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ABSTRACT
To identify genes that are differentially up-regulated in prostate cancer
of transgenic adenocarcinoma mouse prostate (TRAMP) mice, we subtracted cDNA isolated from mouse kidney and spleen from cDNA isolated
from TRAMP-C1 cells, a prostate tumor cell line derived from a TRAMP
mouse. Using this strategy, cDNA clones that were homologous to human
six-transmembrane epithelial antigen of the prostate (STEAP) and prostate stem cell antigen (PSCA) were isolated. Mouse STEAP (mSteap) is
80% homologous to human STEAP at both the nucleotide and amino acid
levels and contains six potential membrane-spanning regions similar to
human STEAP. Mouse PSCA (mPsca) shares 65% homology with human
PSCA at the nucleotide and amino acid levels. mRNA expression of
mSteap and mPsca is largely prostate-specific and highly detected in
primary prostate tumors and metastases of TRAMP mice. Both mSteap
and mPsca map to chromosome 5. Another known gene coding for mouse
prostate-specific membrane antigen (mPsma) is also highly expressed in
both primary and metastatic lesions of TRAMP mice. These results indicate that the TRAMP mouse model can be used to effectively identify
genes homologous to human prostate-specific genes, thereby allowing for
the investigation of their functional roles in prostate cancer. mSteap,
mPsca, and mPsma constitute new tools for preventative and/or therapeutic vaccine construction and immune monitoring in the TRAMP mouse
model that may provide insights into the treatment of human prostate
cancer.

INTRODUCTION
Prostate cancer is the most common malignancy and the second
leading cause of cancer death in men in North America. The serum
PSA3 test has revolutionized the early detection of prostate cancer and
has resulted in enthusiasm to identify additional novel and increasingly specific markers in prostate cancer. Progress in identifying such
markers has been markedly accelerated by recent advances in molecular biology technologies, such as differential display analysis, subtraction approaches, and microarray techniques. These techniques and
others have led to the identification of more than 20 genes with
prostate-specific/abundant expression (1–20), such as PSMA (3),
PSCA (9), and STEAP (12). Given their cancer/prostate-specific distributions, these genes theoretically encode targets suitable for implementation in therapies of prostate cancer. However, the development
of such therapies has been severely limited by the absence of an
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animal model that closely mimics human prostate cancer and expresses the prostate-specific genes under study at physiologically
relevant levels.
The recent development of a spontaneous transgenic mouse model
of prostate cancer, TRAMP (21), and the isolation of syngeneic
transplantable prostate cancer cell lines (TRAMP-C1 and -C2) derived from TRAMP prostate tumors (22) has provided much needed
model systems to comprehensively test various experimental prostate
cancer therapies. Hence, to identify genes specifically or overexpressed in TRAMP prostate tumors, we used a SSH3 to subtract
cDNA derived from mouse kidney and spleen from cDNA isolated
from TRAMP-C1 cells. Using this strategy, cDNA clones homologous to human STEAP (12) and PSCA (9) were obtained. mSteap and
mPsca have similar tissue distributions as human STEAP and PSCA
and are highly expressed in primary and metastatic lesions in TRAMP
mice. Another known gene, mPsma (23), was also highly detected in
this study in both primary and metastatic cancers of TRAMP mice.
These murine prostate-specific genes combined with the TRAMP
model may provide a useful animal model system to investigate
therapeutic strategies against prostate cancer.
MATERIALS AND METHODS
Cell Lines and Mouse Tissues. The TRAMP-C1 and -C2 cell lines derived
from TRAMP mice were maintained in DMEM supplemented with 5% FCS,
5% NuSerum (Collaborative Biomedical Products, Bedford, MA), 5 g/ml
insulin (Sigma Chemical Co.), and 0.01 nM dihydrotestosterone (Sigma Chemical Co.). All of the mouse tissues for RNA analysis were isolated from male
C57BL/6 mice.
SSH. TRAMP-C1 cells and mouse tissues were homogenized in Trizol
reagent (Life Technologies, Inc.) to isolate total RNA. Poly(A)⫹-RNA was
purified from total RNA by using the Oligotex mRNA Mini and Midi kits of
Quagen (Chatsworth, CA). SSH was performed with the PCR-Select cDNA
Subtraction Kit (Clontech) according to the manufacturer’s protocol. SSHderived gene fragments were inserted into pCR2.1-TOPO by using a TOPO
TA cloning kit (Invitrogen). Transformed Escherichia coli were subjected to
blue/white and ampicillin screening. White colonies were picked and stored in
25% glycerol in 96-well plates. Plasmid DNA was prepared, sequenced, and
searched for homology against public databases. Secondary protein structure
prediction was performed by using the web tool PSORT II.4
Northern Analysis. Nylon membranes with UV-fixed total RNA (5 or 20
g/lane) from normal mouse tissues and TRAMP-C cells and mouse poly(A)⫹
Northern blot containing mRNA samples from 12 different tissues (OriGene)
were hybridized with the [␣-32P]dCTP-labeled cDNA fragments. The cDNA
probes used were 260-bp (nucleotide 34-293) mSteap and 424-bp (nucleotide
25-448) mPsca cDNA fragments. As an internal control, ␤-actin was used to
hybridize all of blots.
RT-PCR. All of the RNA used for RT-PCR was treated with DNase.
cDNA synthesis was performed by oligodeoxythymidylate priming. For RTPCR amplification, the following primer pairs were used: 5⬘-GGTGGCTGAAGCCGTACTAT and 5⬘-GGATGATATGATGGCAGCGAC for mSteap,
5⬘-TTCTCCTGCTGGCCACCTAC and 5⬘-GCAGCTCATCCCTTCACAAT
4

http://psort.ims.u-tokyo.ac.jp/form2.html.

5857

Downloaded from cancerres.aacrjournals.org on January 17, 2021. © 2001 American Association for Cancer
Research.

IDENTIFICATION OF GENES OVEREXPRESSED IN PROSTATE CANCER OF TRAMP MICE

Fig. 1. Amino acid sequences of mSteap and human STEAP. Shaded regions highlight
conserved amino acids. The underlined regions correspond to the putative membranespanning domains. No NH2-terminal signal peptide is found, and NH2 and COOH termini
are both predicted to be intracellular by use of web tool PSORT II.

for mPsca, and 5⬘-GGGAAGATTGTGATTGCCAGAT and 5⬘-GCCTCCGTCCTTTCTTCTTCA for mPsma. Thermal cycling was performed for 35
cycles at 94°C for 30 s, 58°C for 1 min, and 72°C for 1 min.
RACE. RACE reactions were performed to identify full-length mSteap and
mPsca following the manufacturer’s instructions by 5⬘ and 3⬘ RACE systems
(Life Technologies, Inc.). Templates for RACE reactions were RNA isolated
from TRAMP-C1 cells and mouse prostate tissues. 5⬘-RACE reactions were
performed with the gene-specific primers 5⬘-GGATGATATGATGGCAGCGAC and 5⬘-CCTGCGTGTGCTGAAGCTCG for mSteap and 5⬘-GTGGAGTGCAGCTCATCCCTTCA and 5⬘-GCCCGGATGCGCGATGTAA for mPsca.
The 3⬘-RACE reactions were conducted with the gene-specific primers 5⬘CTCTCGCACTTGCAGCACGC for mSteap and 5⬘-GGGCCATTGGACTCGTGACAGT for mPsca.
Chromosomal Mapping. Chromosomal localization of mSteap and mPsca
was determined by using the Mouse/Hamster Radiation Hybrid Panel (Research Genetics, Inc.). mSteap gene products were amplified by PCR with the
following primers: 5⬘-CTCTCGCACTTGCAGCACGC and 5⬘-GGATGATATGATGGCAGCGAC. The primers used for mapping mPsca were
5⬘-GCACAGCACAGATGAACAACAG and 5⬘-GCACAGGTCAGAGTAGCAGCAC. The resulting mapping vectors were processed through a mapping
program.5

RESULTS
SSHs Identify mSteap and mPsca. In pursuit of genes that are
up-regulated in prostate tumors in the TRAMP model, cDNA derived
from mouse kidney and spleen was subtracted from cDNA isolated
from TRAMP-C1 cells. Extensive screening was performed on a
selected set of SSH-derived clones to look for genes that were differentially regulated between tester and driver cDNA. Among the differentially expressed clones, two gene fragments were highly homologous to human STEAP and PSCA, respectively. The full-length
cDNA sequences of these two genes were amplified through 5⬘ and 3⬘
RACE reactions using RNA from TRAMP-C1 cells and normal
prostate tissues as a template. Sequence analysis revealed that a novel
1175-bp cDNA, which did not show significant identity with any
known mouse genes, shared 80% homology with human STEAP at
both the nucleotide and amino acid levels and, therefore, represented
the mSteap (accession no. AF 297098). Similar to human STEAP,
mSteap also encodes a predicted 339 amino acid protein with six
transmembrane domains without a signal peptide (Ref. 12; Fig. 1).
Another novel 864-bp cDNA, which shares a 65% identity with
human PSCA at both nucleotide and amino acid levels, is mPsca
(accession no. AF 319173). Although the protein sequence of mPsca
had been reported by Reiter et al. (9), the nucleotide sequence of
mPsca could not be found in the public databases. mPsca additionally
5
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shares 52% nucleotide and 33% amino acid homology with mouse
stem cell antigen 2.
Expression of mSteap and mPsca Is Prostate-predominant. The
distribution of mPsca and mSteap in normal mouse tissues was
examined by Northern blot and RT-PCR analysis. Northern blotting of
normal mouse prostate tissue RNA has showed that mSteap is ⬃1.2 kb
(Fig. 2). Small amounts of mSteap mRNA could be detected in kidney
and testis after prolonged exposure (3 days versus 1 day for prostate)
in mouse poly(A)⫹ Northern blot containing mRNA samples from
brain, heart, kidney, liver, lung, muscle, skin, small intestine, spleen,
stomach, testis, and thymus (data not shown). The mPsca transcript in
normal mouse prostate is ⬃0.9 kb (Fig. 2). mPsca is expressed
predominantly in prostate, with a lower level of expression present in
kidney, colon, and testis (data not shown). This distribution of mPsca
is consistent with that reported by Reiter et al. (9). RT-PCR also
confirmed the distribution pattern of mSteap and mPsca analyzed by
the Northern blot analysis (Fig. 3). Together, these data indicate that
mSteap and mPsca expression is largely prostate-specific.
mSteap and mPsca Are Highly Expressed in Primary and
Metastatic Tumors of TRAMP Mice. Human STEAP has been
shown to be expressed in human primary tumors and cell lines derived
from metastatic lesions of prostate cancers (12), and human PSCA is
detected in both primary and metastatic lesions of human prostate
cancers (9, 24). Here, we examined the expression of their mouse
homologues in TRAMP-C cells and cancer tissues from TRAMP
mice. Northern blot and RT-PCR analysis demonstrated that both
mSteap and mPsca were expressed in TRAMP-C cells and prostate
tumor tissues from TRAMP mice (Fig. 2 and Fig. 4). Furthermore,
they were highly detected by RT-PCR in metastatic samples from
lymph node, liver, and viscera of TRAMP mice (Fig. 4). Comparison
of mSteap and mPsca expression in normal prostate, prostate tumors,
and TRAMP-C cells suggested that mSteap and mPsca were upregulated in TRAMP prostate tumors and TRAMP-C cells (Fig. 2).
However, because the RNA samples derived from normal prostate
tissues contain small amounts of message from other tissues nearby
the prostate, the expression level of mSteap and mPsca in normal
prostate might be underestimated.
mPsma Is Also Detected in Primary and Metastatic Tumors of
TRAMP Mice. On the basis of the expression of mPsca and mSteap
in TRAMP prostate tumors, we inferred that some other human
prostate-specific gene homologues might also be expressed in the
TRAMP model. We selected mPsma, which was the only mouse
prostate-specific gene we were able to find in GenBank databases

Fig. 2. Northern blot analysis of mSteap and mPsca expression. Total RNA from
normal prostate, TRAMP prostate tumor tissues, TRAMP-C1 cells, and TRAMP-C2 cells
were analyzed by using mSteap- or mPsca-specific probes. The normal prostate lane
contained 20 g of total RNA, and the other lanes were prepared with 5 g of total RNA.
All of the RNA samples were normalized by ethidium bromide staining and subsequent
analysis with an ␤-actin probe.
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Fig. 3. RT-PCR analysis of mRNA expression of mSteap, mPsca, and mPsma in
normal mouse tissues. DNase-treated total RNA from the indicated tissues was submitted
to 35 cycles of RT-PCR amplification with mSteap-, mPsca-, and mPsma-specific primers, respectively. All of the PCR products were visualized on 2% agarose gel stained with
ethidium bromide.

presently (accession no. AF026380). mPsma shares 76% nucleotide
and 86% amino acid homology with human PSMA (23). RT-PCR
using the mPsma specific primers showed that mPsma was expressed
in mouse brain, kidney, testis, and prostate tissues (Fig. 3). Similar to
mSteap and mPsca, mPsma is also highly detected in TRAMP-C cells,
primary cancer tissues, and metastatic samples from lymph node,
liver, and viscera of the TRAMP model (Fig. 4).
mSteap and mPsca Genes Localize to Chromosome 5. Chromosomal mapping was performed by using radiation hybrid analysis.
mSteap localized to Chr05, 20.33 cR from D5Mit331, a region corresponding to the location of human STEAP (7p22.3; Ref. 12) according to the human-mouse map at public databases.6 mPsca localized to
Chr05, 24.08 cR from D5Mit89. This region did not exhibit a clear
correlation with the chromosomal location of human PSCA (8q24.2;
Ref. 9) in the human-mouse map. Because this human-mouse map is
not presently completed, further development of this database may
provide more information about this issue.

is not clear. According to its homology to Ly-6 families, PSCA is
considered a member of Ly-6 family, which may be involved in signal
transduction and cell-cell adhesion (9).
The expression profiles of mSteap and mPsca are similar to the
largely prostate-specific expression of their human homologues.
STEAP and PSCA belong to a small group of cell-surface antigens that
are expressed in prostate cancer and represent potential targets for
both antibody-based and T-cell-mediated therapies. This family includes PSA (1), PAP (2), PTCA-1 (5), PSGR (20), PSMA (3), STEAP
(12), and PSCA (9). Of this family, PSMA, PTCA-1, PSA, and PAP are
secretory proteins that have been found in considerable concentrations
in peripheral blood and, thus, represent somewhat less desirable
targets for immunotherapy. In contrast, STEAP and PSCA are not
secreted. Human STEAP and PSCA are further found to be stably
expressed in advanced prostate cancer tissues, and PSCA expression is
retained by metastatic tissues of prostate cancer (9, 12, 24). These
proteins are potentially good targets for immunotherapy of prostate
cancer. Similar to their human homologues, mSteap and mPsca are
expressed in primary TRAMP prostate cancer tissues, TRAMP-C cell
lines, and metastatic samples from lymph node, liver, and viscera of
TRAMP mice.
Human PSMA is one of the best-characterized prostate-specific
genes and the first prostate-specific gene used in clinical trials for the
immunotherapy of prostate cancer (25, 26). Its mouse homologous
gene, mPsma, has been released recently from the GenBank database.
mPsma is highly homologous to human PSMA and maps to chromosome 7 (7D1-D2; Ref. 23). We have shown here that mPsma is also
expressed in primary prostate cancer and metastatic lesions of
TRAMP mice. These results imply that other human prostate-specific
and cancer-associated antigens may have their homologues in the
TRAMP model, and hence this mouse model may prove particularly
useful in evaluating the function of these gene products and therapeutic efficacy of treatments targeting these molecules.
Ideal targets for therapy of prostate cancer should be antigens that
are exclusively expressed in nonvital tissues like prostrate, highly
expressed in metastatic disease, and accessible to therapeutic modalities. Unfortunately, the majority of defined prostate-specific gene
products do not fulfill all of these conditions. Like human STEAP,
PSCA, and PSMA we have discussed here, they are not exclusively

DISCUSSION
In search of novel genes preferentially expressed in the prostate
tumors of TRAMP mice, we have isolated and characterized mSteap
and mPsca using a subtraction approach. Of interest, human STEAP
and PSCA were also identified by use of subtractive approaches in the
LAPC-4 xenograft model of human prostate cancer (12, 9). mSteap
and human STEAP share high homology at both the nucleotide and
amino acid levels. The putative six-transmembrane domains are conserved in mSteap and human STEAP. This structure suggests a
potential function as a channel, receptor, or transporter protein. Similarly, mPsca is highly homologous to human PSCA at both nucleotide
and amino acid levels. Because of this homology, Reiter et al. (9)
were able to identify the mPsca cDNA through searching the murine
expressed sequence tag (EST) databases with the sequence of human
PSCA. At present, the biological function of mouse and human PSCA
6
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Fig. 4. RT-PCR analysis of mRNA expression of mSteap, mPsca, and mPsma in
TRAMP-C cells, primary tumors, and metastatic tumors of TRAMP mice. DNase-treated
total RNA was submitted to 35 cycles of RT-PCR amplification with mSteap-, mPsca-,
and mPsma-specific primers, respectively. Lanes are: 1, TRAMP-C1; 2, TRAMP-C2; 3
and 4, primary prostate tumors; 5, 6, and 7, liver metastases; 8 and 9, lymph node
metastases; and 10, visceral metastases. All of the PCR products were visualized on 2%
agarose gel stained with ethidium bromide.
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prostate-specific. Low-level human STEAP mRNA is detected in the
colon and liver, and its protein is found in the bladder at moderate
level. Small amounts of human PSCA mRNA are detected in kidney
and small intestine, and human PSMA is expressed in various human
tissues (27). Effective therapies against these targets may bear the risk
of inducing damage to the normal organs expressing these antigens.
Although no autoimmune disease has been observed in PSMA-based
immunotherapies in clinical trials, these studies (25, 26) have not
reported any consistent and effective immune responses generated
against PSMA. Because mSteap, mPsca, and mPsma are expressed in
some normal tissues other than prostate, these murine antigens can be
used to evaluate such therapeutic side effects. In the case of immunological approaches, the immune system may have ignored or developed tolerance to the prostate/cancer-specific genes because they
are also expressed in normal prostate. Therefore, these murine prostate-specific antigens combined with the TRAMP model will provide
a good model system to investigate various immunotherapeutic strategies to treat prostate cancer. In addition, these antigens are murine by
nature. Studies with these antigens will be more representative in vivo
than approaches using transfected xenogeneic antigens.
In summary, mSteap, mPsca, and mPsma are homologous to their
human counterparts, largely prostate-specific, and highly expressed in
primary and metastatic cancers of TRAMP mice. These murine genes
in combination with the TRAMP model will provide an animal system
for the evaluation of prostate antigen-directed therapeutic strategies
against prostate cancer.
REFERENCES
1. Wang, M. C., Valenzuela, L. A., Murphy, G. P., and Chu, T. M. Purification of a
human prostate specific antigen. Investig. Urol., 17: 159 –163, 1979.
2. Vihko, P., Virkkunen, P., Henttu, P., Roiko, K., Solin, T., and Huhtala, M. L.
Molecular cloning and sequence analysis of cDNA encoding human prostatic acid
phosphatase. FEBS Lett., 236: 275–281, 1988.
3. Israeli, R. S., Powell, C. T., Fair, W. R., and Heston, W. D. Molecular cloning of a
complementary DNA encoding a prostate-specific membrane antigen. Cancer Res.,
153: 227–230, 1993.
4. Shen, R., Su, Z. Z., Olsson, C. A., and Fisher, P. B. Identification of the human
prostatic carcinoma oncogene PTI-1 by rapid expression cloning and differential
RNA display. Proc. Natl. Acad. Sci. USA, 92: 6778 – 6782, 1995.
5. Su, Z. Z., Lin, J., Shen, R., Fisher, P. E., Goldstein, N. I., and Fisher, P. B.
Surface-epitope masking and expression cloning identifies the human prostate carcinoma tumor antigen gene PCTA-1 a member of the galectin gene family. Proc. Natl.
Acad. Sci. USA, 93: 7252–7257, 1996.
6. 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.
7. Chen, M. E., Lin, S. H., Chung, L. W., and Sikes, R. A. Isolation and characterization
of PAGE-1 and GAGE-7. New genes expressed in the LNCaP prostate cancer
progression model that share homology with melanoma-associated antigens. J. Biol.
Chem., 273: 17618 –17625, 1998.
8. Brinkmann, U., Vasmatzis, G., Lee, B., Yerushalmi, N., Essand, M., and Pastan, I.
PAGE-1, an X chromosome-linked GAGE-like gene that is expressed in normal and
neoplastic prostate, testis, and uterus. Proc. Natl. Acad. Sci. USA, 95: 10757–10762,
1998.
9. 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.
10. Lin, B., Ferguson, C., White, J. T., Wang, S., Vessella, R., True, L. D., Hood, L., and
Nelson, P. S. Prostate-localized and androgen-regulated expression of the membranebound serine protease. TMPRSS2. Cancer Res., 59: 4180 – 4184, 1999.

11. 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.
12. Hubert, R. S., Vivanco, I., Chen, E., Rastegar, S., Leong, K., Mitchell, S. C.,
Madraswala, R., Zhou, Y., Kuo, J., Raitano, A. B., Jakobovits, A., Saffran, D. C., and
Afar, D. E. STEAP: a prostate-specific cell-surface antigen highly expressed in
human prostate tumors. Proc. Natl. Acad. Sci. USA, 96: 14523–14528, 1999.
13. Bussemakers, M. J., van Bokhoven, A., Verhaegh, G. W., Smit, F. P., Karthaus, H. F.,
Schalken, J. A., Debruyne, F. M., Ru, N., and Isaacs, W. B. DD3: a new prostatespecific gene, highly overexpressed in prostate cancer. Cancer Res., 59: 5975–5979,
1999.
14. Wolfgang, C. D., Essand, M., Vincent, J. J., Lee, B., and Pastan, I. TARP: a nuclear
protein expressed in prostate and breast cancer cells derived from an alternate reading
frame of the T cell receptor ␥ chain locus. Proc. Natl. Acad. Sci. USA, 97: 9437–
9442, 2000.
15. Xu, L. L., Shanmugam, N., Segawa, T., Sesterhenn, I. A., McLeod, D. G., Moul,
J. W., and Srivastava, S. A novel androgen-regulated gene, PMEPA1, located on
chromosome 20q13 exhibits high-level expression in prostate. Genomics, 66: 257–
263, 2000.
16. Xu, J., Stolk, J. A., Zhang, X., Silva, S. J., Houghton, R. L., Matsumura, M., Vedvick,
T. S., Leslie, K. B., Badaro, R., and Reed, S. G. Identification of differentially
expressed genes in human prostate cancer using subtraction and microarray. Cancer
Res., 60: 1677–1682, 2000.
17. Oettgen, P., Finger, E., Sun, Z., Akbarali, Y., Thamrongsak, U., Boltax, J., Grall, F.,
Dube, A., Weiss, A., Brown, L., Quinn, G., Kas, K., Endress, G., Kunsch, C., and
Libermann, T. A. PDEF, a novel prostate epithelium-specific ets transcription factor,
interacts with the androgen receptor and activates prostate-specific antigen gene
expression. J. Biol. Chem., 275: 1216 –1225, 2000.
18. Lin, B., White, J. T., Ferguson, C., Bumgarner, R., Friedman, C., Trask, B., Ellis, W.,
Lange, P., Hood, L., and Nelson, P. S. PART-1: a novel human prostate-specific,
androgen-regulated gene that maps to chromosome 5q12. Cancer Res., 60: 858 – 863,
2000.
19. Srikantan, V., Zou, Z., Petrovics, G., Xu, L., Augustus, M., Davis, L., Livezey, J. R.,
Connell, T., Sesterhenn, I. A., Yoshino, K., Buzard, G. S., Mostofi, F. K., McLeod,
D. G., Moul, J. W., and Srivastava, S. PCGEM1, a prostate-specific gene, is overexpressed in prostate cancer. Proc. Natl. Acad. Sci. USA, 97: 12216 –12221, 2000.
20. Xu, L. L., Stackhouse, B. G., Florence, K., Zhang, W., Shanmugam, N., Sesterhenn,
I. A., Zou, Z., Srikantan, V., Augustus, M., Roschke, V., Carte, K., McLeod, D. G.,
Moul, J. W., Soppett, D., and Srivastava, S. PSGR, a novel prostate-specific gene with
homology to a G protein-coupled receptor, is overexpressed in prostate cancer.
Cancer Res., 60: 6568 – 6572, 2000.
21. Greenberg, N. M., DeMayo, F., Finegold, M. J., Medina, D., Tilley, W. D., Aspinall,
J. O., Cunha. G. R., Donjacour, A. A., Matusik, R. J., and Rosen, J. M. Prostate cancer
in a transgenic mouse. Proc. Natl. Acad. Sci. USA, 92: 3439 –3443, 1995.
22. Foster, B. A., Gingrich, J. R., Kwon, E. D., Madias, C., and Greenberg, N. M.
Characterization of prostatic epithelial cell lines derived from transgenic adenocarcinoma of the mouse prostate (TRAMP) model. Cancer Res., 57: 3325–3330, 1997.
23. Bacich, D. J., Pinto, J. T., Tong, W. P., and Heston, W. D. Cloning, expression,
genomic localization, and enzymatic activities of the mouse homolog of prostatespecific membrane antigen/NAALADase/folate hydrolase. Mamm. Genome, 12:
117–123, 2001.
24. Dannull, J., Diener, P. A., Prikler, L., Furstenberger, G., Cerny, T., Schmid, U.,
Ackermann, D. K., and Groettrup, M. Prostate stem cell antigen is a promising
candidate for immunotherapy of advanced prostate cancer. Cancer Res., 60: 5522–
5528, 2000.
25. Murphy, G. P., Tjoa, B. A., Simmons, S. J., Ragde, H., Rogers, M., Elgamal, A.,
Kenny, G. M., Troychak, M. J., Salgaller, M. L., and Boynton, A. L. Phase II prostate
cancer vaccine trial: report of a study involving 37 patients with disease recurrence
following primary treatment. Prostate, 39: 54 –59, 1999.
26. Mincheff, M., Tchakarov, S., Zoubak, S., Loukinov, D., Botev, C., Altankova, I.,
Georgiev, G., Petrov, S., and Meryman, H. T. Naked DNA and adenoviral immunizations for immunotherapy of prostate cancer: a Phase I/II clinical trial. Eur. Urol.,
38: 208 –217, 2000.
27. Renneberg, H., Friedetzky, A., Konrad, L., Kurek, R., Weingartner, K., Wennemuth,
G., Tunn, U. W., and Aumuller, G. Prostate specific membrane antigen (PSM) is
expressed in various human tissues: implication for the use of PSM reverse transcription polymerase chain reaction to detect hematogenous prostate cancer spread. Urol.
Res., 27: 23–27, 1999.

5860

Downloaded from cancerres.aacrjournals.org on January 17, 2021. © 2001 American Association for Cancer
Research.

Murine Six-Transmembrane Epithelial Antigen of the Prostate,
Prostate Stem Cell Antigen, and Prostate-specific Membrane
Antigen: Prostate-specific Cell-Surface Antigens Highly
Expressed in Prostate Cancer of Transgenic Adenocarcinoma
Mouse Prostate Mice
Damu Yang, Gregory E. Holt, Markwin P. Velders, et al.
Cancer Res 2001;61:5857-5860.

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/61/15/5857

This article cites 27 articles, 19 of which you can access for free at:
http://cancerres.aacrjournals.org/content/61/15/5857.full#ref-list-1
This article has been cited by 14 HighWire-hosted articles. Access the articles at:
http://cancerres.aacrjournals.org/content/61/15/5857.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/61/15/5857.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on January 17, 2021. © 2001 American Association for Cancer
Research.

