
Abstract DNA-like sequences of the p53 and pRB-inac-
tivating simian virus 40 large T-antigen (SV40 LTag)
have recently been found in mesotheliomas in the United
States and several European countries. Nuclear expres-
sion of SV40 LTag, possibly in concert with detectable
telomerase activity, could be responsible for immortali-
sation of (pre)malignant clones, as suggested by the me-
sothelioma-specific latency period. Depending on the an-
tibody used, different results have been observed regard-
ing the subcellular expression of SV40 LTag in mesothe-
liomas with SV40 LTag-like DNA sequences. In this
study, we screened 28 Belgian mesothelioma tumour
samples for the presence of SV40 LTag-like DNA and its
gene product by polymerase chain reaction amplifica-
tion, using the SV.for3/SV.rev primer set, and by tyra-
mine-amplified immunohistochemistry, using the pAb419
and the pAb101 SV40 LTag antibodies. Amplicons were
found in 13 of the 28 (46%) mesotheliomas. Cytoplas-
mic, but no nuclear, staining was found in 10 of these 13
cases. Although our study confirms the presence of
SV40 LTag-like DNA sequences in Belgian mesothelio-
mas, we did not detect nuclear expression of the viral
oncoprotein, which makes a pathogenic role of SV40
LTag in mesothelioma carcinogenesis questionable.
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Introduction

Malignant mesothelioma is an aggressive tumour arising
from the serosal lining of the pleura, peritoneum, or peri-
cardium. Although there is a wealth of epidemiological
and experimental evidence supporting a strong associa-

tion between asbestos exposure and pleural mesothelio-
ma, 11–25% of cases are unrelated to asbestos exposure
and only a minority of people exposed to high concentra-
tions of asbestos develop mesothelioma [23, 25]. Other
possible aetiological agents include ionising radiation,
pleural scarring, and genetic susceptibility. An interest-
ing new development worthy of study is the role of simi-
an virus 40 (SV40) as a risk factor for mesothelioma.
SV40 contaminated polio and adenovirus vaccines in the
late 1950s and early 1960s and was accidentally inocu-
lated into millions of people in the USA and possibly
also in Europe [28]. Experimentally, SV40 has been
shown to induce pericardial and pleural mesothelioma in
hamsters [4].

The oncogenic capacity of SV40 resides in the ability
of the SV40 Large T-antigen (SV40 LTag) to bind to and
to inactivate nuclear tumour suppressor proteins like
pRB and p53 [6, 20]. As evidenced by in vitro transfor-
mation studies, this property – though insufficient alone
– paves the way for cellular immortality [34]. The exis-
tence of the latter phenotype in mesothelioma (pre)neo-
plastic cells can be deduced from the mesothelioma-spe-
cific decade-long latency period between asbestos expo-
sure and disease onset, and from the detection of activity
of the telomerase-ribonucleoprotein, to which immortali-
sing capacities are also attributed on the basis of its abili-
ty to maintain the stability and integrity of chromosomal
telomeres [9]. DNA sequences similar to sequences en-
coding the SV40 LTag oncogene (SV40 LTag-like DNA)
and nuclear expression of the SV40 LTag oncoprotein
have recently been detected in a high proportion of me-
sotheliomas in the United States, the United Kingdom
and Italy (for review, see [3]). However, one study did
not detect SV40 LTag-like DNA in mesotheliomas,
whilst another revealed cytoplasmic but not nuclear
staining when SV40 LTag-specific antibodies were used,
making the transforming and oncogenic role of SV40 in
mesothelioma questionable [13, 31].

These data prompted us to analyse samples of Belgian
mesothelioma cases for the presence of a SV40-like
agent. We therefore screened 28 mesotheliomas and 10
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non-pleural lung tumours for the presence of SV40
LTag-like DNA by polymerase chain reaction (PCR) am-
plification and for the presence of the SV40 LTag pro-
tein, using two different anti-SV40 LTag antibodies in a
tyramine-amplified immunohistochemical procedure.

Materials and methods

Samples were collected from the files held by the Department of
Pathology of the University Hospital of Antwerp and had been di-
agnosed between 1990 and 1997. This study included frozen tissue
material (21 cases) and archival formalin-fixed paraffin-embedded
material (7 cases) from a total of 28 primary pleural mesothelio-
mas. The tumours were histologically subtyped on haematoxylin
and eosin-stained sections, with the use of additional histochemi-
cal methods for neutral mucins and hyaluronic acid and a relevant
panel of antibodies for primary exclusion of primary or secondary
adenocarcinoma. Classification into 15 epithelial, 4 sarcomatous,
and 9 mixed-type mesotheliomas was made according to the
guidelines of Henderson et al. [15]. The mean age of the mesothe-
lioma patients was 63 (range 41–86) years. Additionally, frozen
materials from 10 bronchopulmonary carcinomas (5 squamous
cell carcinomas and 5 adenocarcinomas) were investigated. The
SV40 LTag-transformed murine endothelial cell line SVEC4–10
(American Type Culture Collection no. CRL-2181) was used as a
positive control for the detection of SV40 LTag protein and DNA
sequences.

Since the problem of false-positive results with PCR is well
documented, we took great care to avoid contamination in this
study. Three different laboratories were used for DNA extraction,
PCR set-up and post-PCR analysis. All reagents other than Taq
polymerase and primer stocks were pretreated with ultraviolet
light, and dedicated pipettes with filtered tips were used for each
stage of the analysis. Genomic DNA was extracted from the fro-
zen samples and from the SVEC4–10 cell line using a standard
proteinase K-phenol-chloroform extraction method. For PCR anal-
ysis of the archived samples, unstained 5-µm sections were depar-
affinised and digested with proteinase K without ionic detergents,
followed by boiling of the obtained crude lysates as described by
Frank et al. [12]. Crude lysates were diluted further 1:10 prior to
PCR amplification.

SV40 LTag DNA amplification was performed with the prim-
ers designed by Bergsagel et al. [1]: SV.for3 (5′ - TGA GGC TAC
TGC TGA CTC TCA ACA - 3′) and SV.rev (5′ – GCA TGA CTC
AAA AAA CTT AGC AAT TCT G – 3′). These primers amplify
the RB-pocket-binding domain of SV40 LTag (105 bp). Hot-start
PCR reactions were performed in a volume of 50 µl containing 1.5
mM MgCl2, 50 mM KCL, 10 mM Tris-HCl pH 8.5, 50 µM of each
dNTPs, 25 pM of each primer; 100 ng of genomic DNA or 20 µl
of diluted crude lysate of the frozen and the archival samples, re-
spectively, were analysed. Reactions were run in a Perkin-Elmer
9600 Gene Amp PCR System with cycling conditions as follows:
2 U of Taq DNA polymerase (Promega Benelux) were added after
an initial denaturing step at 94°C during 3 min, and thermocycling
was continued by cycling 45 times at 94°C for 1 min, followed by
63°C for 1 min, and 72°C for 1 min. The reactions were terminat-
ed by a 5-min final extension step at 72°C. PCR products were
electrophoresed on a 10% non-denaturing polyacrylamide gel in
0.5× TBE buffer and stained with ethidium bromide. Each PCR
series was carried out with one negative (omission of template)
and one positive (DNA from SVEC4–10 cells) control. The quali-
ty of DNA in cases negative for SV40 LTag amplification was as-
sessed using primers AG1 and AG2, which are specific for the
amplification of the ubiquitous 379-bp human A gamma-globin
gene sequence [19].

All tissues were examined immunohistochemically using two
different anti-SV40 LTag antibodies: the anti-SV40 LTag mouse
monoclonal antibody pAb419 Ab-1 (Oncogene Science, Calbio-
chem, Nottingham, UK), applied by us in a conventional peroxi-
dase-based technique, is reactive with both the N-terminal region

of the 94-kDa SV40 Large T antigen and the 21-kDa SV40 small t
antigen and stains nuclei of SV40 infected cells diffusely. The an-
ti-SV40 LTag pAb101 (Santa Cruz Biotechnology, Santa Cruz,
Calif.), applied by us in a tyramine-amplified immunohistochemi-
cal procedure using ‘home-made’ biotinylated tyramine based on
the method described by King et al. [18], reacts with the 94-kDa
SV40 Large T antigen but is non-cross-reactive with the 21-kDa
SV40 small t antigen and produces punctuate nuclear staining in
SV40 infected cells.

Frozen sections 5 µm thick were cut, mounted on poly-L-ly-
sine-coated slides, air-dried (30 min), and fixed in acetone at 4°C
(10 min). The antigen retrieval procedure for paraffin-embedded
tissues consisted in pressure-cooking in citrate buffer (0.01 M, pH
6.0) for 5 min. All slides were immersed in methanol supplement-
ed with 1% H2O2 for 30 min to block the endogenous peroxidase.
After rehydration and rinsing in phosphate-buffered saline (PBS),
non-specific binding was blocked with normal goat serum (dilu-
tion 1:5, Dako, Glostrup, Denmark) dissolved in PBS supplement-
ed with 2% bovine serum albumin for 20 min. The sections were
incubated either overnight at 4°C (pAb419 antibody, dilution 2,5
µg/ml) or for 1.5 h at room temperature (pAb101 antibody, dilu-
tion 2 µg/ml). For conventional peroxidase testing, the sections
were overlaid with peroxidase-conjugated goat anti-mouse poly-
clonal antibody (Rockland, Gilbertsville, Pa.) diluted 1:200 as the
secondary antibody. In the technique using home-made biotinyla-
ted tyramine, sections were washed in PBS (3×5 min), and biotin-
ylated goat anti-mouse antibody (Rockland) diluted 1:400 was ap-
plied for 30 min. The sections were again washed 3 times, fol-
lowed by application of the first streptavidin ABC/horseradish
peroxidase (sABC/HRP) complex (Dako, prepared according to
the manufacturer’s instructions) for 30 min. Sections were washed
3 times in TNT buffer (0.1 M Tris-HCl; pH 7.6; 0.15 M NaCl;
0.05% Tween 20), incubated with home-made biotinylated tyra-
mine (see below) (dilution 1:160) for 10 min, then incubated again
with the second sABC/HRP complex. With each technique, perox-
idase was revealed by incubating the sections with liquid DAB so-
lution (Dako). The specificity of the immunohistochemical reac-
tions was controlled as follows: (1) omitting the first antibody; (2)
substituting the primary antibodies with an unrelated monoclonal
antibody of the same IgG2a kappa isotype at the same concentra-
tion but directed against an unrelated antigen (monoclonal mouse
anti-human amyloid A component antibody, IgG2a kappa isotype,
Dako). Sections were counterstained with Carazzi’s haematoxylin
and mounted in DPX (Fluka Chemika-Biochemica, Buchs,
Switzerland).

Biotinylated tyramine was prepared according to the method
described by Kerstens et al. [17]. Briefly, 100 mg of sulfo-
succinimidyl 6-(biotinamido)hexanoate (Pierce, Rockford, USA)
and 30 mg tyramine hydrochloride (Sigma Chemical Company,
St.Louis, Mo.) were added to 40 ml of 50 mM borate buffer
(pH 8.0). The solution was stirred overnight at room temperature
and filtered (0.45 µm filter). This solution was dissolved (optimal
dilution 1/160, experimentally determined) in Tris-HCl buffer
(pH 7.6) containing 0.03% H2O2.

Results

Table 1 summarises the results of the detection of SV40-
like DNA sequences in respect of the histopathological
subtype and patient data. Thirteen of the 28 (46%) meso-
thelioma samples contained sequences of the predicted
length using the primers SV.for3 and SV.rev (Fig. 1).
There was an equal distribution of SV40-like DNA se-
quences in samples taken from frozen (10/21) and those
taken from paraffin-embedded tissue (3/7). The mean
age of the subjects with SV40-like DNA in the tumour
samples was 65 years (range 41–80 years). A 105-bp
band was also seen in 1 adenocarcinoma of the lung,
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whereas the other 9 lung carcinomas did not prove posi-
tive for SV40-like DNA. All of the DNAs that did not
contain SV40-like sequences appeared suitable for PCR
analysis, since a 379-bp Ig gamma gene sequence could
be amplified in the consecutive control reaction [data not
shown].

Cryostat and paraffin sections from 28 mesothelioma
specimens and from 10 lung carcinomas were evaluated
for SV40 LTag expression, using the pAb419 and
pAb101 anti-SV40 LTag antibodies in conventional and
tyramine-amplified immunohistochemistry, respectively.
With the pAB419 antibody, 13 mesotheliomas showed
strong cytoplasmic staining in a conventional peroxi-
dase-based procedure, whereas no staining could be de-
tected in any of the lung carcinomas. The percentage of
cells with cytoplasmic staining varied from 30% to 80%,
and varied within areas of a given specimen. In the me-
sotheliomas with cytoplasmic immunoreactivity the sig-
nal was confined to the tumour cells lining the tubulo-
papillary structures. Immunoreactivity was not seen in
the surrounding stromal compartment (Fig. 2 A). Cyto-
plasmic staining was also detected in sarcomatous meso-
thelioma (Fig. 2B). In 10 of the 13 specimens with cyto-
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Table 1 SV40 LTag DNA de-
tection and protein immunore-
activity profiles of mesothelio-
ma and lung carcinoma speci-
mens (MM mesothelioma,
LC lung carcinoma, f frozen
section, p formalin fixed paraf-
fin-embedded section, E epi-
thelial, Mix mixed, S sarcoma-
tous, SQ squamous carcinoma,
A adenocarcinoma, C cytoplas-
mic, N? presumed nuclear,
ND not done)

Case no. Sex – Tumour γ-Globin SV40 LTag pAb419 pAB101 
age years type DNA DNA Anti-LTag Anti-LTag

MM1 (f) F - 61 E + – – –
MM2 (f) F - 66 E + – C –
MM3 (f) M - 61 E ND + C –
MM4 (f) M - 68 Mix + – – –
MM5 (f) M - 59 Mix ND + C –
MM6 (f) M - 67 S + – – –
MM7 (f) M - 80 S ND + C –
MM8 (f) M - 41 E ND + C –
MM9 (f) F - 67 E ND + C/N? –
MM10 (f) M - 63 Mix + – – –
MM11 (f) M - 78 E + – – –
MM12 (f) F - 80 Mix + – – –
MM13 (f) M - 53 Mix ND + C/N? –
MM14 (f) M - 86 E + – C –
MM15 (f) M - 69 Mix ND + C/N? –
MM16 (f) M - 65 S ND + – –
MM17 (f) F - 64 Mix + – – –
MM18 (f) M - 53 Mix + – C –
MM19 (f) M - 69 E ND + C –
MM20 (f) M - 63 S + – – –
MM21 (f) M - 79 E ND + – –
MM22 (p) M - 55 E + – – –
MM23 (p) M - 65 E + – – –
MM24 (p) F - 63 E + – – –
MM25 (p) M - 48 E ND + – –
MM26 (p) F - 64 E ND + C –
MM27 (p) M - 78 Mix ND + C –
MM28 (p) F - 42 E + – – –
LC1 (f) M - 61 SQ + – – –
LC2 (f) F - 73 SQ + – – –
LC3 (f) F - 60 SQ + – – –
LC4 (f) M - 75 SQ + – – –
LC5 (f) M - 69 SQ + – – –
LC6 (f) M - 64 A + – – –
LC7 (f) M - 75 A + – – –
LC8 (f) M - 48 A + – – –
LC9 (f) M - 60 A + – – –
LC10 (f) M - 59 A ND + – –

Fig. 1 Representative results demonstrating SV40 LTag primer
set-specific DNA amplification in mesothelioma specimens using
SV.for3 and SV.rev primers. Lanes 1, 15 100-bp DNA ladder (Gi-
bco BRL), lane 2 SV40 LTag DNA-positive control (SVEC4–10
cells), lane 3 negative PCR control (template omitted), lanes 4–14
mesothelioma specimens. A 105-bp band is visible in mesothelio-
ma cases 15, 19, 21, 9, 8 and 16 (lanes 5, 8, 9, 10, 12 and 14).
PCR products were electrophoresed on a 10% nondenaturing poly-
acrylamide gel in 0.5× TBE buffer and stained with ethidium bro-
mide
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Fig. 2A, B Immunoperoxidase staining with the anti-SV40 LTag
mouse monoclonal pAb419 antibody in mesothelioma tumour sec-
tions. A. Case 9. Cytoplasmic immunoreactivity (arrowheads) in
tubulo-papillary lining cells with possible nuclear staining (ar-
rows) in some cells. Surrounding reactive stromal cells are nega-
tive. Original magnification ×400, scale bar 25 µm. B Case 7. Cy-
toplasmic staining only in sarcomatoid tumour cells. Original
magnification ×400, scale bar 25 µm

Fig. 3A–C Immunohistochemical staining with the anti-SV40
LTag mouse monoclonal pAb101 antibody. A Immunoperoxidase
staining showing discrete punctuate nuclear staining in 60% of
SVEC4–10 control cells. Original magnification ×400, scale bar
35 µm. B ‘Home-made’ tyramine-amplified immunohistochemis-
try showing coarse granular staining in nearly 100% of
SVEC4–10 cell nuclei. Original magnification ×400, scale bar 35
µm. C Case 9. Negative ‘home-made’ tyramine-amplified immu-
nohistochemical staining in mesothelioma. Original magnification
×250, scale bar 50 µm



plasmic staining, SV40-like sequences were detected. No
staining was found in 15 mesotheliomas, 12 of which
also proved negative by PCR analysis. In the remaining
3 cases an immunohistochemical signal could not be de-
tected although they were classified positive using the
SV40 primer set. In 3 mesothelioma cases with detect-
able amplicons and cytoplasmic staining, it seemed pos-
sible that strong cytoplasmic staining was masking dif-
fuse nuclear reactivity (Fig. 2A). We therefore re-exam-
ined our samples with the pAb101 antibody. In prepara-
tive experiments, we tested the pAb101 antibody in a
conventional nonamplified procedure and found a dis-
crete punctuate staining pattern in a proportion of the
SVEC4–10 control cells (Fig. 3A). On application of ty-
ramine-based signal amplification, however, heavy
coarse granular staining was found in nearly 100% of the
nuclei of the control cells (Fig. 3B). Using this tech-
nique, we did not detect nuclear staining in any of the
cases that had been found to be negative or to have cyto-
plasmic staining only when the pAB419 antibody was
used (Fig. 3 C) in the immunohistochemical session re-
ferred to above.

Discussion

We screened mesothelioma tumour samples from Bel-
gian patients for the presence of sequences and transla-
tion product of the SV40 LTag oncogene. This study was
intended as a first screening test and, for the sake of
comparison with the data of other workers, we chose the
SV.for3/SV.rev primer pair that has been used by several
other groups in the highly sensitive PCR assay. Further,
the transforming capacity of SV40 LTag depends on its
inhibitory binding to p53 and pRB tumour suppressor
proteins, and according to this the oncoprotein should be
expressed in the cellular nucleus. Up to the present, only
groups led by or collaborating with Carbone and one
French group have complemented their PCR results with
immunohistochemical protein expression studies of me-
sothelioma tumour sections [2, 8, 13, 32]. We have cho-
sen to work with the two different anti-SV40 LTag anti-
bodies reported by these groups. To make immunohisto-
chemistry as sensitive as possible, we applied home-
made tyramine-based immunodetection after modifica-
tions of the original protocol [17, 18]. In SV40 LTag-
transformed cells the pAb101 antibody produced a dis-
crete punctuate nuclear signal, which we found could be
greatly amplified by a tyramine-based procedure.

We detected the 105-bp amplicon in 46% of our me-
sothelioma cases. The frequency of detection is in keep-
ing with the findings of the other groups and confirms
the presence of SV40 LTag-like DNA in Belgian meso-
thelioma patients. The route of infection of these human
tumour samples is difficult to understand, and this dis-
cussion indirectly raises the question of whether SV40 is
more common in human cancers than in normal healthy
tissue. Human exposure to SV40 has been documented
in the United States, where about 98 million people were

immunised between 1955 and 1962 [28]. It is likely,
though not substantiated, that the same contaminated
Salk parenteral vaccine was administered in Belgium.
All patients from which PCR positive samples were de-
rived were born before 1962 and thus could have been
infected by contaminated polio vaccines. In contrast,
Martini et al. found SV40 DNA in many normal tissue
specimens, including 24% of circulating blood cells and
45% of seminal fluid samples from healthy donors, sug-
gesting that SV40 might be a common human polyoma-
virus that is prevalent in the general community [22]. In
a recent retrospective serological survey individuals born
after 1962 had positivity rates of about 10% for SV40-
neutralising antibody, which did not differ statistically
from the rates (15%) in older age groups, born before
1962 [16]. Taken together, these data indicate that there
could be an alternative source of human infection by
SV40, which currently makes it impossible to attribute
an iatrogenic or a natural background origin of infection
to those mesotheliomas in which we detected SV40
LTag-like DNA. In this preliminary study, we did not ex-
amine normal human tissues including normal mesothe-
lium or lung tissue, leaving the issue of whether the virus
is as common in some normal tissues as it might be in
some cancers unresolved.

All lung carcinomas but one were found to be nega-
tive in the PCR assay. In their series, Carbone et al. de-
tected SV40-like DNA in 2 lung carcinomas out of 25
primary and secondary lung tumours [2]. Since none of
the adenocarcinomas investigated tested positive, they
proposed that positivity for SV40 could be helpful, to-
gether with other markers currently used, in differentiat-
ing mesotheliomas from primary and metastatic adeno-
carcinomas. A more recent study also detected SV40 vi-
ral sequences in 7 of 18 (38.8%) mesothelioma speci-
mens, but in none of 18 lung cancers investigated [27].
In contrast, Galateau-Salle et al. found no statistically
significant difference in the occurrence of DNA se-
quences between malignant mesothelioma and broncho-
pulmonary carcinoma, demonstrating that positivity for
SV40 does not support a diagnosis of mesothelioma
[13]. At present, the debate concerning diagnostic op-
tions using SV40 DNA detection and the question as to
why mesothelium would specifically be targeted is the
controversial issue, which is basically related to the
question of the strength of association between SV40
LTag and mesothelioma carcinogenesis. From the re-
sults of our rather small series, we can only say that
SV40 seems to be more common in mesothelioma than
in lung carcinoma. Recent results suggest that sequence
differences at the carboxy end of SV40 LTag may con-
tribute to tissue-specific SV40 replication. SV40 LTag
probably needs to interact with host cell transcription
factors in the process of switching from early to late
transcription, and transcription factors vary in a cell-
type- and tissue-specific fashion [26]. Nonetheless, we
should not exclude the possibility of artificial amplifica-
tion of a tumour-specific cellular homologue of LTag
using this primer pair [3].
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To date, only one group has found diffuse nuclear
(and also some cytoplasmic) and punctuate nuclear stain-
ing with the pAb419 and pAb101 antibodies, respective-
ly [32]. Using the pAb419 antibody, we found strong cy-
toplasmic staining in 10 out of 13 samples that had de-
tectable SV40 LTag DNA sequences. In some tumour
cells of 3 mesothelioma cases we could not rule out the
possibility that presumed nuclear reactivity was simulat-
ed by strong cytoplasmic staining, and we therefore re-
peated our series using the pAb101 antibody. We found
no nuclear foci in our mesothelioma sections. At first
sight, the immunohistochemical results are puzzling, but
they fit in to some degree with the observations of oth-
ers. While sequences related to SV40 LTag were present
in 47.5% of mesotheliomas, Galateau-Salle et al. also
found cytoplasmic staining only, and no nuclear staining,
with the pAb419 antibody in both sections and cell lines
exhibiting SV40 LTag DNA sequences [13]. The ob-
served cytoplasmic staining with pAb419 can be of inter-
est, because the epitopes that are recognised by this anti-
body are also present on the SV40 small t antigen, which
is found predominantly in the cytoplasm of infected and
transformed cells [10]. Since the primer set that we and
others used is directed towards a sequence unique to the
SV40 LTag gene and does not amplify the SV40 small t
gene, this putative cross-reactivity awaits further investi-
gation. The pAb101 antibody, however, is non-cross-re-
active with the SV40 small t antigen, according to the
vendor’s information, which means that, given the am-
plification procedure, the presence of SV40 LTag onco-
protein is improbable in our cases.

The absence of expression of SV40 LTag DNA se-
quences seems not to be concordant with the supposed
oncogenic role of SV40 LTag. However, recent experi-
ments indicate that SV40 LTag can induce irreversible
chromosomal and genetic alterations, leading to a loss of
dependence on the viral oncoprotein for maintenance of
the transformed state [11]. Variable SV40 LTag expres-
sion in tumour cells has also been described in prostate
and breast tumours developing in SV40-transgenic mice
[21]. In their mesothelioma series, Galateau-Salle et al.
performed PCR hybridisation with SV40-specific probes
and found low hybridisation indices [13]. They suggest-
ed that very few copies are present within the tissue sam-
ples or that the sequences had been diluted following the
cell division associated with tumour growth. Their and
our observations are consistent with a so-called hit-and-
run mechanism, on the basis of which SV40 LTag might
initially have affected a larger proportion of mesothelio-
ma cells than can now be observed [33]. It is noteworthy
that recent data have revealed that different sets of prim-
ers for the SV40 genome can result in a different per-
centage of positive results when human mesotheliomas
are tested, with highest amplification rates (71%–100%)
for the SV.for3/SV.rev primer pair [14, 26]. It is not
known at present why different sets of primers, SV.for3
and SV.rev in particular, result in different percentages of
positive samples. Perhaps these primers can amplify
LTag sequences from other papova viruses, such as the

BK virus, a ubiquitous human virus with LTag at gene
level similar to SV40 LTag, or other (unknown) recombi-
nant viruses [24].

Given the extremely long latency period that char-
acterises mesothelioma, our current and previous finding
of two life-span-prolonging agents, SV40 LTag and tel-
omerase, respectively, is interesting since both, at least in
an in vitro setting, seem to induce the immortal pheno-
type in a concerted action. In vitro, SV40 LTag-infected
cells bypass senescence or mortality stage 1 (M1), there-
by acquiring an extended life-span up to crisis or mortal-
ity stage 2 (M2). Only after abrogation of M2-control-
ling mechanisms cells really gain the immortal pheno-
type [29, 30, 35]. Recent research revealed that the latter
event, which is characterised by ultra-short cellular telo-
meres, coincides with reactivation of telomerase [5].
Therefore, the classic hypothesis of telomerase reactiva-
tion states that the latter is induced by peri-crisis telo-
mere exhaustion [36]. Thus, the exact molecular basis
for telomerase deregulation is speculative. The predic-
tion is that one or more tumour suppressor genes prevent
activation of telomerase in normal human cells, and that
these wild-type genes may be eliminated as a conse-
quence of the chromosome instability produced by the
extremely short telomeres during p53/pRb-defective life-
span extension [7].

Although it is tempting to speculate that, at least in a
subgroup of mesothelioma cases with detectable virus-
like sequences, SV40 LTag or other (unknown) LTags,
through inhibitory binding to p53 and pRB and hence in-
duction of telomere exhaustion and genetic instability,
might have helped to eliminate or inactivate in vivo
those genes responsible for M2, say telomerase inhibito-
ry genes, we realise that our data do not constitute hard
evidence. Much more important is that the tally of SV40
LTag mesothelioma papers has led to a renewed interest
in the subject of viral oncogenesis in carcinogenesis in
general and mesothelioma carcinogenesis in particular,
which should also focus on disturbances of telomere dy-
namics. Meanwhile, the exact nature of the amplified se-
quences and their oncogenic role remains to be deter-
mined. These first data have prompted us to repeat our
analyses with an extended battery of primers spanning
the entire SV40 genome, and to propose future multi-
center studies with interlaboratory controls.
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