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Burkitt Lymphoma (BL) is the most common type of non-Hodgkin lymphoma (NHL) in children and 
a subset of these pediatric BL is associated with Epstein-Barr Virus (EBV) infection [1]. Following 
infection of B cells, EBV can establish different latency programs by expressing varying degrees of 
viral genes. The latency III program is defined by expression of most viral genes, many of which 
support cell survival [2]. While some of these viral genes have been associated with EBV-mediated 
oncogenesis, host factors have also been implicated [3]. Human endogenous retroviruses (HERVs) 
contribute up to 8% of the human genome and their expression is tightly controlled in healthy tissue. 
However, previous research has shown that the expression of these retroviral sequences is 
dysregulated after exogenous viral infection, including EBV, and in various malignancies [4,5]. 
Members of the HERVK(HML2) family have been shown to encode two oncogenes: Rec and Np9 
[6,7]. To determine whether EBV latency III program induces expression of Np9-encoding 
HERVK(HML2) transcripts, we performed RNA-seq on matched Latency I/Latency III pairs from two 
different BL cell lines, Mutu and Kem. We utilized a bioinformatic tool, Telescope, to analyze 
differential expression of locus-specific retroelements between latency programs [8]. We show that 
Mutu cell lines expressing Latency III viral genes upregulated the expression of 3 HERVK(HML2) 
loci and downregulated 3 loci. Similarly, Kem cell lines in Latency III upregulated 3 loci and 
downregulated 7 loci. Although none of the Latency III upregulated HERVK(HML2) transcripts were 
shared between cell lines, each induced upregulation of HERVK(HML2) loci with coding potential for 
the Np9 oncogene. These results demonstrate that Latency III EBV gene expression may promote 
the expression of HERVK(HML2) loci encoding the Np9 oncogene. This finding may serve as a novel 
target for the treatment of EBV+ lymphoma. 
 
 

1. Frazer, J. K., Li, K. J., Galardy, P. J., Perkins, S. L., Auperin, A., Anderson, J. R., Pinkerton, R., 

Buxton, A., Gross, T. G., Michon, J., Leverger, G., Weinstein, H. J., Harrison, L., Shiramizu, B., 

Barth, M. J., Goldman, S. C., Patte, C., & Cairo, M. S. (2019). Excellent outcomes in children and 

adolescents with CNS+ Burkitt lymphoma or other mature B-NHL using only intrathecal and systemic 

chemoimmunotherapy: results from FAB/LMB96 and COG ANHL01P1. British Journal of 

Haematology, 185(2), 374–377. https://doi.org/10.1111/bjh.15520 

2. Price AM, Luftig MA (2015) To Be or Not IIb: A Multi-Step Process for Epstein-Barr Virus Latency 

Establishment and Consequences for B Cell Tumorigenesis. PLOS Pathogens 11(3): 

e1004656. https://doi.org/10.1371/journal.ppat.1004656 

3. Ok CY, Li L, Xu-Monette ZY, Visco C, Tzankov A, Manyam GC, et al. Prevalence and clinical 
implications of epstein-barr virus infection in de novo diffuse large B-cell lymphoma in Western 
countries. Clin Cancer Res. (2014) 20:2338–49. doi: 10.1158/1078-0432.CCR-13-3157 

4. Sutkowski, N., Chen, G., Calderon, G., & Huber, B. T. (2004). Epstein-Barr virus latent membrane 
protein LMP-2A is sufficient for transactivation of the human endogenous retrovirus HERV-K18 
superantigen. Journal of virology, 78(14), 7852–7860. https://doi.org/10.1128/JVI.78.14.7852-
7860.2004 



XXX Y000 

 
5. Schmitt, K., Heyne, K., Roemer, K., Meese, E., & Mayer, J. (2015). HERV-K(HML-2) rec and np9 

transcripts not restricted to disease but present in many normal human tissues. Mobile DNA, 6, 4. 
https://doi.org/10.1186/s13100-015-0035-7 

6. Chen, T., Meng, Z., Gan, Y. et al. The viral oncogene Np9 acts as a critical molecular switch for co-
activating β-catenin, ERK, Akt and Notch1 and promoting the growth of human leukemia 
stem/progenitor cells. Leukemia 27, 1469–1478 (2013). https://doi.org/10.1038/leu.2013.8 

7. Gross, H., Barth, S., Pfuhl, T., Willnecker, V., Spurk, A., Gurtsevitch, V., Sauter, M., Hu, B., 

Noessner, E., Mueller-Lantzsch, N., Kremmer, E. and Grässer, F.A. (2011), The NP9 protein 

encoded by the human endogenous retrovirus HERV-K(HML-2) negatively regulates gene activation 

of the Epstein-Barr virus nuclear antigen 2 (EBNA2). Int. J. Cancer, 129: 1105-

1115. https://doi.org/10.1002/ijc.25760 

8. Bendall ML, de Mulder M, Iñiguez LP, Lecanda-Sánchez A, Pérez-Losada M, et al. 

(2019) Telescope: Characterization of the retrotranscriptome by accurate estimation of transposable 

element expression. PLOS Computational Biology 15(9): 

e1006453. https://doi.org/10.1371/journal.pcbi.1006453 


