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Targeting latent viral infection
in EBV-associated lymphomas
Isabella Y. Kong and Lisa Giulino-Roth*

Weill Cornell Medical College, New York, NY, United States
Epstein-Barr virus (EBV) contributes to the development of a significant subset of

human lymphomas. As a herpes virus, EBV can transition between a lytic state

which is required to establish infection and a latent state where a limited number

of viral antigens are expressed which allows infected cells to escape immune

surveillance. Three broad latency programs have been described which are

defined by the expression of viral proteins RNA, with latency I being the most

restrictive expressing only EBV nuclear antigen 1 (EBNA1) and EBV-encoded small

RNAs (EBERs) and latency III expressing the full panel of latent viral genes

including the latent membrane proteins 1 and 2 (LMP1/2), and EBNA 2, 3, and

leader protein (LP) which induce a robust T-cell response. The therapeutic use of

EBV-specific T-cells has advanced the treatment of EBV-associated lymphoma,

however this approach is only effective against EBV-associated lymphomas that

express the latency II or III program. Latency I tumors such as Burkitt lymphoma

(BL) and a subset of diffuse large B-cell lymphomas (DLBCL) evade the host

immune response to EBV and are resistant to EBV-specific T-cell therapies. Thus,

strategies for inducing a switch from the latency I to the latency II or III program

in EBV+ tumors are being investigated as mechanisms to sensitize tumors to T-

cell mediated killing. Here, we review what is known about the establishment and

regulation of latency in EBV infected B-cells, the role of EBV-specific T-cells in

lymphoma, and strategies to convert latency I tumors to latency II/III.
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1 Introduction

Epstein-Barr virus (EBV), also referred to as human herpesvirus 4 (HHV-4), is a

lymphotropic gamma-herpes virus that infects over 95% of adults worldwide. EBV can

transform B-cells in-vitro into immortal lymphoblastoid cell lines (LCLs). In-vivo EBV is

associated with a range of malignancies including B-cell lymphomas such as BL, Hodgkin

lymphoma, diffuse large B-cell lymphoma, plasmablastic lymphoma and post-transplant

lymphoproliferative disorder (1–9); rare forms of NK or T-cell lymphomas (10);

nasopharyngeal carcinoma and gastric carcinoma. In most EBV-associated malignancies

the virus exists in a restricted latency which allows the tumor to escape immune

surveillance. Understanding mechanisms of latency restriction will inform approaches to
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manipulate latency which may generate a more immunogenic

tumor and sensitize tumors to T-cell mediated killing.
2 EBV infection and establishment
of latency

The EBV virion is made up of a 172kB double stranded DNA

genome encapsulated by an icosahedral glycoprotein capsid. During

the primary infection, orally transmitted EBV can infect epithelial

cells and local B cells in the oropharynx, through the binding of the

viral capsid glycoprotein gp350 to the surface receptor, CD21 (11–

13). Upon infection, the internalized virions translocate to the

nucleus, where the linear genome circularizes to form an

extrachromosomal episome. The virus then undergoes a series of

epigenetically controlled transitions between different latency states

(Figure 1). In the initial phase, called pre-latency, EBV nuclear

antigen 2 (EBNA2) and EBV nuclear antigen leader protein

(EBNA-LP) are expressed from the viral W promoter (Wp) (14).

In addition, lytic genes, such as BHRF1, BOLF1 and BPLF1 can be

expressed despite the absence of lytic DNA replication (15). As the

expression of the lytic genes are downregulated, the expression of

EBNA2 and EBNA-LP increases, activating the major upstream

viral C promoter (Cp) (16). Cp then drives the expression of all 6

EBNAs (EBNA1, EBNA2, EBNA3A, 3B, 3C and EBNA-LP). This

stage is referred to as latency IIb. Through EBNA2-mediated

activation of the LMP promoter, EBV infected cells then further

transition into latency III program, where the entire panel of latency

genes including the EBNAs and LMP1/2 are expressed (17). To

evade immune recognition by EBV-specific cytotoxic T-cells, EBV

infected cells then downregulate EBNA proteins, resulting in a more

restricted form of latency, defined as latency IIa. The latency IIa

program, which is observed in germinal center B cells of healthy

individuals, is characterized by the expression of LMP1/2 and

EBNA 1 from the Qp promoter (18). EBV-infected cells can then

downregulate the expression of LMP1/2, expressing only EBNA1

and EBV ncRNAs, including EBERS and BART miRNAs. This state
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is termed latency I and is often observed in memory B cells. In some

instances, no viral proteins are expressed in these cells (Latency 0).

EBV-associated malignancies adopt specific latency programs

based on the tumor type and the status of the host immune system

(Figure 2). Burkitt lymphoma, plasmablastic lymphoma, primary

effusion lymphoma, and gastric carcinoma tumors are characterized

by the latency I program, expressing only EBNA1 (24). Latency IIa

tumors include EBV-associated Hodgkin lymphoma, NK/T-cell

lymphomas, and nasopharyngeal carcinoma (10, 25). Latency III

tumors are found in immunocompromised individuals, such as

those who have received a solid organ or hematopoietic stem cell

transplant or those with HIV. Tumors that can persist in latency III

include post-transplant lymphoproliferative disorder (PTLD),

and HIV-associated DLBCL (19, 20, 26). Some tumors are

heterogeneous in latency patterns. For example, subsets of PTLD

and HIV-associated DLBCL, which are typically latency III, can

express the latency I or II program and HIV+ BL, which is known to

be latency I, can express latency II (18–21).
3 Epigenetic regulation of EBV latency

The EBV lifecycle in both normal and malignant cells is tightly

regulated through epigenetic mechanisms. These mechanisms

range from DNA methylation to chromatin modification to

three-dimensional genome organization. Improved understanding

of the epigenetic control of viral latency may allow us to modulate

viral latency programs in EBV-associated malignancies using

epigenetic modifying agents.
3.1 DNA methylation

DNA methylation of promoter sites, which occurs in CpG-rich

segments of DNA, is a key mechanism of epigenetic gene repression

in both human and viral genes (27). This process is regulated by a

family of DNA methyltransferase (DNMT) enzymes through the
FIGURE 1

EBV latency programs. This figure depicts the progression of EBV latency gene expression form initial infection to latency I, from left to right. The
EBV genome is illustrated in episomal form closed at the terminal repeats (marked by gray boxes). Promoters are shown as blue boxes, including
EBNA (Cp, Wp and Qp) and LMP promoters. Coding regions of transcripts are shown as red boxes (EBNAs) and yellow boxes (LMPs). The list of viral
genes expressed in each latency state is shown in bar charts below the diagram.
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transfer of methyl group (CH3) to the cytosine nucleotide, forming

5-methylcytosine (5mC) (27). There are three major DNMTs that

drive DNA methylation. DNMT1 mainly maintains the DNA

methylation pattern during daughter strand DNA synthesis, while

DNMT3a and DNMT3b establish new methylation pattern of

unmodified DNA. This process can be reversed by the ten-eleven

translocation (TET) enzyme, which converts the 5mC to cytosines

by oxidizing the 5mC to form 5-hydroxymethylcytosine

(5hmC) (28).

In latent EBV infection, the majority of the viral gene promoters

are methylated, inhibiting the expression of viral genes which is

essential for the maintenance of latency. The level of DNA

methylation on Cp and LMP1 promoters in latency I cells is

significantly higher than that observed in latency III cells, leading

to repression of EBNA 1, 2, 3, LP (from the Cp promoter) and

LMP1 (29–31). The Qp promoter remains unmethylated in latency

I, allowing for transcription of EBNA1 only. The expression of

DNMT1 and DNMT3b is increased in latency I cell lines in

comparison to their latency III counterparts (32). The role of

DNA methylation in maintaining latency in EBV-associated

malignancies is further supported by the studies demonstrating

that the DNMT inhibitor, 5-azacytidine can de-repress Cp and

LMP transcripts in latency I BL cells (33–35). Importantly, knock-

down of DNMT1 in latency I EBV+ BL also induces expression of

latency III viral proteins, further highlighting the importance of

DNMT1 in maintaining EBV latency (36).

Emerging data also supports a role for TET2 gene activity in the

modulation and maintenance of EBV latency. TET enzymes reverse

the effect of DNMTs, resulting in DNA hypomethylation. TET2

expression is observed in latency III BL cells and LCLs, but not in

latency I (37). Depletion of TET2 in latency III cells causes an

increase in DNA methylation which corresponds with the decrease
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in latency III viral gene expression (EBNA2/3A/3B/3C and LMP1/

2). The loss of TET2 also results in activation of lytic genes, such

as BZLF1 and BRLF1. EBNA2 has been shown to interact with

TET2. Inactivation of EBNA2 leads to a corresponding decrease

in TET2 mRNA and protein, suggesting that EBNA2 is required

for TET2 expression. Co-immunoprecipitation studies in BL cell

lines also showed that TET2 interacts with EBNA2, suggesting that

these proteins cooperate to reverse DNA methylation regulate EBV

latent gene expression (37).
3.2 Histone modification

Histone modification is an important post-translational process

that plays a key role in regulating gene expression (38, 39). Several

types of histone modifications have been described, including

acetylation, methylation, ubiquitination and phosphorylation,

with acetylation and methylation being the two most well-studied

histone modifications. Histone acetylation is typically associated

with active gene transcription and histone methylation with

gene repression.

Genome-wide ChIP-sequencing studies has revealed the role of

histone tail modifications in regulating the latency states of EBV

positive cells (40). The epigenetic landscape of viral genome is

significantly different in latency I cells in comparison to cells in

latency III program, particularly at the transcription start sites for

the latency III-specific viral genes (41). The Cp and LMP1/2

promoters are highly enriched for epigenetic marks associated

with active transcription (ie H3K9ac, H3K27ac, H4ac and

H3K4me3) in latency III cells, but are absent in latency I cells. In

contrast, Qp, a promoter that drives EBNA1 transcription in latency

I cells and not latency III, is enriched with transcription activation
FIGURE 2

Latency state of different EBV-associated malignancies. This figure depicts latency programs found in different tumors (10, 18–23). The tumors
expressing each latency program are listed below.
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marks (H3K9ac, H4ac, H3K4me3 and H3K4me3) in latency I cells

(29, 42). In addition, high levels H3K9me3, an epigenetic mark

associated with transcription silencing is observed at the W repeats,

Cp and LMP1/2 promoters in latency I cells. In contrast low levels

of H3K9me3 are observed across the viral genome in latency III cells

(42, 43). Interestingly, both latency I and latency III cells have

enriched H3K27me3 at the lytic immediate early promoters (42, 44,

45). H3K27me3 is an epigenetic mark generally associated with

gene repression mediated by polycomb repressive complex 1/2

(PRC1/2). As polycomb-associated H3K27me3 has been

associated with the regulation of Kaposi’s sarcoma-associated

herpesvirus (KSHV) latency, it is possible that PRC1/2 complex

has a role in regulating EBV latency program (46, 47).

EBNA2 has been shown to interact with histone

acetyltransferases (HATs) such as p300, CREB-binding protein

(CBP) and lysine acetyltransferase 2B (KAT2B), and transcription

factors such as recombination signal binding protein for

immunoglobulin kappa j region (RBP-jK) and PU.1, to modulate

both viral and host gene expression (48). This interaction with

HATs allows EBNA2 to regulate epigenetic reprogramming of viral

and host genome through histone tail modifications. EBNA2 also

cooperates with EBNA-LP to remove repressive complexes from

promoters, enhancers and matrix-associated deacetylase bodies to

activate viral and cellular gene transcription (49).
3.3 3D genome organization

Higher order DNA loop structures that control long range DNA

interactions are known to exist in EBV and likely play in role in the

regulation of viral latency (50). Specifically, a chromatin loop exists

between the enhancer OriP and either Qp in latency I or Cp in

latency III. Host factors that regulate EBV long rage DNA

interactions such as this loop formation include the

transcriptional regulator CTCF and cohesion subunits, both of

which stabilize the interaction between distant DNA sites.

Genome-wide studies have identified CTCF binding sites at

several key regulatory elements in the EBV genome (42). The CTCF

protein regulates gene transcription by acting as a transcriptional

activator, a repressor or an insulator protein by blocking the

interaction between enhancers and promoters (51). CTCF also

plays an important role in regulating the three-dimensional

organization of the genome by promoting long-distance

interactions between different DNA regions. CTCF binding sites

are found upstream of Qp, Cp and the EBER transcription start site,

and downstream of Wp (29). The integrity of CTCF binding sites is

critical for the formation and maintenance of the chromatin loop

between the OriP and either Qp (in latency I) or Cp (in latency III),

which allows for upregulation of their respective viral latency genes.

In addition to CTCF, Poly(ADP-ribose) polymerase 1 (PARP1),

a co-factor of CTCF has also been implicated in the regulation of

EBV latency and lytic reactivation (52). PARP1 is well characterized

in its role in DNA damage, but in recent years, PARP1 has also been

implicated in chromatin modification and transcriptional

regulation (53–55). PARP1 catalyzes the transfer of poly(ADP-

ribose) moiety from nicotinamide adenine dinucleotide (NAD+)
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onto proteins such as histones and CTCF (52). Poly(ADP-

ribosylation of CTCF regulates CTCF’s insulator activity, DNA

binding capacity and the ability to form chromatin loops. PARP1

and CTCF colocalize at specific sites throughout the EBV genome

(52), stabilizing CTCF binding and maintaining the open

chromatin landscape at the active Cp promoter during latency III

(52). PARP1 also binds to the BZLF1 lytic switch promoter to

restrict EBV reactivation (56).

CTCF can also interact with the cohesin subunits SMC1, SMC3

and RAD21 (57–59). Cohesin plays a crucial role in keeping the

sister chromatids together during mitosis and meiosis of dividing

cells (60). Additionally, cohesin has also been shown to be crucial

for DNA repair, gene expression and genome integrity (61, 62). Loss

of cohesin subunits Rad21 and SMC1 results in a complete loss of

long-range interaction between OriP and LMP1/LMP2 promoter

regions, resulting in an increase in EBV latent gene expression

LMP1/2. Depletion of cohesion subunits also leads to a modest

increase in BZLF1 expression (40). This suggests that cohesion

subunits may also play a role in regulating EBV latency and

supports the model that EBV chromatin forms loop formation

between OriP and LMP1/2 locus to help maintain viral latent cycle

gene expression.

In summary, the repression of the EBV genome in latency is

tightly regulated through multiple mechanisms including DNA

methylation, histone modification, and higher order chromatin

structure. When EBV transitions from latency to lytic

reactivation, the repression of lytic programs must be reversed,

a process that demonstrates the plasticity of the latent state.

Emerging evidence has shown that the lytic viral protein BZLF1

can overcome repression of lytic genes though viral and host

interactions. Specifically, BZLF1, can act as a pioneer

transcription factor (PTF) that can directly bind viral

nucleosomal DNA, recruit chromatin remodelers and enhance

the local accessibility of chromatin (63–65). BZLF1 can bind to

CpG-methylated motifs on key viral promoters, inducing a loss of

polycomb repression and recruit RNA polymerase II to the

activated early promoters promoting efficient lytic viral gene

expression. Interestingly, DNA methylation is maintained

throughout the phase of viral reactivation despite the active

transcription of extensively CpG methylated viral genes (64).

BZLF1 also imparts changes on host chromatin that may support

viral production. Upon lytic activation BZLF1 binds cellular

chromatin resulting in reduced chromatin accessibility and

decreased chromatin to chromatin interactions in addition to

global transcriptional downregulation (65). These cellular

changes may support lytic viral production and highlight the

profound impact of the EBV on the host cell.
4 Cellular therapies targeting EBV
latent antigens

Autologous or allogeneic EBV-specific cytotoxic T lymphocytes

(EBV-CTLs), which predominantly react against EBNA2/3 and/or

LMP1/2A are a promising therapeutic option for EBV-associated
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lymphomas with the latency II or latency III program. This

therapeutic approach has been most extensively studied in the

context of post-transplant lymphoproliferative disorder (PTLD).

PTLD tumors exhibit type III latency program, expressing the full

panel of viral protein and genes. These viral proteins are highly

immunogenic and are recognized by cytotoxic T cells, making them

ideal targets for T cell immunotherapy. In 1995, Rooney and

colleagues infused donor-derived EBV-CTLs in 10 hematopoietic

stem cell transplant (HSCT) recipients as either treatment of EBV

reactivation/proliferation (n=3) or as prophylaxis (n=7) (66). EBV

DNA concentration of all three patients with EBV reactivation

returned to the basal range within 3-4 weeks of immunotherapy.

One patient also showed resolution of immunoblastic lymphoma.

With this promising result, a follow-up study was carried out to

examine the persistence of EBV-specific CTLs. Fourteen patients

who were at high risk to develop EBV associated PTLD following T

cell depleted bone marrow transplantation received donor-derived

EBV-specific CTLs. The transferred CTLs not only reconstituted

the patients’ immune response to EBV, retaining their ability to

respond to viral stimulation in vivo, but also persisted after 18

months (67). The efficacy of donor-derived EBV-CTLs has been

demonstrated in a number of case series among patients with PTLD

after HSCT with overall response rates ranging from 29-73% (68–

70). Autologous EBV-CTLs have also been demonstrated to induce

complete responses in patients with PTLD after solid organ

transplant (SOT) (71–73). More recently “off-the-shelf” EBV-

CTLs have been generated from healthy HSCT donors and

investigated as treatment for PTLD in HSCT and SOT recipients

(74, 75). Among 46 recipients, the overall response rate was 68%

and 54% for HSCT and SOT recipients respectively. Complete

responses were observed in 19/33 HSCT recipients and 2/13 SOT

recipients (75). This approach is now being studied in an ongoing

phase III trial (clincaltrial.gov NCT03394365).

EBV-CTLs have also demonstrated efficacy in EBV+ Hodgkin

lymphoma tumors which express the latency II program (HL) (76,

77). Bollard et al. evaluated EBV-CTL treatment among 14 patients

with relapsed HL who either had measurable disease or were at high

risk of recurrence. EBV-CTLs were generated using patient-derived

EBV-transformed LCLs (78). These LCLs predominantly enrich for

the T cells specific for the early lytic cycle transactivators BZLF1 and

BMLF1 and for the latency III associated EBNAs (EBNA3A/3B/3C).

Even though these antigens are not expressed in the tumors of HL,

these LCLs also reactivate T cells specific for LMP2, which is

expressed by the tumor. The team hypothesized that LMP2

specific CTLs would expand in-vivo upon exposure to tumor (78).

Among patients with measurable tumor, 2/8 patients showed

complete response, 5 had stable disease and 1had a partial

response. In a follow up study, EBV-CTLs were engineered with a

dominant negative TGF-beta receptor type II (DNRII) to avoid

immune evasion (79). DNRII T-cells specific for LMP1 and LMP2

were evaluated in a dose escalation study in 8 patients with EBV+

HL. The cells safely expanded and persisted in-vivo and a durable

complete response was observed in 4/7 evaluable patients (79).

Overall, these studies demonstrate the robust and effective T-cell

response to latency II and III EBV antigens.
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5 Latency switching to sensitize
latency I tumors to latency II/III
directed cellular therapy

Given the success in EBV-directed immunotherapy in cancers

with latency II and latency III program and earlier studies

indicating that latency switch can be induced through

pharmacological interventions in-vitro, our team hypothesized

that pharmacologic conversion of latency I tumors to latency II/

III could be achieved in-vivo and would sensitize latency I tumors to

EBV-directed immunotherapy. To investigate this we performed a

high-throughput compound screen that included 441 cancer

compounds to identify agents capable of inducing latency II/III

antigens in latency I EBV+ Burkitt lymphoma (34). Top hits from

this screen included epigenetic modifiers such as the

hypomethylating agent 5-azacytidine, the histone deacetylase

inhibitor panobinostat, and inhibitors of the histone methyl

transferase Enhancer of zeste homolog 2 (EZH2). Other hits

included proteosome inhibitors such as bortezomib and agents

targeting cell cycle/DNA damage such as cytarabine, doxorubicin,

and pralatrexate. In a focused epigenetic screen the DNMT1

inhibitor decitabine emerged as the most potent inducer of

latency II/III antigens in BL. Our findings were further supported

by a CRISPR/Cas9 screen which revelated that DNA

methyltransferase I (DNMT1) and its partner ubiquitin-like with

PHD and RING finger domain containing protein (UHRF1) are

essential to the repression of latency III in BL (36).

Decitabine treatment of latency I BL results in hypomethylation

at the LMP1 and Cp promoters and induces expression EBNA2 and

LMP1 in-vitro and in-vivo in xenograft models of latency I EBV+ BL.

The combination of decitabine followed by EBV-CTLs in xenograft

models resulted in homing of EBV-CTLs to the tumor and tumor

regressions (34). This work demonstrates the key role of promoter

methylation in the latency restriction and suggests that

pharmacologic induction of latency II/III with hypomethylating

agents may sensitize tumors to T-cell mediated killing. Importantly,

latency conversion with decitabine was only observed in a subset of

cells (20-55%). It will be essential to identify approaches for enhanced

conversion to effectively deploy this therapeutic approach.
6 Targeting EBV lytic proteins to treat
EBV-associated malignancies

In addition to targeting the EBV latency program for therapy,

an alternative approach is to target the EBV lytic proteins.

Conversion from the latent to the lytic state could sensitize cells

to anti-viral agents such as the deoxynucleoside analog ganciclovir

(GCV) and/or T-cells directed against lytic antigens. Anti-viral

agents directed against EBV, such as GCV are ineffective in

EBV-associated malignancies because these drugs require

monophosphylation by EBV- thymidine kinase, an enzyme that is

not expressed in the latent state (80–84). Early studies examining

lytic induction followed by antiviral therapy utilized arginine
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butyrate to induce lytic replication. Arginine butyrate treatment of

EBV+ immunoblastic non-Hodgkin lymphoma (NHL) cells was

found to induce the expression of EBV thymidine kinase and

sensitize cells to GCV resulting in inhibition of cell proliferation

and cell death (85). A phase I/II clinical trial for the combination of

arginine butyrate and GCV showed that the treatment combination

was well-tolerated and resulted in complete or partial clinical

responses in 10 out of 15 patients with EBV-associated lymphoid

malignancies which had been previously refractory to all

conventional therapies (86).

In addition to arginine butyrate, epigenetic modifiers (5-

azacytadine and romidepsin) as well as other compounds

(trichostatin A and valproic acid) have also been shown to induce

the expression of lytic genes in EBV+ tumors and enhance the

cytotoxic effect of GCV (80–82). Recently, a phase Ib/II clinical trial

was performed to examine the effect of nanatinostat, a class-I

specific HDAC inhibitor in combination with valganciclovir

(VGCV), an orally bioavailable prodrug of GCV in patients with

EBV+ lymphoma (NCT03397706) (87). The overall response rate

was 40% (n=17/43), with eight patients demonstrating a complete

response. Due to the promising result of this trial, a phase II study

(NCT05011058) for the combination of nanatinostat and VGCV is

currently ongoing.

Despite the promising effect of lytic induction and anti-viral

therapy, the efficacy of this treatment strategy greatly depends on

the efficiency of lytic induction, as the cytotoxicity effect of anti-viral

therapy such as GCV relies on the expression of viral lytic proteins.

Thus, the development of more specific and potent lytic-inducing

agents is crucial to improve this therapy strategy.
7 Conclusion

EBV-associated lymphomas are responsible for a significant

health burden worldwide. The predominant mechanism that allows

these tumors to evade the host immune response to EBV and persist

is the adoption of restricted forms of viral latency. Recent studies

have elucidated the many complex mechanisms by which the virus

is able to maintain restricted latency including DNA methylation at

key promoter regions, chromatin modifications, and 3D

chromosome organization. Still, there remain gaps in knowledge

about how the viral latency programs are established and when this

process occurs, whether during early B cell development or in the

germinal center, where most EBV+ B-cell lymphomas arise.

Improved understanding of these processes will inform strategies

to modulate viral latency.

Our work has shown that hypomethylation of EBV+ latency I

BL with decitabine induces the expression of immunogenic viral

antigens, sensitizing these tumors to T cell mediated killing,

suggesting that latency conversion may be a feasible therapeutic

option for EBV-associated malignancies with restricted latency. A

limitation to this approach is that latency switch is not induced in
Frontiers in Immunology 06
all cells which may ultimately lead to immune escape and resistance.

Further studies will be required to understand the role of DNMT1

in regulating the EBV latency program and potential combination

therapies that may enhance latency switching and/or enhance the

immune response to a latency-converted tumor. Potential

combinations include: 1) hypomethylating agents in combination

with other agents known to induce latency conversion such as

HDAC inhibitors, EZH2 inhibitors, or agents that target DNA

damage or cell cycle; 2) hypomethylating agents in combination

with agents that to combat compensatory epigenetic mechanisms

that may be responsible for resistance; 3) hypomethylating agents in

combination with immunomodulatory agents that may augment

the immune response to latent antigens, such as bispecific T-cell

engagers or checkpoint inhibitors. Overall, an expanded

understanding how the latency program is regulated will be

crucial for the development of future viral and host epigenetic

directed therapies that could be applied to all EBV-associated

malignancies of restricted latency.
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