length, as disclosed in SEQ ID 
NO:1, SEQ ID NO:2, SEQ ID NO:3, or SEQ ID NO:14 are 
preferred for certain embodiments. 

[0052] Nucleic acid molecules having contiguous 
stretches of about 10, 15, 17, 20, 30, 40, 50, 60, 75 or 100 
or 500 nucleotides homologous to a sequence selected from 
SEQ ID NO:1, SEQ ID NO:2, SEQ ID N013, and SEQ ID 
NO: 14 are contemplated. Molecules that bind to these 
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sequences under high stringency conditions also are con 
templated. These probes Will be useful in a variety of 
hybridiZation embodiments, such as Southern, Northern 
blotting and in situ hybridiZation. In some cases, it is 
contemplated that probes may be used that hybridiZe to 
multiple target sequences Without compromising their abil 
ity to effectively diagnose disease. 

[0053] Various probes and primers can be designed around 
the disclosed nucleotide sequences. Primers may be of any 
length but, typically, are 10-20 bases in length. By assigning 
numeric values to a sequence, for example, the ?rst residue 
is 1, the second residue is 2, etc., an algorithm de?ning all 
primers can be proposed: 

n to n+y 

[0054] Where n is an integer from 1 to the last number of 
the sequence and y is the length of the primer minus one (9 
to 19), Where n+y does not exceed the last number of the 
sequence. Thus, for a 10-mer, the probes correspond to bases 
1 to 10, 2 to 11, 3 to 12 . . . and so on. For a 15-mer, the 

probes correspond to bases 1 to 15, 2 to 16, 3 to 17 . . . and 
so on. For a 20-mer, the probes correspond to bases 1 to 20, 
2to21,3to22...andsoon. 
[0055] The use of a hybridiZation probe of betWeen 14 and 
100 nucleotides in length alloWs the formation of a duplex 
molecule that is both stable and selective. Molecules having 
complementary sequences over stretches greater than 20 
bases in length are generally preferred, in order to increase 
stability and selectivity of the hybrid, and thereby improve 
the quality and degree of particular hybrid molecules 
obtained. One Will generally prefer to design nucleic acid 
molecules having stretches of 20 to 30 nucleotides, or even 
longer Where desired. Such fragments may be readily pre 
pared by, for example, directly synthesiZing the fragment by 
chemical means or by introducing selected sequences into 
recombinant vectors for recombinant production. 

[0056] Accordingly, the nucleotide sequences of the 
invention may be used for their ability to selectively form 
duplex molecules With complementary stretches of genes or 
RNAs or to provide primers for ampli?cation of RNA from 
tissue or serum. Depending on the application envisioned, 
one Will desire to employ varying conditions of hybridiZa 
tion to achieve varying degrees of selectivity of probe 
toWards target sequence. 

[0057] For applications requiring high selectivity, one Will 
typically desire to employ relatively stringent conditions to 
form the hybrids, e.g., one Will select relatively loW salt 
and/or high temperature conditions, such as provided by 
about 0.02 M to about 0.10 M NaCl at temperatures of about 
50° C. to about 70° C. Such high stringency conditions 
tolerate little, if any, mismatch betWeen the probe and the 
template or target strand, and Would be particularly suitable 
for isolating speci?c genes or detecting speci?c mRNA 
transcripts. It is generally appreciated that conditions can be 
rendered more stringent by the addition of increasing 
amounts of formamide. 

[0058] For certain applications, for example, substitution 
of amino acids by site-directed mutagenesis, it is appreciated 
that loWer stringency conditions are required. Under these 
conditions, hybridiZation may occur even though the 
sequences of probe and target strand are not perfectly 
complementary, but are mismatched at one or more posi 
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tions. Conditions may be rendered less stringent by increas 
ing salt concentration and decreasing temperature. For 
example, a medium stringency condition could be provided 
by about 0.1 to 0.25 M NaCl at temperatures of about 37° C. 
to about 55° C., While a loW stringency condition could be 
provided by about 0.15 M to about 0.9 M salt, at tempera 
tures ranging from about 20° C. to about 55° C. Thus, 
hybridiZation conditions can be readily manipulated, and 
thus Will generally be a method of choice depending on the 
desired results. 

[0059] The folloWing codon chart may be used, in a 
site-directed mutagenic scheme, to produce nucleic acids 
encoding the same or slightly different amino acid sequences 
of a given nucleic acid: 

TABLE 1 

Codon Usage 

Amino Acids Codons 

Alanine Ala A GCA GCC GCG GCU 
Cysteine Cys C UGC UGU 
Aspartic acid Asp D GAC GAU 
Glutamic acid Glu E GAA GAG 
Phenylalanine Phe F UUC UUU 
Glycine Gly G GGA GGC GGG GGU 
Histidine His H CAC CAU 
Isoleucine Ile I AUA AUC AUU 
Lysine Lys K AAA AAG 
Leucine Leu L UUA UUG CUA CUC CUG CUU 
Methionine Met M AUG 
Asparagine Asn N AAC AAU 
Proline Pro P CCA CCC CCG CCU 
Glutamine Gln Q CAA CAG 
Arginine Arg R AGA AGG CGA CGC CGG CGU 
Serine Ser S AGC AGU UCA UCC UCG UCU 
Threonine Thr T ACA ACC ACG ACU 
Valine Val V GUA GUC GUG GUU 
Tryptophan Trp W UGC 
Tyrosine Tyr Y UAC UAU 

[0060] In other embodiments, hybridiZation may be 
achieved under conditions of, for example, 50 mM Tris-HCl 
(pH 8.3), 75 mM KCl, 3 mM MgCl2, 10 mM dithiothreitol, 
at temperatures betWeen approximately 20° C. to about 37° 
C. Other hybridiZation conditions utiliZed could include 
approximately 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 
pM MgCl2, at temperatures ranging from approximately 40° 
C. to about 72° C. 

[0061] In certain embodiments, it Will be advantageous to 
employ nucleic acid sequences of the present invention in 
combination With an appropriate means, such as a label, for 
determining hybridiZation. A Wide variety of appropriate 
indicator means are knoWn in the art, including ?uorescent, 
radioactive, enZymatic or other ligands, such as avidin/ 
biotin, Which are capable of being detected. In preferred 
embodiments, one may desire to employ a ?uorescent label 
or an enZyme tag such as urease, alkaline phosphatase or 

peroxidase, instead of radioactive or other environmentally 
undesirable reagents. In the case of enZyme tags, colorimet 
ric indicator substrates are knoWn Which can be employed to 
provide a detection means visible to the human eye or 

spectrophotometrically, to identify speci?c hybridiZation 
With complementary nucleic acid-containing samples. 
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[0062] In general, it is envisioned that the hybridiZation 
probes described herein Will be useful both as reagents in 
solution hybridiZation, as in PCR, for detection of expres 
sion of corresponding genes, as Well as in embodiments 
employing a solid phase. In embodiments involving a solid 
phase, the test DNA (or RNA) is adsorbed or otherWise 
af?xed to a selected matrix or surface. This ?xed, single 
stranded nucleic acid is then subjected to hybridiZation With 
selected probes under desired conditions. The selected con 
ditions Will depend on the particular circumstances based on 
the particular criteria required (depending, for example, on 
the G+C content, type of target nucleic acid, source of 
nucleic acid, siZe of hybridiZation probe, etc.). FolloWing 
Washing of the hybridiZed surface to remove non-speci? 
cally bound probe molecules, hybridiZation is detected, or 
even quanti?ed, by means of the label. 

[0063] It is understood that this disclosure is not limited to 
the particular probes disclosed herein and particularly is 
intended to encompass at least isolated nucleic acids that are 
hybridiZable to nucleic acids comprising the disclosed 
sequences or that are functional sequence analogs of these 
nucleic acids. For example, a nucleic acid of partial 
sequence may be used to quantify the expression of a 
structurally-related gene or the full length genomic or cDNA 
clone from Which it is derived. 

[0064] For applications in Which the nucleic acid segments 
of the present invention are incorporated into vectors, such 
as plasmids, cosmids or viruses, these segments may be 
combined With other DNA sequences, such as promoters, 
polyadenylation signals, restriction enZyme sites, multiple 
cloning sites, other coding segments, and the like, such that 
their overall length may vary considerably. It is contem 
plated that a nucleic acid fragment of almost any length may 
be employed, With the total length preferably being limited 
by the ease of preparation and use in the intended recom 
binant DNA protocol. 

[0065] DNA segments encoding a speci?c gene may be 
introduced into recombinant host cells and employed for 
expressing a speci?c structural or regulatory protein. Alter 
natively, through the application of genetic engineering 
techniques, subportions or derivatives of selected genes may 
be employed. Upstream regions containing regulatory 
regions such as promoter regions may be isolated and 
subsequently employed for expression of the selected gene. 

[0066] Where an expression product is to be generated, it 
is possible for the nucleic acid sequence to be varied While 
retaining the ability to encode the same product. Reference 
to the codon chart, provided above, Will permit those of skill 
in the art to design any nucleic acid encoding for the product 
of a given nucleic acid. 

[0067] B. Encoded Proteins 

[0068] The metastatic cancer marker genes described 
herein can be inserted and expressed in any number of 
different recombinant DNA expression systems to generate 
large amounts of the polypeptide product, Which can then be 
puri?ed and used to vaccinate animals to generate antisera 
for use in the practice of the present invention. 

[0069] Examples of expression systems knoWn to the 
skilled practitioner in the art include bacteria such as E. coli, 
yeast such as Pichia pastoris, baculovirus, and mammalian 
expression systems such as in Cos or CHO cells. Acomplete 
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gene can be expressed or, alternatively, fragments of the 
gene encoding antigenic portions of polypeptide can be 
produced. 

[0070] In certain applications of the invention, the gene 
sequence encoding the polypeptide is analyZed to detect 
putative transmembrane sequences. Such sequences are 
typically very hydrophobic and are readily detected by the 
use of standard sequence analysis softWare, such as MacVec 
tor (IBI, NeW Haven, Conn.). The presence of transmem 
brane sequences is often deleterious When a recombinant 
protein is synthesiZed in many expression systems, espe 
cially E. coli, as it leads to the production of insoluble 
aggregates Which are dif?cult to renature into the native 
conformation of the protein. Deletion of transmembrane 
sequences typically does not signi?cantly alter the confor 
mation of the remaining protein structure. 

[0071] Moreover, transmembrane sequences, being by 
de?nition embedded Within a membrane, are inaccessible. 
Antibodies to these sequences may not, therefore, prove 
useful in in vivo or in situ studies. Deletion of transmem 
brane-encoding sequences from the genes used for expres 
sion can be achieved by standard techniques. For example, 
fortuitously-placed restriction enZyme sites can be used to 
excise the desired gene fragment, or PCR-type ampli?cation 
can be used to amplify only the desired part of the gene. 

[0072] Computer sequence analysis may be used to deter 
mine the location of the predicted major antigenic determi 
nant epitopes of the polypeptide. SoftWare capable of car 
rying out this analysis is readily available commercially, for 
example MacVector (IBI, NeW Haven, Conn.). The softWare 
typically uses standard algorithms such as the Kyte/Doolittle 
or Hopp/Woods methods for locating hydrophilic sequences 
may be found on the surface of proteins and are, therefore, 
likely to act as antigenic determinants. 

[0073] Once this analysis is made, polypeptides may be 
prepared Which contain at least the essential features of the 
antigenic determinant and Which may be employed in the 
generation of antisera against the polypeptide. Minigenes or 
gene fusions encoding these determinants may be con 
structed and inserted into expression vectors by standard 
methods, for example, using PCR cloning methodology. 

[0074] The gene or gene fragment encoding a polypeptide 
may be inserted into an expression vector by standard 
subcloning techniques. An E. coli expression vector may be 
used Which produces the recombinant polypeptide as a 
fusion protein, alloWing rapid af?nity puri?cation of the 
protein. Examples of such fusion protein expression systems 
are the glutathione S-tansferase system (Pharmacia, Piscat 
aWay, N.J.), the maltose binding protein system (NEB, 
Beverley, Mass.), the FLAG system (IBI, NeW Haven, 
Conn.), and the 6xHis system (Qiagen, ChatsWorth, Calif.). 

[0075] Some of these systems produce recombinant 
polypeptides bearing only a small number of additional 
amino acids, Which are unlikely to affect the antigenic ability 
of the recombinant polypeptide. For example, both the 
FLAG system and the 6xHis system add only short 
sequences, both of Which are knoWn to be poorly antigenic 
and Which do not adversely affect folding of the polypeptide 
to its native conformation. Other fusion systems are 
designed to produce fusions Wherein the fusion partner is 
easily excised from the desired polypeptide. In one embodi 
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ment, the fusion partner is linked to the recombinant 
polypeptide by a peptide sequence containing a speci?c 
recognition sequence for a protease. Examples of suitable 
sequences are those recogniZed by the Tobacco Etch Virus 
protease (Life Technologies, Gaithersburg, Md.) or Factor 
Xa (NeW England Biolabs, Beverley, Mass.). 
[0076] The expression system used may also be one driven 
by the baculovirus polyhedron promoter. The gene encoding 
the polypeptide may be manipulated by standard techniques 
in order to facilitate cloning into the baculovirus vector. One 
baculovirus vector is the pBlueBac vector (Invitrogen, Sor 
rento, Calif.). The vector carrying the gene for the polypep 
tide is transfected into Spodoptera frugipera'a (Sf9) cells by 
standard protocols, and the cells are cultured and processed 
to produce the recombinant antigen. See Summers et al., A 
Manual of Methods for Baculovirus Vectors and Insect Cell 
Culture Procedures, Texas Agricultural Experimental Sta 
tion; US. Pat. No. 4,215,051 (incorporated by reference). 

[0077] As an alternative to recombinant polypeptides, 
synthetic peptides corresponding to the antigenic determi 
nants may be prepared. Such peptides are at least six amino 
acid residues long, and may contain up to approximately 35 
residues, Which is the approximate upper length limit of 
automated peptide synthesis machines, such as those avail 
able from Applied Biosystems (Foster City, Calif.). Use of 
such small peptides for vaccination typically requires con 
jugation of the peptide to an immunogenic carrier protein 
such as hepatitis B surface antigen, keyhole limpet 
hemocyanin or bovine serum albumin. Methods for per 
forming this conjugation are Well knoWn in the art. 

[0078] Amino acid sequence variants of the polypeptide 
may also be prepared. These may, for instance, be minor 
sequence variants of the polypeptide Which arise due to 
natural variation Within the population or they may be 
homologues found in other species. They also may be 
sequences Which do not occur naturally but Which are 
suf?ciently similar that they function similarly and/or elicit 
an immune response that cross-reacts With natural forms of 
the polypeptide. Sequence variants may be prepared by 
standard methods of site-directed mutagenesis such as those 
described herein for removing the transmembrane sequence. 

[0079] Amino acid sequence variants of the polypeptide 
may be substitutional, insertional or deletion variants. Dele 
tion variants lack one or more residues of the native protein 
Which are not essential for function or immunogenic activity, 
and are exempli?ed by the variants lacking a transmembrane 
sequence. Another common type of deletion variant is one 
lacking secretory signal sequences or signal sequences 
directing a protein to bind to a particular part of a cell. An 
example of the latter sequence is the SH2 domain, Which 
induces protein binding to phosphotyrosine residues. 

[0080] Substitutional variants typically contain an alter 
native amino acid at one or more sites Within the protein, and 
may be designed to modulate one or more properties of the 
polypeptide such as stability against proteolytic cleavage. 
Substitutions preferably are conservative, that is, one amino 
acid is replaced With one of similar siZe and charge. Con 
servative substitutions are Well knoWn in the art and include, 
for example, the changes of: alanine to serine; arginine to 
lysine; asparagine to glutamine or histidine; aspartate to 
glutamate; cysteine to serine; glutamine to asparagine; 
glutamate to aspartate; glycine to proline; histidine to aspar 
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agine or glutamine; isoleucine to leucine or valine; leucine 
to valine or isoleucine; lysine to arginine, glutamine, or 
glutamate; methionine to leucine or isoleucine; phenylala 
nine to tyrosine, leucine or methionine; serine to threonine; 
threonine to serine; tryptophan to tyrosine; tyrosine to 
tryptophan or phenylalanine; and valine to isoleucine or 
leucine. 

[0081] Insertional variants include fusion proteins such as 
those used to alloW rapid puri?cation of the polypeptide and 
also may include hybrid proteins containing sequences from 
other proteins and polypeptides Which are homologues of 
the polypeptide. For example, an insertional variant may 
include portions of the amino acid sequence of the polypep 
tide from one species, together With portions of the homolo 
gous polypeptide from another species. Other insertional 
variants may include those in Which additional amino acids 
are introduced Within the coding sequence of the polypep 
tide. These typically are smaller insertions than the fusion 
proteins described above and are introduced, for example, to 
disrupt a protease cleavage site. 

[0082] Major antigenic determinants of the polypeptide 
may be identi?ed by an empirical approach in Which por 
tions of the gene encoding the polypeptide are expressed in 
a recombinant host, and the resulting proteins tested for their 
ability to elicit an immune response. For example, PCR may 
be used to prepare a range of peptides lacking successively 
longer fragments of the C-terminus of the protein. The 
immunoprotective activity of each of these peptides then 
identi?es those fragments or domains of the polypeptide 
Which are essential for this activity. Further studies in Which 
only a small number of amino acids are removed at each 
iteration then alloWs the location of the antigenic determi 
nants of the polypeptide. 

[0083] Another method for the preparation of the polypep 
tides according to the invention is the use of peptide mimet 
ics. Mimetics are peptide-containing molecules Which 
mimic elements of protein secondary structure. See, for 
example, Johnson et al., 1993. The underlying rationale 
behind the use of peptide mimetics is that the peptide 
backbone of proteins exists chie?y to orient amino acid side 
chains in such a Way as to facilitate molecular interactions, 
such as those of antibody and antigen. Apeptide mimetic is 
expected to permit molecular interactions similar to the 
natural molecule. 

[0084] Successful applications of the peptide mimetic 
concept have thus far focused on mimetics of [3-turns Within 
proteins, Which are knoWn to be highly antigenic. Likely 
[3-turn structure Within a polypeptide may be predicted by 
computer-based algorithms as discussed herein. Once the 
component amino acids of the turn are determined, peptide 
mimetics may be constructed to achieve a similar spatial 
orientation of the essential elements of the amino acid side 
chains. 

[0085] C. Preparation of Antibodies Speci?c for Encoded 
Proteins 

[0086] 1. Expression of proteins from Cloned cDNAs 

[0087] The cDNA species speci?ed in SEQ ID NO: 1, SEQ 
ID NO:2 and SEQ ID NO:3 may be expressed as encoded 
peptides or proteins. The engineering of DNA segment(s) for 
expression in a prokaryotic or eukaryotic system may be 
performed by techniques generally knoWn to those of skill in 
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recombinant expression. It is believed that virtually any 
expression system may be employed in the expression of the 
isolated cDNA species or the nucleic acid sequences for the 
disclosed prostate disease marker genes. 

[0088] Both cDNA and genomic sequences are suitable for 
eukaryotic expression, as the host cell Will generally process 
the genomic transcripts to yield functional mRNA for trans 
lation into protein. For example, the semenogelin II genomic 
sequence speci?ed in SEQ ID NO: 14 may be expressed in 
a eukaryotic system by techniques generally knoWn to those 
of skill in the art. In addition, it is possible to use partial 
sequences for generation of antibodies against discrete por 
tions of a gene product, even When the entire sequence of 
that gene product remains unknoWn. Computer programs are 
available to aid in the selection of regions Which have 
potential immunologic signi?cance. For example, softWare 
capable of carrying out this analysis is readily available 
commercially, for example MacVector (IBI, NeW Haven, 
Conn.). The softWare typically uses standard algorithms 
such as the Kyte/Doolittle or Hopp/Woods methods for 
locating hydrophilic sequences Which are characteristically 
found on the surface of proteins and are, therefore, likely to 
act as antigenic determinants. 

[0089] As used herein, the terms “engineered” and 
“recombinant” cells are intended to refer to a cell into Which 
an exogenous DNA segment or gene, such as a cDNA or 
gene has been introduced through the hand of man. There 
fore, engineered cells are distinguishable from naturally 
occurring cells Which do not contain a recombinantly intro 
duced exogenous DNA segment or gene. Recombinant cells 
include those having an introduced cDNA or genomic gene, 
and also include genes positioned adjacent to a heterologous 
promoter not naturally associated With the particular intro 
duced gene. The heterologous gene may be inserted into the 
host genome or maintained on an episome. 

[0090] To express a recombinant encoded protein or pep 
tide, Whether mutant or Wild-type, in accordance With the 
present invention one Would prepare an expression vector 
that comprises one of the claimed isolated nucleic acids 
under the control of, or operatively linked to, one or more 
promoters. To bring a coding sequence “under the control 
of” a promoter, one positions the 5‘ end of the transcription 
initiation site of the transcriptional reading frame generally 
betWeen about 1 and about 50 nucleotides “doWnstream” 
(i.e., 3‘) of the chosen promoter. The “upstream” promoter 
stimulates transcription of the DNA and promotes expres 
sion of the encoded recombinant protein. This is the mean 
ing of “recombinant expression” in this context. 

[0091] Many standard techniques are available to con 
struct expression vectors containing the appropriate nucleic 
acids and transcriptional/translational control sequences in 
order to achieve protein or peptide expression in a variety of 
host-expression systems Cell types available for expression 
include, but are not limited to, bacteria, such as E. coli and 
B. subtilis transformed With recombinant bacteriophage 
DNA, plasmid DNA or cosmid DNA expression vectors. 

[0092] Certain examples of prokaryotic hosts are E. coli 
strain RR1, E. coli LE392, E. coli B, E. coli X 1776 (ATCC 
No. 31537) as Well as E. coli W3110 (F-, lambda-, pro 
totrophic, ATCC No. 273325); bacilli such as Bacillus 
subtilis; and other enterobacteriaceae such as Salmonella 
typhimurium, Serratia marcescens, and various Pseudomo 
nas species. 
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[0093] In general, plasmid vectors containing replicon and 
control sequences Which are derived from species compat 
ible With the host cell are used in connection With these 
hosts. The vector ordinarily carries a replication site, as Well 
as marking sequences Which are capable of providing phe 
notypic selection in transformed cells. For example, E. coli 
is often transformed using pBR322, a plasmid derived from 
an E. coli species. pBR322 contains genes for ampicillin and 
tetracycline resistance and thus provides easy means for 
identifying transformed cells. The pBR plasmid, or other 
microbial plasmid or phage must also contain, or be modi 
?ed to contain, promoters Which may be used by the 
microbial organism for expression of its oWn proteins. 

[0094] In addition, phage vectors containing replicon and 
control sequences that are compatible With the host micro 
organism may be used as transforming vectors in connection 
With these hosts. For example, the phage lambda GEMTM-11 
may be utiliZed in making a recombinant phage vector 
Which may be used to transform host cells, such as E. coli 
LE392. 

[0095] Further useful vectors include pIN vectors (Inouye 
et al., 1985); and pGEX vectors, for use in generating 
glutathione S-transferase (GST) soluble fusion proteins for 
later puri?cation and separation or cleavage. Other suitable 
fusion proteins are those With [3-galactosidase, ubiquitin, or 
the like. 

[0096] Promoters that are most commonly used in recom 
binant DNA construction include the [3-lactamase (penicil 
linase), lactose and tryptophan (trp) promoter systems. 
While these are the most commonly used, other microbial 
promoters have been discovered and utiliZed, and details 
concerning their nucleotide sequences have been published, 
enabling those of skill in the art to ligate them functionally 
With plasmid vectors. 

[0097] For expression in Saccharomyces, the plasmid 
YRp7, for example, is commonly used (Stinchcomb et al., 
1979; Kingsman et al., 1979; Tschemper et al., 1980). This 
plasmid already contains the trpl gene Which provides a 
selection marker for a mutant strain of yeast lacking the 
ability to groW in tryptophan, for example ATCC No. 44076 
or PEP4-1 (Jones, 1977). The presence of the trpl lesion as 
a characteristic of the yeast host cell genome then provides 
an effective environment for detecting transformation by 
groWth in the absence of tryptophan. 

[0098] Suitable promoting sequences in yeast vectors 
include the promoters for 3-phosphoglyceratekinase (HitZe 
man et al., 1980) or other glycolytic enZymes (Hess et al., 
1968; Holland et al., 1978), such as enolase, glyceraldehyde 
3-phosphatedehydrogenase, hexokinase, pyruvate decar 
boxylase, phosphofructokinase, glucose-6-phosphate 
isomerase, 3-phosphoglycerate mutase, pyruvate kinase, tri 
osephosphate isomerase, phosphoglucose isomerase, and 
glucokinase. In constructing suitable expression plasmids, 
the termination sequences associated With these genes are 
also ligated into the expression vector 3‘ of the sequence 
desired to be expressed to provide polyadenylation of the 
mRNA and termination. 

[0099] Other suitable promoters, Which have the addi 
tional advantage of transcription controlled by groWth con 
ditions, include the promoter region for alcohol dehydroge 
nase 2, isocytochrome C, acid phosphatase, degradative 
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enZymes associated With nitrogen metabolism, and the 
aforementioned glyceraldehyde-3-phosphate dehydroge 
nase, and enZymes responsible for maltose and galactose 
utiliZation. 

[0100] In addition to micro-organisms, cultures of cells 
derived from multicellular organisms may also be used as 
hosts. In principle, any such cell culture is Workable, 
Whether from vertebrate or invertebrate culture. In addition 
to mammalian cells, these include insect cell systems 
infected With recombinant virus expression vectors (e.g., 
baculovirus); and plant cell systems infected With recombi 
nant virus expression vectors (e.g., cauli?oWer mosaic virus, 
CaMV; tobacco mosaic virus, TMV) or transformed With 
recombinant plasmid expression vectors (e.g., Ti plasmid) 
containing one or more coding sequences. 

[0101] In a useful insect system, Autographa californica 
nuclear polyhidrosis virus (AcNPV) is used as a vector to 
express foreign genes. The virus groWs in Spodoptera fru 
giperda cells. The isolated nucleic acid coding sequences are 
cloned into non-essential regions (for example the polyhe 
drin gene) of the virus and placed under control of an 
AcNPV promoter (for example the polyhedrin promoter). 
Successful insertion of the coding sequences results in the 
inactivation of the polyhedrin gene and production of non 
occluded recombinant virus (i.e., virus lacking the proteina 
ceous coat coded for by the polyhedrin gene). These recom 
binant viruses are then used to infect Spodoptera frugipera'a 
cells in Which the inserted gene is expressed (e.g., US. Pat. 
No. 4,215,051 (Smith)). 
[0102] Examples of useful mammalian host cell lines are 
VERO and HeLa cells, Chinese hamster ovary (CHO) cell 
lines, W138, BHK, COS-7, 293, HepG2, 3T3, RIN and 
MDCK cell lines. In addition, a host cell strain may be 
chosen that modulates the expression of the inserted 
sequences, or modi?es and processes the gene product in the 
speci?c fashion desired. Such modi?cations (e.g., glycosy 
lation) and processing (e.g., cleavage) of protein products 
may be important for the function of the encoded protein. 

[0103] Different host cells have characteristic and speci?c 
mechanisms for the post-translational processing and modi 
?cation of proteins. Appropriate cells lines or host systems 
may be chosen to ensure the correct modi?cation and 
processing of the foreign protein expressed. Expression 
vectors for use in mammalian cells ordinarily include an 
origin of replication(as necessary),a promoter located in 
front of the gene to be expressed, along With any necessary 
ribosome binding sites, RNA splice sites, polyadenylation 
site, and transcriptional terminator sequences. The origin of 
replication may be provided either by construction of the 
vector to include an exogenous origin, such as may be 
derived from SV40 or other viral (e.g., Polyoma, Adeno, 
VSV, BPV) source, or may be provided by the host cell 
chromosomal replication mechanism. If the vector is inte 
grated into the host cell chromosome, the latter is often 
suf?cient. 

[0104] The promoters may be derived from the genome of 
mammalian cells (e.g., metallothionein promoter) or from 
mammalian viruses (e.g., the adenovirus late promoter; the 
vaccinia virus 7.5K promoter). Further, it is also possible, 
and may be desirable, to utiliZe promoter or control 
sequences normally associated With the desired gene 
sequence, provided such control sequences are compatible 
With the host cell systems. 
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[0105] A number of viral based expression systems may 
be utilized, for example, commonly used promoters are 
derived from polyoma, Adenovirus 2, and most frequently 
Simian Virus 40 (SV40). The early and late promoters of 
SV40 virus are particularly useful because both are obtained 
easily from the virus as a fragment Which also contains the 
SV40 viral origin of replication. Smaller or larger SV40 
fragments may also be used, provided there is included the 
approximately 250 bp sequence extending from the Hind III 
site toWard the Bgl I site located in the viral origin of 
replication. 
[0106] In cases Where an adenovirus is used as an expres 
sion vector, the coding sequences may be ligated to an 
adenovirus transcription/ translation control complex, e.g., 
the late promoter and tripartite leader sequence. This chi 
meric gene may then be inserted in the adenovirus genome 
by in vitro or in vivo recombination. Insertion in a nones 
sential region of the viral genome (e.g., region E1 or E3) Will 
result in a recombinant virus that is viable and capable of 
expressing proteins in infected hosts. 

[0107] Speci?c initiation signals may also be required for 
ef?cient translation of the claimed isolated nucleic acid 
coding sequences. These signals include the ATG initiation 
codon and adjacent sequences. Exogenous translational con 
trol signals, including the ATG initiation codon, may addi 
tionally need to be provided. One of ordinary skill in the art 
Would readily be capable of determining this and providing 
the necessary signals. It is Well knoWn that the initiation 
codon must be in-frame (or in-phase) With the reading frame 
of the desired coding sequence to ensure translation of the 
entire insert. These exogenous translational control signals 
and initiation codons may be of a variety of origins, both 
natural and synthetic. The ef?ciency of expression may be 
enhanced by the inclusion of appropriate transcription 
enhancer elements or transcription terminators (Bittner et 
al., 1987). 
[0108] In eukaryotic expression, one Will also typically 
desire to incorporate into the transcriptional unit an appro 
priate polyadenylation site (e.g., 5‘-AATAAA-3‘) if one Was 
not contained Within the original cloned segment. Typically, 
the poly A addition site is placed about 30 to 2000 nucle 
otides “downstream” of the termination site of the protein at 
a position prior to transcription termination. 

[0109] For long-term, high-yield production of recombi 
nant proteins, stable expression is preferred. For example, 
cell lines that stably express constructs encoding proteins 
may be engineered. Rather than using expression vectors 
that contain viral origins of replication, host cells may be 
transformed With vectors controlled by appropriate expres 
sion control elements (e.g., promoter, enhancer, sequences, 
transcription terminators, polyadenylation sites, etc.), and a 
selectable marker. FolloWing the introduction of foreign 
DNA, engineered cells may be alloWed to groW for 1-2 days 
in an enriched media, and then are sWitched to a selective 
media. The selectable marker in the recombinant plasmid 
confers resistance to the selection and alloWs cells to stably 
integrate the plasmid into their chromosomes and groW to 
form foci Which in turn may be cloned and expanded into 
cell lines. 

[0110] A number of selection systems may be used, 
including but not limited to, the herpes simplex virus thy 
midine kinase (Wigler et al., 1977), hypoxanthine-guanine 
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phosphoribosyltransferase (SZybalska et al., 1962) and 
adenine phosphoribosyltransferase genes (LoWy et al., 
1980), in tk-, hgprt- or aprt- cells, respectively. Also, anti 
metabolite resistance may be used as the basis of selection 
for dhfr, that confers resistance to methotrexate (Wigler et 
al., 1980; O’Hare et al., 1981); gpt, that confers resistance to 
mycophenolic acid (Mulligan et al., 1981); neo, that confers 
resistance to the aminoglycoside G418 (Colberre-Garapin et 
al., 1981); and hygro, that confers resistance to hygromycin 
(Santerre et al, 1984). 
[0111] It is contemplated that the isolated nucleic acids of 
the invention may be “overexpressed”, i.e., expressed in 
increased levels relative to its natural expression in human 
prostate cells or peripheral blood cells, or even relative to the 
expression of other proteins in the recombinant host cell. 
Such overexpression may be assessed by a variety of meth 
ods, including radio-labeling and/or protein puri?cation. 
HoWever, simple and direct methods are preferred, for 
example, those involving SDS/PAGE and protein staining or 
Western blotting, folloWed by quantitative analyses, such as 
densitometric scanning of the resultant gel or blot. Aspeci?c 
increase in the level of the recombinant protein or peptide in 
comparison to the level in natural human prostate cells is 
indicative of overexpression, as is a relative abundance of 
the speci?c protein in relation to the other proteins produced 
by the host cell and, e.g., visible on a gel. 

[0112] 2. Puri?cation of Expressed Proteins 

[0113] Further aspects of the present invention concern the 
puri?cation, and in particular embodiments, the substantial 
puri?cation, of an encoded protein or peptide. The term 
“puri?ed protein or peptide” as used herein, is intended to 
refer to a composition, isolable from other components, 
Wherein the protein or peptide is puri?ed to any degree 
relative to its naturally-obtainable state, i.e., in this case, 
relative to its purity Within a prostate cell extract. Apuri?ed 
protein or peptide therefore also refers to a protein or 
peptide, free from the environment in Which it may naturally 
occur. 

[0114] Generally, “puri?ed” Will refer to a protein or 
peptide composition Which has been subjected to fraction 
ation to remove various other components, and Which com 
position substantially retains its expressed biological activ 
ity. Where the term “substantially puri?ed” is used, this Will 
refer to a composition in Which the protein or peptide forms 
the major component of the composition, such as constitut 
ing about 50% or more of the proteins in the composition. 

[0115] Various methods for quantifying the degree of 
puri?cation of the protein or peptide Will be knoWn to those 
of skill in the art in light of the present disclosure. These 
include, for example, determining the speci?c activity of an 
active fraction, or assessing the number of polypeptides 
Within a fraction by SDS/PAGE analysis. A preferred 
method for assessing the purity of a fraction is to calculate 
the speci?c activity of the fraction, to compare it to the 
speci?c activity of the initial extract, and to thus calculate 
the degree of purity, herein assessed by a “-fold puri?cation 
number”. The actual units used to represent the amount of 
activity Will, of course, be dependent upon the particular 
assay technique chosen to folloW the puri?cation and 
Whether or not the expressed protein or peptide exhibits a 
detectable activity. 
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[0116] Various techniques suitable for use in protein puri 
?cation Will be Well known to those of skill in the art These 
include, for example, precipitation With ammonium sul 
phate, PEG, antibodies and the like or by heat denaturation, 
followed by centrifugation; chromatography steps such as 
ion exchange, gel ?ltration, reverse phase, hydroxylapatite 
and af?nity chromatography; isoelectric focusing; gel elec 
trophoresis; and combinations of such and other techniques. 
As is generally knoWn in the art, it is believed that the order 
of conducting the various puri?cation steps may be changed, 
or that certain steps may be omitted, and still result in a 
suitable method for the preparation of a substantially puri 
?ed protein or peptide. 

[0117] There is no general requirement that the protein or 
peptide alWays be provided in the most puri?ed state. 
Indeed, it is contemplated that less substantially puri?ed 
products Will have utility in certain embodiments. Partial 
puri?cation may be accomplished by using feWer puri?ca 
tion steps in combination, or by utiliZing different forms of 
the same general puri?cation scheme. For example, it is 
appreciated that a cation-exchange column chromatography 
performed utiliZing an HPLC apparatus Will generally result 
in a greater—fold puri?cation than the same technique 
utiliZing a loW pressure chromatography system. Methods 
exhibiting a loWer degree of relative puri?cation may have 
advantages in total recovery of protein product, or in main 
taining the activity of an expressed protein. 

[0118] It is knoWn that the migration of a polypeptide may 
vary, sometimes signi?cantly, With different conditions of 
SDS/PAGE (Capaldi et al, 1977). It Will therefore be appre 
ciated that under differing electrophoresis conditions, the 
apparent molecular Weights of puri?ed or partially puri?ed 
expression products may vary. 

[0119] 3. Antibody Generation 

[0120] For some embodiments, it Will be desirable to 
produce antibodies that bind With high speci?city to the 
polypeptide product(s) of an isolated nucleic acid selected 
from SEQ ID N011, SEQ ID N012, SEQ ID N013 and SEQ 
ID N0114 or the disclosed prostate disease marker genes: 
prostate speci?c transglutaminase, cytokeratin 15, and 
semenogelin II. Means for preparing and characteriZing 
antibodies are Well knoWn in the art (See, e.g., Antibodies: 
A Laboratory Manual, Cold Spring Harbor Laboratory, 
1988; incorporated herein by reference). 

[0121] Methods for generating polyclonal antibodies are 
Well knoWn in the art. Brie?y, a polyclonal antibody is 
prepared by immuniZing an animal With an immunogenic 
composition and collecting antisera from that immuniZed 
animal. AWide range of animal species may be used for the 
production of antisera. Typically the animal used for pro 
duction of anti-antisera is a rabbit, a mouse, a rat, a hamster, 
a guinea pig or a goat. Because of the relatively large blood 
volume of rabbits, a rabbit is a preferred choice for produc 
tion of polyclonal antibodies. 

[0122] As is Well knoWn in the art, a given composition 
may vary in its immunogenicity. It is often necessary there 
fore to boost the host immune system, as may be achieved 
by coupling a peptide or polypeptide immunogen to a 
carrier. Exemplary and preferred carriers are keyhole limpet 
hemocyanin and bovine serum albumin (BSA). 
0ther albumins such as ovalbumin, mouse serum albumin or 
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rabbit serum albumin may also be used as carriers. Means 
for conjugating a polypeptide to a carrier protein are Well 
knoWn in the art and include glutaraldehyde, m-maleimido 
benZoyl-N-hydroxysuccinimide ester, carbodiimide and bis 
biaZotiZed benZidine. 

[0123] As is also Well knoWn in the art, the immunoge 
nicity of a particular immunogen composition may be 
enhanced by the use of non-speci?c stimulators of the 
immune response, knoWn as adjuvants. Exemplary and 
preferred adjuvants include complete Freund’s adjuvant (a 
non-speci?c stimulator of the immune response containing 
killed Mycobacterium tuberculosis), incomplete Freund’s 
adjuvants and aluminum hydroxide adjuvant. 

[0124] The amount of immunogen composition used in 
the production of polyclonal antibodies varies upon the 
nature of the immunogen as Well as the animal used for 
immuniZation. Avariety of routes may be used to administer 

the immunogen (subcutaneous, intramuscular, intradermal, 
intravenous and intraperitoneal). The production of poly 
clonal antibodies may be monitored by sampling blood of 
the immuniZed animal at various points folloWing immuni 
Zation. A second, booster injection, may also be given. The 
process of boosting and titering is repeated until a suitable 
titer is achieved. When a desired level of immunogenicity is 
obtained, the immuniZed animal may be bled and the serum 
isolated and stored, and/or the animal may be used to 
generate MAbs. For production of rabbit polyclonal anti 
bodies, the animal may be bled through an ear vein or 
alternatively by cardiac puncture. The removed blood is 
alloWed to coagulate and then centrifuged to separate serum 
components from Whole cells and blood clots. The serum 
may be used as is for various applications or else the desired 
antibody fraction may be puri?ed by Well-knoWn methods, 
such as af?nity chromatography using another antibody or a 
peptide bound to a solid matrix. 

[0125] Monoclonal antibodies (MAbs) may be readily 
prepared through use of Well-knoWn techniques, such as 
those exempli?ed in US. Pat. No. 4,196,265, incorporated 
herein by reference. Typically, this technique involves 
immuniZing a suitable animal With a selected immunogen 
composition, e.g., a puri?ed or partially puri?ed expressed 
protein, polypeptide or peptide. The immuniZing composi 
tion is administered in a manner effective to stimulate 
antibody producing cells. 

[0126] The methods for generating monoclonal antibodies 
(MAbs) generally begin along the same lines as those for 
preparing polyclonal antibodies. Rodents such as mice and 
rats are preferred animals, hoWever, the use of rabbit, sheep 
or frog cells is also possible. The use of rats may provide 
certain advantages (Goding, 1986), but mice are preferred, 
With the BALB/c mouse being most preferred as this is most 
routinely used and generally gives a higher percentage of 
stable fusions. 

[0127] The animals are injected With antigen as described 
above. The antigen may be coupled to carrier molecules 
such as keyhole limpet hemocyanin if necessary. The anti 
gen Would typically be mixed With adjuvant, such as Fre 
und’s complete or incomplete adjuvant Booster injections 
With the same antigen Would occur at approximately tWo 
Week intervals. 
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[0128] Following immunization, somatic cells With the 
potential for producing antibodies, speci?cally B lympho 
cytes (B cells), are selected for use in the MAb generating 
protocol. These cells may be obtained from biopsied 
spleens, tonsils or lymph nodes, or from a peripheral blood 
sample. Spleen cells and peripheral blood cells are preferred, 
the former because they are a rich source of antibody 
producing cells that are in the dividing plasmablast stage, 
and the latter because peripheral blood is easily accessible. 
Often, a panel of animals Will have been immuniZed and the 
spleen of the animal With the highest antibody titer Will be 
removed and the spleen lymphocytes obtained by homog 
eniZing the spleen With a syringe. Typically, a spleen from an 
immuniZed mouse contains approximately 5><107 to 2><108 
lymphocytes. 
[0129] The antibody-producing B lymphocytes from the 
immuniZed animal are then fused With cells of an immortal 
myeloma cell, generally one of the same species as the 
animal that Was immuniZed. Myeloma cell lines suited for 
use in hybridoma-producing fusion procedures preferably 
are non-antibody-producing, have high fusion ef?ciency, 
and enZyme de?ciencies that render then incapable of groW 
ing in certain selective media Which support the groWth of 
only the desired fused cells (hybridomas). 

[0130] Any one of a number of myeloma cells may be 
used, as are knoWn to those of skill in the art (Goding, 1986; 
Campbell, 1984). For example, Where the immuniZed ani 
mal is a mouse, one may use P3-X63/Ag8, X63-Ag8.653, 
NS1/1.Ag 41, Sp210-Ag14, FO, NSO/U, MPC-11, MPC11 
X45-GTG 1.7 and S194/5XXO Bul; for rats, one may use 
R210.RCY3, Y3-Ag 1.2.3, IR983F and 4B210; and U-266, 
GM1500-GRG2, LICR-LON-HMy2 and UC729-6 are all 
useful in connection With human cell fusions. 

[0131] One preferred murine myeloma cell is the NS-1 
myeloma cell line (also termed P3-NS-1-Ag4-1), Which is 
readily available from the NIGMS Human Genetic Mutant 
Cell Repository by requesting cell line repository number 
GM3573. Another mouse myeloma cell line that may be 
used is the 8-aZaguanine-resistant mouse murine myeloma 
SP2/0 non-producer cell line. 

[0132] Methods for generating hybrids of antibody-pro 
ducing spleen or lymph node cells and myeloma cells 
usually comprise mixing somatic cells With myeloma cells 
in a 2:1 proportion, though the proportion may vary from 
about 20:1 to about 1:1, respectively, in the presence of an 
agent or agents (chemical or electrical) that promote the 
fusion of cell membranes. Fusion methods using Sendai 
virus have been described by Kohler and Milstein (1975; 
1976), and those using polyethylene glycol (PEG), such as 
37% (v/v) PEG, by Gefter et al. (1977). The use of electri 
cally induced fusion methods is also appropriate (Goding, 
1986). 
[0133] Fusion procedures usually produce viable hybrids 
at loW frequencies, about 1x10‘6 to 1><10_8. HoWever, this 
does not pose a problem, as the viable, fused hybrids are 
differentiated from the parental, unfused cells (particularly 
the unfused myeloma cells that Would normally continue to 
divide inde?nitely) by culturing in a selective medium. The 
selective medium is generally one that contains an agent that 
blocks the de novo synthesis of nucleotides in the tissue 
culture media. Exemplary and preferred agents are aminop 
terin, methotrexate, and aZaserine. Aminopterin and meth 
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otrexate block de novo synthesis of both purines and pyri 
midines, Whereas aZaserine blocks only purine synthesis. 
Where aminopterin or methotrexate is used, the media is 
supplemented With hypoxanthine and thymidine as a source 
of nucleotides (HAT medium). Where aZaserine is used, the 
media is supplemented With hypoxanthine. 

[0134] The preferred selection medium is HAT. Only cells 
capable of operating nucleotide salvage pathWays are able to 
survive in HAT medium. The myeloma cells are defective in 
key enZymes of the salvage pathWay, e.g., hypoxanthine 
phosphoribosyl transferase (HPRT), and they cannot sur 
vive. The B cells may operate this pathWay, but they have a 
limited life span in culture and generally die Within about 
tWo Weeks. Therefore, the only cells that can survive in the 
selective media are those hybrids formed from myeloma and 
B cells. 

[0135] This culturing provides a population of hybridomas 
from Which speci?c hybridomas are selected. Typically, 
selection of hybridomas is performed by culturing the cells 
by single-clone dilution in microtiter plates, folloWed by 
testing the individual clonal supernatants (after about tWo to 
three Weeks) for the desired reactivity. The assay should be 
sensitive, simple and rapid, such as radioimmunoassays, 
enZyme immunoassays, cytotoxicity assays, plaque assays, 
dot immunobinding assays, and the like. 

[0136] The selected hybridomas Would then be serially 
diluted and cloned into individual antibody-producing cell 
lines, Which clones may then be propagated inde?nitely to 
provide MAbs. The cell lines may be exploited for MAb 
production in tWo basic Ways. A sample of the hybridoma 
may be injected (often into the peritoneal cavity) into a 
histocompatible animal of the type that Was used to provide 
the somatic and myeloma cells for the original fusion. The 
injected animal develops tumors secreting the speci?c 
monoclonal antibody produced by the fused cell hybrid. The 
body ?uids of the animal, such as serum or ascites ?uid, may 
then be tapped to provide MAbs in high concentration. The 
individual cell lines may also be cultured in vitro, Where the 
MAbs are naturally secreted into the culture medium from 
Which they may be readily obtained in high concentrations. 
MAbs produced by either means may be further puri?ed, if 
desired, using ?ltration, centrifugation and various chro 
matographic methods such as HPLC or affinity chromatog 
raphy. 
[0137] Large amounts of the monoclonal antibodies of the 
present invention may also be obtained by multiplying 
hybridoma cells in vivo. Cell clones are injected into mam 
mals Which are histocompatible With the parent cells, e.g., 
syngeneic mice, to cause groWth of antibody-producing 
tumors. Optionally, the animals are primed With a hydro 
carbon, especially oils such as pristane (tetramethylpenta 
decane) prior to injection. 
[0138] In accordance With the present invention, frag 
ments of the monoclonal antibody of the invention may be 
obtained from the monoclonal antibody produced as 
described above, by methods Which include digestion With 
enZymes such as pepsin or papain and/or cleavage of dis 
ul?de bonds by chemical reduction. Alternatively, mono 
clonal antibody fragments encompassed by the present 
invention may be synthesiZed using an automated peptide 
synthesiZer. 
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[0139] The monoclonal conjugates of the present inven 
tion are prepared by methods knoWn in the art, e.g., by 
reacting a monoclonal antibody prepared as described above 
With, for instance, an enZyme in the presence of a coupling 
agent such as glutaraldehydeor periodate. Conjugates With 
?uorescein markers are prepared in the presence of these 
coupling agents or by reaction With an isothiocyanate. 
Conjugates With metal chelates are similarly produced. 
Other moieties to Which antibodies may be conjugated 
include radionuclides such as 3H, 1251, 1311 32F, 35S, 14C, 
51Cr, 36Cl, 57Co, 58Co, 59Fe, 75Se, 152Eu, and 99mTc. Radio 
actively labeled monoclonal antibodies of the present inven 
tion are produced according to Well-knoWn methods in the 
art. For instance, monoclonal antibodies may be iodinated 
by contact With sodium or potassium iodide and a chemical 
oxidiZing agent such as sodium hypochlorite, or an enZy 
matic oxidiZing agent, such as lactoperoxidase. Monoclonal 
antibodies agccording to the invention may be labeled With 
technetium- by ligand exchange process, for example, by 
reducing pertechnate With stannous solution, chelating the 
reduced technetium onto a Sephadex column and applying 
the antibody to this column or by direct labeling techniques, 
e.g., by incubating pertechnate, a reducing agent such as 
SNCIZ, a buffer solution such as sodium-potassium phthalate 
solution, and the antibody. 

[0140] It Will be appreciated by those of skill in the art that 
monoclonal or polyclonal antibodies speci?c for proteins 
that are preferentially expressed in metastatic or nonmeta 
static human prostate cancer or prostate disease Will have 
utilities in several types of applications. These may include 
the production of diagnostic kits for use in detecting or 
diagnosing human prostate disease. An alternative use 
Would be to link such antibodies to therapeutic agents, such 
as chemotherapeutic agents, folloWed by administration to 
individuals With prostate disease, thereby selectively target 
ing the prostate disease cells for destruction. The skilled 
practitioner Will realiZe that such uses are Within the scope 
of the present invention. 

[0141] D. Immunodetection Assays 

[0142] 1. Immunodetection Methods 

[0143] In still further embodiments, the present invention 
concerns immunodetection methods for binding, purifying, 
removing, quantifying or otherWise generally detecting bio 
logical components. The encoded proteins or peptides of the 
present invention may be employed to detect antibodies 
having reactivity thereWith, or, alternatively, antibodies pre 
pared in accordance With the present invention, may be 
employed to detect the encoded proteins or peptides. The 
steps of various useful immunodetection methods have been 
described in the scienti?c literature (Nakamura et al., 1987b; 
Nakamura et al., 1 987b 

[0144] In general, the immunobinding methods include 
obtaining a sample suspected of containing a protein, pep 
tide or antibody, and contacting the sample With an antibody 
or protein or peptide in accordance With the present inven 
tion, as the case may be, under conditions effective to alloW 
the formation of immunocomplexes. 

[0145] The immunobinding methods include methods for 
detecting or quantifying the amount of a reactive component 
in a sample, Which methods require the detection or quan 
titation of any immune complexes formed during the bind 
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ing process. Here, one Would obtain a sample suspected of 
containing a prostate disease-marker encoded protein, pep 
tide or a corresponding antibody, and contact the sample 
With an antibody or encoded protein or peptide, as the case 
may be, and then detect or quantify the amount of immune 
complexes formed under the speci?c conditions. 

[0146] In terms of antigen detection, the biological sample 
analyZed may be any sample that is suspected of containing 
a prostate disease-speci?c antigen, such as a prostate or 
lymph node tissue section or specimen, a homogeniZed 
tissue extract, an isolated cell, a cell membrane preparation, 
a blood lymphocyte separated or puri?ed forms of any of the 
above protein-containing compositions, or even any biologi 
cal ?uid that comes into contact With prostate tissues, 
including blood, lymphatic ?uid, and even seminal ?uid. 

[0147] Contacting the chosen biological sample With the 
protein, peptide or antibody under conditions effective and 
for a period of time sufficient to alloW the formation of 
immune complexes (primary immune complexes) is gener 
ally a matter of simply adding the composition to the sample 
and incubating the mixture for a period of time long enough 
for the antibodies to form immune complexes With, i.e., to 
bind to, any antigens present. After this time, the sample 
antibody composition, such as a tissue section, ELISA plate, 
dot blot or Western blot, Will generally be Washed to remove 
any non-speci?cally bound antibody species, alloWing only 
those antibodies speci?cally bound Within the primary 
immune complexes to be detected. 

[0148] In general, the detection of immunocomplex for 
mation is Well knoWn in the art and may be achieved through 
the application of numerous approaches. These methods are 
generally based upon the detection of a label or marker, such 
as any radioactive, ?uorescent, biological or enZymatic tags 
or labels of standard use in the art. US. Patents concerning 
the use of such labels include US. Pat. Nos. 3,817,837; 
3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149 and 
4,366,241, each incorporated herein by reference. Of course, 
one may ?nd additional advantages through the use of a 
secondary binding ligand such as a second antibody or a 
biotin/avidin ligand binding arrangement, as is knoWn in the 
art. 

[0149] The encoded protein, peptide or corresponding 
antibody employed in the detection may itself be linked to 
a detectable label, Wherein one Would then simply detect this 
label, thereby alloWing the amount of the primary immune 
complexes in the composition to be determined. 

[0150] Alternatively, the ?rst added component that 
becomes bound Within the primary immune complexes may 
be detected by means of a second binding ligand that has 
binding af?nity for the encoded protein, peptide or corre 
sponding antibody. In these cases, the second binding ligand 
may be linked to a detectable label. The second binding 
ligand is itself often an antibody, Which may thus be termed 
a “secondary” antibody. The primary immune complexes are 
contacted With the labeled, secondary binding ligand, or 
antibody, under conditions effective and for a period of time 
suf?cient to alloW the formation of secondary immune 
complexes. The secondary immune complexes are then 
generally Washed to remove any non-speci?cally bound 
labelled secondary antibodies or ligands, and the remaining 
label in the secondary immune complexes is then detected. 
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[0151] Further methods include the detection of primary 
immune complexes by a tWo step approach. A second 
binding ligand, such as an antibody, that has binding affinity 
for the encoded protein, peptide or corresponding antibody 
is used to form secondary immune complexes, as described 
above. After Washing, the secondary immune complexes are 
contacted With a third binding ligand or antibody that has 
binding affinity for the second antibody, again under con 
ditions effective and for a period of time sufficient to alloW 
the formation of immune complexes (tertiary immune com 
plexes). The third ligand or antibody is linked to a detectable 
label, alloWing detection of the tertiary immune complexes 
thus formed. This system may provide for signal ampli?ca 
tion if this is desired. 

[0152] The immunodetection methods of the present 
invention have evident utility in the diagnosis of conditions 
such as prostate cancer and benign prostate hyperplasia. 
Here, a biological or clinical sample suspected of containing 
either the encoded protein or peptide or corresponding 
antibody is used. HoWever, these embodiments also have 
applications to non-clinical samples, such as in the titering 
of antigen or antibody samples, in the selection of hybrido 
mas, and the like. 

[0153] In the clinical diagnosis or monitoring of patients 
With prostate disease, the detection of reduced levels of an 
antigen encoded by a prostate disease marker nucleic acid, 
in comparison to the levels in a corresponding biological 
sample from a normal subject is indicative of a patient With 
prostate disease. The basis for such diagnostic methods lies, 
in part, With the ?nding that the nucleic acid prostate disease 
markers identi?ed in the present invention are under-ex 
pressed in prostate cancer tissue samples or peripheral blood 
(see Examples beloW). By extension, it may be inferred that 
at least some of these markers produce loWered levels of 
encoded proteins, that may also be used as prostate disease 
markers. 

[0154] Those of skill in the art are very familiar With 
differentiating betWeen signi?cantly loWer expression of a 
biomarker, Which represents a positive identi?cation, and 
background expression of a biomarker. Indeed, background 
expression levels are often used to form a “cut-off” above 
Which decreased staining Will be scored as signi?cant or 
positive. Signi?cant expression may be represented by loW 
levels of antigens in tissues or Within body ?uids, or 
alternatively, by a loW proportion of cells from Within a 
tissue that each give a positive signal. 

[0155] 2. Immunohistochemistry 

[0156] The antibodies of the present invention may be 
used in conjunction With both fresh-froZen and formalin 
?xed, paraf?n-embedded tissue blocks prepared by immu 
nohistochemistry (IHC). Any IHC method Well knoWn in the 
art may be used such as those described in Diagnostic 
Immunopathology, 2nd edition. edited by, Robert B. Colvin, 
Atul K. Bhan and Robert T. McCluskey. Raven Press, NeW 
York., 1995, (incorporated herein by reference) and in 
particular, Chapter 31 of that reference entitled Gynecologi 
cal and Genitourinary Tumors (pages 579-597), by Debra A. 
Bell, Robert H. Young and Robert E. Scully and references 
therein. 
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[0157] 3. ELISA 
[0158] As noted, it is contemplated that the encoded 
proteins or peptides of the invention Will ?nd utility as 
immunogens, e. g., in connection With vaccine development, 
in immunohistochemistry and in ELISA assays. One evident 
utility of the encoded antigens and corresponding antibodies 
is in immunoassays for the detection of prostate disease 
marker proteins, as needed in diagnosis and prognostic 
monitoring. 
[0159] Immunoassays, in their most simple and direct 
sense, are binding assays. Certain preferred immunoassays 
are the various types of enZyme linked immunosorbent 
assays (ELISAs) and radioimmunoassays (RIA) knoWn in 
the art. Immunohistochemical detection using tissue sections 
is also particularly useful. HoWever, it Will be readily 
appreciated that detection is not limited to such techniques, 
and Western blotting, dot blotting, FACS analyses, and the 
like may also be used. 

[0160] In one exemplary ELISA, antibodies binding to the 
encoded proteins of the invention are immobiliZed onto a 
selected surface exhibiting protein af?nity, such as a Well in 
a polystyrene microtiter plate. Then, a test composition 
suspected of containing the prostate disease marker antigen, 
such as a clinical sample, is added to the Wells. After binding 
and Washing to remove non-speci?cally bound immuno 
complexes, the bound antigen may be detected. Detection is 
generally achieved by the addition of a second antibody 
speci?c for the target protein, that is linked to a detectable 
label. This type of ELISA is a simple “sandWich ELISA”. 
Detection may also be achieved by the addition of a second 
antibody, folloWed by the addition of a third antibody that 
has binding af?nity for the second antibody, With the third 
antibody being linked to a detectable label. 

[0161] In another exemplary ELISA, the samples sus 
pected of containing the prostate disease marker antigen are 
immobiliZed onto the Well surface and then contacted With 
the antibodies of the invention. After binding and Washing to 
remove non-speci?cally bound immunocomplexes, the 
bound antigen is detected. Where the initial antibodies are 
linked to a detectable label, the immunocomplexes may be 
detected directly. Again, the immunocomplexes may be 
detected using a second antibody that has binding af?nity for 
the ?rst antibody, With the second antibody being linked to 
a detectable label. 

[0162] Another ELISA in Which the proteins or peptides 
are immobiliZed, involves the use of antibody competition in 
the detection. In this ELISA, labelled antibodies are added 
to the Wells, alloWed to bind to the prostate disease marker 
protein, and detected by means of their label. The amount of 
marker antigen in an unknoWn sample is then determined by 
mixing the sample With the labelled antibodies before or 
during incubation With coated Wells. The presence of marker 
antigen in the sample acts to reduce the amount of antibody 
available for binding to the Well and thus reduces the 
ultimate signal. This is appropriate for detecting antibodies 
in an unknoWn sample, Where the unlabeled antibodies bind 
to the antigen-coated Wells and also reduces the amount of 
antigen available to bind the labeled antibodies. 

[0163] Irrespective of the format employed, ELISAs have 
certain features in common, such as coating, incubating or 
binding, Washing to remove non-speci?cally bound species, 
and detecting the bound immunocomplexes. These are 
described as folloWs: 
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[0164] In coating a plate With either antigen or antibody, 
one Will generally incubate the Wells of the plate With a 
solution of the antigen or antibody, either overnight or for a 
speci?ed period of hours. The Wells of the plate Will then be 
Washed to remove incompletely adsorbed material. Any 
remaining available surfaces of the Wells are then “coated” 
With a nonspeci?c protein that is antigenically neutral With 
regard to the test antisera. These include bovine serum 
albumin (BSA), casein and solutions of milk poWder. The 
coating alloWs for blocking of nonspeci?c adsorption sites 
on the immobilizing surface and thus reduces the back 
ground caused by nonspeci?c binding of antisera onto the 
surface. 

[0165] In ELISAs, it is probably more customary to use a 
secondary or tertiary detection means rather than a direct 
procedure. Thus, after binding of a protein or antibody to the 
Well, coating With a non-reactive material to reduce back 
ground, and Washing to remove unbound material, the 
immobilizing surface is contacted With the control human 
prostate disease and/or clinical or biological sample to be 
tested under conditions effective to alloW immunecompleX 
(antigen/antibody) formation. Detection of the immunecom 
pleX then requires a labeled secondary binding ligand or 
antibody, or a secondary binding ligand or antibody in 
conjunction With a labeled tertiary antibody or third binding 
ligand. 

[0166] “Under conditions effective to alloW immunecom 
pleX(antigen/ antibody) formation” means that the conditions 
preferably include diluting the antigens and antibodies With 
solutions such as BSA, bovine gamma globulin (BGG) and 
phosphate buffered saline (PBS)/TWeen. These added agents 
also tend to assist in the reduction of nonspeci?c back 
ground. 

[0167] The “suitable” conditions also mean that the incu 
bation is at a temperature and for a period of time suf?cient 
to alloW effective binding. Incubation steps are typically 
from about 1 to 2 to 4 hours, at temperatures preferably on 
the order of 25° to 27° C., or may be overnight at about 4° 
C. or so. 

[0168] FolloWing all incubation steps in an ELISA, the 
contacted surface is Washed so as to remove non-compleXed 
material. A preferred Washing procedure includes Washing 
With a solution such as PBS/Tween, or borate buffer. Fol 
loWing the formation of speci?c immunocompleXes betWeen 
the test sample and the originally bound material, and 
subsequent Washing, the occurrence of even minute amounts 
of immunocompleXes may be determined. 

[0169] To provide a detecting means, the second or third 
antibody Will have an associated label to alloW detection. 
Preferably, this Will be an enZyme that Will generate color 
development upon incubating With an appropriate chro 
mogenic substrate. Thus, for eXample, one Will desire to 
contact and incubate the ?rst or second immunecompleX 

With a urease, glucose oXidase, alkaline phosphatase or 
hydrogen peroxidase-conjugated antibody for a period of 
time and under conditions that favor the development of 
further immunecompleX formation (e.g., incubation for 2 
hours at room temperature in a PBS-containing solution 

such as PBS-Tween). 
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[0170] After incubation With the labeled antibody, and 
subsequent to Washing to remove unbound material, the 
amount of label is quanti?ed, e.g., by incubation With a 
chromogenic substrate such as urea and bromocresol purple 
or 2,2‘-aZido-di-3-ethyl-benZthiaZoline-6-sulfonic acid 
[ABTS] and H202, in the case of peroxidase as the enZyme 
label. Quantitation is then achieved by measuring the degree 
of color generation, e.g., using a visible spectra spectropho 
tometer. 

[0171] 4. Use of Antibodies for Radioimaging 

[0172] The antibodies of this invention Will be used to 
quantify and localiZe the eXpression of the encoded marker 
proteins. The antibody, for eXample, Will be labeled by any 
one of a variety of methods and used to visualiZe the 
localiZed concentration of the cells producing the encoded 
protein. 
[0173] The invention also relates to an in vivo method of 
imaging a pathological prostate condition using the above 
described monoclonal antibodies. Speci?cally, this method 
involves administering to a subject an imaging-effective 
amount of a detectably-labeled prostate disease-speci?c 
monoclonal antibody or fragment thereof and a pharmaceu 
tically effective carrier and detecting the binding of the 
labeled monoclonal antibody to the diseased, or in the case 
of doWn regulated marker genes, healthy tissue. The term “in 
vivo imaging” refers to any method Which permits the 
detection of a labeled monoclonal antibody of the present 
invention or fragment thereof that speci?cally binds to a 
diseased tissue located in the subject’s body. A “subject” is 
a mammal, preferably a human. An “imaging effective 
amount” means that the amount of the detectably-labeled 
monoclonal antibody, or fragment thereof, administered is 
suf?cient to enable detection of binding of the monoclonal 
antibody or fragment thereof to the diseased tissue, or the 
binding of the monoclonal antibody or fragment thereof in 
greater proportion to healthy tissue relative to diseased 
tissue. 

[0174] A factor to consider in selecting a radionuclides for 
in vivo diagnosis is that the half-life of a nuclide be long 
enough so that it is still detectable at the time of maXimum 
uptake by the target, but short enough so that deleterious 
radiation upon the host, as Well as background, is mini 
miZed. Ideally, a radionuclides used for in vivo imaging Will 
lack a particulate emission, but produce a large number of 
photons in a 140-2000 keV range, Which may be readily 
detected by conventional gamma cameras. 

[0175] Aradionuclides may be bound to an antibody either 
directly or indirectly by using an intermediary functional 
group. Intermediary functional groups Which are often used 
to bind radioisotopes Which eXist as metallic ions to anti 
body are diethylenetriaminepentaacetic acid (DTPA) and 
ethylene diaminetetracetic acid (EDTA). Examples of metal 
lic ions suitable for use in this invention are 99mTc, 1231, 
1311111111, 1311, 97Ru, 67Cu, 676a, 1251, 68 Ga, 72AS, 89Zr, and 
2011-1' 

[0176] In accordance With this invention, the monoclonal 
antibody or fragment thereof may be labeled by any of 
several techniques knoWn to the art. The methods of the 
present invention may also use paramagnetic isotopes for 
purposes of in vivo detection. Elements particularly useful 
in Magnetic Resonance Imaging (“MRI”) include 157Gd, 
55Mn, 162Dy, 52Cr, and 56Fe. 
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[0177] Administration of the labeled antibody may be 
local or systemic and accomplished intravenously, intraar 
terially, via the spinal ?uid or the like. Administration may 
also be intradermal or intracavitary, depending upon the 
body site under examination. After a suf?cient time has 
lapsed, for example 30 minutes to 48 hours, for the mono 
clonal antibody or fragment thereof to bind With the target 
tissue, either diseased and/or healthy tissue, the area of the 
subject under investigation is examined by routine imaging 
techniques such as MRI, SPECT, planar scintillation imag 
ing and emerging imaging techniques, as Well. The exact 
protocol Will necessarily vary depending upon factors spe 
ci?c to the patient, as noted above, and depending upon the 
body site under examination, method of administration and 
type of label used; the determination of speci?c procedures 
Would be routine to the skilled artisan. The distribution of 
the bound radioactive isotope and its increase or decrease 
With time is then monitored and recorded. By comparing the 
results With data obtained from studies of clinically normal 
individuals, the presence and extent of the diseased tissue 
may be determined. 

[0178] It Will be apparent to those of skill in the art that a 
similar approach may be used to radio-image the production 
of the encoded prostate disease marker proteins in human 
patients. The present invention provides methods for the in 
vivo diagnosis of prostate disease in a patient. Such methods 
generally comprise administering to a patient an effective 
amount of a prostate disease speci?c antibody, Which anti 
body is conjugated to a marker, such as a radioactive isotope 
or a spin-labeled molecule, that is detectable by non-inva 
sive methods. The antibody-marker conjugate is alloWed 
sufficient time to come into contact With reactive antigens 
that be present Within the tissues of the patient, and the 
patient is then exposed to a detection device to identify the 
detectable marker. 

[0179] 5. Kits 

[0180] In still further embodiments, the present invention 
concerns immunodetection kits for use With the immunode 
tection methods described above. As the encoded marker 
proteins or peptides may be employed to detect antibodies 
and the corresponding antibodies may be employed to detect 
encoded proteins or peptides, either or both of such com 
ponents may be provided in the kit. The immunodetection 
kits Will thus comprise, in suitable container means, an 
encoded protein or peptide, or a ?rst antibody that binds to 
an encoded protein or peptide, and an immunodetection 
reagent. 

[0181] In certain embodiments, the encoded protein or 
peptide, or the ?rst antibody that binds to the encoded 
protein or peptide, may be bound to a solid support, such as 
a column matrix or Well of a microtiter plate. 

[0182] The immunodetection reagents of the kit may take 
any one of a variety of forms, including those detectable 
labels that are associated With or linked to the given antibody 
or antigen, and detectable labels that are associated With or 
attached to a secondary binding ligand. Exemplary second 
ary ligands are those secondary antibodies that have binding 
af?nity for the ?rst antibody or antigen, and secondary 
antibodies that have binding af?nity for a human antibody. 
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[0183] Further suitable immunodetection reagents for use 
in the present kits include the tWo-component reagent that 
comprises a secondary antibody that has binding af?nity for 
the ?rst antibody or antigen, along With a third antibody that 
has binding af?nity for the second antibody, the third anti 
body being linked to a detectable label. 

[0184] The kits may further comprise a suitably aliquoted 
composition of the encoded protein or polypeptide antigen, 
Whether labeled or unlabeled, as may be used to prepare a 
standard curve for a detection assay. 

[0185] The kits may contain antibody-label conjugates 
either in fully conjugated form, in the form of intermediates, 
or as separate moieties to be conjugated by the user of the 
kit. The components of the kits may be packaged either in 
aqueous media or in lyophiliZed form. 

[0186] The container means of the kits Will generally 
include at least one vial, test tube, ?ask, bottle, syringe or 
other container means, into Which the antibody or antigen 
may be placed, and preferably, suitably aliquoted. Where a 
second or third binding ligand or additional component is 
provided, the kit Will also generally contain a second, third 
or other additional container into Which this ligand or 

component may be placed. The kits of the present invention 
Will also typically include a means for containing the 
antibody, antigen, and any other reagent containers in close 
con?nement for commercial sale. Such containers may 
include injection or bloW-molded plastic containers into 
Which the desired vials are retained. 

[0187] E. Detection and Quantitation of RNA Species 

[0188] One embodiment of the instant invention com 
prises a method for identi?cation of prostate disease cells in 
a biological sample by amplifying and detecting nucleic 
acids corresponding to prostate disease cell markers. The 
biological sample may be any tissue or ?uid in Which 
prostate disease cells or peripheral blood cells might be 
present. Various embodiments include bone marroW aspi 
rate, bone marroW biopsy, lymph node aspirate, lymph node 
biopsy, spleen tissue, ?ne needle aspirate, skin biopsy or 
organ tissue biopsy. Other embodiments include samples 
Where the body ?uid is peripheral blood, lymph ?uid, 
ascites, serous ?uid, pleural effusion, sputum, cerebrospinal 
?uid, lacrimal ?uid, stool or urine. 

[0189] Nucleic acid used as a template for ampli?cation is 
isolated from cells contained in the biological sample, 
according to standard methodologies. (Sambrook et al., 
1989) The nucleic acid may be genomic DNA or fraction 
ated or Whole cell RNA. Where RNA is used, it may be 
desired to convert the RNA to a complementary cDNA. In 
one embodiment, the RNA is Whole cell RNA and is used 
directly as the template for ampli?cation. 

[0190] Pairs of primers that selectively hybridiZe to 
nucleic acids corresponding to prostate disease-speci?c 
markers are contacted With the isolated nucleic acid under 
conditions that permit selective hybridiZation. Once hybrid 
iZed, the nucleic acidzprimer complex is contacted With one 
or more enZymes that facilitate template-dependent nucleic 
acid synthesis. Multiple rounds of ampli?cation, also 
referred to as “cycles,” are conducted until a suf?cient 
amount of ampli?cation product is produced. 
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[0191] Next, the ampli?cation product is detected. In 
certain applications, the detection may be performed by 
visual means. Alternatively, the detection may involve indi 
rect identi?cation of the product via chemiluminescence, 
radioactive scintigraphy of incorporated radiolabel or ?uo 
rescent label or even via a system using electrical or thermal 

impulse signals (Affymax technology; Bellus, 1994). 
[0192] FolloWing detection, one may compare the results 
seen in a given patient With a statistically signi?cant refer 
ence group of normal patients and prostate disease patients. 
In this Way, it is possible to correlate the amount of marker 
detected With various clinical states. 

[0193] 1. Primers 

[0194] The term primer, as de?ned herein, is meant to 
encompass any nucleic acid that is capable of priming the 
synthesis of a nascent nucleic acid in a template-dependent 
process. Typically, primers are oligonucleotides from ten to 
tWenty base pairs in length, but longer sequences may be 
employed. Primers may be provided in double-stranded or 
single-stranded form, although the single-stranded form is 
preferred. 
[0195] 2. Template Dependent Ampli?cation Methods 
[0196] A number of template dependent processes are 
available to amplify the marker sequences present in a given 
template sample. One of the best knoWn ampli?cation 
methods is the polymerase chain reaction (referred to as 
PCR) Which is described in detail in Us. Pat. Nos. 4,683, 
195, 4,683,202 and 4,800,159, and in Innis et al., 1990, each 
of Which is incorporated herein by reference in its entirety. 

[0197] Brie?y, in PCR, tWo primer sequences are prepared 
Which are complementary to regions on opposite comple 
mentary strands of the marker sequence. An excess of 
deoxynucleoside triphosphates are added to a reaction mix 
ture along With a DNA polymerase, e.g., Taq polymerase. If 
the marker sequence is present in a sample, the primers Will 
bind to the marker and the polymerase Will cause the primers 
to be extended along the marker sequence by adding on 
nucleotides. By raising and loWering the temperature of the 
reaction mixture, the extended primers Will dissociate from 
the marker to form reaction products, excess primers Will 
bind to the marker and to the reaction products and the 
process is repeated. 

[0198] A reverse transcriptase PCR ampli?cation proce 
dure may be performed in order to quantify the amount of 
mRNA ampli?ed. Methods of reverse transcribing RNA into 
cDNA are Well knoWn and described in Sambrook et al., 
1989. Alternative methods for reverse transcription utiliZe 
thermostable DNA polymerases. These methods are 
described in WO 90/07641 ?led Dec. 21, 1990. Polymerase 
chain reaction methodologies are Well knoWn in the art. The 
most preferred methods of RT-PCR are as described in US. 
application Ser. No. 08/692,787, Which is incorporated 
herein by reference in its entirety, and may be used in 
accordance With the present invention. In the later applica 
tion, DNA free total cell RNA is primed With random 
hexamers and oligo dT and reverse transcribed to produce 
cDNA. The cDNAs from each reaction are normaliZed to the 
ampli?able [3-actin cDNA content, and gene speci?c PCR 
ampli?cation is performed on pools of normaliZed cDNA 
samples. The linear range of ampli?cation of PCR products 
to empirically determined to alloW quantitative comparison 
betWeen ampli?ed samples. 
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[0199] Another method for ampli?cation is the ligase 
chain reaction (“LCR”), disclosed in European Application 
No. 320 308, incorporated herein by reference in its entirely. 
In LCR, tWo complementary probe pairs are prepared, and 
in the presence of the target sequence, each pair Will bind to 
opposite complementary strands of the target such that they 
abut. In the presence of a ligase, the tWo probe pairs Will link 
to form a single unit. By temperature cycling, as in PCR, 
bound ligated units dissociate from the target and then serve 
as “target sequences” for ligation of excess probe pairs. US. 
Pat. No. 4,883,750 describes a method similar to LCR for 
binding probe pairs to a target sequence. 

[0200] Qbeta Replicase, described in PCT Application No. 
PCT/US87/00880, may also be used as still another ampli 
?cation method in the present invention. In this method, a 
replicative sequence of RNA Which has a region comple 
mentary to that of a target is added to a sample in the 
presence of an RNA polymerase. The polymerase Will copy 
the replicative sequence Which may then be detected. 

[0201] An isothermal ampli?cation method, in Which 
restriction endonucleases and ligases are used to achieve the 
ampli?cation of target molecules that contain nucleotide 
5‘-[alpha-thio] -triphosphates in one strand of a restriction 
site may also be useful in the ampli?cation of nucleic acids 
in the present invention (Walker et al., 1992). 

[0202] Strand Displacement Ampli?cation (SDA) is 
another method of carrying out isothermal ampli?cation of 
nucleic acids Which involves multiple rounds of strand 
displacement and synthesis, i.e., nick translation. A similar 
method, called Repair Chain Reaction (RCR), involves 
annealing several probes throughout a region targeted for 
ampli?cation, folloWed by a repair reaction in Which only 
tWo of the four bases are present. The other tWo bases may 
be added as biotinylated derivatives for easy detection. A 
similar approach is used in SDA. Target speci?c sequences 
may also be detected using a cyclic probe reaction (CPR). In 
CPR, a probe having 3‘ and 5‘ sequences of non-speci?c 
DNA and a middle sequence of speci?c RNA is hybridiZed 
to DNA Which is present in a sample. Upon hybridiZation, 
the reaction is treated With RNase H, and the products of the 
probe identi?ed as distinctive products Which are released 
after digestion. The original template is annealed to another 
cycling probe and the reaction is repeated. 

[0203] Still other ampli?cation methods described in GB 
Application No. 2 202 328, and in PCT Application No. 
PCT/US89/01025, each of Which is incorporated herein by 
reference in its entirety, may be used in accordance With the 
present invention. In the former application, “modi?ed” 
primers are used in a PCR like, template and enZyme 
dependent synthesis. The primers may be modi?ed by 
labeling With a capture moiety (e.g., biotin) and/or a detector 
moiety (e.g., enZyme). In the latter application, an excess of 
labeled probes are added to a sample. In the presence of the 
target sequence, the probe binds and is cleaved catalytically. 
After cleavage, the target sequence is released intact to be 
bound by excess probe. Cleavage of the labelled probe 
signals the presence of the target sequence. 

[0204] Other nucleic acid ampli?cation procedures 
include transcription-based ampli?cation systems (TAS), 
including nucleic acid sequence based ampli?cation 
(NASBA) and 3SR (KWoh et al., 1989; Gingeras et al., PCT 
Application W0 88/ 10315, incorporated herein by reference 
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in their entirety). In NASBA, the nucleic acids may be 
prepared for ampli?cation by standard phenol/chloroform 
extraction, heat denaturation of a clinical sample, treatment 
With lysis buffer and minispin columns for isolation of DNA 
and RNA or guanidinium chloride extraction of RNA. These 
ampli?cation techniques involve annealing a primer Which 
has target speci?c sequences. Following polymerization, 
DNA/RNA hybrids are digested With RNase H While double 
stranded DNA molecules are heat denatured again. In either 
case the single stranded DNA is made fully double stranded 
by addition of second target speci?c primer, folloWed by 
polymeriZation. The double-stranded DNA molecules are 
then multiply transcribed by a polymerase such as T7 or 
SP6. In an isothermal cyclic reaction, the RNA’s are reverse 
transcribed into double stranded DNA, and transcribed once 
against With a polymerase such as T7 or SP6. The resulting 
products, Whether truncated or complete, indicate target 
speci?c sequences. 

[0205] Davey et al., European Application No. 329 822 
(incorporated herein by reference in its entirely) disclose a 
nucleic acid ampli?cation process involving cyclically syn 
thesiZing single-stranded RNA (“ssRNA”), ssDNA, and 
double-stranded DNA (dsDNA), Which may be used in 
accordance With the present invention. The ssRNA is a ?rst 
template for a ?rst primer oligonucleotide, Which is elon 
gated by reverse transcriptase (RNA-dependent DNA poly 
merase). The RNA is then removed from the resulting 
DNA:RNA duplex by the action of ribonuclease H (RNase 
H, an RNase speci?c for RNA in duplex With either DNA or 
RNA). The resultant ssDNA is a second template for a 
second primer, Which also includes the sequences of an RNA 
polymerase promoter (exempli?ed by T7 RNA polymerase) 
5‘ to its homology to the template. This primer is then 
extended by DNA polymerase (exempli?ed by the large 
“KlenoW” fragment of E. coli DNA polymerase I), resulting 
in a double-stranded DNA (“dsDN ”) molecule, having a 
sequence identical to that of the original RNA betWeen the 
primers and having additionally, at one end, a promoter 
sequence. This promoter sequence may be used by the 
appropriate RNA polymerase to make many RNA copies of 
the DNA. These copies may then re-enter the cycle leading 
to very sWift ampli?cation. With proper choice of enZymes, 
this ampli?cation may be done isothermally Without addi 
tion of enZymes at each cycle. Because of the cyclical nature 
of this process, the starting sequence may be chosen to be in 
the form of either DNA or RNA. 

[0206] Miller et al., PCT Application WO 89/06700 
(incorporated herein by reference in its entirety) disclose a 
nucleic acid sequence ampli?cation scheme based on the 
hybridiZation of a promoter/primer sequence to a target 
single-stranded DNA (“ssDN ”) folloWed by transcription 
of many RNA copies of the sequence. This scheme is not 
cyclic, i.e., neW templates are not produced from the result 
ant RNA transcripts. Other ampli?cation methods include 
“race” and “one-sided PCR” (Frohman, 1990; Ohara et al., 

1989). 

[0207] Methods based on ligation of tWo (or more) oligo 
nucleotides in the presence of nucleic acid having the 
sequence of the resulting “di-oligonucleotide”, thereby 
amplifying the di-oligonucleotide, may also be used in the 
ampli?cation step of the present invention (Wu et al., 1989). 
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[0208] 3. Separation Methods 

[0209] FolloWing ampli?cation, it may be desirable to 
separate the ampli?cation product from the template and the 
excess primer for the purpose of determining Whether spe 
ci?c ampli?cation has occurred. In one embodiment, ampli 
?cation products are separated by agarose, agarose-acryla 
mide or polyacrylamide gel electrophoresis using standard 
methods. See Sambrook et al., 1989. 

[0210] Alternatively, chromatographic techniques may be 
employed to effect separation. There are many kinds of 
chromatography Which may be used in the present inven 
tion: adsorption, partition, ion-exchange and molecular 
sieve, and many specialiZed techniques for using them 
including column, paper, thin-layer and gas chromatography 
(Freifelder, 1982). 
[0211] 4. Identi?cation Methods 

[0212] Ampli?cation products must be visualiZed in order 
to con?rm ampli?cation of the marker sequences. One 
typical visualiZation method involves staining of a gel With 
ethidium bromide and visualiZation under UV light. Alter 
natively, if the ampli?cation products are integrally labeled 
With radio- or ?uorometrically-labeled nucleotides, the 
ampli?cation products may then be exposed to x-ray ?lm or 
visualiZed under the appropriate stimulating spectra, folloW 
ing separation. 

[0213] In one embodiment, visualiZation is achieved indi 
rectly. FolloWing separation of ampli?cation products, a 
labeled, nucleic acid probe is brought into contact With the 
ampli?ed marker sequence. The probe preferably is conju 
gated to a chromophore but may be radiolabeled. In another 
embodiment, the probe is conjugated to a binding partner, 
such as an antibody or biotin, Where the other member of the 
binding pair carries a detectable moiety. 

[0214] In one embodiment, detection is by Southern blot 
ting and hybridiZation With a labeled probe. The techniques 
involved in Southern blotting are Well knoWn to those of 
skill in the art and may be found in many standard books on 
molecular protocols. See Sambrooket al., 1989. Brie?y, 
ampli?cation products are separated by gel electrophoresis. 
The gel is then contacted With a membrane, such as nitro 
cellulose, permitting transfer of the nucleic acid and non 
covalent binding. Subsequently, the membrane is incubated 
With a chromophore-conjugated probe that is capable of 
hybridiZing With a target ampli?cation product. Detection is 
by exposure of the membrane to x-ray ?lm or ion-emitting 
detection devices. 

[0215] One example of the foregoing is described in US. 
Pat. No. 5,279,721, incorporated by reference herein, Which 
discloses an apparatus and method for the automated elec 
trophoresis and transfer of nucleic acids. The apparatus 
permits electrophoresis and blotting Without external 
manipulation of the gel and is ideally suited to carrying out 
methods according to the present invention. 

[0216] 5. Other Assays 

[0217] Other methods for genetic screening to accurately 
detect mutations in genomic DNA, cDNA or RNA samples 
may be employed, depending on the speci?c situation. 




























































