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DESCRIPTION

A NOVEL, PROSTATE-SPECIFIC GENE FOR DIAGNOSIS, PROGNOSIS
AND MANAGEMENT OF PROSTATE CANCER

1.0 BACKGROUND OF THE INVENTION
1.1 Field of the Invention

The present invention relates generally to novel nucleic acid sequences,
polypeptides encoded by the novel nucleic acid sequences and antibodies specific for
such polypeptides, useful as probes or primers for the diagnosis, prognosis and
management of prostate cancer and methods relating thereto. More particularly, the
present 1nvention concerns probes, primers and methods useful in diagnosing,
tdentifying and monitoring the progression of prostate cancer through measurements
of gene products. The present invention also concerns a novel prostate specific gene
and methods of treatment for prostate cancer, based upon the disclosed nucleic acid

and polypeptide sequences.

1.2 Description of the Related Art

Genetic detection of human disease states is a rapidly developing field
(l'aparowsky et al., 1982; Slamon et al., 1989: Sidransky et al., 1992; Miki et al., 1994-
Dong et al., 1995; Morahan et al., 1996; Lifton. 1996; Barinaga, 1996). However, some
problems exist with this approach. A number of known genetic lesions merely
predispose to development of specific disease states. Individuals carrying the genetic
lesion may not develop the disease state, while other individuals may develop the
disease state without possessing a particular genetic lesion. In human cancers, genetic
detects may potentially occur in a large number of known tumor suppresser genes and

proto-oncogenes.

The genetic detection of cancer has a long history. One of the earliest genetic
lesions shown to predispose to cancer was transforming point mutations in the ras

oncogenes (laparowsky er al., 1982). Transforming ras point mutations may be
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detected 1n the stool of individuals with benign and malignant colorectal tumors
(Sidransky et al., 1992). However, only 50% of such tumors contained a ras mutation
(Sidransky et al., 1992). Similar results have been obtained with amplification of HER-
2/neu 1n breast and ovarian cancer (Slamon et al., 1989), deletion and mutation of pS3 in
bladder cancer (Sidransky et al., 1991), deletion of DCC in colorectal cancer (Fearon et

al., 1990) and mutation of BRCA1 in breast and ovarian cancer (Miki et al., 1994).

None of these genetic lesions are capable of predicting a majority of individuals

with cancer and most require direct sampling of a suspected tumor, making screening

difficult.

Further, none of the markers described above are capable of distinguishing
between metastatic and non-metastatic forms of cancer. In effective management of
cancer patients, 1dentification of those individuals whose tumors have already
metastasized or are likely to metastasize is critical. Because metastatic cancer kills
560,000 people in the US each year (ACS home page), identification of markers for

metastatic prostate cancer would be an important advance.

A particular problem in cancer detection and diagnosis occurs with prostate
cancer. Carcinoma of the prostate (PCA) is the most frequently diagnosed cancer
among men in the United States (Veltri er al., 1996). Prostate cancer was diagnosed 1n
approximately 189,500 men in 1998 and about 40,000 men succumbed to the
malignancy (Landis er al, 1998). Although relatively few prostate tumors progress to
clinical significance during the lifetime of the patient, those which are progressive in
nature are likely to have metastasized by the time of detection. Survival rates for
individuals with metastatic prostate cancer are quite low. Between these extremes are
patients with prostate tumors that will metastasize but have not yet done so, for whom
surgical prostate removal is curative. Determination of which group a patient falls

within 1s critical in determining optimal treatment and patient survival.

The FDA approval of the serum prostate specific antigen (PSA) test in 1984

changed the way that prostate disease was managed (Allhoff ez al., 1989; Cooner et al..
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1990, Jacobson et al., 1995; Orozco et al, 1998). PSA is widely used as a serum
biomarker to detect and monitor therapeutic response in prostate cancer patients
(Badalament ez al., 1996; O'Dowd et al., 1997). Several modifications in PSA assays
(Partin and Oesterling, 1994; Babian et al., 1996: Zlotta et al., 1997) have resulted in

earlier diagnoses and improved treatment.

Although PSA has been widely used as a clinical markerhof prostate cancer since
1988 (Partin and Oesterling, 1994), screening programs utilizing PSA alone or in
combination with digital rectal examination (DRE) have not been successful in
improving the survival rate for men with prostate cancer (Partin and Oesterling, 1994).
Although PSA is specific 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).

While an effective indicator of prostate cancer when serum levels are relatively
high, PSA serum levels are more ambiguous indicators of prostate cancer when only
modestly elevated, for example when levels are between 2-10 ng/ml. At these modest
elevations, serum PSA may have originated from non-cancerous disease states such as
BPH (benign prostatic hyperplasia), prostatitis or physical trauma (McCormack et al.,
1995).  Although application of the lower 2.0 ng/ml éancer detection cutoff
concentration of serum PSA has increased the diagnosis of prostate cancer, especially in
younger men with non-palpable e\ar]y stage tumors (Stage Tlc) (Soh et al., 1997: Carter

and Coffey, 1997; Harris et al., 1997; Orozco et al., 1998), the specificity of the PSA

assay for prostate cancer detection at low serum PSA levels remains a problem.

Several ivestigators have sought to improve upon the specificity of serologic
detection of prostate cancer by examining a variety of other biomarkers besides serum
PSA concentration (Ralph and Veltri, 1997). One of the most heavily investigated of
these other biomarkers is the ratio of free versus total PSA (f/t PSA) in a patient's blood.

Most PSA in serum is in a molecular form that is bound to other proteins such as

o l-antichymotrypsin (ACT) or a2-macroglobulin (Christensson et al., 1993: Stenman et
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al., 1991; Lilja et al., 1991). Free PSA is not bound to other proteins. The ratio of free
to total PSA (f/tPSA) is usually significantly higher in patients with BPH compared to
those with organ confined prostate cancer (Marley et al., 1996; Oesterling et al., 1995:
Pettersson et al., 1995). When an appropriate cutoff is determined for the f/tPSA assay,
the {/tPSA assay can help distinguish patients with BPH from those with prostate cancer
in cases in which serum PSA levels are only modestly elevated (Marley et al., 1996;
Partin and Oesterling, 1996). Unfortunately, while f/tPSA may improve on the detection
of prostate cancer, information in the f/tPSA ratio is insufficient to improve the

sensitivity and specificity of serologic detection of prostate cancer to desirable levels.

Other markers that have been used for prostate cancer detection include prostatic
acid phosphatase (PAP) and prostate secreted protein (PSP). PAP is secreted by prostate
cells under hormonal control (Brawn ef al., 1996). It has less specificity 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 er al., 1993). Like PSA, PSP levels are frequently elevated in patients with BPH

as well as those with prostate cancer.

Another serum marker associated with prostate disease is prostate specific
membrane antigen (PSMA) (Horoszewicz et al., 1987: Carter and Cottey, 1996:;
Murphy ef al., 1996). PSMA is a Type II cell membrane protein and has been identified
as Folic Acid Hydrolase (FAH) (Carter and Coftey, 1996). Antibodies against PSMA
react with both normal prostate tissue and prostate cancer tissue (Horoszewicz et al.,
19877). Murphy et al. (1995) used ELISA to detect serum PSMA 1n 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 1n
metastatic prostate tumor capillary beds (Silver et al.. 1997) and 1s 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-a-dihydroxytestosterone (DHT) (Israeli et al., 1994).
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Two relatively new potential biomarkers for prostate cancer are human
kallekrein 2 (HK2) (Piironen et al, 1996) and prostate specific transglutaminase
(pTGase) (Dubbink et al., 1996). HK2 is a member of the kallekrein family that is
secreted by the prostate gland (Piironen ez al., 1996). Prostate specific transglutaminase
1s a calcium-dependent enzyme expressed in prostate cells that catalyzes post-
translational cross-linking of proteins (Dubbink et al, 1996). In theory, serum
concentrations of HK2 or pTGase may be of utility in prostate cancer detection or

diagnosis, but the usefulness of these markers is still being evaluated.

Interleukin 8 (IL-8) has also been reported as a marker for prostate cancer.
(Veltrt et al., 1999). Serum IL-8 concentrations were reported to be correlated with
Increasing stage of prostate cancer and to be capable of differentiating BPH from

malignant prostate tumors. (Id.) The wide-scale applicability of this marker for prostate

cancer detection and diagnosis is still under investigation.

In addition to these protein markers for prostate cancer, severel genetic changes
have been reported to be associated with prostate cancer, including: allelic loss (Bova, et
al., 1993; Macoska et al., 1994; Carter et al., 1990); DNA hypermethylation (Isaacs ef
al., 1994); point mutations or deletions of the retinoblastoma (Rb), p53 and KAI/ genes
(Bookstein ez al., 1990a; Bookstein et al., 1990b; Isaacs et al., 1991; Dong et al., 1995);
and aneuploidy and aneusomy of chromosomes detected by fluorescence in situ
hybridization (FISH) (Macoskaét al., 1994; Visakorpi et al., 1994; Takahashi et al.,
1994; Alcaraz er al., 1994). None of these has been reported to exhibit sufficient
sensitivity and specificity to be useful as general screening tools for asymptomatic

prostate cancer.

A recent discovery was that differential expression of both full-length and

truncated forms of HER2/neu oncogene receptor was correlated with prostate cancer.

(An et al., 1998). Analysis by RT-PCR™ indicated that overexpression of the

HERZ2/neu gene is associated with prostate cancer progression. (Id.)
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In current clinical practice, the serum PSA assay and digital rectal exam (DRE)
1s used to indicate which patients should have a prostate biopsy (Lithrup er al., 1994;
Orozco et al., 1998). Histological examination of the biopsied tissue is used to make the
diagnosis of prostate cancer. Based upon the 189,500 cases of diagnosed prostate cancer
in 1998 (Landis, 1998) and a known cancer detection rate of about 35% (Parker et al.,
1996), 1t 1s estimated that in 1998 over one-half million prostate blopsies were
performed in the United States (Orozco er al., 1998; Veltri et al., 1998). Clearly, there
would be much benefit derived from a serological test that was sensitive enough to
detect small and early stage prostate tumors that also had sufficient specificity to exclude

a greater portion of patients with noncancerous or clinically insignificant conditions.

T'here remain deficiencies in the prior art with respect to the identification of the
genes linked with the progression of prostate cancer and the development of diagnostic
methods to monitor disease progression. Likewise, the identification of genes which are
differentially expressed in prostate cancer would be of considerable importance in the
development of a rapid, inexpensive method to diagnose cancer. Although a few
prostate specific genes have been cloned (PSA, PSMA, HK2, pTGase, efc.), these are
typically not up-regulated in prostate cancer. The identification of a novel. prostate
specific gene that is differentially expressed in prostate cancer, compared to non-
malignant prostate tissue, would represent a major, unexpected advance for the

diagnosis, prognosis and treatment of prostate cancer.
2.0 SUMMARY OF THE INVENTION

The present invention addresses deficiencies in the prior art by identifying a
novel, prostate specific gene that is differentially expressed in human prostate cancer
compared to normal human prostate or benign prostatic hyperplasia (BPH). The
encoded mRNA species and the corresponding encoded protein species have utility, for
example, as markers of prostate cancer. Antibodies against the encoded protein species,
as well as antisense constructs specific for the mRNA species, have utility for methods

of therapeutic treatment of prostate cancer. In addition, the cDNA. sequence can be used
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to design probes and primers for identification of a full length genomic sequence, as
well as the promoter sequence for the gene, of use in the design of prostate specific

expression vectors of utility in the gene therapy of prostate cancer.

The nucleic acid sequence of this ndvel, prostate specific gene can be used to
design specific oligonucleotide probes and primers. When used in combination with
nucleic acid hybridization and amplification procedures, these probes and primers
permit the rapid analysis of prostate biopsy core specimens, serum samples, erfc. This
will assist physicians in diagnosing prostate cancer and in determining optimal treatment
courses for individuals with prostate tumors of varying malignancy. The same probes

and primers also may be used for in sifu hybridization or in situ PCR™ detection and

diagnosis of prostate cancer.

The novel gene sequence also may be used to identify and isolate a full length
genomic DNA sequence and its associated regulatory elements, including the promoter,
from genomic human DNA libraries. The ¢cDNA sequence identified in the present
Invention 1s first used to construct hybridization probes to screen genomic human DNA
libraries by standard techniques. Once partial genomic clones have been identified, full-
length genes are isolated by "chromosomal walking" (also called ‘overlap
hybridization"). See, Chinault and Carbon, 1979. Nonrepetitive sequences at or near
the ends of the partial genomic clones are then used as hybridization probes 1n further
genomic library screening, ultimately allowing the isolation of entire genomic sequence
for the novel prostate specific gene reported herein. Those experienced in the art will
realize that full length genes may be obtained using the cDNA sequence described

herein using technology currently available (Sambrook er al., 1989: Chinault and

Carbon, 1979).

In the practice of this method, the cDNA sequence identified in the present
disclosure 1s used as a hybridization probe to screen human genomic DNA libraries by
standard techniques. In a preferred practice, a high quality human genomic DNA library

1S obtained from commercial or other sources. The library 1s plated on, for example,
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agarose plates containing nutrients, antibiotics and other standard ingredients.
Individual colonies are transferred to nylon or nitrocellulose membranes and the cDNA
probes are hybridized to complementary sequences on the membranes. Hybridization is
detected by radioactive or enzyme-linked tags associated with the hybridized probes.
Positive colonies are grown up and sequenced by, for example, dideoxy nucleotide
sequencing or similar methods well known in the art. Comparison of cloned sequences
with known human or animal ¢cDNA or genomic sequences 1s performed using

computer programs and databases well known to the skilled practitioner.

In one embodiment of the present invention, the isolated nucleic acids of the

One aspect of the present invention is thus, oligonucleotide hybridization probes
and primers that hybridize selectively to samples of prostate cancer. These probes and
primers are selected from those sequences designated herein as SEQ ID NO:1, SEQ ID
NO:3 and SEQ ID NO:4. The availability of probes and primers specific for such
prostate specific nucleic acid sequences, that are differentially expressed In prostate
cancer, provides the basis for diagnostic kits useful for distinguishing between BPH,
prostate organ confined cancer and metastatic prostate tumors. Alternatively, the
availability of probes and prirﬁers that hybridize to one or more nucleic acids
corresponding to SEQ ID NO:1, SEQ ID NO:3 or SEQ ID NO:4 provide the basis for

diagnostic kits useful in the detection of prostate cancer.

In one broad aspect, the present invention encompasses kits for use in detecting
prostate cancer cells 1n a biological sample. Such a kit may comprise one or more pairs
of primers for amplifying nucleic acids corresponding to SEQ ID NO:1, SEQ ID NO:3
or SEQ ID NO:4. The kit may further comprise samples of total mRNA derived from
tissue of various physiological states, such as normal, BPH, confined tumor and

metastatically progressive tumor, for example, to be used as controls. The kit also may
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comprise buffers, nucleotide bases, and other compositions to be used in hybridization
and/or amplification reactions. Each solution or composition may be contained in a vial
or bottle and all vials held in close confinement in a box for commercial sale. Another
embodiment of th'e present invention encompasses a kit for use in detecting prostate
cancer cells 1n a biological sample comprising oligonucleotide probes effective to bind
with high affinity to nucleic acids corresponding to SEQ ID NO:1, SEQ ID NO:3 or
SEQ ID NO:4 in a Northern blot assay and containers for each of these probes. In a
further embodiment, the invention encompasses a kit for use in detecting prostate cancer
cells mn a biological sample comprising antibodies specific for proteins encoded by

nucleic acids corresponding to SEQ ID NO:1, SEQ ID NO:3 or SEQ ID NO4.

1dentified in the present invention.

In one broad aspect, the present invention encompasses methods for treating
prostate cancer patients by administration of effective amounts of antibodies specific for
the peptide products of nucleic acids corresponding to SEQ ID NO:1, SEQ ID NO:3 or
SEQ ID NO:4, or by administration of effective amounts of vectors producing antisense
messenger RNAs that bind to nucleic acids corresponding to SEQ ID NO:1, SEQ ID
NO:3 or SEQ ID NO:4, thereby inhibiting expression of the protein products of a
prostate specific gene that i1s overexpressed in prostate cancer. Antisense nucleic acid
molecules also may be provided as RNAs, as some stable forms of RNA with a long
half-life that may be administered directly without the use of a vector are now known in
the art. In addition, DNA constructs may be delivered to cells by liposomes, receptor
mediated transfection and other methods known in the art. Delivery of the present

agents, by any means known in the art would be encompassed by the present claims.

One aspect of the present invention is novel isolated nucleic acid segments that
arc useful as described herein as hybridization probes and primers that specifically
hybridize to nucleic acids corresponding to SEQ ID NO:1, SEQ ID NO:3 or SEQ ID
NO:4. These nucleic acids are described herein as species shown to be differentially
expressed 1n prostate cancer as compared to BPH and normal prostate tissue. The

invention further comprises an isolated nucleic acid of between about 14 and about 100
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bases in length, either identical to or complementary to a portion of the same length

occurring within the disclosed sequences.

The present invention comprises proteins and peptides with amino acid

sequences encoded by the aforementioned isolated nucleic acid segments.

The invention further comprises methods for detecting prostate cancer cells in
biological samples, using hybridization primers and probes designed to specifically
hybridize to nucleic acids corresponding to SEQ ID NO:1, SEQ ID NO:3 or SEQ ID
NO:4. This method further comprises measuring the amounts of nucleic acid

amplification products formed when primers selected from the designated sequences are

used.

The 1nvention further comprises the prognosis and/or diagnosis of prostate
cancer by measuring the amounts of nucleic acid amplification products formed as
above. The invention comprises methods of treating individuals with prostate cancer by
providing effective amounts of antibodies and/or antisense DNA molecules which bind
to the products of the above mentioned isolated nucleic acids. The invention further
comprises kits for performing the above-mentioned procedures, containing antibodies,

amplification primers and/or hybridization probes.

The present invention further comprises production of antibodies specific for
proteins or peptides encoded by nucleic acids corresponding to SEQ ID NO:1, SEQ ID
NO:3 or SEQ ID NO:4, and the use of those antibodies for diagnostic applications in
detecting prostate cancer. The invention further comprises therapeutic treatment of

prostate ~ cancer by administration of effective doses of inhibitors specific for the

atorementioned encoded proteins.

3.0  BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. Identification of the UC41 cDNA clone and confirmation of
differential expression. Panel A. Results of an agarose gel-based differential display

study, comparing RNA from normal prostate tissues (N) with RNA from prostate cancer
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tissues (C). The position of the UC41 band is at the bottom of the panel, just above the
label "UC41". Panel B. Confirmation of differential expression of UC41 by
RT-PCR™ of normal prostate tissues (N) and prostate cancer tissues (C). The position

of the UC41 band in this panel is adjacent to the label "UC41".

FIG. 2. UC41 expression in pair-matched normal and cancer tissues.

The pair-matched tissue was microdissected from OCT embedded radical

prostatectomies as described below in the section MATERIAL AND METHODS. 32
microglobin RT-PCR™ was used as a control. Matched samples were from normal
prostate (N) and adjacent prostate cancer tissues (C). The insert on the far right side of
the FIG. shows the results of RT-PCR™ for UC41 and B> microglobin in the LNCaP,

PC-3 and DU145 prostate cancer cell lines and the Lu 23 and Lu 35 prostate cancer

xenografts.

FIG. 3. In situ hybridization performed with both sense and antisense
probes labeled with digoxigenin-dUTP as described below in the section MATERIAL
AND METHODS. UC41 was predominantly expressed in the basal cells of normal
prostate (far left). Its expression was upregulated in prostate cancer (middle and far

right).

FIG. 4. In situ hybridization performed with both sense and antisense
probes labeled with digoxigenin-dUTP as described below in the section MATERIAL
AND METHODS. UC41 was predominantly expressed in the basal cells of normal
prostate (far left). Its expression was upregulated in prostate cancer metastatic to lymph

nodes (middle and far right).

FIG. S. In situ hybridization performed with both sense and antisense
probes labeled with digoxigenin-dUTP as described below in the section MATERIAL
AND METHODS. UC41 was predominantly expressed in the basal cells of normal
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prostate (far left). Its expression was upregulated in prostate cancer metastatic to bone

(muddle and far right).

KFIG. 6. Expression of UC41 in different normal tissues analyzed by

Northern blot hybridization. The human multiple tissue northern blot (Clontech. 2ug of
poly A" RNA per lane) was blotted as described below in the section MATERIAL AND
METHODS. Relative expression of UC41 is shown in human spleen (lane 1), thymus
(lane 2), prostate (lane 3), testis (lane 4), ovary (lane 5), small intestine (lane 6), colon
(mucosal lining, lane 7) and peripheral blood leukocyte tissues (lane 8). The UC41 band

of approximately 2.4 kb is expressed only in normal prostate tissue.

FI1G. 7. Confirmation of prostate specific expression in UC41 by slot blot
analysis. A human RNA master filter (Clontech, 89-514 ng of poly A" RNA per lane)
was probed with a UC41 specific probe as described below in the section MATERIAL
AND METHODS. Expression of UC41 was examined in RNA samples from (top row)
whole brain, amygdala, caudate nucleus, cerebellum, cerebral cortex, frontal lobe,
hippocampus, medulla oblongata, (second row) occipital lobe, putamen, substantia
nigra, temporal lobe, thalamus, nucleus acumens, spinal cord, (third row) heart, aorta,
skeletal muscle, colon, bladder, uterus, prostate, dtomach, (fourth row) testis, ovary,
pancreas, pituitary gland, adrenal gland, thyroid gland, salivary gland, mammary gland,
(fifth row) kidney, liver, small Intestine, spleen, thymus, peripheral leukocyte, lymph
node, bone marrow, (sixth row) appendix, lung, trachea, placenta, (seventh row) fetal
brain, fetal heart, fetal kidney, fetal liver, fetal spleen, fetal thymus, fetal lung, (bottom
row) yeast total RNA, yeast tRNA, E. coli IRNA. E. coli DNA., Poly r(A), human Cotl
DNA, human DNA (100ng) and human DNA (500ng).

FIG. 8. Results of UC41 FISH mapping. Panel A shows the FISH
signals on a metaphase chromosome. Panel B shows the same mitotic figure stained
with DAPT to identify chromosome 3. Panel C shows a diagram of the FISH mapping
results, wherein each dot represents the double FISH signals detected on human

chromosome 3.
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FIG. 9. Sequence analysis of UC41 cDNA. The UC41 cDNA sequence
and predicted amino acid sequence are shown. The predicted leader sequence is
indicated by the underlined box. The predicted transmembrane region 1s underlined in
bold. The prediction of transmembrane region is based on statistical analysis of

I'mbase, a database of naturally occurring transmembrane proteins.

4.0  DETAILED DESCRIPTION OF THE INVENTION

Previous work by the present inventors and others resulted in the identification
of an expressed sequence tag (EST), referred to as UC41. whose eXpression was
increased in prostate cancer cells compared to normal or benign prostate tissues. These
and other results were reported in U.S. Patent Application Serial No. 08/692,787. the

entire text of which is incorporated herein by reference.

The present invention discloses the entire cDNA sequence of the UC41 gene
(SEQ ID NO:l), and identifies UC41 as a novel, prostate specific gene whose
expression is upregulated in prostate cancer. As such, the UC41 gene 1s an indicator of
malignant transformation of prostate tissues. The skilled artisan will recognize that such
a differentially expressed, prostate specific gene has utility in the early detection,

diagnosis, prognosis and treatment of prostate cancer, within the scope of the present

invention.

Those skilled in the art will realize that the nucleic acid sequences disclosed
herein will find utility in a variety of applications in prostate cancer detection, diagnosis,

prognosis and treatment. Examples of such applications within the scope of the present

corresponding to SEQ ID NO:1, SEQ ID NO:3 or SEQ ID NO:4 by hybridization with
oligonucleotide probes; incorporation of isolated nucleic acids into vectors; expression
of RNA, peptides or polypeptides from the vectors: development of immunologic

reagents corresponding to proteins encoded by isolated nucleic acids corresponding to

SEQ ID NO:1, SEQ ID NO:3 or SEQ ID NO:4: and therapeutic treatments of prostate
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cancer using antibodies, antisense nucleic acids, or other inhibitors specific for the

1dentified prostate specific gene products.
4.1  Nucleic Acids

As described herein, an aspect of the present disclosure is nucleic acids
corresponding to SEQ ID NO:1, SEQ ID NO:3 or SEQ ID NO:4. These sequences, in
turn, correspond to: the entire cDNA sequence of UC41 (SEQ ID NO:1, FIG. 9); the
cDNA sequence of UC41 that is 5’ to the UC41 EST sequence disclosed in U.S. patent
application Serial No. 08/692,787 (SEQ ID NO:3, FIG. 9, bases 1-1322 of cDNA

sequence); and the cDNA sequence of UC41 that is 3’ to the UC41 EST sequence (SEQ
ID NO:4, FIG. 9, bases 1501-1934 of cDNA sequence).

In one embodiment, the nucleic acid sequences disclosed herein will find utility
as hybridization probes or amplification primers. These nucleic acids may be used, for
example, in diagnostic evaluation of tissue samples or employed to clone full length
genomic clones, including promoter and other regulatory sequences, corresponding
thereto. In certain embodiments, these probes and primers consist of oligonucleotide
fragments.  Such fragments should be of sufficient length to provide specific
hybridization to an RNA or DNA tissue sample. The sequences typically will be 10-20
nucleotides, but may be longer. Longer sequences, e.g., 40, 50, 100, 500 and even up to

full length, are preferred for certain embodiments.

Nucleic acid molecules having contiguous stretches of about 10, 13, 15, 17. 18.
19, 20, 21, 22, 23, 24, 25, 30, 40, 50, 60, 75, 100, 200, 300, 400, 500, 600, 700, 800.
900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800 or 1900 nucleotides., up to
the full length of the disclosed sequences, from a sequence selected from SEQ ID NO:3
and SEQ ID NO:4. are contemplated. Molecules that are complementary to the above
mentioned sequences and that bind to these sequences under high stringency conditions
also are contemplated. These probes will be useful in a variety of hybridization

embodiments, such as Southern and Northern blotting. In some cases, it is contemplated
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that probes may be used that hybridize to multiple target sequences without

compromusing their ability to effectively diagnose cancer.

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 first residue is 1. the second

residue is 2, efc., an algorithm defining all primers can be proposed:

nton+y
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 '1 1, 3 to
[2 ... 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, 2 to 21. 3 to 22 ... and

SO On.

The values of n in the algorithm above for each of the nucleic acid sequences 1S:

SEQ ID NO:3, n=1322; SEQ ID NO:4, n=434.

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 prepared by,
for example, directly synthesizing the fragment by chemical means or by introducing

selected sequences into recombinant vectors for recombinant production.

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 amplification of DNA or RNA from tissues. Depending
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on the application envisioned, one will desire to employ varying conditions of

hybridization to achieve varying degrees of selectivity of probe towards target sequence.

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 specific genes or detecting specific mRNA
transcripts. It is generally appreciated that conditions can be rendered more stringent by

the addition of increasing amounts of formamide.

For certain applications, for example, substitution of amino acids by site-directed
mutagenests, it 1s 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 positions.
Conditions may be rendered less stringent by increasing 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
temperatures 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.

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:
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- A
Amino Acids Codons

-_

Alanine Ala A GCA GCC GCG GCu

Cysteine Cys C UGC UGU

Asparticacid Asp D GAC GAU

Glutamicacid Glu E GAA GAG

Phenylalanine Phe F UUC UUU

Glycine Gy 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 CuuU
Methionine Met M AUG

Asparagine Asn N AAC AAU

Proline Pro P CCA CCC CCG cCCuU

Glutamine GIn Q CAA CAG

Arginine Arg R AGA AGG CGA CGC CGG CGU
Serine Ser S AGC  AGU UCA UCC UCG UCuU
Threonine Thr T ACA ACC ACG ACU

Valine val. V. GUA GUC GUG GUU

Tryptophan  Trp W UGG

Tyrosine Iyr Y UAC UAU

-_—_—

In other embodiments, hybridization may be achieved under conditions of, for
example, 50 mM Tris-HCI (pH 8.3), 75 mM KCl, 3 mM MgCl,, 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,

[.5 uM MgCl,, at temperatures ranging from approximately 40°C to about 72°C.

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
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label, for determining hybridization. A wide variety of appropriate indicator means are
known in the art, including fluorescent, radioactive. enzymatic or other ligands, such as -
avidin/biotin, which are capable of being detected. In preferred embodiments, one may
desire to employ a fluorescent label or an €nzyme tag such as urease, alkaline
phosphatase or peroxidase, instead of radioactive or other environmentally undesirable
reagents. In the case of enzyme tags, colorimetric indicator substrates are known which
can be employed to provide a detection means visible to the human eye or

spectrophotometrically, to identify specific hybridization with complementary nucleic

acid-containing samples.

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
expression 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 affixed to a selected matrix or surface. This fixed, single-stranded nucleic
acid 1s then subjected to hybridization with selected probes under desired conditions.
The selected conditions 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-specifically bound probe molecules.

hybridization is detected, or even quantified, by means of the label.

It will be understood that this invention is not limited to the particular probes
disclosed herein and particularly is intended to encompass at least nucleic acid
sequences that are hybridizable to the disclosed sequences or are functional sequence
analogs of these sequences. For example, a partial sequence may be used to identify a
structurally-related gene or the full length genomic or cDNA clone from which it is
dertved. Those of skill in the art are well aware of the methods for generating cDNA

and genomic libraries which can be used as a target for the above-described probes

(Sambrook er al., 1989).
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For applications in which the nucleic acid segments of the present 1nvention 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 contemplated 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 recombinant DNA protocol.

DNA segments encoding a specific gene may be introduced into recombinant
host cells and employed for expressing a specific structural or regulatory protein.
Alternatively, 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.

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.
4.2  Encoded Proteins

Once the entire coding sequence of the differentially expressed, prostate specific
gene has been determined, the gene can be inserted into an appropriate expression
system. The gene can be expressed in any number of different recombinant DNA.
expression systems to generate large amounts of the polypeptide product, which can
then be purified and used to vaccinate animals to generate antisera with which further

studies may be conducted.

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. A complete gene can be
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expressed or, alternatively, fragments of the gene encoding portions of polypeptide can

be produced.

In certain broad 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 softwaré, such as MacVector (IBI, New Haven, CT). The presence of
transmembrane sequences is often deleterious when a recombinant protein is
synthesized in many expression systems, especially E. coli, as it leads to the production
of insoluble aggregates which are difficult to renature into the native conformation of
the protein. Deletion of transmembrane sequences typically does not significantly alter

the conformation of the remaining protein structure.

Moreover, transmembrane sequences, being by definition embedded within a
membrane, are inaccessible. Antibodies to these sequences may not, therefore. prove
useful in in vivo or in situ studies. Deletion of transmembrane-encoding sequences from
the genes used for expression 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 amplification can be used to amplify only the desired part of

the gene.

Computer sequence analysis may be used to determine the location of the
predicted major antigenic determinant epitopes of the polypeptide. Software capable of
carrying out this analysis is readily available commercially, for example MacVector
(IBI, New Haven, CT). 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.

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
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these determinants may be constructed and inserted into expression vectors by standard

methods, for example, using PCR™ cloning methodology.

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
atfinity purification of the protein. Examples of such fusion protein €Xpression systems
are the glutathione S-transferase system (Pharmacia, Piscataway, NJ), the maltose

binding protein system (NEB, Beverley, MA), the FLAG system (IBI, New Haven, CT),
and the 6xHis system (Qiagen, Chatsworth, CA).

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 FLLAG 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
casily excised from the desired polypeptide. In one embodiment, the fusion partner is
linked to the recombinant polypeptide by a peptide sequence containing a specific
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, MA).

TI'he expression system used also may 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, Sorrento, CA). The vector
carrying the gene for the polypeptide is transfected into Spodoptera frugiperda (Sf9)
cells by standard protocols, and the cells are cultured and processed to produce the

recombinant antigen. See Summers et al., U.S. Patent No. 4,215,051 (Incorporated

herein by reference).
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As an alternative to recombinant polypeptides, synthetic peptides corresponding
to the antigenic determinants 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
available from Applied Biosystems (Foster City, CA). Use of such small peptides for
vaccination typically requires conjugation of the peptide to an 1IMMunogenic carrier
protein such as hepatitis B surface antigen, keyhole limpet hemocyanin or bovine serum

albumin. Methods for performing this conjugation are well known in the art.

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
sufficiently 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.

Amino acid sequence variants of the polypeptide may be substitutional,
isertional or deletion variants. Deletion variants lack one or more residues of the native
protein which are not essential for function or immunogenic activity, and are
exemplified 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 1s the SH2 domain, which induces protein binding to phosphotyrosine

residues.

Substitutional variants typically contain an alternative 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.
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Conservative 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 asparagine or glutamine; isoleucine to leucine
or valine; leucine to valine or isoleucine: lysine to arginine, glutamine, or glutamate;
methionine to leucine or isoleucine; phenylalanine 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.

Insertional variants include fusion proteins such as those used to allow rapid
purification 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 polypeptide from one species, together with portions of the homologous
polypeptide from another species. Other insertional variants may include those in which
additional amino acids are introduced within the coding sequence of the polypeptide.
These typically are smaller insertions than the fusion protemns described above and are

introduced, for example, to disrupt a protease cleavage site.

Major antigenic determinants of the polypeptide may be identified by an
empirical approach in which portions of the gene encoding the polypeptide are
expressed 1n 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 identifies 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 determinants of the polypeptide.

Another method for the preparation of the polypeptides according to the

Invention is the use of peptide mimetics. Mimetics are peptide-containing molecules
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which mimic elements of protein secondary structure. See, for example, Johnson er al.
(1993). The underlying rationale behind the use of peptide mimetics is that the peptide
backbone of proteins exists chiefly to orient amino acid side chains in such a way as to
facilitate molecular interactions, such as those of antibody and antigen. A peptide

mimetic is expected to permit molecular interactions similar to the natural molecule.

Successful applications of the peptide mimetic concept have thus far focused on

mimetics of B-turns within proteins, which are known to be highly antigenic. Likely B-
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.

4.3 Preparation of Antibodies Specific for Encoded Proteins

4.3.1 Expression of Proteins from Cloned cDNAs

The cDNA species specified in SEQ ID NO:1, SEQ ID NO:3 and SEQ ID
NO:4.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 recombinant expression. It 1s believed
that virtually any expression system may be employed 1n the expression of the claimed

nucleic acid sequences.

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
translation into protein. In addition, it is possible to use partial sequences for generation
of antibodies against discrete portions 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 significance. For example,
software capable of carrying out this analysis is readily available commercially from

MacVector (IBI, New Haven, CT). The software typically uses standard algorithms
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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.

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. Thereforé, engineered cells are
distinguishable from naturally occurring cells which do not contain a recombinantly
Introduced 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 introduced gene.

T'o express a recombinant encoded protein or peptide, whether mutant or wild-
type, 1n 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 | and about 50 nucleotides
"downstream" (i.e., 3) of the chosen promoter. The ‘upstream” promoter stimulates

transcription of the DNA and promotes expression of the encoded recombinant protein.

T'his 1s the meaning of "recombinant expression" in this context.

Many standard techniques are available to construct expression vectors
containing the appropriate nucleic acids and transcriptional/translational control
sequences 1n 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.

Certain examples of prokaryotic hosts are E. coli strain RR1, E. coli 1.LE392,
L. coli B, E. coli X 1776 (ATCC No. 31537) as well as E. coli W3110 (-, lambda-,
prototrophic, ATCC No. 273325); bacilli such as Bacillus subtilis; and other
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enterobacteriaceae such as Salmonella typhimurium, Serratia marcescens, and various

Pseudomonas species.

In general, plasmid vectors containing replicon and control sequences which are
derived from species compatible 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 phenotypic selection in transformed cells. For example,
L. coli 1s often transformed using pBR322, a plasmid derived from an E. col Species.
pBR322 contains genes for ampicillin and tetracycline resistance and thus provides a
simple means for identifying transformed cells. The pBR plasmid, or other microbial
plasmid or phage must also contain, or be modified to contain, promoters which may be

used by the microbial organism for expression of its own proteins.

In addition, phage vectors containing replicon and control sequences that are
compatible with the host microorganism may be used as transtforming vectors In
connection with these hosts. For example, the phage lambda GEM ' ™-1] may be

utilized in making a recombinant phage vector which may be used to transform host

cells, such as E. coli LE392.

Further useful vectors include pIN vectors (Inouye er al., 1985); and pGEX
vectors, for use in generating glutathione S-transferase (GST) soluble fusion proteins for
later purification and separation or cleavage. Other suitable fusion proteins are those

with [3-galactosidase, ubiquitin, or the like.

Promoters that are most commonly used in recombinant DNA construction

include the B-lactamase (penicillinase), 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

VECLOTIS.
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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 #rpl 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 #rpl lesion as a characteristic of the yeast

host cell genome then provides an effective environment for detecting transformation by

growth 1n the absence of tryptophan.

Suitable promoting sequences in yeast vectors include the promoters for 3-
phosphoglycerate kinase (Hitzeman et al., 1980) or other glycolytic enzymes (Hess et
al., 1968; Holland er al., 1978), such as enolase. glyceraldehyde-3-phosphate
dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-
phosphate isomerase, 3-phosphoglycerate mutase, pyruvate kinase, triosephosphate
1Isomerase, 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.

Other suitable promoters, which have the additional advantage of transcription
controlled by growth conditions, include the promoter region for alcohol dehydrogenase
2, 1socytochrome C, acid phosphatase, degradative enzymes associated with nitrogen
metabolism, and the aforementibned glyceraldehyde-3-phosphate dehydrogenase, and

enzymes responsible for maltose and galactose utilization.

In addition to micro-organisms, cultures of cells derived from multicellular
organisms also may 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 1nsect cell systems infected with recombinant virus expression vectors (e.g.,
baculovirus); and plant cell systems infected with recombinant virus EXPression vectors

(e.g., cauliflower mosaic virus, CaMV: tobacco mosaic virus, TMYV) or transformed
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with recombinant plasmid expression vectors (e. g-, 1 plasmid) containing one or more

coding sequences.

In a useful insect system, Autographa californica nuclear polyhidrosis virus
(ACNPV) 1s used as a vector to express foreign genes. The virus grows in Spodoptera
frugiperda cells. The isolated nucleic acid coding sequences are cloned into non-
essential regions (for example the polyhedrin 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 proteinaceous coat coded for by
the polyhedrin gene). These recombinant viruses are then used to infect Spodoptera

frugiperda cells in which the inserted gene is expressed (e.g., U.S. Patent No. 4,215,051
(Smith)).

Examples of useful mammalian host cell lines are VERO and Hel a 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 modifies and processes the gene product in the
specific fashion desired. Such modifications (e. 8., glycosylation) and processing (e.g.,

cleavage) of protein products may be important for the function of the encoded protein.

Difterent host cells have characteristic and specific mechanisms for the post-
translational processing and modification of proteins. Appropriate cells lines or host
systems may be chosen to ensure the correct modification 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 €Xogenous origin,

such as may be derived from SV40 or other viral (e.g., Polyoma, Adeno, VSV, BPV)
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source, or may be provided by the host cell chromosomal replication mechanism. If the

vector is integrated into the host cell chromosome, the latter is often sufficient.

The promoters may be derived from the genome of mammalian cells (e.g.,
metallothionein promoter) or from mammalian viruses (e.g., the adenovirus Ilate
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.

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
also may be used, provided there is included the approximately 250 bp sequence
extending from the HindIll site toward the Bgl I site located in the viral origin of

replication.

In cases where an adenovirus is used as an expression vector, the coding
sequences may be ligated to an adenovirus transcription/translation control complex,
e.g., the late promoter and tripartite leader sequence. This chimeric gene may then be
inserted in the adenovirus genome by in vitro or in vivo recombination. Insertion in a
non-essential region of the viral genome (e.g., region El or E3) will result in a

recombinant virus that is viable and capable of expressing proteins in infected hosts.

Specific initiation signals also may be required for efficient translation of the
claimed isolated nucleic acid coding sequences. These signals include the ATG
Initiation codon and adjacent sequences. Exogenous translational control signals,
including the ATG initiation codon, may additionally 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 1n-
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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 efficiency of expression may be

enhanced by the inclusion of appropriate transcription enhancer elements or

transcription terminators (Bittner er al., 1987).

In eukaryotic expression, one will also typically desire to incorporate into the

transcriptional unit an appropriate 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 3G to 2000 nucleotides "downstream" of the termination site of the protein

at a position prior to transcription termination.

For long-term, high-yield production of recombinant proteins, stable expression
1s 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
expression 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 tor 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.

A number of selection systems may be used, including but not limited to, the
herpes simplex virus thymidine kinase (Wigler et al., 1977), hypoxanthine-guanine
phosphoribosyltransferase (Szybalska et al., 1962) and adenine
phosphoribosyltransferase genes (Lowy et al., 1980), in tk-, hgprt- or aprt- cells,
respectively. Also, antimetabolite resistance may be used as the basis of selection for
dhir, 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
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confers resistance to the aminoglycoside G-418 (Colberre-Garapin et al., 1981); and

hygro, that confers resistance to hygromycin (Santerre et al., 1984).

It 1s 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 even relative to the expression of other proteins in the
recombinant host cell. Such overexpression may be assessed by a variety of methods,
including radio-labeling and/or protein purification. 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. A specific 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 1s a relative abundance of the specific protein in relation to the other

proteins produced by the host cell and, e.g., visible on a gel.
4.3.2 Purification of Expressed Proteins

Further aspects of the present invention concern the purification, and in
particular embodiments, the substantial purification, of an encoded protein or peptide.
The term "purified protein or peptide" as used herein, is intended to refer to a
composition, 1solatable from other components, wherein the protein or peptide is
purified to any degree relative to its naturally-obtainable state, i.e., in this case, relative
to 1ts purity within a prostate, cell extract. A purified protein or peptide therefore also

refers to a protein or peptide, free from the environment in which it may naturally occur.

Generally, "purified” will refer to a protein or peptide composition which has
been subjected to fractionation to remove various other components, and which
composition substantially retains its expressed biological activity. Where the term
“substantially purified” i1s used. this will refer to a co<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>