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Enzootic bovine leukosis (EBL), a B-cell lymphoma caused by bovine leukemia virus (BLV), is
typically observed in cattle over 3 years old. However, the incidence of EBL in young beef cattle in
Japan has been on the rise in recent years due to unknown reasons. In these studies, effects of BLV
proviral integration sites and DNA methylation of the bone morphogenetic protein-6 (BMP-6) gene
on EBL onset in beef cattle under 3 years old were investigated, with the aim of elucidating
mechanisms underlying the early onset of EBL in young beef cattle.

In order to examine mechanisms of early onset EBL in young cattle, a diagnosis of EBL needs to
be made quickly and accurately. Accordingly, in Chapter 1, the usefulness of clonality analyses for
EBL diagnosis was evaluated. First, the use of PCR to detect clonal immunoglobulin heavy chain
(IgH) gene rearrangements as a diagnostic tool for B-cell lymphoma was evaluated. The sensitivity
and specificity of PCR analysis for detecting IgH gene rearrangements in bovine B-cell lymphoma
were 74.1% and 100%, respectively, suggesting that PCR-based clonality analysis may offer a useful
and highly specific means to obtain an adjunctive diagnosis of bovine B-cell lymphoma, although its
sensitivity needs to be improved. Next, the use of inverse-PCR as a tool to diagnose EBL was
examined, revealing a sensitivity of 72.4% and specificity of 100%. Moreover, all cattle with clear
bands had B-cell lymphoma with a high BLV proviral load. These findings support the usefulness of
inverse-PCR as a method for diagnosing EBL. Finally, PCR-based clonality analyses were performed
in 3 clinical cases of BLV-positive lymphoma in cattle under 3 years old with suspected EBL. PCR
analysis for IgH gene clonality indicated monoclonal proliferation of B cells, and inverse-PCR
detected monoclonal BLV proviral integration in the genomes of all 3 cattle. Thus, a definitive
diagnosis of EBL was made in all cases. These results demonstrate that PCR-based clonality analysis
is a useful method for diagnosing EBL.

In Chapter 2, sites of BLV proviral integration in the genomes of EBL cattle under 3 years old were

analyzed and compared to those of EBL cattle over 3 years old. Comparisons of BLV proviral



integration sites were also performed between EBL beef cattle under 3 years old and EBL dairy cattle
under 3 years old. Integration of BLV proviruses near CpG islands was more frequently observed in
EBL cattle under 3 years old than in those over 3 years old. This finding suggests that BLV-infected
cells with high viral gene activity were transformed into neoplastic cells in a short period of time.
Moreover, BLV proviruses were found in long interspersed nuclear elements (LINEs), a group of
retrotransposons, at a significantly higher frequency in EBL cattle under 3 years old than in those
over 3 years old. These results suggest the possibility that the activation of LINEs by integration of
BLYV proviruses may increase chromosomal aberrations in EBL cattle under 3 years old. However, it
is unclear why the host immune system failed to elimnate the infected cells with BLV proviral
integration near CpG islands and in LINEs prior to EBL onset. Given that BLV integration sites did
not differ between young EBL beef cattle and young EBL dairy cattle, integration sites do not appear
to explain the increased incidence of EBL in young beef cattle. Nevertheless, EBL cattle under 3 years
old were shown to have different BLV proviral integration sites from those of EBL cattle over 3 years
old, suggesting that BLV proviral integration sites may be associated with the early onset of EBL.

In Chapter 3, the methylation status of the BMP-6 gene promoter region in EBL beef cattle under
3 years old was analyzed and compared with those of EBL dairy cattle and healthy cattle, based on a
hypothesis that feed management practices specific to beef cattle may cause hypermethylation of the
BMP-6 gene promoter region. In addition, the association between methylation rates of the BMP-6
gene promoter region and BMP-6 gene expression was examined. The median methylation rate of the
BMP-6 gene promoter region in EBL beef cattle under 3 years old was 8.9%, which was significantly
higher than that of EBL dairy cattle or healthy cattle. Moreover, methylation rates of the BMP-6 gene
promoter region in healthy beef cattle under 3 years old were significantly higher than those of healthy
dairy cattle under 3 years old. Furthermore, BMP-6 gene expression was inhibited in cattle with
hypermethylation of the BMP-6 gene promoter region. These results suggest that hypermethylation
of the BMP-6 gene promoter region due to feed management practices among beef cattle might be a
contributing factor for the early onset of EBL in beef cattle.

In conclusion, the results from these studies suggest that BLV proviral integration sites and
hypermethylation of the BMP-6 gene promoter region might contribute to the early onset of EBL in
young beef cattle.



