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A novel window opened: EBV-driven enhancer-promoter loops in
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Epstein-Barr virus (EBV) is one of the human herpesvirus,
which infects more than 90% of the global population (1).
EBV infection causes the disorder of the immune system
and has an essential role in the development of cancers (2).
EBV mainly infects CD21 receptor-positive B lymphocytes
in vivo (3). Thus, EBV is considered as a B lymphotropic
virus (4). In primary EBV infection, EBV resides as a slow-
cycling phenotype in the long-lived memory B lymphocytes
of infected individuals and cannot cause major diseases
because of the long-term latent capability (5). Besides,
EBV is also able to transform B cells into continuously
proliferating lymphoblastoid cell lines (LCLs) in vitro (6).
However, the underlying mechanisms responsible for
the relationships between EBV and B lymphocytes not
completely understood.

In the cellular nucleus, diverse activity of transcription-
factor-bound enhancers makes the dynamic and restricted
control of transcriptional network (7). In 2013, a study
revealed that transcription factors form with large enhancer
domains in some genomic sites (also known as super-
enhancers) initiating genes that are important for the
pluripotent state in embryonic stem cells (8). The super-
enhancer was composed of multiple regions in the genome
and highly levels of binding transcription factors. It could
loop to target genes and activating transcription (9). Recent
studies have suggested that the large transcription complexes
regulate a series of biological functions like cell proliferation,
mutation and drug sensitivity in cancers (8-10).
A recent study has demonstrated that the convergent
actions of EBV transcription factors, NF-kB subunits and
other host cofactors lead to the formation of EBV super-
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enhancers, which mediates the host oncogene expression
in lymphoblastoid cells (11). Moreover, enhancer RNAs
were activated by EBNA2, which have been verified as a
component of EBV super-enhancers, which also plays a
critical role in lymphoblastoid cell growth and survival (12).
Above all, these evidences suggested that the viral proteins
were strongly associated with host cells immortalization.
However, the mechanisms responsible for the virus
infection in activating host cells via the enhancer-promoter
loops are still unclear.

In a recently published study, Jiang et a/. (13) have
established a 3D chromatin map of the EBV-infected
LCLs. Using the RNAPII ChIA-PET technique and
related data analysis, the authors identified about thirty
percent of genes associated with proliferation in LCLs
were linked to viral enhancers. Jiang and his colleagues
focused on the direct target genes of EBV subsequently
and verified the consequences. They showed that MYC-
EBV super-enhancers were essential for MYC expression
and cell growth by deleting the MYC locus using CRISPR/
Cas9 technique. The authors also confirmed that EBV
transcription factors EBNA3A/3C altered CDKN2A/B
spatial organization to suppress senescence, and that EZH?2
inhibition reduced the looping at the CDKN2A/B loci and
decreased LCLs growth. These findings provide a deep
insight of the spatial organization during the transformation
of B lymphocytes by EBV.

In summary, Jiang er 4/. have established EBV-related
regulome in LCLs and demonstrated that hundreds of
genomic sites are linked to EBV enhancers that are crucial
for LCLs growth and survival (Figure I). Besides, this
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Figure 1 Schematic of EBV-related super-enhancer on expression of a target gene. On EBV infection, with the involvement of viral and

host transcription factors (TFs) binding to host super-enhancers (SEs), the transcriptional complex strongly increases the transcriptional

activity of the target gene, which may be an oncogene that impacts cancer progression. EBV, Epstein-Barr virus.

study provided powerful evidence to support that virus
had able to selectively target host genes which essential
for their achievement of latent infection. Life activity in
the cell is accurately regulated. Traditional basic biology
research is based on linear (one- or two-dimensional)
studies such as PCR or WB. Following the Bioinformatics,
the combination of traditional methods and sequencing
technology has led the laboratory research into the high-
throughput, electronic data-based research. In recent years,
being the beneficiary of advances in ChIP-seq technologies,
an increasing number of super-enhancers will be discovered
and analyzed. It brings our studies on life science into
a three-dimensional research level. These underlying
mechanisms of EBV enhancer-promoter loop will be crucial
for antiviral drugs. However, because of the complexity of
viral infection, it still has a long way to be done in order
to solve this problem and accordingly to convert scientific
research into clinical application. Therefore, achieving
a greater understanding in virus-host interactions is
fundamental. With all efforts, targeted therapy may become
a promising therapeutic strategy for treating EBV associated
disease in the near future.
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