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ABSTRACT
The mRNA for Rvp.1 (rat ventral prostate) increases in abundance
before gland involution after androgen deprivation. Rvp.1 is homologous
to CPE-R, the high-affinity intestinal epithelial receptor for Clostridium
perfringens enterotoxin (CPE), and is sufficient to mediate CPE binding
and trigger subsequent toxin-mediated cytolysis. Rvp.1 (claudin-3) and
CPE-R (claudin-4) are members of a larger family of transmembrane
tissue-specific claudin proteins that are essential components of intercellular tight junction structures regulating paracellular ion flux. However,
claudin-3 and claudin-4 are the only family members capable of mediating
CPE binding and cytolysis. The present study was designed to study the
expression of claudin-3 and claudin-4 in human prostate tissue as potential targets for CPE toxin-mediated therapy for prostate cancer. On
human multiple-tissue Northern blot analysis, mRNAs for both claudin-3
and claudin-4 were expressed at high levels in prostate tissue. In normal
prostate tissue, expression of claudin-3 was localized exclusively within
acinar epithelial cells by in situ mRNA hybridization. Compared with
expression within prostate epithelial cells in surrounding normal glandular tissue, expression of claudin-3 mRNA remained high in the epithelium
of prostate adenocarcinoma (10 of 10) and prostatic intraepithelial neoplasia (five of five). Prostate adenocarcinoma cells metastatic to bone were
obtained from a patient with disease progression during antiandrogen
therapy. These metastatic cells were prostate-specific antigen-positive by
immunohistochemical staining and also expressed functional CPE receptors as measured by sensitivity to CPE-induced cell lysis. The persistent
high level of claudin-3 expression in prostate adenocarcinoma and functional cytotoxicity of CPE in metastatic androgen-independent prostate
adenocarcinoma suggests a new potential therapeutic strategy for prostate
cancer.

INTRODUCTION
Mortality attributable to prostate cancer is the second leading cause
of cancer-related death among United States males (1). The failure
rate of local therapy for early stage disease combined with the limited
duration of effective palliative management with hormonal manipulation for advanced metastatic disease beg the development of newer
therapeutic agents and strategies (2). Recent advances in the use of
combination chemotherapy for advanced hormone-refractory prostate
cancer are encouraging but remain inadequate (3).
The cDNA for Rvp.12 was initially cloned based on an increase in
mRNA abundance within the Rvp immediately after castration and
preceding prostate gland involution (4). The characterization of Rvp.1
as a specific receptor for the potent microbial cytotoxic protein, CPE
(5, 6), suggested that CPE may have potential utility as a therapeutic
agent in advanced, hormone-refractory prostate cancer.
CPE triggers a multistep mechanism leading to efficient lysis of
susceptible mammalian target cells within 10 –20 min (7). This process requires a specific target cell membrane protein for initial CPE

binding, a function mediated by CPE-R and Rvp.1. Mammalian cells
that do not express either Rvp.1 or CPE-R fail to bind CPE and are
resistant to CPE cytotoxicity; however, such resistant cells become
susceptible to CPE cytotoxicity after transfection with cDNA for
either CPE-R or Rvp.1 (5, 6).
Subsequent to target cell receptor binding by CPE, a Mr ⬃90,000
small membrane complex is formed in the target cell plasma membrane, which contains intact CPE. Additional target cell proteins then
associate with the small complex to form a large, Mr ⬎160,000
membrane complex that likely allows partial insertion of CPE into the
target cell membrane with resultant initiation of massive small molecule permeability changes, osmotic cell ballooning, and lysis (8, 9).
Functional domain mapping of the full-length 319 amino acid CPE
protein (10 –12) demonstrates that CPE290 –319 COOH-terminus fragment is sufficient for high affinity binding to target cell receptor and
small complex formation, although this fragment is incapable of
initiating large complex formation and cytolysis. Indeed, CPE290 –319
COOH-terminus fragment inhibits cytolysis of susceptible target cells
by full-length CPE. CPE residues 45–116 are essential for large
complex formation and cytotoxicity, whereas deletion of the NH2
terminus generates a CPE45–319 fragment with enhanced large membrane complex formation and cytotoxic activity.
Rvp.1 and CPE-R are members of a large multigene family of
claudin proteins (currently 18 members) implicated in tight junction
structure and function (13–15); however, only claudins 3 and 4 are
capable of binding CPE to mediate toxin-dependent cytolysis. Other
claudin family members include endothelial cell-specific claudin-5
(TMVCF), mutations which are responsible for velo-cardio-facial
syndrome (16), and claudin-16 (paracellin-1), mutations which are
responsible for hereditary renal hypomagnesemia (17).
Recently, SAGE analysis demonstrated that claudin-3 and claudin-4 were among the six highest differentially up-regulated mRNAs
in primary ovarian carcinoma cells compared with normal ovarian
cells (18). Immunohistochemical analysis confirmed that claudin-3
and -4 protein expression was essentially undetectable in normal
ovarian stroma and ovarian surface epithelial cells, whereas both
claudin-3 and -4 were highly expressed on the membranes of ovarian
carcinoma cells (18). The present study was designed to determine
whether the human orthologue of Rvp.1 (hRVP/claudin-3) is expressed in malignant epithelial cells of human prostate cancer to serve
as a potential target for a CPE-mediated therapeutic strategy.

MATERIALS AND METHODS

Cloning and Purification of NH2 Terminus His-tagged CPE. Clostridium perfringens obtained from American Type Culture Collection strain 2917
(Manassas, VA) was grown from a single colony and used to prepare bacterial
DNA with the InstaGene kit, according to manufacturer’s directions (BioReceived 6/12/01; accepted 8/30/01.
Rad). The bacterial DNA fragment encoding full-length CPE gene was PCR
The costs of publication of this article were defrayed in part by the payment of page
amplified (primer 1, 5⬘-AGA TGT TAA TCA TAT GAT GCT TAG TAA
charges. This article must therefore be hereby marked advertisement in accordance with
CAA TTT AAA TCC-3⬘; primer 2, 5⬘-AGG ATC CTT AAA ATT TTT GAA
18 U.S.C. Section 1734 solely to indicate this fact.
1
To whom requests for reprints should be addressed, at Department of Medicine,
ATA ATA TTG AAT AAG GG-3⬘). The PCR products were digested with the
Cancer Research Institute R4-202, 1044 West Walnut Street, Indianapolis, IN 46202restriction enzymes NdeI/BamHI and cloned into a NdeI/BamHI-digested pet
5254. Phone: (317) 274-7126; Fax: (317) 274-0396; E-mail: tgabig@iupui.edu.
16 (Novagen) expression vector to generate an in-frame NH2-terminus His2
The abbreviations used are: Rvp, rat ventral prostate; CPE, Clostridium perfringens
tagged CPE expression plasmid, pet 16-(His)5-CPE. His-tagged CPE toxin
enterotoxin; CPE-R, clostridium perfringens enterotoxin receptor; PSA, prostate-specific anwas prepared from pet 16-(His)5-CPE transformed Escherichia coli BL-21
tigen; PIN, prostate intrapithelial neoplasia.
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(DE 3). Transformed bacteria were grown overnight at 37°C, after which CPE and then passed through graded NaCl solutions, followed by a 15-min wash in
protein expression was induced for 3 h with 1 mM isopropyl ␤-D-thio- 0.1 ⫻ SSC at 50°C. Slides were dehydrated, air-dried, apposed to Hyperfilm-␤
galactoside, the cells were harvested, resuspended in 20 mM Tris-HCL, pH 7.9 Max (Amersham) for 2–5 days, then dipped in Kodak NTB2 nuclear emulsion,
binding buffer, and lysed by sonication. The fusion protein was isolated from and stored with desiccant at 4°C for 6 –15 days. The slides were examined
the supernatant on a His-Bind column (Novagen). After 10-column volumes of under darkfield and light microscopy. The slides were then stained with H&E
binding buffer and six-column volumes of wash buffer, His-tagged CPE was for microscopic evaluation and pathological diagnosis (O. W. C.). Semiquaneluted with 0.5 M NaCl, 20 mM Tris-HCl, pH 7.9, and dialyzed (Mr 3,500 cutoff titative estimation of in situ mRNA expression was performed by counting
silver grains overlying epithelial cells under light microscopy and graded as
dialysis tubing) against PBS overnight.
Primary Culture of Metastatic Prostate Adenocarcinoma and in Vitro follows: 0 –5 grains, (⫺); 5–10 grains, 1⫹; 10 –20 grains, 2⫹; 20 –30 grains,
Quantitation of His-CPE-mediated Cytolysis. After written informed con- 3⫹; 30 – 40 grains, 4⫹.
sent was obtained according to a Human Investigations Committee-approved
protocol, prostate adenocarcinoma cells metastatic to bone were obtained by
bone marrow core biopsy from the posterior iliac crest of a patient with RESULTS
pancytopenia attributable to the progression of metastatic prostate carcinoma
Tissue-specific Expression of hRVP/Claudin-3 and CPE-R/
while on antiandrogen therapy. A sample of the bone marrow biopsy submitted
for standard pathological examination revealed that the marrow was replaced Claudin-4. Preliminary steps in determining the feasibility of CPE
by ⬎95% adenocarcinoma cells, which were positive for PSA and negative for toxin therapy for prostate cancer included demonstrating a sufficient
level of CPE receptor expression in malignant cells (see below) and
synaptophysin by immunohistochemical stains.
Under sterile conditions, the remainder of the biopsy specimen was imme- also determining which normal tissues express CPE receptors that
diately minced and dispersed by collagenase IV (Sigma Chemical Co.; 10 could restrict the therapeutic index. To examine the normal tissuemg/ml). The cells were cultured in keratinocyte-serum-free medium supple- specific expression of hRVP/claudin-3 and CPE-R/claudin-4, probes
mented with bovine pituitary extract (10 mg/ml), epidermal growth factor (10 corresponding to the unique 3⬘ untranslated regions of each human
ng/ml), cholera toxin (10 ng/ml), 5% FCS, and 1% antibiotic solution (10,000 mRNA were used to probe human multiple tissue Northern blots (Fig.
units/ml penicillin and streptomycin). After 3 days in primary culture, purified
1). The 1.6-kb hRVP/claudin-3 mRNA expression levels were highest
His-CPE was added to the medium to a final concentration of 3.4 g/ml, and
in prostate. Moderate levels of hRVP/claudin-3 mRNA were also
cytotoxicity was measured after 30 min at 37 C. Percentage of cytotoxicity was
determined by comparison of adherent nonballooned cell counts within a found in colon, small bowel, and pancreas. The 2.2-kb CPE-R/claudin
4 mRNA was expressed at highest level in colon, with intermediate
demarcated 1-cm2 grid under phase-contrast microscopy at time 0 and at 30
levels in prostate, placenta, lung, and pancreas and low levels in small
min post-CPE addition as described previously (5).
Northern Blotting. Human RVP.1/claudin-3 probe (I.M.A.G.E. clone bowel, kidney, and uterus. Thus, gut, pancreas, and lung are tissues in
214937, GenBank accession nos. H72008 and H72009) and human CPE-R/ which dose-limiting toxicity might be expected in prostate cancer
claudin-4 probe (I.M.A.G.E. clone 346510, GenBank accession nos. W79089 patients treated systemically with CPE.
and W74492) were purchased from American Type Culture Collection. The
Cellular Expression of hRVP/Claudin-3 within Normal Human
NotI/HindIII insert fragments were isolated and labeled with ␣P32-dCTP by Prostate Tissue and Prostate Adenocarcinoma. Within the normal
random-primed labeling (Boehringer Mannheim, Indianapolis, IN). Commerprostate gland, expression of hRVP/claudin-3 mRNA was restricted
cial human multiple tissue Northern blots (CLONTECH) were hybridized in
exclusively to glandular epithelial cells (Fig. 2, A–D). Prostate stromal
50% formamide at 42°C overnight, washed in 2 ⫻ SSC three times and
tissues and endothelial cells showed essentially background levels of
1 ⫻ SSC, and then autoradiographed.
mRNA in Situ Hybridization. In situ hybridization histochemistry was
used to examine the abundance of endogenous hRVP/claudin-3 mRNA. Human hRVP/claudin-3 cDNA (I.M.A.G.E. clone214937, accession no.
AB000714, purchased from American Type Culture Collection) was used for
the synthesis of sense (control) and antisense cRNA probes. cRNA probes
were synthesized in 10 l of reaction mixture containing 100 Ci each
35
S-CTP and 35S-UTP (Amersham), 10 mM NaCl, 6 mM MgCl2, 40 mM Tris
(pH 7.5), 2 mM spermidine, 10 mM DTT, 500 M each unlabeled ATP and
GTP, 25 M each unlabeled UTP and CTP, 1 g of HindIII (sense control) or
EcoRI (antisense) linearized template, 15 units of the appropriate T3 (antisense) or T7 (sense control) polymerase (Life Technologies, Inc.), and 15 units
of RNasin (Promega). The reaction was incubated at 42°C for 60 min, after
which the DNA template was removed by digestion with DNase I. Average
specific activity of probes generated by this protocol was 2–3 ⫻ 108 dpm/g.
Archived frozen tissue specimens from suprapubic prostatectomy or transurethral resection of prostate tissue were obtained from the Indiana University
Cancer Center tumor specimen core facility in accordance with an Institutional
Human Studies-approved protocol. Before hybridization, tissue sections were
warmed to 25°C, fixed in 4% formaldehyde, and acetylated in 0.25% acetic
anhydride/0.1 M triethanolamine hydrochloride/0.9% NaCl. Tissues were dehydrated through an ethanol gradient, delipidated in chloroform, rehydrated,
and air-dried. 35S-labeled cRNA probes were added to fresh hybridization
buffer (107 cpm/ml), composed of 50% formamide, 0.3 M NaCl, 20 mM
Tris-HCl (pH 8), 5 mM EDTA, 500 g of tRNA/ml, 10% dextran sulfate, 10
mM DTT, and 0.02% each of BSA, Ficoll, and polyvinylpyrrolidone. Hybridization buffer was added to sections which were then covered with glass
coverslips and placed in humidified chambers overnight (14 h) at 55°C. Slides
were then washed three times in 4 ⫻ SSC to remove coverslips and hybridization buffer, then dehydrated and immersed in 0.3 M NaCl, 50% formamide,
Fig. 1. Multiple human tissue Northern blot analysis of hRVP/claudin-3 and hCPE20 mM Tris-HCl, and 1 mM EDTA at 60°C for 15 min. Next, sections were R/claudin-4 mRNA abundance. Probes to unique 3⬘ untranslated sequences were used to
treated with RNase A, 20 g/ml, (Boehringer Mannheim) for 30 min at 37°C, detect the 2.2-kb hCPE-R and 1.6-kb hRVP mRNAs.
7879

Downloaded from cancerres.aacrjournals.org on September 25, 2021. © 2001 American Association for Cancer
Research.

CLAUDIN EXPRESSION IN PROSTATE CANCER

Fig. 2. In situ hybridization of hRVP/claudin-3
mRNA in prostate tissue. Normal (A–C) or adenocarcinoma-containing (E–H) prostate tissue sections were hybridized with antisense (C and G) or
sense control (D and H) probes, dipped in nuclear
emulsion and exposed, and then stained with H&E.
Darkfield (C, D, G, and H) and light microscopy
(A, B, E, and F) of the sections reveal silver grain
deposition overlying epithelial cells. Higher magnification reveals the normal double-layered epithelium in A and a single epithelial cell layer characteristic of adenocarcinoma in E.

silver grain deposition that were no higher than acellular areas of the
tissue section.
In prostate adenocarcinoma, hRVP/claudin-3 mRNA expression
was also restricted to malignant epithelial cells. Human prostate
biopsy specimens (26) were examined for hRVP/clausin-3 expression
by in situ mRNA hybridization. Areas of normal epithelium were
present in all specimens and contained 20 –30 silver grains/cell (3⫹).
Seven of the 26 specimens contained foci of prostate adenocarcinoma,
2 contained foci of PIN, and 3 contained both adenocarcinoma and
PIN. The remaining 14 specimens contained only normal prostate
tissue. In all cases where prostate adenocarcinoma or prostatic intraepithelial neoplasia was present, expression of hRVP/claudin-3
mRNA was equal to (6 of 10 adenocarcinoma and five of five PIN) or
greater than (4 of 10 adenocarcinoma, 4⫹) expression levels in
surrounding normal epithelial cells within the same tissue section
(Fig. 2, E–H, representative).
Sensitivity of Androgen-independent Metastatic Prostate Cancer Cells to CPE-mediated Cytolysis. On the basis of previous in
vitro studies, it was expected that any mammalian cell expressing
either hRVP/claudin-3 or CPE-R/claudin-4 would be sensitive to
CPE-mediated cytolysis. However, it was important to demonstrate
this directly for human prostate adenocarcinoma cells, particularly in
a clinically relevant stage of disease for which current therapy is
ineffective and newer treatment modalities are critically needed.
For this purpose, we examined short-term in vitro primary cultured
prostate adenocarcinoma cells obtained from the bone marrow of a
patient during rapid disease progression while on antiandrogen therapy 2 years after initial diagnosis of poorly differentiated prostate
adenocarcinoma, Gleason grade VII, involving seminal vesicles at
suprapubic prostatectomy. Antiandrogen therapy with Lupron and
Casodex was initiated 1 year after initial diagnosis for painful bone
metastasis associated with a rising PSA. Androgen-independent disease progression occurred after 11 months of antianadrogen therapy
and was associated with profound pancytopenia attributable to bone
marrow replacement with ⬎95% prostate adenocarcinoma cells on
bone marrow biopsy. The prostate origin of these metastatic cells was

directly confirmed by positive PSA and negative synaptophysin immunohistochemical staining.
The sensitivity of these primary cultured prostate adenocarcinoma
cells to CPE-mediated cytolysis was tested along with appropriate
positive control CPE-R-expressing Vero cells and negative control
LNCaP and PC-3 human prostate cancer cell lines that do not express
detectable levels of either hRVP/claudin-3 or CPE-R1/claudin-4. This
experiment demonstrated that primary cultures of bone marrow androgen-independent metastatic prostate carcinoma cells were as sensitive as Vero cells to CPE-mediated cytolysis (Fig. 3). Lack of
hRVP/claudin-3 and CPE-R1/claudin-4 expression in LNCaP and
PC-3 cells was demonstrated by both Northern blot and by absence of
CPE290 –319 fragment binding (data not shown).
To demonstrate that the lack of claudin expression was responsible
for the resistance of PC-3 and LNCaP to CPE-mediated cytolysis,
each cell type was transfected with the cDNA encoding full-length
claudin-3 fused in-frame to the green fluorescent protein (pcDNA3claudin-3-GFP). Transfected cells displayed strong membrane-associated green fluorescence. PC-3 and LNCaP cells expressing claudin3-green fluorescent protein were sensitive to CPE-mediated cytolysis
(⬎98% cytotoxicity in the CPE cytolysis assay).
DISCUSSION
The demonstrated persistent in vivo expression of hRVP/claudin-3
in human prostate carcinoma epithelium and the in vitro cytotoxic
effect of CPE on primary androgen-independent metastatic prostate
carcinoma cells indicate CPE is likely to be cytotoxic in vivo to
prostate carcinoma cells that express hRVP/claudin-3 and/or CPE-R/
claudin-4. Absence of hRVP/claudin-3 or CPE-R/claudin-4 expression by PC-3 or LNCaP human prostate carcinoma cell lines may
indicate that only a fraction of prostate cancers continue to express
CPE receptors. However, it is also possible that loss of hRVP/
claudin-3 and CPE-R/claudin-4 expression may have occurred during
extended passage of PC-3 and LNCaP cells in culture, as demonstrated for other genes known to be expressed in both normal and
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toxicology and pathophysiology of epidemic diarrhea in humans and
animals (19) and is beyond the scope of this study. In addition to
standard Phase I-type determination of dose-limiting CPE toxicity,
strategies to limit toxicity to nonprostate tissues include local delivery
of the blocking CPE290 –313 peptide fragment to gut and lung via
enteral and inhalation routes.
The results herein have shown that it is feasible to directly test for
functional CPE-mediated cytotoxicity in primary cultures of tumor
specimens from metastatic sites. Thus, it is now possible to prospectively determine the proportion of androgen-independent prostate
carcinomas that remain sensitive to CPE-mediated cytolysis in vitro.
In conjunction with independently published work documenting highlevel up-regulation of claudin-3 and claudin-4 in primary ovarian
carcinoma cells, the results also provide a rationale for in vitro testing
of metastatic ovarian carcinoma cells for CPE-mediated sensitivity.

REFERENCES

Fig. 3. CPE-mediated cytotoxicity of prostate adenocarcinoma cells from bone marrow
metastasis site. In A, short-term cultured prostate adenocarcinoma cells (BMCaP) were
compared with positive control Vero cells or negative control PC-3 or LNCaP cells for
cytolysis before (control) or 30 min after the addition of CPE to the media. In B,
CPE-mediated cytotoxicity of the same cell types was quantitated as described in “Materials and Methods.”

primary malignant prostate epithelium. Recent studies demonstrating
⬎80-fold up-regulation of hRVP/claudin-3 and CPE-R/claudin-4 expression in ovarian cancer by SAGE analysis and immunohistochemistry in three of three primary ovarian cancer specimens are particularly relevant to this issue. These studies also demonstrated that none
of the ovarian cancer cell lines examined (A2780, ES-2, OV1063, and
POOL) expressed detectable levels of hRVP/claudin-3 or hCPE-R/
claudin-4 mRNA or protein (18).
Normal intestinal, pancreatic, and lung tissues would be most likely
to sustain dose-limiting toxicity on systemic exposure to CPE. The
feasibility of developing a strategy for local or systemic use of CPE as
an anticancer therapy will depend critically on toxicity studies in
animals and humans. Such data are at present restricted to clinical

1. Oliver, S. E., May, M. T., and Gunnell, D. International trends in prostate-cancer
mortality in the “PSA era.” Int. J. Cancer, 92: 893– 898, 2001.
2. Walther, P. J. Contemporary chemotherapeutic approaches for the treatment of
hormone-refractory prostate carcinoma. World J. Urol., 18: 216 –221, 2000.
3. Oh, W. K. Chemotherapy for patients with advanced prostate carcinoma: a new
option for therapy. Cancer, 88: 3015–3021, 2000.
4. Briehl, M. M., and Miesfeld, R. L. Isolation and characterization of transcripts
induced by androgen withdrawal and apoptotic cell death in the rat ventral prostate.
Mol. Endocrinol., 5: 1381–1388, 1991.
5. Katahira, J., et al. Clostridium perfringens enterotoxin utilizes two structurally related
membrane proteins as functional receptors in vivo. J. Biol. Chem., 272: 26652–26658,
1997.
6. Katahira, J., Inoue, N., Horiguchi, Y., Matsuda, M., and Sugimoto, N. Molecular
cloning and functional characterization of the receptor for Clostridium perfringens
enterotoxin. J. Cell Biol., 136: 1239 –1247, 1997.
7. McClane, B. A. An overview of Clostridium perfringens enterotoxin. Toxicon, 34:
1335–1343, 1996.
8. McClane, B. A. and Wnek, A. P. Studies of Clostridium perfringens enterotoxin
action at different temperatures demonstrate a correlation between complex formation
and cytotoxicity. Infect. Immun., 58: 3109 –3115, 1990.
9. McClane, B. A. Clostridium perfringens enterotoxin acts by producing small molecule permeability alterations in plasma membranes. Toxicology, 87: 43– 67, 1994.
10. Kokai-Kun, J. F., and McClane, B. A. Evidence that a region(s) of the Clostridium
perfringens enterotoxin molecule remains exposed on the external surface of the
mammalian plasma membrane when the toxin is sequestered in small or large
complexes. Infect. Immun., 64: 1020 –1025, 1996.
11. Kokai-Kun, J. F. and McClane, B. A. Determination of functional regions of Clostridium perfringens enterotoxin through deletion analysis. Clin. Infect. Dis., 25
(Suppl. 2): S165–S167, 1997.
12. Kokai-Kun, J. F., and McClane, B. A. Deletion analysis of the Clostridium perfringens enterotoxin. Infect. Immun., 65: 1014 –1022, 1997.
13. Furuse, M., Sasaki, H., Fujimoto, K., and Tsukita, S. A single gene product, claudin-1
or -2, reconstitutes tight junction strands and recruits occludin in fibroblasts. J. Cell
Biol., 143: 391– 401, 1998.
14. Furuse, M., Fujita, K., Hiiragi, T., Fujimoto, K., and Tsukita, S. Claudin-1 and -2:
novel integral membrane proteins localizing at tight junctions with no sequence
similarity to occludin. J. Cell Biol., 141: 1539 –1550, 1998.
15. Morita, K., Furuse, M., Fujimoto, K., and Tsukita, S. Claudin multigene family
encoding four-transmembrane domain protein components of tight junction strands.
Proc. Natl. Acad. Sci. USA, 96: 511–516, 1999.
16. Morita, K., Sasaki, H., Furuse, M., and Tsukita, S. Endothelial claudin: claudin-5/
TMVCF constitutes tight junction strands in endothelial cells. J. Cell Biol., 147:
185–194, 1999.
17. Simon, D. B., Lu, Y., Choate, K. A., Velazquez, H., Al-Sabban, E., Praga, M., Casari,
G., Bettinelli, A., Colussi, G., Rodriguez-Soriano, J., McCredie, D., Milford, D.,
Sanjad, S., and Lifton, R. P. Paracellin-1, a renal tight junction protein required for
paracellular Mg2⫹ resorption. Science (Wash. DC), 285: 103–106, 1999.
18. Hough, C. D., Sherman-Baust, C. A., Pizer, E. S., Montz, F. J., Im, D. D., Rosenshein,
N. B., Cho, K. R., Riggins, G. J., and Morin, P. J. Large-scale serial analysis of gene
expression reveals genes differentially expressed in ovarian cancer. Cancer Res., 60:
6281– 6287, 2000.
19. Lindsay, J. A. Clostridium perfringens type A enterotoxin (CPE): more than just
explosive diarrhea. Crit. Rev. Microbiol., 22: 257–277, 1996.

7881

Downloaded from cancerres.aacrjournals.org on September 25, 2021. © 2001 American Association for Cancer
Research.

Expression of Clostridium Perfringens Enterotoxin Receptors
Claudin-3 and Claudin-4 in Prostate Cancer Epithelium
Haiyan Long, Colin D. Crean, Wei-Hua Lee, et al.
Cancer Res 2001;61:7878-7881.

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/61/21/7878

This article cites 18 articles, 11 of which you can access for free at:
http://cancerres.aacrjournals.org/content/61/21/7878.full#ref-list-1
This article has been cited by 19 HighWire-hosted articles. Access the articles at:
http://cancerres.aacrjournals.org/content/61/21/7878.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/61/21/7878.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerres.aacrjournals.org on September 25, 2021. © 2001 American Association for Cancer
Research.

