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SV40-Immortalized Human Fibroblasts as a Source of SV40
Infectious Virions

CRISTINA MORELLI, FEDERICA BARBISAN, LAURA IACCHERI, AND MAURO TOGNON

Human fibroblasts immortalized by Simian Virus 40 (SV40) are widely employed for cell and molecular biology model of study.
Indeed, SV40 transmission to humans was believed to occur only under exceptional situations. The oncogenic potential of SV40
in laboratory animals is well established, whereas its involvement in human carcinogenesis is still a matter of active investigations.
A recent report links SV40 exposure with the development of a brain tumor in a laboratory researcher. In previous studies, episo-
mal viral DNA was detected in SV40 stably transformed and immortalized fibroblast cell lines. In this study, we report molecular
and biological characterizations of SV40 DNA in human fibroblast cells. Our results indicate that SV40 is able to establish a persist-
ent infection in long-term immortalized human fibroblasts, resulting in the production of an infectious viral progeny, which is able
to infect both monkey and human cells. These data indicate that SV40-immortalized human fibroblasts may represent a source
of SV40 infection. To avoid the SV40 infection, careful attention should be given by operators to this SV40-cell model of study.
Online address: http://www.molmed.org
doi: 10.2119/2004-00037.Morelli

INTRODUCTION

In a recent report (1), the authors proposed that direct exposure to
Simian Virus 40 (SV40) lead to brain tumor development in a lab-
oratory researcher. SV40 is a natural infectious agent for monkeys,
whereas more recent investigations indicate that this viral agent is
also a human virus (2). It is well known that SV40 was adminis-
tered to humans through contaminated vaccines, mainly anti-
polio vaccines between 1955 and 1963 (3,4). The possibility of a
human-to-human transmission of SV40 was taken into considera-
tion only recently (5). Indeed, SV40 DNA sequences were
detected in normal and neoplastic tissues of persons too young
(1 to 30 y) or too old (60 to 85 y) to have been vaccinated with
SV40-contaminated polio vaccines (2). This finding may also
explain the lack of difference in cancer incidence between indi-
viduals vaccinated with SV40-contaminated and SV40-free polio
vaccines (6). SV40 sequences were detected in blood and sperm
specimens of normal individuals and blood samples of patients
(reviewed in [2]) while SV40 virions were found in urine samples
(7), indicating that blood, sperm, and urine may represent
routes/vehicles of transmission of SV40 horizontal infection in
humans. Support to the diffusion of SV40 in the human popula-
tion is provided by the presence of SV40 sequences in human
brain tumors, other neoplasms, and normal tissues of children
and adults (reviewed in 2;8–11); specific SV40-neutralizing anti-
bodies in human sera (12,13); and SV40 large T antigen (Tag) anti-
bodies in sera of mesothelioma patients (14). A scientific panel
recently established the importance of assessing the ways of con-
tagion and the mechanisms of SV40 transmission in humans (5).

How SV40 may establish a persistent infection in human cells
is poorly understood. It has been reported that some human cells

such as human spongioblasts, fetal neural cells, and tumor cell
lines are lytically infected by SV40 (15,16). On the other hand,
human mesothelial cells do not support the lytic infection effi-
ciently, but rather they are transformed at high rate by SV40 and
release SV40 virions soon after infection (17,18). A different
behavior was described for SV40-infected human fibroblast cell
lines. Indeed, they (1) produce a limited SV40 viral progeny,
(2) are transformed, and (3) may become immortalized but at a
low rate (19). Immortalized human fibroblasts have been shown
to contain SV40 DNA in the integrated form and not to produce a
wild-type SV40 progeny (20–22). However, on this experimental
model, few studies reported the persistence of SV40 mutants,
lacking the expression of the small t antigen (tag) and with a
deleted form of the large T antigen (Tag), able to complete a
replicative cycle (21,22). Recently, it has been demonstrated that
human SV40-immortalized fibroblasts might contain different-
sized SV40 genomes, including complete viral genomes (23).
SV40-immortalized human fibroblasts have been widely employed
as cell and molecular biology model to study DNA replication
and repair, cell cycle, immortalization and transformation (8).
SV40-immortalized fibroblast cell lines were therefore broadly
disseminated in many research laboratories.

Following the report by Arrington and colleagues (1) describ-
ing the SV40 detection in a brain tumor of a scientist who worked
with a SV40-immortalized fibroblast cell line, we investigated
long-term SV40-immortalized human fibroblasts. We show that
these cells, which are routinely used in many laboratories since
the 1980s, may represent a source of SV40 infection. In a previous
study, we reported the presence of episomal SV40 DNA in 3 of 9
SV40-immortalized human fibroblast cell lines, showing that
these cells release an infectious viral progeny (24). Here, we
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describe the molecular characterization of the viral DNA persist-
ing as an episome in these human cells. In addition, we further
assess that even though the MRC5-SV2 fibroblasts have been cul-
tured for over 2 decades as immortal cell lines, they support a
complete SV40 replicative cycle and release an infectious wild-
type viral progeny.

MATERIALS AND METHODS

Cell Lines and Cell Culture
MRC5-SV2 cells are derived from fetal lung fibroblast strain
MRC-5 by infection with SV40 strain VA45-54-2 (20,24). CV-1 cells
are monkey kidney cells fully permissive to SV40 infection. Cell
cultures were maintained in Dulbecco’s modified Eagle’s
medium–F12 (DMEM) supplemented with 10% fetal calf serum.

For infections, viral inoculum was diluted in sterile phos-
phate-buffered saline (PBS). Incubations with mild shaking were
carried out for 2 h at room temperature, in 6 wells plates, in a final
volume of 0.5 mL. The viral inoculum was then removed, and
cells, after rinsing them with phosphate-buffered saline, were cul-
tured in Dulbecco’s modified Eagle’s medium–F12 supplemented
with 1% fetal calf serum.

Viral DNA and RNA Extractions
Viral DNA was extracted from SV40-infected cell culture
medium. One hundred microliters of infected cell culture
medium was incubated 1 h at 37 °C with 5 µg DNAse I and 10 µg
of RNAse A to remove contaminant cellular nucleic acids. Sam-
ple proteins were lysed by adding 25 µL of 5% sodium dodecyl
sulfate (SDS), 50 mM EDTA, pH 7.5, at room temperature for 10
min. Viral DNA was extracted twice with phenol/chloroform
mixture and then ethanol precipitated. Pellet DNA was resus-
pended in 20 µL of Tris 10mM, EDTA 1mM.

Total cytoplasmic RNA was extracted using the commercial
kit RNeasy mini (Qiagen, Milano, Italy) following the manufac-
turer’s instruction.

Polymerase Chain Reaction (PCR) and Reverse-transcriptase
Polymerase Chain Reaction (RT-PCR) analysis
PCR amplifications were carried out with 30 ng viral DNA or 100 ng
cellular genomic DNA with SV40 specific primer sets (25,26).

For reverse transcription (RT), 5 µg RNA was resuspended in
100 mL of a buffer containing 40 mM Tris-HCl, pH 7.5, 10 mM
NaCl, 6 mM MgCl2. Contaminant DNA was removed by 2
repeated treatments with RNase-free DNase (50 U) (Roche Diag-
nostic, Monza, Italy) at 37 °C for 20 min, followed by phenol
extraction and ethanol precipitation. The RT reaction was carried
out with the SuperScrip III Reverse Transcriptase from Invitrogen
(Invitrogen, Milano, Italy) as indicated by the supplier. The cDNA
obtained was then amplified by PCR with primers specific for the
VP1 and the Tag sequences (26).

Western Blot Analysis
Proteins from 105 normal or SV40-infected cells were separated by
10% polyacrylamide gel electrophoresis (PAGE) and transferred
to a nitrocellulose filter. Five micrograms of 45 kDa albumin was

used as molecular weight marker. SV40-VP1 was detected using a
goat anti-SV40 serum and anti-goat immunoglobulin G coupled
to peroxidase. The membrane was incubated for 1 h with primary
antibody, diluted 1:1000 in blocking buffer, and again for 1 h with
secondary antibody used at dilution of 1:5000 in blocking buffer.
Immunocomplex was detected by the Enhanced Chemilumines-
cence (ECL) protocol (Amersham, Milano, Italy) following the
manufacturer’s instructions.

Antibodies and Immunofluorescence Labeling
Cells were grown in 12 mm coverslip glass. CV-1 cells were
infected as described above and stained for immunofluores-
cence 24 h post infection (p.i.) The preparation of mouse pAb 101
anti-Tag antibody (DBA, Milano, Italy), fluorescein-conjugated
anti-mouse, goat anti-SV40 antiserum, and fluorescein-conjugated
anti-goat, as well as the condition for immunofluorescence
microscopy, have been previously described (27,28). Cells were
counterstained with 0.5 µg/mL of 4′, 6-diamino-2-phenylindole
(Sigma, Milano, Italy).

RESULTS

Molecular Characterization of SV40 Episome DNA
A detailed molecular characterization was performed on MRC5-
SV2 cell line (20,24) for which the sequence of the transforming
SV40 strain (VA45-54-2) is available (GenBank nr AF156105).

SV40 DNA isolated from the culture medium of immortalized
fibroblasts, hereafter indicated as 45-54-2MRC5, was fully character-
ized by PCR and DNA sequencing as previously described (25)(24)
(data not shown). These analyses were carried out to verify the viral
DNA and to assess that laboratory contaminations with other SV40
strains did not occur. The amplification pattern of different SV40
DNA regions present in immortalized fibroblasts is indistinguish-
able from that of the input SV40 strain, indicating that no deletions
or rearrangements occurred during the long-term cultures. To assess
the specificity of these data, PCR products of marker DNA regions
(Figure 1A), which are known to differ in distinct SV40 strains were
sequenced. DNA sequence identity detected in the recovered viral
DNA and the parental virus strain further confirmed the lack of
SV40 DNA rearrangements, mutations, or deletions. Altogether
these experiments established that the episomal viral DNA present
in the immortalized cell line MRC5-SV2 belongs to the SV40 VA45-
54-2 strain used as input virus.

SV40 DNA from Immortalized Human Fibroblasts Is 
Biologically Active
Once we assessed the presence of wild-type episomal SV40 DNA
in human immortalized fibroblasts, we then verified whether the
virus was able to multiply in human cells. Tag and VP1 tran-
scripts, representative of early and late viral genes, were tested by
RT-PCR (Figures 1B and 1C). A single RT reaction was performed
on total cytoplasmic RNA, DNA-free, from MRC5-SV2 cells. Tag
and VP1 specific transcripts were investigated on the same cDNA
sample. To confirm the absence of contaminant DNA, a primer
pair located upstream and downstream the Tag intron, was used
for the PCR amplification of the viral oncoprotein coding
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sequences, as previously described (26). Indeed, on the c-DNA
sample, these primers generated a fragment of only 229 bp, while
the viral genomic amplification product of 575 bp was absent (see
Figure 1B). These data confirmed that RNA contamination with
viral and cellular genomic DNA did not occur.

Expression of the structural protein VP1 was tested on the
same cDNA using the primer pair, which amplifies 409 bp of the

VP1 coding sequence on both genomic viral DNA and cDNA (25).
Because the genomic DNA was not present in the cDNA sample,
we may infer the amplification product obtained for the VP1
sequence reflects the presence of mRNA specific of this late viral
gene (see Figure 1C).

To verify whether the late mRNAs were also translated, the
VP1 protein was analyzed by Western blotting. Using a goat anti-
SV40 serum on total protein extracts of MRC5-SV2 and CV-1 cells
24 h post-infection, the 45 kDa band corresponding to the VP1
monomer was identified both in the infected cells and immortal-
ized human fibroblasts, while it was absent in MRC5 normal
fibroblasts used as control (see Figure 1D). These results support
the evidence that a viral complete replicative cycle occurs in the
immortalized fibroblasts, suggesting the release of a SV40 infec-
tious viral progeny in the culture medium.

SV40 Persistent Infection in Immortalized Human
Fibroblasts
We previously demonstrated, by transfection and co-culturing
experiments with permissive CV-1 cells, that 45-54-2MRC5 was
biologically active (24). Herein, the viral titer was determined by
endpoint dilution assay in CV-1 permissive cells. Culture
medium of human immortalized fibroblasts or CV-1 cells
infected with 45-54-2MRC5 were employed. To avoid any possible
interference by cellular debris, the experiments were carried out
after filtering the culture medium through 45 nm filters. The viral
progeny released by the human cells (45-54-2MRC5) gave a titer of
103 plaque-forming units (pfu)/mL, whereas a higher titer, 106

pfu/mL, was obtained from CV-1 cells infected by the same SV40
strain (45-54-2CV-1) (Table 1). It is worth noting that the latency
period, before the appearance of the cell lysis, was significantly
higher in SV40 infections performed at the same multiplicity of
infection (MOI) with 45-54-2MRC5 compared with 45-54-2CV-1. For
example, at MOI of 10, SV40 45-54-2MRC5 induces cell lysis in
additional 10 d compared with SV40 45-54-2CV-1.The same infec-
tion assay was employed in human normal fibroblasts, obtaining
a perfect match with the results observed in CV-1 cells. Once
assessed that SV40-immortalized fibroblasts release viral proge-
nies, which were infectious for both monkey and human cells, we
investigated how MRC5-SV2 cells can be maintained in culture as
immortal cell line without lysis. One possible explanation is that
the virus lytic cycle takes place only in a fraction of the human

Figure 1. Complete molecular characterization of the SV40 particles
present in the MRC5-SV2 immortalized human fibroblast cell line, from
the DNA to the protein level. A: PCR amplification with RA1 and RA2
primers (Lednicky and Butel 2001[40]) of the SV40 regulatory region. 45-
54-2 viral DNA was extracted from the culture medium of MRC5-SV2 cells
as described in Materials and Methods. The DNA of SV40 strain 776, used
as control, shows a single PCR product of 314 bp (arrow), as expected.
In SV40 strain 45-54-2 the RA1 primer anneals on 2 repeated sequences,
with the consequent amplification of 2 fragments, one of 335 bp and
the other of 242 bp (arrows). R–, control of the PCR without DNA tem-
plate; M, 100 base-pair ladder (Amersham, Milano, Italy) as marker. B, C:
RT-PCR experiments on cDNA from MRC5-SV2 cells. A single reverse tran-
scription reaction was performed on MRC5-SV2 total cytoplasmic RNA
extracted from 106 cells using the Rneasy kit (Qiagen, Milano, Italy).
Genomic DNA extracted from MRC5-SV2 cells was amplified for com-
parison. SV40 DNA, strain 776, was employed as positive control, where-
as normal human DNA was used as negative control. R–, control of the
PCR without DNA template; M, molecular weight marker VI (Roche
Diagnostics, Monza, MI, Italy). B: Amplification carried out using a primer
pair located upstream and downstream the Tag intron, which generates
an amplimer of 229 bp on the cDNA and one of 575 on the genomic
DNA (arrows) (26). C: Amplification of 409 bp within the VP1 sequence
obtained with the primer pair VPA-VPB (Martini et al., 2002 (26)). (D)
Western blot analysis carried out on total protein extracts from 105 cells
separated on a 10% sodium dodecyl sulfate–polyacrylamide gel elec-
trophoresis. A goat anti-SV40 serum was used for primary incubation, fol-
lowed by an anti-goat IgG coupled to peroxidase for detection. Protein
extract form CV-1 cells harvested 24 h after SV40 infection, was used as
positive control, whereas protein extract from normal human MRC5
fibroblasts was the negative control.

Table 1. Viral titers showed by SV40 VA45-54-2 strain released by
immortalized human fibroblast (45-54-2MRC5) and infected CV-1 cells
(45-54-2CV-1)

Viral stock Titera

Crudeb 45-54-2MRC5 103 pfu/mL

Filteredc 45-54-2MRC5 103 pfu/mL

Crudeb 45-54-2CV-1 106 pfu/mL

aViral titers were determined in CV-1 permissive cell monolayers (105 cells/monolayer)
by the endpoint dilution technique. Cells were observed for lysis to occur from day
4 p.i. to day 24 p.i. Matching results were obtained infecting normal human fibro-
blasts with the same viral stocks employed in CV-1 cells.
bCrude indicates the medium of infected cells without any treatment.
cFiltered indicates the medium of infected cells processed though 45-nm filters.
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cells. To verify this hypothesis, we tested by immunostaining the
presence of Tag and VP1 in MRC5-SV2 cells (Figure 2). In this
instance, every cell was Tag-positive, but 82.6% of the cells dis-
played a diffuse cytoplasmic staining (see Figure 2B) instead of
the well-established nuclear staining present in permissive cells
(see Figure 2A). VP1 protein was detectable only in 77% of human
cells, being the specific staining mainly diffuse in the cytoplasm
(see Figure 2D). In permissive monkey cells the VP1 was detected,
as expected, at nuclear and perinuclear levels (see Figure 2C).

DISCUSSION

It is well known that SV40 was administered to human popula-
tion through contaminated vaccines (3,29). The possibility of a
human-to-human transmission was taken into consideration only

recently (2,30). Indeed, if SV40 is able to multiply in human cells,
maintaining its original biological activity, the SV40 spreading in
humans can be more than a hypothesis. This possibility is sug-
gested by recent studies reporting SV40 footprints in human
tumors and normal tissues (2,9,10). Moreover, in a recent report
(1), the authors proposed that direct exposure to SV40 lead to
development of a brain tumor in a laboratory researcher. Further-
more, complete SV40 genomes have been cloned from a long-
term SV40-immortalized human fibroblast cell line (GM00637)
(23), which is widely employed in many laboratories.

Our study indicates that SV40 can establish a persistent infec-
tion in human fibroblasts lasting after the “crisis” stage. Indeed,
we show that the SV40 genome characterized in MRC5-SV2
immortalized cells is wild-type and indistinguishable from the
input virus. Furthermore, these cells release an infectious viral
progeny able to infect with the same efficiency both monkey and
human cells. The appearance of cytopathic effect induced by the
viruses recovered from the human immortalized cells is slower
than that induced by the same virus released by permissive CV1
cells. At present, it is not clear why SV40 viruses 45-54-2MRC5 and
45-54-2CV-1 behave differently during cell infection. Probably,
some properties of the SV40 virions may depend on cellular fac-
tors rather than on specific SV40 mutations. In SV40-immortalized
human cells Tag and VP1 were detected mainly in the cytoplasm,
suggesting specific interactions with host proteins present in this
compartment (31–35). On the other hand, it is well established
that SV40 virion morphology is strictly dependent on nuclear host
proteins (36,37), and it has been shown that 45-54-2MRC5 virions dis-
play an altered morphology in comparison to wild type 45-54-2CV-1
(24). Further investigations are needed to elucidate the reciprocal
influence of viral and cellular proteins during post-translation
process and probably in viral particles assembly. Our data on VP1
coding sequences and Western blot analysis in human fibroblasts
indicate that this viral protein is wild-type. Thus, it is reasonable
to infer that these cells could influence viral capsid proteins at the
post-translation level. Indeed, it has been demonstrated that heat
shock cognate protein 70 (hsc70) binds to VP1 immediately after
translation (38), and very likely, it plays an active role during
virus assembly, inhibiting premature assembly in the cytosol (39).

It is worth noting that MRC5-SV2 cells were reported to be
virus producers before the “crisis” stage, but then they lost the abil-
ity to shed virus after the immortalization occurred (>100 popula-
tion doublings in culture) (20). It is therefore possible that before
the “crisis” stage SV40 induces in human fibroblasts an “acute”
infection, which is somehow controlled by those cells overtaking
crisis, in a sort of latency period. During this stage, immortalized
human fibroblasts do not produce a viral progeny, but they allow
the replication of the episomal SV40 DNA. Subsequently, in a frac-
tion of the cell population, a complete replicative SV40 cycle occurs,
thus establishing a persistent infection with virus production.

This scenario suggests to interpret with caution the data on
the biological characterization of SV40-immortalized human
fibroblasts. Indeed, the possibility of a SV40 persistent infection in
human fibroblasts represents a new element to take into consid-
eration in evaluating the biological activity of this viral agent in
the human host.

Figure 2. Cellular localization of viral Tag and VP1 proteins in SV40-infected
CV-1 cells (A, C) and in human SV40-immortalized fibroblasts MRC5-SV2 (B,
D). Fixed cells were incubated with the Tag specific monoclonal antibody
pAb101 (DBA Italia, Segrate, Italy) (A, B,) to localize the Tag, or with goat
anti-SV40 serum (C, D) to localize the VP1. An adequate secondary anti-
body conjugated with fluorescein isothiocyanate (FITC) was used to reveal
the signals (left column). Nuclei were visualized with 4′, 6-diamino-2-
phenylindole (0.5 mg/mL) (Sigma, Milano, Italy) (right column). Left and
right panels represent the same field analyzed for the 2 different dyes.
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The different aspects of the SV40 behavior indicate that labo-
ratory investigators are exposed to SV40 infection not only during
specific procedures involving virus spread, such as sonication, but
also during routine laboratory techniques, as cell trypsinization
and centrifugations. Altogether these data suggest one should
handle SV40 with additional care, indicating in the biohazard lab-
oratory the appropriate containment for this oncogenic virus.
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