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Oncovirus gene expression or affect the host's gene expression. A new hypothesis is
viral miRNA that Epstein-Barr virus (EBV) is the first cancer causing virus that is found
host miRNA to produce microRNAs (v-miRNAs). In addition, evidence shows that

miRNA encoded by EBV contributes to the occurrence and progression of
EBV-related malignancies. Generally, these compounds reduce messenger
RNA (mRNA) instability, such as genes that regulate tumorigenesis
mechanisms like inflammation, cell cycle control, stress response,
differentiation, apoptosis, invasion, and immune pathways. Therefore,
EBV-miRNAs are important in the complex interaction between host,
virus and EBV tumorigenesis. In terms of malignant tumors, the
combinatorial process behind EBV-miRNA still needs further study. In
this article, we will introduce EBV-miRNA, including the cellular
processes affected by the virus, and their ability to promote cancer.
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Introduction

Nowadays, scientific data support the hypothesis that
viruses have a place in human malignancies (Gallo et al.
2020). Recently, viruses are one of the main causes of
normal cell proliferation and cancer (Pfeffer and Voinnet,
2006). According to the latest IARC (International
Agency for Research on Cancer) report, chronic
infections, primarily viral infections, were responsible for
13% of newly diagnosed malignancies globally in 2018
(Wang et al. 2019). Oncogenic viruses cause and maintain
a long-term infection through evading the immune
response, which is consistent with the carcinogenic
mechanism. Most oncogenic viruses have mechanisms
that allow them to be equally divided into daughter cells
throughout cell division, enabling their genome to be
maintained in host cells during proliferation. Then, the
immortalization of cells is caused by the virus, either
directly or indirectly. The implementation process
involves deregulation of  cellular oncogene
expression/tumor suppressor genes influenced by viral
genome incorporation in the host genome (examples of
retroviruses are: human papillomavirus and hepatitis B
virus ), or the expression of cancer causing virus (e.g
herpesvirus) induce damage to DNA and host cells by
inhibiting the basic mechanisms of genome constancy and
cell cycle. Indirect modification processes include
immune cells and tissue damage caused by ongoing
inflammatory processes or immunosuppression caused by
viral infections, resulting in suppression of the anti-tumor
surveillance system (Vojtechova and Tachezy, 2018).
Several viruses have been identified as pathogens of
specific types of cancer (Pfeffer and Voinnet, 2006).
Viruses that are Categorized as oncogenic viruses, include
Epstein-Barr virus, human papillomavirus, hepatitis C
virus, hepatitis B virus, human herpesvirus 8 or
polyomavirus, and trans-regulatory retroviruses, such as
(HIV or HTLV-1) (Vojtechova and Tachezy, 2018).
Furthermore, the incidence of malignant tumors caused by
oncogenic viruses have increased, indicating that there is
profound interaction between the virus and the immune
system in certain conditions of immunosuppressed people.
Innate immune signals have many key effector proteins,
including the cyclin-dependent kinase blockers p21 and
p53, and related tumor suppressor signals (Gallo et al.
2020).

Several short forms of RNA that affect several
biological processes in cells have just been discovered.
One of these includes miRNAs (Louten et al. 2015), about
19 to 25 bases in length, which has an essential role in the
regulation of post-transcriptional gene expression
(Palmero et al. 2011 and Tan et al. 2018). Thus, they have
an impact on important activities such as proliferation,
apoptosis as well as lipid metabolism in cell biology by
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attaching them to mRNA. miRNAs induce blockade of
MRNA translation, thereby reducing expression levels of
recipient genes (Zidovec Lepej et al. 2020). Cancer-
related miRNA, hsa-miRNA and v-miRNA biosynthetic
pathways are shown in (Fig. 1). In addition, hsa-miRNA
can induce immune invisibility of infected cells (Gallo et
al. 2020). In 1993, in Caenorhabditis elegans, the first
miRNA named lineage-deficient-4 (Lin-4) was found to
be involved in the management of larval development.
Another miRNA (let-7) was also found in Caenorhabditis
elegans, in 2000 (Palmero et al. 2011). Small repeats of
single-stranded RNA exhibit an inhibitory effect on
complementary mRNA. The study of miRNA provides
knowledge about the origins of diseases, therapy and
surveillance, such as viral diseases (Louten et al. 2015). in
recent decades have seen an increasing number of
research done on human cancer, which have uncovered
cellular miRNAs with their invaluable possibilities as
diagnostic and prognostic biomarker (Gallo et al. 2020).
Much of the research on v-miRNAs, particularly in
carcinogenesis, has focused on v-miRNAs in the Epstein-
Barr virus, the herpes virus associated with Kaposi's
sarcoma, and the human papillomavirus, hepatitis B virus
and hepatitis C virus (Zidovec Lepej et al. 2020).

Epidemiology of the EBV virus that causes cancer

Epidemiological and serological studies show that
Epstein-Barr virus infection has an original relationship
with native Barkit's lymphoma and other neoplasms
(Chang et al. 2017). Epstein Barr-associated epithelial
malignancies, including nasopharyngeal cancer (NPC), in
Southeast Asia, southern China, where more than 97% of
NPC patients are EBV-positive (Cohen et al. 2011).
Several risk factors are suggested, including host
immunity-related genes, human leukocyte antigen, and
nutrition (Liebowitz, 1994). In addition, genetic or post-
mortem abnormalities in host cells lead to the formation
and progression of nasopharyngeal cancer (Kanda et al.
2019). Recently, there has been seven different viral
infection that were involved in differnet human cancer
development, including EBV, Kaposi sarcoma-associated
herpesvirus (KSHV), high-risk Human papilloma virus
(HPV), Hepatitis B virus (HBV), Hepatitis C virus
(HCV), Merkel cell polyomavirus (MCPV), and Human
T-lymphotropic virus type 1 (HTLV1), infection is
thought to contribute to 20% of all cancer development
globally (Morales-Sanchez and Fuentes-Panana, 2014).
Studies show that if these viruses are eradicated in
developing countries, the cancer incidence would be
reduced by 23.6% and in developed countries by 7.7%,



preventing 1.5 million (390,000) cancer cases per year

(Parkin, 2006). Oncoviruses are considered the second
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Fig 1. The mechanism of hsa-miRNA and v-miRNA biogenesis, and associated with cancer development.

most important risk factor for cancer growth in humans
after tobacco use (Rwazavian, 2011). Many viruses are
now demonstrated to be carcinogenic to the human, and
the first oncovirology studies of the first century ended
with the award of the Harald Chuerhausen Nobel Prize in
Medicine to Human papillomavirus (HPV) as a causative
agent of cervical cancer (Morales-Sanchez and Fuentes-
Panand, 2014).

The oncoviruses can induce cancers through shared
natural host cell targets and pathways. Both EBV and
KSHYV are major DNA viruses, and they can induce solid
tissue cancers as well as lymphoid tissue tumors
(McLaughlin-Drubin  and Munger, 2008). Human
papillomavirus (HPV) and Merkel cell polyomavirus
(MCPyV) have fewer DNA genomes than EBV and
KSHV. These small DNA oncoviruses utilize
intermediate multifunctional oncoproteins to induce
carcinogenesis (Feng et al. 2008). Human oncoviruses
have several of shared properties that can cause human
cancer. After transmission and establishing infection, they
can end up in persistent infection without noted symptoms
that lasts for many years. Subsequently, these viruses
appoint cell mechanisms for viral replication and immune
evasion. They interfere with the cellular signaling system
that limits cell cycle progression and cell death to promote
their replication (Krump and You, 2018). Viral oncogenic
processes usually involve genomic instabilities
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production, rise in involvement in cell proliferation,
apoptosis resistance, modification of DNA repair
processes as well as modifications in cell polarity that
sometimes coincide with antiviral immune responses and
evasion mechanisms (Morales-Sanchez and Fuentes-
Panand, 2014). Some of the characteristics of the seven
oncoviruses are similar to most other viruses, it’s
important to find and identify the required feature to alter
the mechanisms of cellular environment. (Krump and
You, 2018). The usual mechanisms used by oncogenic
viruses, include p53 and pRb inactivation as well as other
rise in propagation and survive of the targets, genome
instability, telomer shortening interfere, cell polarity
interference and v-miRNAs (Morales-Sanchez and
Fuentes- Panana, 2014).

Mechanism of v-miRNA in oncogenesis

Mechanisms of oncogenic v-miRNA non-coding RNA
molecules that contribute to cell transformation and
regulate most gene expression have recently been
presented. MiRNAs inhibit the translation of mMRNAs,
mainly according to the complementarity of their base
pairs by translation regulation. Almost all malignancies
have altered hsa-miRNA (Morales-Sanchez and Fuentes-
Panana, 2014). The first virus to be reported as a viral
coding miRNA (v-miRNA) was Epstein Barr virus
(EBV), which is classified as a DNA virus in the



herpesvirus family. It was detected in Burkitt lymphoma
(BL) cells firstly, when the first infection of EBV is most
common in children, and thereafter EBV remains in latent
form often in resting memory B-cells and less commonly
in T-cells, NK-cells, or epithelial cells. In addition, to
Burkitt lymphoma, Epstein-Barr virus is a proliferative
disease of Hodgkin lymphoma or post-transplant
lymphoma through epithelial malignancies including T
cell lymphoproliferative disorders or gastric cancer
(Pavlovic et al. 2016). Impaired regulation of hsa-miRNA
expression found in some tumors in humans, such as
EBV-related malignancies. The expression of hsa-miRNA
is down regulated after EBV infection of primary B cells
(Krump and You, 2018).

Many Epstein-Barr virus sequences have been
cloned many times, and studies of the genomic sequence
of cloned RNA suggest a unique convolution of the
miRNA gene (Pfeffer et al. 2004). EBV miRNAs can
regulate cell proliferation or apoptosis, silence tumor
suppressors, invasion as well as metastasis and avoid
immune destruction are shown in (Fig. 2), that is
contributed to EBV-related malignant carcinogenesis
(Wang et al. 2019). EBV miRNAs are derived from five
separate double-stranded RNA (dsRNA) precursors in
clusters at both locations in the EBV genome (Pfeffer et
al. 2004), with these five v-miRNAs in the periphery that
are encoded in two located clusters; BHRF1 genes (miR-
BHRF1-1, miR-BHRF1-2 and miR-BHRF1-3) and BART
predecessors (MiR-BART1 and miR-BART2) (Krump
and You, 2018). The Epstein-Barr virus currently uses the
miRbase database (Vojtechova and Tachezy, 2018) to
code 25 pre-miRNAs that produce at least 44 mature
miRNAs. A diagram of the EBV genome encoding some
potential miRNA products is shown in (Fig. 3). These v-
miRNAs are capable of block apoptosis, as well as
targeting cellular tumorigenesis, including (PUMA, Bin,
TOMM22 and WIF1 genes) (Morales-Sanchez and
Fuentes-Panané, 2014b).

An advantage of viruses encoding mMiRNAs
including Epstein Barr virus and all other viruses
encoding miRNAs, is their capability of either host and
viral gene expression regulation without viral proteins
which facilitate the immune evasion of the infected cells
(Vojtechova and Tachezy, 2018). In all latency types,
viral BART miRNAs are limited to expression latency
types 1 and 2. The BHRF1 miRNA is widely expressed in
latent type IIl cells involving lytical infective cells,
including B lymphoma cells. It is detected in latent type 1
and 2 cells. A promoter that is an important feature of its
transcription is the expression change between BART and
BHRF1 miRNAs (Wang et al. 2019). v-miRNA is
expressed in different ways in many types of cancer.
Many studies have previously been executed to show the
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expression of EBV-miRNAs in  malignancies
(Cosmopoulos et al. 2009). BART miRNAs (miR-
BART16, miR-BART17-5p, miR-BART1-5p) help
transform cells by targeting the latent membrane protein 1
(LMP1) protein, the viral progenitor. MiR-BART22
regulates latent membrane protein 2 (LMP2A) translation
in nasopharyngeal cancer, allowing EBV-infected cells to
evade host immune surveillance. EBV uses miRNAs to
control indirect conversion between the lysis phase and
the incubation period For example miR-BART2 regulates
the BALF5 gene DNA polymerase, contributing to the
replication of the viral genome during the lysis phase and
promoting the latent phase of the virus (Barth et al.,
2008). miR-BARTG6-5p regulates viral replication and
latency by eliminating the oncogenic EBV nuclear antigen
2 (EBNAZ2) virus (lizasa et al. 2010).

MiRNAs from Epstein Barr virus can control the
translation of hsa-mRNA and thus may influence the
pathogenesis of malignancies. Negative regulation of p53
translation is through MiR-BART5-5p and miR-BART19-
5p, predicting that the target gene of p53 is a revised
BART miRNA (e.g.,, miR-BART3 and miR-BART5)
(Choy et al. 2008). The mechanism of action of human
oncogenic viruses and how oncogenic viruses influence
miRNA and target host gene expression in the control of
their coded array gene expression is illustrated in Fig. (4).

Transformation mechanisms into growth factor P
(TGF-B) and Wnt signaling pathways influence apoptosis
and transformation of nasopharyngeal cancer, as well as
the effect of EBV-miRNA on the development of
irradiated lymphatics. Abnormally produced
BARTmMIRNA may affect genes involved in the regulation
of cell cycle, apoptosis and Wnt signaling in infected B
cells. In particular, many v-miRNAs are coordinated to
hsa-miRNAs, including oncogenic miRNAs (cluster
mirl7-92) and immunoregulatory miRNAs (miR-142-3p
and miR-155). Epstein-Barr virus-infected lymphoblastic
cell line (LCL) identifies v-miRNA target species. The
results showed that EBV-miRNA is related to basic
immune cell proliferation and survival in many cellular
mechanisms. miR-BART7 has the ability to increase the
proliferation of nasopharyngeal cancer cells under the
control of oncogenic pathways such as TGF signaling
(Wang et al. 2019).

Control of tumor suppression is one of the
processes underlying the carcinogenicity of EBV
miRNAs. For example, miR-BART10 can interfere with
b-transducin repeat containing E3 ubiquitin protein ligase
(b-TrCP) from expression (Zeng et al. 2014). This down
regulation caused by miR-BART10 could result in
reduction in degradation of its substrates, including b-
catenin and Snail, therefore enhance development of
NPC. miR-BART7-3p is found to be up regulated in NPC,



that might enhance the cancer growth. The mechanism is
through miR-BART7-3p stimulating the phosphatase and
tensin  homolog (PTEN)/phosphoinositide  3-kinase
(P13K)/protein kinase B (Akt) pathway and induction of
oncogenic transcription factors c-Myc and c¢-Jun
expression. miR-BART3 induces NPC to grow and
transform through down regulation of the tumor
suppressor deleted in cancer 1 (DICEL), gastric carcinoma

(GC) cell proliferation is induced by miR-BART19-3p.
miR-BART6- 3p and miR-142 reduce the interleukin-6
receptor (IL-6R) expression and phosphatase and tensin
homologue (PTEN), whereas miRNA-142 promotes the
proliferation of Epstein-Barr virus- infected Barkit
lymphoma (BL) cells (Table 1) (Zhou et al. 2016).
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The Epstein-Barr virus miRNAs also affects the
translation of hsa-mRNA, which may involve in
development of cancer. Therefore, miR-BART19-5p and
miR-BART5-5p down regulate the p53 up regulatory
mediator of cellular apoptotic process, which is a direct
promoting aspect of programmed cell death, and are much
lower in Epstein-Barr virus infected cells (Vojtechova and
Tachezy, 2018). On the other hand, EBV miRNAs can
limit the cancer cells growth by regulating proteins of
apoptosis suppressor proteins. For example, miR-
BART15-3p suppresses gastric cancer (GC) cell growth
and accelerates cell death through decreasing the level of
the BIR repeat-containing ubiquitin-conjugating enzyme
(BRUCE). However, miR-BART15-3p significantly
reduce the expression of protein 1-bound anti-apoptotic
tax-1 in gastric cancer (GC) cells that results in
programed cell death. Altogether, EBV miRNAs are
proficient in controlling cancer cell propagation by many
pathways, including tumor suppressor gene silencing, the
viral oncogenic proteins modulation, and establishing a
tumor-promoting milieu. This allows v-miRNAs to affect
many genes involved in various cellular processes. As a

result, V-miRNAs and their target genes form a complex
regulatory network throughout the development of cancer
(Wang et al. 2019)

On the other hand, HHV-8 (Human-herpesvirus 8)
which is also called Kaposi's sarcoma-related herpes virus
because it triggers Kaposi's sarcoma (KS), a disease that
induces vascular system and lymphatic endothelial cell
proliferation. The Kaposi's sarcoma-related herpesvirus
encrypts the pre-miRNAs of 12 viruses and eventually
develops into 25 mature miRNAs. All v-miRNA genes
are grouped and regulated by potential Kaposi promoters,
except for miR-K10 and miR-K12, which are located on
open-reading frame and 30 termini of the Kaposi genome
respectively. Most of the pre-miRNA genes are introns
and are contained within the arrangement of the Kaposi
open reading frame. It is important to emphasize that the
incubation period of the virus is necessary for the
development of tumors. Kaposi's sarcoma-associated
herpesvirus miRNAs regulate viral replication and thus
function in viral life cycle management by targeting
important viral genes directly and cellular genes involved
in indirect tumorigenesis.
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Table 1 An overview of the EBV-miRNAs and their target genes that have been explored

MIiRNA Target gene Related Process
BART and BHRF1 EBNA1 Latency Regulation
BHRF1 PTEN Cell Proliferation, Apoptosis
miR-BHRF1-1 Not Applicable Survival Marker in CLL
miR-BHRF1-2 PRDM1 Cell Cycle Progression, Apoptosis
miR-BHRF1-2-5p IL-1 receptor Innate Immunity
miR-BART6-3p PTEN Cell Proliferation, Apoptosis
IL-6RB Innate Immunity
RIG-I Innate Immunity
miR-BART5-5p PD-L1 Apoptosis
miR-BART10 B-TrCP Cell Proliferation
miR-15-3p TAX1BP1 anti-apoptotic TAX1BP1
gastric cancer (GC) cell growth
miR-BART7-3p PTEN Cell growth, cell Proliferation
c-Myc cell Proliferation
c-Jun Apoptosis
MiR-BART3 DICE1 Apoptosis
miR-BART19-3p WIF1 Cell proliferation, Apoptosis
miR-BART5-5p PD-L1 Apoptosis
miR-BART7 TGFp1 Cell proliferation, Apoptosis
miR-BART22 MAP3K5 Cell proliferation, Apoptosis
LMP2A avoid host immune
miR-BART?2 BALF5 Latency Regulation
mMiR-BART6-5p EBNA2 Regulate replication
miR-BART1-5p LMP1 Cell proliferation

Mechanism of hsa-miRNA in oncogenesis

miRNAs are short RNAs, up to 25 nucleotides in length
(Hassani and Khan, 2019), and can control a variety of
target genes. Various biological functions, including cell
cycle, differentiation, proliferation, apoptotic stress
tolerance, energy expenditure, and immune response are
controlled by miRNAs (Si et al. 2019). Although one-
third of all human genes are reported to be expressed by
miRNAs, disordered expression of miRNAs has been
reported in many types of malignancies (Vojtechova and
Tachezy, 2018). About 50% of all hsa-miRNA genes are
located in fragile regions, such as small deletions,
amplifications, and translocation regions, or cancer
associated sites (Calin et al. 2004). miRNA encoding
genes can be found on many parts of human and other
animal genomes, most commonly are found on intronic
part of the genome and rarely encoded on exonic part of
genome (Rupaimoole et al. 2016).

Either RNA polymerase Il or RNA polymerase 111
transcribes the miRNA gene to generate long primary
miRNA (pri-miRNA) molecules (Borchert et al. 2006). In
the nucleus, which consists of Drosha and DiGeorge
syndrome critical region 8 (DGCR8), miRNA complexes
first process a primary miRNA (pri-miRNA) into a 70 bp
precursor miRNA (pre-miRNA). The hairpin-type Pre-
miRNA is then transported into the cytoplasm via
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exportin-5 and processed again through the function of
Dicer to generate a mature miRNA double-strand (21-25
bp) (Shivdasani, 2006). One of the produced strands is
specifically integrated into the Argonaute-containing
RNA-induced silence complexes (RISC) and directly
targets the mRNA. (Berkhout and Jeang, 2007) miRNAs
primarily identify complementary sequences across the
three UTRs of the target mMRNA (Brennecke et al. 2005).
The binding of miRNA to mRNA affects changes in gene
expression that promote degradation or translational
inhibition of MRNA. miRNAs occupy important positions
in various biological systems, including proliferation,
apoptotic (apoptotic) cell differentiation, etc. (Li et al.
2009). They have been implicated in the development and
pathogenesis of cancer (Hayes et al. 2014). The role and
pathway of miRNAs in the pathogenesis of cancer
remains unknown. MiRNAs are classified into two types
according to their frequency and target gene, Cancer-
promoting mMiRNAs and tumor-preventing miRNAS
(Wang et al. 2019).

While miRNA biosynthesis is a controlled process,
dysregulation of miRNAs induced by changes in proteins
biosynthetic pathways (Drosha, Dicer and AGO2) that
take place in tumor cells (Rupaimoole et al. 2016). hsa-
miRNA biosynthesis reveals the processes that control the

expression of its target gene (Fig. 5). These changes may



occur due to biosynthetic defect affected by hypoxia or
hsa-miRNA transcriptional changes (Ma et al. 2007).
Several miRNAs oncogenes are considerably raised in
tumors. Pathways through which oncogenic miRNAs
expression is raised in tumors are varied and miRNA
specific (e.g., increased transcription of specific miRNAS)
(Noman et al. 2012).

Conclusion

The virus has created a complex symbiotic system that
accesses and controls the host's transcription machinery.
The discovery of miRNAs has improved our knowledge
of human diseases, including cancer. Recently, miRNAs
have created new control components of complex gene
expression pathways, affecting various disorders such as
cancer. In general, the viral incubation period is the period
during which most of the v-miRNA is produced,
functioning as an immune evasion technique, and
consequently altering the behaviour of the host to support
the survival of the cell. The development of tumors
induced by so-called oncoviruses must be regarded as
uncommon. Cancers induced by tumor viruses occur at an
even higher rate in immunosuppressed patients. It is
important that EBV, which encrypts miRNAs in the
initiation and development of malignant virus-related

diseases, affects the expression of target genes.
Accumulated data show important effects of EBV-
miRNAs affecting cell proliferation, cell death (cell
death), cancer and metastatic invasion and antigenic
escape. The discovery of v-miRNAs is probably a
dramatic shift in our notion of host-virus interactions and
their pathogenic consequences. mMiRNAs have the
potential to be a viable approach for early detection and
non-invasive treatment of viral malignancies. However, v-
miRNAs, such as virus-related, are effective tools for
investigating the prognosis of the disease and have
important therapeutic potential for future clinical
treatments and superior cancers. More research is needed
to gain accurate insights into the miRNA pathway and
treatment.
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