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In previous investigations, the transforming sequences of simian virus 40 (SV40) had
been found in human brain tumors, thereby suggesting a role for SV40 in human tu-
morigenesis.  A recent study reported the case of a meningioma in a SV40-exposed
scientist.  The patient’s meningioma contained SV40 DNA sequences identical to those
the patient had ever been exposed in the laboratory.  The aim of this study was to in-
vestigate another case of SV40-exposed scientist with glioblastoma multiforme.  After
surgical resection of the larger neoplastic lesion, the patient’s tumor and blood sam-
ples were analyzed for SV40 sequences by PCR and filter hybridization.  The differ-
ences among polymaviruses, such as SV40, BK and JC, and among SV40 strains were
found in the T antigen (Tag) coding sequences and in the regulatory regions.  There-
fore, we analyzed the conserved SV40 regulatory region and Tag oncoprotein coding
sequences in the patient’s specimen.  The results did not reveal the SV40 DNA se-
quences detectable from this patient.  Our data do not support in this clinical case the
link between the SV40 exposure and the brain tumor.
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Introduction

Simian virus 40 (SV402) is a monkey DNA tumor virus in-
advertently administered to human populations mainly with
antipolio vaccination [1].  SV40 multiplies efficiently in some
specific human brain cells and it immortalizes and trans-
forms other human brain cells in culture [1].  SV40 was
found to be associated with human tumors of different histo-
types, such as brain and bone tumors, malignant pleural
mesotheliomas and lymphomas [1].  However, infectious
SV40 has rarely been rescued from human samples, and a
direct relation between SV40 and neoplastic on-
set/progression in human cancers has never been clearly
demonstrated [1-3].  Such a putative link was raised by a
report outlining the case of a laboratory researcher who
developed an intracranial tumor after professional exposure
to SV40 [4].  The study demonstrated that the patient’s
meningioma contained SV40 DNA sequences identical to
those of the virus strain to which the researcher was ex-
posed [4].

In this study, we have observed another interesting case
that a scientist who had been working with simian viruses
including SV40 since 1998 was hospitalized in our center in
2004 for a multifocal glioblastoma.  After surgical resection
of the larger neoplastic lesion, his tumor and blood samples
were analyzed for SV40 sequences.  Our results did not re-
veal any SV40 DNA sequence detectable from this patient.

Received 12/8/06; Revised 1/31/07; Accepted 2/5/07.
1Correspondence: Dr. Mauro Tognon, Department of Morphology and
Embryology, Section of Histology and Embryology, Chair of Applied
Biology, School of Medicine, University of Ferrara, Via Fossato di
Mortara 64/B, 44100 Ferrara, Italy. Phone: 39-0532-291 538. Fax: 39-
0532-291 533. E-mail: tgm@unife.it
2Abbreviations: SV40, simian virus 40; Tag, T antigen.

Case Report

The patient was a 54-year-old immunocompetent man.  His
medical and family histories were unremarkable.  The patient
reported receiving antipolio oral vaccine in 1964, when the
Sabin’s vaccine would have been free from SV40-
contamination.  Since 1984 he had been working in a bi-
ological research laboratory using different monkey cell
cultures and, between 1998-2003, with simian viruses in-
cluding SV40.  In December 2003, due to a generalized tonic-
clonic seizure, he was submitted to brain CT and MRI dis-
closing a single intraaxial space-occupying lesion measur-
ing approximately 1.5 cm × 1.5 cm located in the right tempo-
ral lobe with enhancement after administration of Gadolin-
ium.  In February 2004 he was admitted to our Neurosurgery
Clinic.  A preoperative MRI showed: (i) an enlarging temporal
mass, with median diameters of 2-3 cm, necrotic center and
a peripheral ring of contrast enhancement (Figure 1A); (ii) a
new 6 mm nodule of enhancement in the right posterior fron-
tal lobe (Figure 1B).  The radiological findings were indica-
tive of a multifocal de novo high-grade glioma.  A few days
later the patient underwent a computer-based image-guided
right temporal craniotomy and gross total resection of the
right temporal lesion was performed.  Histopathological ex-
amination of the surgical specimen demonstrated typical
features of a glioblastoma multiforme (World Health Organi-
zation, grade IV).  The postoperative course was uneventful.
Standard fractionated external beam radiation therapy (30
fractions of 2 Gy each for 6 weeks) was delivered one month
after surgical treatment with concomitant temozolomide (75
mg/m2 a day); four weeks later adjuvant temozolomide (150-
200 mg/m2) for 5 consecutive days every 4 weeks for 6 cy-
cles was administered.  Despite the ominous prognosis of
these specific tumors, clinical conditions remained excellent
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Figure 1: Preoperative axial T1-weighted contrast-enhanced MRI
shows a larger lesion in the right temporal lobe with necrotic center
and a peripheral ring of contrast enhancement (A, large arrow) and a
smaller nodule of enhancement in the right posterior frontal lobe (B,
small arrow).  The second neoplastic lesion discovered indicated a
multifocal glioma.  Only the temporal lesion was surgically resected.

and the patient resumed his job for a few more months.  A
follow-up MRI in January 2005 showed evidence of tumor
recurrence at the wall of the resection cavity and an increase
in the size of the right posterior frontal lesion.  Considering
the multifocality of the re-growth, the peculiar histotype and
the compromised clinical conditions, re-operation was not
carried out.  From February 2005 the patient received sec-
ond-line chemotherapy; a PCV combination regimen was
administered at 6-week intervals: procarbazine 100 mg/m2 PO
days 1 to 10, CCNU 100 mg/m2 PO day 1, vincristine 1.4
mg/m2 IV day 1 for 2 cycles.  The patient died 4 months later.

An adequate glioblastoma multiforme specimen was ob-
tained at the time of surgery.  Tumor tissue was snap frozen
in liquid nitrogen and stored at -80°C until analysis.  Two
blood samples were collected.  The former was collected on
the same day as the

the same day as the operation, and the latter was collected
during a clinical follow-up control one year later.  The speci-
men and blood samples were obtained from the patient with
a written consent.  Post-mortem examination was not al-
lowed.

DNA extraction was carried out with the routine procedure
currently scheduled by the specific biological kits supplier
(Qiagen, Milan, Italy).  DNA extracted from the tumor and
blood samples was first assessed for suitability for PCR
analysis by a control reaction designed to amplify β-globin
gene sequences [5,6].  SV40 oligonucleotides and oligo-
probes employed in the PCR and filter hybridizations were:
PYV.for-PYV.rev primers and SV probe for Tag sequences [5-
7] and RA1-RA2 primers and R probe for the regulatory
region [8,9](Figure 2).  Annealing temperatures, product
sizes, PCR reagents, Southern blot hybridizations, and other
technical conditions have been described by the authors
elsewhere (Figure 2)[5-9].

DNA samples were then analyzed by PCR and filter hy-
bridization for SV40 Tag and regulatory region sequences.
There was no evidence of SV40 sequences, either in the
tumor specimen or in the blood samples (Figure 3).  Indeed,
neither the SV40 Tag nor the regulatory region analyzed, with
the primers and oligoprobes, by PCR and Southern blot
hybridization experiments gave positive signals in agarose
gels stained by ethidium bromide and films exposed to the
filters (Figure 3).

Discussion

SV40 is a potent DNA tumor polyomavirus, which is highly
oncogenic in rodents.  In these animals it may induce the
same type of malignancies, including intracranial tumors,
that have been found associated with this oncogenic virus
in humans [1,3].  Several studies demonstrated the presence
of SV40 DNA, RNA and the Tag oncoprotein in adult and
pediatric brain cancers [10], while others failed to show SV40
footprints [11].   The SV40-positive brain tumor types include

Figure 2: The sensitivity of the techniques used in this study.  (A) The PCR production of SV40 Tag sequence amplified from different dilutions of
SV40 DNA pre-mixed with 500 ng of human DNA (h DNA).  The top panel is the electrophoretogram obtained by ethidium bromide staining.  The
SV40 Tag sequence could be amplified and detectable from the samples containing at least 1 fg of SV40 DNA.  The PCR products in gel were further
transferred onto a membrane and then hybridized with the internal SV oligoprobe which was specific for SV40.  The bottom panel is the result of
hybridization and autoradiography.  Exposure time was overnight.  The SV40 Tag sequence could be detectable from the samples containing at
least 10-3 fg of SV40 DNA.  Lane MW shows molecular weight markers (marker VI, Roche Diagnostics, Milan, Italy).  Lane 100 ng is for the positive
control, representing the SV40 Tag sequence amplified with the PYV.for-PYV.rev set of primers from 100 ng of SV40 DNA.  The size of PCR product
is 172 bp.  Lane R- is the negative control for PCR reaction (i.e. without DNA template).  (B) The PCR production of SV40 regulatory region (R)
sequence amplified from different dilutions of SV40 DNA pre-mixed with 500 ng of human DNA.  The top panel is the electrophoretogram obtained
by ethidium bromide staining.  The SV40 R sequence could be amplified and detectable from the samples containing at least 1 fg of SV40 DNA.  The
PCR products in gel were further transferred onto a membrane and then hybridized with the internal R probe.  The bottom panel is the result of
hybridization and autoradiography.  Exposure time was overnight.  The SV40 R sequence was detectable from the samples containing at least 10-2 fg
of SV40 DNA.  Lane MW shows molecular weight markers (marker 100-bp ladder, Roche Diagnostics).  Lane 100 ng is for the positive control, repre-
senting the SV40 R sequence amplified with the RA1-RA2 set of primers from 100 ng of SV40 DNA.  The size of PCR product is of 314 bp.  Lane R-,
negative control of the PCR reaction (i.e. without DNA template).
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Figure 3: No SV40 sequence was detected from either the tumor specimen or the blood samples of the scientist affected by glioblastoma multi-
forme. (A) The PCR production of SV40 Tag sequence amplified with the PYV.for-PYV.rev set of primers.  The top panel is the electrophoretogram
obtained by ethidium bromide staining.  The arrow indicates the products obtained by PCR (172 bp).  Lane MW, molecular weight markers (marker
VI, Roche Diagnostics).  Lane SV40, positive control using SV40 DNA strain 776 as template.  Lanes BK and JC, two DNAs from human polyomavi-
ruses which are closely related to SV40.  Lanes 1-3, DNAs from the glioblastoma multiforme and the two blood samples.  Lane R–, negative control.
The PCR products in gel were further transferred onto a membrane and then hybridized with the internal SV oligoprobe.  The bottom panel is the
result of hybridization and autoradiography.  The set of primers PYV.for-PYV.rev amplifies the Tag regions of the three polyomaviruses, while the
SV probe hybridizes specifically with the SV40 sequence only.  (B) The PCR production of SV40 R sequence amplified with the RA1-RA2 set of
primers (top) and hybridized with the internal R oligoprobe (bottom).  The arrow indicates the products obtained by PCR (314 bp).  The set of prim-
ers RA1-RA2 amplifies the SV40 regulatory region at high stringency conditions, however the R probe exhibits a more accurate SV40 specificity.

secondary or de novo glioblastomas.  It has been proposed
that oncogenesis could be mediated by Tag viral protein,
which inactivates the tumor-suppressor protein p53 and pRb
[11,12].  SV40 was inadvertently administered to humans by
contaminated vaccines, although other sources of infection
cannot be excluded [1].  Updated reports indicate that the
spread of SV40 is occurring by horizontal transmission [1].
Furthermore, SV40-immortalized human fibroblasts are con-
sidered a possible source of SV40 infection in research labo-
ratories for specific operators [13].

Although SV40 is infectious in humans, straight causality
in human cancer has not yet been demonstrated.  A direct
exposure to SV40 in a laboratory researcher who subse-
quently developed a SV40-positive meningioma has been
considered a potential link between this oncogenic virus and
the intracranial tumor onset [4].  Indeed, Arrington et al. [4]
reported that the scientist had routinely used an SV40-
transformed human fibroblast cell line; DNA sequence ana-
lysis revealed that tumor and cell line PCR products
matched exactly.  A blood sample was negative for viral se-
quences and SV40-neutralizing and Tag antibodies were not
detected in the serum [4].

To our knowledge, this remains the only report supporting
such an intriguing correlation.  In our case, the results seem
to exclude this putative link.  Tumor specimen as well as
blood samples were negative for SV40 sequences, appar-
ently excluding any laboratory contamination of the scientist.
However, another hypothesis may be considered.  SV40
infection might have occurred in the patient during early
processing phases of SV40; after displaying its oncogenic
activity, the virus might then disappear from the targeted
cells [1].  The viral DNA sequence load revealed in SV40-
positive human tumors is usually very low, i.e. less than one
copy-equivalent per cell, and the Tag oncoprotein expres-
sion is limited, as only a small fraction of the cancer cells is
Tag-positive [4].  Consequently, SV40 DNA sequences in our
tumor and blood samples have been undetectable in our
technical conditions.

It is generally accepted that transformed cells do not re-
quire the persistence of the original carcinogenic agent that
initiated the tumorigenic process.  The SV40 Tag clastogenic
and transforming activities may act by hitting the cell ge-
nome.  Then, as in chemical and physical carcinogenesis,
the promoting agent becomes dispensable and is usually
lost in the progression phase of the tumor, when, due to the
accumulation of genetic alterations, the presence of viral
transforming functions becomes unnecessary.  Indeed, the
SV40 Tag induces chromosome aberrations which likely
affect the functions of genes involved in tumorigenesis [1].

Once the chromosomal damage has been triggered in tu-
mors and chromosomal aberrations have reached a thresh-
old, genomic instability occurs as a result of the functional
alteration of DNA repair genes.  This leads to more extensive
genetic lesions with tumor progression [14].  This ‘‘hit and
run’’ mechanism, originally proposed to explain transforma-
tion of human cells by mutagenic herpesviruses, has been
convincingly documented in colorectal carcinogenesis as-
sociated with JC virus, a human polyomavirus closely relat-
ed to SV40 [15].

Further studies focusing on intracranial neoplasm devel-
opment after direct exposure to SV40 may clarify the rela-
tionship between this DNA tumor virus and human brain
cancers.
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