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Abstract
Genes regulated by androgenic hormones are of critical importance for
the normal physiological function of the human prostate gland, and they
contribute to the development and progression of prostate carcinoma. We
used cDNA microarrays containing 1500 cDNAs to profile transcripts
regulated by androgens in prostate cancer cells and identified the serine
protease TMPRSS2 as a gene exhibiting increased expression upon exposure to androgens. The TMPRSS2 gene is located on chromosome 21 and
contains four distinct domains, including a transmembrane region, indicating that it is expressed on the cell surface. Northern analysis demonstrated that TMPRSS2 is highly expressed in prostate epithelium relative
to other normal human tissues. In situ hybridization of normal and
malignant prostate tissues localizes TMPRSS2 expression to prostate basal
cells and to prostate carcinoma. These results suggest that TMPRSS2 may
play a role in prostate carcinogenesis and should be investigated as a
diagnostic or therapeutic target for the management of prostate cancers.

Introduction
The proteins encoded by the serine protease gene family are protein-cleaving enzymes that play important roles in normal and pathological physiological processes including digestion (e.g., trypsin and
chymotrypsin), tissue remodeling (e.g., stratum corneum chymotryptic enzyme and urokinase), blood coagulation (e.g., plasminogen
activator and thrombin), fertility (acrosin), inflammatory responses
(elastase), tumor cell invasion (uPA3), and programmed cell death
(granzymes). Several members of the serine protease family are of
relevance for the study of normal and neoplastic prostate development. Three of these, PSA, hK2, and prostase/PRSS18, exhibit an
expression profile that is essentially restricted to the human prostate
(1, 2). These proteases are hypothesized to participate in a proteolytic
cascade that culminates in the cleavage of semenogelin and the
liquefaction of semen. Interestingly, androgenic hormones regulate
the expression of each of these three prostate-specific proteases (1, 2).
Exploiting the tissue compartmentalization of PSA has revolutionized the management of patients with prostate cancer by providing a
tool for the early diagnosis and subsequent monitoring of patients with
prostate cancer. In addition, studies designed to characterize the
regulation of PSA expression, identify PSA activators and substrates,
and identify the different molecular forms of PSA have provided new
insights into the pathophysiology of the disease and identified new
therapeutic approaches. Several novel treatment strategies aim to
exploit the tissue-restricted expression profile of PSA for gene therapy

and immunotherapies and to target specific cytotoxic compounds to
prostate tumor cells (1).
Recently, serine proteases and, specifically, those serine proteases
that are specifically expressed in prostate cells, have emerged as
important molecules for understanding the pathophysiology and
mechanisms of the prostate cancer metastatic process. The enzymatic
activities of these proteases, when they are expressed in ectopic
locations such as the bone, may alter the local environment to favor
tumor cell invasion, tumor growth, and bone remodeling. PSA has
been shown to directly degrade extracellular matrix glycoproteins and
facilitate cell migration (3). PSA and hK2 are capable of interacting
with a variety of growth-modulating factors, such as components of
the insulin-like growth factor system, parathyroid hormone-related
peptide, the bone morphogenetic proteins, and activators of the potent
proteolytic enzyme plasmin (1). In addition, PSA has been an extremely useful molecule in studies involving the development of
androgen-independent prostate cancer growth due to its properties of
androgen-regulated expression.
Our objective in this study was to identify additional androgenregulated genes in prostate cancer cells that could be of importance in
normal and neoplastic prostate growth and that could potentially serve
as markers for the diagnosis and treatment of prostate cancer. We used
cDNA microarrays comprised of 1500 cDNAs derived from human
prostate tissues to examine the transcript expression profiles of the
androgen-responsive LNCaP prostate cancer cells under conditions of
androgen deprivation or androgen supplementation. One of the
cDNAs that was up-regulated by androgens, 10D11, is identical to the
recently described serine protease TMPRSS2. TMPRSS2 is a serine
protease originally cloned from chromosome 21 using exon-trapping
strategies (4). Our data indicate that the expression of TMPRSS2 is
regulated by androgen and is highly expressed in normal and neoplastic prostate epithelium, relative to other human tissues. We hypothesize that TMPRSS2 may play a role in prostate carcinogenesis
by virtue of its serine protease activity and that TMPRSS2 may serve
as a target for prostate cancer diagnosis and treatment due to its
probable localization on the cell surface.
Materials and Methods

Cell Culture and General Methods. DNA manipulations, including transformation, plasmid preparation, gel electrophoresis, and probe labeling, were
performed according to standard procedures (5). The prostate carcinoma cell
lines LNCaP, DU145, and PC3 were cultured in RPMI 1640 supplemented
with 10% FCS (Life Technologies, Inc., Rockville, MD). LNCaP cells were
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prostate cDNA libraries (6). Individual clone inserts were amplified by PCR
using primers corresponding to priming sites flanking the insert cloning site of
the pSport1 plasmid (Life Technologies, Inc.) as described previously (7). PCR
products were purified through Sephacryl S500 (Amersham Pharmacia Biotech, Inc., Piscataway, NJ), mixed 1:1 with denaturing Reagent D (Amersham
Pharmacia Biotech, Inc.), and spotted in duplicate onto coated Type IV glass
microscope slides (Amersham Pharmacia Biotech, Inc.) using a Molecular
Dynamics GenII robotic spotting tool.
Probe Construction, Microarray Hybridization, and Analysis. Total
RNA was isolated from LNCaP cells after 72 h of androgen depletion or
supplementation using TRIzol (Life Technologies, Inc.) according to the
manufacturer’s directions. Poly(A)1 RNA was purified using oligo(dT) magnetic beads (Dynal, Lake Success, NY). Fluorescence-labeled probes were
made from 1 mg of poly(A)1 RNA or 30 mg of total RNA in a reaction volume
of 20 ml containing 1 ml of anchored oligo(dT) primer (Amersham Pharmacia
Biotech, Inc.); 0.05 mM Cy3-dCTP (Amersham Pharmacia Biotech, Inc.); 0.05
mM dCTP; 0.1 mM each dGTP, dATP, and dTTP; and 200 units of Superscript
II reverse transcriptase (Life Technologies, Inc.). Reactants were incubated at
42°C for 90 min, followed by heating to 94°C for 3 min. Unlabeled RNA was
hydrolyzed by the addition of 1 ml of 5 N NaOH and heating to 37°C for 10
min. One ml of 5 M HCl and 5 ml of 1 M Tris-HCl (pH 7.5) were added to
neutralize the base. Unincorporated nucleotides and salts were removed by
chromatography (Qiagen, Valencia, CA), and the cDNA was eluted in 30 ml of
distilled H2O. One mg of dA/dT 12–18 (Amersham Pharmacia Biotech, Inc.)
and 1 mg of Cot1 DNA (Life Technologies, Inc.) were added to the probe,
heat-denatured at 94°C for 5 min, combined with an equal volume of 23
microarray hybridization solution (Amersham Pharmacia Biotech, Inc.), and
placed onto the microarray slide with a coverslip. Hybridization was carried
out in a humid chamber at 52°C for 16 h. The slides were washed once with
13 SSC-0.2% SDS at room temperature for 5 min and then twice with 0.13
SSC-0.2% SDS at room temperature for 10 min. After washing, the slide was
rinsed in distilled H2O to remove trace salts and dried. Fluorescence intensities
of the immobilized targets were measured using a laser confocal microscope
(Molecular Dynamics, Sunnyvale, CA). Intensity data were integrated at a
pixel resolution of 10 mm using ;20 pixels per spot and recorded at 16 bits.
Local background hybridization signals were subtracted prior to comparing
spot intensities and determining expression ratios. For each experiment, each
cDNA was represented twice on each slide, and the experiments were performed in duplicate producing four data points per cDNA clone per hybridization probe. Intensity ratios for each cDNA clone hybridized with probes
derived from androgen-stimulated LNCaP and androgen-starved LNCaP were
calculated (stimulated intensity/starved intensity). A gene expression level
change was treated as significantly different between the two conditions if all
four replicate spots for a given cDNA demonstrated a ratio of .2 or ,0.5 and
the signal intensity was .2 SDs above the image background. We previously
determined that expression ratios of ,2-fold were not reproducible in our
system (data not shown).
Northern Analysis. Total RNA was isolated from cell lines, normal prostate tissue, and prostate cancer xenografts using TRIzol according to the
manufacturer’s directions. Ten mg of total RNA were fractionated on 1.2%
agarose denaturing gels and transferred to nylon membranes by capillary
method (5). The human multiple tissue blots were obtained from Clontech,
Palo Alto, CA. Blots were hybridized with DNA probes labeled with
[a-32P]dCTP by random priming using the Random Primers DNA labeling kit
(Life Technologies, Inc.), according to the manufacturer’s protocol. Filters
were imaged and quantitated by using a phosphor-capture screen and ImageQuant software (Molecular Dynamics).
In Situ Hybridization. For mRNA in situ hybridization, recombinant
plasmid pCRII-TOPO (Invitrogen, Carlsbad, CA), containing a 489-bp
TMPRSS2 fragment (nucleotides 513–1002 of the published TMPRSS2 sequence; Ref. 4), was linearized to generate sense and antisense digoxigeninlabeled RNA probes. In situ hybridization was performed according to the
manufacturer’s protocol on the Ventana GenII automated instrument (Ventana
Medical Systems, Tucson, AZ). Programmed recipe files consisting of buffer
rinses, protease digestion, hybridization, detection, and counterstains were
optimized for the TMPRSS2 probe. Digoxigenin-labeled RNA probe was
added manually. Antidigoxigenin was used as the primary antibody. Denaturation was at 65°C and the hybridization was performed at 42°C for 280 min.
Washes were performed at 35°C with 13, 0.53, and 0.13 SSC. The system

uses a cocktail of antirabbit and antimouse secondary IgG-biotinylated antibody with an indirect biotin avidin diaminobenzidine detection system. The
sections were counterstained with hematoxylin.
TMPRSS2 Genomic Walking. Genomic DNA sequence upstream of the
putative TMPRSS2 transcriptional start site was obtained using the GenomeWalker kit (Clontech). Briefly, libraries of adapter-ligated genomic DNA
fragments were used as template for PCRs with the TMPRSS2 gene-specific
primer U75329-71R (59-TGAGTTCAAAGCCATCTTGCTGTTATCAAC-39)
and a primer corresponding to the library adapter sequence AP1 (59-GTAATACGACTCACTATAGGGC-39), according to the manufacturer’s instructions.
A nested PCR with TMPRSS2 primer U75329-55R (59-CCATCCTAATACGACTCACTATAGGGC-39) and adapter primer AP2 (59-ACTATAGGGCACGCGTGGT-39) was performed. PCR products were cloned into
the pCR2.1 (Invitrogen) vector and sequenced using M13 forward and M13
reverse primers. Nucleotide sequences were submitted for homology comparisons against the nonredundant public sequence databases using the BLAST
server at the National Center for Biotechnology Information.4 Sequences were
examined for promoter and potential transcriptional start sites using a neural
network promoter prediction program5 and for transcription factor-binding
sites using SIGSCAN.6

Results
Microarray Hybridization. We performed transcript profiling
with microarrays of prostate-derived cDNAs to identify genes that are
transcriptionally regulated by androgens in human prostate cancer
cells. Of a total of 1500 distinct cDNAs represented on the microarray, we identified 9 with a .2-fold expression level increase in
LNCaP cells after stimulation with androgens. These included PSA
and hK2, two genes containing androgen response elements located in
the 59-flanking regions that have been shown to confer androgen
responsiveness by functional studies (8, 9).
One androgen-regulated cDNA, 10D11, was homologous to the
recently described serine protease TMPRSS2. Full-length sequencing
of the microarray cDNA confirmed the identity of 10D11 as
TMPRSS2 and provided additional 39 sequence information to the
mRNA sequence available in the public databases. The expression
level of TMPRSS2 increased 6-fold in androgen stimulated LNCaP
cells, relative to androgen-deprived cells as assayed by microarray
hybridization (Fig. 1A). Androgen-regulated expression of TMPRSS2
was confirmed by Northern analysis using the same LNCaP RNA that
was used to construct the probes for microarray hybridization. Phosphorimaging quantitation of the Northern demonstrated a 9-fold induction of TMPRSS2 expression after 72 h of androgen exposure (Fig.
1B).
Androgen-regulated and Prostate-localized Expression of
TMPRSS2. LNCaP cells were used to determine the time-course of
androgen-induced TMPRSS2 expression. After steroid depletion, the
cells were supplemented with 1 nM synthetic androgen R1881.
TMPRSS2 expression could be detected in the normal prostate tissue
and the steady-state LNCaP cells grown in FCS, but it was not
detectable after 24 h of androgen depletion (Fig. 2A). TMPRSS2
expression could be detected after 2 h of androgen supplementation
and increased steadily through the 48-h time point. We did not detect
TMPRSS2 expression in the androgen-unresponsive PC-3 and DU145 cell lines or in a short-term culture of prostate stroma consisting
of fibroblasts and smooth muscle cells (Fig. 2A).
Normal secretory prostate epithelial cells and early-stage prostate
carcinomas depend on androgens for growth. The emergence of an
androgen-independent AI phenotype is a hallmark of advanced prostate cancer. In addition to androgen-independent proliferation, these
neoplastic cells are also capable of androgen-independent PSA ex4
5
6

http://www.ncbi.nlm.nih.gov/.
http://www.hgc.lbl.gov/projects/promoter.html.
http://bimas.dcrt.nih.gov/molbio/signal/.

4181

Downloaded from cancerres.aacrjournals.org on February 26, 2021. © 1999 American Association for Cancer
Research.

EXPRESSION OF THE SERINE PROTEASE TMPRSS2

sequence 59 to the putative transcriptional start site. Analysis of this
upstream sequence with a neural network promoter prediction algorithm5 recognized a 51-bp sequence beginning 250 nucleotides 59 of
the putative translational start site that correlates highly (score of 0.97,
indicating a 0.1% false-positive prediction rate) with consensus promoter elements. Numerous putative transcription-factor binding sites
were identified using SIGSCAN,6 including consensus sites for SP1,
Z-box, AP1, and AP2 regulation. A 15-bp sequence with significant
homology to the consensus androgen response element is located at
position 2148, relative to the putative transcriptional start site
(Fig. 4).
Discussion
Transcript profiling by hybridization to microarrays of cDNAs
allows for the simultaneous analysis of the expression levels of
thousands of genes (11). The technique is ideally suited to determine
individual and global gene expression level changes that occur in a
well-controlled biological system (12). We used the cDNA microarray
method to identify genes that are transcriptionally regulated by androgens in the androgen-responsive prostate cancer cell line LNCaP.
This study determined the androgen-regulated expression of the serine
protease TMPRSS2, a gene that we have subsequently shown to be
localized in expression to normal and neoplastic prostate epithelium.
Fig. 1. Androgen induction of TMPRSS2 expression in LNCaP cells. A, representative
duplicate cDNA microarray hybridizations of TMPRSS2 with (1A) or without (2A)
exposure to androgen. Arrow, TMPRSS2 cDNA clone. B, Northern analysis with a
TMPRSS2 probe hybridized to the same LNCaP RNA used for the microarray hybridization (1A) or (2A) androgen treatment.

pression. We examined the expression of TMPRSS2 in human prostate
cancers propagated in a xenograft system that recapitulates the androgen-dependent and subsequent androgen-independent characteristics
of human prostate cancer growth (10). TMPRSS2 was expressed in
both the androgen-dependent and -independent tumors (Fig. 2A,
PXe-AD and PXe-AI, respectively), a finding that parallels PSA expression in this system, indicating a possible dysregulation of
TMPRSS2 control.
The distribution of TMPRSS2 transcripts in normal human tissues
was determined by Northern analysis. Of 16 adult tissues examined,
TMPRSS2 message was predominantly expressed in prostate, with
very low expression levels in colon, lung, liver, kidney, and pancreas,
and no detectable expression in spleen, thymus, testes, ovary, peripheral leukocytes, heart, brain, placenta, or skeletal muscle (Fig. 2B).
TMPRSS2 Expression in Prostate Basal Cells and Prostate
Carcinoma. Normal prostate contains two major epithelial cell populations, the luminal secretory cells and the basal cells. In situ hybridizations were performed on sections of normal prostate by using
an antisense RNA probe specific for TMPRSS2 to localize its expression. TMPRSS2 was expressed exclusively in the normal basal cell
population (Fig. 3, A and B). Little to no staining was seen in stroma,
secretory cells, or infiltrating lymphocytes. Hybridization with sense
TMPRSS2 RNA probes showed no background staining (Fig. 3C). In
situ hybridizations with TMPRSS2 antisense and sense probes were
also performed on sections of primary prostate adenocarcinoma obtained from radical prostatectomy specimens. Adenocarcinoma cells
were uniformly positive for TMPRSS2 expression (Fig. 3, D and E).
Hybridization with sense TMPRSS2 RNA probes showed no background staining (Fig. 3F).
Sequence Analysis of the Putative TMPRSS2 Promoter. We
used a genome-walking strategy to clone DNA sequence 59-upstream
of the TMPRSS2 coding region to identify potential androgen-regulatory sites. An 1100-bp DNA fragment overlapping the TMPRSS2
cDNA by 100 nucleotides was obtained. It contained 870 bp of

Fig. 2. Androgen-regulated and prostate-localized TMPRSS2 expression. A, Northern
analysis using a TMPRSS2 probe with RNA extracted from normal prostate (Lane NP),
LNCaP at steady state (Lane SS), LNCaP after 24 hr of androgen deprivation (Lane 0),
LNCaP at specified times (in h) after androgen exposure (Lanes 1, 2, 4, 8, 24, and 48), the
PC3 (Lane PC3) and DU145 (Lane DU145) prostate cancer cell lines, the androgendependent (Lane PXe-AD) and androgen-independent (Lane PXe-AI) prostate cancer
xenografts, and prostate stroma (Lane PS). A probe for b-actin was used to estimate RNA
loading (bottom). B, Northern blot analysis of TMPRSS2 expression in 16 human tissues.
The filter was obtained from Clontech and contained 2 mg of poly(A)1 RNA in each lane.
A b-actin control probe (bottom) was used to verify equivalent loading of RNA.
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Fig. 3. In situ hybridization with antisense RNA probe for TMPRSS2 expression in normal and malignant prostate tissue. Low-power (A) and high-power (B) magnification showing
TMPRSS2 expression in basal cells of normal prostate tissue (closed arrowheads) but not in secretory luminal epithelium (open arrowheads). C, sense control TMPRSS2 probe showing
no background staining in normal prostate tissue. Low-power (D) and high-power (E) magnification showing TMPRSS2 expression in primary prostate carcinoma cells. F, Sense control
of TMPRSS2 probe showing no background staining in cancerous prostate tissue. The in situ images were digitally acquired, and the staining intensity was enhanced to show contrast
in A and B.

The TMPRSS2 gene encodes a predicted protein of 492 amino
acids, with five distinct domains (4). On the basis of homology to
other proteins, these regions comprise a serine protease domain of the
S1 family; a scavenger receptor cysteine-rich domain, possibly involved in binding to cell surface molecules; a class A low-density
lipoprotein domain; a transmembrane domain; and a cytoplasmic
domain (4). The published study describing TMPRSS2 reported high
TMPRSS2 expression in small intestine and weak expression in several other tissues (4). In contrast, our data indicate that TMPRSS2 is
highly expressed in normal human prostate tissue relative to other

Fig. 4. Putative androgen response element in the TMPRSS2 gene. An analysis for
putative promoter and regulatory elements was performed with the SIGSCAN program. A
sequence with high homology to consensus androgen response element (ARE) sequence is
shown boxed in a position relative to the putative transcriptional start site. Consensus
androgen response elements and specific functionally tested androgen response element
sequences are aligned below the putative TMPRSS2 androgen response element. Sequence
codes: Y, C or T; W, A or T. GPX5, an androgen-regulated epididymis-specific gene (25).
Superscript 26, 8, and 25 are reference numbers.

human tissues and that TMPRSS2 is androgen-regulated in prostate
cancer cells. A low level of TMPRSS2 expression is present in colon,
lung, kidney, and pancreas. We believe that the original description of
high TMPRSS2 expression in small intestine resulted from an error in
the Northern analysis due to a transposition of the commercially
prepared Northern blot, such that the lane containing prostate mRNA
was interpreted as containing small intestine mRNA.
Analysis of the predicted TMPRSS2 protein indicates that
TMPRSS2 is a type II integral membrane protein that is most similar
to the mammalian hepsins, a class of proteins that are important for
cell growth and maintenance of normal cell morphology (13). Hepsin
has been shown to be overexpressed in ovarian carcinomas and is
suggested to be a candidate mediator of the invasive process and
growth capacity of ovarian tumor cells (14).
The normal function of TMPRSS2 is not known. Activators and
substrates of this protease have yet to be determined. The features of
the protease domain of TMPRSS2 are compatible with the S1 family
of serine proteases with chymotrypsin as the prototype member (15).
The Asp435 residue in the substrate-binding site indicates that
TMPRSS2 will have trypsin-like proteolytic activity, with cleavage
after Lys or Arg residues. Thus, TMPRSS2 could be a natural activator
of the precursor forms of PSA and hK2. The zymogen form of
TMPRSS2 is also predicted to be proteolyzed by trypsin-like enzymes
that cleave the Arg-Ile bond of the NH2 terminus of the protease
domain. Thus, TMPRSS2 could be autocatalytic or could be activated
by other trypsin-like proteases in the prostate, such as hK2 or prostase/
PRSS17. The characterization of TMPRSS2 as a serine protease expressed in prostate epithelium adds another member to a group of
proteases that may participate in a cascade mechanism of enzymatic
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reactions in seminal fluid that is analogous to the fibrinolytic and
blood coagulation system (16, 17).
As has been suggested for other prostate serine proteases, the
enzymatic activities of TMPRSS2 may also play a direct role in the
process of prostate carcinogenesis. PSA has been shown to degrade
components of the extracellular matrix (3), an essential step in the
process of tumor cell invasion and metastasis. hK2 is able to activate
the proteolytic enzyme uPA, a protease that has been associated with
prostate cancer invasion and metastasis (17, 18). The activation of
pro-uPA occurs by cleavage of the Lys158-Ile159 bond, a site that
should also be susceptible to proteolysis by TMPRSS2. The activity of
TMPRSS2 on these and other substrates remains to be determined in
the laboratory.
The localization of TMPRSS2 expression to neoplastic prostate
cells and to the basal cell compartment of normal prostate tissue is
intriguing, in that other prostate serine proteases are predominantly
expressed in the secretory luminal cells. The phenotypic similarities
between normal luminal cells and prostate cancer cells, including
common cytokeratin profiles and the expression of PSA and hK2,
suggest a secretory luminal cell origin of prostate adenocarcarcinomas
(19). However, a number of recent studies propose that at least some
prostate cancers may arise from the transformation of basal cells (20,
21). Prostate stem cell antigen, a recently described gene with expression localized to a subset of basal cells in normal prostate tissues is
overexpressed in the majority of prostate carcinomas (21). The expression of other basal cell genes, such as c-met, Bcl-2, and high
molecular weight cytokeratins have also been identified in populations of prostate carcinoma cells (22, 23). The expression profile of
TMPRSS2 provides further support that some prostate cancers may
arise from the transformation of basal cells. An alternative explanation
is that malignant transformation of the luminal cells results in the
re-expression of previously silenced basal cell genes. However, it will
be important to determine the expression of TMPRSS2 protein because it is possible that, although TMPRSS2 message was not detected
in luminal cells, TMPRSS2 protein may be present.
The predicted cell surface expression of TMPRSS2 suggests that it
may be exploited as a diagnostic or therapeutic target for treating
prostate cancers. It is also possible that membrane-bound TMPRSS2
could be cleaved to generate a circulating form as has been suggested
for the hepsin protease (24). In view of the significant biological and
clinical attributes of prostate serine proteases such as PSA, further
studies are indicated with the TMPRSS2 protein.
References
1. 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.
2. 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.
3. Webber, M. M., Waghray, A., and Bello, D. Prostate-specific antigen, a serine
protease, facilitates human prostate cancer cell invasion. Clin. Cancer Res., 1:
1089 –1094, 1995.

4. Paoloni-Giacobino, A., Chen, H., Peitsch, M. C., Rossier, C., and Antonarakis, S. E.
Cloning of the TMPRSS2 gene, which encodes a novel serine protease with transmembrane, LDLRA, and SRCR domains and maps to 21q22.3. Genomics, 44:
309 –320, 1997.
5. Sambrook, J., Fritsch, E. F., and Maniatis, T. Molecular Cloning. Cold Spring Harbor,
NY: Cold Spring Harbor Laboratory Press, 1989.
6. Hawkins, V., Doll, D., Bumgarner, R., Smith, T., Abajian, C., Hood, L., and Nelson,
P. S. PEDB: the Prostate Expression Database. Nucleic Acids Res., 27: 204 –208,
1999.
7. Nelson, P. S., Ng, W. L., Schummer, M., True, L. D., Liu, A. Y., Bumgarner, R. E.,
Ferguson, C., Dimak, A., and Hood, L. An expressed-sequence-tag database of the
human prostate: sequence analysis of 1168 cDNA clones. Genomics, 47: 12–25,
1998.
8. Riegman, P. H., Vlietstra, R. J., van der Korput, J. A., Brinkmann, A. O., and
Trapman, J. The promoter of the prostate-specific antigen gene contains a functional
androgen responsive element. Mol. Endocrinol., 5: 1921–1930, 1991.
9. Murtha, P., Tindall, D. J., and Young, C. Y. Androgen induction of a human
prostate-specific kallikrein, hKLK2: characterization of an androgen response element in the 59 promoter region of the gene. Biochemistry, 32: 6459 – 6464, 1993.
10. Bladou, F., Vessella, R. L., Buhler, K. R., Ellis, W. J., True, L. D., and Lange, P. H.
Cell proliferation and apoptosis during prostatic tumor xenograft involution and
regrowth after castration. Int. J. Cancer, 67: 785–790, 1996.
11. Wang, K., Gan, L., Jeffery, E., Gayle, M., Gown, A. M., Skelly, M., Nelson, P. S., Ng,
W. V., Schummer, M., Hood, L., and Mulligan, J. Monitoring gene expression profile
changes in ovarian carcinomas using cDNA microarray. Gene, 229: 101–108, 1999.
12. Iyer, V. R., Eisen, M. B., Ross, D. T., Schuler, G., Moore, T., Lee, J. C. F., Trent,
J. M., Staudt, L. M., Hudson, J., Jr., Boguski, M. S., Lashkari, D., Shalon, D.,
Botstein, D., and Brown, P. O. The transcriptional program in the response of human
fibroblasts to serum. Science (Washington DC), 283: 83– 87, 1999.
13. Kurachi, K., Torres-Rosado, A., and Tsuji, A. Hepsin. Methods Enzymol., 244:
100 –114, 1994.
14. Tanimoto, H., Yan, Y., Clarke, J., Korourian, S., Shigemasa, K., Parmley, T. H.,
Parham, G. P., and O’Brien, T. J. Hepsin, a cell surface serine protease identified in
hepatoma cells, is overexpressed in ovarian cancer. Cancer Res., 57: 2884 –2887,
1997.
15. Rawlings, N. D., and Barrett, A. J. Families of serine peptidases. Methods Enzymol.,
244: 19 – 61, 1994.
16. Davie, E. W., Fujikawa, K., and Kisiel, W. The coagulation cascade: initiation,
maintenance, and regulation. Biochemistry, 30: 10363–10370, 1991.
17. 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.
18. Frenette, G., Tremblay, R. R., Lazure, C., and Dube, J. Y. Prostatic kallikrein hK2,
but not prostate-specific antigen (hK3), activates single-chain urokinase-type plasminogen activator. Int. J. Cancer, 71: 897– 899, 1997.
19. Dhom, G., Seitz, G., and Wernert, N. Histology and immunohistochemistry studies in
prostate cancer. Am. J. Clin. Oncol., 11 (Suppl. 2): S37–S42, 1988.
20. Bonkhoff, H. Role of the basal cells in premalignant changes of the human prostate:
a stem cell concept for the development of prostate cancer. Eur. Urol., 30: 201–205,
1996.
21. Reiter, R. E., Gu, Z., Watabe, T., Thomas, G., Szigeti, K., Davis, E., Wahl, M.,
Nisitani, S., Yamashiro, J., Le Beau, M. M., Loda, M., and Witte, O. N. Prostate stem
cell antigen: a cell surface marker overexpressed in prostate cancer. Proc. Natl. Acad.
Sci. USA, 95: 1735–1740, 1998.
22. Pisters, L. L., Troncoso, P., Zhau, H. E., Li, W., von-Eschenbach, A. C., and Chung,
L. W. c-met proto-oncogene expression in benign and malignant human prostate
tissues. J. Urol., 154: 293–298, 1995.
23. Verhagen, A. P., Ramaekers, F. C., Aalders, T. W., Schaafsma, H. E., Debruyne,
F. M., and Schalken, J. A. Colocalization of basal and luminal cell-type cytokeratins
in human prostate cancer. Cancer Res., 52: 6182– 6187, 1992.
24. Vu, T. K. H., Liu, R. W., Haaksma, C. J., Tomasek, J. J., and Howard, E. W.
Identification and cloning of the membrane-associated serine protease, hepsin, from
mouse preimplantation embryos. J. Biol. Chem., 272: 31315–31320, 1997.
25. Lareyre, J. J., Claessens, F., Rombauts, W., Dufaure, J. P., and Drevet, J. R.
Characterization of an androgen response element within the promoter of the epididymis-specific murine glutathione peroxidase 5 gene. Mol. Cell. Endocrinol., 129:
33– 46, 1997.
26. Dai, J. L., and Burnstein, K. L. Two androgen response elements in the androgen
receptor coding region are required for cell-specific up-regulation of receptor messenger RNA. Mol. Endocrinol., 10: 1582–1594, 1996.

4184

Downloaded from cancerres.aacrjournals.org on February 26, 2021. © 1999 American Association for Cancer
Research.

Prostate-localized and Androgen-regulated Expression of the
Membrane-bound Serine Protease TMPRSS2
Biaoyang Lin, Camari Ferguson, James T. White, et al.
Cancer Res 1999;59:4180-4184.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cancerres.aacrjournals.org/content/59/17/4180

This article cites 24 articles, 8 of which you can access for free at:
http://cancerres.aacrjournals.org/content/59/17/4180.full#ref-list-1
This article has been cited by 75 HighWire-hosted articles. Access the articles at:
http://cancerres.aacrjournals.org/content/59/17/4180.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerres.aacrjournals.org/content/59/17/4180.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on February 26, 2021. © 1999 American Association for Cancer
Research.

