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Abstract. Prostate cancer is one of the most frequent
malignancies in the Western world. The identification of
additional molecular markers is needed to refine the
diagnosis of prostate cancer and to develop more effective
therapies. In order to identify molecular abnormalities involved
in prostate cancer progression, we performed gene expression
analysis of prostate cancer samples compared to matched
normal tissue from the same patient using a cancer-related
microarray. Amplified RNA was hybridized to a cDNA
microarray containing 6386 genes and tissue microarrays were
used to study protein expression levels. Using significance
analysis of microarrays, we identified >1300 genes differentially expressed in prostate cancer compared to normal
tissue. Forty-two of these genes were highly upregulated in
prostate cancer while 169 were highly repressed. We found
that the gene coding for tspan13 was upregulated >2-fold in
75% of the samples analyzed. Immunohistochemistry analysis
of prostate cancer tissue microarrays showed that tspan13 is
overexpressed in 80% of prostate cancer samples analyzed.
We found that tspan13 expression inversely correlates with
Gleason score (p=0.01) and PSA preoperative levels (p=0.11)
and directly correlates with presence of prostatic intraepithelial
neoplasia in tumor tissue (p=0.04). Moreover, we detected
tspan13 expression in low-grade prostatic intraepithelial
neoplasia. Thus, our results show that tspan13 is overexpressed
in prostate cancer and its expression correlates with factors of
favourable outcome. Therefore we suggest that tspan13
may have an important role in the progression of prostate
cancer.
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Introduction
Prostate cancer is the most frequent malignancy diagnosed in
European men and the third leading cause of male cancerrelated deaths in Europe (1). At present, the treatment of
prostate cancer involves surgery, radiotherapy, chemotherapy
and/or hormonal therapy. These therapies are potentially
curative for patients with clinically localized disease, although
a significant proportion of them will ultimately relapse.
Treatment with androgen ablation therapy of patients who
failed primary curative attempts is rarely effective and the vast
majority eventually develops hormone-refractory disease
which is almost uniformly fatal. Similarly, there is not an
effective treatment for those patients who have advanced stage
and/or metastatic disease at the time of diagnosis. Thus, there
is a need to develop more effective therapies and the finding of
potential therapeutic targets as well as predictors of treatment
response is required.
Prostate-specific antigen (PSA) screening has led to the
identification of many men with localized cancer when therapy
is likely to be effective, although elevated PSA levels occur
also in other inflammatory or obstructive uropathies, lowering
the specificity of PSA as a cancer marker (2). Furthermore,
PSA also lacks the sensitivity to detect early-stage tumors,
since a large fraction of men with a normal serum PSA
level have biopsy-proven prostate cancer (3). Therefore,
identification of additional molecular markers is needed to
refine the diagnosis of prostate cancer. In addition, the
heterogeneous behaviour of prostatic neoplasms requires the
discovery of novel biomarkers that will allow to discriminate
a slow growing cancer from a more aggressive one with
potential to metastasize.
Cancer-associated molecular and genetic alterations are
being revealed by using various strategies including DNA
microarray technology. Gene expression profiling of normal
and tumor tissue from individuals with different types of
cancer is currently used to identify new prognostic biomarkers,
to predict response to therapy and/or to discover molecular
targets for the development of novel therapeutic approaches.
Using this methodology many genes showing altered
expression patterns have been identified in malignant tissues.
Particularly, microarray studies of prostate cancer have led to
the identification of genes that are differentially expressed in
tumor cells and genes whose expression correlates with tumor
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grade, metastasis and disease recurrence (4-9). Moreover,
using high-throughput molecular analysis several novel
prostate cancer markers have been proposed in the past few
years, including hepsin (7), · -methylacyl coenzyme A
racemase (AMACR) (10), enhancer of zeste homolog 2
(Drosophila) (11) and cell surface associated mucin 1 (5).
Some of them, such as AMACR and hepsin, are currently
undergoing validation as diagnostic tests for prostate cancer.
These discoveries have also provided the rationale for the
development of new therapies, such as the immunotherapeutic
approaches that are being sought using mucin 1 (12).
In this study, we performed gene expression analysis of
prostate cancer samples compared to matched normal tissue
from the same patient using a cancer-related microarray in
order to identify molecular abnormalities involved in prostate
cancer progression that can be used as markers of disease
and/or as targets for novel therapies.
Materials and methods
cDNA microarray. Prostate cancer samples and adjacent
normal prostate samples were provided by the Barcelona
Hospital Clinic tumor bank (IDIBAPS). The study was
approved by the Research Committee of the Universidad
Francisco de Vitoria and the Ethics Committee of the
Barcelona Hospital Clinic. Pathological data of the samples
are shown in Table I. Total RNA was extracted, as previously
described (13). Purity and quality of the samples were analyzed
by agarose gel electrophoresis. Total RNA (5 μg) was used to
generate cDNA with the SuperScript™ choice system for
cDNA synthesis (Invitrogen SA, Barcelona, Spain). Doublestranded cDNA was purified by phenol/chlorophorm followed
by ethanol precipitation and subsequently used as template for
T7 RNA polymerase amplification using the MEGAscript®
T7 kit (Ambion, Austin, TX, USA). Amplified RNA (aRNA)
from normal prostate was labelled using cyanine 3-conjugated
dUTP (Amersham, Piscataway, NJ, USA) while aRNA from
tumor samples was labelled with cyanine 5-conjugated dUTP
(Amersham). Labelled aRNA mixture (30 μg) was hybridized
to the CNIO Human Oncochip 1.1c (http://bioinfo.cnio.es/
data/oncochip/) composed of 6386 related cancer genes.
Slides were scanned and quantified, as previously described
(13).
Initial data analysis was performed using the DNMAD and
the preprocessor modules of the Gene Expression Profile
Analysis Suite v3.1 (GEPAS; http://www.gepas.org) (14).
GenePix files were uploaded into the DNMAD module and
normalized using print tip loess without background
substraction and flagged points were returned as missing
values. The file obtained was submitted to the preprocessor
and replicates on the array were averaged after eliminating
inconsistent replicates (threshold from the median 0.5).
Missing values were imputted using the KNN method (K=15)
after removing those patterns with >4 missing values. The data
obtained was analyzed using TIGR MeV (http://www.tm4.
org/) (15). Multiple testing to detect differentially expressed
genes was carried out using the significance analysis of
microarrays (SAM) method (16), using one class analysis and
allowing for 1,000 random permutations. Genes identified as
statistically significant with SAM were further classified using

Table I. Pathological data of the samples used for cDNA
microarray.
–––––––––––––––––––––––––––––––––––––––––––––––––
Sample no.
Gleason score
pTN
–––––––––––––––––––––––––––––––––––––––––––––––––
PCA01
6 (3+3)
pT3aN0
PCA02
7 (3+4)
pT2cN0
PCA04
7 (3+4)
pT2c
PCA05
7 (3+4)
pT2cN0
PCA06
6 (2+4)
pT2c
PCA07
9 (4+5)
pT2bN0
PCA08
7 (4+3)
pT3a
PCA09
7 (3+4)
pT3b
PCA10
5 (3+2)
pT2cN0
PCA11
7 (4+3)
pT2cN0
PCA12
6 (3+3)
pT2cN1
PCA13
6 (2+4)
pT2cN0
PCA14
7 (3+4)
pT3aN0
PCA15
7 (3+4)
pT2c
PCA16
7 (3+4)
pT3a
PCA17
6 (3+3)
pT2c
–––––––––––––––––––––––––––––––––––––––––––––––––

the self organizing tree algorithm (SOTA) (17). The data
discussed in this publication have been deposited in NCBIs
Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.
gov/geo/) and are accessible through GEO Series accession
number GSE9347. Oncomine analysis were performed using
Oncomine 3.0, an online database which allows users to query
differential expression results for a gene of interest across
collected microarray data sets (18).
Quantitative RT-PCR (qRT-PCR). RNA expression analysis
by qRT-PCR was performed on an ABI PRISM 7900 HT
(Applied Biosystems, Foster City, CA, USA) using SYBRGreen PCR master mix (Applied Biosystems). Total RNA
(500 ng) was reverse transcribed and PCR was performed
using the Taq Man ® gene expression assays (Applied
Biosystems) for tumor-associated calcium signal transducer 1
(TACSTD1), glycine-N-acyltransferase-like 1 (GLYATL1)
and TSPAN13. Human glyceraldehyde-3-phosphate dehydrogenase was used as internal control.
Tissue microarray. The antibody used in this study was raised
in rabbit against a peptide corresponding to amino acids
116-128 in the large extracellular region of the tspan13
protein (sequence accession number: NP_055214) (Pacific
Immunology, San Diego, CA, USA). Accumax tissue
microarrays (TMA) containing stage II and III prostate cancer
cores (Biomol GmbH, Hamburg, Germany) were used. The
slides containing the histological core sections were
deparaffinized in xylene, rehydrated in graded ethanol
(100-80%), washed in distilled water and then boiled for
20 min in 10 mM sodium citrate buffer (pH 6.0) containing
0.05% Tween-20 for antigen retrieval. Sections were blocked
with 2% goat serum in 0.05 M Tris-HCl pH 7.6 containing
0.9% NaCl and 0.05% Tween-20 at room temperature and

457-463

31/12/2008

09:08 Ì

™ÂÏ›‰·459

INTERNATIONAL JOURNAL OF ONCOLOGY 34: 457-463, 2009

459

(moderate) and 3 (strong). Then, duplicate cores from each
patient were averaged before statistical analysis. Digital
images were taken using NIS-Elements image processing
software with a Zeiss Axiophot microscope coupled to a Nikon
DS-2Mv digital camera.

Figure 1. SOTA dendrogram generated by TIGR MeV of significant expressed
genes obtained after SAM analysis in 16 prostate cancer samples. Numbers on
top of the dendrogram correspond to each prostate cancer analyzed. Each line
in the dendrogram corresponds to a SOTA cluster where genes with similar
expression patterns are grouped. Numbers on the right correspond to the
cluster number and the number of genes included in each cluster. The band
under the dendrogram shows the intensity levels of the resultant cluster
vectors, which is represented by green and red heat map colouring. Red
corresponds to the highest expression level, black corresponds to moderate
expression and green to the lowest expression. The horizontal branch length
on the left reflects the degree of variability between clusters. SC, SOTA cluster
number and N, number of genes included in each cluster.

Figure 2. Box plots of normalized expression units for TSPAN13 in prostate
cancer (PC) relative to normal/benign prostate tissue (N) of four different
microarray analysis of prostate cancer processed by Oncomine 3.0. Lower and
upper line of the box represent 25th and 75th percentiles. Median value is
represented by the line within the box. Error bars above and below the box
indicate the 90th and 10th percentiles. Dots above and below the box
represent the maximum and the minimum values. Data originally obtained
by A, Lapointe et al (5); B, Tomlins et al (36); C, Vanaja et al (38) and D,
Dhanasekaran et al (37).

then incubated with rabbit anti-tspan13 polyclonal antibody
at 1:25 dilution or prediluted rabbit anti-AMACR polyclonal
antibody (ABCAM, Cambridge, UK) overnight at 4˚C. After
blocking endogenous peroxidase with 3% H 2O 2, bound
antibody was detected with Rabbit ExtrAvidin® Peroxidase
staining kit (Sigma, St. Louis, MO, USA) according to the
manufacturer's instructions and visualized using 3-amino-9ethylcarbazole as a chromogenic substrate. Slides were
counterstained using Mayer's haematoxylin. Specificity of
labelling was confirmed by both omission of the primary
antibody and preincubation of the primary antibody with the
immunizing peptide. The intensity of staining was graded
semiquantitatively and each tissue core was assigned a score
on a scale from 0 to 3, designated as 0 (negative), 1 (weak), 2

Statistics. Statistical analysis was performed using SSPS
software (SPSS Inc. Chicago, IL, USA). Bivariate correlation
was used to assess potential significant associations between
prognostic clinicopathological parameters and tspan13 or
AMACR protein expression. Therefore, the staining intensity
from duplicate cores from the same patient was averaged and
samples that scored <1 were considered negative. Values are
expressed as mean ± SD. All statistical tests were two-sided
and a p<0.05 was considered statistically significant.
Results
Gene expression profiles in prostate cancer samples. We
analyzed the expression levels of genes in prostate cancer
tissue by hybridization of aRNA to a cDNA microarray
representing >6000 cancer-related genes. After one class SAM
analysis, 1454 sequences corresponding to 1358 unique genes
were found to be significantly expressed in prostate cancer at
a Δ value threshold of 2 with a median of false discovery rate
(FDR) of 0.077% (data not shown). Using SOTA, these genes
were further classified in 21 clusters divided in two main
arms of centroids vectors in the dendrogram corresponding to
genes under- and overexpressed in prostate cancer compared
to normal prostate tissue (Fig. 1). Most of the genes (94%)
whose expression varied slightly across all the samples
analyzed were classified into six clusters while clusters
number 6, 9, 10 and 15 included only one gene, being
activating transcription factor 3 (ATF3), complement
component 7 (C7), osteoglycin (OGN) and AMACR,
respectively. Forty-two highly induced genes were classified
in clusters 15 to 20 in the lower arm of the dendrogram while
169 highly repressed genes where grouped in clusters 4 to 12
(Fig. 1). Among highly induced genes, AMACR was
overexpressed >2-fold in all the samples analyzed (100%) and
was classified as a single gene cluster after SOTA analysis,
whereas overexpression of TACSDT1 was found in 87.5% of
the samples and GLYATL1, golgi membrane protein 1
(GOLM1) and TSPAN13 in 75% of the samples. TSPAN13 and
GLYATL1 were classified by SOTA analysis in cluster number
17 together with fructose-1,6-bisphosphatase 1 (FBP1). Among
highly repressed genes, only two genes encoding for pleckstrin
homology-like domain, family A, member 2 (PHLDA2) and
for eukaryotic translation initiation factor 3, subunit A (EIF3A)
were underexpressed >2-fold in all the samples analyzed,
while several genes such as osteoglicin (OGN), tumor protein
p73-like (TP73L) or annexin A1 (ANXA1) were downregulated
in 81.2, 68.7 and 62.5% of the samples, respectively.
Gene expression changes observed by microarray analysis
were confirmed by qRT-PCR for selected genes. RNA
expression levels for TACSTD1, TSPAN13 and GLYATL1 in
prostate cancer compared to normal tissue determined by
qRT-PCR did not vary from those obtained in the microarray
analysis (not shown). In addition, we used Oncomine to
interrogate publicly available prostate cancer expression
array data sets. As shown in Fig. 2, TSPAN13 is significantly
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Figure 3. Immunohistochemical staining of prostate tissue using anti-tspan13
(A, C, E and G) or anti-AMACR polyclonal antibodies (B, D, F and H).
Representative images for normal prostate (A and B), low-grade PIN (C and
D), prostate cancer GS 7 (E and F) and GS 9 (G and H) are shown. Bar in
the bottom-right corner of each image indicates magnification (50 μm).

overexpressed in prostate cancer compared to normal prostate
tissue. Consistent with our analysis, Oncomine also showed
significant differential expression in prostate cancer compared
with normal tissue for upregulated genes, such as AMACR,
TACSTD1 and GOLM1, as well as downregulated ones such
as EIF3A, OGN, TP73L or ANXA1 (not shown).
Immunohistochemistry. To study protein levels of tspan13
and AMACR in prostate cancer samples, we performed
immunohistochemistry analysis using prostate cancer TMA
(Fig. 3). Pathological grade of tissue samples contained in
TMA slides varied from Gleason score (GS) 6 to 10,
although most represented samples were GS 7 (34 patients)
and GS 9 (39 patients) and only one corresponded to GS 10.
In total, we analyzed 175 cores from 88 prostate cancer
patients. Specific immunostaining was achieved using the
polyclonal antibody generated against tspan13 since no
staining was observed in negative controls (Fig. 4). The two
cores from the same patient representing GS 10 were negative
for both tspan13 and AMACR and therefore were not
included in the analysis (not shown). In total, 80.7 and 78.4%
of the patients did express tspan13 and AMACR proteins,
respectively, with an average staining score of 1.73±0.64 for
tspan13 and 1.88±0.78 for AMACR.

Figure 4. Prostate cancer tissue immunostaining using anti-tspan13 polyclonal
antibody (A and B). Specificity of antibody binding to tspan13 was
confirmed by omitting primary antibody (C and D) or by preincubating
the primary antibody with the immunizing peptide (E and F).
Haematoxylin-eosin staining (G and H). Bar in the bottom-right corner of the
figure indicates magnification: 100 μm (A, C, E and G); 50 μm (B, D, F
and H).

Expression of tspan13 was inversely correlated with GS
(p=0.01) since staining for tspan13 decreased from
1.75±0.96 in prostate cancer patients of GS 6 to 1.28±0.87
in GS 9. Similarly, staining intensity for tspan13 was also
inversely correlated with preoperative PSA levels, although
it was not statistically significant (p=0.11). Direct correlation
between tspan13 expression and presence of prostatic
intraepithelial neoplasia (PIN) in tumor tissue was also
significant (p=0.04) (Table II). On the contrary, AMACR
staining showed no significant correlation with GS, PIN or
PSA preoperative levels (Table II).
The TMA used in this study included 8 cores representing
non-neoplastic tissue from 8 prostate cancers patients. Upon
pathological examination, only two of these cores were
normal prostate tissue, while the rest corresponded to lowgrade PIN. Tspan13 immunostaining was positive in all the
PIN samples and negative in normal tissue while AMACR
immunostaining was positive in only four of the PIN
samples (Fig. 3). Average staining of these samples was
0.63±0.52 for tspan13 and 0.25±0.71 for AMACR.
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Table II. Correlation between clinicopathological factors and
tspan13 or AMACR immunostaining.
–––––––––––––––––––––––––––––––––––––––––––––––––
Percentage of
Average staining
positive samples
intensity
––––––––––––––––– ––––––––––––––––––
GS
Tspan13 AMACR
Tspan13
AMACR
–––––––––––––––––––––––––––––––––––––––––––––––––
6
100.00
75.00
1.75±0.96 1.63±1.38
7
88.24
91.18
1.68±0.77 1.63±0.81
8
90.91
81.82
1.32±0.46 1.41±0.70
9
69.23
66.67
1.28±0.87 1.44±1.10
Pca
pb
PSA
(ng/ml)
0-10
10-20
>20

80.39
88.00
66.67

76.47
88.00
66.67

Pca
pb
PIN
Negative
Positive

65.71
90.57

65.71
86.79

-0.26
0.01

-0.12
0.23

1.54±0.86
1.46±0.67
1.13±0.68

1.49±0.94
1.66±0.85
1.33±1.04

-0.17
0.11

nc
-

1.27±0.86
1.58±0.75

1.41±1.12
1.58±0.82

0.21
0.11
Pca
pb
0.04
0.31
–––––––––––––––––––––––––––––––––––––––––––––––––
GS, Gleason score; AMACR, ·-methylacyl coenzyme A racemase;
PSA, prostate-specific antigen; PIN, prostatic intraepithelial
neoplasia; nc, not correlative. aPearson's coefficient. bP-value.

–––––––––––––––––––––––––––––––––––––––––––––––––

Discussion
We generated expression profiles of 16 prostate cancers using
the CNIO Human Oncochip 1.1c to identify differentially
expressed genes that can be potentially used as diagnostic or
prognostic tools, as well as targets for new therapeutic
approaches. Using SAM, we found >1300 genes significantly
expressed in prostate cancer compared to adjacent normal
tissue. Because most of these genes varied slightly among all
the samples analyzed, we used SOTA to further classify
significant genes in clusters of highly repressed and highly
expressed genes. SOTA provides the possibility of reducing
number of gene patterns obtained by microarray analysis to a
scale in which differences and similarities among patterns
can be easily analyzed. Also, it allows the management of the
resolution with which the system is analyzed producing
dendograms that describe the system at different hierarchical
levels (17).
We found that >2/3 of highly deregulated genes in our
study were downregulated. Tumor suppressor proteins are
usually lost during cancer progression and underexpression or
loss of gene expression in tumor cells compared to normal
tissue has been used to identify tumor suppressor genes.
Among the genes that we found to be downregulated in
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prostate cancer, only PHLDA2 and EIF3A gene expression
levels were >2-fold lower than in normal tissue in all the
samples analyzed.
The PHLDA2 gene is located in 11p15.5, an imprinted
region in chromosome 11 predicted to harbour several tumor
suppressor genes and it has been suggested that PHLDA2
may play a role in negatively regulating tissue growth by
participating in programmed cell death (19). Thus, PHLDA2
could be considered as novel tumor suppressor protein in
prostate cancer, and the decreased level of PHLDA2
expression that we detected may be involved in prostate cancer
progression, although further studies are necessary to confirm
its function in prostate cancer.
The other gene that we found downregulated in all samples
analyzed, EIF3A, codes for the largest subunit of eukaryotic
translation initiation factor eIF3. Altered eIFs function can
influence protein synthesis and therefore cause abnormal cell
growth and malignant transformation. Further studies will
determine whether the reduced expression that we found for
EIF3A in prostate cancer may correlate with disease prognosis
and/or progression.
Several genes that we observed to be upregulated in our
study have been previously related with prostate cancer
progression and it has been suggested their use as potential
markers for the detection of cancer or as targets for new
therapeutic approaches for the treatment of prostate cancer.
Among the highly expressed genes, we found that AMACR
gene was overexpressed in all the samples analyzed. We have
also confirmed AMACR protein overexpression in a large
number of prostate cancer samples by immunohistochemistry
analysis using TMA, with 78.4% of the cases analyzed
showing positive staining. Our results are therefore in
agreement with those obtained previously by other groups
(10,20,21). These studies also support the use of AMACR to
confirm the presence of prostate cancer in histological sections.
Moreover, its combination with novel basal marker antigens
such as p63 has been suggested to aid in the detection of
difficult cases (22,23). Even though, AMACR staining
should be interpreted with caution, since its expression in
nonneoplastic prostate is age-related (24) and it has significant
limitations in morphologically difficult prostate cancer (25).
Another gene widely overexpressed in our study is
TACSTD1, a carcinoma associated antigen also known as
Ep-CAM (epithelial cell adhesion molecule). This protein
functions as a homophilic cell-cell adhesion molecule with
cadherin-modulating properties which is involved in epithelial
cell proliferation and tumor progression (26). TACSTD1 has
been shown to be overexpressed in several types of cancers
such as breast (27), ovarian (28) and prostate (29) and
monoclonal antibodies designed to bind TACSTD1 have been
tested in phase I trials in patients with advanced prostate
cancer (30,31).
Among the highly expressed genes, TSPAN13 was
overexpressed >2-fold compared to normal prostate in 75% of
the samples analyzed. TSPAN13 gene codes for a membrane
protein that belongs to the transmembrane 4 superfamily of
proteins, also known as the tetraspanin family. Based on
protein sequence similarities there are at least 33 putative
family members in humans (UniProt Knowledgebase Release
12.8) (32) characterized by their four transmembrane regions,
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two extracellular and one intracellular loops, and two short Nand C-terminal cytoplasmic domains. Although the function of
most members of the family is currently unknown, a relevant
feature of the tetraspanins is their potential to associate with
other transmembrane proteins forming tetraspanin-enriched
microdomains providing a scaffold for the transmission of
external stimuli to intracellular signalling components (33,34).
Our present results are in agreement with several microarray
studies that have found TSPAN13 overexpression in prostate
cancer samples (5,35-38). Moreover, TSPAN13 has been
included in a ‘feature’ representing genes more highly
expressed in prostate adenocarcinoma (5). Together with
TSPAN13, other genes that we found by cDNA microarray
analysis to be overexpressed in prostate cancer such as
AMACR, TACSTD1, FBP1 (fructose-1,6-bisphosphatase 1)
and GOLM1 (Golgi membrane protein 1) have been also
included in this ‘feature’ (5).
Oncomine analysis shows that TSPAN13 is also significantly overexpressed in mucinous, clear cell and endometrioid
adenocarcinomas of the ovary (39), breast cancer (40,41),
testicular germ cell tumors (42-44), bladder carcinoma (45)
and B-cell acute lymphoblastic leukaemia (46). In breast
cancer, TSPAN13 gene overexpression is related with
oestrogen and progesterone receptor status being significantly
higher in oestrogen receptor and progesterone receptor positive
breast cancers (40,41). Presence of oestrogen and/or
progesterone receptor is associated with favourable prognosis
in breast cancer. Furthermore, expression of TSPAN13 was
found by microarray analysis to be associated with a less
aggressive phenotype of breast cancer cells (47). In addition,
it has been suggested recently that tspan13 acts as a tumor
suppressor protein in breast cancer, since transfection of a
breast cancer cell line that expressed low levels of mRNA for
tspan13 with a vector containing TSPAN13 fused to GFP
inhibited cell growth and invasion (48).
In our study, we show that overexpression of tspan13
mRNA in prostate cancer is correlated with an increase of
protein level in cancer tissue. We found that 80.7% of the
patients analyzed were positive for tspan13 and that the
staining intensity was inversely correlated with GS. Higher
Gleason patterns (GS 8-10), usually associated with
unfavourable prognosis and with a higher metastasic potential,
showed decreased level of tspan13 expression than lower
Gleason patterns (GS 6-7). Similarly, we found an inverse
correlation between tspan13 expression and preoperative PSA
levels which are associated with the interval to biochemical
progression after radical prostatectomy (49). Moreover,
patients with high Gleason score and high PSA levels had
shorter progression-free survival after radical prostatectomy
(50,51). Since the frequency of tspan13 overexpression
decreased in higher Gleason patterns and higher preoperative
PSA levels, it seems likely that tspan13 may play a protective
role in prostate cancer.
We found that tspan13 is expressed also in PIN lesions
that usually accompany prostate cancer in histological tissue
sections. It will be important to determine the presence of
tspan13 protein in other preneoplastic lesions such as highgrade PIN and proliferative inflammatory atrophy as well as
in benign prostatic hyperplasia. Future studies will address
these issues as well as will focus on the biological function of

tspan13 in prostate cancer tumorigenesis. Although known
members of the tetraspanin family are involved in signal
transduction events related with cell motility, the function of
tspan13 in prostate cancer is not known. Whether tspan13
behaves as a tumor metastasis suppressor in prostate cancer
as some other members of the tetraspanin family like CD82/
Kai1 (52) has to be determined with additional studies. Further
insights into the role that tspan13 plays in prostate cancer
progression may provide a rationale for its use as a diagnostic
tool to detect early stage prostate cancers. Also, the predicted
membrane localization of tspan13 makes it an attractive target
for immunotherapy approaches, as is the case of TACSTD1 or
MUC1.
In conclusion, using gene expression analysis we found
that the gene TSPAN13 is upregulated in prostate cancer
samples compared with matching normal tissue. We also
confirmed that tspan13 protein is overexpressed in a high
percentage of prostate cancer samples by tissue microarrays
and its expression correlates with factors of favourable
outcome for prostate cancer. Therefore, tspan13 may have an
important role in the progression of prostate cancer.
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