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Abstract

Tensin is a signaling molecule that binds to actin filaments and localizes
to focal adhesions. Recently, we have discovered that tensin represents a
new gene family with related members that are expressed in a variety of
tissues. In this study, we report the identification and characterization of
a new COOH-terminal tensin-like molecule, cten. Human cten cDNA
encodes a 715 amino acid sequence containing the Src homology 2 and
phosphotyrosine-binding domains that are similar to the COOH termini
of tensin molecules. Although cten is shorter and does not have the
actin-binding domain found in other tensins, analysis of the genomic
structure has suggested that cten is related to the tensin gene family. In
addition, cten also localizes to focal adhesions. In contrast to other tensin
members, cten expression is restricted to prostate and placenta by North-
ern blot analysis. Furthermore, examination of cten expression in prostate
cancer/cell lines has revealed its down-regulation in tumor samples. Our
studies have suggested that during evolution, cten has preserved its role in
mediating signal transduction at focal adhesions through the Src homol-
ogy 2 and phosphotyrosine-binding domains but has lost its function in
binding to actin filaments. The evolutionary divergence has produced the
first focal adhesion protein specifically expressed in the prostate and the
placenta, which may be involved in preventing prostate tumor formation.

Introduction

Prostate cancer is the second leading cause death among men in the
United States (1). The genetic events associated with prostate gland
tumorigenesis are not well understood because of the cellular heter-
ogeneity of the tissue and the limited availability of prostate-specific
markers for diagnosis and prognosis of the disease. The discovery of
prostate-specific gene products that can be used as therapeutic or
diagnostic reagents for prostate cancer is very important for preven-
tion and treatment of the disease.

Tensin1 is an actin-binding protein localized to focal adhesions (2),
which play a crucial role in many biological events such as cell
adhesion, migration, proliferation, differentiation, and apoptosis. The
NH2 terminus of tensin1 binds to actin filaments (3), whereas the
center region retards the G-actin polymerization (3). The COOH
terminus contains the SH22 (4) and the PTB domain. In addition,
tyrosine phosphorylation of tensin1 is enhanced by extracellular ma-
trix, growth factors, or oncogenes (5–7). These findings suggest that
tensin1 plays important roles in organizing actin cytoskeleton and
mediating signal transduction (8). Recent studies have shown that
expression of tensin1 promotes cell migration (9). Furthermore, anal-

ysis of tensin1 knockout mice has demonstrated a critical role of
tensin1 in renal function and wound healing (10, 11).

Because the tissue-restricted phenotypes found in tensin1 knockout
mice were unexpected because of tensin’s broad expression pattern,
we decided to search for other family member(s). We have recently
reported the identification of tensin2 (9). Human tensin2 contains
1285 amino acid residues and shares extensive homology with tensin1
at its NH2- and COOH-terminal ends, although the center portions of
the molecules are divergent. The homologous regions span the ABD,
the SH2 domain, and the PTB domain. Functional analysis also
indicates a conserved role of tensin2 in cell migration (9).

In this study, we report the cDNA sequence and the genomic
structure of a more distant member of the tensin family, cten. In
contrast to tensin1 and tensin2, cten is a shorter polypeptide and is
preferentially expressed in prostate and placenta. To date, cten is the
first and only focal adhesion molecule that is specifically expressed in
prostate gland. Interestingly, expression of cten is down-regulated in
prostate cancer, suggesting that cten may be involved in prostatic cell
transformation and may have a potential use in disease diagnosis and
prognosis during treatment.

Materials and Methods

Computer Analysis. Human tensin1 and tensin2 cDNA sequences were
used to search for homologous sequences using an advanced BLAST search of
the available databases at the National Center for Biotechnology Information.
Potential tyrosine phosphorylation sites were predicted by using Prediction
Servers of the Center for Biological Sequence Analysis.3

Northern Blot Analysis. Human multiple tissue Northern blots (Clontech)
were hybridized under high stringency conditions (10) using a 32P-labeled 810
bp probe from the 5� end of human cten cDNA.

Antibody Production. Anti-cten rabbit serum was raised against GST-cten
(118–240) fusion protein. The serum was purified by using the recombinant
protein (after removing the GST portion by factor Xa) affinity matrix.

RT-PCR Assay. Total RNA (2 �g) from each sample was used to synthe-
size cDNAs with random primers and reverse transcriptase (Qiagen). Two �l
of reverse transcription reactions were used for PCR using cten specific
primers (forward primer: CCCGCCAGGGACATGCAGCCCACC in exon 4;
reverse: TCTCTGTGGGATGGTGAGTTTGCA in exon 7). To verify the
quality of the cDNA synthesized, control reactions were performed using
primers derived from a housekeeping gene, glyceraldehyde-3-phosphate de-
hydrogenase (forward primer: TGGTATCGTGGAAGGACTCAT; reverse:
GTGGGTGTCGCTGTTGAAGTC). The amplification was performed as fol-
lows: 94°C for 5 min for 1 cycle, then 94°C for 30 s, 68°C for 30 s, 72°C for
45 s for 30 cycles, and 72°C for 10 min. Equal volume of each PCR product
was analyzed by agarose gel electrophoresis.

Fluorescence Microscopy. Cells grown on glass coverslips were fixed
with 3.7% paraformaldehyde for 15 min at room temperature and were
permeabilized with 0.5% Triton X-100 for 15 min. After washing with PBS,
cells were incubated with primary antibodies for 1 h. After washes, samples
were then incubated with secondary antibodies for another hour and were
visualized with a Zeiss LSM 510 confocal microscope.
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Results

Identification, Cloning, and Sequence Analysis of Cten. By
using human tensin1 and tensin2 cDNA sequences as probes, we have
searched the available database for related genes, and a candidate
cDNA clone (FLJ14950) was identified. The partial open reading
frame of this clone encodes an SH2 domain followed by a PTB
domain. Additional sequence of this clone was obtained by perform-
ing rapid amplification of cDNA ends. The total composed cDNA is
4015 bp with an open reading frame encoding 715 amino acid resi-
dues (GenBank access no. AF417488; Fig. 1A). There is an in-frame
stop codon 27 bp upstream of the predicted initiation site. The
predicted molecule mass is 76,930 Da with an estimated isoelectric
point of 6.95. Analysis of the predicted amino acid sequence has
revealed that residues 418–715 are very similar with the COOH
termini of tensin1 (50% identity or 68% similarity) and tensin2 (45%
identity or 56% similarity; Fig. 1, B and C). In addition, six potential
tyrosine phosphorylation sites were found in cten (Fig. 1A). Because

this gene product is a shorter polypeptide and lacks the NH2-terminal
homologous regions found in tensin1 and tensin2, it is likely to be a
distant member of the tensin family. We have named it cten for the
COOH-terminal tensin-like molecule.

A search of the available human genomic sequence databases using
the human cten cDNA revealed that the length of human cten is about
21 kb on the Hs17-25057 clone, which was derived from chromosome
17q12-21. Analysis of the sequences revealed 12 exons in human cten
gene (Fig. 1D). All splice acceptor/donor sites for these exons con-
form to the GT-AG rule. The putative start codon is in exon 1. Exon
12 is the largest exon with 1883 bp, but only 142 bp comprise the
coding sequence, whereas the rest is the 3� untranslated region. Exon
11 is the smallest exon with 27 bp, and the sizes of exons 4–11 are
very similar to other tensin genes (9), supporting the idea that cten is
related to tensin family.

Restricted Expression of Cten in Human Normal Tissues. The
distribution of cten mRNA in normal human tissues was examined by

Fig. 1. Analysis of cten amino acid sequence. A,
the cDNA-derived amino acid sequence of human
cten. The potential tyrosine phosphorylation sites
are in bold. B, alignment of cten amino acid se-
quence with the COOH termini of tensin1 and
tensin2. The shaded and unshaded areas in the
boxes represent identity and similarity, respec-
tively. C, domain structures of tensin1, tensin2, and
cten. ABD I interacts with actin filaments. The
same region also contains the PTEN homologous
sequence. ABD II retards G-actin polymerization
rate. SH2 and PTB domains are two binding mol-
ecules for pTyr. The center regions of these genes
show no sequence homology. D, organization of
human cten gene. Exon/intron boundaries were de-
termined by comparison of sequences of genomic
DNA and cDNA. In the splice site, exon sequences
are indicated by uppercase letters, and intron se-
quences are indicated by lowercase letters. Codon
phase refers to the codon split at the splice accep-
tor. Introns that do not split codon triplets are
indicated by phase 0, interruption after the first
nucleotide is indicated by codon phase I, and inter-
ruption after the second nucleotide is indicated by
codon phase II. N indicates noncoding region.
Numbers in the brackets indicate the sizes of the
corresponding exons in human tensin1 and tensin2,
respectively.
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Northern blot analysis. The 5� 810-bp cDNA fragment was used as a
probe to avoid cross-hybridizing to other tensin genes. With 15 human
normal tissues examined, a 4.4-kb message was readily detected in the
prostate and placenta (Fig. 2). In contrast, tensin1 and tensin2 are
expressed widely (9, 12), suggesting that cten plays a specific role in
the prostate and the placenta.

Molecular Mass and Subcellular Localization of Cten Protein.
To examine the expression of protein encoded by human cten cDNA,
35S-methionine labeled recombinant cten was generated by in vitro
transcription and translation and analyzed by SDS-PAGE. Although
the predicted molecular mass was 77 kDa, the recombinant cten
migrated as a 90-kDa protein on a 10% gel (Fig. 3A). To examine
whether the endogenous cten also migrated at a similar rate, we raised
antibodies against GST-cten (118–240) fusion protein. This anti-cten

antibody was used to detect cten expression in an immortalized,
nontransformed human prostate epithelial line, MLC (13), because
cten was only detected in the prostate and the placenta by Northern
blotting. A single band �90 kDa was recognized by anti-cten anti-
bodies, indicating that we have cloned the full-length cten cDNA. To
determine subcellular localization of the protein, MLC cells were
analyzed by immunofluorescent staining. As shown in Fig. 3C, cten
was colocalized with pTyr-containing proteins at focal adhesions in
MLC cells. In addition, recombinant cten fused to green fluorescence
protein also targeted focal adhesions in transfected MLC cells (data
not shown). These results demonstrated that both endogenous and
recombinant cten target to focal adhesions, and focal adhesion local-
ization is a common feature of the tensin family members.

Cten Expression in Human Prostate Cancer/Cell Lines. To
explore the potential role of cten in prostate cancer, we have examined
the mRNA levels of cten in cancer cell lines. Human prostate cancer
cell lines LnCap, DU145, and PC3 (prostate cancer cell lines derived
from lymph node, brain, and bone metastases, respectively) and
nontransformed MLC were analyzed by RT-PCR assays (Fig. 4).
Although every cell line expressed considerable amounts of a house-
keeping gene, glyceraldehyde-3-phosphate dehydrogenase, we de-
tected a strong signal of cten in MLC, a weak band in DU145, and no
signal in LnCap and PC3. To evaluate whether mRNA levels detected
by RT-PCR assay correlate with protein levels, we examined protein
expressions in these cell lines by Western blotting and immuno-
staining. The Western blot analysis showed that DU145 cells ex-
pressed a lower amount of cten when compared with MLC cells,
whereas LnCap and PC3 cells had no detectable cten (Fig. 3B). As

Fig. 2. Tissue distribution of cten mRNAs. Northern blot analysis of cten (top panel)
in human tissues: Lane 1: brain; Lane 2: heart; Lane 3: skeletal muscle; Lane 4: colon;
Lane 5: thymus; Lane 6: spleen; Lane 7: kidney; Lane 8: liver; Lane 9: small intestine;
Lane 10: placenta; Lane 11: lung; Lane 12: peripheral blood leukocyte; Lane 13: prostate;
Lane 14: testis; and Lane 15: ovary. The blots were stripped and probed with actin cDNA
probe (bottom panel).

Fig. 3. The apparent molecular mass and sub-
cellular localization of cten. A, [35S]Methionine-
labeled tensin1, tensin2, and cten were generated
by TnT in vitro transcription/translation (Promega)
and separated on 10% SDS-PAGE. The gel was
dried on filter paper and analyzed by autora-
diograpy. B, equal amounts of cell lysate protein
(30 �g) from MLC, LnCap, DU145, and PC3 cell
lines were separated on 10% SDS-PAGE, trans-
ferred to membrane, and then probed with anti-cten
antibody. C, MLC, DU145, and PC3 cells grown
on coverslips were fixed, permeabilized, and then
labeled with rabbit anti-cten and mouse anti-pTyr
antibodies, followed by Texas Red-conjugated goat
antirabbit and fluorescein-conjugated goat anti-
mouse secondary antibodies. Cells were then visu-
alized with a Zeiss LSM 510 laser scanning micro-
scope. Arrows indicated focal adhesions labeled by
both cten and pTyr antibodies. Arrowheads showed
focal adhesions detected by only pTyr but not cten
antibodies.
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shown in Fig. 3C, although all prostate cancer cells showed focal
adhesion staining by anti-pTyr antibodies, no focal adhesion staining
was detected in PC3 and LnCap (data not shown) cells by anti-cten
antibodies. Within DU145 cells, most of the cells showed no focal
adhesion staining and only a small population was labeled by cten
antibodies (Fig. 3C). These findings were consistent with the RT-PCR
result, indicating that cten mRNA levels detected by RT-PCR assay
correlate with protein levels. Therefore, we analyzed human patient
samples using RT-PCR assay. Characterization of three prostate can-
cer patient samples (T1, T2, and T3) has detected no or very weak
cten expression. Additional analysis of four pairs of matched tumor/
normal prostate samples (Fig. 4) has shown that cten expression was
lost in tumor in one pair (pair 1), reduced in two pairs (pairs 3 and 4),
and similar in one pair (pair 2). These results showed that cten
expression was down-regulated in the majority of prostate cancer
samples tested.

Discussion

Here we report the identification of a distant member of the tensin
family with a tissue expression pattern restricted to the prostate gland
in normal tissues, whereas its expression is markedly reduced in a
large fraction of tumor samples. The homology of cten to the tensin
genes is intriguing. Tensin proteins are composed of three regions
with different structural roles: the NH2-terminal, middle, and the
COOH-terminal regions (Fig. 1C). The NH2 and COOH termini were
conserved between tensin1 and tensin2, whereas the middle regions
were divergent. Interestingly, cten did not contain the NH2-terminal
region, which includes the ABD and sequence similar to the tumor
suppressor, phosphatase and tensin homologue deleted from chromo-
some 10. Therefore, we predicted that cten is unlikely to interact with
actin cytoskeleton. Nonetheless, cten contains the SH2 and PTB
domains. Both domains are binding modules for pTyr, although the
PTB domain can also interact with molecules via non-pTyr interac-
tion. The SH2 domain is found among many cytoplasmic proteins,
which functions mainly by regulating various cellular events, includ-
ing enzyme activity, substrate recruitment, and protein localization.
SH2 domains bind ligands containing pTyr residues within a specific
sequence (14). High affinity binding is provided by the pTyr residue
itself and by subsequent residues toward the COOH-terminal (14).
The optimal phosphopeptide-binding specificity for tensin1’s SH2
domain is pY (E or D), N (I, V, or F [Ref. 15]; pY, phosphotyrosine;
E, glutamic acid; D, aspartic acid; N, aspargine; I, isoleucine; V,
valine; and F, phenylalanine). Because tensin1 and cten’s SH2 do-
mains are 75% identical in amino acid sequence (or 87% homolo-
gous), we expect that cten’s SH2 domain binds to a similar motif. PTB
domains also bind to tyrosine-phosphorylated peptides, but in contrast
to the SH2 domain, binding specificity is determined by residues
preceding the pTyr toward the NH2 terminus (16). However, it has
recently been demonstrated that PTB domains participate in pTyr-
independent interactions (17). In either case, PTB domains normally
function as protein-protein interaction modules. Analysis of genomic
structures of tensin genes has shown that the sizes and arrangement of
exons coding for the SH2 and PTB domains of tensin1, tensin2, and
cten are almost identical (Fig. 1D), indicating that these functional

domains have been conserved through evolution. However, during
evolution cten has lost actin-binding function while gaining a more
restricted expression pattern limiting to the prostate and placenta.

Prostate tissue specificity of cten expression prompted us to eval-
uate whether cten expression was altered during tumorigenesis. Our
initial studies by using RT-PCR assay have shown that prostate
cancers exhibit significantly decreased expression of cten. These
results indicate that cten expression may be critical in preventing
prostatic cell transformation. Tumor suppressor genes are believed to
be strong contributors to the progression of prostate cancers as are
other epidemiological factors. Chromosome 17 is one of the most
frequently lost chromosomes in human malignancies (18). Previous
studies have shown that one or more deleted regions were found in
prostate tumors close to BRCA1 (the breast and ovarian cancer sus-
ceptibility gene) on chromosome 17. Gao et al. (19) showed loss of
heterozygosity on chromosome 17q in a 2-cM region that is centro-
meric to BRCA1, whereas data from Dai et al. (20) suggested that a
region distal to BRCA1 may contain a prostate-specific suppressor
gene, suggesting that there may be unidentified tumor suppressor
genes near 17q21 that play a pivotal role in prostate cancer progres-
sion. An attractive candidate for this function is cten, which localizes
at 17q12-21, although whether it functions as a tumor suppressor for
prostate cancer remains to be investigated. At present, it is not yet
clear how cten under expression may play a role in tumor progression.
Intriguingly, although all prostate cell lines examined in this study
contain pTyr-positive focal adhesions, only nontransformed MLC and
a small population in DU145 cells express cten at focal adhesions,
suggesting that loss of cten expression might be an early event during
prostatic cell transformation. It is possible that its function as a
signaling molecule is required for maintaining normal growth and
differentiation events in the prostate. Future experiments will focus on
the biological function of cten in normal and tumorigenic prostate
tissue.
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