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Abstract

By using the positional candidate gene approach, we were able to
identify a novel serine protease gene that maps to chromosome 19q13.3–
q13.4. Screening of expressed sequence tags allowed us to establish the
expression of the gene and delineate its genomic organization (GenBank
accession no. AF135023). We named this geneKLK-L1. Another group, by
using a subtraction hybridization method, cloned the same gene and
named it prostase (GenBank accession nos. AF113140 and AF113141).
Here, we describe the precise mapping and localization of the prostase/
KLK-L1 gene between the known genesKLK2 (human glandular kal-
likrein) and zyme(also known as protease M/neurosin). The direction of
transcription of prostase/KLK-L1 is the same as that ofzymebut opposite
to that of KLK2 and prostate-specific antigen genes. Contrary to the initial
impression, prostase/KLK-L1 is expressed at high levels not only in pros-
tate tissue but also in testis, mammary gland, adrenals, uterus, thyroid,
and salivary glands. We have further demonstrated within vitro experi-
ments with the breast carcinoma cell line BT-474 that this gene is ex-
pressed and that its expression is up-regulated by androgens and pro-
gestins. On the basis of information on other genes that are localized in the
same region (prostate-specific antigen,KLK2, zyme, and normal epithelial
cell specific-1gene), we speculate that prostase/KLK-L1 may be involved in
the pathogenesis and/or progression of prostate, breast, and possibly other
malignancies.

Introduction

Four major strategies can be used for new gene identification,
depending on the type and amount of information available for the
target gene as well as the available genomic resources: functional
cloning, the candidate gene approach, positional cloning, and the
positional candidate approach (1). These different techniques do not
necessarily proceed in isolation; they can often be interlinked and
complementary to each other. In positional cloning (2), originally
referred to as reverse genetics (3), the identification of the gene is
made without any prior knowledge of the function of its protein
product. Positional candidate cloning is the identification of a gene
based on its position on the genetic map and on the availability of
candidate genes mapped to the same region (4). This method is rapidly
becoming predominant because of the increasing number of cloned
and mapped genes and the availability of numerous ESTs2 (5).

KLKs and KLK-L proteins are a subgroup of the serine protease
enzyme family. These proteases exhibit a high degree of substrate
specificity (6). In mouse and rat, large multigene families encode for
KLKs (7). In the mouse genome, at least 24 genes have been identi-

fied (8), and a similar family of 15–20 KLKs has been found in the rat
genome (9). Three humanKLK genes have been described: PSA (or
KLK3; Ref. 10), human glandular KLK (KLK2; Ref. 11), and tissue
(pancreatic-renal) KLK (KLK1; Ref. 12). The mouseKLK genes are
clustered in groups of up to 11 genes on chromosome 7, and the
distance between the genes in the various clusters can be as small as
3–7 kb (8). All three humanKLK genes have been assigned to
chromosome 19q13.2–19q13.4 (13). New members of the human
KLK gene family include protease M [Ref. 14; also namedzyme; (15)
or neurosin (16)] andNES1(17). Both genes have been assigned to
chromosome 19q13.3.

PSA is considered the best diagnostic and prognostic marker for
prostate cancer (18, 19), andKLK2, zyme, andNES1are now being
evaluated as useful diagnostic and/or prognostic markers for prostate,
breast, and ovarian cancer (19–21).

Recently, Nelsonet al. (22) cloned a new gene, prostase, by using
a subtraction approach and demonstrated by Northern blot analysis
that it is expressed primarily, if not exclusively, in prostatic tissue.
They mapped prostase to chromosome 19q13.3–q13.4, close to the
humanKLK gene locus (Ref. 22; see GenBank accession nos. AF
113140 and AF 113141).

In our efforts to identify additional genes that could be useful
markers for cancer, we studied an area spanning;300 kb of contig-
uous DNA sequence on human chromosome 19 (19q13.3–q13.4). Our
approach independently allowed us to clone a gene, namedKLK-L1
(GenBank accession no. AF135023). Upon homology analysis, pros-
tase andKLK-L1 are identical and represent the same gene. Here, we
describe fine mapping of the prostase/KLK-L1 gene and its chromo-
somal localization in relation to a number of other homologous genes
also mapping to the same region. In addition, we present extensive
tissue expression studies and demonstrate that, in addition to prostate
(which shows the highest expression), prostase/KLK-L1 is also ex-
pressed in female breasts, testis, adrenals, uterus, colon, thyroid, brain,
spinal cord, and salivary glands. Furthermore, we demonstrate that
this gene is up-regulated by androgens and progestins in the breast
carcinoma cell line BT-474.

Materials and Methods

DNA Sequences on Chromosome 19.Large amounts of DNA sequencing
data for chromosome 19 are available from the Lawrence Livermore National
Laboratory.3 We have obtained;300 kb of genomic sequence from their web
site, encompassing a region on chromosome 19q13.3–q13.4, where the known
KLK genes are localized. This sequence is represented by nine contigs of
variable lengths. By using the published sequences of PSA,KLK2, NES1, and
protease M and the alignment program BLAST 2 (23), we identified the
relative positions of these genes on the contiguous map.

Gene Prediction Analysis.For exon prediction analysis of the whole
genomic area, we used a number of different computer programs. We origi-
nally tested all these programs using the known genomic sequences of the
PSA, protease M, andNES1genes. The most reliable computer programs
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[GeneBuilder4 (gene prediction and exon prediction); Grail 25; and GENEID-
36] were selected for further use.

Protein Homology Searching.Putative exons of the newly identified gene
were first translated to the corresponding amino acid sequences. BLAST
homology searching for the proteins encoded by the exons were performed
using the BLASTP program and the GenBank databases (23).

Searching ESTs.Sequence homology searching was performed using the
BLASTN algorithm (23), obtained from the National Center for Biotechnology
Information,7 against the human EST database (dbEST). Clones with.95%
homology were obtained from the I.M.A.G.E. consortium (24) through Re-
search Genetics Inc. (Huntsville, AL) and from The Institute for Genomic
Research8 (Table 1). Clones were propagated, purified, and then sequenced
from both directions with an automated sequencer, using insert-flanking vector
primers.

Breast Cancer Cell Line and Stimulation Experiments. The breast can-
cer cell line BT-474 was purchased from the American Type Culture Collec-
tion (Manassas, VA). BT-474 cells were cultured in RPMI (Life Technologies,
Inc., Gaithersburg, MD), supplemented with glutamine (200 mmol/liter), bo-
vine insulin (10 mg/liter), fetal bovine serum (10%), antibiotics, and antimy-
cotics, in plastic flasks to near confluency. The cells were then aliquoted into
24-well tissue culture plates and cultured to 50% confluency. Twenty-four h
before the experiments, the culture media were replaced with phenol red-free
media containing 10% charcoal-stripped fetal bovine serum. For stimulation
experiments, various steroid hormones dissolved in 100% ethanol were added
into the culture media, at a final concentration of 1028 M. Cells stimulated with
100% ethanol were included as controls. The cells were cultured for 24 h and
then harvested for mRNA extraction.

RT-PCR. Total RNA was extracted from the breast cancer cells using
Trizol reagent (Life Technologies, Inc.) following the manufacturer’s instruc-
tions. RNA concentration was determined spectrophotometrically. Twomg of
total RNA were reverse transcribed into first strand cDNA using the Super-
script preamplification system (Life Technologies, Inc.). The final volume was
20 ml. On the basis of the combined information obtained from the predicted
genomic structure of the new gene and the EST sequences, two gene-specific
primers were designed (Table 2), PCR was carried out in a reaction mixture
containing 1ml of cDNA, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM

MgCl2, 200 mM dNTPs, 150 ng of primers, and 2.5 units of AmpliTaq Gold
DNA polymerase (Roche Molecular Systems, Branchburg, NJ) on a Perkin-
Elmer (Foster City, CA) 9600 thermal cycler. The cycling conditions were:
94°C for 9 min, to activate the Taq Gold DNA polymerase, followed by 43
cycles of 94°C for 30 s and 63°C for 1 min and a final extension at 63°C for
10 min. Equal amounts of PCR products were electrophoresed on 2% agarose
gels and visualized by ethidium bromide staining. All primers for RT-PCR
spanned at least two exons to avoid contamination by genomic DNA.

Tissue Expression of Prostase.Total RNA isolated from 26 different
human tissues was purchased from Clontech (Palo Alto, CA). We prepared
cDNA as described above for the tissue culture experiments and used it for
PCRs with the primers described in Table 2. Tissue cDNAs were amplified at
various dilutions.

Cloning and Sequencing of the PCR Products.To verify the identity of
the PCR products, we cloned them into the CR 2.1-TOPO vector (Invitrogen,
Carlsbad, CA), according to the manufacturer’s instructions. The inserts were
sequenced from both directions using vector-specific primers by an automated
DNA sequencer.

Results

Identification of the Prostase/KLK-L1 Gene. Our exon prediction
strategy of the 300-kb DNA sequences around chromosome 19q13.3–
q13.4 identified a novel gene with a structure reminiscent of a serine
protease. The major features of this gene were: its homology, at the
amino acid and DNA levels, with other humanKLK genes; the
conservation of the catalytic triad (histidine, aspartic acid, and serine);
the number of exons; and the complete conservation of the intron
phases. Because the genomic and cDNA structure of our gene, named
KLK-L1, was subsequently found to be identical to the structure
reported independently by Nelsonet al. (22), we conclude that the
KLK-L1 gene (GenBank accession no. AF135023) is the same gene as
prostase (GenBank accession nos. AF113140 and AF 113141).

EST Sequence Homology Search.EST sequence homology
search of the putative exons obtained from the gene prediction pro-
grams (as described above) against the human EST database (dbEST)
revealed five ESTs with.95% identity to the putative exons of our
gene (Table 1). Positive clones were obtained, and the inserts were
sequenced from both directions. Alignment was used to compare
between the EST sequences and the exons predicted by the computer
programs, and final selection of the exon-intron splice sites was made
according to the EST sequences. Furthermore, many of the ESTs were
overlapping, further ensuring the accuracy of the data. The coding and
genomic sequence of the gene, as submitted to GenBank (accession
no. AF135023), are essentially the same as the data submitted by
Nelsonet al. (22).

Mapping and Chromosomal Localization of Prostase/KLK-L1
Gene. Alignment of the prostase/KLK-L1 sequence and the sequences
of other knownKLK genes within the 300-kb area of the contigs
constructed at the Lawrence Livermore National Laboratory enabled
us to precisely localize all genes and to determine the direction of
transcription, as shown in Fig. 1. The distance between PSA and
KLK2 genes was calculated to be 12,508 bp. The prostase/KLK-L1
gene was 26,229 bp more telomeric toKLK2 and was transcribed in
the opposite direction. Thezymegene was;51 kb more telomeric to
the prostase gene and was transcribed in the same direction. The
human stratum corneum chymotryptic enzyme gene, the neuropsin
gene, and theNES1gene were all further telomeric tozymeand were
all transcribed in the same direction aszyme. There was another
putative novelKLK-L gene between prostase/KLK-L1 andzymethat
has not, as yet, been extensively characterized (GenBank accession
no. AF135028).

Tissue Expression of the Prostase/KLK-L1 Gene. We have as-
sessed by RT-PCR the tissues that express the prostase/KLK-L1 gene.
The experiments were performed at various dilutions of the cDNAs to
obtain some information about the relative levels of expression. RT-
PCR for actin was used as a positive control, and RT-PCR for the PSA
cDNA was used as another positive control with tissue-restricted
specificity. Positive ESTs for prostase/KLK-L1 were used as controls
for the PCR procedure. The PSA gene was found to be highly

4 http://l25.itba.mi.cnr.it/;webgene/genebuilder.html.
5 http://compbio.ornl.gov.
6 http://apolo.imim.es/geneid.html.
7 http://www.ncbi.nlm.nih.gov/BLAST/.
8 http://www.tigr.org/tdb/tdb.html.

Table 1 ESTs with.95% homology to exons of the prostase/KLK-L1 gene

GenBank accession no. Source Tissue
Homologous

exons

AA551449 I.M.A.G.E. Prostate 3, 4, 5
AA533140 I.M.A.G.E. Prostate 4, 5
AA503963 I.M.A.G.E. Prostate 5
AA569484 I.M.A.G.E. Prostate 5
AA336074 TIGRa Endometrium 2, 3

a TIGR, The Institute for Genomic Research.

Table 2 Primers used for RT-PCR analysis of various genes

Gene Primer name Sequencea Product size (bp)

Prostase RS TGACCCGCTGTACCACCCCA 278
(KLK-L1) RAS GAATTCCTTCCGCAGGATGT

pS2 PS2S GGTGATCTGCGCCCTGGTCCT 328
PS2AS AGGTGTCCGGTGGAGGTGGCA

PSA PSAS TGCGCAAGTTCACCCTCA 754
PSAAS CCCTCTCCTTACTTCATCC

Actin ACTINS ACAATGAGCTGCGTGTGGCT 372
ACTINAS TCTCCTTAATGTCACGCACGA

a All nucleotide sequences are given in the 59 3 39 orientation.
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expressed in the prostate, as expected, and to a lower extent in
mammary and salivary glands, as also expected from recent literature
reports (19, 25). We further found very low expression of PSA in the
thyroid gland, trachea, and testis, a finding that is in accordance with
recent RT-PCR data reported by others (26).

The tissue expression of prostase/KLK-L1 is summarized in Table
3 and Fig. 2. This protease was primarily expressed in the prostate,
testis, adrenals, uterus, thyroid, colon, central nervous system, and
mammary tissues and, at much lower levels, in other tissues. Because
Nelsonet al. (22) reported almost exclusive expression of prostase/
KLK-L1 to prostate, we verified the specificity of our RT-PCR pro-
cedure for prostase/KLK-L1 by cloning the PCR products from mam-
mary, testicular, and prostate tissues and sequencing them. One
example with mammary tissue is shown in Fig. 3. All cloned PCR
products were identical in sequence to the cDNA sequence reported
for the prostase/KLK-L1.

Hormonal Regulation of the Prostase/KLK-L1 Gene. We have
used the steroid hormone receptor-positive breast carcinoma cell line
BT-474 as a model system to evaluate whether prostase/KLK-L1

expression is under steroid hormone regulation. As shown in Fig. 4,
the controls worked as expected,i.e., actin positivity without hormo-
nal regulation in all cDNAs, estrogen up-regulation only of thepS2
gene, and up-regulation of the PSA gene by androgens and progestins.
Prostase/KLK-L1 was up-regulated primarily by androgens and pro-
gestins, similar to PSA. This up-regulation was dose dependent, and
it was evident at steroid hormone levels$10210

M (data not shown).

Discussion

TheKLK3 gene encodes for PSA, a protein that currently represents
the best tumor marker available (19). Because there are so manyKLK
genes in rodents, the restriction of this family to only three genes in
humans was somewhat surprising (7). More recently, new candidate
KLK genes in humans have been discovered, includingNES1(17) and
zyme/protease M/neurosin (14–16). The known KLKs and the newly
discoveredKLK-L genes share the following similarities: (a) they
encode for serine proteases; (b) they have five coding exons; (c) they
share significant DNA and protein homologies with each other; (d)
they map in the same locus on chromosome 19q13.3–q13.4, a region
that is structurally similar to an area on mouse chromosome 7, where
all of the mouseKLK genes are localized; and (e) they appear to be
regulated by steroid hormones. We propose that prostase/KLK-L1 is a
member of the same family because these common characteristics are
also shared by the newly discovered gene.

Nelsonet al. (22) used a subtraction approach, and we used the
positional candidate approach (1, 4) to clone the same gene. These
two gene identification methods are radically different. As more DNA
sequence data become available, the method we used will become
more popular. We verified that our gene is expressed by identifying

Fig. 1. A contiguous genomic sequence around chromosome 19q13.3–q13.4.Arrows, genes; the directions of thearrowsrepresent the directions of the coding sequences. Distances
between genes are in bp. Figure is not drawn to scale.

Fig. 2. Tissue expression of the prostase/KLK-L1 gene as determined by RT-PCR.
Actin and PSA were used as control genes. Interpretations are presented in Table 3.

Fig. 3. Sequence of PCR product obtained with cDNA from female breast tissue using
prostase/KLK-L1 primers. Primer sequences areunderlined. The sequence is identical to
the sequence obtained from prostatic tissue.

Fig. 4. Hormonal regulation of the prostase/KLK-L1 gene in the BT-474 breast
carcinoma cell lines.DHT, dihydrotestosterone. Steroids were added at a final concen-
tration of 1028 M. Actin (not regulated by steroid hormones),pS2 (up-regulated by
estrogens), and PSA (up-regulated by androgens and progestins), were used as control
genes. Prostase/KLK-L1 was up-regulated by androgens and progestins.

Table 3 Tissue expression of prostase/KLK-L1 by RT-PCR analysis

High expression Medium expression Low expression No expression

Prostate Mammary gland Salivary glands Stomach
Testis Colon Lung Heart
Adrenals Spinal cord Brain Spleen
Uterus Bone marrow Placenta
Thyroid Thymus Liver

Trachea Pancreas
Cerebellum Kidney

Fetal brain
Fetal liver
Skeletal muscle
Small intestine
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and sequencing five independent ESTs isolated from prostate as well
as from other tissues (Table 1).

Many otherKLK-L genes (includingNES1, zyme, and neuropsin)
contain one or more untranslated exons in the 59 end of mRNA (27,
28). Neither Nelsonet al. (22) nor we were able to clarify this issue
for prostase/KLK-L1. Although the coding sequence of the gene is
now resolved, more work will be necessary to establish the exact
transcription start site and the identification of any untranslated exons.

The prostase gene was mapped by Nelsonet al. (22) to chromo-
some 19q13.3–q13.4. In our work, we extended this data by finding
the exact localization of the gene and its position in relation to other
genes in the area (Fig. 1). Prostase/KLK-L1 lies betweenKLK2 and
zyme. Our recent work suggests that theKLK locus in humans may
contain at least 13KLK-L genes (29).

Irwin et al.(30) have proposed that the serine protease genes can be
classified into five different groups, according to intron position. The
established KLKs (KLK1, KLK2, and PSA), trypsinogen, and chymot-
rypsinogen belong to a group that has: (a) an intron just downstream
from the codon for the active site histidine residue, (b) a second intron
downstream from the exon containing the codon for the active site
aspartic acid residue, and (c) a third intron just upstream from the
exon containing the codon for the active site serine residue. As seen
in Fig. 5, the genomic organization of prostase/KLK-L1 gene is very
similar to this group of genes. The lengths of the coding parts of exons
1–5 are 61, 163, 263, 137, and 153 bp, respectively, which are close
or identical to the lengths of the exons of theKLK genes and also
similar or identical to those of other newly discovered genes in the
same chromosomal region, like theNES1(27),zyme/protease M/neu-
rosin (14–16),9 and neuropsin (28) genes.

Nelson et al. (22) reported that prostase is almost exclusively
expressed in prostatic tissue, as determined by Northern blot analysis.
Our more sensitive RT-PCR protocol reveals that this enzyme is also
expressed in significant amounts in other tissues, including testis,
female mammary gland, adrenals, uterus, thyroid, colon, brain, lung,
and salivary glands (Fig. 2 and Table 3). Except for testis, the other
tissues mentioned here were not studied by Nelsonet al. (22). The
specificity of our RT-PCR primers was verified by sequencing the

obtained PCR products, with one example shown in Fig. 3. The
finding of prostase/KLK-L1 expression in mammary gland and other
tissues should not be surprising. The classical KLKs PSA andKLK2,
which are predominantly prostatic proteins, were shown to be ex-
pressed at significant amounts in female breast (25, 31, 32). More-
over, our tissue culture studies with the breast carcinoma cell line
BT-474 further confirm not only the ability of these cells to produce
prostase/KLK-L1 but also hormonal regulation of prostase/KLK-L1 in
a manner similar to that reported by Nelsonet al.(22) for the prostatic
carcinoma cell line LNCaP (Ref. 33; Fig. 4). The functional charac-
terization of the prostase/KLK-L1 gene promoter has not, as yet, been
reported.

The diagnostic/prognostic and other clinical applications of the
prostase/KLK-L1 gene are currently unknown. Nelsonet al. (22)
reported a number of possible functions for this protein. An interesting
theme is now developing involving the group of homologous genes on
chromosome 19q13.3 (PSA,KLK2, prostase,zyme, andNES1). The
combined data to date suggest that all of them are expressed in
prostate and breast tissues, and all of them are hormonally regulated.
At least three genes (PSA,zyme, andNES1) are significantly down-
regulated in breast cancer (14, 17, 34, 35), and one of them (NES1)
appears to be a novel tumor suppressor (21). PSA appears to be an
inducer of apoptosis and a negative regulator of cell growth (36, 37).
KLK2 may be part of a pathway that activates pro-PSA (38–40). It is
conceivable that all these genes are part of a cascade pathway that
plays a role in cell proliferation, differentiation, or apoptosis by
regulating (positively or negatively) growth factors or their receptors
or cytokines through proteolysis (41). Also interesting is the linkage
of locus 19q13 to solid tumors and gliomas (42), which raises the
possibility that some of the genes in the region may be disrupted by
rearrangements. This possibility has not, as yet, been examined.

In conclusion, we cloned independently, by the positional candidate
approach, a gene that was recently cloned by subtractive hybridization
(22). This new gene encodes for a serine protease that shows homol-
ogy with other members of theKLK gene family and maps to the same
chromosomal location. Many structural features of theKLKs are
conserved in prostase/KLK-L1. Here, we present the precise mapping
of this gene between the two known genes,KLK2 and zyme. We
further demonstrate that prostase/KLK-L1 is expressed in many tis-
sues, in addition the prostate, including the female breast. We propose
that this gene should not be called “prostase” because, as in the
situation with PSA, it will represent a misnomer. We have further
demonstrated, using breast carcinoma cell lines, that prostase/KLK-L1
can be produced by these cells and that its expression is significantly
up-regulated by androgens and progestins. On the basis of information
for other homologous genes in the area (PSA,zyme, andNES1), we
speculate that prostase/KLK-L1 may be involved in the pathogenesis
and/or progression of prostate, breast, and, possibly, other cancers.
Recently, the similarities between prostate and breast cancers have
been reviewed (43). The newly identified gene can be added to the list
of genes that may play a role in prostate and breast cancer.

References

1. Birren, B., Green, E. D., Klaphoz, S., Myers, R. N., and Roskams, J. Genome
Analysis: A Laboratory Manual. Cold Spring Harbor, NY: Cold Spring Harbor
Laboratory Press, 1998.

2. Collins, F. S. Positional cloning: let us not call it reverse anymore. Nat. Genet.,1:
3–6, 1992.

3. Ruddle, F. H. Reverse genetics and beyond. Am. J. Hum. Genet.,6: 944–953, 1984.
4. Ballabio, A. The rise and fall of positional cloning? Nat. Genet.,7: 513–520, 1993.
5. Collins, J. E., Cole, C. G., Smink, L. J., Garrett, C. L., Leversha, M. A., Soderlund,

L. A., Maslen, G. L., Everett, L. A., Rice, K. M., Coffey, A. J., Gregory, S. G.,
Gwilliam, R., Durham, A., Davies, A. F., Hassock, S., Todd, C. M., Lehrach, H.,
Huisebos, T. J. M., Weissenbach, J., Morrow, B., Kucheriapati, R. S., Wadey, R.,
Scambier, P. J., Kim, U-J., Simon, M. I., Peyrard, M., Xie, Y-G., Carter, N. P.,9 Unpublished data.

Fig. 5. Schematic diagram showing comparison of the genomic structure of PSA,
KLK1, KLK2, zyme, neuropsin, and prostase/KLK-L1 genes. Exons are represented by
boxes, and introns are represented by theconnecting lines. Arrowhead, start codons;
vertical arrow, stop codons.Lettersabove boxes indicate relative positions of the catalytic
triad: H, histidine;D, aspartic acid; andS, serine.Roman numbers, intron phases. The
intron phase refers to the location of the intron within the codon:I, intron occurs after the
first nucleotide of the codon;II , intron occurs after the second nucleotide; and0, intron
occurs between codons.Numbersinside boxes indicate exon lengths (in bp). Figure is not
drawn to scale.

4255

PROSTASE/KLK-L1 IN PROSTATE AND BREAST TISSUES



Durbin, R., Dumanski, J. P., Bentley, D. R., and Dunham, I. A high-density YAC
contig map of human chromosome 22. Nature (Lond.),377: 367–379, 1995.

6. Evans, B. A., Yun, Z. X., Close, J. A., Tregear, G. W., Kitamura, N., Nakanishi, S.,
Callen, D. F., Baker, E., Hyland, V. J., Sutherland, G. R., and Richards, R. I. Structure
and chromosomal localization of the human renal kallikrein gene. Biochemistry,27:
3124–3129, 1988.

7. Clements, J. The molecular biology of the kallikreins and their roles in inflammation.
In: S Farmer (ed.), The Kinin System, pp. 71–97. New York: Academic Press, 1997.

8. Evans, B. A., Drinkwater, C. C., and Richards, R. I. Mouse glandular kallikrein genes:
structure and partial sequence analysis of the kallikrein gene locus. J. Biol. Chem.,
262: 8027–8034, 1987.

9. Ashley, P. L., and MacDonald, R. J. Tissue-specific expression of kallikrein-related
genes in the rat. Biochemistry,24: 4520–5427, 1985.

10. Riegman, P. H., Vlietstra, R. J., van der Korput, J., Romijn, J. C., and Trapman,
J. Characterization of the prostate-specific antigen gene: a novel human kallikrein-
like gene. Biochem. Biophys. Res. Commun.,159: 95–102, 1989.

11. Schedlich, L. J., Bennetts, B. H., and Morris, B. J. Primary structure of a human
glandular kallikrein gene. DNA,6: 429–437, 1987.

12. Rittenhouse, H. G., Finlay, J. A., Mikolajczyk, S. D., and Partin, A. W. Human
kallikrein 2 (hK2) and prostate-specific antigen (PSA): two closely related, but
distinct, kallikreins in the prostate. Crit. Rev. Clin. Lab. Sci.,35: 275–368, 1998.

13. Riegman, P. H., Vlietstra, R. J., Suurmeijer L., Cleutjens, C. B., and Trapman,
J. Characterization of the human kallikrein locus. Genomics,14: 6–11, 1992.

14. Anisowicz, A., Sotiropoulou, G., Stenman, G., Mok, S. C., and Sager, R. A novel
protease homolog differentially expressed in breast and ovarian cancer. Mol. Med.,2:
624–636, 1996.

15. Little, S. P., Dixon, E. P., Norris, F., Buckley, W., Becker, G. W., Johnson, M.,
Dobbins, J. R., Wyrick, T., Miller, J. R., Mackellar, W., Hepburn, D., Corralan, J.,
McClure, D., Liu, X., Stephenson, D., Clemens, J., and Johnstone, E. M. Zyme, a
novel and potentially amyloidogenic enzyme cDNA isolated from Alzheimer’s dis-
ease brain. J. Biol. Chem.,272: 25135–25142, 1997.

16. Yamashiro, K., Tsuruoka, N., Kodama, S., Tsujimoto, M., Yamamura, Y., Tanaka, T.,
Nakazato, H., and Yamaguchi, N. Molecular cloning of a novel trypsin-like serine
protease (neurosin) preferentially expressed in brain. Biochim. Biophys. Acta,1350:
11–14, 1997.

17. Liu, X. L., Wazer, D. E., Watanabe, K., and Band, V. Identification of a novel serine
protease-like gene, the expression of which is down-regulated during breast cancer
progression. Cancer Res.,56: 3371–3379, 1996.

18. Pontes, J. E., Chu, T. M., Slack, N., Karr, J., and Murphy, G. P. Serum prostate
antigen measurement in localized prostate cancer: correlation with clinical course.
J. Urol.,128: 1216–1218, 1982.

19. Diamandis, E. P. Prostate specific antigen: its usefulness in clinical medicine. Trends
Endocrinol. Metab.,9: 310–316, 1998.

20. Black, M. H., Magklara, A., Obiezu, C., Melegos, D. N., and Diamandis, E. P.
Development of an ultrasensitive immunoassay for human glandular kallikrein with
no cross reactivity from prostate specific antigen (PSA). Clin. Chem.,45: 790–799,
1999.

21. Goyal, J., Smith, K. M., Cowan, J. M., Wazer, D. E., Lee, S. W., and Band, V. The
role of NES1 serine protease as a novel tumor suppressor. Cancer Res.,58: 4782–
4786, 1998.

22. Nelson, P. S., Gan, L., Ferguson, C., Moss, P., Gelinas, R., Hood, L., and Wang, K.
Molecular cloning and characterization of prostase, an androgen-regulated serine
protease with prostate-restricted expression. Proc. Natl. Acad. Sci. USA,96: 3114–
3119, 1999.

23. Altschul, S. F., Madden, T. L., Scha¨ffer, A. A., Zhang, J., Zhang, Z., Miller, W., and
Lipman, D. J. Gapped BLAST and PSI-BLAST: a new generation of protein database
search programs. Nucleic Acids Res.,25: 3389–3402, 1997.

24. Lennon, G., Auffray, C., Polymeropoulous, M., and Soares, M. B. The I. M. A. G. E.
Consortium: an integrated molecular analysis of genomes and their expression.
Genomics,33: 151–152, 1996.

25. Diamandis, E. P., Yu, H., and Sutherland, D. J. Detection of prostate-specific antigen
immunoreactivity in breast tumours. Breast Cancer Res. Treat.,32: 301–310, 1994.

26. Ishikawa, T., Kashiwagi, H., Iwakami, Y., Hirai, M., Kawamura, T., Aiyoshi, Y.,
Yashiro, T., Ami, Y., Uchida, K., and Miwa, M. Expression ofa-fetoprotein and
prostate specific antigen genes in several tissues and detection of mRNAs in normal
circulating blood by reverse transcriptase-polymerase chain reaction. Jpn. J. Oncol.,
28: 723–728, 1998.

27. Luo, L., Herbrick, J-A., Scherer, S. W., Beatty, B., Squire, J., and Diamandis, E. P.
Structural characterization and mapping of the normal epithelial cell-specific 1 gene.
Biochem. Biophys. Res. Commun.,247: 580–586, 1998.

28. Yoshida, S., Taniguchi, M., Hirata, A., and Shiosaka, S. Sequence analysis and
expression of human neuropsin cDNA and gene. Gene,213: 9–16, 1998.

29. Yousef, G. M., Luo, L., and Diamandis, E. P. Identification of novel human kal-
likrein-like genes on chromosome 19q13.3-q13.4. Anticancer Res., in press, 1999.

30. Irwin, D. M., Robertson, K. A., and MacGillivary, R. T. Structure and evolution of the
bovine prothrombin gene. J. Mol. Biol.,212: 31–45, 1988.

31. Magklara, A., Scorilas, A., Lo´pez-Otı´n, C., Vizoso, F., Ruibal, A., and Diamandis,
E. P. Human glandular kallikrein (hK2) in breast milk, amniotic fluid and breast cyst
fluid. Clin. Chem., in press, 1999.

32. Black, M. H., Magklara, A., Obiezu, C., Levesque, M. A., Sutherland, D. J., Tindall,
D. J., Young, C. Y., Sauter, E. R., and Diamandis, E. P. Expression of a prostate-
associated protein, human glandular kallikrein (hk2), in breast tumours and in normal
breast secretions. Br. J. Cancer, in press, 1999.

33. Zarghami, N., Grass, L., and Diamandis, E. P. Steroid hormone regulation of
prostate-specific antigen gene expression in breast cancer. Br. J. Cancer,75:
579 –588, 1997.

34. Yu, H., Levesque, M. A., Clark, G. M., and Diamandis, E. P. Prognostic value of
prostate-specific antigen for women with breast cancer. Clin. Cancer Res.,4: 1489–
1497, 1998.

35. Sauter, E. R., Daly, M., Linahan, K., Ehya, H., Engstrom, P. F., Bonney, G., Ross,
E. A., Yu, H., and Diamandis, E. P. Prostate specific antigen levels in nipple aspirate
fluid correlate with breast cancer risk. Cancer Epidemiol. Biomark. Prev.,5: 967–970,
1996.

36. Balbay, M. D., Juang, P., Llansa, N., Williams, S., McConkey, D., Fidler, I. J., and
Pettaway, C. A. Stable transfection of human prostate cancer cell line PC-3 with
prostate specific antigen induces apoptosis bothin vivoandin vitro. Proc. Am. Assoc.
Cancer Res.,40: 225–226, 1999.

37. Lai, L. C., Erbas, H., Lennard, T. W., and Peaston, R. T. Prostate-specific antigen in
breast cyst fluid: possible role of prostate specific antigen in hormone-dependent
breast cancer. Int. J. Cancer,66: 743–746, 1996.

38. Kumar, A., Mikolajczyk, S. D., Goel, A. S., Millar, L. S., and Saedi, M. S. Expression
of pro form of prostate-specific antigen by mammalian cells and its conversion to
mature, active form by human kallikrein 2. Cancer Res.,57: 3111–3114, 1997.

39. Lovgren, J., Rajakoski, K., Karp, M., Lundwall, A., and Lilja, H. Activation of the
zymogen form of prostate-specific antigen by human glandular kallikrein 2. Biochem.
Biophys. Res. Commun.,238: 549–555, 1997.

40. Takayama, T. K., Fujikawa, K., and Davie, E. W. Characterization of the precursor
of prostate-specific antigen. Activation by trypsin and by human glandular kallikrein.
J. Biol. Chem.,272: 21582–21588, 1997.

41. Diamandis, E. P., and Yu, H. New biological functions of prostate specific antigen?
J. Clin. Endocrinol. Metab.,80: 1515–1517, 1995.

42. Reifenberger, J., Reifenberger, G., Liu, L., James, C. D., Wechsler, W., and Collins,
V. P. Molecular genetic analysis of oligodendroglial tumors shows preferential allelic
deletions on 19q and 1p. Am. J. Pathol.,145: 1175–1190, 1994.

43. Lopez-Otin, C., and Diamandis, E. P. Breast and prostate cancer: an analysis of
common epidemiological, genetic, and biochemical features. Endocr. Rev.,19: 365–
396, 1998.

4256

PROSTASE/KLK-L1 IN PROSTATE AND BREAST TISSUES


