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ABSTRACT The identification of genes with selective ex-
pression in specific organs or cell types provides an entry point
for understanding biological processes that occur uniquely
within a particular tissue. Using a subtraction approach de-
signed to identify genes preferentially expressed in specific
tissues, we have identified prostase, a human serine protease
with prostate-restricted expression. The prostase cDNA encodes
a putative 254-aa polypeptide with a conserved serine protease
catalytic triad and an amino-terminal pre-propeptide sequence,
indicating a potential secretory function. The genomic sequence
comprises five exons and four introns and contains multiple
copies of a chromosome 19q-specific minisatellite repeat. North-
ern analysis indicates that prostase mRNA is expressed in
hormonally responsive normal and neoplastic prostate epithelial
tissues, but not in prostate stromal constituents. Prostase shares
35% amino acid identity with prostate-specific antigen (PSA)
and 78% identity with the porcine enamel matrix serine protein-
ase 1, an enzyme involved in enamel matrix degradation and with
a putative role in the disruption of intercellular junctions.
Radiation-hybrid-panel mapping localized prostase to chromo-
some 19q13, a region containing several other serine proteases,
including protease M, pancreaticyrenal kallikrein hK1, and the
prostate-specific kallikreins hK2 and hK3 (PSA). The sequence
homology between prostase and other well-characterized serine
proteases suggests several potential functional roles for the
prostase protein that include the degradation of extracellular
matrix and the activation of PSA and other proteases.

Carcinoma of the prostate is the most commonly diagnosed
noncutaneous malignancy and the second-leading cause of can-
cer-related death in American men. Estimates from the American
Cancer Society indicate that more than 180,000 American men
will be diagnosed with prostate cancer, and 39,000 will die of this
malignancy in 1998 (1). Great though these numbers are, they
represent but a small fraction of the histologically prevalent
prostate cancers in the population. The incidence of latent, or
incidental, prostate cancer approaches 35% in men over the age
of 50 years, which translates into more than 10 million affected
individuals (2, 3).

The treatment of prostate carcinoma has been greatly aided by
the identification of genes and their cognate proteins whose
expression is essentially restricted to the prostate. The most useful
of these proteins to date is prostate-specific antigen (PSA), a
serine protease expressed by the luminal epithelium of normal
prostate tissue and also produced by malignant prostate cells (4).
The positive predictive value of PSA for assessing cancer risk
makes PSA the most useful tumor marker for monitoring treat-
ment response and disease progression among patients diagnosed
with prostate cancer (5). Though controversial, screening for

elevated levels of PSA in asymptomatic populations recently has
been suggested to decrease prostate cancer mortality (6). How-
ever, PSA is not a perfect tumor marker because levels often are
elevated in men with benign prostatic hyperplasia, prostatitis, and
other nonmalignant disorders (7). In addition, PSA measure-
ments fail to discriminate accurately between indolent and ag-
gressive cancers, PSA levels do not clearly correlate with tumor
volume, PSA levels may be affected by drug treatments without
affecting tumor growth, and assays for PSA may crossreact with
other closely related serine proteases such as glandular kallikreins
1 and 2 (7).

In addition to diagnostic uses, tissue-specific genes such as PSA
are currently under evaluation for prognostic and therapeutic
applications. The hematogenous identification of PSA mRNA
indicative of circulating prostate carcinoma cells may provide
stage-related prognostic information. Immunotherapy strategies
involving vaccine and mAbs targeting PSA and the cell-surface
marker prostate-specific membrane antigen have been developed
(8, 9). Prodrug activation by PSA enzymatic activity has been
proposed as a means to produce tissue-specific cytotoxicity (10),
and several gene therapy approaches in early clinical trials use the
PSA promoter for cell type-specific gene activation (11).

In an effort to identify additional genes preferentially ex-
pressed in the human prostate that could serve as potential
markers for the diagnosis and treatment of prostate cancer, we
constructed a prostate cDNA library enriched by subtraction with
cDNAs from four other normal tissues. Analysis of the resulting
cDNA population by expressed sequence tag sequencing identi-
fied a gene, prostase, that exhibits a transcript expression pattern
restricted to the normal and neoplastic prostate. Prostase exhibits
features of a secreted protein and is a member of the serine
protease gene family with greatest sequence homology to enamel
matrix serine proteinase 1 (EMSP1), a porcine protein hypoth-
esized to be involved in remodeling of organic matrix in tooth
development (12).

MATERIALS AND METHODS
Cell Culture and General Methods. DNA manipulations,

including transformation, plasmid preparation, gel electrophore-
sis, and probe labeling, were performed according to standard
procedures (13). Restriction and modification enzymes (Life
Technologies, Rockville, MD) were used in accordance with the
manufacturer’s recommendations. Prostate carcinoma cell lines
LNCaP, DU145, and PC3 were cultured in RPMI medium 1640
supplemented with 10% FBS. LNCaP cells were transferred into
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RPMI 1640 media with 10% charcoal-stripped fetal calf serum
(CS-FCS) (Life Technologies) 24 hr before androgen regulation
experiments. This media was replaced with fresh CS-FCS media
including 1 nM of the synthetic androgen R1881 (New England
Nuclear). Cells were harvested for RNA isolation at 0-, 1-, 2-, 4-,
8-, 24-, 48-, and 72-hr time points.

cDNA Library Construction and Analysis. Poly(A)1 RNA was
isolated from flash-frozen normal prostate, brain, liver, and
placental tissues by using the TRIzol reagent (Life Technologies)
and oligo(dT) Sepharose columns (Amersham Pharmacia) ac-
cording to the manufacturers’ instructions. Prostate cDNA syn-
thesis was performed by using Molone murine leukemia virus
reverse transcriptase (Life Technologies) and the PCR-Select
cDNA subtraction kit (CLONTECH) using suppression subtrac-
tive hybridization (14). Prostate-enriched and -subtracted cDNAs
were cloned into the PCRII vector (Invitrogen), transformed into
Escherichia coli, and plated on Luria–Bertaniyampicillin agar.
Ninety-six clones were randomly selected and subjected to PCR
amplification with insert-flanking vector primers to generate
template for DNA sequencing as described (15).

cDNA and Genomic DNA Cloning. A 128-bp prostase cDNA
fragment obtained from the subtractive cDNA library was labeled
with 32P-dCTP by using a random priming method (Life Tech-
nologies) and used to screen 36,000 arrayed clones from a normal
prostate cDNA library (15). Positive clones were isolated, prop-
agated, and sequenced as described above. Rapid amplification of
cDNA ends was used to obtain 59 cDNA sequence by using
normal prostate cDNA (CLONTECH) and oligo(dG)-tailed
LNCaP cDNA as template with the gene-specific primer PRR1
59-GGTATTTGGGGGTCAATTTCATGGG-39. A bacterial
artificial chromosome (BAC) clone containing the prostase gene
was obtained by screening a human BAC library (Genome
Systems, St. Louis) with prostase gene-specific oligonucleotides
(PRU1 59-CCTTGCTCGCTAACGACCTCAT-39 and PRL1
59-CCAGCCAGAAACGAGGCAAGAGT-39). Cesium chlo-
ride density gradient-purified BAC DNA was sonicated, and
DNA fragments 1.5–2 kb in size were separated on an agarose gel,
purified, and subcloned into M13 vectors. Five hundred clones
were partially sequenced as described (15) and assembled by
using PHRED, PHRAP, and CONSED sequence assembly software
(16, 17).

DNA Sequencing and Analysis. DNA sequencing was per-
formed by the dideoxy chain-termination method by using Taq
dye primer and dye terminator kits (Applied Biosystems). The
nucleotide sequences were analyzed with an ABI 377 automated
sequencer (Applied Biosystems). Sequence homology searches
and comparisons were performed by using BLASTN and BLASTX
algorithms (18) on the National Center for Biotechnology Infor-
mation web server (http:yywww.ncbi.nlm.nih.govyBLASTy). The
assembled genomic sequence was analyzed with the gene pre-
diction program GENESCAN (http:yygnomic.stanford.eduy
GENSCANW.html) (19) and compared with the cDNA se-
quence to define intronyexon boundaries and gene sequence
structures. Multiple sequence alignments were performed by
using the CLUSTAL algorithm (20). A neural network-based signal
peptide and cleavage site prediction program was used to deter-
mine the putative signal peptide sequence (http:yywww.cbs.
dtu.dkyservicesySignalPy) (21).

Chromosomal Localization. The G3 Gene bridge radiation
hybrid panel (Research Genetics, Huntsville, AL) (22) was used
to determine the chromosomal location of prostase. Prostase
primers PRU1 59-CCTTGCTCGCTAACGACCTCAT-39 and
PRL1 59-CCAGCCAGAAACGAGGCAAGAGT-39 were used
in PCRs with DNA pools from the hybrid panel according to the
manufacturer’s instructions. After 40 cycles of amplification, the
reaction products were separated on a 1.2% agarose gel, and the
result was analyzed through the Stanford genome center web
server (http:yywww-shgc.stanford.eduyRH) to determine the
probable chromosomal location.

Northern Analysis. Total RNA was isolated from cell lines,
normal prostate tissue, and prostate cancer xenografts by using
TRIzol (Life Technologies) according to the manufacturer’s
directions. The RNA samples were fractionated on a 1.2%
agarose denaturing gel and transferred to nylon membrane by
capillary method (13). The human multiple tissue blot was
obtained from CLONTECH. Blots were probed with a cDNA
fragment representing exon 4 and 5 of the prostase cDNA. Filters
were imaged and quantitated by using a phosphor-capture screen
and IMAGEQUANT software (Molecular Dynamics).

RESULTS
Subtracted cDNA Library Analysis. A prostate cDNA library

was constructed for the enrichment of transcripts preferentially
expressed in prostate tissue relative to liver, brain, and placenta.
Ninety-six clones from this subtracted library were selected at
random and partially sequenced. A comparison of these se-
quences to the GenBank and dbEST nucleotide databases using
the BLASTN and BLASTX algorithms identified 69 sequences
with .95% identity to known genes, seven with identity to
sequences only in dbEST, and four putatively novel sequences
with less than 70% nucleotide sequence homology to any data-
base entries (Table 1). Sixteen clones contained no inserts or
yielded poor sequence data. Overall, 56 of the 80 high-quality
sequences (70%) were homologous to five different genes pre-
viously described to exhibit prostate and seminal vesicle-restricted
or enhanced expression, prostate acid phosphatase (23), PSA
(24), seminogelin (25), and prostate-specific transglutaminase
(26). We previously have shown that none of these transcripts are
present at a frequency greater than 3% in a nonsubtracted
prostate library (15), thus indicating the subtraction procedure
successfully enriched the library population for prostate-specific
cDNAs.

Identification, Cloning, and Sequence Analysis of Prostase.
The partial ORF of one 157-bp cDNA clone, G7, exhibited
significant amino acid similarity (40%–80%) to several serine
proteases, including members of the kallikrein protein family and
the recently described EMSP1 (GenBank accession no. U76256)
(12). Additional sequence for the G7 clone was obtained by
screening a normal prostate cDNA library and by performing
rapid amplification of cDNA ends (RACE). However, when
compared with other serine protease sequences, the final assem-
bly of the prostase cDNA sequence failed to yield a legitimate
exon 1. To obtain the first exon and to determine the genomic
organization of the prostase gene, a bacterial artificial chromo-
some clone containing the prostase gene was partially sequenced.

Table 1. Sequence analysis results of 96 randomly selected cDNA
clones from the subtracted prostate cDNA library

Identification #Clones

Prostate acid phosphatase 21
Seminogelin I 14
Seminogelin II 8
PSA 7
Prostate-specific glutaminase 6
Myoson heavy chain 4
Other known genes* 9
Expressed sequence tag 7
Novel 4
No data 16
Total 96

The Novel category indicates cDNAs without significant matches to
any sequences in the public databases. The No Data category indicates
the number of clones selected with no inserts or poor DNA sequence
read quality.
*Nonhepatic arginase (D86724), glycine cleavage system T protein

(D13811), proliferation associated gene (X67951), cytochrome P-450
LTBV (D12621), beta-actin (M10277), histone H3.3 (M11354), mu-
cin (L07581), and genomic sequence (Z75407).

Medical Sciences: Nelson et al. Proc. Natl. Acad. Sci. USA 96 (1999) 3115



Analysis of the final assembled sequence with the GENSCAN gene
prediction program program (27) identified five exons with four
matching to the prostase cDNA sequence obtained from RACE
and library screening. The putative first exon and part of exon 2
thus were identified from genomic sequence. PCR primers were
designed based on the exon sequences obtained from the exon
prediction program and used to confirm the cDNA sequence
(data not shown). The intronyexon splice sites (—mG-
T. . .AGm —) and their flanking sequences in the prostase exons
are closely related to the consensus splicing signals (–mGTA-
AGT. . .CAGm—) (28) (Fig. 1). Although most trypsin-like
serine proteases are comprised of five exons, and the gene
prediction algorithm did not identify an additional exon, we
cannot exclude the possibility that an additional upstream non-
coding exon exists.

The final prostase sequence was assembled from cDNA and
genomic sequence to generate a cDNA sequence of 1,347 nt with
a presumptive protein-coding region of 765 nt starting at the first
methionine codon preceded by an appropriate Kozak consensus
sequence for the initiation of translation (29) (Fig. 2). A 582-nt
39 untranslated region contains a polyadenylation signal,
AATAAA, located 21 bases upstream of the poly(A) tail.

The cDNA encodes a putative 254-aa polypeptide, with com-
puter analysis predicting a 26-aa signal peptide with a cleavage
site on the carboxyl side of Gly26 and a proprotein cleavage site
on the carboxyl side of Gln30, leaving an active protein of 224 aa
(http:yywww.cbs.dtu.dkyservicesySignalPy) (Fig. 2). The cata-
lytic triad of serine proteases His71(H), Asp116(D), and Ser207(S),
(His57-Asp102-Ser195 in the bovine chymotrypsin numbering sys-
tem) is conserved in prostase. The sequence alignment with
EMSP1 supports, by analogy, the assignments of the translation
initiation site and proprotein cleavage sites. Thus, like other
serine proteases such as trypsin and PSA, prostase is likely also
synthesized as a preproenzyme that contains an N-terminal signal
peptide (prezymogen) followed by a short activation peptide and
the enzymatic domain at the C-terminal end. The presence of a
signal peptide suggests that prostase is likely to be a secreted
protein. A putative N-linked glycosylation site is found at Asn110

(N)-Val111(V)-Ser112(S) (Fig. 2).
Prostase Is Highly Homologous to Members of the Serine

Protease Family. We used the nucleotide and the mature 224-aa
prostase sequence to search the National Center for Biotechnol-
ogy Information sequence database by using BLAST and BEAUTY
algorithms. Significant homology was seen with several serine
protease sequences, including members of the kallikrein and
trypsin families (Fig. 3). Prostase is most similar to the recently
reported porcine gene EMSP1 (12) with 84% nucleotide and 72%
amino acid sequence identity over the coding region. Prostase
shares 37% amino acid identity and 52% amino acid similarity
with PSA (Fig. 3).

The kallikrein proteins contain a conserved 11-aa sequence
immediately preceding the aspartate (D) active site residue.

These residues, not found in prostase, form the kallikrein loop
that is thought to determine substrate specificity (30). As previ-
ously shown for EMSP1 (12), a phylogenetic analysis separated
the kallikreins from the trypsin-related proteins and grouped
stratum corneum chymotryptic enzyme (SCCE, GenBank acces-
sion no. L33404), protease M (31), EMSP1, and prostase (data
not shown). The presence of aspartate (D) at position 201 predicts
that prostase will produce trypsin-like cleavage, unlike PSA,
which has a serine at the corresponding position and produces
chymotrypsin-like cleavage.

Twenty-nine ‘‘invariant’’ amino acids surrounding the active
site of serine proteases have been described (32). Of these, 26 are
conserved in prostase (Fig. 3). The three alterations (Ser57 for
Gly, Ile137 for Leu, and Ser171 for Pro) are conservative changes
(33). Twelve cysteine residues are present in the putative active
prostase protein. Ten are conserved in all of the serine proteases
aligned in Fig. 3 and would be expected to form disulfide bridges.
The other two cysteines are not found in the kallikreins or human
trypsin, but are found in similar positions in EMSP1, SCCE,
protease M, and bovine trypsin and would be expected to form
an additional disulfide bond.

Chromosomal Location of Prostase. A chromosome 19-
specific minisatellite repeat has been reported to be clustered
exclusively in the q13 band of chromosome 19 (34). Eleven copies
of this 37-bp repeat were identified in the 39 untranslated region
of prostase with additional copies in each intron. Three copies of
this repeat also are found in the 39 untranslated region of the
porcine EMSP1 gene. The presence of this repeat suggested a 19q
chromosomal location for the prostase gene. PCR analysis of a
G3 radiation hybrid panel with prostase exon 5 primers mapped
the prostase gene to chromosome 19q13. Several other serine
proteases, including protease M, pancreaticyrenal kallikrein
(hK1), and the prostate-specific kallikreins glandular kallikrein 2
(hK2), and glandular kallikrein 3 (PSA, hK3) also map to this
region (31, 35).

Prostase Expression Is Prostate Specific and Androgen Reg-
ulated. The distribution of prostase transcripts in normal human
tissues was examined by Northern analysis. Of 20 adult and fetal
tissues examined, prostase expression was evident almost exclu-
sively in the prostate (Fig. 4). Prostase expression can be detected
in small intestine after prolonged exposure (data not shown).
Reverse transcriptase–PCR analysis of prostase expression in
normal human tissues produced similar results (data not shown).

The expression of prostate-specific genes, including PSA and
the homeobox gene hNKX3.1, have been shown to be regulated
by androgenic hormones (36, 37). In this study, we used the
androgen-responsive LNCaP prostate cancer cells as a model
system to evaluate whether prostase expression is under andro-
genic control. After steroid depletion, the cells were supple-
mented with 1 nM R1881, a synthetic androgen. RNA was
extracted at specific time points and examined by Northern
analysis using a prostase cDNA probe. After 24 hr of androgen

FIG. 1. The sequences of prostase intronyexon boundaries.
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depletion, prostase expression decreased to 50% of steady-state
levels and rose after androgen reintroduction to reach a maxi-
mum 1.7-fold increase over steady state at 48 hr (Fig. 5 A and B).
Though reduced, prostase expression still could be detected in the
LNCaP cells after androgen deprivation, indicating that a basal
level of expression may not be androgen dependent or that
residual androgens were present in the charcoal-stripped FCS
media. The removal of androgens for 72 hr reduced prostase
expression to undetectable levels (Fig. 5C). Prostase expression
was not observed in the androgen-unresponsive prostate cancer
cell lines PC-3 and DU-145 and was not seen in a short-term
culture of prostate stroma consisting of fibroblasts and smooth
muscle cells (Fig. 5A).

Although normal secretory prostate epithelial cells and early-
stage prostate carcinomas depend on androgens for growth, a
hallmark of advanced prostate cancer is the emergence of an
androgen-independent (AI) cellular phenotype. These AI neo-

plastic cells are also capable of producing and secreting PSA. We
examined the expression of prostase in human prostate cancers
propagated in a xenograft system that recapitulates the androgen-
dependent (AD) and subsequent AI characteristics of human
prostate cancer growth (38). Prostase was highly expressed in
both the AD and AI tumors (Fig. 5A), a finding that parallels PSA
expression in this system, indicating a possible dysregulation of
prostase control.

DISCUSSION
In a search for genes preferentially expressed in the human
prostate, we have isolated and characterized cDNA and genomic
clones encoding prostase, a member of the serine protease family.
Prostase expression is virtually restricted to cells of prostate
epithelial origin. The predicted sequence of the encoded prostase
protein is similar to trypsin and members of the kallikrein family,
such as PSA, and prostase is highly homologous to the recently

FIG. 2. The DNA and derived amino acid sequence of human prostase. The number of the last nucleotide in each row is indicated on the right.
The putative signal peptide sequence is underlined with the predicted cleavage site indicated by an upward arrow. The propeptide sequence is boxed
with the predicted cleavage site indicated by a downward arrow. Cysteine residues involved in putative disulfide bonds are marked with an p. The
catalytic triad active-site residues (H, D, S) are boxed. One potential N-linked glycosylation site (N110) is circled. The polyadenylation signal is
underlined twice.

FIG. 3. Alignment of the deduced amino acid sequence of prostase with the serine proteases EMSP1, SCCE, protease M, hK1, hK2, hK3, rat
KLK8, mouse KLK1, and trypsin. GenBank accession numbers are listed. Amino acid sequence identity (black) or similarity (gray) between prostase
and at least one other protein is shaded. Dashes represent gaps to bring the sequences to better alignment. The serine protease catalytic triad of
histidine, aspartic acid, and serine are boxed vertically and denoted with an p. The 29 invariant serine protease residues are indicated by F. The
Asn residue conferring trypsin cleavage specificity is indicated by a cross. The hatched horizontal bar indicates the kallikrein loop sequence.
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described EMSP1 at both the nucleic acid and amino acid level
(12). Structural features essential for serine protease activity such
as the His-Asp-Ser catalytic triad, the residues lining the substrate
binding cleft, and the cysteine bridges, are almost perfectly
conserved.

The biological function of prostase is not known. The serine
protease gene family encodes protein-cleaving enzymes that play
important roles in diverse physiological processes, including di-
gestion (e.g., trypsin and chymotrypsin), tissue remodeling (e.g.,
SCCE), and blood clotting (e.g., plasminogen activator and
thrombin). Serine proteases also act as regulators of a variety of
processes by proteolytic activation of precursor proteins. The
prostate-specific serine proteases PSA and hK2 both are synthe-

sized as precursor proteins that must be activated by cleavage of
the propeptide. Recombinant hK2 and a partially purified sem-
inal fluid enzyme(s) have been shown to activate PSA in vitro (39).
The activators of these enzymes have not been identified. The
predicted trypsin-like cleavage specificity of prostase makes it a
candidate activator of PSA and hK2. We hypothesize that the
normal function of prostase may be to participate with hK2 and
PSA in a ‘‘cascade’’ of enzymatic reactions similar to those found
in the processes of fibrinolysis and blood coagulation (39, 40).
This cascade would culminate in the cleavage of seminogelin and
the liquefaction of seminal fluid, an essential step for maintaining
sperm motility and fertility (41).

Based on similarities to serine proteases with characterized
functions, prostase also may have physiologic roles involving
growth and tissue remodeling with implications for cancer biol-
ogy. PSA has been reported to cleave proteins involved in normal
and neoplastic cellular proliferation, including insulin-like growth
factor binding protein 3 (42), parathyroid hormone-related pro-
tein (43), and pro-epidermal growth factor (44). Prostase exhibits
approximately 45% amino acid identity with SCCE (45), a
skin-specific serine endoproteinase with a putative role catalyzing
the degradation of intercellular cohesive structures in the con-
tinuous shedding of cells from the skin surface (46). It is con-
ceivable that prostase may play a similar role in the normal
turnover of prostate glandular epithelial cells and potentially also
function to modulate cellular adhesive forces that are critical for
neoplastic growth and metastatis. Interestingly, the cancer-
associated protein designated protease M, a serine protease
shown to be highly expressed in primary tumors of breast and
ovarian origin, shares 38% identity with prostase (31). Investiga-
tors studying protease M expression have suggested that this
protein may play a role in establishing primary breast and ovarian
tumors and also may function later in the cancer progression
process as a metastasis inhibitor (31).

The extensive homology between the prostase and EMSP1
proteins (72% identity and 85% similarity) suggests additional
roles for prostase. EMSP1 was the first proteinase fractionated
from the developing tooth enamel matrix (47) and functions to
degrade enamel matrix proteins such as the amelogenins during
the process of enamel maturation (48). EMSP1 also may play a
role in modulating cellular junctions during ameloblast matura-
tion. Based on the amino acid sequences of the prostase and
EMSP1 proproteins, neither are predicted to be activated by
trypsin or chymotrypsin cleavage. However, EMSP1 is reported
to be activated by matrix metalloproteinases (MMPs) (49), a class
of enzymes under intensive investigation for their role in the
cancer metastatic process (50). Thus, members of the MMP
family, particularly those MMPs expressed in prostate epithelial
cells, should be investigated as potential activators of prostase.

The homology between prostase and EMSP1 is intriguing in
view of the high propensity of prostate carcinoma to metastasize
to bone, the principal metastatic site, and cause of morbidity in
this disease. Bone is a metabolically active and highly organized
tissue consisting of a mineral phase of hydroxyapatite and amor-
phous calcium phosphate crystals deposited in an organic matrix.
Metastatic prostate cancer cells alter the normal bone remodel-
ing balance involving interactions between osteoblasts, oste-
oclasts, and constituents of the bone matrix to favor bone
formation. Both osteoblastic and osteolytic changes occur during
the course of tumor progression as a consequence of significant
bone resorption and bone production occurring within the met-
astatic sites (51, 52). Although some components of bone remod-
eling involving tumor metastases have been identified, including
PTHrP and transforming growth factor b (52), the process
remains ill-defined. If the sequence conservation of prostase and
EMSP1 correlates to functional attributes, then prostase should
be investigated as a potential contributor to the bone pathogen-
esis of metastatic prostate cancer.

The mapping of prostase to chromosome 19q13 is interesting
in that two other prostate-specific genes, hKLK2 and hKLK3

FIG. 4. Multiple tissue Northern analysis of prostase. (A) Prostase
is expressed specifically in normal prostate tissue with a transcript size
of approximately 1.3 kb. (B) A human glyceraldehyde-3-phosphate
dehydrogenase probe was used as a control for equivalent RNA
loading. Tissue types are indicated at the top of each lane.

FIG. 5. Androgen regulation of prostase expression. (A) Northern
analysis by using a prostase probe with RNA extracted from normal
prostate (NP), LNCaP at steady state (SS), LNCaP after 24 hr of
androgen deprivation (0), LNCaP at specified hours after androgen
exposure (1, 2, 4, 8, 24, and 48), the PC3 (PC3) and DU145 (DU145)
prostate cancer cell lines, the androgen dependent (PXe-AD) and
androgen independent (PXe-AI) prostate cancer xenografts, and pros-
tate stroma (PS). A probe for b-actin is used to estimate RNA loading.
(B) Relative prostase expression levels. Expression ratios are determined
by normalizing all samples for b-actin intensity relative to the LNCaP
steady-state (SS) sample. Prostase expression for each sample is shown in
PhosphorImager intensity units relative to the SS LNCaP sample. (C)
Northern analysis of prostase expression in LNCaP cells grown either with
(1) or without (2) androgen (1 nM R1881) for 72 or 144 hr. A probe for
b-actin is used to estimate RNA loading.

3118 Medical Sciences: Nelson et al. Proc. Natl. Acad. Sci. USA 96 (1999)



(PSA), map to the same chromosomal region. The third charac-
terized human kallikrein, hKLK1, also is clustered with hKLK2
and hKLK3 in a region spanning 60 kb on 19q13.2-q13.4 (35). In
addition to prostase, several other serine proteases recently have
been reported to reside on chromosome 19q13, including pro-
tease M (31), normal epithelial cell-specific gene 1 (53), and
PRSSL1 (54). The localization of these genes suggests that the
kallilkrein serine protease cluster is larger and more diverse than
previously described. Although these genes may have originated
from a single ancestral precursor gene, the low overall sequence
homology between the serine proteases in this region indicates
that except for the kallikreins, these proteases are likely the result
of ancient gene duplication events. Subsequent somatic muta-
tions, gene conversions, or nonreciprocal recombinations may
have occurred to further adapt, diversify, and expand the genes
encoding these proteases. The chromosome 19q13 syntenic re-
gion resides on mouse chromosome 7 and contains the mouse
kallikrein locus comprised of at least 24 distinct kallikrein genes
(55). This finding suggests that the separation between the
kallikreins and other serine proteases such as prostase occurred
much earlier than the expansion of the kallikrein genes, the latter
arising from recent gene duplication events after the divergence
of human and rodent.

We anticipate that the further characterization of the prostase
gene locus coupled with functional studies of the prostase protein
will advance our understanding of both normal and pathological
prostate physiology. To this end, the identification of activators
and substrates of prostase is required. As with the serine pro-
teases PSA and hK2, prostase appears to be a prostate-specific
secreted protein that could find utility as a target for diagnosis and
therapy. Antibodies directed against peptide epitopes of the
prostase protein should provide a means to evaluate prostase
expression in prostate malignancies and to determine whether
serum levels of the prostase protein can be used as adjuncts to
currently available cancer screening methods.
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