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that a strong link exists between SV40 and the development of malignant mesothelioma,
due in large part to the demonstration of a unique susceptibility of this cell type to SV40
and the observation of in vitro transformation (Bocchetta et al, 2000). This SV40-
mediated transformation of mesothelial cells has shown to be enhanced by the presence of
asbestos, with SV40 and asbestos acting as co-carcinogens in vitro (Bocchetta et al,
2000). Indeed, the fundamental concept of tumour virology is that viruses generally act
as initiating or promoting factors of the carcinogenic process, rather than being complete
carcinogens. This is consistent with the principle that cancer development occurs not by
a single event but the accumulation of co-operating events (Javier and Butel, 2008).
Further in vitro studies with lymphocytes could lead to similar insights in evaluating

lymphocyte susceptibility and mechanism of transformation by SV40.

In lymphomas, chromosomal translocations are the most frequently recognised oncogenic
events (Martini ef al, 1998). A possibility to be considered is that SV40 may co-operate
with such alterations through T-ag ability to bind and inactivate the tumour suppressors
p53 and pRb. In the EBV association with Burkitt’s lymphoma, a consistent feature of
this lymphoma type is the c-myc chromosomal translocation, whereby the proto-oncogene
c-myc is placed under the control of the immunoglobulin loci. The outcome of this
translocation is that c-myc becomes constitutively activated in mature B cells and the c-
myc protein can accumulate (Thorley-Lawson and Allday, 2008). The c-myc gene
product is a DNA-binding nuclear phosphoprotein involved in the control of cell growth
and proliferation (Vilchez and Butel, 2003a). The net effect of c-myc activation is cell
growth, uncontrolled proliferation and decreased genomic stability (Thorley-Lawson and
Allday, 2008). In normal cells, the potent proliferative activity of c-myc is controlled by,

among others, the action of the tumour suppressor protein p33, often referred to as the
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‘guardian of the genome’. In the event of DNA damage or uncontrolled proliferation, p53
acts by halting the cell cycle for DNA repair or by directing the damaged cell for
apoptosis. For lymphoma outgrowth, at least one of the apoptotic pathways must be
suppressed (Thorley-Lawson and Allday, 2008). Inactivation of any one of several c-myc
effectors, including p53, can allow cell proliferation and initiate lymphomagenesis. It is
speculated that EBV may be involved in Burkitt’s lymphoma development through the
expression of anti-apoptotic proteins, contributing to increased tumourigenicity (Thorley-
Lawson and Allday, 2008). As translocations involving c-myc are common in
lymphomas, similar co-carcinogenic mechanisms could be at play in SV40-mediated
lymphomagenesis. Data have indicated that, similar to EBV and Burkitt’s lymphoma, c-
myc over-expression may facilitate the replication of SV40 in human lymphoma cell
lines, with the demonstration that co-transfection of BJAB cells with a ¢-myc construct
increases SV40 replication ten-fold (Classon et al, 1987; Classon ef al, 1990). The
combined effect of c-myc-induced proliferation with the removal of the p53 tumour
suppressor checkpoint following SV40 T-ag binding may thus result in uncontrolled cell

growth and subsequent lymphoma development.

It is notable that the tumour suppressor proteins p53 and pRb are commonly lost or
mutated in human tumours. The major mechanism of SV40 cell transformation in
binding of T-ag to tumour suppressors is compatible with a role for SV40 in
lymphomagenesis because the funtional inactivation of genes that monitor genome
integrity is a trait of lymphomas (Vilchez and Butel, 20034). In particular, it has been
shown that patients with diffuse large B cell lymphoma as well as follicular lymphomas,
the two types of NHL in which SV40 is most frequently found, often have detectable p53

alterations. SV40 is not alone in targeting p53 and pRb. Several DNA viruses encode
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unique oncoproteins that target pRb and p53, emphasising the central power these two
proteins exert over cell cycle control. SV40 T-ag is the only viral oncoprotein with the
ability to interact with both p53 and pRb family members, underlining its potency and
power as a multifunctional transforming protein. Complex-formation of p53 and pRb
with T-ag has been observed in SV40-positive brain tumours and mesotheliomas.
Similarly, the co-incident detection of SV40 T-ag and p53 alterations in lymphoma would
be informative (Malkin, 2002). Evidence of these interactions, both in SV40 immune
evasion and alteration of tumour suppressors in lymphoma, could be significant in
unlocking the complex causation of this group of diseases and pursuing possible novel
treatment options, with the prospect of T-ag expression by malignant cells being

exploited for immunotherapy (Carbone et al, 1997).

The current body of evidence is inadequate to accept or reject a causal relation between
SV40 and cancer. In 2002 the Institute of Medicine outlined that whilst the body of
evidence that SV40 exposure could lead to cancer in humans under natural conditions is
of moderate strength, the evidence that SV40 is indeed a transforming virus is strong
(Stratton et al, 2002). The finding of such a potent transforming virus in human tumours
is highly unlikely to be present merely by chance, without some act or part to play in the
cancer process. This study supports and adds to the theory that SV40 is involved in
cancer development, in particular in human lymphomas. The results of this study
demonstrated expression of of the viral oncoprotein T-ag and maintenance and possible
replication of SV40 DNA in B cells. In addition, cell proliferation and activation was
noted in B cells infected with wild-type viruses. The kinetics of these events were also
coincident with the downregulation of the co-stimulation molecule CD80 following

infection with a mutant strain. Collectively, these results indicate that human B cell may
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be a susceptible to a semi-permissive or latent type of infection cycle by SV40. The T
cell line CEM did not show any evidence of SV40 infection in that results were similar
for mock and infected samples in each assay. The B-lymphocyte cell lines BJAB and
DG?75 and the T-lymphocyte cell line, CEM, express similar levels of the SV40 receptor
MHC class I, indicating differences between these cell types are at a post-binding and
entry step. Future work using additional T cell lines or primary human T cells might

reveal a tropism for SV40 to specific lymphocyte subsets.

These data support the possibility that SV40 can establish low-level persistent infection in
some types of human lymphocytes, and therefore contribute to human disease, both in the
development of B cell lymphomas and in transport of the virus to other organs in the
body. In the near future, studies employing an approach with similar experimental design
and sensitive detection methods in investigation of SV40 interaction with primary human

lymphocytes may provide valuable insights into SV40 lymphomagenesis in humans.
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Appendix I: CD69 expression on SV40-infected BJAB cell

line
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AL1: CD69 expression on SV40-infected BJAB cell line at 4 d.p.i. Flow cytometric analysis of CD69 expression on BJAB cells at 4 days post infection (d.p.i.)
showing (a) overlayed histograms of (b) uninfected mock and cells infected with (c) SV40 776-1E, (d) SV40 776-2E and (e) SV40 776-2E-SM.
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AL2: CD69 expression on SV40-infected BJAB cell line at 6 d.p.i. Flow cytometric analysis of CD69 expression on BJAB cell line at 6 days post infection (d.p.i.)

>

showing (a) overlayed histograms of (b) uninfected mock and cells infected with (c) SV40 776-1E, (d) SV40 776-2E and (e) SV40 776-2E-SM.
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AL3: CD69 expression on SV40-infected BJAB cell line at 8 d.p.i. Flow cytometric analysis of CD69 expression on BJAB cell line at 8 days post infection (d.p.i.)
showing (a) overlayed histograms of (b) uninfected mock and cells infected with (c) SV40 776-1E, (d) SV40 776-2E and () SV40 776-2E-SM.
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AL4: CD69 expression on SV40-infected BJAB cell line at 10 d.p.i. Flow cytometric analysis of CD69 expression on BJAB cell line at 10 days post infection
(d.p.i.) showing (a) overlayed histograms of (b) uninfected mock and cells infected with (c) SV40 776-1E, (d) SV40 776-2E and (¢) SV40 776-2E-SM.



7.0 Publications

A poster presentation of the findings of this project was presented at the Genetic
Instability and Cancer Symposium, Dan L. Duncan Cancer Center at Baylor College of

Medicine, Houston, Texas, in April 2009.
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