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Abstract The prostate tumor overexpressed-1 (PTOV1)
protein was first described overexpressed in prostate cancer
but not detected in normal prostate. PTOV1 expression is
associated to increased cancer proliferation in vivo and in
vitro. In prostate biopsy, PTOV1 detection is helpful in the
early diagnosis of cancer. The purpose of this study was to
analyze the relevance of PTOV1 expression to identify
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aggressive tumors derived from 12 different histological
tissues. Tissue microarrays (TMAs) containing 182 biopsy
samples, including 168 human tumors, were analyzed for
PTOVI1 and Ki67 expression by immunohistochemistry.
Tumors of low and high histological grade were selected
from lung, breast, endometrium, pancreas liver, skin, ovary,
colon, stomach, kidney, bladder, and cerebral gliomas. One
TMA with representative tissues without cancer (14
samples) was used as control. PTOV1 expression was
analyzed semiquantitatively for the intensity and percentage
of positive cells. Ki67 was evaluated for tumors prolifera-
tive index. Results show that PTOV1 was expressed in over
95% of tumors examined. Its expression was significantly
associated to high-grade tumors (p=0.014). This associa-
tion was most significant in urothelial bladder carcinomas
(»=0.026). Overall, the expression of Ki67 was associated
to high-grade tumors, and it was significant in several
tumor types. PTOV1 and Ki67 were significantly co-
overexpressed in all tumors (p=0.001), and this association
was significant in clear cell renal carcinoma (p=0.005). In
conclusion, PTOV1 expression is associated to more
aggressive human carcinomas and more significantly to
bladder carcinomas suggesting that this protein is a
potential new marker of aggressive disease in the latter
tumors.

Keywords PTOV1 - Immunohistochemistry - Human
tumors - Low and high grade of malignancy - Bladder
cancer - Renal carcinoma

Introduction

Prostate tumor overexpressed-1 (PTOV1) was identified as
a novel gene and protein during a differential display
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Fig. 1 Expression of PTOV1 protein in tumors. Representative
images of immunohistochemistry performed with anti PTOVI
antibody. Six histological tumor types of high and low grade were
selected together with six representative no cancerous tissues
(normal). Insets are magnifications showing details of PTOV1 protein
localization. Faint or absence of staining was observed in no
cancerous tissues. Nuclear staining was detected in several tumor
types, including ductal pancreatic adenocarcinomas (DPA), cerebral
gliomas (CG), clear cell renal carcinomas (CCRC), and urothelial
bladder carcinomas (UBC). Strong association of PTOV1 with mitotic
figures was observed in colon adenocarcinoma (CA4) and breast ductal
carcinomas (BDC)

screening for genes overexpressed in prostate cancer [1].
This protein is encoded by a 12-exon gene localized in
chromosome 19q13.3. The protein consists of two highly
homologous domains of 151 and 147 amino acids arranged
in tandem, joined by a short linker peptide. The PTOV1
domain is conserved across distant organisms and does not
show significant similarities to known protein motifs [1]. A
second gene, PTOV2, later identified as Arc92/MED25/
ACIDI1, was identified in human and other organisms,
coding for proteins containing a single PTOV domain [1-
3]. PTOV2/Arc92/MED25/ACID1 interacts with retinoic
acid receptor (RAR), the histone acetyltransferase CBP, and
the mediator complex, suggesting a role for MED25 in
chromatin remodeling and pre-initiation complex assembly
to recruit activators to the basal transcriptional machinery
[3]. PTOV1 is overexpressed in 71% of prostatic carcino-
mas and 80% of prostate intraepithelial neoplasia but is
undetectable or expressed at low levels in normal prostate
epithelium [2]. In normal endothelial cells and in neuroen-
docrine cells, PTOV1 is expressed at high levels [I, 2].
High levels of PTOVI1 in prostatic tumors correlated
significantly with Ki67 proliferative index and associated
with a nuclear localization of the protein, suggesting a
functional relationship between PTOV1 overexpression,
proliferative status, and nuclear localization [2]. Transient
overexpression of a chimeric GFP-PTOV1 protein induced
proliferation and forced the entry of cells into the S phase
of the cell cycle, suggesting that overexpression of PTOV1
can contribute to the biological behavior of these tumors
[4]. PTOV1 interacts with the lipid raft protein flotillin-1,
and both proteins colocalize at the plasma membrane and in
the nucleus [4]. Depletion of PTOV1 markedly inhibited
cell proliferation under basal conditions [4]. Recently, we
determined that PTOV1 was significantly overexpressed in
HGPIN associated with cancer but not in HGPIN lesions in
prostates that do not develop cancer, indicating that PTOV1
is a useful marker to detect cancer in the absence of
carcinoma lesions in the biopsy [5].

The proliferative index in human tumors is an important
prognostic factor that is frequently evaluated in histological
analysis of tumor specimens. The Ki67/MIB-1 antigen is a
labile nuclear protein which expression is tightly linked to

the cell cycle [6]. It is expressed in proliferating cells during
mid-G1, increasing in level through S and G2, and peaking
at the end of the M phase. Ki67/MIB-1 is not detected in
resting cells [6]. Here we have analyzed the expression of
PTOV1 in 12 histological types of human tumors and
studied correlation with grade and Ki67 expression. We
have found that PTOV1 is significantly overexpressed in
the majority of the tumors analyzed, and it may be a new
oncogenic factor associated with poor prognosis.

Materials and methods

Specimens One hundred and sixty-nine human tumor
specimens were retrieved from the archives of Pathology
Department Vall d’Hebron University Hospital. Consent for
the use of human tissues was obtained following the rules
of the Spanish Biomedical Research Law and approved by
the ethical committee of the hospital. Tissue microarrays
(TMA) were constructed from formalin-fixed paraffin-
embedded blocks of each sample. Histological grade for
each tumor was determined on HE-stained slides for the
same samples and was classified according to defined
criteria [7]. Tumors selected were 27 lung squamous and
lung adenocarcinomas (LA), 11 breast ductal, and 10
lobular carcinomas, 10 endometrial adenocarcinomas, 10
ductal pancreatic adenocarcinomas (DPA), 9 hepatocarci-
nomas, 11 squamous skin carcinomas, 9 malignant mela-
nomas, 8§ mucinous (MOC) and 9 serous (SOC) ovarian
carcinomas, 10 gastric and 10 colon carcinomas, 11
cerebral gliomas (CG), 13 clear cell renal carcinomas
(CCRC), and 11 urothelial bladder carcinomas (UBC).
Tumors were classified into two groups according to their
histological tumor grade following defined criteria [7]: 87
(51%) tumors were low grade (G1, G2) and 81 (48%) were
high grade (G3, G4). Malignant melanomas were classified
according to Breslow’s definition of staging that considers
the area and the depth of invasion of cutaneous melanoma
lesions [8]. Low-grade papillary urothelial carcinoma and
high-grade papillary urothelial carcinoma were classified as
defined [9]. Control tissues not affected by cancer (n=14)
corresponding to the analyzed histological tissue types were
used for one TMA used as reference.

Generation of tissue arrays Ten different tissue arrays were
constructed using a semiautomated tissue arrayer (Chem-
icon International Inc., Billerica, MA, USA), containing the
two major histological grades of the 169 tumors under
study and one tissue array with normal control tissues. Each
tissue array was assembled as a previously described [10].
Briefly, three tissue cylinders of 1.2 mm for each case were
punched from morphologically representative tumor areas
of each donor tissue paraffin block and brought into one
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recipient paraffin block (3x2.5 cm). Representative normal
areas without tumoral pathology were included in one
TMA. H&E stain for each TMA was performed to verify
the histopathological findings.

Immunohistochemistry Four-micron sections were cut from
each TMA and transferred to glass slides. Antigen retrieval
was carried out by autoclaving for 5 min in citrate buffer.
The slides were stained on an automated DAKO stainer
(Glostrup, Denmark). Endogenous peroxidase activity was
blocked with 0.2% hydrogen peroxidase solution, and non-
specific labeling was blocked with serum blocking solution.
Sections were incubated in for 2 h at room temperature with
PTOV1 antibody. As a negative control, primary antibody
was omitted and replaced with phosphate-buffered saline.
In addition, non-specific rabbit antibody was used and gave
clean negative results in all cases tested (not shown). The
reaction was revealed by the avidin—-biotin complex
peroxidase method (ABC Elite kit, Vector Burlingame,
CA, USA) followed by staining with the peroxidase
substrate 3.3 diaminobenzidine tetrachloride (Sigma-
Aldrich Chemie GmbH., Deisenhofer, Germany). The
slides were counterstained with 50% hematoxylin. A
case was considered positive when >10% of the cells
showed unequivocal staining. Both cytoplasmic and nucle-
ar staining was recorded. A similar procedure was followed
for the detection of Ki67 except that incubation with primary
antibody was for 30 min at room temperature. Each slide was
assessed independently by two pathologists (S.F. and 1.d.T.).
Discrepancies were resolved by a concurrent reexamination
by both investigators using a double-headed microscope.
PTOV1 expression was evaluated in a semiquantitative
manner whereby the levels of expression are represented as
the percentage of positive cells and the intensity of the staining
[H—score=1 x (%weak)+2 x (%moderate) + 3 x
(%intense)with a ranking between 0 and 300] [11]. Cases
with less than 10% of cells showing positivity were
considered negative. To analyze the proliferative index, the
proportion of nuclear Ki67 staining over the total number of
nuclei per high power field was scored. Four value ranges
for Ki67 index were established (negative=0, low=1-5%,
moderate=6-25%, and high=>25%).

Statistical analysis Cross-tabulations were used to estab-
lish the presence of associations among variables. The
Fisher’s exact test was used to evaluate associations
among variables and the Cramer’s V coefficient to
measure the strength of relationships [12]. The non-
parametric method of Kruskal-Wallis was used to test
equality of population medians among groups [13]. A
p value <0.05 was considered significant in all analyses.
For the multivariate analysis, we used the multiple
correspondence analysis (MCA) technique to represent
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the distances among the categories of the qualitative
variables and between the observations [14, 15]. This
technique allows to handle large and complex datasets
and to represent the pattern of relationships of several
categorical dependent variables. MCA can be seen as a
generalization of principal component analysis when the
variables to be analyzed are categorical instead of
quantitative. That is, MCA can be understood as a
reduction of the dimensionality of a dataset with a large
number of interrelated variables into a smaller number of
independent variables (known as new dimensions). First
dimension retains as much as possible of the inertia (or
variability) present in the data, and similarly each
succeeding dimension retains the remaining inertia that
it is always less than the previous dimension. Data
analyses were performed with the open source R
statistical software package [16].

Results

A total of 182 biopsies that included 168 malignant tumors
and 14 normal tissues were evaluated for the expression of
PTOV1 in a semiquantitative manner. PTOV1 expression,
quantified by the H-score value, was absent or very low
(less than 10%) in the cytoplasm and nucleus of all normal
tissues examined, including lung, breast, endometrium,
pancreas, liver, skin, ovary, stomach, colon, kidney,
bladder, and brain (Fig. 1). Blood vessels and red blood
cells showed positive expression for PTOV1, confirming
previous observations [1, 2].

The expression of PTOV1 was detected in 162 of 168
tumors (97%) with a minimum median H-score of 100 and
a maximum of 200 (Table 1). The mean H-score of PTOV1
expression in tumors of low grade was 120, ranging
between 0 and 240, whereas in high-grade tumors it was
134, with a range between 0 and 300. These data suggested
possible differences in the distribution of PTOV1 staining
among the tumors analyzed. To confirm this observation,
the Kruskal-Wallis test was applied and the results
confirmed that the medians of PTOV1 score among tissues
are different (p=0.006984). Therefore, in order to compare
the levels of PTOV1 expression in the different tumors, the
levels of protein detection were defined as follows: No
expression was labeled “0”, H-score lower or equal to the
median for a specific tissue was labeled “low”, and H-score
greater than the median for a specific tissue was labeled
“overexpression”. The expression of PTOV1 showed a
significant association with tumor grade in UBC (Fisher’s
exact test p=0.026; Cramer’s V coefficient=0.841), where
the H-score for PTOV1 expression in the high-grade tumors
group is clearly not overlapping with the values encoun-
tered in low-grade tumors (Fig. 2). This observation, also
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Table 1 PTOVI1 H-score values in cancer tissues
Tissue N LG HG H-score mean Standard deviation H-score median Min Max
Bladder 11 5 6 154.545 74.346 200 0 230
Breast 21 9 12 124.048 59.258 110 25 205
CNS 11 5 6 147.273 82,23 100 0 280
Colon 10 5 5 132.3 24.658 121 100 180
Endometrium 10 5 5 167.5 46.741 177.5 80 210
Kidney 13 7 6 145.769 79.631 150 10 300
Liver 9 4 5 145 68.829 100 70 250
Lung 27 16 11 88.37 58.664 100 190
Ovary 17 8 9 94.412 68.736 110 210
Pancreas 10 5 5 126.2 61.001 107.5 40 202
Skin 20 10 10 104.105 61.153 110 10 220
Stomach 10 5 5 84.7 49.022 100 10 140
H-score mean and median indicate the mean and the median values of PTOV1 H-score, respectively
N number of cases analyzed, LG number of low-grade tumors, HG number of high-grade tumors
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put into evidence by the high Cramer’s coefficient value,
suggests that although a low number of cases are included
in the group, the detection of PTOV1 is able to distinguish
in a significant manner high-grade bladder tumors from low
grade. PTOV1 has been previously shown to shift from the
cytoplasm to the nucleus [2]. Overexpression of the
exogenous PTOV1 is nuclear-localized and promotes cell
entry into the S phase of the cell cycle, and in addition,
nuclear PTOV1 is significantly associated to higher Ki67
index in prostate tumors [2]. Thus, we have analyzed
PTOV1 subcellular localization in relation with tumor
grade. PTOV1 nuclear localization was strongly associated
with high-grade UBC (p=0.015; Cramer’s V coefficient=
0.833) suggesting that its presence in the nucleus is
important for the proliferation and progression of this type
of cancer (see representative images in Fig. 1).

A significant association with high-grade tumors was
also observed considering all tumors (excluding UBC; p=
0.045; Cramer’s V coefficient=0.201). The proliferative
status of tumors was evaluated by staining for Ki67 (MIB-
1). The expression of Ki67 was evaluated considering the
proportion of nuclear staining over the total number of
nuclei (Ki67 index). Ki67 was absent in 43 (25%) tumors,
low in 27 (16%), and high or overexpressed in 96 (56%)
tumors. A higher Ki67 index was significantly associated
with high-grade tumors in UBC, LA, SOC-MOC, and
DPA. Overall, this association was also significant (p=
5.3947¢—07), and it was stronger than the one observed
with PTOV1 (Cramer’s coefficient=0.461).

The association between PTOV1 and Ki67 expression was
significant in CCRC (p=0.001; Cramer’s V coefficient=
0.557) and considering all tumors (excluding CCRC) (p=
0.004; Cramer’s V coefficient=0.268), again suggesting that
higher PTOV1 expression levels are associated with more
aggressive proliferative tumors, in agreement with previous
findings in prostate cancer [2].

Integrating information collected from various sources
provides a better interpretation of the underlying biolog-
ical processes than data from a single source. To get
further insight of the biological relevance of our findings
and to discover associations among different groups of
variables (tissue, tumor grade, Ki67, PTOV1, and nuclear
or no-nuclear localization), we performed a multivariate
analysis based on a MCA. The results in Fig. 3 show a
representation for the first two dimensions: PTOV1 covers
quiet well the map representation with the three levels of
expression defined. Different groups of tissues are clearly
defined and show association with the histological grade
of tumors. Tumors overexpressing PTOV1 (labeled
PTOV1.2 in Fig. 3) are found in very close proximity
with high-grade tumors and UBC (bladder cancer: blad-
der), confirming our previous results. These parameters
are also in close proximity to breast (breast) and pancreas
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Fig. 3 MCA analysis representation of the variables studied in the
first two dimensions. This analysis permits to discover associations
among the different groups of variables studied: tissue, tumor grade,
Ki67 levels, PTOV1 levels, and PTOV1 nuclear localization. These
variables are indicated by different colors. Red PTOVI1 levels,
indicated as PTOVI1.2=overexpression, PTOVI.I=low expression
(lower or equal to the median for a specific tissue), PTOVI.0=no
expression. Yellow PTOV1 localization, nuclear is indicated by / and
no-nuclear is indicated by 0. Blue cancer tissues. Green tumor grade
LG and HG. Pink Ki67 levels, indicated by Ki67.3=overexpression,
Ki67.2=moderate, Ki67.1=low, Ki67.0=no expression. Quadrant III,
for example, suggests an association among the variables: high-grade
(HG) tumors, tumors with overexpression of Ki67, tumors with high
levels of PTOV1, as well as bladder, breast, and pancreas tumors

(pancreas) cancer. Lower levels of PTOV1 (PTOVI1.1)
appear more related to low-grade tumors and specifically
to ovary (ovary) and CNS (CNS) cancer. Interestingly,
tumors not expressing PTOV1 (PTOV1.0) are quite distant
from all the other variables. This unsupervised analysis
integrates the five variables studied and confirms our
previous observations that higher PTOV1 expression is
significantly associated to aggressive bladder carcinomas
and high-grade tumors.

Discussion

The PTOV1 protein, first found overexpressed in prostate
carcinomas, is involved in the mechanisms leading to the
progression of this neoplasia, as reported by previous
findings showing that the exogenous overexpression of a
recombinant PTOV1 protein activates cell proliferation [1,
2, 4]. To evaluate whether its overexpression is a more
general feature associated to neoplastic cells, we have
analyzed the expression of PTOV1 in a cohort of 168
malignant tumors of 12 different histological types, each
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one comprising low-grade and high-grade tumors. Many
types of human neoplasias can be found within a given
organ. This heterogeneity and the great variability of
oncogenic alterations that have been described to trigger
tumor growth are an indication of the numerous regulating
circuits and cellular targets that may exist in cancer. It is
essential to study several hundreds or several thousands of
human tumors to identify critical genetic and biochemical
factors associated with the tumor progression and prognosis
[10, 17-19]. Our results show that PTOV1 is expressed in
97% of all tumors and, in general, it is overexpressed in
more aggressive disease. In our series of 168 tumors,
PTOV1 immunoreactivity was cytoplasmic or mixed
cytoplasmic nuclear in all primary carcinomas, in contrast
with the normal epithelial counterpart lacking significant
reactivity. Because the median of expression of PTOV1 was
significantly different among the various cancers, the values
above the median were taken as “overexpression” levels in
each type. This allowed us to compare the levels of the
immunoreactive protein in neoplasias of different types.
Considering all 168 tumors, those with high grade
significantly overexpressed the protein PTOV1. In particu-
lar, the association between stronger expression of PTOV1
and high grade of malignancy was very significant in
urothelial bladder carcinomas. UBCs are also very signif-
icantly associated with nuclear localization of PTOVI,
suggesting an action of the protein at this location in
promoting UBC cancer progression. These observations
would suggest a function for PTOV1 similar to the one
described for the related protein PTOV2 in transcription as
part of the Mediator complex [3]. PTOV2/MED25 was
described to associate with RA-bound RAR and increase
RAR/RXR-mediated transcription [20]. The intrinsic tran-
scriptional activity of MED25 was found in its PTOV
domain, likely accomplished by direct association with the
general activator CBP. In that work, PTOV1 competed with
MED2S5 function, possibly by competition of the co-
activator CBP, and blocked RAR response [20].

Several carcinoma types among those studied here
showed a higher Ki67 index in association with a high
grade of malignancy, in agreement with previous descrip-
tions [21-25]. The proliferative activity of CCRC, mea-
sured by Ki67 immunoreactivity, was among the best
prognostic tools [21]. However, in our series of CCRC,
neither Ki67 index nor PTOV1 expression alone were
significantly associated with high-grade tumors. However,
when the expression levels of PTOV1 and Ki67 index were
considered, a significant association was found, suggesting
that assessment of both parameters is useful to indicate
tumor aggressiveness. This finding is in part supported by
our previous in vitro studies where the exogenous PTOV1
expression induced proliferation of different cell types,
including PZHPV7 and PC3 prostate cancer cells and

COS7 fibroblasts [2]. In addition, in prostate carcinomas,
PTOV1 protein was significantly associated with tumors
with higher Ki67 index and increased PSA blood levels [4].
Our previous finding that PTOV1 overexpression is
detected in HGPIN lesions specifically associated with
cancer but not in HGPIN that are not associated with cancer
suggests that high levels of PTOV1 can identify premalig-
nant lesions committed to develop into carcinomas [5]. This
observation indicates the implication of PTOV1 in the early
changes that lead to full cancer development. Our present
findings indicate that the detection of PTOV1 expression
might be helpful in the analysis of tumor aggressiveness for
UBC and CCRC. Although further studies using a larger
number of cases are needed to confirm the usefulness of
PTOV1 as a potential therapeutic target in a number of
carcinomas from different origin, the results obtained from
the present pilot study predict the involvement of this
protein in tumor progression, particularly in the bladder.
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