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Epstein-Barr virus (EBV) is typically found in a latent, asymptomatic state in immunocompetent individuals.

Perturbations of the host immune system can stimulate viral reactivation. Furthermore, there are a myriad of EBV-

associated illnesses including various cancers, post-transplant lymphoproliferative disease, and autoimmune

conditions. A thorough understanding of this virus, and the interplay between stress and the immune system, is

essential to establish effective treatment.

EBV  latency  reactivation  stress  vaccination

1. Introduction

Epstein-Barr virus (EBV), also known as human herpesvirus 4, is a widely prevalent pathogen that infects 90% or

more of the world population . Infection most commonly occurs following exposure to contaminated oral

secretions, although symptoms do not appear for approximately six weeks, if at all . EBV establishes lifelong

latency in infected lymphocytes following acute infection. It can reactivate under appropriate conditions, namely

those associated with diminished cell-mediated immunity .

The primary disease associated with EBV is infectious mononucleosis. This illness is most commonly seen in

adolescents and young adults and presents with fatigue, fever, pharyngitis, cervical lymphadenopathy, and

lymphocytosis . EBV has been associated with other diseases including chronic fatigue syndrome, Epstein-Barr

virus-related post-transplant lymphoproliferative disease, multiple sclerosis, encephalitis, cerebellar ataxia,

Alzheimer’s disease, oral hairy leukoplakia, and autoimmune conditions such as Grave’s Disease, Sjögren’s

syndrome, and rheumatoid arthritis . Notably, there is a well-established connection between

EBV and malignancies including Hodgkin’s lymphoma, diffuse large B-cell lymphoma, Burkitt lymphoma, primary

central nervous system lymphoma, T cell lymphoma, certain gastric carcinomas, and nasopharyngeal carcinoma

(NPC) . In fact, it is estimated that EBV causes 1.8% of all cancer-related deaths worldwide , while a

more recent study found that 265,000 cases of Burkitt lymphoma, Hodgkin’s lymphoma, NPC, and gastric

carcinoma alone were caused by EBV in 2017 . There is no vaccine for EBV and current anti-EBV agents are

suboptimal due to low potency or high toxicity .

EBV is a member of the gammaherpesvirus subfamily of herpesviridae. Its virion structure is similar to other

herpesviridae and includes a double-stranded DNA core, a surrounding icosahedral capsid, a tegument, and an

envelope studded with glycoproteins . The tegument encompasses the area between the capsid and
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envelope . The proteins found therein are involved in numerous viral processes, including reactivation , viral

envelopment , and immune evasion . Glycoproteins play an integral role in viral fusion and have also been

implicated in immune system evasion .

EBV’s ability to infect B cells and epithelial cells is well established . The core fusion machinery required for

viral entry include the EBV glycoproteins (g) gB, gH, and gL . In B cells, gH and gL complex with gp42 to form a

gH/gL/gp42 heterotrimer that is necessary for entry . gp42 is able to interact with human leukocyte antigen

(HLA) class II molecules on B cells to trigger viral fusion . gp220/350 tethers EBV to B cells via interactions with

complement receptor type 2 (CD21) . In epithelial cells, gH and gL form a heterodimer that can bind the

epithelial cell integrins αVβ5, αVβ6, or αVβ8 in the early stages of viral entry . BMRF2, another EBV

glycoprotein, likewise interacts with cellular integrins, specifically α1, α5, α3, and αv integrins, to facilitate infection

of polarized epithelial cells . Other cellular factors that have been identified as important in EBV epithelial cell

entry include neuropilin 1, which interacts with gB , ephrin receptor A2, which interacts with gH/gL and gB ,

and non-muscle myosin heavy chain IIA, which interacts with gH/gL .

The role of gp220/350 in epithelial cell infection is not as well established, and conflicting reports exist regarding its

utility . Notably, deleting gp220/350 did not completely abrogate EBV entry into numerous examined cell

lines, including human B cells, lymphoid lines, and the majority of epithelial cell lines, although infection was not as

efficient in the absence of gp220/350. This indicates that gp220/350 is not necessarily required for infection of

either epithelial or lymphocyte cell lines . EBV’s ability to infect T cells is less studied, though it was recently

shown that CD21 is important in T cell entry . EBV is also capable of infecting NK cells either by direct viral

episome transfer  or by a CD21-dependent mechanism. In the latter case, NK cells targeting infected B cells

temporarily gain CD21 molecules through synaptic transfer. This allows EBV to bind to and infect the NK cell . A

more thorough review of EBV tropism can be found elsewhere .

In vitro, EBV is capable of infecting numerous cell lines. Examples of B cell lines shown to sustain EBV infection

include lymphoblastoid, P3HR1, Rael, Akata, Raji, Daudi, and B95-8 cells, while examples of epithelioid cell lines

sustaining EBV infection include GT38, PN, the nasopharyngeal carcinoma line C666, and the gastric carcinoma

line AGS . EBV has also been shown to infect monocytes . Indeed, an EBV-infected monocyte cell

line called E1 has been established . EBV’s ability to infect neuronal cells was established by Jha et al., who

were able to successfully infect the neuroblastoma cell line Sh-Sy5y, neurons from the teratocarcinoma line Ntera2,

and primary human fetal neurons . In addition, EBV has been shown to infect HMC-3, a microglial cell line, and

U-87 MG, an astrocyte cell line .

This review will begin with an overview of EBV reactivation and the lytic and latent cycles, including recent

advances in our understanding of how EBV establishes and maintains latency. It will next explore how cellular and

psychological stressors lead to EBV reactivation. We will conclude with a brief overview of advances in treatments

targeting EBV.

2. Overview of EBV Reactivation and the Lytic Cycle
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Herpesvirus lytic replication involves three stages of gene expression: immediate early, early, and late . The

transcription factors BZLF1, also known as Zta, ZEBRA, EB1, or Z, and BRLF1, also known as Rta or R, are critical

to the reactivation of the lytic cycle. As the master regulator, BZLF1 is particularly important in this activation .

These two genes induce the other’s expression ; in fact, one key role of ZEBRA, the protein encoded by BZLF1,

is to stimulate the BRLF1 gene, which leads to the production of the protein Rta . Transcription from oriLyt

requires BZLF1 and BRLF1 expression. Expression of the early gene BSMLF1, also known as SM, Mta, and EB2,

is also essential in gene transcription. The protein encoded by this gene has been shown to both upregulate lytic

gene synthesis and downregulate host protein synthesis by impacting mRNA stability and transport through a direct

interaction with the RNA . BMRF1 is another key early protein that interacts with the BALF 5 DNA polymerase

subunit to enhance nucleotide processivity. It does this by stabilizing the interaction between the primer template

and the polymerase . Early genes have diverse functional roles outside of replication as well. For example,

BARF1 is an early gene involved in immune modulation. Specifically, it was found to inhibit colony-stimulating

factor-1 activity through mimicry of the colony-stimulating factor-1 receptor c-fms . BHRF2 is another EBV early

gene that exerts its effect through molecular mimicry. It was shown to resemble the human antiapoptotic protein

Bcl-2. Like Bcl-2, it can improve B cell survival .

Requirements for late gene viral transcription include viral DNA replication  and the interaction between the

EBV-encoded BCRF1 protein and a viral pentamer with cellular RNA polymerase II . The late phase of the lytic

cycle involves the production of structural proteins and virion assembly. Examples of late genes include genes

coding for structural proteins (such as BcLF1 and BNRF1), glycoproteins (such as BLLF1 and BXLF2), and viral

interleukin-10 (BCRF1) .

3. Overview of EBV Latency

Latent infections can establish one of four programs of gene expression: type 0, type I, type II, or type III

(summarized in Figure 1). The proteins expressed play important roles in maintaining latency. A number of factors

determining which latency program is ultimately expressed have been identified. For example, expression from the

C promoter (cP) is essential in establishing type III latency. In type I latency, the cP is silent while the Q promoter

(Qp) becomes active. An analysis of the three-dimensional structure of chromatin showed that the latent origin of

replication (oriP), a section of the EBV chromosome important in replication and plasmid maintenance , is found

near cP during type III latency, but near Qp during type I latency. CCCTC-binding factor (CTCF), which is a zinc

finger protein important in creating DNA loops , has been implicated in modulating the association between oriP

and either cP or Qp . Furthermore, poly(ADP-ribose) polymerase I (PARP1) stabilizes CTCF binding and

ensures that chromatin remains open during type III latency . Histone H3 and H4 acetylation provide an

additional layer of control over cP and Qp activation . Establishment of type II latency occurs in the presence of

IL-10, which can stimulate LMP1 production without concomitant stimulation of EBNA-2. This indicates that it may

play a role in the establishment of type II latency . EBV-infected cells expressing other types of latency can be

converted to type II latency by IL-21, which stimulates latent membrane protein (LMP) 1 but not Epstein-Barr
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nuclear antigen (EBNA)-2 in type I latency. It inhibits cP and LMP2A mRNA while upregulating LMP1 mRNA in type

III latency . Type 0 latency is seen in B cells that are not undergoing active division .

Figure 1. EBV Latency Types. EBV has four gene expression profiles during latent infection: type 0, type I, type II,

and type III. In type 0 latency EBV, few, if any, proteins are expressed. Epstein-Barr nuclear antigen (EBNA)-1 is

the only protein expressed during type I latency. Latent membrane protein (LMP) 1, LMP2, and EBNA-1 are all

expressed during type II latency. All genes associated with latency are expressed in type III latency, including

EBNA-1, EBNA-2, EBNA-3A, EBNA-3B, EBNA-3C, EBNA-LP (leader protein), LMP1, and LMP2. These proteins

play important roles in maintaining latency. Notably, non-canonical latency expression profiles have also been

documented. For example, infected cells expressing a type I latency profile may also express LMP1 or LMP2A,

and infected cells expressing a type III latency profile may not express EBNA-2.

Few, if any, proteins are expressed during type 0 latency. EBNA-1 is the primary viral gene expressed in type I

latency, although other latency-associated proteins are occasionally expressed as well. Infected cells exhibiting a

type II latency pattern express LMP1 and 2 in addition to EBNA-1. Infected cells with a type III expression profile

express all latency associated genes, including EBNA-1, EBNA-2, EBNA-3A, EBNA-3B, EBNA-3C, EBNA-LP

[73] [35]



Stress-Induced Epstein-Barr Virus Reactivation | Encyclopedia.pub

https://encyclopedia.pub/entry/14764 5/19

(leader protein), LMP1, and LMP2 . Of note, non-canonical patterns of EBV expression exist. For example,

cells exhibiting a type I latency program may also express LMP1 or LMP2A , and cells with a type III latency

expression profile may not express EBNA-2 .

Type I latency is associated with Burkitt lymphoma and can be modeled in Akata, Mutu, AG876, GC1, and YCCEL1

EBV strains. Type II latency can be found in nasopharyngeal carcinoma, Hodgkin lymphoma associated with EBV,

and T cell lymphoma and can be modeled with the C666-1 EBV strain. Type III latency is seen in lymphoblastoid

cell lines. It can be modeled with the B95-8, Raji, GD1, and GD2 EBV strains .

EBNA-1 is expressed in every lytic expression program except type 0. It contributes to the stability of the latent

EBV episome , which is the EBV genome conformation most commonly assumed during latency , by playing

roles in episomal replication and mitotic segregation. EBNA-1 activates other latent genes that lead to B cell

immortalization  and tethers the viral episome to the host genome . EBNA-2 is a transcription factor that

interacts with DNA through the adaptor proteins, C-promoter binding factor (CBF) 1 and PU.1. It stimulates the C

promoter as well as the promoters for LMP1, LMP2A, and LMP2B . Of note, the C promoter is important in

EBNA gene expression . EBNA-2 is also essential for B cell immortalization . The best characterized function

of EBNA-LP is as a coactivator of EBNA-2 , but it has also been implicated in modulating other cellular and

viral functions, such as apoptosis and cell survival . It has been shown to help recruit transcription factors to

the viral genome . The EBNA-3 proteins are transcription regulators, with EBNA-3A and EBNA-3C acting as

oncogenes and EBNA-3B acting as a tumor suppressor . While EBNA-3B is nonessential for B cell

immortalization , EBNA-3A and EBNA-3C are essential . LMP1 is best known for its role in B cell

immortalization, but it is also involved in a myriad of other viral functions, such as cell contact/migration,

immunomodulation, changes in gene and miRNA expression, and stimulation of tumor invasion . LMP2 has two

isoforms, LMP2A and LMP2B. Together, these proteins are involved in transformation, proliferation, migration, and

latency . The two isoforms have conflicting roles in B cell receptor signaling, with LMP2A inhibiting B cell

receptor signal transduction when expressed alone. Co-expression with LMP2B restored normal signal

transduction . LMP2A is also essential in generating surrogate cell survival signals .

In addition to the above proteins, EBV generates a host of RNAs during latency, including BamHI fragment A

rightward transcripts (BARTs) and Epstein-Barr virus-encoded small RNAs (EBER). These RNAs play many

essential roles in latently infected cells, including but not limited to contributions to cell survival, immunoevasion,

cell proliferation, immunomodulation, malignant transformation, and maintaining viral latency .

Interestingly, EBER deletions have been shown to have no effect on establishing transformed lymphoblastoid cell

lines , and it has been proposed that they act as a backup for LMP1 . By contrast, BARTs have been shown

to play a role in latency .

Establishment and Maintenance of Latency in EBV Infection

B cell immortalization is strongly associated with latency . EBV has been shown to stimulate reactive oxygen

species (ROS) production in cells . This oxidative stress is required to immortalize B-cells. In fact, Chen,
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Kamranvar, and Masucci showed that the addition of ROS scavengers, such as N-acetylcysteine amide (NACA)

and reduced glutathione, to infected B cells significantly inhibited their proliferation. No such adverse effect on cell

growth was noted when ROS scavengers were added to mitogen-stimulated B cells. The authors further found that

ROS production was necessary for normal expression of LMP1 and that ROS scavengers decreased signal

transducer and activator of transcription 3 (STAT3) phosphorylation . B cells derived from patients with a STAT3

negative mutation have previously been shown to resist EBV-induced immortalization, indicating the importance of

STAT3 phosphorylation and activation in B cell transformation .

The early lytic cycle gene BHLF1 was recently shown to play a role in establishing latent infection and in B cell

immortalization. Importantly, BHLF1 protein expression required the presence of the post-transcriptional regulator

protein SM, which is only expressed during the lytic cycle. This requirement indicates that the latency-associated

functions of BHLF1 are mediated by long noncoding RNA (lncRNA) rather than by the protein itself. While BL2 cells

infected with both wild-type EBV and EBV carrying deletions of the BHLF1 open reading frame (ORF) and 5′

promoter region both established type III latency, cells infected with the mutant strain transitioned to a type I

latency program by two months post infection. Cells infected by wild-type virus continued to express type III latency

genes. This trend was also observed with deletions targeting the BHLF1 ORF alone, although the cells infected

with this strain remained in type III latency for slightly longer than those infected with EBV containing deletions to

both the BHLF1 ORF and 5′ promoter region. In addition, B cells from three out of four donors infected with either

deletion demonstrated impaired B cell immortalization when compared to wild-type EBV. Cells from one donor

were transformed equally effectively regardless of which of the three viruses were used to infect the cells, although

the authors noted that these B cells appeared to be more sensitive to transformation than B cells from other donors

. Notably, the above experiments on B cell transformation were performed in vitro. There may be additional

factors involved in in vivo transformation.

CRISPR screening recently identified MYC, an important cellular protein with many functions (reviewed in ), as

a key regulator of EBV latency. Induction of lytic infection in Burkitt lymphoma cells was correlated with decreased

MYC expression. MYC depletion resulted in increased expression of BZLF1 and BMRF1 in Akata and P3HR-1

cells, while eliminating MYC caused an increase in the expression of the late protein gp350 in Burkitt lymphoma

cells. RNA sequencing analysis demonstrated that MYC depletion resulted in the upregulation of 77 genes

associated with the EBV lytic replication cycle. There was a corresponding increase in the EBV genome copy

number. MYC knockdown in lymphoblastoid B cells, which have a type III latent gene expression profile, also

induced BZLF1 and BMRF1 expression. BMRF1 was not as strongly stimulated in lymphoblastoid cells, which the

authors postulated may have been due to tet methylcytosine dioxygenase 2 (TET2) demethylase-mediated

inhibition of BZLF’s ability to stimulate early gene expression. gp350 expression was abrogated in BZLF1 knockout

cells, indicating that MYC acts on BZLF1 to promote latency. Subsequent experiments indicated that MYC acts on

the BZLF1 promoter and interacts with EBV DNA near both oriLyts (origin of lytic replication). Chromatin

conformation capture (3C) assay showed interactions between the BZLF1 promoter and the oriLyt T6 R primer as

well as interactions between BZLF1 and the T10 primer of the TR region. These interactions did not occur in the

presence of MYC overexpression. The authors proposed that loss of MYC results in oriLyt and TR-DNA looping to

the BZLF1 promoter to trigger lytic replication .
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The same set of experiments demonstrated that factors associated with MYC influence EBV latency. For example,

depleting the cohesin structural maintenance of chromosomes 1A (SMC1A) also stimulated 77 EBV genes

associated with the lytic cycle and increased the EBV genome copy number. Consistent with these results, MYC

mRNA expression was significantly decreased. Likewise, the facilitated chromatin transcription (FACT) complex,

which previously was shown to interact with MYC , impacts MYC expression. CRISPR targeting of SUPT16H, a

FACT subunit, reduced MYC expression by 65% and stimulated 67 lytic genes. Additionally, SUPT16H and

SSRP1, another FACT subunit, are both upregulated by EBV during initial infection. Other proteins in which the

CRISPR knockout induced lytic gene expression included STAGA, GCN5 histone acetyltransferase/lysine

acetyltransferase 2B (PCAF), and Mediator, which is recruited by STAGA and MYC .

EBV is capable of manipulating C-X-C motif chemokine receptor 4 (CXCR4) expression to maintain latency in EBV-

related gastric carcinoma. EBV was shown to increase CXCR4 expression by activating the AKT/PI3K pathway.

Notably, LMP2A was found to increase CXCR4 expression, and BZLF1 expression increased in AGS cells treated

with siRNA targeting CXCR4. CXCR4 decreased the viral copy number and stimulated LMP2A and EBNA-1. These

results indicate that CXCR4 is necessary for EBV latency .

Small ubiquitin-related modifier (SUMO) modification is a reversible physiologic process involved in regulating

transcription, remodeling chromatin, and responding to hypoxic stress . Like so many other cellular

processes, it has been subverted for use by EBV . EBV has three separate potential SUMO interaction motifs

(SIMs) called SIM1, SIM2, and SIM3, of which SIM2 and SIM3 were shown to be important in EBNA-1’s ability to

bind to His-tagged SUMO1 and SUMO2 proteins. SIM2 deletion inhibited EBNA-1 dimerization, while SIM3

deletion inhibited poly-SUMO2 modification of EBNA-1. Chromatin immunoprecipitation (ChIP) assays

demonstrated that mutations in both SIM2 and SIM3 impaired the binding of EBNA-1 to oriP chromosomal DNA.

Cells infected with EBV containing SIM3 or K477R (a SUMOylation site) mutations as well as SIM2, SIM3, and

EBNA-1 with glycine/alanine deletions demonstrated impaired oriP mini genome maintenance. Furthermore, SIM3

deletion and K477R mutation stimulated the transcription of BZLF1, an immediate early protein important in lytic

gene expression , while deletions in SIM2 or SIM3 caused increased transcriptional activity of the BZLF1

promoter. Immunoblot analysis demonstrated that SUMO1-modified proteins increased in frequency in the

presence of EBNA-1, while SUMO2-modified proteins decreased in frequency. Notably, SUMO2-associated

proteins targeted by EBNA-1 were primarily associated with the proteasome regulatory complex and the ubiquitin-

dependent Cullin-RING E3 ligase. This indicates that EBNA-1 may target proteins with SUMO2 modifications for

degradation. Pathways affected include those involved in the viral life cycle, gene transcription, gene expression,

and mRNA metabolic processes. Those affecting DNA and RNA binding were particularly prominent in affected

mRNA metabolic process pathways. In addition, proteins associated with EBNA-1 SIM sites were mainly

associated with DNA and RNA binding, gene transcription and expression, and other proteins involved in

proteasome-mediated degradation. Lastly, the authors showed that hypoxia-induced EBV reactivation stimulated

an increase in SUMO1-modified STIP1 homology and U-box containing protein 1 (STUB1) and tripartite motif

containing 28 (KAP1), while the SUMO2 modified forms decreased. Hypoxia stimulated the preferential association

of EBNA-1 with SUMO2 over SUMO1. It also downregulated the association between EBNA-1 and SUMO2-

modified KAP1, which, along with ubiquitin specific peptidase 7 (USP7), make up a SUMO2-modified complex.
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STUB1 inhibition decreased the EBV genome copy number, while USP7 knockdown had the opposite effect.

KAP1, USP7, and STUB1 knockdown cells exposed to hypoxic conditions had higher BZLF1 levels than the control

.

Paired box (PAX) 5 is a cellular oncogene involved in activating genes that promote differentiation into B cells and

in inhibiting genes that promote differentiation into other cell types . More recently, it has been shown to

physically interact with EBNA-1. Expression of a short hairpin RNA targeting the 3′ untranslated region of PAX5

nearly eliminated the activity of the oriP-Luc reporter plasmid, which is an oriP-SV40-Luciferase expression vector

dependent on EBNA-1 expression . This defect was corrected in the presence of plasmid-generated Flag

epitope-tagged PAX5 (FPAX5). PAX5 depletion resulted in a 70%–95% decrease in EBNA-1 enrichment at oriP

and a 50%–95% decrease in nucleolin (NCL, an EBNA-1 associated protein) enrichment at TR-DNA, as measured

by ChIP assays. This is consistent with a model in which PAX5 is necessary for EBNA-1 to localize to EBV oriP or

TR-DNA. It was also shown that PAX5 associates with the transcription enhancers p300 and histone 3 lysine 4

trimethyl (H3K4me3). PAX5 knockdown resulted in the dissociation of p300 from oriP DNA as well as the

dissociation of both p300 and H3K4me3 from TR-DNA. EBNA-1 dissociated from both oriP DNA and TR-DNA.

Lastly, the authors showed that PAX5 knockdown reduced the EBV genome copy number, a finding that was

reversed in the presence of transfected FPAX5 .

Subverting histone chaperone proteins is another mechanism by which EBV maintains latency. For example, the

chromatin assembly factor (CAF) 1 complex supplies histone 3 and histone 4 dimers to replication forks. Depletion

of any of CAF’s three subunits (CHAF1A, CHAF1B, and RBBP4) induced the expression of BZLF1 (an immediate

early gene) and BMRF1 (an early gene) as well as numerous transcripts associated with lytic infection. These

results were seen in multiple Burkitt’s lymphoma cell lines. In addition, it has been shown that inhibiting EBNA-2

resulted in downregulation of CAF1 subunit mRNA expression. Downregulating histone loader histone regulatory

homologue A (HIRA), which loads H3.3 and H4 complexes onto DNA, had a similar result in that it increased

BZLF1 and BMRF1 expression. Unlike CHAF1A and CHAF1B, there was no decrease in HIRA mRNA levels.

Additionally, targeting alpha thalassemia/mental retardation syndrome X-linked chromatin remodeler (ATRX) and

death domain-associated protein (DAXX), which load histone 3.3, with CRISPR stimulated BZLF1 and BMRF1

expression. This indicates that EBV subverts multiple histone loaders to maintain latent infection. Interestingly,

reduction in CHAF1B levels decreased the concentration of histone 3.1 and histone 3.3 at the promoters for BZLF1

and BLLF1, and CHAF1B single guide RNA (sgCHAF1B) reduced histone 3.1 presence at oriLyt L and oriLyt R,

which are important in initiating lytic gene expression. Levels of histone 3.1 and histone 3.3 were both increased by

two days post infection, indicating that these histones are transferred to incoming EBV episomes. The same study

showed that CHAF1B knockdown decreased histone 3 lysine 9 trimethyl (H3K9me3) at the promoters for BZLF1,

BLLF1, oriLyt R, and oriLyt L, and that sgCHAF1B reduced histone 3 lysine 27 trimethyl (H3K27me3) occupancy at

these sites in Akata cells . Both H3K9me3 and H3K27me3 are repressive histone modifications .

Recent research has demonstrated the importance of miRNA in maintaining latency. Screening identified eight

miRNAs (BHRF1-2, BART1, BART2, BART8, BART11, BART18, BART9, and BART17) whose expression

diminished nuclear factor kappa B (NF-κB) expression, which was used as a proxy for B cell receptor activation. In
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addition, BHRF1-1, BHRF1-2, BART14, and BART18 expression significantly reduced AP-1 signaling. B cell

receptor engagement leads to the activation of the transcription factor AP-1 via the GTPase Ral . Furthermore,

many targets of EBV mRNAs are involved in B cell receptor signaling, such as growth factor receptor-bound

protein 2 (GRB2), SOS Ras/Rac guanine nucleotide exchange factor 1 (SOS1), Ras-related C3 botulinum toxin

substrate 1 (RAC1), and Ikk-B. shRNA targeting GRB2, SOS1, or RAC1 resulted in a sharp downregulation of NF-

κB. Intriguingly, miR-BHRF1-2-5p targets all three of these proteins. Indeed, miR-BHRF1-2-5P inhibition stunted

the growth of both lymphoblastoid and EBV-associated diffuse large B cell lymphoma cell lines . A summary of

mechanisms involved in EBV latency can be found in Table 1.

Table 1. Mechanisms Involved in EBV Latency.

[122]

[123]

Mechanism Effect References

ROS Expression B cell immortalization

- Required for normal LMP1 expression

- STAT3 phosphorylation

BHLF1 Maintenance of type III latency

PAX5 EBNA-1 localization to oriP and TR-DNA

- Association of transcription enhancers from oriP and TR-DNA

CAF1
Inhibits lytic gene expression and increases histone presence

at multiple points on the EBV genome.

HIRA Histone loader involved in maintaining latency

ATRX Histone loader involved in maintaining latency

DAXX Histone loader involved in maintaining latency

MYC
Acts on BZLF1 promoter to prevent oriLyt and TR-DNA from

looping

SMC1A Contributes to latency by promoting MYC expression

Facilitated Chromatic
Transcription Complex

Contributes to latency by promoting MYC expression

CXCR4 Maintenance of latency; stimulates LMP2A and EBNA-1

SUMOylation/SIM-interacting
motifs

Facilitates oriP mini genome maintenance and the binding of
EBNA-1 to His-tagged SUMO1 and SUMO2 proteins
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