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Abstract Osteosarcoma is a primary bone malignancy that
typically occurs during adolescence but also has a second
incidence peak in the elderly. The etiology of osteosarcoma
is not well understood. Recent investigations have identified
SV40 DNA sequences in osteosarcomas, suggesting that
SV40 may contribute to tumor development. However,
these studies also demonstrated geographical differences in
SV40-positive osteosarcomas. The purpose of this study
was to determine the prevalence and clinicopathological
characteristics of SV40 positive osteosarcoma in Tunisian
patients. Fifty-six formalin-fixed paraffin-embedded speci-
mens of osteosarcomas were retrospectively investigated.
Samples investigated were clinical cases examined between
1990 and 2004 in the Laboratory of Pathology at the Uni-
versity Hospital Farhat-Hached of Sousse (Tunisia). The
search for SV40 was performed by immunohistochemistry
using the Pabl08 antibody for the detection of the viral
oncoproteins: large T antigen and small t antigen (T/t-ag).
SV40 status was correlated with clinico-pathological data.
T/t-ag immunostaning was detected in the tumor cells in 31/
56 (55.4%) osteosarcoma cases. SV40 positivity was more
frequent (83%) in patients older than 40 years (5/6 cases)
than in patients under 40 years (52%, 26/50), but the differ-
ence does not reach statistical significance (p=0.33). More-
over, the time between the onset of clinical symptoms and
diagnosis was shorter for SV40 positive than SV40 negative
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cases (p=0.08). However, the viral status did not differ
significantly according to gender, tumor size, histological
subtype, tumor location, or metastases. This study docu-
ments the presence SV40 T/t-antigens in a proportion of
osteosarcomas in Tunisian patients. The expression of these
viral oncoproteins supports the hypothesis that SV40 may
have a role in the pathogenesis of this tumor.

Keywords Osteosarcoma - Simian Virus 40 -
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Introduction

Osteosarcoma is a common primary malignant tumor of
bone in children and adolescents, mostly occurring in the
second decade of life. Multiple molecular lesions underline
the progression from normal bone to osteosarcoma. Coex-
isting alterations of the retinoblastoma susceptibility (pRb)
and the p53 gene are known to be important events in this
progression [1, 2]. P53 and pRb are two tumor-suppressor
genes critical for cell growth, leading to abnormalities in
cell-cycle regulation, increased cellular proliferation, and
defects in the activation of apoptosis pathways. P53 and
pRb are known to play a key role in the genesis of multiple
tumors, as has been shown for osteosarcoma development
[3-5].

Some investigations have identified DNA sequences of
the simian virus 40 (SV40) in osteosarcomas suggesting that
this virus contributes to the development of this tumor [5,
6]. SV40, which belongs to the polyomavirus family, is
known to be a potent tumor-inducing virus [7, 8]. It is also
capable of transforming many types of cells in tissue cul-
ture, including human cells [9]. SV40 is highly oncogenic in
rodents and when inoculated subcutaneously, intracerebrally
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or intravenously in newborn hamsters induces soft tissue
sarcomas, osteosarcomas, ependymomas and choroid plexus
papillomas, and neoplasms of the hematopoietic system,
such as lymphocytic leukemia, histiocytic lymphomas and
rarely, B-cell lymphomas [10-12].

Over the last several years, different laboratories have
reported the presence of SV40 in several types of human
tumors, including brain tumors [13], pleural mesothelioma
[14], osteosarcomas [5, 6, 15], lymphomas [16, 17], hepa-
tocellular carcinoma [18], and papillary thyroid carcinoma
[19]. We have recently reported a high prevalence of SV40
in diffuse large B-cell lymphomas and breast carcinomas
occurring in Tunisian patients [17, 20]. To our knowledge,
in Tunisia, no studies on the involvement of this virus in
osteosarcoma have been achieved to date.

The oncogenic potential of SV40 is mediated by the two
oncoproteins, the large T-antigen (T-ag) and the small
t-antigen (t-ag), which display multiple functions. T-ag is a
90 kDa nuclear multifunctional phosphoprotein predomi-
nantly located in the nuclei of the infected cells. The main
activity of T-ag for cell transformation and tumorigenesis is
to target key cellular proteins, such as the tumor suppressor
p53 and pRb family proteins, inactivating their functions
[10, 21-23]. SV40 T-ag may also lead to transformation by
inducing mutations to the cellular genome [24] or numerical
and structural alterations of chromosomes [9, 25], such as
gaps, breaks, dicentric and ring chromosomes, chromatid
exchanges, deletions, duplications and translocations [26].

The principal role of the t-ag in transformation is to bind
the catalytic (36 kDa) and regulatory (63 kDa) subunits of
protein phosphatase 2A (PP2A) [21, 22], inactivating their
function. Moreover, t-ag interacts with the centrosome and
blocks mitosis in human cells [27], suggesting that it may
disrupt cell cycle progression.

The process of rodent cell transformation induced by SV40
typically depends on the integration of the viral DNA into the
host genome where it produces a high level of expression of
the major viral oncogenic proteins, T-ag and t-ag [10, 21, 22,
28]. The expression of the two oncoproteins could be detected
by immunohistochemistry with the specific monoclonal anti-
body Pab108 which recognizes an N-terminal epitope within
the first 82 amino acids of the T/t-ag.

The aim of this study was to determine the prevalence
and the clinico-pathological features of SV40-positive oste-
osarcomas in Tunisian patients.

Materials and Methods
Patients and Samples

Fifty-six cases of osteosarcomas were selected from the
cases registered at the Department of Pathology at the

@ Springer

Farhat-Hached Hospital of Sousse (Tunisia), from 1990 to
2004.

Cases were selected on the basis of the availability of
complete clinical data and the availability of paraffin-
embedded tissue specimens for histological and immuno-
histochemical analyses.

The medical records of these patients were reviewed and
information about age, gender, duration of symptoms, size
and site of tumors, and metastasis status.

Cases were reviewed to confirm the diagnosis and to
classify the tumors according to the histological sub-types.

Immunohistochemical Staining

The detection of SV40 was performed by immunohistoche-
misty on formalin-fixed paraffin-embedded tissues sections
using the Pab108 antibody (dilution 1:100; Santa Cruz
Biotechnology, USA). The monoclonal antibody is directed
against the large T and the small t antigens (T/t-ag) of SV40
and does not cross-react with the other polyomaviruses
[Ref].

Briefly, 5 um thick sections of paraffin embedded tissues
were cut and dried overnight at 37°C, deparaffinized in
toluene, and rehydrated through a series of graded alcohols.
Then the sections were rinsed thoroughly with water and
placed in Tris-buffered saline (TBS) (0.05 M Tris—HCI,
1.15 M NaCl, pH 7.6). Antigen retrieval was done with
the appropriate buffer by boiling sections in water bath for
40 min until temperature reaches 98°C. Endogenous perox-
idase activity was blocked with 5% H,0O, solution for 5 min,
and sections were rinsed gently with TBS. The sections
were then incubated with the appropriate primary antibody.
After rinsing in TBS, described antibodies were detected
using the EnVision+Labeled Polymer Kit (DakoCytomation)
following the manufacturer’s instructions. Sections were then
washed three times with TBS, followed by application of the
Diaminobenzidine Substrate Pack (DakoCytomation) accord-
ing to the manufacturer’s instructions. Finally, the slides were
counterstained with hematoxylin, and mounted.

As positive control for SV40 T/t-ag detection, sections
from a paraffin-embedded tissue of a transgenic adenocar-
cinoma of the mouse prostate (TRAMP) positive for SV40
T/t-ag expression were used (kindly provided by Professor
P. Wikstrom, Department of Medical Bioscience, Umea
University, Umea, Sweden).

Statistical Analysis

Statistical analysis was carried out with SPSS software
package (version 17.0). Pairwise correlations between
SV40 status and clinicopathological parameters were in-
vestigated by chi-square test or Fisher’s exact test where
appropriate.
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Results
Clinico-Pathological Findings

The mean age of the patients at the time of diagnosis was
20 years, ranging from 7 to 80 years. The gender distribution
was similar. The most common site of the primary tumor was
the distal femur and proximal tibia (38 cases) followed by the
humerus (4 cases) the mandible (3 cases), the maxilla (3 cases)
the fibula (3 cases) and 5 different other locations: calcaneus
orbit, scapula vertebrac and sacrum. The size of the tumors
ranged from 3 to 25 cm, with a median size of 12 cm.

The mean time elapsed between onset of symptoms and
diagnosis was 7 months (range 1 to 40 months).

Of the 56 patients only eight had a pulmonary metastasis
at the time of diagnosis. The histopathological features
showed varied degrees of cellularity, but in all cases there
was evidence of osteoid formation.

Fig. 1 Representative
examples of
immunohistochemical staining
for the detection of the SV40
T/t-antigens using the Pab108
antibody. Panels a and b:
positive osteosarcoma cases
(Original magnification x200).
Panel c: a negative
osteosarcoma case (Original
magnification x 100). Panel d:
positive control (SV40-positive
transgenic adenocarcinoma of
mouse prostate)

The conventional type of osteosarcoma is the most com-
mon including: osteoblastic subtype (42 cases), fibroblastic
(6 cases) and chondroblastic subtype (4 cases). The other
was classified as telangiectatic osteosarcoma (4 cases).

Prevalence and Characteristic of SV40 Positive Osteosarcomas

Immunohistochemical analysis revealed that T/t-ag protein
was positive in 31 cases (55.4%). The signal was strong,
mainly nuclear, and showed subtle variations in intensity from
one cell to another. In SV40 positive cases, T/t-ag immunos-
taining was noted in tumor cells whereas no expression was
observed in stromal cells (Fig. 1).

Comparison of the clinicopathological features of SV40-
positive and —negative groups is summarized in Table 1.

In the group of patients aged under 40 the SV40 was
found in half the cases (26/50), however the SV40 was
detected in almost all tumors occurring in patients older

".; ‘-‘;'.u,.- R
2 I,

L4

i

@ Springer



694

S. Ziadi et al.

Table 1 Clinico-pathological

features of SV40-positive Variables Number of SV40-positive cases Number of SV40-negative cases P-value
and -negative osteosarcomas
Age (years)
Range 9-80 7-42
<20 19 17 0.33
21-40 7
>40 1
Gender
Male 16 12 0.78
Female 15 13
Time to symptoms onset
< 6 months 24 14 0.08
> 6 months 7 11
Tumor size
Range 6-23 3-25
Median 11.9 12.4 0.75
Site of tumor
Cranium and face 4 3 0.91
Trunk 2 1
Members 25 21
Histological subtypes
Osteoblastic 22 20 0.76
Fibroblastic 4 2
Chondroblastic 3 1
Telangiectasic 2 2
P-values were calculated by x> Metastasis
or Fisher’s exact tests (two sided) Yes 5 3 0.72
and were considered to be statis- No 26 22

tically significant for p<0.05

than 40 years (5/6 cases, 83%), but the difference does not
reach statistical significance (p=0.33).

Moreover, the time between the onset of clinical symptoms
and diagnosis was shorter for SV40 positive cases than SV40
negative cases. Indeed, this period was less than 6 months in
77.4% (24/31) of SV40 positive cases and in only 56% (14/
25) of SV40 negative cases. But the difference does not reach
statistical significance (p=0.08).

However, the viral status did not differ significantly
according to the gender, the tumor size, the histological
subtype, the tumor location, or the presence of metastases.

Discussion

The simian virus SV40 (SV40), a potent DNA oncogenic
polyomavirus, has been detected in several human tumors
[29-31]. However, a causative role for this virus has not
been convincingly established. The oncogenic potential of
SV40 is thought to be through its primary viral genes
products, T/t-antigens, responsible for SV40 replication
and SV40-mediated cell transformation.
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Studies from several countries (USA, Europe) have suc-
cessfully detected SV40 DNA by PCR-based methods in
variable proportions of osteosarcoma, ranging from 10%
(Houston, USA) [6] to 70% of specimens (Italy) [5, 6, 32,
33]. However, the detection of SV40 DNA sequences in
osteosarcoma does not necessarily indicate a causative role
of SV40 in the development of those sarcomas. Therefore,
the role of SV40 in osteosarcoma development has yet to be
elucidated. Additionally, data on the SV40 incidence in dif-
ferent populations of the investigated geographical regions are
rarely found, making a clear decision about the role of SV40
in osteosarcoma difficult.

Previous investigators analyzing SV40 in osteosarcomas
used mainly conventional PCR, followed by Southern-blot
hybridization and occasional sequencing. A few studies have
investigated SV40 oncoproteins expression in human cancers
[20, 34-37]. In the current study we investigated SV40 T/t-ag
protein expression in osteosarcomas by immunohistochemis-
try using a specific mouse monoclonal antibody (Pab108).
This antibody recognizes an N-terminal epitope within the
first 82 amino acids of the T-ag and t-ag, and therefore dis-
plays nuclear and cytoplasmic staining. Pab108 antibody is
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specific for SV40 and does not cross-react with other poly-
omaviruses (JCV and BKV). This antibody worked well on
paraffin wax embedded sections of tissues fixed in 10%
buffered formalin or in Bouin’s liquid.

Using Pab108 antibody, SV40 was found positive in 31
(55.4%) of our osteosarcoma cases. The signal was strong
and mainly nuclear and it was observed specifically in
cancer cells but not in the stromal cells. The expression of
SV40 T/t oncoproteins in osteosarcomas suggests that SV40
is not a passenger virus but may have an active role in bone
cancerogenesis.

Some studies detected SV40 DNA not only in tumor but
also in blood samples of osteosarcoma patients, indicating the
possibility that the virus can circulate in these individuals
[1, 15, 38]. Other investigators establish that authentic natural
strains of SV40 can be found associated with human osteo-
sarcomas, with the tumor-related viral DNAs displaying
archetypal, non-duplicated regulatory regions and variable
T-ag C-terminal sequences [39].

On the other hand the frequency of SV40 positivity
reported for osteosarcoma has varied from less than 10%
of tumors tested in the United states [6] to greater frequen-
cies, reaching over 70% of specimens positive in Italy [5, 6,
32, 33]. In the current study we found SV40 in 55.4% of
cases. These differences in results may reflect varying prev-
alence of SV40 infections in different geographic regions,
technical issues related to sample processing, characteristics
of the specific patient populations that were the sources of
specimens.

There was a recent report describing plasmid contamina-
tion of human specimens in the laboratory [40]. The authors
suggested that plasmid contamination could be the source of
some SV40 sequences detected in human material. Howev-
er, the detection of the viral T/t-ag oncoprotein expression in
the tumor cells in our patients suggests that SV40 is not a
passenger virus. Indeed, SV40 oncogenicity and transform-
ing ability are strictly dependent on the expression of the
early region gene product encoding for T-ag which could
complexes with the tumor suppressor’s p53 and pRb, inac-
tivating their functions; alters the integrity and stability of
the host cell genome, including numerical and structural
chromosomal aberrations [41, 42]. Theses mechanisms play
a key role in osteosarcoma development.

The source of SV40 infection in the human osteosarcoma
patients is unknown. The major source of known human expo-
sure to SV40 was immunization with SV40-contaminated
poliovaccines in the period from 1955 to 1963, during which
large number of people worldwide were inadvertently ex-
posed to live SV40. A recent study indicates that some polio-
virus vaccines were contamined with SV40 after 1963 [43]. In
Tunisia, antipoliomyelitis vaccination campaigns were initiat-
ed in early 1960s; however, we don’t know whether SV40
contaminated poliovaccine lots were used.

In the current study, we found that patients with SV40-
positive osteosarcomas occurred among individuals born after
the period of use of SV40-contaminated vaccines in Tunisia.
This observation is in agreement with studies of other human
malignancies which found that SV40 was associated with
some cancer cases in children and young adult patients not
exposed to contaminated poliovirus vaccines, suggesting that
SV40 has entered the human population and become a new
and emergent pathogen [13, 16, 35, 39, 44].

In summary, this study documents the presence SV40 T/t-
antigens in a fraction of osteosarcomas in Tunisian patients.
The expression of SV40 T/t oncoproteins in human osteosar-
coma supports the hypothesis that SV40 may have a role in the
pathogenesis of this sarcoma. Further analysis is required to
confirm these findings ant to determine the role of SV40 in the
development or progression of osteosarcoma.
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