Presence of simian virus 40 DNA sequences in human lymphomas 
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Simian virus 40 (SV40)--a potent oncogenic virus--has been associated previously with some types of human tumours, but not with lymphomas. We examined human tumours for the presence of specific SV40 DNA sequences by PCR and Southern blotting. Viral sequences were present in 29 (43%) of 68 non-Hodgkin lymphomas, and in three (9%) of 31 of Hodgkin's lymphomas. Viral sequences were detected at low frequencies (about 5%) in 235 epithelial tumours of adult and paediatric origin, and were absent in 40 control tissues. Our data suggest that SV40 might be a cofactor in the pathogenesis of non-Hodgkin lymphomas. 
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Polyomaviruses are DNA viruses whose genomes encode tumour antigens. Tumour (T) antigens are multifunctional proteins that are essential for transformation by binding to and inactivation of specific host-cell proteins.1 Three polyomaviruses are associated with human infection and disease. The widely distributed JC and BK viruses are of human origin, but of low oncogenic potential; however, simian virus 40 (SV40) is a potent oncogenic virus and seems to have spread to human beings via contamination of poliovirus stocks between 1955 and 1963 as well as by other means.1 
Inoculation of SV40 into hamsters results in four main types of tumours including B-cell lymphomas, mesotheliomas, and brain and bone tumours.2 Several reports have documented the association of SV40 and human tumours, especially mesotheliomas and brain and bone tumours.3 However, relatively small studies have failed to document the association of SV40 and human non-Hodgkin lymphomas. For these reasons, we tested for the presence of specific SV40 T antigen sequences in non-Hodgkin lymphomas and other human tumours. 
We gathered specimens after obtaining permission from the institutional review board. Tumours and control tissues are listed in the table. Most specimens were obtained from residents of north Texas, USA. Demographic information was available for 62 of the non-Hodgkin lymphoma cases. Their mean age was 56 years (SD 15·1, range 23-89), and there were about equal numbers of men (n=33) and women (n=29). Of the 28 Hodgkin's lymphoma patients from whom information was available, the mean age was 49 years (16·8, 28-84 ), and there were 15 men and 13 women. The non-malignant tissues consisted of 14 blood samples from healthy donors, 14 hyperplastic lymphoid tissues (12 tonsils and two thymus glands) from patients without cancer, and 12 organs (11 kidneys and one liver) from patients with cancer. Most tissues were frozen samples stored at -70º until used, and the remainder were archival paraffin-embedded tissues. 


Number positive/number tested
Percentage (95% CI)
Non-Hodgkin lymphomas
All
29/68
43% (31-55)
Diffuse large (B cell)
15/31
48% (30-67)
Follicular (B cell)
5/16
31% (11-59)
Mantle cell (B cell)
4/8
50% (16-84)
Burkitt's (B cell)
2/2
100% (16-100)
Large cell anaplastic (T cell)
3/11
27% (6-61)
Hodgkin's lymphoma
3/31
9% (2-26)
Paediatric tumours
All
8/155
5% (2-10)
Wilms' tumour
1/31
3%
Neuroblastoma
0/27
0%
Hepatoblastoma
2/27
7%
Rhabdomyosarcoma
1/18
6%
Medulloblastoma
1/16
6%
Osteosarcoma
2/11
18%
Ewing's sarcoma
0/8
0%
Retinoblastoma
1/17
6%
Adult carcinomas
All
5/80
6% (2-14)
Lung carcinomas
1/20
5%
Breast carcinomas
2/20
10%
Colon carcinomas
1/20
5%
Prostate carcinomas
1/20
5%
Controls


All
0/40
0% (0-9)
Blood
0/12
0%
Lymphoid tissues
0/14
0%
Other non-malignant tissues
0/14
0%
HIV-1 status of non-Hodgkin lymphoma cases
Positive
6/13
46% (19-75)
Negative
10/20
50% (27-73)
Indeterminate
14/35
40% (24-58)
Presence of SV40 T antigen sequences in lymphomas, other human tumours, and control tissues

DNA was extracted and analysed for the presence of SV40 T antigen sequences3-5 with either two sets (for paraffin tissues) or three sets (for frozen tissues) of primers that amplified overlapping regions of the gene encoding the large T antigen of SV40. About 100 ng DNA in a total volume of 10 µL were used for each PCR reaction, which comprised 45 cycles of denaturation. To confirm the SV40 specificity of the PCR products, Southern blotting5 and DNA sequencing were done on the resultant amplicons. Extensive precautions were taken to prevent artefactual contamination, and positive results were independently confirmed. Statistical differences between groups were examined with Fisher's exact test. To obtain exact binomial 95% CIs for the differences between two proportions, we drew 5000 bootstrap samples from each group. The CIs were calculated with the lowest and highest 2·5% of the differences between the two groups among 5000 bootstrap samples. 
As summarised in the table, 43% of the non-Hodgkin lymphomas were positive for T antigen sequences. The HIV-1 status of some of the patients with non-Hodgkin lymphoma was known, and the SV40 sequence detection rates were similar among patients positive, negative, or indeterminate for HIV-1. In all cases, the results from the three sets of primers were completely concordant (figure). Southern blotting (figure) and sequencing confirmed that the amplicons contained DNA sequences specific for SV40, and excluded the presence of JC or BK viral sequences. By contrast with the non-Hodgkin lymphoma cases, only 9% of the Hodgkin's lymphoma cases were positive for SV40 sequences (table). However, because all of the Hodgkin's disease cases were paraffin embedded, we compared this 9% with the proportion of paraffin-embedded non-Hodgkin lymphoma cases positive for SV40 (10 of 26 [38%]; difference 29% [95% CI 7-50], p=0·013). SV40 sequences were present in three of eight non-Hodgkin lymphomas cases and in one of 10 Hodgkin's disease cases born after 1963, the last known year in which SV40 contamination of poliovirus stocks occurred. All 40 non-malignant tissues were negative for SV40 sequences (table). Of the solid tumours, 5% of the paediatric cases and 6% of the adult carcinomas were positive. Control tissues including some of the sites of latent polyomavirus infections (blood, lymphoid tissues, and kidney) were negative for viral sequences (table). 
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PCR-Southern blot screening of lymphomas for presence of SV40 T antigen sequences 
Results of 12 B-cell lymphomas are illustrated. Samples 1-5 are diffuse large-cell lymphomas, samples 6-9 are follicular lymphomas, and samples 10-12 are mantle-cell lymphomas. Upper half of panels illustrates amplicons generated with the following primers: (A) SV T-agP1 (forward) and SV T-agP2 (reverse); (B) SV T-agP1 (forward) and SV T-agP3 (reverse); (C) SVfor2 (forward) and SVrev (reverse). Lower half of panels illustrates Southern blotting of corresponding amplicons illustrated in upper panels. + indicates positive control (mesothelioma DNA previously confirmed for SV40 T antigen sequences); - indicates negative control (no template DNA). 
The requirement for 45 cycles of PCR for reproducible detection suggests that the virus was present in low copy number in non-Hodgkin lymphomas. Earlier smaller studies failed to find an association between SV40 and human lymphoma.3 Possible reasons include geographical differences in the prevalence of the virus resulting from the uneven distribution of SV40 contaminated poliovirus stocks,1 and technical difficulties in detecting low copy number viral sequences.3 The spectra of human and hamster tumours associated with SV40 virus are identical. The finding of SV40 viral "footprints" in a large subset of non-Hodgkin lymphomas suggests that the virus may function as a cofactor in the pathogenesis of this important human tumour. 
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