
Vol.:(0123456789)1 3

Virus Genes (2023) 59:1–12 
https://doi.org/10.1007/s11262-022-01940-6

REVIEW PAPER

The lytic phase of Epstein–Barr virus plays an important role 
in tumorigenesis

Yue Liang1 · Yan Zhang1,2 · Bing Luo1

Received: 24 June 2022 / Accepted: 2 October 2022 / Published online: 15 October 2022 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract
Epstein–Barr virus (EBV) is a recognized oncogenic virus that is related to the occurrence of lymphoma, nasopharyngeal 
carcinoma (NPC), and approximately 10% of gastric cancer (GC). EBV is a herpesvirus, and like other herpesviruses, EBV 
has a biphasic infection mode made up of latent and lytic infections. It has been established that latent infection promotes 
tumorigenesis in previous research, but in recent years, there has been new evidence that suggests that the lytic infection 
mode could also promote tumorigenesis. In this review, we mainly discuss the contribution of the EBV lytic phase to tumo-
rigenesis, and graphically illustrate their relationship in detail. In addition, we described the relationship between the lytic 
cycle of EBV and autophagy. Finally, we also preliminarily explored the influence of the tumorigenesis effect of the EBV 
lytic phase on the future treatment of EBV-associated tumors.
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Abbreviations
EBV	� Epstein–Barr virus
NPC	� Nasopharyngeal carcinoma
GC	� Gastric cancer
HHV4	� Human herpesvirus 4
dsDNA	� Double-stranded DNA
BL	� Burkitt's lymphoma
HL	� Hodgkin's lymphoma
EBNAs	� Epstein–Barr virus nuclear antigens
LMPs	� Latent membrane proteins
IE	� Immediate early genes
E	� Early
L	� Late
CSF-1	� Colony stimulating factor 1
TAP	� Transporter associated with antigen processing

GPCR	� G protein-coupled receptor
GI	� Genomic instability
LCLs	� Lymphoblastoid cell lines
VEGF	� Vascular endothelial growth factor
IL	� Interleukin
PRRs	� Pattern recognition receptors
APM	� Antigen processing machinery
MMPs	� Matrix-metallo proteinases
BIM	� BH3-only protein
CTCF	� CCCTC-binding factor
VPA	� Valproic acid
MBV	� Maribavir
HDAC	� Histone deacetylase

Introduction

The Epstein–Barr virus (EBV), also known as human 
herpesvirus 4 (HHV4), is a large double-stranded DNA 
(dsDNA) virus belonging to the gamma-herpesvirus subfam-
ily. EBV is a well-characterized oncovirus associated with 
several malignancies [1], including epithelial tumors like 
nasopharyngeal carcinoma (NPC), gastric cancer (GC) and 
diverse lymphoid malignancies such as Burkitt's lymphoma 
(BL), Hodgkin's lymphoma (HL) and NK/T cell tumors. 
Like other herpesviruses, EBV has a biphasic infection 
mode: latent infection and lytic infection.
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The biphasic life cycle of EBV allows it to establish a 
latent period after primary infection. During the first infec-
tion, a short cracking program will be run temporarily, and 
then the latent infection will be established. The cracking 
program refers to the fact that when EBV is de novo infected, 
in addition to expressing the latent genes, it also expresses 
the lytic genes, and then enters the latent period (this stage 
is called the "pre-latent abortive lytic state") [2]. In the latent 
state, the genomic DNA exists in the form of episomes in 
the nucleus, in which the closed circular plasmid binds to 
histone proteins, so that only a limited number of viral latent 
genes can be produced [3]. The latent period of EBV can 
be separated into three types: latency I, II, and III. During 
latent infection, standard expression products are six EBV-
encoded nuclear antigens (EBNAs: 1, 2, 3A, 3B, 3C and 
LP), two latent membrane proteins (LMPs: 1, 2A and 2B), 
two non-translated small RNAs (EBERs: 1 and 2), and more 
than 40 microRNAs (BHRF1 and BART miRNAs) [4, 5]. 
These limited latent viral genes are specifically responsible 
for tumorigenesis, apoptosis inhibition, immune escape and 
do not increase the number of viral particles. However, this 
silent mode of infection is conducive to the long-term exist-
ence of the virus as only a few gene products that can be 
targeted by the host's immune system are expressed. It has 
been well-documented that latent infection with EBV can 
promote tumorigenesis and is a cunning way to evade host 
attac k[6–8].

Only a small percentage of infected cells could transition 
from the latent to the lytic period and produce viral off-
spring. In the lytic phase, > 70 viral proteins are produced. 
Interestingly, EBV lytic genes are expressed in cascade in 
a time-regulated manner, including immediate-early (IE) 
genes, early (E) genes, and late (L) genes. We described 
the differences between the latent and lytic phases of 
EBV in Fig. 1. In the lytic cascade, the most critical step 

is encoding their protein products by the two IE genes, 
BZLF1 and BRLF1, which then activate the expression of 
other viral lytic genes to initiate the entire lysis cascade [9]. 
The promoters of BZLF1 and BRLF1 (encoded by Zp and 
Rp, respectively) are initially activated by transcription fac-
tors, and subsequently, BZLF1 and BRLF1 proteins activate 
their own and each other's promoters, greatly amplifying the 
induction of lysis [10]. They then cooperatively activate the 
promoters of the early lytic genes, which are mainly respon-
sible for encoding the enzymes required for virus replica-
tion. Following viral genome replication, late viral genes are 
expressed, primarily responsible for encoding viral struc-
tural proteins, resulting in the generation of progeny virus 
particles and cell lysis and death. Although EBV in cancer 
cells is mostly in a latent state, the lytic cycle of the virus 
is also expected to play a crucial role in tumorigenesis and 
maintenance, as a small number of cells in the lytic cycle are 
associated with the secretion of cytokines or growth factors 
that promote carcinogenesis. We described the lytic genes 
of EBV in Table 1 [3, 11–17].

Past and present understanding of lytic 
infection

After reactivation, EBV will briefly undergo three succes-
sive lysis stages, including IE, E, and L. The viral IE genes 
BZLF1 and BRLF1 are first transcribed, encoding the trans-
activators Zta and Rta, respectively, and then express the 
early genes required for EBV genome replication. EBV DNA 
expresses late genes after replication, mainly encoding viral 
structural proteins, including capsid antigens and membrane 
proteins, and then wraps the viral genome to produce mature 
viral particles. In the past, EBV latent phase was considered 
the main stage for promoting tumorigenesis, so induction 
of EBV lysis is one of the methods for treating EBV-related 
tumors.

During a complete lytic cycle, viral DNA replicates into 
large, intact molecules that are subsequently cleaved and 
packaged into the viral progeny, which are released to infect 
neighboring cells [18]. What's different now is with the in-
depth study of EBV, more and more literatures have shown 
(explained in detail below) that the lytic phase of EBV 
could promote tumorigenesis by increasing viral particles 
horizontally and producing some binding effector proteins 
vertically. In other words, the latent phase of EBV mainly 
promotes tumorigenesis, while the main purpose of the lytic 
phase is to help EBV infect uninfected cells. The role of the 
lysis stage of EBV on tumorigenesis appears to be underes-
timated. The reason for the underestimation may be that the 
lytic cycle of EBV may lead to cell death [19]. Therefore, 
the action of lytic cycle proteins must either act in trans 
on other cells, or as a rare process, defined proteins of the 

Fig. 1   The differences between latent and lytic infection. Note The 
left half represents latent infection, mainly expressing some latent 
proteins, leading to tumorigenesis, and evading host attack. The right 
half represents lytic infection, expressing almost seventy proteins that 
can generate new viral particles by cascaded expression of lytic genes



3Virus Genes (2023) 59:1–12	

1 3

lytic cycle prevent such cell death [20]. In other words, the 
involvement of EBV lytic proteins in tumorigenesis may be 
associated with very rare events that are masked by frequent 
and different main effects. It's a very complicated situation, 
but it's so interesting that it deserves a detailed discussion. 
Since the lytic stage of EBV can also promote tumorigenesis, 
in what way? What impact will it have on the treatment of 
EBV-related tumors?

The differences between primary 
EBV infection and reactivation 
concerning induction of malignancy

EBV primary infection and reactivation act differently in 
inducing and modulating malignancy. In primary infections, 
LMP1 and LMP2A have been studied in more detail. The 
C-terminus of LMP1 has three functional domains, called 
C-terminal activation regions 1–3(CTAR1, CTAR2 and 
CTAR3), which have strong signal transduction capabilities 
[21]. They can activate NF-κB [22], JNK/SAPK [23], PI3-K/
Akt [24], ERK-MAPK [25], PLC/PKC [26] and JAK/STAT 
[26] signaling pathways, thereby affecting cell proliferation, 
invasion, apoptosis and other cellular processes. There are 
several motifs at the N-terminus of LMP2A that are dock-
ing sites for the tyrosine kinases Lyn, Syk and the ubiquitin 
ligase Nedd4/Itchy [27], which activate PI3-K/Akt [28], 
JNK/SAPK [29], ERK-MAPK [29] and Wnt/β-catenin [30] 
signaling pathway, promote cell growth, inhibit apoptosis 
and differentiation, and contribute to cell transformation. 
Differently, BZLF1 is a transcription factor, but also consid-
ered an enhancer [31]. Therefore, when EBV is reactivated, 
BZLF1 functions primarily as a DNA-binding protein to 

influence tumorigenesis in two ways: (1) BZLF1 can activate 
various promoters, such as transforming growth factor-β1 
(TGF-β1), which may enhance viral escape responses to host 
immunity[32]; (2) BZLF1 can interact with cellular proteins 
to inhibit or synergize them, such as NF-κB and p53[33].

Some of the EBV lytic proteins with essential 
roles in promoting tumorigenesis

This section mainly studies the perspectives of more exten-
sive lytic genes on tumorigenesis and development. How-
ever, some reviews have introduced the role of BZLF1 and 
BRLF1 in tumorigenesis in detail, so we will not go into 
detail here [34, 35].

BNLF2a

BNLF2a is an early lytic protein of EBV encoding 60 amino 
acids with a hydrophobic C-terminal and a hydrophilic 
N-terminal domain, which plays an important role in the 
immune evasion of the virus. Studies have shown that these 
two domains have different functions. Post-translationally, 
the hydrophobic C-terminus is mainly inserted into the 
endoplasmic reticulum (ER) membrane, while the hydro-
philic N-terminus is exposed in the cytoplasmic matrix and 
binds directly to the core transporter associated with antigen 
processing (TAP) complex, which subsequently blocks TAP 
with antigen processing [36, 37]. In addition, the presence 
of BNLF2a interferes with the ability of host cells to recog-
nize proteins at different stages of EBV lysis differently. In 
EBV-infected B cells, when BNLF2a is deficient, CD8 + T 
cells have significantly increased recognition of immediate 

Table 1   The induction of EBV lytic genes

EBV Lytic Genes IE/E/L Introduction

BZLF1 (Zebra, Zta, Z) IE A key factor in the transition from the latent period to the lytic period
Once BZLF1 is expressed, it activates the entire EBV lytic cycle cascade [7]

BRLF1 (Rta R) IE A transcriptional transactivator protein that is reactivated by EBV [2]
BALF2 E vBcl-2, a BCL-2 homologue encoded by EBV
BHRF1 E An early lytic protein that shows sequence and function homology with the human anti-apoptotic protein Bcl-2 

[8]
BARF1 E A homolog of colony stimulating factor 1 (CSF-1) receptor [9]
BNFL2a E An Inhibitor of transporter associated with antigen processing (TAP) [10]
BALF3 E The homologue of the enzyme terminator, which is involved in viral DNA synthesis and packaging [11]
BNRF1 L Encodes major tegument protein
BGLF5 E EBV DNase. BGLF5 encodes alkaline DNase
BILF1 L gp64, vGPCR BILF1 is a constitutively active G protein-coupled receptor (GPCR) encoded by EBV [12]
BLLF3 E dUTPase
BCRF1 L vIL-10, a homologue of cellular IL-10
BDLF3 L gp150 [13]
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early lytic proteins and early lytic proteins, but no significant 
difference for late lytic proteins [38].

BARF1

BARF1 plays a multifaceted role in tumorigenesis, includ-
ing proliferation, apoptosis, and malignant transformation. 
BARF1 promotes cell proliferation in GC by activating 
the NF-κB/cyclinD axis and reducing cell cycle inhibitors 
p21WAF1 [39]. BARF1 could upregulate the anti-apoptotic 
proteins Bcl-2 and Bcl-xL through the MAPK/c-Jun signal-
ing pathway [40]. Literature has shown that BARF1 plays 
a role in the malignant transformation of GC and NPC: 
in gastric epithelial cell GES, malignant transformation 
mainly includes increased cell growth activity, shortening 
the G1 phase in the cell cycle, prolongation of the S phase, 
enhanced colony-forming ability and enhanced tumorigenic-
ity [41]. In the nasopharyngeal immortalized epithelial cell 
NP69, BARF1 cooperates with Ras to form denser foci, 
larger cell size and greater resistance to growth factor dep-
rivation [42].

BHRF1

BHRF1 is mainly associated with autophagy and is 
described in detail in the sixth subsection of this paper.

Cell biological function of tumorigenesis 
in the lytic phase of EBV‑induced carcinoma

More and more evidence indicateS that EBV lytic genes can 
promote EBV-induced tumorigenesis. EBV lytic genes can 
affect tumorigenesis by regulating tumor cells and tumor 
microenvironment. Next, we will discuss how the lytic phase 
of EBV contributes to tumorigenesis from seven aspects: 
immunomodulation and immune evasion, angiogenesis and 
invasion, apoptosis and cell cycle and genomic instability 
(GI).

Immunomodulation and immune evasion

EBV lytic genes can perform immune regulation and evasion 
by evading antiviral responses, reducing antigen presenta-
tion, and inducing interleukin (IL) production. IL refers to 
lymphokines that interact with white blood cells or immune 
cells. It transmits information, regulates immune cells, medi-
ates T and B cell activation, proliferation and differentiation, 
and plays an important role in inflammation.

The EBV lytic phase can escape antiviral responses. 
RIG-I is a kind of pattern recognition receptors (PRRs) that 
senses endogenous and pathogenic RNAs [43]. When cells 
are initially infected with EBV, RIG-I promotes the secretion 

of inflammasome-dependent cytokines IL-1β and IL-18 by 
sensing EBERs, thereby activating T cells and NK cells [44, 
45]. Long et al. showed that BRLF1 could inhibit the acti-
vation of inflammasome RIG-1 in the early stage of EBV 
primary infection and reactivation by binding to subunits 
of RNA polymerase III (POLR3F and POLR3G), and then 
escape the antiviral response of T cells and NK cells through 
inflammasome-dependent factors [45]. BNLF2a plays an 
essential role in evading immune surveillance by encoding 
a 60 amino acid protein that interferes with antigen pres-
entation to CD8+T cells. In addition, BNLF2a can encode 
an inhibitor of the TAP, thereby reducing antigen presenta-
tion and EBV-specific CD8+T cell immune recognition to 
infected cells, reducing the immunogenicity of EBV-infected 
cells, and protecting the virus from immunity cell attack 
[46]. Studies have shown that Zta could directly target the 
promoter of BNLF2a to promote its expression [47]. EBV 
BGLF5 expression is sufficient to induce the shutdown of 
host gene expression, including HLA class I. This may be an 
important reason affecting antigen presentation [48]. BILF1 
down-regulates MHC-I and affects the endocytosis and exo-
cytosis pathways of MHC-I, thereby reducing the ability of 
T cell antigen recognition and inhibiting antigen presenta-
tion [49]. BDLF3 is a powerful protein in reducing antigen 
presentation. It can target both MHC-I molecules to impair 
the recognition of CD8 + T cells and MHC-II molecules to 
impair the recognition of CD4 +T cells. BDLF3 downregu-
lates MHC mainly by ubiquitinating MHC [50].

Both BZLF1 and BRLF1 can induce the secretion 
of IL-6, and the production of IL-6 promotes early lym-
phoproliferative diseases in patients [51]. Katsumura et al. 
demonstrated that BZLF1 could induce the expression of 
IL-13 with LMP1, allowing EBV-infected cells to proliferate 
in the presence of T cells, thereby inducing tumorigenesis 
[52]. Tsai et al. found that BZLF1 could directly bind to 
the IL-13 promoter through the AP-1 binding site to induce 
IL-13 expression. The production of IL-13 promotes the pro-
liferation of B cells, thereby contributing to the occurrence 
of EBV-associated lymphoproliferative disorders [53]. In 
NPC cells, BZLF1 can upregulate the expression of IL-8 and 
increase chemotactic activity, which may contribute to tumor 
growth, angiogenesis and metastasis and other oncogenic 
processes [54]. Lee et al. found that EBV-induced immu-
nomodulators in NPC could upregulate IL-10 produced by 
monocytes and promote local immune suppression [55].

EBV has its IL-10 homolog: vIL-10, encoded by BCRF1. 
It can attenuate the NK cell-mediated killing effect on 
infected B cells, interfere with CD4 + T cell activity, and 
regulate cytokine response, thereby promoting immune 
escape during the lytic phase of EBV-infected cells [46]. In 
addition, The HLA-I antigen processing machinery (APM) 
plays a crucial role in the anticancer immune response. 
Ren et al. demonstrated that in NPC, vIL-10 could inhibit 
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the transcription of some components in APM through the 
NF-κB pathway, thereby inhibiting antigen presentation 
[56]. The relationship between immunomodulation and 
immune evasion with the EBV lytic cycle is shown in Fig. 2.

Angiogenesis and invasion

VEGF is a highly specific vascular endothelial growth factor 
that promotes increased vascular permeability and extracel-
lular matrix degeneration, vascular endothelial cell migra-
tion, proliferation and blood vessel formation. Hong et al. 
showed that supernatants of early passage LCLs infected 
with WT EBV contained more VEGF than cells infected 
with BZLF1-deletion and BRLF1-deletion viruses. Inter-
estingly, however, there was no significant difference in the 
amount of VEGF within the cells, suggesting that BZLF1 
and BRLF1 increase VEGF secretion and release [57]. These 
phenomena indicated that the lysis of infected cells might 
promote tumorigenesis by enhancing angiogenesis.

In addition to promoting angiogenesis, the lytic genes of 
EBV can also promote tumorigenesis by promoting cell inva-
sion in vitro. For all types of solid tumors, metastasis is criti-
cally dependent on matrix-metallo proteinases (MMPs) [58]. 
Lan et al. demonstrated that BZLF1-induced the expression 
of MMP3 and MMP9 in NPC cells, and that BZLF1-induced 
cell migration required MMP3, and cell invasion required 

MMP3 and MMP9 [59]. BZLF1 binds to the AP-1 element 
of DNA promoters and increases the transcription and pro-
tein expression levels of MMP3 and MMP9. In addition to 
MMP3 and MMP9, BZLF1 can upregulate MMP1 in NPC 
[60]. The relationship between angiogenesis and invasion 
with the EBV lytic cycle is shown in Fig. 3.

Apoptosis and cell cycle

Apoptosis is a highly regulated, energy-dependent form of 
cell suicide. The apoptotic machinery is conserved among 
metazoans from worms to humans, and choreographed cell 
death is required for proper development and tissue homeo-
stasis [61]. BCL-2 family proteins can be divided into two 
types: pro-apoptosis and pro-survival. Pro-apoptotic BCL-2 
proteins including BIM, PUMA, NOXA, BID, BMF, BIK, 
BAD, HRK, BAX, BAK and BOK, and pro-survival BCL-2 
proteins include BCL-2, BCL-XL, BCL-W, MCL-1 and A1/
BFL1. Whether or not cells undergo apoptosis is determined 
by the relative expression and interaction of pro-survival and 
pro-apoptotic BCL-2 proteins [62].

EBV encodes two viral homologs of the cellular Bcl-2 
anti-apoptotic proteins: BHRF1 and BALF1. BHRF1 binds 
to a variety of pro-apoptotic proteins to inhibit cell apop-
tosis. Research has shown that BHRF1 may act either by 
binding to the most lethal form of BH3-only protein (BIM) 

Fig. 2   The roles of lytic genes 
in immunodulation and immune 
evasion. Note This figure dem-
onstrates that EBV lytic genes 
evade host attack in different 
ways. These methods include 
inhibiting the production of 
inflammasomes, inhibiting 
antigen presentation, and regu-
lating the production of IL. As 
a result, the activity of CD8 + T 
cells, CD4 + T cells or NK 
cells is inhibited, leading to the 
escape of EBV
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or by working catalytically on BIM to block apoptosis [63]. 
In addition to BIM, Kvansakul et al. also concluded that 
BHRF1 could keep BAK inactivated by direct binding 
but must indirectly inhibit BAX. In addition to the above-
mentioned apoptosis-related proteins, BHRF1 also inhibits 
apoptosis by binding to the BH3 domains of PUMA and 
BID. BALF2 is associated with BAX and BAK to play an 
anti-apoptotic effect. Because BALF1 inhibits cell apoptosis, 
BALF1 increases the survival rate of cells under low serum 
conditions. Mice injected with BALF1 transfectants had 
more tumors than mice injected with control transfectants 
[64]. However, there is also literature showing that BALF2 
can antagonize the anti-apoptotic activity of BHRF1 [65].

The EBV lytic protein BZLF1 prevents cells in G0/G1 
[66], G1/S and G2/M [67]. According to reports, BRLF1 
cells re-enter the S phase [68]. Studies have shown that 
BRLF1 could interfere with cells during the G1/S transition 
and induce cellular senescence [69]. CCCTC-binding factor 
(CTCF) is a multifunctional protein that participates in gene 
expression and higher-order chromatin structure in cellular 
and viral genomes. CTCF occupancy and DNA methyla-
tion are mutually exclusive. By reducing CTCF overload-
ing, BRLF1 could turn off the expression of MYC, CCND1 
and JUN, thereby hindering cell cycle progression [70]. The 
relationship between apoptosis and cell cycle with the EBV 
lytic cycle is shown in Fig. 4.

GI

GI seems to be a hallmark of cancer. It is defined as an 
increase in the frequency of genetic changes, including sub-
tle sequence changes and chromosomal changes and is con-
sidered the cause or result of carcinogenesis. In B cells, EBV 
particles induce centrosome amplification and chromosomal 
instability [71]. In NPC, repeated chemical reactivation of 
EBV promotes GI and enhances the tumor progression of 
NPC cells [72].

53BP1 and RNF8 DNA damage lesions are involved in 
DNA damage repair and cell cycle checkpoints, which can 
prevent DNA damage. BZLF1 can prevent the formation 
of these two lesions to induce DNA damage and increase 
the GI of NPC cells [73]. Huang et al. showed that BRLF1 
could cause chromosome mis-segregation in NPC cells 
through the ERK pathway, accumulating GI and increasing 
tumorigenic characteristics [74]. Micronucleus is an indi-
cator of GI. Wu et al. indicated that BGLF5 could increase 
micronuclei and DNA damage in human epithelial cells 
[75]. Chiu et al. found that BALF3 could induce micro-
nuclei and DNA strand breaks. After repeated induction 
of BALF3 expression, the genome copy number of NPC 
cells was aberrated, and the tumorigenic characteristics 
also increased [76]. The relationship between GI with the 
EBV lytic cycle is shown in Fig. 5.

Fig. 3   The roles of lytic genes 
in tumor angiogenesis and 
invasion. Note As seen from the 
picture, angiogenesis is mainly 
by increasing the secretion of 
VEGF. The lytic proteins can 
also increase the expression of 
MMPs from the transcriptional 
level and protein level, respec-
tively, by binding to AP-1 on 
DNA, and finally improve the 
invasion ability of tumor cells
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EBV lytic infection promotes tumorigenesis 
and autophagy

Autophagy is the process of engulfing one's cytoplasmic 
proteins or organelles, coating them into vesicles, and 
fusing with lysosomes to form autophagic lysosomes, 
degrading the contents of the lysosomes, thereby fulfilling 

the metabolic needs of the cell itself and the renewal of 
specific organelles [77]. Autophagy has a dual role in the 
development of cancer. It can not only promote the growth 
of tumor cells but also prevent the further development 
of the disease, the so-called “autophagy paradox” [78]. 
The complex relationship between autophagy and micro-
organisms can protect the body by activating the immune 
system. In addition, autophagy and microorganisms can 

Fig. 4   The roles of lytic genes 
in apoptosis and cell cycle. Note 
This figure demonstrates that 
many lytic proteins can inhibit 
mitochondrial outer membrane 
permeabilization by binding to 
the BH3 domains of apoptosis-
related proteins, ultimately 
inhibiting apoptosis. Lytic pro-
teins can also affect cell growth 
by affecting different nodes in 
the cell cycle and related genes 
in cellular processes

Fig. 5   The roles of lytic genes 
in increasing genomic instabil-
ity. Note The lytic proteins 
mainly cause the damage of 
DNA double-stranded structure, 
the formation of micronuclei 
and chromosome mis-segrega-
tion by affecting the forma-
tion of DNA lesions, the ERK 
pathway, etc
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communicate with each other in various ways to influence 
various physiological and pathological reactions involved 
in cancer progression. Various molecular mechanisms 
related to microbiota disorders and autophagy activation 
control the outcome of pro-tumor or anti-tumor responses, 
depending on the type of cancer, the tumor microenviron-
ment, and the stage of the disease.

Hung et al. found that Rta could promote autophagy 
through ERK1/2, and autophagy could promote EBV rep-
lication [79]. Consistent with this evidence, autophagy is 
induced by the primary treatment that induces the EBV 
lytic cycle and confirms that the suppression of the first 
autophagy step counteracts viral replication. In addition, 
the final stage of autophagy is inhibited by EBV so that 
the virus can avoid being cleared by lysosomal proteases 
and usurp the autophagy mechanism of intracellular trans-
port [80]. Blocking the last step of autophagy helps EBV 
replication, possibly due to further inhibition of the last 
step that has been induced by viral replication. However, 
using different experimental methods to silence the ATG 
protein and other types, these authors found that inhibiting 
the initial autophagy step can also enhance EBV repli-
cation [80]. EBV weakens the fusion of autophagosomes 
and lysosomes during the replication process and spreads 
in autophagic vesicles [81]. The lytic phase of EBV may 
cause autophagy to be dysregulated, thereby counteracting 
the antiviral immune response, promoting virus replication 
and tumorigenesis.

Shao et al. showed that BALF0 and BALF1 could mod-
ulate autophagy, which may be beneficial to the replication 
of virus particles [82]. Futhermore, BHRF1 interacts with 
BECN1/Beclin1 to induce mitochondrial autophagy, a cel-
lular process that can specifically isolate and degrade mito-
chondria. Since mitochondrial autophagy plays a central 
role in innate immunity, the authors further explored the 
role of BHRF1 in innate immunity and found that BHRF1 
could induce type I IFN-induced inhibition by inducing 
mitochondrial autophagy [81]. In addition, Song et al. also 
demonstrated that BHRF1 could enhance mitochondrial 
autophagy in NPC, and NPC may adapt to the hypoxia of 
the tumor microenvironment through the enhancement of 
autophagy, thereby promoting tumorigenesis [83].

Similarities and differences of lytic proteins 
in tumor initiation and tumorigenesis

The potential of EBV lytic cycle proteins in tumor initiation 
and tumorigenesis is similar in that lytic proteins could act 
as DNA-binding proteins that bind to effector molecules to 
promote tumorigenesis and progression. However, there are 
also different aspects: unlike tumor progression, at tumor 
initiation, (1) lytic proteins could promote tumor initiation in 

a paracrine manner, for example, in the presence of T cells, 
induction of IL13 by BZLF1 could enhance the transforma-
tion of EBV-infected B lymphocytes [84]; (2) it could also 
change the expression pattern of kinases, such as phospho-
rylation of tyrosine kinases (TKT) to initiate signaling cas-
cades that promote tumor initiation [52]. The ways of lytic 
proteins at tumor initiation are more diverse, but whether 
the potential is more powerful still needs further literature 
verification and discussion.

Is there any difference in the effect 
of inhibiting EBV lysis in different therapies?

Previous studies believe that inducing EBV lysis is a way to 
treat EBV-associated malignancies. Reactivating recurrent 
EBV caused by dysregulation of BZLF1 or BRLF1 expres-
sion may also be a potential therapy for EBV-related tumors. 
However, EBV lysis can also promote tumorigenesis. Will 
this have any impact on future treatment methods? NPC 
is radioresistant, a problem that has long been an obstacle 
to NPC treatment. Studies have shown that the degree of 
EBV reactivation in NPC is positively correlated with the 
degree of radioresistance to treatment [85], thus reducing 
EBV reactivation may provide a benefit in the treatment of 
patients with radioresistant cancers. However, this study did 
not demonstrate whether EBV activation and radioresistance 
are causal or parallel. In the clinic, for the first time, Hu 
et al. generated a molecular subtype model for NPC based 
on 8-OHdG and EBV DNA levels. These dual markers can 
identify high-risk patients with poor prognoses but may 
benefit from sequential treatment of reactive oxygen species 
block followed by radiotherapy, which provides a new per-
spective for the precise treatment of NPC [85]. According to 
the continuous exploration of researchers, many small mol-
ecules have been found to have the function of inhibiting the 
lysis and replication of EBV. It mainly includes nucleoside 
analogs, valproic acid (VPA), maribavir (MBV), rapamycin 
and so on. Nucleoside analogs first acquire activity by phos-
phorylation to the triphosphate form and then inhibit viral 
DNA polymerase and incorporate into viral DNA, thereby 
preventing viral replication [86]. VPA is used to activate 
EBV in cell culture, but this needs to be in a specific cellular 
context and may require the assistance of other drugs. In 
most cases, VPA can antagonize other histone deacetylase 
(HDAC) inhibitors, thereby impairing their ability to reacti-
vate EBV lytic cycle [87]. The mechanism of action of MBV 
is mainly to effectively inhibit EBV transcription, genome 
replication and infectivity by inhibiting BGLF4 [88]. It has 
been reported that rapamycin alters the lytic replication of 
EBV in B cells through the regulation of mTOR activity, 
and has different effects on different lysis periods. Notably, 
the inhibitory effect of rapamycin was dose-dependent, and 
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rapamycin did not inhibit EBV lytic replication in epithelial 
cells [89]. Unfortunately, although drugs mentioned above 
have an effect in inhibiting the lytic cycle of EBV, they are 
not effective in treating EBV infection. And these drugs are 
toxic, so finding compounds from natural sources seems like 
a safer option. We still have a long way to go in the search 
for therapeutic drugs. Since the lytic period of EBV can also 
promote tumorigenesis, inducing EBV lysis may no longer 
be a single way for us to treat EBV-related malignant tumors. 
Different therapies are selected in different periods to inhibit 
or induce lysis or use them in combination. This leads us to 
new thinking.

Conclusions

The lytic phase of EBV promotes tumorigenesis mainly 
in two ways: (1) the production of infectious particles to 
infect more cells; (2) the encoded products of the lytic genes 
through immunomodulation, angiogenesis and invasion, 
apoptosis and cell cycle and induction of GI promote tumo-
rigenesis. In addition to these, EBV can also lead to dys-
regulation of autophagy, and we believe that dysregulation 
of autophagy may also play a role in tumorigenesis. There 
are many aspects to be explored regarding the relationship 
between EBV lytic phase and autophagy and tumorigen-
esis. Although only a small number of cells in EBV-related 
tumors are in a lytic phase, promoting the lytic phase on 
tumorigenesis cannot be underestimated. Therefore, it is 
very important to explore the detailed mechanism of the 
EBV lytic period on tumorigenesis and the impact on sub-
sequent treatment methods.
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